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1 General

1.1 Scope

This document provides a specification of the Home Audio/Video Interoperability Architecture
(also caled the HAVI Architecture). The HAVI Architecture is intended for implementation on
Consumer Electronics (CE) devices and computing devices; it provides a set of services which
facilitate interoperability and the development of distributed applications on home networks. HAVi
isintended for, but not restricted to, CE devices supporting the IEEE Std 1394-1995 [3] (and future
extensions) and IEC 61883 [4] interface standards.

Sinceagod of the HAVi Architectureisto be future-proof, interoperability is more than acommon
command set. HAVi is a software architecture that allows new devices to be integrated into the
home network and to offer their servicesin an open and seamless manner. The HAVi Architecture
provides:

a set of software elements along with the protocols and APIs needed to achieve
interoperability

device abstraction and device control models
an addressing scheme and lookup service for devices and their resources

an open execution environment supporting visual presentation and control of devices, and
providing runtime support for third party applications

communication mechanisms for extending the environment dynamically through plug-
and-play capabilities

aversioning mechanism that preserves interoperability as the architecture evolves
management of isochronous data streams
This document describes the constructs HAVi implements to support interoperability. Specific
topics covered include: the system and device models of the HAVi Architecture, the APIs and
protocols used by software e ements of the HAVi Architecture, and APIs for specific devices. The
types of devices supported by HAVi include: tuner, VCR, clock, camera, AV disc, display,
amplifier, modem, and Web proxy.
1.2 References

[1] 1SO/IEC 13213:1994 Control and Status Register (CSR) Architecture for Microcomputer
Buses (IEEE Std 1212-1994).

[2] |EEE P1212 Dréft 1.0, Draft Standard for a Control and Status Registers (CSR) Architecture
for Microcomputer Buses, October 18, 1999 (approval pending).

[3] 1EEE Std 1394-1995, Standard for aHigh Performance Serial Bus.

[4] IEC 61883 Parts 1 -5, Standard for a Consumer-Use Digitd Interface.
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[5] CDR: Object Management Group (OMG) CORBA specification 2.41.
[6] TheJavaVirtua Machine, Tim Lindholm and Frank Yellin, Addison-Wedey, 1997.

[7] TheJavaLanguage Specification, James Goding, Bill Joy, and Guy Steele, Addison-Wedley,
1996.

[8] JavaDevelopment Kit (JDK) 1.1 Core API Specification
(http://java.sun.com/products/jdk/1.1/docs/api/packages.html).

[9] PersonalJaval.l APl Specification (http://java.sun.com/products/personaljavalspec-1-
1/pJavaSpec.html).

[10] Portable Network Graphics (PNG) specification v1.0, IETF RFC 2083.

[11] Audio Interchange File Format, version C, dlowing for Compression (AIFF-C), Digitd Audio
Visua Council (DAVIC) 1.3 Part 9, Annex B.

[12]UNICODE Standard Version 2.0.
[13]HAVI Test Requirements, The HAVi, Inc., January 2000.
[14] 1EEE std 1394&-2000, Standard for a High Performance Serial Bus— Amendment |

[15] TA Document 1999032: Clarification and Implementation Guideline for 1sochronous
Connection Management of IEC 61883-1.

[16]HAVi Certification Procedures, The HAVi, Inc. [To be issued]
[17]HAVi Logo Requirements, HAVI, Inc. [To beissued]

[18] JPEG Internationa Standard 1SO 10918-1 using JPEG File Interchange Format (JFIF) Version
1.02.

[19] RSA dgorithm for digital signature PKCS#1 v2.0, IETF RFC 2437.

[20] SHA-1 Message Digest, specified by National Institute of Standards and Technology (NIST),
"Secure Hash Standard (SHS)." FIPS Publication 180-1, April 17, 1995.

1.3 Terminology

HAVi Acronyms

Acronym Description
BAV Base AV device
DCM Device Control Module
DDI Data Driven Interaction
FAV Full AV device
FCM Functional Component Module
HIA HAVi Java API

HUID HAVi Unique Identifier
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IAV Intermediate AV device
LAV Legacy AV device

SDD Self Describing Device
SEID Software Element Identifier

Other Acronyms

Acronym

Description

1394, IEEE 1394

IEEE std 1394-1995

API Application Programming Interface

AVIC-CTS Audio/Video Control Command and Transaction Set
(specified by the 1394 Trade Association)

AV/C Audio/Video Control

CDR Common Data Representation [5]

CE Consumer Electronics

CTS Command and Transaction Set

DTV Digital TV

DV Digital Video, the consumer version of DVC

DVvC Digital Video Cassette

DVD Digital Video/Versatile Disc

EPG Electronic Program Guide

FCP Function Control Protocol (IEC 61883.1)

GUI Graphical User Interface

GUID Global Unique Identifier

IR infrared

iPCR input Plug Control Register (IEC 61883.1)

oPCR output Plug Control Register (IEC 61883.1)

PCR Plug Control Register (IEC 61883.1)

RTOS Real-time Operating System

STB Set-top Box

bslbf Bit string leftmost bit first

uimsbf unsigned integer, most significant bit first

ul User Interface

Definitions
Term Description

An application, of a form defined by HAVi, that may provide
a DDl interface and/or means for obtaining havlets.

Application Module

Application Module A code unit from which an Application Module is obtained.

code unit
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attachment

A “stage” of an external connection involving resources
within a single device.

base AV device
(BAV)

A HAVi-compliant device containing SDD data but not
running any of the software elements of the HAVi
Architecture.

bytecode

Bytecode for the Java™ virtual machine (“Java bytecode”).

client

A software element controlling one or more resources (see
also device resource and network resource).

code unit

Refers to the executable code from which HAVi software
elements are obtained. Native code units are platform
dependent and typically would include machine code for a
specific processor. Java code units include Java bytecode
and so are platform independent. Embedded code units are
those that are pre-loaded, while uploadable code units are
those that may be dynamically loaded (and unloaded).

connection

A unidirectional data transfer path created by a HAVi
Stream Manager. Typically used for streaming content.
Connections originate and/or terminate at functional
components. A connection is either an internal connection
or an external connection. Non-HAVi connections refer to
data transfer paths created by non-HAVi applications or
devices.

controller

A device which controls other devices. An IAV or FAV
device.

Data Driven Interaction
(DDI)

A HAVi mechanism allowing control of software elements
(DDI Targets) with access to devices by other software
elements (DDI Controllers) with access to user input/output
facilities. In this interaction, the user interface is described
by a set of data structures (DDI elements) sent between the
DDI Controller and the DDI Target.

DDI Controller

A software entity which renders DDI elements and handles
user interaction using its (typically local) input/output
facilities.

DDI element

The DDI encoding of a user interface element. For
example, buttons, icons, sliders, text displays and text entry
fields.

DDI protocol

The HAVI messages supporting Data Driven Interaction.

DDI Target

A software entity (typically a DCM) which supports the DDI
protocol thereby allowing an associated DDI Controller to
use the target’'s DDI elements to control a device
associated with the DDI Target.

device

A physical entity attached to the home network, examples
are video players/recorders, cameras, CD and DVD
players, set-top boxes, DTV receivers, and PCs.

device connection

An internal connection or an attachment.

device control module
(DCM)

A HAVi software element providing an interface for
controlling general functions of a device.

device resource

An FCM.

DCM code unit

A code unit from which a DCM is obtained. Installation of a
DCM code unit results in one DCM and zero or more FCMs.

embedded code unit

See code unit.

embedded DCM

A DCM pre-loaded on an FAV or IAV. Embedded DCMs
typically run on IAV devices and are typically implemented
in native code.
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external connection

A connection where data is transferred across a device
boundary.

full AV device
(FAV)

A HAVi-compliant device which runs the software elements
of the HAVi Architecture including a Java runtime
environment.

functional component

An abstraction within the HAVi Architecture that represents
a group of related functions associated with a device. For
example a DTV receiver may consist of several functional
components: tuner, decoder, audio amplifier etc.

functional component
module
(FCM)

A HAVi software element providing an interface for
controlling a specific functional component of a device.

global unique ID
(GUID)

A 64-bit quantity used to uniquely identify an IEEE 1394
device. Consists of a 24-bit vendor ID (obtained from the
1394 Registration Authority Committee) and a 40-bit serial
number assigned by the device manufacturer. The GUID is
stored in a device’s configuration ROM and is persistent
over 1394 bus resets.

HAVi Architecture

The HAVI Architecture comprises the messaging model,
control model, device model, and execution environment
defined in this document.

HAVi-compliant device

A device conforming to the HAVi Architecture specification
for an FAV, IAV or BAV device.

HAVi Java API The Java API is defined in this specification.

HAVi Level 1 Refers to the features provided by IAVs and embedded
interoperability DCMs.

HAVi Level 2 Refers to the features provided by FAVs and uploaded
interoperability DCMs.

HAViI RMI HAVi defined RMI (Remote Method Invocation) based on

request and response exchanges among HAVi Messaging
Systems.

HAVi unique ID

A unique identification of devices and their functional

(HUID) components. Persistent over changes in network
configuration (i.e., due to device plug-in or plug-out).
havlet A HAVi Java application that is uploaded on the request of

a controller from a DCM or Application Module.

havlet code unit

A code unit from which a havlet is obtained.

home network

The home network is the generic name used to define the
communications infrastructure within the home. This name
is used as an abstraction from the physical media and
associated protocols. A home network supports both the
exchange of control information and the exchange of AV
content.

intermediate AV device
(IAV)

A HAVi-compliant device which runs the software elements
of the HAVi Architecture but does not include a Java
runtime environment.

internal connection

A connection where data is transferred within a device.

Java code unit

See code unit.

legacy AV device
(LAV)

A non HAVi-compliant device.

native code unit

See code unit.

network resource

IEEE 1394 bandwidth or an IEEE 1394 channel.

scheduled action

A set of operations, involving devices on the home network,
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to be performed at a specific time. For example, tuning to
and recording a television program.

SDD data Self Describing Device (SDD) data is stored in the IEEE
1212 Configuration ROM found on 1394 devices. HAVi
specifies Configuration ROM data items that may be used
for uploaded DCMs in the HAVi-specified format or for DDI
elements in a vendor-specific format.

software element A HAVi object. A software element responds to a set of
messages specified by the API for that element.

software element ID An 80-bit value used to identify software elements. Not

(SEID) guaranteed to be persistent over changes in network

configuration (i.e., due to device plug-in or plug-out).

system component A software element providing basic system services. The
system components are: 1394 Communication Media
Manager, Messaging System, Event Manager, Registry,
DCM Manager, Stream Manager and Resource Manager.

system software element See system component.

uploaded / uploadable See code unit.

code unit
uploaded / uploadable A DCM dynamically loaded on an FAV or IAV. HAVi
DCM provides support for installing uploadable DCMs

implemented in Java bytecode. Installing other forms of
uploadable DCMs is vendor dependent.

1.4 Compliance

Each HAVi compliant device (FAV, IAV and BAV) shall:

support the IEEE1394-1995 and the |EEE1394a-2000 amendment specification.
provide HAVi SDD datain alEEE 1212 configuration ROM.

if the device sources or sinks a stream type for which IEC 61883 transmission has
been specified, then the device should support: the PCR and CMP rules for
isochronous connections as defined in IEC 61883.1, the CIP protocol as defined in
IEC 61883.1, the CIP format specific definition in the corresponding part of IEC
61883.

A HAVi compliant BAV device shdll:

comply to the general HAVi compliance rules described above.
containinitsHAVi SDD either a signed Java code unit plus corresponding profile, or
areferenceto aURL containing asigned Java code unit plus corresponding profile.

A HAVi compliant IAV device shal:

comply to the general HAVi compliance rules described above.

support IEC 61883.1

run the following HAVi system components: 1394 Communication Media Manager,
Messaging System, Event Manager, and Registry.

run aDCM Manager if it can host DCMsfor LAV or BAV devices.

run a Stream Manager if software € ements on the device reguire the establishment of
streaming connections.

run a Resource Manager if the device hosts or can host DCMs.

generate abusreset if it goesinto astandby or low power mode for which the HAVi
systemisno longer running.

provide persistent memory for use by HAVi software elementsif DCM hosting is
supported.

A HAVi compliant FAV device shdll:
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comply to the general HAVi compliance rules described above.

support |[EC 61883.1

run the following HAVi system components: 1394 Communication Media Manager,
Messaging System, Event Manager, Registry, DCM Manager, Stream Manager and

Resource Manager.

generate abusreset if it goesinto astandby or low power mode for which the HAVi
systemisno longer running.

provide persistent memory for use by HAVi software e ements.

run a Java runtime environment.

implement the HAVi Java APIs aslisted in Chapter 7.

run aDCM representing itsalf.

A HAVi compliant bytecode DCM shdll:

refer only to classes specified in HAVi FAV profile#1: DCM and Application
Modules, or implemented by the DCM itsalf.

A HAVi compliant bytecode Application Module shall:

refer only to classes specified in HAVi FAV profile#1: DCM and Application
Modules, or implemented by the Application Module itself.

A HAVi compliant havlet shall:

refer only to classes specified in HAVi FAV profile #2: Haviets, or implemented by
the havlet itsdlf.

A set of test requirements for HAVi devices can befound in [13].
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2 Overview

The HAVi Architecture specifies a set of Application Programming Interfaces (APIs) allowing
consumer electronics manufacturers and third parties to devel op applications for the home network.
Thus the home network is viewed as a distributed computing platform, and the primary goal of the
HAVi Architecture is to assure that products from different vendors can interoperate — i.e., can
cooperate to perform application tasks.

To explain fully the interoperability aspects of the architecture, it is necessary to begin with an
overview of home networking and identify the requirements addressed by the HAVi Architecture.

2.1 The Home Network

Current CE devices, such asDVD playersand DV camcorders, are sophisticated digital processing
and digita storage systems. By connecting these devices in networks, it is possible to share
processing and storage resources — this allows new applications that:

coordinate the control of several CE devices simultaneously, and
simplify operation of devices by the user.

For instance one device may initiate recording on a second while accessing EPG (Electronic
Program Guide) information on athird. The home network provides the fabric for connecting CE
devices. It allows connected devices to exchange both control information (one device sending a
command to another) and AV content (one device sending an audio or video stream to another). To
be successful in the consumer dectronics domain the home network must meet severa
requirements. These include: timely transfer of high-data-rate AV streams, sdlf-configuration and
sdlf-management, hot plug-and-play, and low-cost cabling and interfaces. The HAVi Architecture
is intended for networks based on the IEEE 1394 standard. 1394 is a powerful technology that
meets many of the requirements of home networks. An example of a 1394 network is shown
below:
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Figure 1. A 1394 Network with AV Clusters

The underlying structure for the home network consists of interconnected clusters of devices.
Typicdly, there will be severa clusters in the home, with one per floor or one per room. Each
cluster will work as a set of interconnected devices to provide services to users. Often one device
will control other devices. However, the HAVi Architecture is sufficiently flexible to alow home
networks with no single master control device.

2.2 Requirements

The HAVi Architecture is an open, light-weight, platform-independent and architecturally neutral
specification that alows consumer el ectronics manufacturers to devel op interoperable devices, and
independent application devel opers to write applications for these devices. It can be implemented
on different hardware/software platforms and does not include features that are unique to any one
platform.

The interoperability interfaces of the HAVi Architecture are extensible and can be advanced as
market requirements and technology change. They provide the infrastructure to control the routing
and processing of isochronous and time-sensitive data such as audio and video content.

2.2.1 Legacy Device Support

The HAVIi Architecture supports legacy devices, i.e., devicesthat already exist and are available to
users. This is important since the trangtion to networked devices is going to be gradua — with
manufacturers not suddenly producing only networked devices and consumers not suddenly
replacing their existing devices.

Legacy devices can also be characterized by the degree to which they support 1394 and industry
standard protocols for 1394 such as IEC 61883. In particular, legacy devices can be divided into the
following categories:
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non-1394 devices

1394 devices not supporting the HAVi Architecture

Most existing CE devicesfall into thefirst category, while existing deviceswith 1394 interfacesfall
into the second category.

HAVi-compliant devices, as opposed to legacy devices, are those that support the HAVi
Architecture. The various categories of HAVi-compliant devices are described in section 2.3.3.

2.2.2 Future-Proof Support

The CE industry has great concern that new products work with existing products. While currently
this is largely a question of media formats and interconnect standards, the HAVi Architecture
supports future devices and protocol s through severa software-based mechanisms. These include:

persistent device-resident information describing capabilities of devices
awrite-once, run-everywhere language (Java), used for software extensions

a device independent representation of user interface elements

Each HAVi-compliant device may contain persistent data concerning its user interface and device
control capabilities. Thisinformation can include Java bytecode that can be uploaded and executed
by other devices on the home network. As manufacturers introduce new models with new features
they can modify the bytecode shipped with the device. The new functionality added to the bytecode
mirrors the new features provided by the device. Similarly new user interface elements can be
added to the stored Ul representation on the device.

2.2.3 Plug-and-Play Support

Home network consumer devices are easy to ingtall, and provide a significant portion of their value
to the consumer without any action on the user’s part, beyond physically connecting the cables.
Thisisin digtinction to exigting devices that require configuration to provide some magjor portion of
their functionality. Home networking technology offers“hot” plug-and-play (not requiring the user
to switch off devices), and safe and reliable connections.

In the HAVi Architecture, a device configures itsalf, and integrates itsdlf into the home network,
without user intervention. Low-level communication services provide notification when a new
deviceisidentified on the network.

While there will often be settings the user may change to suit his or her preferences, the HAVi
Architecture does not require the user to perform any additiona installation operations (as
compared to installation for non-networked or stand-alone usage). Frequently, installing a device
on the home network will be smpler than stand-alone installation since new devices can obtain
configuration information from those already on the network. Thustheinfamous “flashing clock on
the VCR” can be solved by having the VCR set its clock to that of another device on the network —
for examplea DTV receiving time signasviadigital broadcast.

2.2.4 Flexibility

The HAVi Architecture alows devices to present multiple user interfaces, adapting to both the

10
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user's needs and the manufacturer’s need for brand differentiation. The architecture includes a
flexible device model that scales gracefully from simple CE devices like a CD player or audio
amplifier to resource-rich, intelligent devices such as DTV receivers.

2.3 System Model

2.3.1 Control Model

The home network is considered to consist of a set of AV devices. Each device has, asaminimum,
enough functionality to allow it to communicate with other devices in the system (with the
exception of legacy devices, see section 2.3.3).

During the course of interaction, devices may exchange control information and data in a peer-to-
peer fashion. This ensures that, at the communication level, no one device is required to act as a
magter or controller for the system. However, it also alows alogical master or controller to impose
acontrol structure on the basic peer-to-peer communication model.

The HAVi control model makes a distinction between controllers and controlled devices. A
controller is a device that acts as a host for a controlled device. A controlled device and its
controller may reside on the same physical device or on separate physical devices.

In terms of the HAVi control model, a controller is said to host a Device Control Module (DCM)
for the controlled device. The control interface is exposed viathe API of thisDCM. ThisAPI isthe
only access point for applicationsto control the device.

For instance, an intelligent television in the family room might be the controller for a number of
interconnected devices. A controlled device could contain Java bytecode that constructs a user
interface for the device and alows externa control of the device. When these devices are first
connected, the controller obtains the user interface and control code. An icon representing the
device may then appear on the television screen, and manipulating the icon may cause elements of
the control program to actuate the represented device or devicesin prescribed ways.

The home network alows a single device, or a group of devices communicating amongst
themselves, to deliver a service to a user or an application. When it is necessary for a device to
interact with a user, a GUI for the device may be presented on a device with display capabilities
(possibly the devicein question or possibly adifferent device).

DCMs are a central concept to the HAVi architecture and the source of flexibility in

accommodating new devices and features. DCMs can be distinguished in several ways (see the
figure below).

11
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Figure 2. DCM Characteristics

Thefirst DCM characterigtic is how the DCM is obtained by the controller:
embedded DCM —a DCM that is part of the resident software on a controller.

uploaded DCM —a DCM that is obtained from some source external to the controller and
dynamically added to the software on the controller.

The second characterigtic is whether a DCM is platform (controller) dependent or platform
independent:

native DCM —a DCM that isimplemented for a specific platform, it may include machine
code for a specific processor or access platform specific APIs.

bytecode DCM —a DCM that isimplemented in Java bytecode.

Findly, DCMs can be distinguished by their functiondity (or, conversaly, their range of use):

standard DCM — a DCM that provides the standard HAVi APIs. Such a DCM provides
basic functionality but is able to control awide range of devices.

proprietary DCM — a DCM that provides vendor-specific APIs (in addition to the
standard HAVi APIs). Such a DCM would offer additional features and capabilities over
a standard DCM but could control a narrower range of devices, perhaps only a specific
device or model.

HAVi provides support for uploaded DCMs written in Java bytecode so, in the remainder of this
document, “uploadable DCM” implies abytecode DCM unlessindicated otherwise. (Note— native
uploaded DCMs are possible but are beyond the scope of this document since their ingtallation
requires vendor-specific extensonsto HAVi.)

2.3.2 Device Model

A digtinction is made between devices and functional components. A good example of this
distinction can be found in anormal TV set. Although the TV set is generally one physical box, it
contains several digtinct controllable entities, e.g. the tuner, display, audio amplifier, etc. The
controllable entities within a device are called functiona components.

12
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2.3.3 Device Classification

HAVi classifies CE devicesinto four categories: Full AV devices (FAV), Intermediate AV devices
(IAV), Base AV devices (BAV), and Legacy AV devices (LAV). HAVi-compliant devices are
those in thefirst three categories, dl other CE devicesfal into the fourth category. Referring to the
distinction between controllers and controlled devices — FAVs and 1AVs are controllers while
BAVsand LAVs are controlled devices. The presentation associated with products of the various
categoriesin the marketplace is defined inthe HAVi Logo Requirements document [17].

2.3.3.1 Full AV Devices

A Full AV device contains a complete set of the software elements comprising the HAVi
Architecture (see section 2.4.4). This device class generdly has a rich set of resources and is
capable of supporting a complex software environment. The primary distinguishing feature of an
FAV is the presence of a runtime environment for Java bytecode. This dlows an FAV to upload
bytecode from other devices and so provide enhanced capabilities for their control. Likely
candidates for FAV devices would be Set Top Boxes (STB), Digitd TV receivers (DTV), generd
purpose home control devices, and even Home PC's.

2.3.3.2 Intermediate AV Devices

Intermediate AV devices are generaly lower in cost than FAV devices and more limited in
resources. They do not provide a runtime environment for Java bytecode and so cannot act as
controllers for arbitrary devices within the home network. However an IAV may provide native
support for control of particular devices on the home network.

2.3.3.3 Base AV Devices

These are devicesthat, for business or resource reasons, choose to implement future-proof behavior
by providing uploadable Java bytecode, but do not host any of the software elements of the HAVi
Architecture. These devices can be controlled by an FAV device via the uploadable bytecode or
from an IAV device via native code. The protocol between the BAV and its controller may or may
not be proprietary. Communication between aFAV or IAV device and aBAV device requires that
HAVi commands be trand ated to and from the command protocol used by the BAV device.

2.3.34 Legacy AV Devices

LAV devices are devices that are not aware of the HAVi Architecture. These devices use
proprietary protocols for their control, and quite frequently have ssimple control-only protocols.
Such devices can work in the home network but requirethat FAV or IAV devices act as a gateway.
Communication between a FAV or IAV device and legacy device requires that HAVi commands
be trandated to and from the legacy command protocol.

2.4 HAVI Software Architecture

2.4.1 Object-Based
Services in the HAVi Architecture are modeled as objects. Each object is a self-contained entity,

caled a software eement, accessible through a well-defined interface and executing within a
software execution environment hosted by the device on which the object runs. Note that different
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devices may hogst different execution environments. Services are accessed, using the
communications infrastructure, viatheir well-defined interfaces.

Services in the HAVi Architecture can be provided by device manufacturers, or can be added by
third party vendors. The software model makes no distinction between “ standard” services and
vendor services, they are both implemented as objects.

2.4.2 Software Element ldentifiers

Each object is uniquely named. No distinction is made between objects used to build system
services and those used for application services. Objects make themselves known via a system
wide naming service known as the Registry.

Objects in the system can query the Registry to find other objects and can use the result of that
query to send messages to those objects.

The identifier assigned to an object is created by the Messaging System before an object registers.
These identifiers are referred to as SEIDs — Software Element Identifiers. SEIDs are guaranteed to
be unique, however the SEID assigned to an object may change as aresult of reconfiguration of the
home network (for example, device plug-in or removal, or re-initidization of aHAVi device).

2.4.3 Message-Based Communication

All objects communicate using a message passing model. Any object that wishesto use the service
of another object does so by using a generd purpose message passing mechanism that deliversthe
service request to the target object. The target object is specified using the unique SEID discussed
above.

This genera purpose message passing mechanism abstracts from the details of physical location,
i.e. there is no distinction between an object on the same device and one on aremote device. The
actua implementation of the message passing mechanism will differ from device to device and
between vendors. However, the format of HAVi messages, and the protocol used for their ddlivery,
must be common so that interoperability is assured.

The genera intent of the object model and Messaging System is to provide a completely generic
software modd that is sufficiently flexible to allow multiple implementations with a variety of
software systems and languages. Details of the binding between messages and the code that
handles them are | eft to the system implementor.

2.4.4 Software Elements

The software elements of the HAVi Architecture support the basic notions of network
management, device abstraction, inter-device communication, and device user interface (Ul)
management. Collectively these software elements expose the Interoperability API, a set of
services for building portable distributed applications on the home network. The software elements
themselves reside above a vendor specific platform such as a rea-time operating system (RTOS).
The diagram below depicts the arrangement of software elements on an FAV device. While not
intended as an implementation blueprint, the diagram does highlight how the HAVi software
edements form a middle layer between platform specific APls and platform independent
applications.
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Interoperability API

Platform Specific API

Figure 3. HAVi Architectural Diagram (FAV)

The software el ements comprising the HAVi Architecture and defined in this specification are:

1394 Communication Media Manager — allows other software elements to perform
asynchronous and isochronous communication over 1394.

Messaging System — responsible for passing messages between software elements.

Registry — serves as a directory service, allows any object to locate another object on the
home network.

Event Manager — serves as an event delivery service. An event is the change in state of an
object or of the home network.

Sream Manager — responsible for managing real-time transfer of AV and other media
between functional components.

Resource Manager — facilitates sharing of resources and scheduling of actions.

Device Control Module (DCM) — a software element used to control a device. DCMs are
obtained from DCM code units. Within aDCM code unit are code for the DCM itself plus
code for Functional Component Modules (FCMs) for each functional component within
the device. In addition aDCM code unit may include a haviet allowing user control of the
device and its functional components.

DCM Manager — responsible for installing and removing DCM code units on FAV and
IAV devices.

In addition to the above software elements specified by the HAVi Architecture, devices on the
home network may contain the following:
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Application Module — The HAVi architecture provides a general platform for severa
forms of applications. In general a HAVi application is one that creates software elements
that use other software elements to provide specific services. A HAVi application may be
developed in native code and embedded (resident) on an FAV or IAV. It is aso possible
for a HAVi application to be in the form of Java bytecode and aobtained from external
sources (i.e., uploaded over the Internet) or from existing software elements using
mechanisms defined by HAV . In particular, an Application Module is a software element
that may provide a DDI interface and/or a havlet.

Self Describing Device (SDD) data — HAVi-compliant devices contain descriptive
information about the device and its capabilities. This information, called SDD data,
follows the IEEE 1212 addressing scheme used for Configuration ROM. The SDD data
may include a DCM code unit and vendor-specific data for constructing user interface
elements.

Java Runtime Environment — provides an execution environment for uploaded DCMs and
applications implemented using Java bytecode.

DDI Controller — a software element involved with user interaction. The DDI (Data
Driven Interaction) Controller handles user input and interprets (renders) DDI elements.

The following table summarizes which architectura elements are present for the various device
categories, which are absent and which are optiona. An optiona dement is indicated by “[]”, a
“check mark” indicates that the element is present on the device itsdf with the following
provisons.

A DDI Controller is required on an IAV or FAV if the device will render DDI elements
according to the DDI protocol. Display-capable IAVs or FAVs must contain DDI
Controllers.

A Resource Manager isrequired on an IAV device that hosts or can host DCMs.

A Stream Manager isrequired on an IAV if applications on the IAV will make streaming
connections.

A DCM Manager is required on an 1AV device if it can host DCMs for BAVs or LAVs
on the 1394 network.

For both BAV and LAV devices there must be an associated device control module
somewhere on the home network. For a BAV device, the DCM is typically obtained via
the device's SDD data. For LAV devices, the DCM may be embedded on the controlling
FAV or IAV.

For IAV devicesit is not necessary that a DCM exists on the home network. (However, if
such a DCM does not exist then interoperabl e applications cannot control the device.)

A DCM for an FAV or IAV resides on the device itself —i.e., an AV (if it hasaDCM) or
an FAV hosts itsown DCM.
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Table 1. HAVi Configurations

Device Class / Element FAV 1AV  BAV LAV
Java Runtime u
Application Module (O] (0]
DDI Controller O] O]
Resource Manager u [O]
Stream Manager u O]
DCM Manager 0 (O]
Registry | O
Event Manager O O
Messaging System U u
1394 Communication Media u u
Manager
SDD data o O O
DCM 0 o] O 0

2.5 User Interface Support

The primary goal of the user interface of the home network isto offer users an easy to use operating
environment. The HAVi Architecture allows usersto control devices through familiar means, such
as viathe front panel or viathe buttons of a remote controller. In addition the HAVi Architecture
allows device manufacturersto specify graphical user interfaces (GUIs) which can be rendered on a
range of displays varying from text-only to high-level graphical displays. The GUI need not appear
on the device itsdf, it may be displayed on another device and the display device may potentialy
be from another manufacturer. To support this powerful feature, the HAVi Architecture provides
two mechanisms — the first, the Leval 1 Ul, is intended for IAVs and is called Data Driven
Interaction (DDI), the second, the Level 2 UI, consists of Java APIsthat may be provided by FAVSs.

2.5.1 Level 1 UI

In essence, SDD data may include, in a vendor dependent manner, DDI eements — a platform
independent encoding of user interface elements. DDI elements can be loaded from aDDI Target,
typicaly a DCM, and displayed by a DDI Controller. The DDI Controller retrieves the DDI
elementsviathe DCM (rather than directly from the SDD data, soit is possible that the DCM itself
isthe source of DDI dements). The DDI Controller generates HAVi messages in response to user
input, it also responds to HAVi messages sent by the DCM as a result of changes in device state.
This communication is called the DDI protocal.

It should be emphasized that the DDI Controller does not understand what happens as a result of
issuing or responding to a control message. The DDI protocol involves only abstractions of user
interface elements and user actions and is independent of any particular device semantics.
Therefore, it is possible for a DDI Controller to handle new device functions which were not
known at thetime of DDI Controller implementation.
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The DDI Controller cannot provide guarantees over the graphical rendition of DDI elements
actudly presented to the user, since their representation may be changed due to lack of display
screen space or other Controller resource limitations. (Furthermore, application software can create
different representations, using the DDI elements as “hints’.) However the DDI Controller is
required to try to preserve the appearance of DDI elements subject to its rendering capabilities.

2511 Layout Mechanism

Layout rules of DDI € ements are based on geometric coordinates and use x, y values for each DDI
element. DDI eements are arranged in a hierarchy and positioned relative to their parents. The top
leve of hierarchy isaDDI pand.

The DDI Target suggests a preferred layout, which is encoded into the DDI data structure.
However, the DDI Controller may tailor the presentation of DDI elements based on its own
limitations, such as screen size, ability to display graphics or text only, etc.

2.5.1.2 Navigation Mechanism

The navigation between DDI elements within the same panel is handled localy by the DDI
Controller. The DDI Target may suggest navigation rules between certain DDI e ements. Because
such navigation rules are just suggestions, the controller may tailor the navigation of the display
based on its adjustment of DDI layout.

2.5.2 Level 2 Ul

A Leve 2 user interface is congtructed by bytecode applications running on FAVs. The Java APIs
used for implementing a Level 2 Ul are based on a subset of Java AWT 1.1 and the following
extensions specified by HAVi:

support for different pixel aspect ratios, screen aspect ratios and screen sizes

support for alphablending and video / image layering

support for remote control input

support for a set of visud interface components patterned after the features offered by the
Level 1 DDI eements

2.5.3 User Notification

There are various events generated by HAVi software elements that must come to the attention of
the users of the HAVi system in order that they may react to the situations signaled by these events.
Examples include the events generated by the Resource Manager, Stream Manager or Registry.
Furthermore, applications and devices on the home network may be presented visudly to the user,
and information presented to the user should accurately reflect the state of applicationsand devices.
Consistent presentation of state is particularly important since: 1) a device may be acted on in
several ways. via its front panel and viaaLeve 1, Leve 2, or arbitrary application accessing its
DCM; and 2) several users may simultaneously access or view the same device. For BAV and
LAV devicesan (icon) representation can be presented to the user. Through such arepresentation, a
user may request to use or manipulate adevice or its data

In order to disseminate information on system date to all users, it is recommended that the
notifications of HAVi events be presented (in avendor dependent way) on all display-capable FAV
and IAV controllersin the network. There may be (vendor dependent) facilities allowing the user to
disable such notifications. Annex 11.9 lists the events defined by HAVi. Certain events, such as
those generated when installing or uninstalling DCM s can be used to detect the addition or removal
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of devices and so can help provide aglobal view of the home network. Other events can be used to
relay to the user information concerning the operating state of devices. Still other events can be
used to inform the user of anomalous conditions such as communication failure. And yet other
events can be used to inform the user of the failure to complete a previoudy scheduled activity
(such asaplanned recording at afuture date).

2.6 Home Network Configurations

The HAVi Architecture defines how devices are abstracted within the home network and
establishes a framework for device control. It defines APIs and messaging protocols so that
interoperability is assured, and it defines how future devices and services can be integrated into the
architecture. The HAVi Architecture makes no regtrictions, however, on what types of devices
must be present in the home network. As a result several configurations are possible — networks
without FAV devices, networks with multiple FAV devices, networkswith LAV and BAV devices
only, etc. Depending upon the types of devices on the home network, severa different operational
configurations are possible.

2.6.1 LAV and BAV Only

The HAVI Architecture does not provide any support for networks consisting of only BAV and
LAV devices. However with the addition of aHAVi contraller (an IAV or FAV) to the network,
these devices can be made available to applications.

2.6.2 1AV or FAV as Controller

IAV and FAV devices act as controllers for the other device classes and provide aplatform for the
system services comprising the HAVi Architecture. To achieve this, FAVsmay host Java bytecode
DCMswhile IAVs may host embedded DCMs. From an interoperability perspective, the primary
role of a controller is to provide a runtime environment for DCMs. Applications use the APls
provided by the DCM to accessthe controlled device.

IAV or FAV IAV or FAV LAV or BAV

HAVi

proprietary
Messages

controller H  controlled
| device
| |

—

1394

IAV or FAV as controller

Figure 4. HAVi Controllers

2.6.3 IAV or FAV as Display

Generdly, IAVs and FAVs will have an associated display device that is used for display of AV
content and GUIs. However, the architecture does not mandate this and an IAV or FAV device
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may be “headless’ (without display capability). In this case they will cooperate with other IAV or
FAV devices with display capability. A display capable IAV is required to support a DDI
Controller. A display capable FAV is required to support a DDI Controller and a Level 2 UI.
Proprietary low-level graphic manipulation APIs can be used by the DDI Controller to access the
display itself, but these interfaces are not exposed as part of the Interoperability APIs.

display

IAV or FAV I 1AV or FAV LAV or BAV
oDl |« DCM ——P
Controller DDI )
protocol proprietary
display controller B controlled
device L device
| |

—

IAV or FAV as display device

Figure 5. HAVi Displays

2.6.4 Peer-to-Peer Architecture between FAVs and IAVs

In a home network, there may be more than one FAV or more than one IAV. In this case, each
controller (IAV or FAV) cooperates with other controllers to ensure that services are provided to
the user. This alows devices to share resources. An exampleis described in section 2.6.3 wherea
device without display capabilities uses a remote device to display DCM user interfaces. A more
elaborate example could be an FAV device utilizing the services of a data conversion module
located on aremote device to set up a data stream between two AV devices.

2.6.5 1AV as Controller and Display

A home network may contain no FAV devices, in such cases |AVsare the only entities which may
control other devices. Although not equipped with a runtime environment for uploaded DCMs, an
IAV may be shipped with a set of embedded DCMs. Embedded DCMs can be implemented as
native applications on the IAV device and can use native interfacesto accessthe IAV’ sdisplay and
other resources. Embedded DCMs, like DCMs in genera, appear in the Registry provided by the
HAVi Architecture and can be accessed from other devices on the home network by sending
messages over the Messaging System. Embedded DCMs, like DCMs in general, may support the
DDI protocol and so may participate in providing a user interface for the controlled device.

2.7 Interoperability in the HAVi Architecture

The first and foremost goal of the HAVi Architecture is to support interoperability between AV
equipment. Thisincludes existing equipment and future equipment. Because of the need to support
existing devices, and because of product cost considerations, the HAVi Architecture supports two
levels of interoperability. These arereferredto asLevel 1 and Level 2 respectively.

The flexibility of choosing different levels of interoperability is essentid in allowing vendors the
freedom to design and build devices at al points on the cost/capability spectrum.
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2.7.1 Level 1 Interoperability

Leve 1 interoperability addresses the general need to allow existing devices to communicate. To
achievethis, Level 1 interoperability defines and uses:

a generic set of control messages (commands) that enable one device to talk to another
device and

a set of event messages that it should reasonably expect from the device.
To support this approach abasic set of mechanisms are required.

Device discovery: each device in the home network needs a well-defined method that
allows it to advertise its capahilities to others. The approach the HAVi Architecture has
adopted is to utilize SDD data, required on al FAV, IAV and BAV devices. SDD data
contains information about the device which can be accessed by other devices. The SDD
data contains, as a minimum, enough information to allow instantiation of an embedded
DCM. Thisresults in registration of device capabilities with the HAVi Registry, allowing
applications to infer the basic set of command messages that can be sent to the device.

Communication: once an application has determined the capabilities of another device,
then it needs to be able to access those capabilities. To achieve this requires a general
communication facility allowing applications to issue requests to devices. This serviceis
provided by the HAVi Messaging Systems and DCMs. The application sends HAVi
messages to DCMs, the DCM then engages in proprietary communication with the
device.

HAViI message set: the last mechanism required to support Level 1 interoperability is a
well defined set of messages that must be supported by all devices of a particular class.
This ensures that a device can work with existing as well as future devices, irrespective of
the manufacturer. The HAVi message set includes those messages used for the DDI
protocol and so allows DCMs (and applications) to construct a Ul on display-capable
IAVsand FAVs.

These three basic mechanisms support a minimal level of interoperability. Since any application
can query the Registry, any application can determine the message set supported by any DCM.
Since any application has access to the Messaging System, any application can interact with the
DCM of any device.

2.7.2 Level 2 Interoperability

As described in the previous section, Leved 1 interoperability ensures that devices can interoperate
a abasic level of functionality. However, a more extensible mechanism is also needed to dlow a
device to communicate to other devices any additiona functionality not present in embedded
DCMs. For example, embedded DCMs may not support al features of existing products and are
unlikely to support future product categories. Level 2 interoperability provides this mechanism.

To support non-standard features of existing products and to support future products, the HAVi
Architecture adlows uploaded DCMs as an dternative to embedded DCMs. The uploaded DCM
may replace an existing DCM on FAV devices. The HAVi Architecture makes no statement about
the source of the uploaded DCM, but alikely techniqueis to place the uploaded DCM in the SDD
dataof the BAV device, and upload fromthe BAV tothe FAV devicewhenthe BAV isattached to
the home network. Because the HAVi Architecture is vendor neutrd, it is necessary that the
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uploaded DCM will work on a variety of FAV devices dl with potentidly different hardware
architectures. To achieve this, uploaded DCMs are implemented in Java bytecode. The Java
runtime environment on FAV devices supports the instantiation and execution of uploaded DCMs.

Once loaded and running within an FAV device, the DCM communicates with the LAV and BAV
devicesin the same manner as described above in section 2.7.1.

The efficiency of Leve 2 interoperability appears when one considers resources needed to access
device functiondity. Level 2 alows a device to be controlled via an uploaded DCM that presents
all the capabilities offered by the device. Whereas to achieve smilar functiondity in Leve 1, this
DCM would have to be embedded somewhere in the network. For example when anew deviceis
added to anetwork, Level 1 requiresthat at least one other device containsa DCM suitable for the
new device. In comparison, Level 2 only requires that one device provide a runtime environment
for the uploaded DCM obtained from the new device.

The concept of uploading and executing bytecode also provides the possibility for applications
called haviets. Havlets may be device specific, for example a device manufacturer can provide the
user away to control special features of a device without the need for standardizing all the festures
in HAVi. Havlets can be uploaded and installed by each FAV device on the network. Havlet
uploading can be supplied by DCMs and Application Modules and can offer interaction with the
user via Level 2 Ul. Display-capable FAVs will alow a user to upload and execute the havlet of
any DCM or Application Module, providing a havlet, in the home network.

2.8 Versioning

Each HAVi component must support the HAVi version control API. HAVi verson control is
intended to maintain interoperability of HAVi components as the specification evolves. Version
control for individua manufacturer’s productsis outside of the scope of this AP!.

Versions are represented by mgjor and minor numbers in the form ngj or . nmi nor . For a given
release of the specification, every system component will be of the same version as that of the
HAVi specification — regardiess of whether that component’s APl was modified in the latest
release. This smplifiesthe situation in which a given component’s APIs are built up from different
groups of APIs. The minor version number is intended to indicate small refinements of the HAVi
specification. The intent of the mgor verson number is to reflect important functional
improvementsin the overall HAVi architecture.

Given that this specification is Version 1.1, dl HAVi components are currently defined to be at
Verson 1.1.

Asthe HAVi specification evolves, it isintended that no APIswill ever be updated or removed (see
section 5.1.7). All changes will be achieved by adding new APIs. This ensures that older
components can dways request services from newer components successfully.

All system components on a device shall return a unified verson number in response to
Get Ver si on APl cdls, and the value shal be identical to HAVi_Message Version in the SDD of
the device. System components shdl verify the verson number of their peer system components on
other devices, e.g., by reading the HAVi_Message_Version value from the devices SDD (see section
9.10.3). Each system component shall operate at the highest common version number among dl
peer system components in the network.

Therulesfor version control of message passing protocolsis somewhat different. Please refer to the
Messaging System section 3.2.1.2.7 for details.
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Client applications are encouraged to interoperate with older software e ement versions, though this
is not explicitly required. However syslem elements, DCMs and FCMs as clients shall interoperate
with al older software element versions. This is intended to ensure that interoperability will be
achieved for the life of the HAVi specification. Note that al software e ements support a version
number retrieval method (see section 5.13).

2.9 Security

All software elements can in principle send messages and events to each other without any
restriction. However to avoid that applications send, whether accidentally or deliberately, messages
or events to system components that were intended to be used only by other system components, a
protection mechanismis needed.

HAVI specifies, for each defined HAVi message and event, the kinds of software element that are
allowed to use it. The protection mechanism simply implies that a system component will check
whether the message sender (or event poster) is allowed to send this message (or event). This check
is based on an ingpection of the SEID of the message sender (event poster).

Protection of a device (and the home network) from hogtile or flawed applications is the
responsibility of the vendor of the device. Such protection is particularly crucia for FAV devices
since HAVi specifies an open programming environment for FAVs and arbitrary bytecode
applications may be introduced to FAVs (eg., via Web download, broadcast download, or
installation from hard media).

2.9.1 Access Levels

HAVi uses a two-level protection scheme. When a software element is created it is assigned an
access level which is one of trusted or untrusted. When one software e ement sends a request to
another software element the receiver decides whether or not to honor the request by examining the
access leve of the requester (and optionally other information associated with the request).

1) System software elements should be thoroughly tested by vendors. They are
assigned the trusted access level and operate with the greatest set of privileges.

2) For non-system software dementsthat are pre-ingdled on an 1AV or FAV, the
vendor shall test the software element for HAVi compliance. Provided there are
no failures, the software element can be assigned the trusted level.

3) For software eementsthat are dynamically ingtalled on an 1AV or FAV through
an ingtallation mechanism that is proprietary and not publicly exposed, the vendor
shall implement aproprietary verification mechanism and only assign the trusted
leve to software elements obtained from secure sources.

4) For software e ementsthat are dynamically installed on an FAV through a public
installation mechanism, the vendor shall implement the signature verification
mechanism defined by HAVi and only assign the trusted level to software
elements obtained from correctly signed sources.

5 If anlAV or FAV hasaproprietary mechanism for ingtalling patchesto system
elements or replacing system elements, then it is recommended that the vendor
implement a proprietary verification mechanism and only alow patching or
replacement of system software e ements from secure sources.

All DCMs and FCMs shall be trusted. Therefore untrusted DCM code units shall not be installed
onFAVsor |AVs.

Since HAVi does not specify a dynamic acquisition and installation mechanism for Application
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Modules, if an IAV or FAV has such a feature then the vendor is responsible to assure only
Application Modules obtained from secure sources are given the trusted leve, with a vendor-
dependent verification mechanism.

As for havlets, they are extracted from DCMs or Application Modules through a public method.
Thus, a havlet code unit shall be verified whether it is correctly signed in a HAVi-compliant
manner before it is ingtaled on an FAV. If the verification fals, the FAV shdl not assign the
trusted leve to the havlet.

It is vendor-dependent whether or not an FAV or IAV alows to install Application Modules or
havlets which failed in the security verification. However, even when installation of such untrusted
software dements is adlowed, it is recommended that such an FAV or IAV has a proprietary
mechanism to assure that such an ingtallation is only done with the user’ s responsbility.

2.9.2 Signature Verification

The procedure of security verification of code resources used on IAVsis vendor dependent. Also,
even on FAV's, the procedure of security verification for Application Modulesis vendor dependent.
However the digital signature agorithm and certification procedures are specified by HAVi, for the
verification of uploadable DCM code units and havlet code units.

The procedure of signature verification on FAVsisasfollows:

Uploadable DCMs, uploadable Application Modules and al havlets are obtained from “ code
units’ —these are JAR files.

Asfor uploadable DCMs, the JAR file shdl be signed in the HAVi-compliant manner, and the
signatureis verified when the file isloaded into the Javaruntime. If thereis no signature, or if
signature verification fails, the DCM shdl not be ingtalled.

Asfor havlets, the JAR file may be signed in the HAVi-compliant manner. In that case the
signatureis verified when the file isloaded into the Javaruntime. If signature verification
succeeds, then dl classes defined in the file are trusted. If thereisno signature, or if signature
verification fails, dl classes defined in the file are untrusted.

Asfor Application Modules, the JAR file may have any information for vendor-dependent
verification. If the verification succeeds, then al classes defined in the file are trusted.
Otherwise, including the case an FAV is not aware of the verification mechanism, al classes
defined in the file are untrusted.

Only havlets and Application Modules created from trusted classes are trusted.

The digital signature agorithm used for uploadable DCMs and havlets on FAV's, and associated
key management infrastructure, are specified in section 3.10.
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3 Software Element Descriptions

3.1 Communication Media Manager

The Communication Media Manager (CMM) is a network dependent entity in the HAViI
Architecture. It interfaces with the underlying communication media to provide services to other
HAVi components or application programs residing on the same device as the CMM. Each
physicd communication medium has its own CMM to serve the above purpose. This section
concentrates only on the CMM for the 1394 bus.

Two types of services are provided by the CMM. Oneisto provide atransport mechanism to send
requests to and receive indications from remote devices. The other is to abstract the network
activities and present information to the HAVi system. The 1394 busisadynamically configurable
network. After each bus reset, a device may have a completely different physical ID than it had
before. If a HAVi component or an application has been communicating with a device in the
network, it may want to continue the communication after a bus reset, though the device may have
adifferent physica ID. To identify a device uniquely regardiess of frequent bus resets, the Global
Unique ID (GUID) is used by CMM and other HAVi entities. A GUID is a 64 bit number that is
composed of 24 bits of node-vendor 1D and a 40 bit number assigned by the vendor (these are
described in references[2] and [3]). While adevice s physica D may change constantly, its GUID
is permanent. The CMM makes device GUID information availablefor its clients.

One of the advanced features the 1394 bus provides to the HAVi system isits support for dynamic
device actions such as hot plugging and unplugging. To fully support this up to the user levd,
HAVi system components or applications need to be aware of these network changes. The CMM
works with the Event Manager to detect and announce such dynamic changes in network
configuration. Since any topology change within the 1394 bus will cause a bus reset to occur, the
CMM can detect topology changes and post an event to the Event Manager about these changes
along with associated information.

Trusted software d ements are dlowed to use their local CMM to initiate communication with other
devices on the 1394 network, using the Oml394::Wite, Omil394::Read and
Oml394: : Lock APIsdefined in section 5.2.2. These APIswould typically be used by DCMsand
FCMsto control remote 1394 devices, i.e. BAV and LAV devices. Communication between IAVs
and FAVSs, devices which support HAVi messaging, is typicaly accomplished using the HAVi
defined software elements or the Messaging System directly.

For a software element to accept 1394-level communication initiated by a remote device it must
first enroll for indications by calling the Cm1.394: : Enrol | | ndi cat i on APl. This APl enables
the software element to be notified of any write, read or lock operation from a specific deviceina
specific address range. This notification is performed by the Gm1.3941 ndi cati on client API.
The software eement can drop previoudy enrolled indications by cdling the
OCm1.394: : Dr opl ndi cati on API.

The CMM s intended to alow maximum flexibility so that DCMs and FCMs can individualy
control remote 1394 devices with a wide variety of functions and protocols. On a single IAV or
FAV there could be a number of different DCMs and FCMs, each one controlling different remote
1394 devices using various 1394 addressranges. Notethat if different 1394 remote devices perform
aread of agiven address range, they may receive different results, since each read request may be
processed by an independent DCM or FCM. Also note that the response to such a read request (or
lock request) is provided by ther esponseDat a argument of the L3941 ndi cat i on message,

25



HAVi SPECIFICATION Version 1.1

rather than by a ssmple memory mapping.
3.2 Messaging System

3.2.1 Description

The Messaging System provides HAVi software elements with communication facilities. It is
independent of the network and transport layers. A Messaging System isembedded in al FAV and
IAV devices. The Messaging System of adevice isin charge of alocating identifiers (SEIDs) for
the software elements of that device. These identifiers are first used by the software elements to
register. They are then used by the software elements to identify each other within the home
network: when a software lement (A) wants to send messages to another software ement (B) it
has to use the software e ement identifier of B when invoking the Messaging System AP!.

The Messaging System is composed of the message layer and the Transport Adaptation Module
(TAM) which provides a basic communication API that is medium dependent. The TAM usesthe
services of 1394 and I|EC 61883 protocol layers to send and receive data on the network. It gathers
features that are medium dependent. When the medium changes, the TAM has to change as well.
The TAM isdescribed in section 3.2.2.

3.2.1.1 Software Element Identifier Allocation

A software element identifier (SEID) is alocated by the Messaging System when requested by a
software element. A software ement must obtain a SEID if it wants to be registered on the home
network, or if it wants to communicate (via HAVi messages) with other software elements.

The software element identifier is 10 byteslong.

Synt ax Nunber of bits Ildentifier
SEI () {
QU D 64 ui s bf
swHandl e 16 ui nsbf
}

Figure 6. SEID Representation

QU D identifies a device within the home network. It is the 1394 EUI64 vaue that is available in
the ROM of 1394 devices.

swHand! e identifies a software element within one device. swHandl e alocation is described in
section3.2.1.1.1.

SEl D, being the concatenation of GUI D and swHandl e, identifies therefore a software eement
within the home network.

From the software element’s point of view, the identifier is an atomic identifier that is 10 bytes

long. Only the HAVi Messaging System and other HAVi system components are aware of the
internal structure of software element identifiers.
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3.21.1.1 Software Element Handle Allocation

swHandl e is alocated by the Messaging System of a device when a software element requests a
software dement identifier. The Messaging System of a device is in charge of alocating unique
handles to the local software elements. It is recommended that the Messaging System avoids reuse
of the handlesif possible so asto avoid potential conflict (see section 3.2.1.2).

3.21.1.2 Well-known Software Element Handles

There is aneed to have well-known software element handles for system components. The handle
values from Ox0 to OxQOff are reserved for this purpose. These well-known software element
handles are listed in Annex 11.4. To reach a system component the requester must know the SEID
of the component. Usually it will use the Registry service to find SEIDs. Therefore the requester
has to reach the local Registry API and, consequently has to know the local Registry SEID. To
avoid such circularity, the Messaging System API provides amethod to find the SEIDs of system
components.

3.2.1.13 Trusted and Untrusted Software Element Handles
HAVi defines a set of APIs provided by system components and DCM/FCMs. Some of the API

methods are protected in the sense that only a subset of software elements are authorized to access
the method. Consequently software element are classified into two categories:

trusted software elements (can access all HAVi APIs)

untrusted software elements (can access only untrusted APIs)

Each API described in chapters 5 and 6 gives, for each APl method, whether it can be used by
trusted and untrusted software elements or just trusted software elements.

To identify whether a software element is trusted or not, two software element handle ranges are
defined :

0x0000 to Ox7fff : trusted software elements
0x8000 to Oxffff : untrusted software elements
The well-known handles (i.e., system component handles — see Annex 11.4) are al in the trusted

range. The Messaging System delivers a trusted SEID or an untrusted SEID to a requester
according to the accesslevel of this requester (see section 2.9).

3.2.1.2 Message Transfer Service

The Messaging System provides a connectionless data transfer service. Before being able to
exchange any kind of information, a software element has to: 1) obtain a software eement
identifier (SEID), and 2) indicate a call back function to the Messaging System for receiving
messages. This step isdone viathe MsgOpen function.

Once a software element has obtained an identifier, and should it want to send messages to another

software element (known through its software element identifier), it must use the message transfer
services of the Messaging System.
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3.21.21 Message Transfer Supervision

When a software element wants to send data to another software element it may establish a
supervison of that software eement via the MsgWat chOn function. The purpose of having a
supervison of a software element is to be told when a software element leaves the network. As
long as a supervision is established, the Messaging System is in charge of detecting when adevice
(onwhich it has established a supervision) disappears from the network. If this occursit shall close
all its supervisons to the disappeared device by invoking the call back of the source software
elements.

A supervision is aways unidirectiona: if the destination software element needs to be informed of
the loss of the originating software eement, then it must establish its own supervison of that
software element.

After a supervision has been requested, the Messaging System monitors the existence of the
“watched” object using the Msg: : Pi ng facility described in section 5.3.3. The Messaging System
also subscribes to events that alows it to detect: when the device hogting the destination software
element goes down, when the destination software element leaves the network, when the remote
deviceisinitialized (reset), and when the remote HAVi system has entered an anomal ous state..

Software Messaging Messaging Software
Element A System 1 System 2 Element B
Open Open
W atchOn(B)
Send(Data, B)
> Send(Data, B)
Send(Data, B)
Send(Data, A)
Send(Data, A) <
Send(Data, A) b

Device 2 unplugged

Detection device2 OFF
Disappear(B)

<&

Figure 7. Example of Message Transfer Supervision

3.21.2.2 Message Transfer Modes
Dataare not protected at the message level (i.e., thereisno Messaging System CRC). However it is

assumed that the lower layers provide an error detection service (viaa CRC) aswell asagood level
of transmission reliability (see section 3.2.2). Therefore there are no error recovery mechanisms at
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the message level (however the TAM provides an error recovery process according to 1394).

The Messaging System provides two modes to transmit a message: simple mode and reliable mode.
The Messaging System APl primitives MsgSendRel i abl e, MsgSendRequest and
MsgSendRequest Sync use religble mode, while MsgSendSi npl e uses simple mode and
MsgSendResponse takesanode parameter (see section 5.3.3).

Simple mode isvery basic: no control is performed by the Messaging System. The messageis sent
on the network and that is al. This mode may be used when a software ement wants to send a
response to a request. The Messaging System does not check whether its response is received or
not.

Reliable mode is more complicated and expects the destination device to acknowledge the
message. The reliable mode is described through the following example: when a software element
(A) running on a device D1 wants to send a reliable message to another software element (B)
running on device D2, it invokes a Messaging System APl with B's SEID as parameter. The
Messaging System of D1 sends a nsg_rel i abl e message (see 3.2.1.2.4) to the Messaging
System of D2. The Messaging System of D2 checks then whether it knowsacall back for B. If yes,
it invokes it. If the cal back successfully returns (i.e, no error), it sends back a
msg_rel i abl e_ack to D1 (asan acknowledgement). If either no call back isavailable, or the call
back returns with an error, D2's Messaging System sendsback ansg_r el i abl e_noack message
which indicates an error. When the Messaging System of D1 receivesthensg_r el i abl e_ack (or
msg_rel i abl e_noack) message, the Messaging System APl function invoked by A returns.
Note that at the originating side, the caling software element is blocked until it gets the
acknowledgement. To avoid blocking a software element indefinitely an acknowledgement timeout
is used. Its value shall be 30 seconds. Expiry of the timer indicates to the Messaging System a
major problem either locally or on the target. The timer is started at the end of transmission of the
last TAM package of the message. In case device D1 detectsthat device D2 has disappeared before
the nsg_rel i abl e_ack has been received, the Messaging System of D1 shal immediately
return from MsgSendRel i abl e with theerror code Msg: : EACK. InthisStuation no MsgTi meout

event is generated.

3.21.2.3 Acknowledgements
The general message structure includes an 8-bit field called the message number.

The Messaging System maintains a message number counter for each source software element.
When the Messaging System issues arequest (reliable or not), the counter isincremented (modulo
256) and the new vaue is sent within the message. In case of ansg_rel i abl e message, the
Messaging System at the destination node will send back the same counter vaue within the
msg_reliabl e_ack (ornsg_reliabl e_noack) message.

The Messaging System checks each incoming nsg_r el i abl e_ack or nsg_r el i abl e_noack.
If no reliable message of the degtination software element with the same message number is
pending, the incoming ack (or noack) is smply discarded.

In the case the response is received prior tothensg_rel i abl e_ack of arequest, the Messaging
System may treat the response as a nsg_reliabl e_ack. This may recover from a lost
msg_rel i abl e_ack in the case where the response is received before the acknowledgement
timeouit.

The Messaging System that resides on the same node as the software € ement receiving the request

message shall send nsg_reliabl e_ack and response message in order. Thus, the software
element which receives a callback invacation has to immediately return from the callback.
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3.21.24 General Message Format

The message format shown in Figure 10 describes amessage asit is sent by aMessaging System to
another Messaging System.

Synt ax Nurber of I dentifier
bits

message () {
Dest SEI D 80 ui s bf
Sour ceSEI D 80 ui msbf
Pr ot ocol Type 8 ui snbf
MessageType 8 ui s bf
MessageNumber 8 ui s bf
reserved 8 ui nsbf
Messagelengt h 32 ui nsbf

for(j=0; j<MessagelLength;j++){

MessageBody[j ] 8 ui nsbf

}

}

Figure 10. General Message Format

Dest SEI D (10 bytes) istheidentifier of the software element to which the messageisto be sent.
Sour ceSEl D (10 bytes) isthe identifier of the software element that generated the message.

Note — When the message isansg_rel i abl e_ack or nsg_rel i abl e_noack, the Dest SEI D
field will hold the Sour ceSEI D of therelated msg_r el i abl e message.

Pr ot ocol Type (1 byte) isthe format that MessageBody content must adhere to. The valuesfrom
0x00 to Ox7f are reserved for HAVi. The values from 0x80 to Oxff are free for private use. HAVi
defines one particular protocol based on reguest and response message exchanges, providing
applications with facilities to invoke operations on a given software element (request), and/or to
return the result of an operation to the software element that requested it (response). The
Prot ocol Type parameter in the genera message format corresponding to the HAVI
request/response mechanism has the value 0x00. For this value of Protocol Type, if
MessageType (see below) is nsg_si npl e or nsg_rel i abl e then the message body format
must be as specified in section 3.2.3.2.

MessageType (1 byte) indicates the message type:

Onetypeisdefined for the smple mode : thensg_si npl e message

Three types are defined for the reliable mode: thensg_r el i abl e message (carrying the
request), thensg_r el i abl e_ack (telling the request has been ddlivered), and the
msg_rel i abl e_noack (telling the request ddlivery failed).

MessageNumber (1 byte) is the message number. Its value is incremented according to the rules
described in section 3.2.1.2.3.

reser ved (1 byte), thisfield shdl be set to zero.

Messagelengt h (4 bytes) is the length of the MessageBody. There is no payload for the
msg_rel i abl e_ack, in which case both the MessageLengt h and MessageBody fields are not
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present.
MessageBody isthe message data

Table 2. Message Type Values

MessageType Value
nmsg_si mpl e 0x01
nmsg_reliable 0x02
nsg_reliable _ack 0x03
nsg_reliabl e_noack 0x04
3.21.25 Ack Message Format

The nsg_reliable _ack message follows the general message format. It has no
MessagelLengt h and no MessageBody. The layout of an nmsg_rel i abl e_ack message is
indicated schematically below:

byte O byte 1 byte 2 byte 3 byte 4 byte 13
0011 rrrr nnnn nnff ORnn nnnn | 0000 0000 | dddd dddd dddd dddd
FCPHdr TAMHdr reserved Destination SEID
byte 14 byte 23 byte 24 byte 25 byte 26 byte 27

SSSS SSSS ssss ssss | PPPP PPPP | 0000 0011 NNNN 0000 0000
NNNN
Source SEID ProtType MsgType MsgNo reserved

Destination SEID in the above is the SEID of the software element that sent the corresponding
msg_rel i abl e message. Source SEID is the SEID of the software element that received the
meg_rel i abl e message. The vaue of protocol type shall be the same as the value of the

corresponding msy_reliable message.

3.2.1.2.6 Noack Message Format

The nsg_rel i abl e_noack message follows the genera message format. The MessageBody
contains one byte which may take the val ues shown below:

Table 3. msg_reliable_noack Message Body Values

Name Value
SYSTEM OVERFLOW 0x01
UNKNOWN TARGET OBJECT 0x02
TARGET REJECT 0x03

SYSTEM OVERFLOWN-—memory allocation for the incoming message failed.

UNKNOMWN TARGET OBJECT — the Messaging System cannot find a callback for the destination
SEID embedded in the incoming message, or cannot deiver the response message for the
synchronous function call to the caller software el ement.

TARGET REJECT —thereturn value of the cdlback is not equa to SUCCESS.
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Thelayout of ansg_rel i abl e_noack messageisindicated schematically below:

byte O byte 1 byte 2 byte 3 byte 4 byte 13
0011 rrrr nnnn nnff | ORnn nnnn | 0000 0000 | dddd dddd dddd dddd
FCPHdr TAMHdr reserved Destination SEID
byte 14 byte 23 byte 24 byte 25 byte 26 byte 27

SSSS SSSS ssss ssss | PPPP PPPP | 0000 0100 NNNN 0000 0000
NNNN
Source SEID ProtType MsgType MsgNo reserved
byte 28 byte 29 byte 30 byte 31 byte O
0000 0000 | 0000 0000 | 0000 0000 | 0000 0001 | eeee eeee
Message Length Message
Body

Destination SEID in the above is the SEID of the software element that sent the corresponding
nmsg_rel i abl e message. Source SEID is the SEID of the software element that received the
msg_rel i abl e message. The vaue of protocol type shal be the same as the value of the

corresponding nsg_r el i abl e message.

3.21.2.7 HAVi Message Version

The HAVI message version supported by a device is in its HAVi_Message Version SDD fidd.
Before the first exchange between two Messaging System modules, the initiator obtains the
message version number from the receiver device. Then the initiator will use the message format
defined in the highest HA Vi specification shared by both Messaging Systems.

3.21.28 Outstanding Message

Outstanding message means that a message isin the midst of a message transfer (for smple mode)
or waiting for a corresponding acknowledgement (for reliable mode), i.e. "outstanding” starts when
the valid message number is given to the message and ends when the message number is retrieved.
If the number of outstanding messages exceeds the outstanding message limit for each Software
element, the messaging system shal return the error code EBUSY. A messaging System
implementation may send multiple messages in pardlel as long as it does not exceed the
outstanding message limit for the same source SEID. Outstanding message limit isimplementation
dependent and its maximum valueis 256.

3.2.2 Transport Adaptation Module (TAM)

3.2.21 Service Description

The part of Messaging System which is medium dependent is called the TAM. The TAM manages
message fragmentation, and the message ordering and error recovery process if needed. For these
purposes it defines a packet format and a protocol.

The TAM sends and receives data on the IEEE 1394 bus in the range of the FCP command
register. The TAM is only notified of indications within this range which have the HAVi CTS
code. A Messaging System which has enrolled for indications in the FCP address range does not
influence or block other software elements from using the CMM to enrall for indications in that
addressrange.
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3.2.2.2 Fragmentation

Fragmentation is performed according to the network capabilities. For IEC 61883/1394 this service
does not exist. Therefore a fragmentation service is used in the TAM to perform fragmentation on
the messages generated by the Messaging System.

The TAM packet header has a part dedicated to fragmentation. If fragmentation is used then the
TAM has to serialize message transmission for a particular destination node (i.e., all TAM packets
for the current message will be sent before processing the next pending message for the same
destination node). The TAM can parallelize message transmissions for different destination nodes.

3.2.2.3 Message Ordering

Message ordering is performed according to the network technology. For IEC 61883/13%4 this
service does not exist. Therefore an ordering serviceis performed by the TAM.

A continuity counter present within the TAM packet header is incremented (modulo 64) before
each TAM packet transmission. On the receiving side, the continuity counter is processed in
relation to the source GUID extracted from the 1394 packet header (and to point to the sender
context).

3.2.2.4 Mapping of TAM onto the 1394 Transaction Layer

TAM packet write requests are mapped into 1394 transaction write requests (possibly via the
CMM). When writing severd TAM packets to a single destination a TAM shall not parallelize
transactions. before generating a transaction write request to a degtination it has to wait for
completion of the previous transaction (to that destination).

32241 IEC 61883 FCP Packet

TAM data packets are sent or received according to the IEC 61883 FCP protocol and format (see
[4]).

reserved
4bytes
— ;
| | | |
T crs| \
" 4bits  4bits
FCP frame TAM packet
l : Zero pad bytes ( if necessary)

Figure 11. IEC 61883 FCP Packet Structure

A new CTS code is reserved for HAVi message transport. The following four bits after the CTS
code are also reserved by HAVi; they shall be set to 0. Note that Figure 11 shows a generic IEC
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61883 FCP packet that is padded with zero bytes to make the packet size a multiple of 4 bytes. In
compliance with 1394-1995 the TAM layer sndl indicate in the length field of the 1394 header
only itsown payload. The padding bytes, if any, are not included in this length.

b7 b6 C%dse b4 cTs
0O 0 0 0 AVIC
o 0o o0 1 CAL
0o 0 1 0 EHS
o 0o 1 1 HAVi

S S

1 1 0 1 (Reserved)
Vendor Unique
Extended CTS

Figure 12. |IEC 61883 CTS Codes

Concerning the transmission of messages, only the IEC61883 FCP command register is used to
storea TAM data packet.

3.2.24.2 TAM Data Packet Structure

In case of transmission of a HAVi message, the TAM has to provide a mechanism to manage the
fragmentation of messages and to preserve message ordering. For these purposes a TAM packet
contains a header which permits the receiver to assemble the message.

Synt ax Number of | dentifier
bits
TAM Havi Dat aPacket () {
SequenceNum 6 ui nsbf
FragType 2 ui nsbf
Reserved 1 ui nsbf
Ret r yFl ag 1 ui s bf
Ori gi nal SeqNum 6 ui s bf
Reserved 8 ui nsbf
for(j=0; j<FragData size; j++){ 8 ui s bf

FragDat a[ | ]
}
}

Figure 13. TAM_HaviDataPacket Representation

SequenceNumis used to assemble the various fragments from a message. A TAM sender shdll
maintain one SequenceNum for each possible TAM receiver. The sender shall continuoudy
increment this number after every fragment is transmitted. The number shall not be reset to zero at
the end of transmisson of the whole message. Therefore SequenceNum can aso be used to
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guarantee message ordering.

FragType (Fragment Type) isa 2 bit vdue asdefined in Table 4.

Reser ved isaone bit field that shall be set to zero.

Ret r yFl ag isaonebit field that indicatesif the packet isaretry or not. If set to one, the packetisa
“resent” packet. If set to zero, the packet is“fresh”.

Ori gi nal SegNumisab bit field that indicates the origina SequenceNumof thefailed origina
packet. If Ret r yFl ag iszero, thisfield shall be set to zero.

Reser ved isaonebytefield that shall be set to zero

Fr agDat a isavariable number of bytes and may be null but shal never exceed a maximum limit,
which is dependent on the target (the device receiving the TAM packet). This maximum limit
derives from the maximum 1394 data payload size the target node accepts. The “max_rec” field of
the configuration ROM Bus_Info_Block defines this value. Thus the maximum size of the
Fr agDat a field is computed asfollows:

maximum Fr agDat a Size="max_rec’ — TAM_header sze—FCP_header size
where TAM_header_size= 3 and the FCP_header_size=1.

A compliant IAV or FAV must be able to accept block write requests of at least 8 bytes; TAM data
packets shall never exceed 512 bytes. For the “max_rec” Bus_Info_Block field, a vaue of O
indicates “Not Specified”, which isinterpreted as being able to handle at least 512 bytes. A value of
1 indicates a capacity of 4 bytes, which is not alowed for a compliant 1AV of FAV
implementation. Values greater than 8 indicate a capacity of at least 512 bytes.

Table4. TAM Fragment Type Values

FragType Value Meaning
SFP 0x00 Simple Fragment Packet
BOP 0x01 Begin Of message Packet
COP 0x02 Continuation Of message Packet
EOP 0x03 End of message Packet
3.2.25 Reliable TAM Packet Transmission

If abusreset or atransmission error occurs during a 1394 transaction, the transaction is aborted and
1394 packets may be lost. To recover from lost packets the TAM shall implement the following
mechanism:;

A TAM sender incresses the continuity counter of the TAM packet header (see sections 3.2.2.3 and
3.2.24.2). If the transaction fails (reception of atransacti on_conf with an error code), the
TAM shal repeat the packet (without increasing the continuity number). The number of
consecutive retries cannot exceed three. In case of failure the Messaging System returns a
Msg: : ESEND error (see section 5.3.3). After aMsg: : ESEND error occurs, for the next packet sent
to the same receiver, the sender shall increase the TAM sequence number.

Note that a TAM sender assumes the transaction succeeded as soon as it recelves a
transacti on_conf (i.e., an acknowledgement from the other side). Finally aTAM sender hasto
wait for at ransact i on_conf from one destination before generating another transaction to that
destination (increasing the continuity number).

If the TAM sender detects a bus reset before receiving at ransact i on_conf from the 1394
transaction layer, the sender has to repeat the complete message after sending a synchronization
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packet as specified in 3.2.2.6. In case of an interrupted BOP, COP or EOP packet, this requires re-
sending packets beginning with the BOP packet. In case of re-sending , TAM sender shall set
Ret ryFl ag to one and Ori gi nal SeqNum to the corresponding sequence number of the first
resent SFP packet or to the sequence number of the first resent BOP, COP or EOP packet. TAM
receiver shal check if theincoming packet isa“resent “or a“fresh” packet with Ret r yFl ag. If the
packet is a “resent” packet, also check if the packet is aready received or not with
Ori gi nal SeqNum I the packet is dready received, the packet shdl be discarded.

A TAM receiver checks the continuity number for packet reordering and re-assembly. A 1394
receiver shall not acknowledge a transaction (either in a unified" or split transaction?) before being
sure the 1394 packet has successfully been received. Once the transaction has been acknowledged
the receiver ensures the packet will not be discarded by any bus reset. (If the TAM uses unified
transactionsthat are acknowledged by hardware and not by the TAM itsdlf, it shall ensure that once
acknowledged a packet is assumed to be received by the TAM and that it will not be discarded by a
busreset.) If aTAM receives twice a packet with the same continuity number, it shall discard one.

A receiver shall accept a packet with any sequence number that differs from the sequence number
of the previoudly received packet from the same sender. If an SFP or BOP packet is received, a
previous sequence of BOP and/or COP packets that has not been concluded by an EOP packet shall
be discarded.

3.2.2.6 TAM Sequence Number Synchronization

Thefirst TAM packet sent from node A to node B after A is powered up, isreset, or has detected a
1394 bus reset event, shall be an SFP packet with a zero payload (a “synchronization packet”).
This SFP packet shall not be passed to a software element, but is used only to synchronize the
TAM sequence numbers of sender (A) and receiver (B). If the synchronization packet carries
sequence number n, then the next packet sent from A to B shall have number n+1 (modulo 64).
Future packets sent from A to B shall have normally increasing sequence numbers. A receiver shall
accept a synchronization packet at anytime.

Consider the situation where A and B are disconnected and reconnected very quickly. A may be a
“dow” device. Thus it never detects the disappearance of B. B may be afast device. Thus it can
detect the disappearance and the re-gppearance of A. The sequence number B expects from A will
be unknown, so B shall expect a synchronization packet from A.

3.2.3 Mapping of Function Calls into Messages

IDL isthe basis for mapping software eement public APIsinto messages.

3.2.3.1 Mapping of an IDL Interface into the Messaging System
API

The APIs of software elements (system services, FCMs and DCMs) are specified as a set of
operations. When a software element wants to invoke a function of another software element, it
maps the function call into a message and it sends the message to that software element.

! In the case of aunified transaction, the acknowledgement (that ends the transaction) is the acknowledgement of the
unified write,

2 In the case of asplit transaction, the acknowledgement (that endsthetransaction) isthe response subaction of theremote
TAM.
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Afterwards, the called software element may want to send aresponse (if the IDL operation contains
areturnvalue, i nout or out parameters). To do so it sendsto the caling software element.

Some genera rules are needed for mapping functionsinto messages. Such rulesare described in the
following sections.

Asadarting point, consider the following IDL operation:

I DL_Type | DL_operation(
param attributel paramtypel, param nhanel,
param attribute2 paramtype2, param hane2,
param attri bute3 paramtype3, param nane3,
param attri bute4 paramtyped4, param naned ...

3.2.3.2 Mapping of Function Calls into Messages

When a software dement A invokes an operation (I DL_oper at i on) on asoftware element B, the
operation is mapped to amessage. The Messaging System shall use the following format:

Synt ax Nunber I dentifier
of bits
nsg _function_call () {
Dest SEI D 80 ui msbf
Sour ceSEI D 80 ui nsbf
Pr ot ocol Type 8 ui msbf
MessageType 8 ui msbf
MessageNumber 8 ui msbf
reserved 8 ui nsbf
MessagelLengt h 32 ui msbf
Oper at i onCode 24 ui nsbf
Contr ol Fl ags 8 ui nsbf
Transactionld 32 ui nsbf
for (j=0; j<param nunber;j++){
if ((paramattributej == IN |]
(param attributej == INOUT)) {
param val uej si zej ui nsbf
}
}

}

Figure 14. Function Call Mapping to a Message

Dest SEI D (10 bytes) isthe identifier of the software e ement to which the message isto be sent. It
is the software element that shall execute the function.

Sour ceSEl D (10 bytes) is the identifier of the software element that generates the message. It is
the software element that calls the function.

Pr ot ocol Type (1 byte) is the format that MessageBody content must adhere to. The possible
values for this field are listed in Annex 11.1. HAVi defines one particular protocol, HAVi _RM ,
based on request and response message exchanges. This protocol alows one software element to
invoke an operation on another (request), and it allows the result of the operation to be returned

(response).
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MessageType asdescribedin Table 2 (shdl bensg_rel i abl e).

MessageNunber (1 byte) is the message number. Its value is incremented according to the rules
described in section 3.2.1.2.3.

reser ved (1 byte) shall be st to zero.

MessagelLengt h is the number of following bytes. This length includes the Oper at i onCode,
Cont rol Fl ags and Tr ansact i onl d lengths and the parameter |oop length.

Qper at i onCode is defined for each software element APl. HAVi operation codes are listed in
Annex 11.6.

Cont r ol Fl ags is an 8-hit field where only the lowest bit is currently used. This bit is caled the
Request Fl ag and takes the value 0. It indicates that the message is carrying a cal operation
request.

Transact i onl d isprovided by the requester. The receiver hasto put thisTr ansact i onl d inits
response message. It alows the requester to match a response with a request in case of multiple
requests to the same object.

param val uej is the vaue of the | IN or INOUT parameter of the operation specified by
Qper at i onCode. The parameter size, si zej , includes any padding added by the conversion to
CDR.

Thelayout of a message carrying afunction cal isindicated schematically below:

byte O byte 1 byte 2 byte 3 byte 4 byte 13
0011 rrrr nnnn nnff ORnn nnnn | 0000 0000 | dddd dddd dddd dddd
FCPHdr TAMHdr reserved Destination SEID
byte 14 byte 23 byte 24 byte 25 byte 26 byte 27

SSSS SSSS SSSS SSSS 0000 0000 | 0000 0010 NNNN 0000 0000
NNNN
Source SEID ProtType MsgType MsgNo reserved
byte 28 byte 29 byte 30 byte 31
LLLL LLLL LLLL LLLL LLLL LLLL LLLL LLLL
Message Length
byte 32 byte 33 byte 34 byte 35
0000 0000 | 0000 0000 | 0000 0000 cccc ccc0
OperationCode CtrIFlag
byte 36 byte 37 byte 38 byte 39

Transaction |d

3.2.3.3 Mapping of Function Returns into Messages

When a software dement A invokes a function on another software element B using a request
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message, and if the function gathers INOUT, OUT or areturn code, the called software element
shall map the output of the function to a message. The Messaging System shall use the following
format:

Synt ax Nunber I dentifier
of bits
nsg_function_response () {
Dest SEI D 80 ui s bf
Sour ceSEI D 80 ui msbf
Pr ot ocol Type 8 ui s bf
MessageType 8 ui s bf
MessageNunber 8 ui nsbf
reserved 8 ui nsbf
Messagelengt h 32 ui nsbf
Oper at i onCode 24 ui nsbf
Contr ol Fl ags 8 ui nsbf
Transactionld 32 ui nsbf
Ret ur nApi Code 16 ui smbf
Ret ur nEr r Code 16 ui nsbf
reserved 32 ui msbf
for (j=0; j<param nunber;j++){
if ((paramattributej == OUT) ||
(param attributej == I NOUT)) {
param val uej Si zej ui msbf
}
}

Figure 15. Function Return Mapping to a Message

Dest SEI D (10 bytes) isthe identifier of the software e ement to which the message isto be sent. It
is the software element that calls the function and that will get the function output.

Sour ceSEl D (10 bytes) is the identifier of the software element that generates the message. It is
the software el ement that has executed the function that sends the outpuit.

Pr ot ocol Type (1 byte) is the format that MessageBody content must adhere to. The possible
values for this field are listed in Annex 11.1. HAVi defines one particular protocol, HAVi _RM ,

based on request and response message exchanges. This protocol adlows one software element to
invoke an operation on another (request), and it allows the result of the operation to be returned

(response).
MessageType asdescribed in Table 2.

MessageNunber (1 byte) is the message number. Its value is incremented according to the rules
described in section 3.2.1.2.3.

reser ved (1 byte) shal be set to zero.
MessagelLengt h isthe number of following bytes.

Qper at i onCode is defined for each software element APl. HAVi operation codes are listed in
Annex 11.6.
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Cont r ol Fl ags is an 8-hit field where only the lowest bit is currently used. This bit is caled the
ResponseFl ag and takes the value 1. It indicates that the message is carrying an operation

response.

Transacti onl d is provided by the requester. The receiver inserts this Tr ansact i onl d in its
response message. It alows the requester to match a response with a request in case of multiple
requests to the same object.

Qper at i onRet ur nCode contains the return code of the IDL operation.

Ret ur nApi Code and Ret ur nEr r Code together contain the return code (i.e., St at us, see 5.1.2)
of the IDL operation.

reser ved (4 bytes) shall be st to zero.

par am val uej is the value of the j'™ OUT or INOUT parameter of the operation specified by
Oper at i onCode. The parameter Size, si zej , includes any padding added by the conversion to

CDR.

The layout of amessage carrying afunction return isindicated schematically below:

byte O byte 1 byte 2 byte 3 byte 4 byte 13
0011 rrrr nnnn nnff 0000 0000 | ORnn nnnn | dddd dddd dddd dddd
FCPHdr TAMHdr reserved Destination SEID
byte 14 byte 23 byte 24 byte 25 byte 26 byte 27
SSSS SSSS SSSS SSSS 0000 0000 0000 00tt NNNN 0000 0000

NNNN
Source SEID ProtType MsgType MsgNo reserved
byte 28 byte 29 byte 30 byte 31
LLLL LLLL | LLLLLLLL | LLLLLLLL | LLLL LLLL
Message Length
byte 32 byte 33 byte 34 byte 35
0000 0000 | 0000 0000 | 0000 0000 | cccc cccO
OperationCode CtrIFlag
byte 36 byte 37 byte 38 byte 39
TTTTTTTT TTTTTTTT | TTTTTTTT | TTTT TTTT
Transaction Id
byte 40 byte 41 byte 42 byte 43
AAAA AAAA | AAAA AAAA EEEE EEEE EEEE
EEEE
ApiCode ErrCode
byte 44 byte 45 byte 46 byte 47
0000 0000 | 0000 0000 | 0000 0000 | 0000 0000
reserved

Thefidd “MsgType’ (MessageType) iseither 0000 0001 or 0000 0010.
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3.2.34 Mapping of IDL Types and Parameters to Bitflows

The mapping uses asubset of CDR (Common Data Representation) from GIOP (General Inter Orb
Protocol) version 1.1 [5] as the transfer syntax for the parameters. Each parameter is byte aligned
according to its naturd length, e.g., a parameter of length four bytes should start on a four byte
boundary. The following restrictions are used:

The byte ordering is BIG ENDIAN: MSB (Most Significant Byte) first.

Since the types of all parameters in HAVi messages can be unambiguously interpreted,
CDR type codes are hot used.

Concerning the complex types, repository 1D, name and member name are not supported.
For examplethet k_st ruct isfollowed by thelist of member types of the structure.

The fixed size for the wehar IDL type is 2 bytes according to UNICODE UTF-16 and
SO 10646 UCS-2.

Padding bytes shall be set to zero.

The darting point of the CDR mapping is the field after MessagelLengt h as described in the
section on “Generd Message Format” (see 3.2.1.2.4, Figure 10). Specificdly, the area where the
CDR mapping is applied isthe MessageBody.

3.2.3.5 Synchronous Message Transfer Mode

The message passing APl will provide a synchronous service alowing a caler to block until a
response is received. As shown in the following figure, the caller asks to send a function call
through the message passing API. The local Messaging System sends a request message (using
reliable mode) and waits for the response or a timeout condition. The remote Messaging System
receivesthe request and passesit to the destination software e ement. The destination element sends
its function response message using a normal send in simple or reliable form. The requester’s
Messaging System receives the response and transmitsiit to the requester.

Note that the response message is delivered to the cdler software element by completing the
msg_send_sync invocation. If the mode of the response message is reliable, the requester’s
Messaging System sendsansg_r el i abl e_ack (successto transmit) or nsg_r el i abl e_noack
(failureto transmit) related to the reliable response message, to the remote M essaging System, after
the requester’ s M essaging System receives the response message.
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Software Messaging Messaging Software
Element A System 1 System 2 Element B

msg_send_sync(B, reliable) Invocation )
msg_reliable(B)

CallBack(req) Invocation

CallBack(req) Return

<

msg_reliable _ack(A

msg_send (A, simple) Invocation

<&

msg_simple(A)

hl

msg_send_sync() Return : ok

<
<

Figure 16. Example of Synchronous Message Transfer

Figure 16 shows an example where the response message is sent in smple mode. It isalso possible
that the destination element sends the response message in reliable mode.

3.2.4 Implementation Guidelines and Suggestions

3.24.1 GUID to phy_id Mapping

The Messaging System uses the GUID (either directly or indirectly through the SEID) to identify a
network device in a stable way. It is the responsbility of the Messaging System (and/or the
CMM1394) to build and maintain the association table between the GUID and the 1394 phy _id.
The building of such atable may be very dow (due to the need to read the GUIDs of al nodes after
the detection of the bus reset). To increase the efficiency of this discovery process, the following
algorithm, which alows the tracing of the 1394 phy _ids based on the self_id packets, may be used.

After abus reset the physical addresses of 1394 nodes may change. However each node does not
receive information about the addresses other nodes have obtained. HAVi uses a persistent method
of node identification based on the 64-bit node unique identifier (GUID). One method of
determining the new physical address of anode, given its GUID, isto read the GUID on each node
of the network until amatch is found. The disadvantage of this method isthat it may generate alot
of traffic (in particular if al the nodes use the same technique) and so may be dow.

The aim of the algorithm described hereisto re-identify the nodes after abus reset by using self_id
packets, and so find the new physical addresses of dl nodes. The GUID can then be directly read
on the node to verify the result.

The main principleisto congtruct the connection tree of the network before and after the reset, and
with this data, to construct a trandation table indicating for each node its new number or whether
the node has disappeared or is new.

There are two stages:
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construction of a connection tree, and

construction of atrandlation table.

32411 Connection Tree Construction

Theam of this stage of the algorithm isto build the connection tree of nodes of a 1394 buswith the
sdf id packets.

Note: The 1394 standard assumes asimilar procedure to construct the speed map with the topol ogy
map.

Information availableinitialy is:.

the self-renumeration strategy on a 1394 bus,

for each port of each node, whether there is a node connected to the port and whether it is
achild or the parent.

The following paragraph is just a simplified summary of the 1394 saf-re-numeration strategy, for
more information see section 3.7.3.1 of IEEE Sd 1394-1995 High Performance Serial Bus, 1996-
08-30.

Schematically, after the root election, the node which is root wants to determine its number. When
anode wants to know its number, it asks the number of each child going from the lower port to the
upper port. The node's number is then the last self_id packet viewed on the bus plus one. This
number isthen sent viaasalf_id packet on the bus. For example:

Node number
Qo rumber)

Figure 17. Self-renumeration Strategy

To build a connection tree, perform the following steps using the salf _id packets generated during
1394 sdlf-renumeration.

1. Build two node sets: one called parent-set containing nodes which have at least one
child and one called child-set containing nodes which have no child.
2. Take the smallest node in the parent-set (let the number be P).

3. The number of children of P is known, their node numbers are the greatest nodes in
the child-set with a number less than P. Their port is also known (the lowest is on
the lowest child port...). Remove the children of P from the child-set.

4. Move P from the parent-set to the child-set.

5. While the parent-set is not empty, go to step 2.
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3.24.1.2 Example

Using the network in Figure 17, the known information is:

Node Parent Child Unconnected
Port Ports Ports

0 2 0,1

1 0 1

2 0

3 1 0,2

4 1 0

5 0,1,3 2

Algorithm actions and results:

Description Parent-set Child-set Result

Beginning 35 0,1,2,4

The smallest parent is 3. It 5 0,3,4 The node 1 is connected to
has 2 children. The greatest the port 0 of the node 3.
children with number less The node 2 is connected to
than 3 are 2 and 1. the port 2 of the node 3.
The smallest parent is 5. It The node 0 is connected to
has 3 children. The greatest the port 0 of the node 5.
children with a number less Th de 3| d
than 5 are 4. 3 and O. e node 3 is connected to

the port 1 of the node 5.

The node 4 is connected to
the port 3 of the node 5.

The parent-set is empty, so
the tree is built.

Asthis example shows, with just the information contained in the self_id packets one can build the
connection tree.

3.24.1.3 Translation Table Construction

The aim of this stage of the algorithm is to build the trandation table of the node numbers which
give the new node numbers after the reset.

Information availableinitialy is:

trees built with the above algorithm before and after the reset but with the current node
(which realizes this process) as root,

the old number of the current node and its new number,

normally a node cannot be swapped with another without producing at least 2 resets: so
nodes can only appear or disappear in a network, not move.

We assume that a node will be a child of another node if it is connected to it and it is more distant
than its parent from the root.
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The main principle of the algorithm isthat on each port:

before areset, there is the node number A, and after the reset there is the node number B,
30 the new number of AisB,

before a reset, there is the node number A, and after the reset there is no node, the node
number A, and all the children of this node, have been removed from the network,

before a reset, there is no node, and after the reset there is the node number A, the node
number A, and all the children of this node, have been added to the network.

The following steps are performed for al ports of al nodes. It begins with the local node which
serves as acommon point in the before and after connection trees.

The basic function is ProcessNode (old, new) which processes the node numbered old before the
reset and new after.

1. if old differs from NONUMBER, go to step 6

2. take the first port

3. if there is a child numbered C on this port, add new to added-node-set and call
ProcessNode(NONUMBER, C)

if there is another port, go to step 3

go to step 13

put the relation between old and new in the translation-table.
take the first port

if there is no child on this port in the old and in the new tree, go to step 12

© © N o g A

if there is no child in the new tree, add the old child number (with all its sons) to
removed-node-set and go to step 12

10.if there is no child in the old tree, add the new child humber (C) to added-node-set
and call ProcessNode(NONUMBER, C)

11.else call ProcessNode(the old child number, the new child number)
12.if there is a next port, take it and go to step 8
13.end of this node process (all its sons have been processed).

Note: The NONUMBER is used to indicate to the function that the node given in new was not
present before the reset and so has no old number, it alows processing of its children which are
automatically new too.

An improvement for better security can be added before point 6: to help assure that old and new are
the same node, one can verify that their features are the same (number of ports and speed

capability).
3.2.4.2 Message Size Guidelines

Since dl TAM packets for the current message will be sent before processing the next pending
message for the same destination node (see section 3.2.2) very large messages should be used with
caution. A very large message will block important global events and/or messages of other software
elements. It may cause a“freezing period” that disruptsthe functioning of software elementson the
same node — even software elements that have no relation to the sender of the very large message.
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For example, even in the best case of a message sent by 1394 asynchronous writes of 512 byte
packets on a 100 Mbps network, the full length message (Oxffff ffff bytes) will take 343.6 seconds
(5.7 min) to transfer. Thistimeislikely too long to wait for the next message, moreover it bresks
the timeout rule for the Messaging System (30 sec).

In the worst case, when 63 nodes are s multaneoudly sending full length messages on the 100 Mbps
network with 80% isochronous traffic, the transfer will take 36.7 hours. In this worst case, the
largest possible message size which does not break the timeout is approximately 960 K bytes.

(Note — these examples are theoretical and the practical performance may be lower.)

For safety, HAVi makes the following recommendations regarding HAVi message sizes.

to not break the Messaging System timeout, it is recommended to use messages of size
less than 512 Kbytes.

to ensure tolerable response for users, it is recommended to use messages of size lessthan
64 Kbytes. (This takes about 2 secondsin the worst case.)

Messages larger than these sizes should be used with caution. The bulk transfer APIs (see section
5.14) are recommended if message Size exceeds 64 Kbytes.

Messages larger than 64 Khbytes can be refused or aborted by the Messaging System to avoid a
timeout. The size which isrefused or aborted is Messaging System implementation dependent. Itis
recommended that the Messaging System miakes a best effort to send very large messages.

3.2.4.3 Software Element Design

Thebasisof aHAVi network isthat requests are sent from Software Element to Software Element,
actions are taken, and corresponding responses are returned. How the Software Element handles
these requests, actions and responses is largely up to the designer; however, it is criticd that the
designer consider the Software Element's use of HAVi messaging carefully.

Received message requests often trigger various actions. If the actions are implemented in a way
which blocks the thread that receives new messages, no new message will be processed until the
previous action completes. If an action takes along time to complete, such a design may result in
poor performance. Even worsg, if ablocking action includes arequest to another software element,
a deadlock condition may occur. An example of deadlock is when two Registries simultaneousy
query each other, but cannot receive the queries, since they cannot complete their previous actions
until the queries are answered.

In general there are two solutions to the problem: one is to use one or more additiona threads to
send synchronous requests. Another is to send requests asynchronoudy. A small number of
multiple threads may be acceptable for smple situations, but multiple threads may be costly. Also,
in complex situations, it may be difficult to predict the maximum number of threads needed. By
implementing asynchronous requests a Software Element can handle complex situations efficiently.

When making an asynchronous request, a Software Element must store the transaction ID and
possible other information about the origind request in some sort of table. Normally the entries are
removed every time a matching response is received. In the case that a matching response is not
received, the corresponding request information will not be automatically removed from the table,
causing a potentiadd memory leak. Worse yet, if the SE never receives the response, it may not be
ableto completeits action, causing parts of the HAVi system to freeze.
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To avoid these problems it is recommended that Software Elements that implement asynchronous
requests aso implement some sort of atimeout mechanism. The timeout mechanism would ensure
that actions are completed, and that request data does not build up in tables. (Note that for
synchronous requests, such atimeout mechanism is provided by the Messaging System.)

There are many reasons that may cause responses not to be received. One reason may be that the
destination Software Element, or destination device, is removed during a request. In these cases a
timeout will occur, completing the request. Unfortunately, the timeout may not occur until after a
long delay, resulting in very long response times.

In order to respond more quickly to removed devices or software elements, the Software Element
designer may choose to activate a watch (nsg\Wat chOn) on the target before sending a request
message. Another option would be to detect the disappearance of the target by registering for
events such as Net wor kReset , GoneDevi ces, and GoneSof t war eEl enent .

3.2.4.4 Unknown source GUID / node ID (informative)

A HAVi device may receive a TAM packet/message with an unknown source GUID and unknown
source node_id (the device has not been detected within the bus or the IEEE1394 bus_ID indicates
that the packet originates from aremote bus).

To dlow answering to such amessage, the following option may be implemented:

The incoming message will be processed and dispatched by the message system. If the incoming
message is a request, then the GUID-node D association is temporarily kept by the target device
in order to be able to send back a response. Once the HAVI response message is sent, the
temporary GUID-node_id association is removed. Note that this temporary GUID/node_id entry is
private to the messaging system and not known to the CMM. For this reason it is not reflected in
the GUID list and no device changed events are posted.

3.3 Event Manager

The Event Manager provides an event delivery service. An event is achange of state of a software
element or of the home network. For example, adding or removing a device implies a change of
state of the network and is likely (but not necessarily) to trigger an appropriate event. The ddlivery
of an event is done either localy within a single device or globally to al devices in the network;
local or global delivery is selectable by the event poster. To support this service, the Event Manager
functions as an agent to help assure the event posted by a software element will reach dl software
elements that care about the event. If a software e ement wishes to be notified when a particular
event is posted, it must register such intention with itslocal Event Manager. Each Event Manager
maintains an interna table containing the list of events registered by software elements. When a
software element posts an event, it does so via a service provided by Event Manager. The Event
Manager checks its internal table and notifies those software elements that have registered this
event. Software dementsthat do not register the event will not receive anctification. If theevent is
posted globally, the local Event Manager also relays the event to al remote Event Managersin the
network. Each remote Event Manager performs the same lookup and notifies the registered local
software elements. An Event Manager notifies software elements by using the HAVi Messaging
System; in particular, it sends a notification message to the software element that is to be notified.

An event has an optional buffer that can be used to pass information related to the event. For
example, consider an input device with multiple buttons, a button pressed event could be generated
when the user presses a button. The software element that is notified of this event may aso be
interested to know which button was pressed. The event poster can optionaly put additional
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information in the buffer and let the Event Manager pass this information to other software
elements. A software element would get the optional information as part of the notification process
and it isthe software element’ stask to interpret the information.

3.3.1 Mapping IDL Events to the Event Manager API

The specifications of the HAVi software elements contain IDL definitions of events they generate.
Events are described by an IDL procedure with only input parameters and avoi d return value. In
genera they have the following format:

voi d Event Nane( in paramtypel param nanel, .);

When a software e ement posts an event it hasto map the IDL event definition to parameters of the
Event Manager : : Post Event API. Therulesfor mapping IDL event definition are asfollows:

The IDL procedure name Event Nanme should be mapped to the Event | d event parameter
of the Post Event API.

Thegl obal parameter must indicate the distribution of the event asgivenin Annex 11.9.

All event parameters must be provided in the event | nf o parameter. They should be
encoded using the Common Data Representation (CDR) standard in the same order they
are given in the event definition. The first byte of event | nf o is considered the “zero
index” for natural boundary alignment.

3.4 Registry

The Registry is a system service whose purpose is to manage a directory of software elements
available within the home network. It provides an AP to register and search for software elements.
The Registry service shall be present on each IAV and FAV. Within one device any locd software
elements can describe itself through the Registry. If a software element wants to be contacted, it
must register with the Registry. System software elements shall be registered so that they can be
found and contacted by any software element in the network.

The Registry maintains, for each registered object, its identifier (SEID) and its attributes. The

Registry also provides a query interface which software elements can use to search for a target
software element according to a set of criteria

3.4.1 Registry Database

Each Registry contains tables describing local software elements (software elements within the
same device). The logica database is viewed as the set of al these tables. Each Regisiry service
offersthe possibility to query this database.

Each Registry database has the structure indicated in Table 5:

Table 5. Registry Database Structure

Syntax Number of bits [Identifier

Dat abase() {

for (e=0; e<N e++){
SEI D 80 ui msbf

for (a=0; a< M a++){
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attribute()
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Element

Description

SEI D

The software element identifier is an 80 bit number representing the

unique identifier of a software element within the home network.

It is provided to the software element by the Messaging System API . Any
software element can send a message to another using this software
element identifier.

Attribute The software element attributes that characterize the software element. All

attributes can be gathered in a table and have the structure indicated in
Table 6.

N The max number of entries (registered software elements) in the
database.

M The max number of attributes for a software element

3.4.2 Registry Attributes

A Registry attribute has the following structure:

Table 6.  Registry Attribute Structure

Syntax Number of bits [Identifier

Attribute() {

d ass 1
Nane 31 ui msbf
Si ze 32 ui msbf
for (j=0; j<Size;j++){
val ue[j] 3 ui s bf
}

Element Description

d ass The attribute class is private (1) or system (0). In case of a system
attribute the name values (see below) are well defined. In case of private
attributes, the name must be associated with some other attribute like
Device Manufacturer or Software Element Manufacturer. This means that
a query on a private attribute has to contain some other criteria to avoid
private name conflicts.

Nane The attribute name indicates the name of an attribute. It is represented by
a number. The next section presents the system attribute list. An IDL type
is associated with each system attribute (see Table 7 below), this type
indicates allowable values for the attribute.

Si ze The attribute size gives the number of bytes of an attribute value.
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val uej valuej indicates the jth byte of the attribute value. The attribute value is
formatted as specified in the CDR transfer syntax ([5] — chapter 12.3) with
the following restrictions:

(1) The byte ordering is BIG ENDIAN: MSB (Most Significant Byte) first.

(2) Since the types of the arguments are assumed to be known by the
caller, the attributes can be unambiguously interpreted and CDR type
codes are not used.

(3) The fixed size for the wchar IDL type is 2 bytes according to
UNICODE UTF-16 and ISO 10646 UCS-2.

(4) The first byte of the attribute value (value0) is considered the “zero
index” for natural boundary alignment.

The following table identifies the predefined system attributes.

Table 7. Predefined Registry Attributes

Attribute Name IDL Type Fixed or Max Presence SV
Variable size or
Size (bytes) MV

ATT_SE_TYPE Sof t war eEl ement Type F 4 M Y
ATT_VENDOR I D Vendor | d F 3 M* sV
ATT_HUI D HUI D F 28 MmA sv
ATT_TARGET_I D Target | d F 18 M* sV
ATT_INTERFACE_ID  Interfaceld F 2 M* sV
ATT_DEVI CE_CLASS Devi ced ass F 4 M* Y
ATT_QU _REQ Qui Req F 4 o) sV
ATT_MEDI A FORVAT_I D Medi aFormat | d F 8 MV
ATT_DEVI CE_NANUF Devi ceManuf act ur er 3 \Y 106 M+ SV
ATT_DEVI CE_MODEL Devi ceModel \Y 106 ] SV
ATT_SE_MANUF Sof t war eEl enent Manuf act ur er \% 106 o] sV
ATT_SE_VERS Sof t war eEl emrent Ver si on F 4 M sV
ATT_AV_LANG AvLanguage F 4 o sV
ATT_USER_PREF_NAME User Pr ef er r edNane \Y 38 M* 5\

symbol meaning symbol meaning

M Mandatory F Fixed size

M* Mandatory for DCM and FCM \% Variable size (up to the maximum size)

MA M* + Application Module M3 M* + system components

(0] Optional SVIMV Single valued/Multi-valued

The st of attributes associated with a software element in the Registry database may contain a
most one occurrence of those attributes that are “single valued” (indicated by SV in the above
table).

3 Theszeof awide char (wchar in IDL) will betwo bytes (see“Messaging System “chapter).
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3.5 Device Control

In aHAVI network, a DCM (Device Control Module) should exist for each device known in that
network. The DCM provides an interface to the device by presenting it as a software element in the
HAVi architecture. Associated with a DCM are zero or more FCMs (Functiona Component
Modules). FCMs are software elements that represent the different functional components
contained within adevice. The number of FCMswithin aDCM isflexible and may vary over time.
A DCM can be asked for thelist of FCMsit currently contains.

A DCM may also use an FCM to represent the functionality of an external legacy device. (Such a
deviceis one connected viaan externa plug to the device represented by the DCM itself.) How the
DCM identifies the externa device is proprietary to the DCM. It is recommended that DCMs do
not accept connection requests on externa plugs that are connected to externa legacy devices
“replaced” by FCMs.

Applications can query the Registry to find the devices and functional components available, and to
obtain their software element identifiers. This allows the application to interact with the device via
the DCM and the FCMs. A DCM and its FCMs are obtained from a DCM code unit for the device.
DCM code units are ingtalled by FAVs and IAVs. Ingdlation of a code unit results in the
ingtalation of the DCM and al the associated FCMs. DCM code units can be written in Java
bytecode, in which case they can beingtalled on any FAV device, or in some native code, in which
case they can be installed only on (and by) some FAV or IAV that can execute that code. More
concretely:

DCM code unit. A piece of code related to a HAVi device. DCM code units are handled
and installed by FAV and IAV devices. When a DCM code unit is installed, the DCM
code unit will in turn install the DCM for the device; the DCM in its turn will install the
FCMs for the functional components currently available within the device. DCM code
units can be written in Java bytecode or a native code. DCM code units may come from
different sources (e.g., embedded in an 1AV, stored in a BAV, or from the Internet). The
format of DCM code unitsis described in section 7.4.1.

Device Control Module (DCM). A software abstraction of a device providing device
specific functionality to the HAVi software environment and applications. HAVi
applications will not communicate with a device directly but through the DCM of the
device (or one of the FCMs). A DCM isan HAVi object in the sense that it is registered
in the Registry and it can communicate with other HAVi objects viathe HAVi Messaging
System.

Functional Component Module (FCM). A software abstraction of afunctional component
providing the functionality of that functional component to the HAVi software
environment and applications. HAVi applications will not communicate with a functional
component directly but only through the FCM (thisis at least the model used to present
the relation, the FCM implementation may communicate with the CMM directly). An
FCM is an HAVI object in the sense that it is registered in the Registry and it can
communicate with other HAVi objects viathe HAVi Messaging System.

For the different types of HAVi devices, DCMs play adifferent role.

An 1AV device may host one DCM representing itself and may host one or more DCMs
representing LAVs (or BAVs operating in LAV mode, see below).

An FAV device shall host one DCM representing itself and may host one or more DCMs
representing LAV devices and/or BAV devices.
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An LAV device does not have any notion of DCMs. When attached to a HAVi network
where one or more FAV or 1AV devices know how to handle the LAV, one of them has
to provide the DCM code unit to make the LAV available to other HAVi components.
How this is done and how the DCM/FCMs communicate with the LAV device is
completely proprietary to the manufacturer of the FAV or IAV device.

A BAYV device does not host any DCMs, but provides a DCM code unit in Java bytecode.
When attached to a HAVi network with one or more FAV's, one of them uploads and
installs the DCM code unit to make the BAV device available to other HAVi
components. Installation of the DCM code unit results in the installation of the DCM and
all FCMsrelated to the device. In this situation, the BAV is said to operate in BAV mode.
The |IEEE 1394 communication between the DCM/FCMs and the BAV goes via the
standardized CMM1394 API. However the content of the IEEE 1394 messages
interchanged by the DCM/FCMs and the BAV is proprietary to the BAV manufacturer.

When attached to a HAVi network with no FAV devices but with an IAV device that
knows how to handle that BAV, an IAV device can provide a DCM code unit itself to
make the BAV device available to other HAVi components. The BAV is then said to
operate in LAV mode in which case the situation is the same asfor an LAV device.

Besides the APIsto control the device (and its functional components), aDCM may also contain a
device specific application. Through this application, a device manufacturer can provide the user a
way to control any specid feature of the devicein away decided by manufacturer, without the need
for standardizing all these festures in HAVI. It is provided via the APl of the DCM and may be
provided at two different levels. For Level 1 interoperability, the DCM may provide an AP for the
Data Driven Interaction mechanism. For Level 2 interoperability, the DCM provides an APl for
FAV devices to upload a havlet code unit. Such a code unit consists of bytecode that can be
installed by an FAV device and resultsin a havlet. The format of havlet code unitsis described in
section 7.4.3.

A havlet obtained from a DCM isaLeve 2 (i.e., Java bytecode) gpplication that provides a user
interface for control of the device associated with the DCM. For the actual control of the device, the
havlet communicates with the DCM (using its standard interface, and possibly, proprietary
extensons). A havlet is a HAVi object in the sense that it can communicate with other HAVi
objectsviathe HAVi Messaging System.

A havlet code unit is dways uploaded and installed on the initiative of an FAV device. An example
scenario isshown in Figure 18.
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Figure 18. Havlet Upload

The figure above shows an IAV- (without a display) that provides a DCM for some device. An
IAV+, with a display, can control that device in the following way. An embedded application on
IAV+ interacts with the Functiona Component Module FCM1.1 (or Device Control Module
DCM1) through HAVi messaging. For device specific functionality, IAV+ can dlow user
interaction with DCM1 through the Data Driven Interaction mechanism. An FAV+ could handle
the IAV- in the same way. But as shown in the picture, an FAV+ also has the ability to upload a
havlet. Therefore it interacts with DCML1 to get the havlet code unit. After installation of this
bytecode, havietl is available. To control the device, the havlet communicates with DCM1 via
HAVi messages, however the content of these messages may be proprietary to the manufacturer of
the DCM and havlet.

DCM Managers are responsgible for ingtalling DCM code units for new devices attached to the
HAVi network. A device may consist of more than one functional component; e.g., one device may
consst of atuner and a VCR. For aBAYV or LAV device, the ingdlation of its DCM code unit
always takes place on a per device basis, not for each DCM component separately, so, for aDCM
manager a DCM code unit is a single entity for ingtalation, remova and replacement of DCM
components. Furthermore, one DCM code unit correspondsto asingle BAV or LAV device, i.e. it
containsal DCM components for that device.

For BAV devices, DCM code units play aspecia role. A BAV device providesasingle DCM code
unit as a piece of bytecode (as part of the SDD) and a standardized mechanism for communication
with an FAV. An FAV device can upload and ingtall a DCM code unit (by the DCM Manager).
Installation of a DCM code unit results in the instantiation of al DCM components representing
that BAV device.

The communication relation between the components of a BAV DCM code unit and the system
components of its hosting controller are depicted in the figure below. The CMM provides a basic
service for elementary communication with the BAV device. The DCM Manager detects the
attachment of a new device and obtains the GUID of that device; it can then communicate with the
device to obtain basic information about the device and to retrieve the DCM code unit. The DCM
Manager ingtalls (and later removes) the DCM code unit. This installation resultsin the DCM and
FCM objects that communicate with the device via the CMM. On ingtallation, DCMs and FCMs
make themsalves known via the Registry so that they can be used by other applications via the
HAVi Messaging System.
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Figure 19. DCM Installation

The communication between the DCM components and the CMM is based on the GUID of the
BAV/LAV device. The CMM requires only the GUID for communication with the device driven
by DCM components. The CMM does not need to have any knowledge about the structure of
functional components within a BAV device. This smplifies the communication between an FAV
and a BAV device, makes the standardization effort smdler, and increases the possibilities for
using proprietary protocols. The DCM components themselves are responsible for the proper use of
the CMM, i.e. for interleaving the communication in a proper way and the distribution of messages
received from the BAV device to the proper DCM components.

The contents of BAV DCM code units must be standardized so that each DCM Manager can
handle DCM code units from arbitrary BAV devices. The DCM code unit is a kind of sdlf-
extracting package in Java bytecode; it provides the DCM Manager with handles for installation
and removal. The DCM Manager just calsthe ingtal handle and provides the device' s GUID (for
future communi cation between the device and the DCM viathe CMM). The DCM code unit itself
is responsible for ingdling al its DCM components. Similarly, the remove handle provides the
DCM Manager with a handle to remove dl DCM components within the DCM code unit. This
alows maximum freedom for BAV manufacturersin structuring their DCM code units.

3.5.1 Device Control Modules

A DCM, is a software abstraction of a device providing device specific functionality to the HAVi
software environment and applications. HAVi applications will not communicate with a device
directly but through the DCM of the device or one of its FCMs. A DCM isaHAVi object in the
sense that it is registered in the Registry and can communicate with other HAVi objects via the
HAVi Messaging System. DCMs and FCMss are registered with their type and their HAVi unique
identifier (HUID). The HUID allows applications to find the DCM or FCM after partiad system
unavailability (as when the device represented by the DCM is momentarily removed from the
network).

3.5.1.1 General

A DCM provides a set of basic methods for device control and observation. This APl can be used
by HAVi system components as well as any application. It includes the following functionalities:
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Device representation — Provides a (Level 1) visual representation of the device that can
be displayed to the user.

HUID information — Provides the HUID of the DCM as well as those of the
corresponding FCMs.

User Preferred Name — Allows assigning and retrieving of a user specified device name.
Power management — Provides means to turn the power of the device on or off.

Native Commands — Provides means to control the device in its native command set
(CAL, AV/C, etc).

3.5.1.2 HAVi Unique Identification

INHAVI, it is possible to write applications and system components (like a Resource Manager) that
always use the same functional component or that look for the same functional componentsused in
aprevious session. To support this capability, applications must have a unique and persistent way
to identify the DCM representing a device and to identify the FCMs representing functional
components on that device. Thisidentification iscaled the HAVi Unique ID, or HUID. Idedly the
HUID would be persistent across bus resets and network reconfigurations, however this is not
guaranteed under all circumstances and a DCM for a certain device may be assigned different
identifiers at different times.

For example, it is possible to write an application that sets up a user preferred configuration for
watching a video: using the small TV s, the upper VCR deck of the 3 deck VCR box and the
special wireless headphone st, al situated in the living room. This configuration would be
indicated by the user once, and each time the application runs, the specified configuration must be
set up.

Note that identification of DCMs and FCMs is subtly different from identification of devices and
functional components. The identification of a DCM/FCM indicates the device as well as the
functionality of that device provided by the DCM/FCM. This difference can be seen by the
following example:

Assume anetwork with aBAV CD-ROM player, an FAV and an IAV device. The DCM code unit
of the BAV deviceis uploaded and installed on the FAV device and provides the full functionality
of a CD-ROM player. The DCM code unit gets a HUID based on its 1394 GUID. An application
running on the IAV device stores this HUID and when it wants to use the CD-ROM player it can
retrieve the DCM based on this HUID (when it is available in the network). Now, the FAV device
isremoved. The AV isable to control the CD-ROM player, but has only aDCM that provides the
CD-Player functionality of the CD-ROM. This DCM should not get the same HUID asthe BAV's
DCM since the functiondity provided by the DCM is different (although it represents the same
device). This prevents an application from mistaking this DCM for the DCM of the CD-ROM
player. However, instead of getting a CD-ROM, the application now only gets a CD-Player. (Inthis
situation the difference can be easily detected by the type of the DCM, however, the problem may
be more subtle in general )

For FAVs, IAVs and BAVs (in BAV mode) and their functional components, the HAVi Unique
Identifiers allows a unique and persistent identification, which means:

Unique — By the HUID, an application is able to detect:
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Whether a device or functional component is the same as a device or functional
component it has used before: if a software element with HUID H represents the device
or functional component D, then it will always be the case that any software element with
HUID H represents D.

This means that the HUID must be able to identify the device (the black triple deck VCR in the
family room, instead of the VCR in the kitchen); as well as the functional component on that
device (the upper VCR deck instead of the middle or lower one).

Whether a DCM or FCM isthe same asaDCM or FCM it has used before: if a software
element with HUID H has some API A, then it will always be the case that any software
element with HUID H has API A.

This means that it also should be able to identify the specific API corresponding to the device
or functional component. In general, adevice can be represented by different DCMsand FCMs
(at different points in time) which may have different APls; eg., different proprietary
extensions of the standard command sets.

Note that the type (of device or functional component), Vendor 1D (of the device) or GUID or even
acombination of theseis not sufficient to uniquely identify an FCM. There may be severa identical
(of the same type and vendor) devices in the network containing severa identical functional
components (e.g., adouble deck cassette player, or atriple deck VCR).

Persgtent — The HUID is persistently unique over network resets, device remova, re-attachment as
well as complete network shutdowns: if a device or functiona component D is represented by a
software element with HUID H, then it will always be the case that D is represented by a software
element with HUID H.

Consequently, with the HUID, an application is able to look for the FCM of a specific functional
component even when the network configuration has changed, and the functional component may
be represented by another FCM on another FAV/IAV device with anew HAVi SEID.

Unique and persistent identification of FAVs, IAVsand BAVs (in BAV mode) is possible due to
thefollowing facts:

Each FAV, IAV and BAV device supports |[EEE 1394 and IEEE 1212, so the device can
be identified uniquely and persistently by the GUID.

The DCM code unit and the FAV, 1AV, or BAV (in BAV mode) device are always from
the same manufacturer (or at least manufacturer compliant) as the device itself. So, the
device manufacturer can (and has to) take care that each functional component always has
the same tag.

However, for LAV devices (or BAV devices in LAV mode) it may not aways be possible to
identify afunctional component on an LAV device persistently for the following reasons:

The device cannot be uniquely and persistently identified. An LAV does not need to
support 1212 (defining the IEEE 1394/1212 GUID) or may even be connected via some
other physical bus (e.g. USB or SCART). So, the GUID cannot be used for their unique
identification. Although it may be the case that there are other ways to identify the device,
it may also be the case that such LAV devices cannot be uniquely identified at al (since
two devices can be completely identical and their location or connection point to a bus
cannot be determined).
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The device can be uniquely defined, but the DCM representing the device may differ
(after network re-configuration). Then, it might not be possible to determine the proper
FCM of a specific functional component within a DCM. This identification is the
responsibility of the DCM code unit, which is, for an LAV, provided by the IAV/FAV
that hosts the LAV. Since the communication between IAV/FAV devices and the LAV
device is not (HAVi) standardized, different IAV/FAV manufacturers may select
different identifications of FCMs. E.g., for an AV/C-CTS device with atuner and aVCR,
an IAV of Vendor A might provide aDCM in which the FCM of the tuner isidentified by
tag 1 and the FCM of the VCR by 2, whilean IAV of Vendor B hasa DCM in which the
VCRisidentified by 1 and the tuner by 2.

Although it might not always be possible to uniquely and persistently identify FCMs of functional
components of LAV devices in a genera way, there are many Stuations in which it can be done.
For example:

Assume a network with an IAV and one LAV that can be identified uniquely and
persistently. Since the IAV can identify the LAV each timeit installsits DCM code unit,
it can assure that the same DCM code unit is always installed. So, this specific DCM
could be identified by the GUID of the IAV, combined with an identification of the LAV.

Assume a network with two IAVs and one LAV that can be uniquely identified, all from
the same manufacturer. The manufacturer can assure that the DCMs for that LAV are the
same on both 1AVs and that both DCMs (and FCMs) can be identified by a vendor
specific identification.

Groups of manufacturers making devices for some standard, e.g. AV/C-CTS or CAL,
may agree on how these types of devices should be embedded in HAVi. When DCM
manufacturers follow this embedding, it can be guaranteed that the DCMs (and FCMs)
for these types of devices are similar and obtain the same identification.

So in general, HUIDs for LAV's (and BAVsin LAV mode) are not always unique and persistent.
However, HUIDs will exploit as much as possible the situations described above. Each DCM and
FCM stores its HUID in the Registry. DCMs and FCMs can then be retrieved uniquely from the
Registry. An application can choose to store locally any information, such as atribute values, it
retrieves from the Registry. When the application wants to find a DCM/FCM again, it can query
the Registry with these attributes and retrieve the SEID of the DCM/FCM.

3.5.1.3 User Preferred Name

To alow amore user friendly referenceto adevice, it is possibleto assign a“ user preferred name”
to a DCM. This might be something like “John’'s VCR”, “The Red Box”, or “The VCR
downgtairs’. It is a system wide name that the user can rely on for identifying athing (e.g. the one
with the smart card dot) with that name. The name of a DCM can be retrieved viathe DCM AP,
and can aso be found in the Registry. The name can be modified via a method of the DCM API.
Quite likely agraphicd user interface for the DCM would provide a user friendly way to fill inthis
name. On modification of the name, the DCM is responsible for modification of the Registry entry
to keep the naming consistent. For user convenience, it would be best if the DCM could store this
name persistently (e.g. in some non-volatile memory on the device), so that the same name can be
used over time, even if the device is switched off and on. However, this may not be the case. The
user preferred name may be lost in case of a power off, or a DCM reingtdlation (after a network
reset) and the user would then need to assign the user preferred name again. Consequently, aDCM
is allowed to provide the empty string as the user preferred name.
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The user preferred name is meant as an aid to the user for identification. Therefore, the consistency
of the usage is dso in hands of the user, and HAVi does not provide any means to check or
guarantee these congistencies.

3.5.1.4 Native Commands

HAVi has been designed to support the embedding of non-HAVi devicesin the HAVi framework.
To dlow extensive control of these devices, HAVI provides away to pass native commands to the
device. This could be a command native to that specific device, native to the vendor, or native to
other non-HAVi standards (e.g. CAL, AV/C). A native command may have side-effects on the
standard HAVi DCM service or the service of one of its FCMs. It isthe responsibility of the DCM
(and its FCM ) to assure that the HAVi standard interface is not violated and to determine whether
this specific native command is accepted or not. E.g., a DCM may receive a AV/C “play” request
for a VCR sub-unit that is controlled by one of the FCMs. It is the decision of the DCM as to
whether the native command is executed when the FCM has been exclusively reserved by another
application.

3.5.1.5 Connection Management

DCMsdso provide ahigh level AP to allow other abjectsto query the state of connectionswithin
the device and to manipulate those connections. This API is used by the Stream Manager. The
connection management part of the APl allows device connections to be established, both
internaly between functional components, and from functiona components to the externa
network. Connection status can be queried and connection capabilities (transmission formats) can
also be queried.

A user may directly manipulate a device through a Level 1 or Leve 2 interaction. If such an
interaction darts, it is possible that connections within the device aready exist. In that case, the
interaction should normally keep these connections in place. Any DCM or device activity
generated by the user interaction may result in certain streaming behavior through these
connections. If no such connections exist, but are required at some time, the DCM can establish
them, possibly through interaction with the user.

3.5.1.6 Level 1 User Interaction

A DCM may provide aLevel 1 device specific user interface via a dedicated set of APl primitives
as described in section 5.12 on APIs for Data Driven Interaction. The DCM indicates in the
Registry whether thisform of user interaction is provided.

3.5.1.7 Level 2 User Interaction

A DCM may dso support a Level 2 solution by providing a havlet. FAV's can upload, from the
DCM, the bytecode for the haviet. A DCM that provides a havlet indicates this capability in the

Registry.

3.5.1.8 Resource Management

DCMs can be involved in reservations and scheduled actions. Section 3.8 on Resource
Management describes the consegquences of thisinvolvement for DCMsand FCMs. A DCM hasto
take care of “dependent FCMSs’ in the same DCM code unit that are bound to other FCM s for some
reason, and that must aways be “internaly reserved and released” together with those FCMs.
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If a DCM aso supports the DDI protocal, it is the responsibility of the DCM acting as a DDI
Target to ensure that a Ddi Target : : User Acti on message does not result in reservation
violations. This can be accomplished, for instance, by the DDI Target not “ showing” facilities (DDI
elements) that are reserved by other gpplications. It adso indicates that a reservation is not
considered as “part of” the Ddi Tar get : : Subscri be. It isup to the application whether or not it
reserves one or more (or al) FCMs before the subscription. 1t should be noticed that * unreserved”
FCMs are free for use by any application and thus aso via a DDI Controller. If reservations are
done by the subscribing application, the DDI Target of course should take them into account for
allowing User Act i ons of that application.

3.5.2 Functional Component Modules

An FCM is a software abstraction of a functional component providing the functionality of that
functional component to the HAVi software environment and applications. HAVi applications will
not communicate with a functional component directly but only through the FCM. An FCM is a
HAVi object in the sense that it is registered in the Registry and it can communicate with other
HAVi objectsviathe HAVi Messaging System.

HAVi has defined the following FCMs: tuner, VCR, clock, camera, AV disc, amplifier, display,
AV display, modem, and Web proxy.

3.5.2.1 General

An FCM provides a set of basic methods for device control and observation. This API can be used
by HAVi system components and applications. It includes the following functiondity:

HUID information — Provides the HUID of the FCM as well as the corresponding DCM.

Type information — Within HAVi a set of functional component types has been identified,
e.g. VCR, tuner, display, etc. For each HAVi defined type there is a HAVi defined
message set specifying an API for the control and observation of such adevice. This API
gives the type of the functional component represented by this FCM and indicates which
HAVi messages are supported by this FCM.

Power management — Provides means to change the power state of the functional
component from “on” to “ stand-by”.

Native Commands — Provides means to control the device in its native command set
(CAL, AV/C, etc) and is similar to the interface on the DCM.

3.5.2.2 Notifications

For certain events, software dements may like to subscribe directly to the event source since it
knows from which software element the event will be generated and it isonly interested in an event
from that source. In the case of aVCR for example, when an application subscribes to an “end-of -
tape’ event, it knows exactly from which VCR the event is expected. It is not interested in
receiving end-of-tape” eventsfrom aVCR it is not controlling.

Moreover, for some types of events, the event subscription must be flexible enough to alow
conditional event programming: in a large number of cases, it may be interesting to subscribeto a
conditional event (i.e, an event is generated if the condition is matched). Generally, functional
components have a certain number of state variables that they make available via their API. It
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would be regtrictive to define a priori which of these variables shall be able to generate events, and
which not. Moreover, it would be nearly impossible to define which gate transtions may be
interesting for future applications, and which not. So, proposing aspecial event for each imaginable
combination would result in ahuge and unwieldy API specification.

For this reason, agenera mechanism, called “notifications’, is provided. Two methods of the FCM
API dlow an application to subscribe and unsubscribe to notification of specific changes of a
specific attribute. By a relationa expression (“attribute is bigger than 10"), the application can
indicate what kind of changeit isinterested in.

The general FCM API only provides the general part of this API, i.e. the methods for subscribing
and unsubscribing. It does not provide the specific sets of attributes. Those should be provided by
the specific functional component APIs.

Although the mechanism of notifications is described as a part of an APl for an FCM, this
mechanism could also be apart of the API of any software e ement capable of generating events.

3.5.2.3 Connection Management

FCMsadso provide ahigh level API to dlow other objectsto query the state of connection plugson
the FCM that may be involved in interna or external connections. This API is used by the Stream
Manager. The connection management part of the API alows queries about connection status and
connection capabilities (Stream types).

3.5.24 Resource Management

FCMs can be involved in reservations and scheduled actions. Section 3.8 on Resource
M anagement describes the consequences of thisinvolvement for DCMsand FCMs. An FCM isnot
obliged to support reservations if it only has non-state changing methods. In this case, a “not
supported” return value will be returned if an application tries to reserve it (and possibly for other
reservation-related methods). However, each FCM with state-changing methods shall support
reservation facilities.

3.5.25 Virtual FCMs

HAVi FCMs typicaly are interfaces to functionality provided directly by hardware. However it is
also possible for an FCM to encapsulate software functiondlity. This is similar to the idea of a
virtual device, a device redlized, at least partialy, by software mechanisms. Based on this analogy,
thefollowing two categories of FCM are defined:

physical FCM — an FCM which controls the operation of a functional component of a
target devicee When a HAViI message is sent to a physical FCM it results in
implementation dependent communication between the FCM (or its DCM) and the target
device.

virtual FCM —an FCM which controls the operation of software-based processes. When a
HAVi message is sent to a virtual FCM, the message is processed internally by the FCM
and does not necessarily involve communication with other devices on the network.

FCMsin generd present both acontrol interface (the set of HAVi messages to which they respond)
and a content interface (a set of plugs). In order to alow virtud FCMs the same range of
functionality as physica FCMs, they must be capable of presenting both control and content
interfaces.

62



HAVi SPECIFICATION Version 1.1

3.5.3 Havlets

A havlet is a Level 2, device-dependent user agpplication. A havlet is typicaly a proprietary
application that offers a user interface for the control of a specific target device. For the actual
control of the device, the havlet makes use of the DCM of the target device. A havlet isa HAVi
object in the sense that it is registered in the Registry and can communicate with other HAVi
objects viathe HAVi Messaging System. Since ahavlet isalLevel 2 concept, ahavlet only runson
an FAV device (becausethat FAV device has uploaded and installed the havlet code unit). A havlet
offersan interface to the user on the FAV device whereit resides.

3.6 Device Control Module Manager

The DCM management system is responsible for installing and uninstalling DCM code units for
the control of BAV and LAV devices that are directly connected to a HAVi 1394 network. DCM
management is collectively performed by the DCM Managers on FAV and IAV devices. DCM
code units for FAV and 1AV devices are managed by the devices themselves in a proprietary
manner. Non-1394 devices shall be managed by FAV or IAV devicesin a proprietary manner.

Each FAV device hasaDCM Manager, but for IAV devicesa DCM Manager isoptiona. An AV
deviceisnot required to participate in the DCM management processif it will not host any BAV or
LAV device on the HAVi 1394 network. (It shall be indicated in an 1AV's SDD whether it has a
DCM Manager or not —see section 9.10.4.2)

In the sequel, a BAV or LAV device will be termed a guest. Each guest shall be facilitated by a
DCM code unit installed on an FAV or IAV device, termed ahost.

A DCM code unit may be a Java code unit to be loaded and installed on an FAV device, or anative
code unit to be installed on an FAV or IAV device. Indallation of a DCM code unit resultsin the
installation of DCM and FCMswhich shdl register themselves.

Each DCM Java code unit is accompanied by a profile, which includes the values of the transfer
and indallation size parameters needed by the code unit and its components (see section 9.10.7).
The data in the profile are needed by a host to determine whether it can upload and ingal the
corresponding DCM Java code unit.

Each DCM Manager offers a number of methods that can be invoked by software elements, and a
number of globd events that notify the results of DCM code unit installation and uninstallation.
Most DCM management activities are triggered by a network reset event, which is typicaly
generated when the network topology changes or a device is (de)activated. The network topology
changesif, eg., adevice is added to or removed from the network, if the network is split, or if two
networks are joined.

3.6.1 DCM Code Unit Installation and Uninstallation

The actions of the DCM management system as the result of a network reset event are
discussed next. These actions can be fine tuned or overruled by preferences, which can be
set locally on certain DCM Managers (discussed in section 3.6.2).

For each guest there shall be at most one installed DCM code unit in the entire network.
Due to resource limitations, it may occur that no DCM code unit is installed for some
guest on the network. It may also occur that a DCM code unit uninstalls itself for some
reason. Normally, another host will be selected for a guest's DCM code unit if the
previous host is removed from the network.
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A DCM code unit shall be uninstalled if the corresponding guest is no longer available on
the network.

If aDCM code unit isto be ingtalled, it shall be according to the following scheme (assuming no
preferences are set):

If an uploadable DCM Java code unit for the guest is available, an FAV host shall be
selected to load and install the code unit. If this fails, any host that can install an
embedded DCM code unit for the guest in a proprietary way shall be selected.

A BAYV device may internally store an uploadable DCM Java code unit and/or a URL for
such a unit in its SDD data. If a URL for an uploadable DCM Java code unit is specified
in aBAV device, it shall be loaded from the specified location and installed on an FAV
host, instead of the DCM code unit contained in the BAV device. If this fails, the DCM
code unit contained in the BAV device shall be installed instead. (It is recommended for
BAV devicesto contain a DCM code unit. If there is no code unit, a URL for a code unit
should be contained).

All other conditions being equal, a host with the lowest number of installed DCM code
units is selected.

If a host rejects the DCM, either before or after installation is attempted, the next most
suitable candidate is attempted until all possible candidates have been tried.

A URL isspecified as<schene>: / / <host >/ <pat h>. The scheme can be, for example, ht t p or
ft p for IP-based protocoals, or fi | e for storage media. For URLSs in the configuration ROM of
BAV devicesthefil e scheme shdl not be used. The URL shal denote an uploadable DCM Java
code unit and/or its profile on the Internet or on a (persistent) storage medium. The validity of URL
syntaxesis outside the scope of this document. Note that DCM Managers need not have knowledge
of URL syntax and semantics.

A DCM Java code unit and its profile are two separate files, each with their own file name. The
following convention applies:

DCM Java code units shall have afile name with extension hdc (HAVi DCM Code).

DCM Java code unit profiles shall have a file name with extension hdp (HAVi DCM
Profile). The format of a“.hdp” file conforms to section 9.10.7.

DCM Java code unit URLs shall be specified without the extensions“.hdc” or “.hdp”. The proper
extension will only be added when either a profile or a code unit is actualy retrieved (see adso
section 9.10.8).

The DCM management protocol will exploit the URL access capability of devices. A host device
may decide to cache a loaded DCM code unit ingtead of retrieving it from the URL-designated
location. DCM Managers shall be able to use URL access capable FCMs in the network, but they
can aso offer URL access capability in aproprietary manner.

Uploadable DCM Java code units shal be encoded in the format described in section 7.4.1. This
applies both to code units contained in BAV devices and those designated by a URL.
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3.6.2 Preferences

The activities of the DCM management system are guided by preferences, which can be set by
applications. Preferencestypically specify deviations from the default installation actions described
in the previous section. Methods are available for setting and retrieving preferences on DCM
Managersin the system. Preferences are optiona; DCM management will function without any set
preference. If a preferenceis set on some DCM Manager, it shall be stored persistently if possible,
so that it does not have to be entered each time a device is powered up. The vaue of a preference
that is not set on ahost is ungpecified. Preferences shall be modifiable by the user.

The firg three preferences in the following table are associated with either a single guest (by its
Global Unique Identifier, or GUID) or with a guest modd (by its Vendor Model Identifier, or
VMID —see section 5.8.2). For an LAV guest, only the GUID variant is possible, snceaVMID is
not available for LAV devices. A GUID-based preference for a guest overrules a VMID-based
preference for the guest model, without causing a conflict. The fourth preference is not associated
withaGUID or VMID.

Table 8. DCM Installation Preferences

DvrAfAaran~n TyinA

DCM PREFER _VENDOR_HOST bool ean
DCM_PREFERRED HOST GUI D
DCM_PREFERRED URL string
DM PREFERRED URL_DEVI CE QU D

DCM _PREFER_VENDOR _HOST — Designates whether a host of the same vendor as the
guest is preferred for installing a DCM code unit. If for any guest or guest model the
value is set to True by any DCM Manager, the DCM management system shall give
preference to a host of the same vendor. The value used for DCM code unit installation is
determined by taking the digunction (logical OR) of al values from the DCM Managers.
If unspecified by a DCM Manager, the value Fal se is assumed. However, a vendor may
return avalue of Tr ue for any of its own guestsif the value is unspecified.

DCM_PREFERRED HOST — Designates a specific host that is preferred for installing a
DCM code unit for some guest or guest model. The reason for setting this may be
performance or reliability considerations.

DCM PREFERRED URL — A URL designating the location of an uploadable DCM Java
code unit and its profile for a guest or guest model. For a BAV guest, this preference is
used to specify a DCM code unit to be installed instead of a DCM code unit designated
by a URL in the BAV device or the DCM code unit contained in the BAV device. For an
LAV guest, it is used to specify an uploadable DCM Java code unit that can be installed
on an FAV host. (Note that an uploadable DCM Java code unit cannot be installed for
LAV guests for which this preference is not set.)
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DM _PREFERRED URL_DEVI CE — Designates a specific host or guest that is preferred for
URL access to retrieve DCM Java code units. For example, the user may designate a
device capable of Internet access or a device that stores DCM code units. If this
preference specifies a host, it should be used to retrieve URL-designated code units. If
this preference specifies a guest, it indicates that a DCM code unit should be installed for
this guest before installing DCM code units for any other guest. The guest should
subsequently be used to retrieve URL-designated code units. Note that the URL access
capability of a device that is not specified by DM PREFERRED_URL_DEVI CE may be
ignored.

For any preference, it may occur that conflicting values have been st at different DCM Managers.
One of the valueswill be selected arbitrarily. However, for DM PREFERRED URL_DEVI CE an FAV
device takes preference over an IAV device, and a host takes preference over aguest. Only devices
that exist in the network are taken into account for this preference. DCM-related preference
conflictsarereportedin Dcm nst al | | ndi cat i on events.

Preferences relating to some guest only take effect when aDCM code unit isto be ingtalled for that
guest, eg., upon network reset events, and upon invoking (un)installation requests. Setting (or
changing) preferences relating to some guest does not result in the DCM code unit ingtalation, or
re-installation even when a DCM code unit for that guest has already been ingtalled. There is a
priority among the preferences to resolve ambiguities. For installing a DCM code unit the
following steps are taken, in the order listed. The DCM manager will execute each step in turn,
attempting to ingtall the DCM code unit on al hosts vaid under the current step, until the DCM
code unit isinstalled successfully on ahost, or al the steps listed have been attempted.

If <preferred host> is specified and is an FAV device, and <preferred URL> is specified,
try to install the code unit designated by the preferred URL on the preferred host.

If <preferred host> is specified and is an FAV device, and the guest isa BAV device, try
to install the code unit designated by the SDD URL in the guest on the preferred host.

If <preferred host> is specified and is an FAV device, and the guest isa BAV device, try
toinstall the code unit contained in the guest on the preferred host.

If <preferred host> is specified and isan IAV or FAV device, try to install a code unit on
the preferred host in a proprietary manner.

If <prefer vendor host> is Tr ue, try to install a code unit on a host of the same vendor as
the guest in a proprietary manner.

If <preferred URL> is specified, try to install the code unit designated by it on any FAV
host.

If the guest is a BAV device, try to install the code unit designated by the SDD URL in
the guest on an FAV host.

If the guest isa BAV device, try to install the code unit contained in the guest on an FAV
host.

Try to install a proprietary code unit on any host.

In case an undesirable DCM code unit installation was performed it is possible to use the DCM
Manager methods for explicit uninstallation and subsequent instalation of code units. For example,
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the home network configuration at some time during the network start-up may be incomplete,
leading to premature code unit ingtallations.

3.6.3 Interaction between DCM Code Unit and DCM Manager

A DCM Manager shall only ingdl and uninstall DCM code units on the locd device. Onceloaded
(if applicable), the DCM Manager controls the DCM code unit through Java DCM code unit
methods. Each loaded DCM code unit shal offer these methods to the DCM Manager. However,
the vendor of a HAVi host device can arrange for interaction between a DCM Manager and an
embedded DCM code unit to take place in a proprietary manner.

The DCM code unit method instali(nodeld, listener) is invoked by the DCM Manager to ingtal the
DCM code unit; it is the first method a DCM code unit shdl accept. The DCM code unit
components (DCM and FCMs) shall be ingtdled and registered. The DCM code unit method
uninstall() is invoked by the DCM Manager to uninstall a DCM code unit if required; it is the last
method aDCM code unit shall accept.

After aDCM code unit has uningtalled itsdlf, it signalsthisto the local DCM Manager through the
Java listener method uninstalled(). This call shal only occur after all DCM code unit components
have been uningtalled and unregistered. After this call, anew DCM code unit can be installed for
the guest, if required. A DCM code unit shall uninstall itsdlf if the DCM manager requestsit to do
s0. However, it can aso do thison itsown initiative.

The DCM code unit concepts and methods are discussed in section 7.4.1.
3.7 Stream Manager

3.7.1 Objectives

The Stream Manager provides an easy to use APl for configuring end-to-end isochronous
(“streaming”) connections. Connections may be point-to-point or utilize “broadcast” sources or
sinks. The responsibilities of the Stream Manager include:

configuration of both internal connections (within a device) and external connections
(between devices)

requesting and releasing transport system resources
providing global connection information
support of plug compatibility checking

support for connection restoration after network resets

3.7.2 Design Decisions

A Stream Manager runs on each FAV device; implementation on IAV devicesisrequired
only if applications on the IAV need Stream Manager services.

A Stream Manager provides connection creation services only to applications running on
the same device as the Stream Manager itself.
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The Stream Manager AP is based on the IEC 61883 plug model and the HAVi functional
component model.

IEC 61883 broadcast and point-to-point connections are supported. (Note, due to the
restrictions specified in 61883.1 on broadcast connections, Stream Managers may not be
able to establish broadcast connections for some devices, even though the devices
themselves support broadcast connections.)

Connections do not cross transport boundaries (i.e, connections have a single “transport
type” — see below).

Connections originate and terminate at functional components (rather than devices).

Plugs should satisfy stream type compatibility, i.e. the Stream Manager leaves to the
application the problem of configuring stream format converters (functional components
which sink a stream of one type and then source a stream of a second type).

The Stream Manager is responsible for requesting and releasing isochronous resources,
this includes: IEC 61883 PCRs (plug control registers), 1394 bandwidth and 1394
channels.

A standard naming scheme is used for stream types, transport types and transmission
formats. The stream type and transport type naming schemes are specified by HAVi and,
for stream types, the naming scheme may be extended by vendors; transmission formats
are transport type dependent and specified outside of HAVi.

Implementations of the Stream Manager are required to make efficient use of 1394
resources by using the IEC 61883 “overlay” mechanism whenever possible.

3.7.3 Definitions

connection — a uni-directiona data transfer path created by a Stream Manager. Typically used for
streaming content. Connections originate and/or terminate at functional components. A connection
is either an internal connection or an external connection. Non-HAVi connections refer to data
transfer paths created by non-HAVi applications or devices.

internal connection —a connection where datais transferred within adevice.

external connection —a connection where datais transferred across a device boundary.

attachment — The segment of a connection which exists between a DCM plug and the plug of one
of itsFCMs.

device connection —an internal connection or an attachment.

connection identifier — Stream Managers and applications refer to connections via unique
identifiers. These values persst throughout the lifetime of the connection. Connection identifiers
for connections created by Stream Managers are globally unique and their reuse should be avoided
asmuch aspossible.

stream type — identifies a media representation, this may be a data format (for digital media) or
signd format (for analog media), e.g. CD audio, composite video.
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transport type — identifies a transport system. HAVi compliant implementations of the Stream
Manager must support three transport types: | EC61883 for IEC 61883 connections running over
1394, | NTERNAL for connections internal to a device, and CABLE for connections over externa
cabling. Support for other transport types may be added to future versions of the HAVi Stream
Manager, or may be provided by proprietary extensions to the Stream Manager.

transmisson format — identifies the transmission protocol used to send a stream type over a
trangport type. For | EC61883, the transmission format corresponds to the FMTI and FDF fidldsin
the Common Isochronous Packet (CIP) header. For CABLE, the transmission format identifies
forms of signaling used on physical cables. HAVi assigns a 16-bit code to many of the signal
formats commonly used by CE equipment, these are listed in Annex 11.12. For | NTERNAL,
transmission formeats are not used.

plug — a resource, provided by a device and used to build a connection. A plug is, a least
conceptudly, the source or sink of the data carried by a connection. There are two main plug
categories. functional component plugs and device plugs. A device plug is either a PCR or an
external cable plug. Functional component plugs and device plugs are represented by FCM plugs
and DCM plugs respectively. However it should be noted that FCM and DCM plugs are software
abgtractions and that when one says, for example, two FCM plugs are connected, thisimplies that
the underlying functional component plugs are connected. This document aso refers to source
plugs and sink plugs, and output plugs and input plugs.

channd — a resource, provided by a transport mechanism (e.g., |IEEE 1394) and used to build a
connection.

3.7.4 Streams

The concept of stream as used by the Stream Manager is based on the isochronous data flow
concept of IEC 61883 with two differences: Thefirst differenceisthat alEC 61883 dataflow starts
a a device source plug and ends a a device sink plug — while a stream typicaly dtarts a a
functional component source plug, goes to a device source plug, then adevice sink plug, and ends
at afunctional component sink plug. The second difference is that streams are typed, i.e. for each
stream there is an associated stream type identifying data representation, bandwidth, and other
attributes of the stream.

The following summarizes the properties of streams, channels and connections:
astream is associated with a single source and a set of connections and their channels
device plugs can be bound to channels

channels are either fully bound (bound to a source device plug and a sink device plug) or
partially bound (bound to a source device plug only or to sink device plugs only)

a channel can be bound to zero or one source device plugs and zero or more sink device
plugs

asink device plug can be bound to at most one channel
a source device plug can be bound to at most one channel

a channel may have no source device plug, but no data will flow over the channel until a
source device plug has been bound
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3.7.5 Connections

3.7.5.1 Device Connections

A device connection is one of:

An internal connection from a functional component source plug to a functional
component sink plug.

An attachment from a functional component source plug to a device source plug.

An attachment from a device sink plug to afunctional component sink plug.
Thefollowing rules apply to device connections.

Functional component sink plugs can have at most one device connection.

Functional component source plugs can have many device connections.

Device source plugs can have at most one device connection.

Device sink plugs can have many device connections.
Stream Managers establish and bresk device connections via the Dcm : Connect and
Dcm : Di sconnect APIs. Stream Managers shall request the DCM to connect even if the device

connection dready exists, this allows the DCM to “overlay” device connections and maintain
informeation about the usage of device connections.

3.75.2 Internal Connections

Internal connections are aform of a device connection. Consequently:
Functional component sink plugs can have at most one internal connection.
Functional component source plugs can have many internal connections.

Stream Managers establish and bresk internal  connections via Dcm : Connect and
Dcm : Di sconnect .

3.7.5.3 External Connections

An externa connection will involve attaching functional component plugs to IEC 61883 plug
control registers (transport typeis| EC61883) or to externa device plugs (transport typeis CABLE).
External device plugs are connected, typicdly, by physical cabling. It is not required that the HA Vi
Stream Manager be aware of the configuration of such cabling. If the Stresm Manager is asked to
establish a connection for which successful operation would require physical cabling (e.g., analog
audio or video cables), the Stream Manager assumes the user has made the proper connections.

3.754 Global Connection Map

The Stream Manager is capable of constructing amap of al connections within the home network
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established by HAVi applications. The Stream Manager does not guarantee that the map isbuilt in
one atomic operation.

3.7.55 Connection Examples
D1 D2

- FC3

FC1 FC2 ../"

[ o ] ”\*
FC4

’\‘n
transport and

3 channels

Figure 20. Connection Diagram

The diagram above shows several examples of connections. Here D1 and D2 are devices and the
FCi are their functiona components, the small dark circles represent plugs. There are four
connections:

an internal connection between FC1 and FC2

an external connection between FC2 and FC3

an external connection originating at FC2 (the channel is partially bound)

an external connection terminating at FC4 (the channel is partially bound)
Note that, for example, the connection between FC2 and FC3 involves two device connections
(attachment of the FC2 source plug to the D1 source plug, attachment of the D2 sink plug to the
FC3 sink plug) and the binding of the channel to the device source and sink plugs.

Note that for FCMs with source plugs and sink plugs, for example FC2, it is not guaranteed that
such an FCM will or will not pass through the signal from a sink plug to a source plug.

3.7.6 Transport Types

Transport types are represented by 16-bit identifiers. The values assigned to the three transport
types, CABLE, | NTERNAL and | EC61883, arelisted in 11.14.

3.7.7 Stream Types

Stream types are represented by a stream type identifier —a data structure containing an IEEE 1394
Vendor ID fidd and a type number field. The Vendor ID of value 0x0 is reserved for use with
HAVi defined stream types. Stream types form a hierarchy, the HAVi stream types are arranged in
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the hierarchy shown below (only the structure of the hierarchy and some representative stream
types are shown, for acompletelist of stream types see Annex 11.11):

‘ UNKNOWN_STREAM ‘ ‘ DIGITAL_AUDIO ‘ ‘ DIGITAL_VIDEO ‘ ‘ DATA_STREAM ‘ ‘ MULTIPLEX ‘
UNKNOWN_STREAM ‘ UNKNOWN_STREAM ‘ UNKNOWN_STREAM ‘ UNKNOWN_STREAM ‘
CD_PCM ‘ YUV_422 ‘ DVB ‘ MPEG2_TS ‘

Figure 21. Stream Types

The stream types UNKNOM_STREAM DI G TAL_AUDI O UNKNOAN_STREAM etc.  are used for
streams of unknown type. During connection establishment, the Stream Manager reduces stream
type compatibility checks for such plugs. Instead it follows a*“connect and test” procedure (i.e., it
attempts to connect and then tests for success or failure).

HAVi reservesVendor | d = 0 for stream types. Device manufacturers can define their own stream

type hierarchy using their vendor id. Stream types with different vendor id will not match each
other except for the UNKNOWN case (see 5.9.5.1 Stream Type Matching).

3.7.8 Plug Compatibility Checking

When the Stream Manager attempts to connect plugs it tests whether:
transport type is compatible (i.e., a common transport type can be determined)
directionality is compatible (i.e., output plug to input plug)

stream type is compatible (i.e., the stream type of the source and sink plugs match as
described in section 5.9.5.1)

bandwidth is compatible (i.e., the required bandwidth of the source islessthan or equal to
the bandwidth which the sink is capable of consuming)

transmission format is compatible (i.e., the transmission format of the source and sink
plugs match as described in section 5.9.5.2)

If any of these tests fail then the connection cannot be established. The compatibility check about
stream type, bandwidth and transmission format is not applied to the CABLE and | NTERNAL
connection.

3.7.9 Connection Restoration: Network Reset

After a network reset, the IEC 61883 procedures for restoring connections are invoked by the
Stream Manager for each connection (of the | EC61883 transport type) that it has created. During
connection restoration the Stream Manager builds a new list of connections for which it is
responsible and may post Connect i onDr opped events. This event is posted when:

asaresult of anetwork merge there isinsufficient bandwidth available for a connection,
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asaresult of anetwork partition the source or sink of a stream has been |ost.

Stream Managers shdl complete IEC 61883 connection restoration during the first 1 second after
network reset (thisis the “isoch_resource delay” period specified by IEEE 1394-1995). Also, the
Stream Managers shal indicate to DCMs the device connections they wish removed by using
Dcm : Di sconnect .

3.7.10 Connection Restoration: Power Off

If a device running a Stream Manager powers down then during handling of the subsequent
network reset the connections created by the Stream Manager will not be restored. However, since
a Stream Manager only creates connections for local applications then the applications themselves
will no longer be running so there should be no need for restoration.

3.7.11 Connection Dropped

A connection is dropped under the following circumstances:
the Stream Manager which created the connection is requested to drop the connection
the owner of the connection or an FCM for the source or sink leaves

the Stream Manager receives a Power St at eChanged event indicating loss of power for
the source or sink

the source or the sink is no longer present after a network reset (as described above)

the Stream Manager fails to restore the connection after a network reset (as described
above)

the Stream Manager detects a removal of an device connection (via the DCM
Devi ceConnect i onDr opped event) and determines that a connection the Stream
Manager has established is no longer operable

3.7.12 Connection Changed

Stream Managers subscribe to Tr ansni ssi onFor mat Changed and St r eanTypeChanged so
that they can maintain a consistent view of the transmission format and stream type used by a
connection. Stream Managers subscribe to Bandwi dt hRequi r enent Changed, in order to be
informed of changes (or attempted changes) in bandwidth associated with a connection. Finally
Stream Managers subscribe to Devi ceConnect i onDr opped and Devi ceConnect i onChanged
in order to respond to changesin internal configuration of the source or sink of a connection.

3.7.13 Connection Establishment and Drop Order

Stream Manager establish connections of transport type | EC61883 by configuring from source to
snk (i.e, first connect source attachment, set source stream type and transmission format, update
the | EC61883 plug control registers, connect sink attachment, then set sink stream type and
transmission format). Oppositely, Stream Manager should drop connections of transport type
| EC61883 from sink to source.
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If Stream Manager fails DCM/FCM APl or st IEC61833 plug control register to establish a
connection, Stream Manager does not need to restore these settings to the previous state, but shall
restore the settings of isochronous resources and plug control registers according to IEC61883
CMP.

3.7.14 Connection Overlay

HAVi connections can be overlayed not only for IEC61883 transport type, but aso for CABLE and
| NTERNAL transport types. Overlay of device connection part of HAVi connections are managed
by DCMs and Stream Managers. DCM maintains a list of Stream Managers that have device
connection on the DCM. Once a Stream Manager cals Dcm : Connect , the Stream Manager is
memorized in the list in the DCM. The DCM will not maintain how many device connection is
owned by each Stream Manager and each Stream Manager shall maintain the count by itself.
(Note: Stream Managers should cdl the Dcm : connect for each time making overlay for
reservation protection check reason.)

When an SE cdlls St r eamivanager : : Dr op, Stream Manager decrements the counter but does not
cal Dcm : Di sconnect until no connection on the atach remains. On executing the last drop
process, the Stream Manager callsDcm : D sconnect , the DCM erases the Stream Manager from
the list. In this way, overlay within a Stresm Manager and overlay between Stream Managers are
maintained.

In case of overlays, when the source and/or sink attachment aready have the desired stream type

the Stream Manager should not call Dcm : Set St reanTypel d again. Similarly, in case of
overlays, when the source and/or sink DCM dready have the desired transmission format the
Stream Manager should not call Dcm : Set Tr ansni ssi onFor mat again.

3.8 Resource Manager

Applications in the network will typicaly use a set of FCMs to perform atask on behalf of one or
more users. FCMs are caled device resourcesin this context. Usualy, aso network resources are
involved in resource management, since these serve to create useful collaborations in audio/video
streaming between DCMs and FCMs in a HAVi network. 1394 bandwidth and channel numbers
are such network resources. The Resource Manager only deals with device resources.

The Stream Manager handles network resources on behaf of clients. Connection and bandwidth
management will typicaly be requested by applications after the involved device resources have
been reserved for usage. In the following, resources stands for device resources, or FCMs.

Resource management serves to guide software elements competing for and using the set of
resources in the network. Such software elements are cdled clients in this context. A group of
device resources will be reserved by aclient in an all-or-nothing fashion. The resource management
system serves to ensure that clients that have reserved resources can rely on not being disturbed by
other applications that (try to) use these resources. Potentia clients that want to reserve resources,
but have not yet done so are called contending clients or contenders.

There is a Resource Manager on each FAV and IAV device that hosts or can host at least one

DCM. The HAVi_Resource_Manager SDD field of an IAV device reveds whether a Resource
Manager is present.

74



HAVi SPECIFICATION Version 1.1

3.8.1 Resource Reservation

Each Resource Manager offers methods to applications for reserving and releasing resources, as
well arranging scheduled actions. A scheduled action is a reservation and usage of a set of
resources during some future time period. Conflicts in schedules are detected and reported. The
resource management system will perform a number of vaidations for scheduled actions at
scheduling time.

The resource management model supports a reservation mechanism. Reservation is used to protect
againgt control commands (“write access’), changing the state of a resource. Reservation is not
needed for observation commands (“read access’). An FCM is not obliged to support reservations
if it only has methods that do not change its sate. In this case, FCM methods and events related to
resource management need not be implemented. Other FCMs shall support reservation facilities.

In general, applications can subscribe to resource events. Such event subscriptions are considered
not to change the state of the resource, and therefore belong to the observation category. The FCMs
and Resource Managers offer a number of events that can be subscribed to by interested
applicationsto learn about the status of resources with respect to reservations.

Two client roles are digtinguished and are relevant in negotiations for resources (discussed later):

User — A client that is able to take part in a resource negotiation with a contender.
Negotiation will typically involve the human user of the client (to give him or her the
opportunity to accept or reject a negotiation). However, it is not required that a human
user be involved for aclient to take thisrole.

System — A client that is not able to take part in a resource negotiation with a contender.
Thiswill typically be the case if no human user isinvolved with the client.

A limitation of a system contender is that it can or should not preempt resources from user clients
that reject its preemption request. Resource Managers performing a scheduled action (Action
Schedulers) are such systemn contenders. An application isfreeto act asauser or system contender,
although it should choose the correct role in a cooperative Stuation. User contenders can aways
preempt resources from any client.

Note that, for instance, an emergency application would typicaly be a user contender. Although it
may acquire resources by direct preemption, it may negotiate first to learn whether a current client
has an even higher priority.

A DDI Controller may control a DCM through the DDI protocol. The DDI Controller is
responsible for reserving any FCMss associated with the DCM if it requires exclusive access to the
related device or some of its functional components. See section 3.5.1.8 Resource M anagement.

The resource management model relies on the following principles:

Clients are cooperative, i.e., they shall respect the reservation mechanism and their user
(or system) role.

Before using control commands, an application will normally reserve the needed
resources. It shall release the resources when they are no longer needed.

With due restrictions, a contender may negotiate through a Resource Manager with other

clients to take over (preempt) their reservation of resources. It may also decide to preempt
resources without negotiation. This process is described later.
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The next figure shows an example of theinteraction between clientsin anetwork with FAV or IAV
TV and VCR devices. (In this example, only one resource is reserved. In genera, a Resource
Manager will attempt to reserve a group of resources requested by a contender.)

Clientl negotiation > Client2
4
// \\
1 \ 2
Vil N
K <4
Registry 1 RM1 « RM2 Registry2
3
DCM FCM FCM FCM FCM DCM
TV Tunerl Decoder VCR2 Tuner2 VCR
TV Device VCR Device

Figure 22. FCM Reservation

Clientl first queriesitslocal registry for VCR resources present in the network (arrow 1) and then
cals a (loca) Resource Manager (RM1) in order to reserve the VCR FCM (arrow 2). Next, RM1
attemptsto reserve VCR2 (arrow 3).

Assume VCR?2 is currently reserved by Client2. Before attempting to reserve it, Clientl may
negotiate through a Resource Manager to preempt the resource from Client2. It will then send a
negotiation request to, say, RM1 (arrow 2). RM1 will send a preemption request to Client2 and
await a preemption reply from it (arrow 4). An acceptance or rejection is forwarded by RM1 to
Client1. Depending on the answer, Clientl may decide to preempt VCR2 (even if Client2 rejected).

There are various types of resources. Some will provide function for producing AV contents like
Tuner. Some other will provide both function for producing or recording AV contentslike VCR or
AVDisc. Yet other will provide audio visua interface to the userslike Display or Amplifier. HAVi
does not specify which resources to be reserved, but clients are recommended to cooperate
respecting following suggestion; As for FCMs that provide audio visual interface like Display or
Amplifier FCM, the basic usage may be "free to use" model, that means clients will not reserve
FCM without specia purposes or reasons. When clients reserve these FCMs, the clients have to
take into account the side effect of the reservation that might cause inconvenience to the user.

3.8.2 Resource Sharing

Device resources can be reserved by an application for exclusive use, but can aso be shared by
more than one application. The resource type determines which sharing options are available to
applications.

Any application may change the gtate of a device resource as long as the resource has not been
reserved. However, resources shall protect applications from unauthorized access by other
applications in case the resource is properly claimed. A resource snall verify for each command
whether the invoker is entitled to perform the command. (It shadl check the SEID of the invoker
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withitslocally registered primary and secondary SEIDs for control commands.)

A resource may be shared by more than one client. A DCM provider can choose the extent of
sharing that is supported for each FCM, and the redtrictions that apply to sharing clients with
respect to each other. Two types of access rights are distinguished:

Primary access — Full control of the resource without any restriction. Thereis at most one
primary user per resource.

Secondary access — Limited control of the resource. The primary client and other
secondary clients should never be hampered in their access rights by a secondary client.

The number of secondary clients allowed is determined by the DCM manufacturer. If a primary
client releases the resource, a secondary client (if any) will not automatically become the primary
client. It may, if desired, attempt to reserve the resource as a primary client. If successful, it will
become a primary client, and loses its secondary client position.

As an example, consider atuner FCM able to operate in one of several multiplexes, each of which
supports a number of channels. The primary client can change the multiplex of the tuner, but a
secondary client may not. The secondary client can only tune to achannel that happensto bein the
sdlected multiplex.

Note that any application can use observation commands of a resource at any time. It need not
reserve the resource for such commands. Also note that user and system clients may accept to
operate with either primary or secondary access rights. However, negotiation and a subsequent
preemption (discussed in the next section) only apply for primary access rights.

3.8.3 Resource Negotiation and Preemption

A resource is normally used by an gpplication between the moments it chooses to reserve and
release the resource. However, there are means for competing applications to hand over resource
accessrights.

Reserving and releasing resourcesis aways done by a Resource Manager selected by the contender
using the methods Resour ceManager : : Reser ve and Resour ceManager : : Rel ease. Only
Resource Managers are alowed to directly reserve and release resources through Fcm : Reser ve
and Fcm : Rel ease.

A user contender can always become the new client of a group of resources by preempting them
from their current clients. However, in normal circumstances, a contender will firgt try a so-called
non-intrusive reservation. Thisis a reservation attempt that does not involve any current client. If
all resources in the requested group can be acquired in this way, they will be acquired; otherwise,
none of them will.

A contender can negotiate with primary clients through a Resource Manager in order to learn
whether they are willing to give up ther resource reservations. The method
Resour ceManager : : Negot i at e is used by the contender. The Resource Manager will then
invoke the method <C i ent >: : Preenpti onRequest of al primary clients to forward the
request. Each client should respond within a specified timeout with an acceptance or rejection of
the request, and an information string. (Pr eenpti onRequest should be implemented by
applications that take on the user role). Cooperative controllers are advised to follow the following
rules:
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If all clients accept the preemption request conveyed in the negotiation, the contender
may preempt their resources.

A system contender shall not preempt resources from clients that have rejected the
preemption request.

To al clients that have received a preemption request, the contender shall send a
withdrawa notification if it decides not to preempt their resources (through
Resour ceManager : : Negot i at e).

So, normally negotiation precedes preemption. The client should respond within a specified
negotiation timeout. This negotiation may involve a person behind a current primary user client to
agree or disagree with a preemption. However, even if a client disagrees, a user contender can
directly preempt its resources. This prevents any application in the network from monopolizing
resources. If a negotiation times out, the contender may decide not to preempt the resources of that
client, although this is up to its own discretion. This scheme is thought to suffice for home
networks, where applications should cooperate in the usage of resources.

Negotiation, preemption, and reservation are aways done for a resource group, athough a client
can choose any subset of resources to reserve or release, even after it has dready reserved other
resources.

The following scheme describes situations where preemption is recommended or allowed after
negotiations between a contender and a set of clients.

preemption after negotiation user contender system contender

current user client upon accepted negotiated upon accepted negotiated

reservation requests reservation requests

(preemption always allowed) (else preemption not

allowed)

current system client negotiated reservation requests not negotiated reservation

accepted requests not accepted
(preemption always allowed) (preemption not allowed)

For system contenders, preemption is only alowed if the current client is a user client, and has
accepted the request. For system clients, the resource management system shall always reject
reservation requests from system contenders. A system client shall never directly preempt
resources, or do so without the required negotiation acceptance. (Note that a system contender
negotiating with another system client will fail, because system clients are assumed not to support
negotiations.)

If a non-intrusive reservation fails, the contender may analyze why it failed. This can be done by
processing the results of the reservation command returned by the Resource Manager. Any
application can use Fcm : Get Reser vat i onSt at us to learn about various reservation properties
that hold for the resource. In general, applications should subscribe to Reser vel ndi cat i on and
Rel easel ndi cat i on eventsif they need to be aware of reservations and releases, including those
related to resources they have reserved themselves.

For agroup of resources, it can be specified whether anon-intrusive or preemption approach should

be used in a reservation. However, only if all resources can be reserved, will they indeed be
reserved. Otherwise, none will be reserved.
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Dueto other reservations, missing resources, or network partitions, areservation command may fail
for one or more resources. After invoking ResourceManager:: Reserve and
Resour ceManager : : Negot i at e, a contender should aways consult the status or negotiation
record for each individua resource.

Application requirements. At any time during a reservation, a primary client can receive one or
more negotiation messages from Resource Managers. A client shall accept and process them
immediately. The client should respond within the specified timeout period. It should receive a
follow-up message from a Resource Manager if the preemption request is withdrawn. It is not
necessary that a current client releases the requested resources; this will be done by the resource
management system. The client can learn about the actua preemption by subscribing to the
Reser vel ndi cat i on event.

Example. Below is a scenario that sketches how a user and a system client would interact with the
resource management system (abstracted by RM) and the resource (R).

In this scenario, a + after a method denotes an accept response on the command. A + or - on a
dashed arrow denotes an accept or reject response on the earlier command (without + or -). NIR
stands for non-intrusive reservation, GRS standsfor Get Reser vat i onSt at us (an FCM method).

The scenario illustrates that a user client may be using a resource, possibly being unaware of, say,
an Action Scheduler, which operates as a system client. An Action Scheduler shall dways attempt
a non-intrusive reservation (NIR) firdt. If this fails, it will typically negotiate for the resources it
needs. The user client is informed of the scheduled action that was planned. In this case, the user
chooses to accept a preemption of the resource, so that the scheduled action can succeed.

system user RM R
NIR
» GRS+
P>
reserve+
. >
4_ __________________
NIR
»| GRS+ >
e
GRS+
>
negotiate
g >

preempt+

P reserve+

Figure 23. Reservation Protocol

3.8.4 Scheduled Action Management

The goa of Scheduled Action Management is to allow and secure Scheduled Action programming
by the system. That is:
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to ensure that at starting time, all the necessary resources (FCM/DCM, bandwidth, ...) are
present and thus can be reserved

to check at scheduling time the feasibility of the action at starting time i.e. to check the
feasibility of the commands planned on the (device) resources and the planned inter-
connections (network resources) between them

to perform at starting time all the planned reservations and actions

Management of a Scheduled Action involves, apart from the Resource Manager, the following
components:

An application that specifies the scheduled action (the invoking application). The
invoking application is only involved in the ordering of a Scheduled Action. If it
disappears afterwards, the execution of the Scheduled Action is not affected.

One or more FCMs or DCMs that are needed to successfully complete the required
scheduled action.

(Optionally) atrigger (application or FCM) that notifies the Resource Manager to start
the action.

(Optionally) an application that is involved in the scheduled action in the sense that it
takes control over the involved resources during action time (control application).

Transactions (reservations, eic.) between FCMs, DCMs and applications such as described above
are peformed via a Resource Manager in an architectural modd discussed below. Firgt an
overview of the datainvolved in a Scheduled Action will be given.

3.8.4.1 Scheduled Action Data

A Scheduled Action is defined by the following information:

SEID of Scheduled Action controller (optional)
SEID of Scheduled Action trigger (optional)
Start Commands list (in agtrict sequentia order)
Stop Commands list (in astrict sequential order)
Connection list (in astrict sequential order)
Start and Stop Time information

Involved Resources HUID List

User information (optional)

Scheduled Action controller: the application that will be awoken when the Scheduled Action is
executed. This application may control the resources. If the field is absent, the Scheduled Action
will not be controlled during execution but will execute autonomoudly.

Scheduled Action trigger: thisfield indicates the trigger (e.g., FCM or DCM) that will generate the
actua notification for starting/stopping the execution of the Scheduled Action. The start/stop times
will not be used in this case to actually start/stop the Scheduled Action’ s execution, but will be used
to coordinate the reservation of resources with other schedules.

Sart / Sop Commands:. these are ordinary HAVi commands (defined by the APls). They must be

listed in order of execution and it has to be specified which resource must execute them. This
sequential order is needed to ensure that acommand cannot be sent to aresource without being sure
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that the previous command has been successfully executed by the relevant resource. Commands
can be either FCM commands or DCM commands.

Connection Ligt; these indicate the network resource alocations needed for the Scheduled Action.
From thislist, the FCM plug connections that ultimately will be executed by the Stream Manager,
will be constructed.

Sart and SopTime Info: timeinformation needed for scheduling an action (including date, start and
stop time and periodicity data).

Involved Resources HUID Ligt: this list represents the resources that are involved in the Scheduled
Action.

User Information: this optional field can contain a description of the Scheduled Action that
provides useful information in case a scheduled action that was originally accepted can no longer
take place.

3.8.4.2 Scheduled Action Model

All components can be on different nodes
Dotted lines refer to optional components

DCM1

Invoki ng Start/Stop
Application Commands
(Un)scheduleAction Resource Managel
GetScheduledActions (ACtiOﬂ Scheduler)
I 4 / (Un)Schedule
// ! Reservation
/// !
HE ///Start/Stop ," Awake
: Trigger L Notification Y'Notification
i Control
i Application

Figure 24. Resource Manager and Scheduled Actions

Figure 24 provides an overview of the involved software elements in a Scheduled Action. A
description follows.

3.84.21 Scheduled Action

The invoking application passes its Scheduled Action (including Scheduled Action parameters as
described above) to a Resource Manager of its own choice. The invoking application might choose
its local Resource Manager, or take into account that the chosen Resource Manager can best be at
the same node as one of the involved DCMs or trigger or control application (to decrease the
chance of problems due to network changes). The Resource Manager chosen will be called Action
Scheduler in the sequel.

The Action Scheduler persigtently stores the Scheduled Action from the time the Scheduled Action
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is invoked until the time it is completed and no longer needed. Per Scheduled Action only one
Action Scheduler isinvolved. In case of network changes (e.g., network re-join after partition), it
will take care that its Scheduled Actions are recovered (see below: Network Changes).

The Action Scheduler will assign a unique (local) index to the Scheduled Action for future

reference. After acceptance of the Scheduled Action this index is eventualy returned to the
invoking application. A Resource Manager shall reuse these indexes aslittle as possible.
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The invoking application is responsible for gathering al information about the involved FCM
HUIDs, time info, connection list, etc. The mode does not assume that al involved FCMs in a
Scheduled Action are reservable FCMs: @ so non-reservable FCM s shall be accepted for Scheduled
Actions.

Data Passed to Action Scheduler
SEID of control application(optional)

SEID of trigger (optional)

Operation code for awake notification message

Start Commands list

Stop Commands list

Connection list

Start time/date

Stop time/date

Periodicity

Involved FCMs HUIDs

User info (optional)

Below isthe basic structure of astart or stop commands list (see aso section 5.10.2). Theformat of
the “command to be executed” is exactly the same as the (content of the) message that will take
care of its execution. The Action Scheduler will not interpret the command itself (and considersit
as a sequence of bytes).

Start or Stop Command List
Command to be executed HUID of the FCM or DCM that must execute it

The structure of the connection list allows the Action Scheduler to defer from it the eventual Stream
Manager commands (FlowTo). The connection list looks asfollows (see lso APl section):

Connection List
Source FCM Plug Sink FCM Plug Stream Type

The invoking application might use a dightly different time for “start” then the one that was
specified by the user, in order to take into account that the execution of al the actions can readily be
done beforehand. The application can make use of Get Wor st CaseSt ar t upTi ne of the involved
FCMsfor caculating aworst case start-up time.

3.84.2.2 Schedule Reservation and DCM Checking

The Action Scheduler contacts the DCMs of each involved resource to distribute Restricted
Scheduled Actions. Restricted Scheduled Actions are restricted versions of an original Scheduled
Action that contain only the data that concern the resources local to each DCM. By this means, the
FCMslocal to the DCM can be checked (if the resource isfree at scheduled time) and be aware of
the actions (commands and connections) to perform at start or stop signal.
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Data Passed to Involved DCMs
Start Commands list

Stop Commands list

Connection list

Start time/date

Stop time/date

Periodicity

Involved FCM HUIDs

User info (optional)

The gtart and stop command lists consist of a subset of the origina Scheduled Action ligts. Only
those commands are gathered that belong to the particular involved DCM (the target DCM). The
connection list is aso constructed from the origina Scheduled Action list. Only those entries are
copied that refer to an FCM “inside’ the target DCM. The same holds for the list of involved
FCMs.

In thisway each involved DCM is able to build up an internal agendafor reservations of resources.
Theinterna agenda alows a DCM to check for schedule overlaps. For doing thisthe DCM hasto
take into account the start/stop time/date attributes and also the periodicity attribute. In casea DCM
detects a schedule overlap, it checks whether it (and its FCMs) will be able to execute
smultaneoudy the intended actions (start/stop commands and connections) during the
(overlapping) time period.

A DCM shall at least check whether there is a schedule overlap. This can require checking of
several schedules if periodicity was specified. Further checking of the involved actions is highly
recommended because otherwise possible problems will only become apparent a starting time of
the Scheduled Action.

Further notes on checking:

For connections from an internal FCM to an external FCM (internal/external with respect to the
target DCM), only the DCM internal part has to be checked. The other parts are checked by another
DCM and the bandwidth availability is checked separately (see section 3.8.4.2.3).

The Scheduled Action reservation of involved resources can lead to blocking of dependent
resources. Dependent resources are separate resources (FCMs) which can no longer be used freely
because of, e.g., dready established connections. This means that different Scheduled Actions
involving different FCMs (within the same DCM) can still be conflicting. The blocking of
dependent resources is “invisible” to resource management: a DCM is responsible for taking into
account the possibly resulting blocking of dependent resources when accepting a scheduled
reservation.

A consequence of the above isthat DCM checking can be rather complex. However, DCMs can
also choose to do things rather smply by alowing only restricted reservations (e.g., every
reservation reserves the complete DCM). The “checking complexity” that a DCM wants to dedl
with aso determines how much information of the Restricted Scheduled Action the DCM has to
store.

After checking, the DCM returns to the Action Scheduler whether it accepted (its part of) the
Scheduled Action.
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3.8.4.2.3 Bandwidth Checks

If &l (local) DCM checks are OK, the Action Scheduler will check whether the needed network
resources will be available at starting time. This check has to be performed only for connections
between FCMs on different DCMs. The network resources to be checked for availability are
bandwidth and channel numbers. Since these are globa resources, the Action Scheduler that is
responsible for a new schedule has to inquire al other Action Schedulers about aready
programmed scheduled actions that will overlap in time with the new schedule.

The checking, which shall be done at scheduling time, can be conceived as taking place in two
steps:

1. The Action Scheduler collects dl planned connections corresponding to existing schedulesin
the network that overlap in time with the new schedule. It uses the
Resour ceManager : : Get Schedul edConnect i ons API for this purpose. Inthisway the Action
Scheduler can build up a bandwidth table of needed bandwidth and channels during the period of
the new schedule. (The actual bandwidth cal culation method is described in section 5.10.5.)

2. TheAdction Scheduler then compares the network capacity (total available bandwidth and total
available number of channels) with the information in the table and thus checks if there will be
enough bandwidth (and channel numbers) at execution time of the new schedule.

Note that to perform the bandwidth related calculations the Action Scheduler may utilize already
available Stresm Manager facilities. Since al callsto the Stream Manager arelocal and the Action
Scheduler and the Stream Manager will be from the same vendor, the Stream Manager services
needed to do the calculations are proprietary and not part of this document.

3.84.24 Usage of Timers and Triggers

If the above bandwidth checking or one of the previous DCM checks failed, the Action Scheduler
will cancd the Scheduled Action. The local scheduled reservations on the DCMs will be undone
viaDcm : Unschedul eReser vati on.

If all checks are okay and no trigger is specified, the Action Scheduler will use atimer in order to
get notified when the start/stop times happen. When no trigger is specified, the Action Scheduler
will set the start time according to the next valid value of the timer.

The Action Scheduler may use a Clock FCM for setting up the timer start/stop times, however, the
Action Scheduler should be able to complete the Scheduled Action (in a proprietary manner) aso
when no Clock FCM isavailable. For atimer facility used by the Action Scheduler (Clock FCM or
proprietary) aworst case accuracy of one minuteis required.

In case a trigger was specified, the possibly needed subscription is not dealt with by the Action
Scheduler. The gpplication is responsible for setting up the trigger notifications. If the trigger Sart
notification is never sent, for one reason or the other, the Scheduled Action will remain existing
(waiting for the notification). It is up to the user (application) to remove the Scheduled Action. The
same holds if the trigger stop natification is never sent. The reservations done will remain until the
Scheduled Action is removed.

3.84.25 Executing the Scheduled Action
When the Action Scheduler is notified (either by a timer or by the trigger) that the Scheduled

Action should be executed, it first executes dl reservations of the involved FCMs (via
Resour ceManager : : Reser ve). This is a non-intrusive reservation with client role of “system”
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and requesting primary access rights. If the reservations fails the Action Scheduler will dtart
negotiating as a cooperative controller (viaResour ceManager : : Negot i at e, see section 3.8.3).
Then it uses the connection list to establish FI owTo connections via the Stream Manager. Before
establishing connections, the Action Scheduler turns on the power gate of the DCMs, which are
needed to establish the connection, to avoid connection failure. Each Fl owTo should use “any”
values for Connect i onH nt except for stream type. Initialy a Fl owTo will be atempted with
dynam cBw equal to Fal se. If this fals, a Fl owTo with dynani cBw equa to True will be
attempted. After connections have been established, the Action Scheduler then executes all start
commands. All these are HAVi commands of the format described in 3.2.3.4. The connections and
commands are executed in the order initidly given by the (invoking) application. In case the
reservation fails, or acommand or connection does not return SUCCESS, the Action Scheduler will
abort the complete Scheduled Action and generate an Er r oneous Schedul edAct i on event.

In case a control application was initidly specified, this application is awoken by the Action
Scheduler via<d i ent >: : AnakeNot i fi cat i on. Notethat such application awaking isoptional,
and is not required to complete a Scheduled Action. In this case, the above reservations are not
performed by the Action Scheduler but by the control application itself. Thisisdonein order not to
disturb the owner relationship of the resources. For the same reason the connections and command
executionswill be executed by the control application. This meansthat in case acontrol application
was initidly specified, the start/stop commands etc. of a Scheduled Action are only used for
checking. This aso means that the control application hasto deal with failing reservations, etc.

If everything has been started, the Action Scheduler will use the specified method (timer or trigger)
for stopping the Scheduled Action. When no trigger is specified, the Action Scheduler will set the
stop time according to the next valid value of the timer.

3.8.4.2.6 Ending the Scheduled Action

When the Action Scheduler is notified (either by timer or trigger) that the Scheduled Action should
be stopped, it executes all stop commands, breaks al connections (via St r eanvanager : : Dr op)
and releases the resources (via Resour ceManager : : Rel ease). Again, these are ordinary,
exiging HAViI commands. The commands are executed in the order initidly given by the
(invoking) application. If the Scheduled Action was not used with “periodicity”, it will be removed
from the lig of Scheduled Actions in the Action Scheduler lig and via
Dcm : Unschedul eReser vat i on aso from the interna agendas of the involved DCMs. When
the Scheduled Action is used with “periodicity” and no trigger is specified, the Action Scheduler
will set the gtart time according to the next valid value of the timer. When the Scheduled Action is
used with “periodicity” and atrigger is specified, the Action Scheduler will do nothing.

In case a control application was initidly specified, the above actions are not executed: if the
application did not aready finish it will continue as in “normal” (unscheduled) operation. The
removal of the Scheduled Action however will take place.

3.8.4.3 Query and Modification of Scheduled Actions

An application can consult the database of Scheduled Actions maintained by the Action
Schedulers. It can use a facility to get an overview of al Scheduled Actions stored in a given
Action Scheduler (Resour ceManager : : Get Local Schedul edActi ons), and can inspect
individual Scheduled Actionsin detail (Resour ceManager : : Get Schedul edAct i onDat a).

Applications can use these facilities for removing no longer needed Scheduled Actions (e.g.

periodic ones) via Resour ceManager : : Unschedul eAct i on. The Action Scheduler will then
cancdl the Scheduled Action and the scheduled reservations on the involved DCMswill be undone
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viaDcm : Unschedul eReser vat i on. A change in a Scheduled Action can only be performed by
first removing it and then scheduling it again (with appropriate changes).

3.8.4.4 Network Changes

Here is the model showing how the Resource Manager takes into account changes in the HAVi
network. After network change, al scheduled actions are rechecked. This may result in some
warning messages, e.g., while changing the cabling.

The Action Scheduler keeps track (“watch-on”) of al involved DCMs and (if specified) the
trigger and control application. If one of the DCMs disappears due to a network change, the
Action Scheduler will react asin case of an Unschedul eAct i on, athough it will not remove
its own copy of the (complete) Scheduled Action. Instead, it shal ‘remember’ that it isinvalid.
However, the Scheduled Action will not be executed as long as the missing resources are not
back on the network. Note that the Resour ceManager : : Unschedul eActi on involves
Dcm : Unschedul eReser vat i on, which might not be feasible for al the involved DCMs
snce some may have disgppeared. The Action Scheduler shal generate an
I nval i dSchedul edAct i on event with the user info of the Scheduled Action as parameter.
In case the specified trigger or control application disappears, the
Abor t edSchedul edActi on event is generated (Er r oneousSchedul edAction if the
Scheduled Action is executing) and the Scheduled Action is completely removed from the
system (as by Resour ceManager : : Unschedul eAct i on). It is therefore recommended that
aResource Manager is chosen on the same node as at | east the controller application.

For each Scheduled Action, each DCM keeps track (“watch-on”) of the associated
Resource Manager (Action Scheduler). If the Action Scheduler disappears due to a
network change, the DCM will remove the (Restricted) Scheduled Action from its
internal agenda and generate an | nval i dSchedul edActi on event with user info as
parameter. Note that this can also happen when the Scheduled Action is already in
execution.

If anew DCM isinstalled on anode, the Action Scheduler is notified of the installation of
the FCMs via NewSof t war eEl enent events, and it will check if an ‘invalid’ Scheduled
Action is associated with them (by checking the HUIDs). If all resources are available
again, the Action Scheduler will try to restart the Scheduled Action mechanism. If the
restart fails (due to new Scheduled Actions in the mean time), an
Abor t edSchedul edAct i on event is generated.

After a network change the available bandwidth may decrease, and as a result some
scheduled actions may no longer be able to proceed. Each Action Scheduler that has
stored Scheduled Actions is responsible for rechecking the available bandwidth after a
network reset event is received. An Action Scheduler that detects a lack of bandwidth
generates an | nval i dSchedul edActi on event to inform the user and makes the
Scheduled Action invalid. If bandwidth becomes available again the Scheduled Action is
re-installed.

Even if the resources are still not available at start time, the Scheduled Action is not
removed: it must be possible to launch the Scheduled Action even if it is delayed. Only if
the Scheduled Action is still not feasible at stop time, and only if it is not a triggered
Scheduled Action, the copy of the Scheduled Action in the Action Scheduler is removed
and an event Abor t edSchedul edAct i on is generated to inform the user.
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3.9 Application Modules

Application Modules are conceptually similar to DCMs. They provide an interface to a service that
isusualy provided by software only. An Application Moduleisanorma HAVi object in the sense
that it communicates via the HAVi Messaging System. Like DCMs, Application Modules have
HAVi Unique IDs. The HUID dlows other applications to find the Application Module after
partiad system unavailability.

Since applications typically provide proprietary functionality, the standardized part of the AF! is
small. It consists of basic identification (HUID) and visua representation (icon) and a means for
providing a user interface. The user interface may be provided in two ways, corresponding to the
two levels of interoperability: via DDI or via an uploadable havlet (smilar to ahavlet for aDCM).
For an Application Module it is optional whether to support one or both ways of providing a user
interface; what is supported isindicated by the ATT_GUI _ REQattribute in the Registry.

Application Modules can be provided by third-party application writers. Application Modules
written in Java may be handled by arbitrary FAV's, they use the same format as DCM code units.
Theway IAVs handle Application Modulesiis proprietary. Also theway an FAV findsand indtalls
third-party Application Modules (viaadisk, Internet or any other means) is proprietary to the FAV
node.

An FAV or IAV deviceisresponsible for assigning the HUID to any Application Module running
on the device. For Application Modules, two different HUID schemes provide different levels of

persistency.
3.10 Code Unit Authentication

3.10.1 Outline of digital signature algorithm

All uploadable DCM code units shdl be signed. Havlet code units may also be signed. HAVi
specifies a public digital signature algorithm for these two kinds of code units. However, it may or
may not be applied for Application Module code units, since verification for Application Moduleis
vendor-dependent.

In HAVi Authentication, a public key system based on Rivest Shamir Adleman (RSA) is used.
Also, Secure Hash Algorithm revision 1 (SHA-1) isused to digest the messages.

The HAVI Caertification Authority (HCA) defines and keeps a unique pair of private key (never
disclosed) and public key. The HAVi Certification Authority (HCA) aso issues severd pairs of
private key and public key to each vendor on request, with the HCA's digital signature for the
vendor unique public key. In this way, each vendor will have flexibility to be able to generate final
signature to their products (DCM code units and havlet code units).

Inthe HAVi specification of thisversion, HAVi public key isa 2048 hits key defined by
HAVI, and datically stored in each FAV

vendor unique public key is one of 1024, 1536 or 2048 hits key assigned by the HCA, and
included in a certificate

HAVi uses RSA agorithm for digital signature compliant to PKCS#1v2.0 [19] (Seesection
3.10.1.1).

HAVi uses well-known 160 bits SHA-1 Message Digest [20].

A HAVi-sgned code unit includes some specific files necessary for authentication in the JAR file.
When an FAV istoingdl aHAVi-signed code unit, it hasto verify the code unit with thesefilesin
advanceto install the software element.
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Uploadable DCM code units and havlet code units may be located in different locations with
different security risks. HAVi therefore distinguishes between "Externa code units' and
"Embedded code units'. "External code units' are code units originating from device external
locations like a Web site or an unsecured packaged-medium, e.g. floppy. "Embedded code units'
are code units located in the SDD of a BAV, in a DCM/Application module (for havlets), or in
secure storage (e.g. resident storage like NV-RAM or HDD in FAV or BAV, or proprietary secured
memory card).

Thus, each vendor can request to obtain one or more pairs of vendor-unique keys from the HCA.
These keys may be different in itssize or validity period. These keys may be used for only Externa
code units, or for only Embedded code units, or both.

The following figure shows the outline structure of certificates/signatures.

FAV
o]

BAV from BAV from e ) /Tm
r Companyl — [ Company2 = PackageMedla w
CodeUnit . " Codeurit .~ CodeUnit! CodeUrit ... CodeUnit CodeUnit
: & { A : | 2 <« A A N ;
i | Company1 | : Company? | : i | Companyl | : Company? | : i | Companyl Company2
i | Embedded | : i | Embedded | ; i External | Externa | : i| External | External
| codeunit |: | codeunit |: i| codeunit |: code unit | | codeunit |: code unit
i |_certificate |} : [_certificate | i |_certificate | | certificate | : i |_certificate certificate
H H H H | signature | | signature | | signature | ! | signature |

Figure 25. Certificate Tree

3.10.1.1 EMSA-PKCS1-v1l 5 encoding method in HAVi

Since HAVi Authentication alows only SHA-1 hash function, the encoding method is as follows,
which iscompliant to EMSA-PK CS1-v1l 5-Encodein PKCS#1 v2.0.

EMSA-HAVi(M, emLen)
Option: Hash  SHA-1 hash function
Input: M M essage to be encoded

emLen intended length in octets of the encoded message.
Output: EM encoded message, an octet string of length emLen.
Steps.
1. Apply the hash function to the message M to produce a hash value H:

H =Hash(M)2. Generate an octet string PS consigting of length emLen — 37
octets with value OxFF.

3. Concatenate PSand T to form the encoded message EM as

EM = 01||PS ||00 || 3021300906052b003021a05000414 || H
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4. Output EM

3.10.2 Code Unit Format

A HAVi-compliant signed code unit shall contain three specific files, named ‘havi.hashfile,
‘havi.dgnature’ and ‘havi.cert’ in the JAR file. If the JAR file has directories, then each directory
may haveits own ‘havi.hashfile’. Even in that case, the root directory shall have a*havi.haghfile'.

A HAVi-compliant signed code unit may contain another specific file, named ‘havi.crl’, if one or
more vendor-unique public key(s) have ever been revoked.

Below is the structure of HAVi-compliant signed code unit (uploadable DCM, havlet and possibly
Application Module).

— code unit (JARfile) |

havi.hashfile

havi.signature

Java classfiles -
> & content files havi.cert

ikl

havi.crl

Figure 26. Authentication-specific files in a JAR file

3.10.2.1 Hash file

A code unit consists of severa classfiles and possibly contentsfiles. A file named ‘havi.hashfile’ is
used to specify the filenames and their order to compute a SHA-1 Hash digest value for the
directory.

Theroot directory shall have amaster ‘havi.hashiile’. If classfiles and/or content filesare storedina
subdirectory and need to be verified, such a subdirectory aso containsits own * havi.hashfile” init.

The format of ‘havi.hashfile' iscompliant to ETSI TS 101 812 V1.1.1 (2000-07), section 12.4.1.1.

However, since HAVi only alows SHA-1 as the hash agorithm, the format is shrunk as follows:

Synt ax #bit For mat
Hashfile () {
di gest _count /* always 1 */ 16 ui nebf
for( i=0; i<digest _count ; i++ ) {
digest _type /* always 2 for SHA-1 */ 8 ui nebf
nane_count 16 ui nebf

for( j=0 ; j<name_count ; j++ ) {
nanme_| engt h 8 ui nmsbf
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for( k=0 ; k<nane_length ; k++ ) {
name_byte 8 bsl bf
}
}

for( j=0 ; j<digest length ; j++ ) { [/* always 20 for
SHA-1 */
di gest _byte 8 bsl bf
}

}
}

di gest _count issetto 1 becauseal thefilesare digested by SHA-1.
di gest _type issatto2torepresent SHA-1.
di gest | engt h is20 (bytes) because SHA-1 generates 160 bits digest.

name_count : Thisvalueidentifies the number of object names associated with the digest value. It
may be one or more.

name_| engt h: Thisvalueidentifies the number of bytesin the object name

name_byt e: This value holds one byte of the object name. Terminating null characters are not
considered to be part of the file name.

The digest value is computed over the objects named in the havi.hashfile in the ordered list. The
ordered list may contain an arbitrary mix of different object types (that is a mixture of file and

directory names). The digest value is computed over the concatenated relevant data in the order.
The relevant datafor each objects depends on itstype:

if the object is afile, relevant datais the entire content of thefile.

if the object is a directory, relevant data is the content of the havi.hashfile of the named
directory.

3.10.2.2 Signature File

The SHA-1 Hash digest value in the ‘havi.hashfile’ (a sequence of di gest _byt e) for the root-
directory issigned and contained as afile named * havi.signature’ .

This file is generated by the vendor who creates the code unit, with one of the ‘vendor-unique
private key' issued by HAVi to the vendor.

Thefileformat of ‘havi.signature’ isasfollows.
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MSB LSB

offset 0 SHA-1 Message Digest according to havi.hashfile
(generated by the vendor of code unit)
(160 bits)

20 RSA Signature of the preceding 20 bytes

(generated by the vendor of code unit)
(length depends on ‘havi.cert’)

Figure 27. havi.signature format

3.10.2.3 Certificate File

The signature file ‘havi.signature is verified with the ‘vendor-unique public key' which
corresponds to the vendor-unique private key that is used to generate the signature.

The *vendor-unique public key’ must be certified by the HCA. A file named ‘ havi.cert’ is used for
this purpose. The verifier module in an FAV can find the ‘vendor-unique public key’ to verify the
‘havi.dgnature’ inthisfile, and shall verify whether the public key istrusted.

"havi.cert’ and corresponding vendor-unique private key will be issued to vendors from the HCA.

Thefileformat of ‘havi.cert’ isasfollows.

MSB LSB
offset 0 HAVi Authentication Version (8bits)
1 Key Attributes (8bits)
2
Serial No. of this Vendor Unique Public Key
(32bits)
6 Validity year 20XX (8bits)
7 Validity month YY (8bits)
8 Length (in bits) of Public Exponent (8bits)
9 Public Exponent

(1 to 8 bytes, depending on the previous field)
Length (in words of 32bits) of Public Modulus (8bits)

Public Modulus
(128, 192 or 256 bytes, depending on the previous field)

Length (in bytes) of Extended Fields (8bits)

Extended fields

RSA Signature of all the preceding bytes
(generated by HAVi for this vendor-unique public key)
(2048 bit)

Key Attributes

7
|R|R|R|R|R|V|EM|EX|
-
N
Reserved External code unit
Embedded code unit
Validity
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Figure 28. havi.cert format

HAVi Aut hentication Version — the version number of HAVi Authentication Algorithm.
Thisfield shal be set to 0x01 for HAVi Specification Version 1.1.

Key Attri butes —each bitindicatesthe characteristic of thisvendor-unique key.

Serial No. of this vendor-unique public key—aserid number uniquely assigned by
HAVi for the key.

Validity year —year until whenthiskey isvalid. Thelast 2 digits of year (i.e. 00 —99) is used
and represented as asigned byte (i.e. ranging from 0x00 to 0x63).

Val i dity nont h —month until whenthiskey isvalid. 01 —12 isused and represented asasigned
byte (i.e. ranging from 0x01 to Ox0c).

For the Key Attributes field, each bit represents as follows..
Reserved bits —notusedinthisversion. These bitsshall be set to 0.

Validity bit —1if thekey hasvalidity, O for otherwise. If thisbit is set to O, the verifier shall
neglect the following Validity fields.

Enbedded code unit bit — 1 if the key may be used for Embedded code units, O for
otherwise.

External code unit bit —1if thekey may beused for External code units, O for otherwise.

Lengt h of Public Exponent —length of thefollowing Publ i ¢ Exponent fidd, expressed
in bits.

Publ i ¢ Exponent —asegquence of Public Exponent (in terms of PKCS#1 v2.0) of Sze Lengt h
of Public Exponent

Length of Public Mdul us —length of the following Publ i ¢ Modul us field, expressed in
words of 32 bits

Publ i ¢ Modul us — a sequence of Public Modulus (in terms of PKCS#1 v2.0) of size Lengt h
of Public Mdul us

Length of Extended Fiel ds — length of any extended fields which may be added in the future
version. Thisfield shall be 0x00 for the current version.

Ext ended Fi el ds —Thisfield may contain additional datafor succeeding versions of the specification. In
this version of the specification the field is absent, i.e., length of Extended Fiddsis zero.

RSA Si gnat ur e —asequence of 2048 bits RSA signaturefor all the preceding bytes, generated by
the HCA for the key.

3.10.2.4 Certificate Revocation List File

A vendor-unique key may be revoked if the key is compromised. A HAVi-signed code unit may
contain a list of revoked keys with HAVi’'s signature on it. Such a list is called Certificate
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Revocation Ligt (CRL), and has a fixed filename of ‘havi.crl’ in the root directory of the code unit
JAR file. The CRL file will beissued by the HCA and delivered to each vendor when needed. The
CRL may contain al the keys which have ever been revoked, or may contain only limited but
sgnificant keys.

Each DCM/havlet code unit vendor shall include the most recently issued ‘havi.crl’, if available, in
the JARfile

Thefileformat of ‘havi.crl’ isasfollows:;

MSB LSB

offset 0 HAVi Authentication Version (8bits)

1 Serial No. of CRL (16bits)

3 Number of Entries (Number of Revoked Keys) (16bits)

5 Serial No. of Revoked Key #1

(32bits)

Serial No. of Revoked Key #2
(32bits)

4AN+1
Serial No. of Revoked Key #N

(32bits)

AN+S RSA Signature of all the preceding bytes

(generated by HA Vi)
(RSA 2048 bhits)

Figure 29. havi.crl format

HAVi Aut hentication Version — the version number of HAVi Authentication Algorithm.
Thisfield shal be set to 0x01 for HAVi Specification Version 1.1.

Serial No. of CRL —seria number of the CRL. A CRL of serid number = O does not exist,
since O isreserved to mean that no keys have been revoked. When the HCA creates and delivers a
new (updated) CRL, the CA will increment this value by one.

Nunber of Entries —indicatesthenumber of Seri al No. of Revoked Key scontainedin
the CRL

Serial No. of Revoked Key —seria number of each revoked key, which was assigned by the
HCA and contained in corresponding ‘ havi.cert’ file.

RSA Si gnat ur e —asequence of 2048 bits RSA signaturefor all the preceding bytes, generated by
the HCA for the key.

3.10.2.5 Implementation note on keys, digest values and
signatures encoding

Keys, signatures and digest values, when included in one of the four authentication specific files
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(havi . hashfil e', "havi . si gnat ure', "havi. cert'and "havi . crl ') shal aways be seen as
bit strings with leftmost bit first (bsbf format). If they need to be converted from (respectively to)
integer values, primitive [20SP (respectively OS2IP) described in PK CS#1 v2.0 shdl be used. This
correspondsto Big endian order.

PKCS#1 v2.0 explicitly describes al conversions that are needed regarding digest vadues and
signatures. Key values (public exponent and public modulus) should be converted to integer vaues
before being used in RSA agorithm.

3.10.3 Certificate Generation Procedure

When a DCM/Application Module code unit is to be signed, the necessary files are generated as
follows:

using SHA-1 Hash function, generate a‘ havi.hashfile' file for the root directory of the JAR
file, according to the procedure defined by ETSI TS 101 812 VV1.1.1 (2000-07), section
13.4.1.1. If classfilesand/or content files are stored in a subdirectory and need to be verified,
generation of ‘havi.hashfile’ sfor such subdirectoriesis needed before the * havi.hashfile' file
for the parent directory is generated.

"havi.cert’ and corresponding vendor-unique private key will be issued to vendors by the HCA.
using RSA dgorithm, generate the digital signature for the SHA-1 Hash Digest vaue in the
‘havi.hasnfile’ (asegquence of di gest _byt e) for the root-directory with the private key which
is confidentialy given to the vendor. The vendor should use a vendor-unique key of
appropriateKey Attri but es. Then generate a‘havi.signature file which consgts of the
Hash Digest value and the signature.

put the ‘ havi.hashfile’ and ‘ havi.signature’ described above, and the ‘havi.cert” which
corresponds to the vendor-unique key into the code unit JAR file. If one or more * havi.crl’
file(s) have ever issued by HAVI, put the latest * havi.crl” into the JAR file,

3.10.4 Code Unit Authentication Procedure

When an FAV istoingal a DCM/havlet code unit, the procedure is asfollows:

3.10.4.1 DCM code unit install

check if the code unit JAR fileincludes ‘havi.cert’, ‘ havi.sgnature’ and ‘havi.hasnfile'. If any
of these files are absent, the code unit isimmediately regarded as“ untrusted” and DCM
installation fails. If al these three files are present, go to the next step.

If the DCM manager has uploaded the code unit from the SDD of an BAV, check whether the
Enmbedded code unit bitintheKey Attri butes fiedissetto 1. Otherwise (the DCM
Manager has downloaded the code unit from Internet), check whether the Ext er nal code
uni t bitissetto 1. If it fails, the code unit isregarded as “untrusted” and DCM ingtallation
fails. If it succeeds, go to the next step.

If Validity bit issetto 1, check whether the current date iswithin the validity period. If it
fails, the code unit isregarded as “untrusted” and DCM installation fails. If it succeeds or
Validity bit issettoO, gotothenext step.

check whether theSeri al No. of this Vendor Unique Public Key isidentical to
one of the revoked keyswhich the FAV maintains. If the key has been revoked, the code unit
isregarded as “untrusted” and DCM ingtalation fails. Otherwise, go to the next step.

using the known (and stored in the FAV) HAV I public key, verify the ‘ havi.cert’ (see section
3.10.4.3). If it fails, the code unit isregarded as “untrusted” and DCM ingtalation fails. If it
succeeds, go to the next step.

check whether the hash valuesin *havi.signature’ and ‘ havi.hashfile’ (a sequence of

di gest _byt e) arethe same. If it fails, the code unit isregarded as “untrusted” and DCM

95



HAVi SPECIFICATION Version 1.1

installation fails. If it succeeds, go to the next step.

using the vendor unique public key verified above, verify ‘havi.signature' . If it fails, the code
unit isregarded as “untrusted” and DCM ingtallation fails. Otherwise, go to the next step..
using SHA-1 Hash function, calculate a hash value according to the order specified by
“havi.haghfile'. Then compare the value with the value in the * havi.hashfile' (a sequence of

di gest _byt e). If it fails, the code unit isregarded as “untrusted” and DCM ingdlation fails.
if al these processes succeed, the DCM code unit isregarded as“trusted” and alowed to be
installed.

3.10.4.2 havlet code unit install

check if the code unit JAR fileincludes ‘havi.cert’, ‘ havi.sgnature’ and ‘havi.hasnfile'. If any
of these files are absent, the code unit isimmediately regarded as“ untrusted”. If dl these three
files are present, go to the next step.

If Validity bit issettol, check whether the current date iswithin the validity period. If it
fails, the code unit isregarded as “untrusted”. If it succeedsor Validity bit issetto0, go
to the next step.

check whether theSeri al No. of this Vendor Unique Public Key isidentical to
one of the revoked keyswhich the FAV maintains. If the key has been revoked, the code unit
isregarded as “untrusted”. Otherwise, go to the next step.

using the known (and stored in the FAV) HAV I public key, verify the ‘ havi.cert’ (see section
3.10.4.3). If it fails, the code unit isregarded as “untrusted”. If it succeeds, go to the next step.
using the vendor unique public key verified above, verify ‘havi.signature' . If it fails, the code
unit isregarded as “untrusted”. Otherwise, go to the next step.

check whether the hash valuesin ‘havi.signature’ and ‘ havi.hashfile’ (a sequence of

di gest _byt e) arethesame. If it fails, the code unit isregarded as “untrusted”. Otherwise, go
to the next step.

using SHA-1 Hash function, calculate a hash value according to the order specified by
“havi.hashfile'. Then compare the va ue with the value in the * havi.hashfile’ (a sequence of

di gest byt e). If it fails, the code unit is regarded as “untrusted”.

if al these processes succeed, the havlet code unit isregarded as“trusted”.

For havlet code units, the FAV may load the “untrusted” code units into the Java runtime.
However, even when loading such untrusted havlet code units is allowed, it is recommended that
the FAV have a proprietary mechanism to assure that such an ingallation is only done with the
user’ sresponsbility.

3.10.4.3 Verifier Implementation Note

In afuture version of HAVi specification, the authentication mechanism may be enhanced. In such
acase, the later version will be updated so that it has backward-compatibility to this specification.

Therefore, averifier implementation shall take it into account and comply the following rules:

Evenif thevalueof HAVi Aut henti cati on Versi onin‘havi.cert’ or ‘havi.crl’ fileis
greater than Ox01, the verifier shall not regard it asafailure.

If thevalue of HAVi Aut henti cati on Versi onin‘havi.cert’ fileisgreater than 0x01, the
valueof Lengt h of Extended Fi el ds may not equa to 0x00. In such acase, some
extended fields may be added before RSA Si gnat ur e fidd. The verifier shall dso verify the
valueof Lengt h of Extended Fi el ds and succeeding unknown sequence of bytesin
verifying the signature of ‘ havi.cert’ file. Of course the sequence of bytes does not make sense
and thus will be neglected in the authentication process of thisversion.
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3.10.5 Revocation

Each vendor is gtrictly responsible for keeping its own vendor unique private key confidential. In
case avendor unique private key hasleaked out or compromised, some FAV s may refuseto regard
acode unit which issigned by such private key as“trusted”. Thisis so-called “revocation” process.
Revocation can be performed by detecting a vendor unique public key in a ‘havi.cert’ which
corresponds to one of such revoked vendor unique private keys maintained in the FAV during
authentication procedure. HAVi defines a standard Certificate Revocation List format (See section
3.10.2.4). Each FAV shdl implement a Key Revocation Mechanism.

The procedure of the key revocation mechanism for DCM and havlet code unitsisasfollows:

an FAV maintainswhole or apart of thelatest CRL withSeri al No. of CRLona
persistent sorageinsidethe FAV. An FAV shdl be capable of maintaining &t least 100
Serial No. of Revoked Key entries.

the FAV will update its CRL when and only when it finds a* havi.crl” with greater Ser i al
No. of CRL andvdid CA dgnatureonit.

the FAV will neglect a*havi.crl’ with lower Serial No. of CRL thantheoneit kegps
evenif it hasavalid CA signature.

The loading of an HAVi-signed code unit signed with a revoked key will fail in the authentication
procedure. The HAVi-signed code unit will be seen as untrusted. Revocation of keys may lead to
malfunctions. Overcoming that problem is easy in the case of External code unit (a new signature
with a new key is to be computed) but rather difficult in case of Embedded code units. It is thus
strongly recommended for the manufacturers to have different keys to sign External code units and
Embedded code units.

Loaded HAVi-signed code unit signed with a revoked key are not required to be removed by the
FAV. They may thus keep to be viewed as trusted.

It might also happen the HAVi CA key to get compromised. In that case, anew HAVi key may be
issued. Each company may have to get a new certificate for its current key and to change the file
"havi . cert'inal their available files. The old HAVi key shall be used neither for signing new
code units nor to be embedded in new devices.

Each FAV shall have a mechanism alowing the user to turn off the security. When security will be
turned off, al new downloaded code units will be seen as trusted. A FAV with an old security
HAVi key will then till be ableto run aready loaded code units and to download new code units.

FAV may optionaly have some proprietary and not publicly exposed mechanisms alowing to get
the new HAVi Root key. These mechanisms shall strongly guarantee the origin of the new key. A
FAV with anew Root key will behave asfollows:

All code units authenticated by the new HAVi Root key will be installed following the
rules of section 3.4

DCM code units authenticated by the old HAVi Root key will be installed following the
rules of section 3.4.1 with the following restriction:

Embedded Code Unit bit in the Key Attributes shall be set to 1 and Externa Code
Unit shall besetto 0.
An FAV with such amechanism shal be ableto store at least 2 old root keys.
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3.10.6 HAVI certification procedures

The proceduresrelated to the HAVi Certification Authority, e.g. obtaining keys and certificates, are
described in[16].
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4 Data Driven Interaction

A HAVi software element may provide a user with the ability to control another software element
using the HAVi Data Driven Interaction mechanism. Within this interaction the first software
element is termed the DDI Controller and the second software element the DDI Target. The DDI
Controller uses a description of the Ul to be presented to the user, DDI data (consisting of a set of
DDI eements), obtained from the DDI Target. The means by which this control isaccomplished is
described in general terms below. Section 5.12 APIsfor Data Driven Interaction contains detailed
information on DDI-related data types and operations.

4.1 Data Driven Interaction Protocol

A DDI Controller and its DDI Target are both HAVi software elements each executing on an IAV
or FAV device. The software elements may be on the same or different devices, implemented using
native code or Java bytecode; in all cases, though, they interact by sending HAVi messagesto each
other. The DDI Controller communicates with the user by using the input and output devices of
(typicaly) the device upon which the controller is executing. This /O communication may be done
in a DDI Controller implementation-dependent manner. The DDI Target may be a DCM that
controls its device in an implementation-dependent manner. The HAVi DDI protocol described in
this section is structured so that a DDI Controller may be written in a generic manner. That is, a
DDI Controller need not be implemented with knowledge of a particular DDI Target in mind; all
target-dependencies are represented in the DDI data (below) provided by the target to the
controller.
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Figure 30. DDI Message Sequence Scheme (Typical)

Asshown in Figure 30, controller-target interaction starts with the controller sendingaSubscri be
message to the target. The target will remember which software €l ement sent this message (for use
as the destination software element in possible Not i f yDdi Change messages below) and return
theID of aninitid (or root) DDI element (see below). The controller will usethe Get Ddi El enent
operation with this ID as an argument (or other DDI defined operations) to obtain the complete
contents of the root DDI element for rendering on the controller’ s display device. Thereafter, based
on user input, the contents of the controller’ s display device, and the DDI element(s) the controller
has obtained from the target the controller may:

change the information that is being displayed to the user using a controller
implementation-dependent mechanism

ask the target for another DDI element using the Get Ddi El enent operation (with the ID
of the desired DDI element as an argument)

or send a control command (determined by the contents of the DDI element and possible
user input) to the target using the User Act i on operation.

At any time after a controller has subscribed to atarget and before that controller has unsubscribed
to that target the target may indicate that the DDI description held by the controller has changed
(indicating, for example, that some aspect of the target’ sinternd state which isrelevant to the user
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has changed). The indication will be done by the target sending aNot i f yDdi Change message to
the controller. Arguments to this message will provide the controller with information about which
parts of the target’ s DDI description have changed.

A User Act i on message sent to the target by the controller will return to the controller information
about those parts of the target’s DDI description that have changed as a direct result of the action.
For example, a DDI button hit may attempt to place a target device into a “rewinding” mode and
the target may wish to indicate the success (or failure) of the command by returning atext el ement
with an appropriate string value.

In this manner the user and the target device communicate with each other using a sequence of
messages sent between the controller and the target guided by the DDI data the controller obtains
from the target.

It is controller’s responsibility to provide “exit” possibilities to the user in an appropriate way.
When the controller is done with the interaction with a target it will send an Unsubscri be
message to that target. The target will thereafter not send Not i f yDdi Change messages to that
controller and the controller should not send any other messages to that target. The controller may
open anew interaction by sending another Subscr i be message to that target.

In addition to the Get Ddi El enent operation (which, as briefly described above, takes as an
argument the ID of a single element and returns the actual element with that ID) a DDI Target
provides a number of other smilar operations for returning lists of element I1Ds or ligts of actua
elements. Thevaues of certain “large’ attributes (e.g., bitmaps) are obtained by the controller from
thetarget using the Get Ddi Cont ent operation. See section 5.12 APIsfor Data Driven Interaction
for details.

Note, because the HAVi DDI mechanism is primarily intended to allow users to interact with
devices, the DDI Controller that “pulls’ the DDI description functions essentialy as a Ul-controller
and the target that supplies the DDI description istypicaly aDCM. However, it is possible for any
application (not only a Ul-controller) to act asaDDI Controller and for any application (not only a
DCM) to act asaDDI Target. It isaso possible for aDDI Target to be controlled by more than one
DDI Controller and for aDDI Controller to control more than one DDI Target. The DDI data used
by the DDI Controller need not have come from the DDI Target being controlled; though, typically
it will come from the target. Any DDI data that is supplied by a DDI Target will aways be
appropriate for controlling that target.

Also note, for dealing with Situations in which either the target or the controller goes away before
an explicit Unsubscribe operation is sent, the Messaging System MsgWat chOn and
Msgwat chOf f calls should be used to notify each respective object that the other has gone away.

4.2 User Output and Input Device Models

The DDI Controller manages in an implementation-dependent manner a display device to present
information to the user and a user input device to accept commands from the user. In order to alow
the DDI model to apply to a broad range of particular devices these devices are modeled abstractly
by only specifying in ageneral manner the way in which DDI datais associated with physical user
interaction. The DDI data and its constituent DDI elements provide “suggestions’ on how the
controller is to make this association. These suggestions depend on the type and attribute val ues of
the DDI eements.
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4.2.1 Output Device Model

The DDI eements that the controller obtains from the target may be physicaly presented,
rendered, to the user using the display device. Each DDI element is of a particular type (e.g., pand,
icon, button) and each type of DDI element has a particular set of atributes (e.g., Size, position,
color, image content, sound content). All attributes are divided into two distinct classes: mandatory
attributes and optiond attributes. In atarget’s DDI data a DDI e ement’ s mandatory attributes will
always have an associated value; optiond attributes may or may not have an associated value.
Every DDI dement type has one or more mandatory label attributes whose values are text strings.

There are then three broad stylesin which aDDI Controller can present apanel to a user:
Full-capability —all of the pand’s elements are displayed as required by the element’ s attributes.
Intermediate — the entire panel cannot be displayed as given.

Basic —only afew or even asingle eement can be displayed at atime; however, at least, text string
label attributes must be rendered.

See section 5.12.2.1 for recommended guidelines for non-full-capability controllers.

Note that the controller isaso responsible for physically presenting the val ues of audio attributes of
DDI dementsasbest asit and itsdisplay device are able.

Many DDI eement types have attributes that are to be used by the controller to determine position
and size on the display device. The physica display device is considered to be arectangular array
of discrete pixels. Position and size information is expressed with respect to a two-dimensional
coordinate system for this rectangle with non-negative x and y coordinate values, the upper-left
corner asthe user facesthe device is <0,0>. For details of coordinate system extent, aspect ratio of
the mapping to physicd pixels, etc., see the description of DDI panelsin section 5.12.8 Individual
DDI Elements. The positions of DDI elements contained within organizational DDI e ements (that
is, panel and group elements) are relative to the position of the most immediately containing
organizational dement. The valuesthat pixels may have and the physical interpretation of the value
(e.g., color) are defined in section 5.12.4 Basic DDI Types.

For many types of DDI elements, attributes that specify their position are optiona. When aposition
atribute is not given for an element the controller has broad freedom to locate the rendering of that
element subject only to the guidelines provided by the place of that dement within the overall DDI
data— see section 4.3.1 Organizational DDI Elements.

4.2.2 Input Device Model

Like output to the user, input from the user ismodeled abstractly. Thismodel can be presented with
the ad of the following definitions. DDI element types are interactive (e.g., button, set range) or
non-interactive (e.g., status), based upon whether they, respectively, can or cannot be used by the
controller to send a User Act i on message to the target. DDI element types are user-modifiable
(eg. set range) or non-user-modifiable (e.g., button, icon) depending upon whether they,
respectively, have or do not have a user-modifiable attribute.

User input is taken into account within the DDI model by requiring that a controller, in a manner
appropriate for the actual physical input device, allow the user to:
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change the value of a user-modifiable attribute of a user-modifiable DDI element (e.g.,
enter a new text string into a DDI entry element) — this causes the controller to send a
User Act i on message to the target with arguments whose values depend on the type of
the DDI element and contain the value supplied by the user.

select an interactive DDI element (e.g., “hit” a DDI button element) — this causes the
controller to send a User Act i on message to the target with arguments whose values
depend on the type of the DDI element and on the particular kind of selection the user
performed.

explicitly associate with the display device another DDI panel element by selecting a DDI
panel link element. This will cause the controller to send a User Act i on message to the
target to indicate the selection. It will typically also cause the controller to obtain the DDI
elements contained in this new panel from the target.

change the display device by having the controller render DDI elements that are
associated with the current DDI panel element but which are not currently rendered. This
change only affects the display device; it does not directly cause the controller to send a
User Acti on message to the target. Note that if display resources are otherwise
inadequate to render the new DDI elements, the controller may “un-render” DDI elements
in a manner of its own choosing. For example, the controller may remove an arbitrary
element from the current display or allow the user to control a scrolling mechanism.

4.3 DDI Elements

4.3.1 Organizational DDI Elements
The DDI eements contained in atarget’s DDI data are arranged into a hierarchy.

This hierarchy servesthree purposes.
It allows a controller to navigate through the DDI elementsin an “organized” way.

From the target’ s point of view, it indicates which DDI elements belong logically together
and should, therefore, preferably be displayed physically together to the user.

From the controller’s point of view, it can be used to let the target know about which DDI
element changes the controller should be notified.

Two types of organizational DDI elements determine the hierarchical organization of the elements
inatarget’ sDDI data:

the DDI panel element, which has a (mandatory) attribute whose valueis alist of the IDs
of the DDI elements that are contained in the panel. DDI panel elements may not be
(directly) contained in other DDI panel elements.

the DDI group element, which has a (mandatory) attribute whose valueisalist of the IDs
of the DDI elements that are contained in the group. DDI panel elements may not be
(directly) contained in other DDI group elements; however may contain other groups.

Pand and group eements are non-interactive and non-user-modifiable in the sense defined in
section 4.2.2 Input Device Modd.
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A non-organizational DDI element issimply an element that is not an organizational DDI element.
Non-organizational DDI elements will be discussed in section 4.3.3 Non-Organizational DDI
Elements.

At any point in time a controller has a current panel which is the DDI panel element that the
controller has most recently obtained from the target and which the controller is currently rendering
as best it can (with al its contained DDI elements) on the display device.

The controller allows the user to navigate through the current pand’s contents by means of the
above hierarchy. The controller can choose to render panels, groups within panels and non-
organizational DDI eements within panel or groups. The way in which a controller navigates
through the panels and groupsisits choice. The only thing that atarget can assumeis that the user
is aware of the panel and the group that contains any DDI eement the user may select. The
controller (depending on the capabilities of its display device) can assure thisin anumber of ways.

by displaying the complete panel, al its groups with al their non-organizational DDI
elements

by displaying for the panels and groups only their label or icon

by displaying the non-organizational DDI elements only (in this case, the controller can
still assure that the user knows what he or she is looking at, because the user has
navigated through the panels, groups, and DDI elementsin away known to the user)

some combination of the above.

4.3.2 Uses of Organizational DDI Elements

A DDI pand eement (and its contained €l ements) may be used for the presentation and control of a
function or avery closaly related set of functionsin the target device. The pandl represents a set of
DDI eements which the controller should render together on a single display screen. If thisis not
possible, the controller may divide/modify the set of panel elements over asfew display screensas
display capability alows. However, this should be donein amanner consistent with the intention of
the designer of the target DDI data so that the user thinks of this set of elements as comprising a
whole.

Similarly, aDDI group element may be used for the presentation and control of a sub-function of
thetarget device. The eements contained in the group al have the samelevel of display priority. In
Stuations where the controller cannot render al the groups and other elements in a pand at the
exact positions specified by their attributes the controller may move or choose to (temporarily) not
render some groups or other elements. However, the controller must make a strong attempt to keep
the elements in a group together when they are rendered. The groups within a panel have alinear
ordering. Like the panel and group eements which may contain them, non-organizationa DDI
elements have position information supplied by their attributes. If display resources are limited, the
controller may change the position of non-organizational DDI elementswithin their panel or group.

4.3.3 Non-Organizational DDI Elements

As defined in the section above, non-organizational DDI elements are those DDI elements that are
not panel or group eements. These types of DDI elements occupy “leaf” device locations in the
DDI hierarchy determined by panel and group elements. A non-organizational DDI element has a
type and type-specific mandatory and optional attributes that suggest to the controller:
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how the element should be rendered,

what sort of effect user input should have upon the element; i.e., is the element user-
modifiable in the sense defined in section 4.2.2 Input Device Model,

and what effect user selection should have with respect to the controller sending
User Act i on messagesto the target; i.e., isthe element interactive in the sense defined in
section 4.2.2 Input Device Model.

The text below briefly describes a subset of non-organizationad DDI elements mentioning
important mandatory attributes, indicating element use and typical renderings, and categorizing
elements with respect to interactivity and user-modifiability. Detailed information is provided in
section 5.12 APIsfor Data Driven Interaction.

Text element — has a mandatory attribute containing a text string. This element is used to present a
static label or other textual information to the user. A text element is non-user-modifiable.

Pand link e ement — has a mandatory attribute containing the ID of apanel element. Used for user-
driven navigation by the controller. See section 4.4 Navigation of the DDI Hierarchy. A panel link
element is non-user-modifiable.

Button element — has mandatory attributes that describe a sequence of “pressed” and “released”
appearances. Used to alow a user to send a smple (i.e,, without parameters) command to the
controller. A button e ement is non-user-modifiable.

Choice dement — has mandatory attributes that describe a discrete set of possible vaues of which
the user may choose one or anumber and thereby indicate to the target some command or course of
action. Typica renderings are as many-out-of-many “choice boxes’ or as one-out-of-many “radio
buttons’. A choice eement is user-modifiable.

Entry element — allows a user to enter, for example, atext string value and send it to the target. A
typical rendering is as a text entry field perhaps with an associated on-screen keyboard. An entry
element is interactive and user-modifiable. Other numeric, date, and time data types may be aso
entered.

Animation element — has a mandatory attribute containing a sequence of icons. If thereisonly one
icon in the sequence that icon is Statically rendered by the controller. If there is more than oneicon
in the sequence the controller renders each icon in temporal sequence giving the user the effect of
an animation. An animation element is non-user-modifiable.

Show Range element — has mandatory attributes defining a numeric range and a particular value
within that range. Used to present static numeric information to the user. Typical renderingsareasa
circular meter with variable postion pointer or as a linear variable length bar. A show range
element is non-user-modifiable.

Set Range element — has mandatory attributes defining a numeric range. Used to alow a user to
send a command with a numeric parameter to the target. Typica renderings are as adider or dial.
A set range element is user-modifiable.

All above mentioned DDI elements can be used in an interactive and non-interactive way. Again,
the actual appearance and position of each DDI element depends on the controller; while atarget’s
DDI data provides an explicit logical structurefor its DDI elements, it only gives suggestionsto the
controller for their rendering.
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4.4 Navigation of the DDI Hierarchy

4.4.1 Controller-Driven Navigation

If a controller chooses not to render a whole panel, then the controller must provide some means
consistent with the capabilities of the user input and display output devices to alow the user to
bring un-rendered elements into view. To dlow the user to control this process, the controller may
render items of its own choosing (e.g., arrows, scroll bars, etc.). These items are not obtained from
the target and are specific to the controller implementation. However the controller implements
controller-driven navigation, it must do so locally without explicit target involvement. That is, the
controller may not during this process send User Act i on messages to the target, though it (the
controller) may obtain additiona DDI dements from the target. This process is called controller-
driven navigation. DDI elements may contain attributes which the controller may or may not use
to guide the user during controller-driven navigation.

4.4.2 User-Driven Navigation

It is possible for DDI data to contain non-organizational DDI pand link elements. A pane link
element has as the value of amandatory attribute the ID of apanel element. Other attributes suggest
aposition and appearance for the rendering of the panel link element. Thistype of element offersa
means for the controller to switch from one panel to another. If the user selects this element the
controller may abandon rendering the currently rendered panel, make the specified panel e ement
the current panel, and render it appropriately. This processis called user-driven navigation. Again,
as for controller-driven navigation, the target will only be consulted if the controller needs
additional DDI elements

DDI pand link elements thus make it possible for atarget to specify DDI hierarchies of effectively
arbitrary depth below the root panel. Also, there is no topological restriction for targets on the
relationship between panels given by pane link elements; e.g., cycles are alowed at the discretion
of the target designer.

4.5 Notification Scope for Target DDI Changes

As mentioned abovein section 4.1 Data Driven Interaction Protocal, at any time while acontroller
is subscribed to atarget, the target may indicate that its DDI description (some or al of which the
controller may have previoudy read from the target) has changed by sendingaNot i f yDdi Change
message to the controller. Arguments to this message will provide the controller with information
about which parts of the target’s DDI description have changed. The target may aso indicate that
its DDI description has changed in its response to a User Acti on message sent to it by the
controller. For large target DDI descriptions this may lead to many possibly extraneous natification
messages being sent to the controller. A mechanism exists within the DDI mode to reduce this
message traffic.

It is possible for the controller to give the target a description of a portion of the target’s DDI
description, the current notification scope. The target will only notify the controller of changes to
those target DDI elementsthat are within the notification scope. Target DDI elements outside of the
current notification scope may change but the target will not send a corresponding indication to the
controller. This indication is called a change report and may refer to zero or more changed DDI
elements. A change report is included in the arguments for both the User Action and
Not i f yDdi Change operations.

Any non-organizationa target DDI element that changes and is within the current natification
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scope will be included in the change report sent by the target to the controller. If DDI elements are
added to or removed from organizational target DDI el ements then these organizational e ements
will be included in the change report sent by the target to the controller. If both non-organizationa
and organizational target DDI elements are changed, both changes will be included.

For low notification-traffic Situations, the controller can choose to set the notification scope to be
the complete target DDI description. In higher traffic Situations, the controller can set the
notification scope to be the current panel. The controller may also decide to add each retrieved
pand inits notification scope. A controller may change the notification scope during subscription.

Details arein section 5.12 APIs for Data Driven Interaction.
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5 Software Element APIs and Protocols

5.1 HAVI Type Definitions and API Categories

5.1.1 HAViI API Descriptions

The following sections describe the APIs supported by the HAVi software elements. Each section
begins with a summary Services Provided table which usesthe terminology listed bel ow:

Service: The first column of a Services Provided table gives the service name. These
names have three forms. ApiName::Name, <Client>::Name and Name. The first form
indicates that the service uses a HAVi operation code from Annex 11.6. The second form
indicates that the service would be provided by a client and uses an operation code
selected by the client. The third formis used for events, procedure calls and callbacks.

Communication Type: The form of communication used between the software element
supporting the API (the “server”) and a client, possibilities are:

procedure call (PC) — communication is via a local procedure cal or via a HAVi
defined Java API. This form of communication is initiated by the client.
Implementation is platform dependent.

call back (CB) — communication is via a local call back function. This form of
communication isinitiated by the server. Implementation is platform dependent.
messaging (M) — communication is via the Messaging System. This form of
communication is initiated by the client. The client sends a message containing an
operation code listed in Annex 11.6 to the server. The server then sends a reply
message.

message back (MB) — communication is via the Messaging System. This form of
communication is initiated by the server. The server sends the client a message using
an operation code previoudy provided by the client. The client may then send areply
message to the server. It is the responsibility of the client to select an operation code
that does not conflict with those used in other messagesit intends to receive.

event (E) — communication isviathe Event Manager. Thisform of communication is
initiated by the server. The server posts an event (sends amessage to the Event
Manager) which is delivered by the Event Manager using the event notification
mechanism.

Locality: Applies to communication via messaging (M), events (E) and message backs
(MB). In the case of messaging, indicates whether an interface can only be called from
software elements on the same device (local) or aso from software elements on other
devices (global). In the case of events, indicates whether the event is posted locally or
globally (see Event Manager : : Post Event ). In the case of message backs, indicates
whether the message can be sent only to software elements on the same device or also to
software elements on other devices. Note — communication via procedure call (PC) and
call back (CB) is always between local software elements.
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Access: Applies to communication via messaging (M), procedure call (PC), events (E),
and message backs (MB). For messaging and procedure call, this entry indicates the
software element types that may call an interface without generating an access violation.
For events two values are given for this entry, the first indicates which software elements
may post the event without generating an access violation, the second, shown in
parentheses, indicates possible receivers of the event (this value is informative only).
Similarly for message backs two values are given — the first indicates the software
element which may send the message, the second value, shown in parentheses, indicates
possible receivers of the message. Possible values for Access are:

system— can only be caled from HAVi defined software e ements. Specific software
elements may be named (e.g., “DCM Manager”)

trusted — can only be called from trusted software elements

all — can be caled from any software e ement.

Reservation Protection: Applies to DCM and all FCM interfaces (for the generic FCM
APIs as well as for the type-specific FCM APIs). For DCM interfaces this refers to
interfaces in which reserved FCMs are involved. Reservation protection will only be
indicated for the above mentioned interfaces. In case an FCM is reserved, it indicates
whether an interface will check that the (SEID of the) caling software element is
identical to the (SEID of the) reserver and will refuse to execute a command that leads to
reservation violation. If the FCM is not reserved, any interface call by any software
element is alowed. In general, al state changing APIs should have a reservation
protection indication. However, state changing APls that do not compromise the
functionality offered to a (primary or secondary) reserver are alowed to omit the
reservation protection indication.

Entriesin the Services Provided table for which there is no choice (e.g., Locality in the case of PC
communication) or not applicable (e.g., Accessin the case of CB communication) are left blank.

5.1.2 Basic HAVi Types

uinte4

An unsigned 64 bit integer:
t ypedef unsigned | ong | ong uint 64;

uint

An unsigned 32 bit integer:
t ypedef unsigned |ong uint;

ushort

Anunsigned 16 bit integer:
t ypedef unsi gned short ushort;

uchar

Anunsigned 8 bit integer:
t ypedef unsigned char uchar;
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GUID
t ypedef octet QU DO 8];

Vendorld
t ypedef octet Vendorld[3];

The Vendor | d is the 24-bit SDD device vendor identifier, thisis also the first three bytes of the
GUID.

SEID
t ypedef octet SEID 10];

ApiCode
t ypedef ushort Api Code;

Each group of APIs (such the Registry APIs or the Event Manager APIs efc.) is assigned a unique
16-bit Api Code, these arelisted in Annex 11.5. Note that a software element may accept messages
from several AP groups.

OperationCode

Messages sent to software elements contain a 24-bit operation code with the following structure:

struct OperationCode {
Api Code api Code;
uchar oper ationl d;

1
The Qper at i onCode valuesfor HAVi messages are listed in Annex 11.6.

Status

HAVi APls generdly return the following status structure:

struct Status {
Api Code api Code;
ushort err Code;

3
The possible St at us valuesare listed in Annex 11.7.

Version
t ypedef uint Version;

All HAVi software e ements have an associated version number.

MediaFormatld

struct MediaFormatld {
Vendorld vendorld;
uchar cat egory;
ushort nmaj or Type;

110



HAVi SPECIFICATION Version 1.1

ushort m nor Type;
1

AV recording and playback media, such as CD discs or DV tapes, are assigned a media format
code. Possblevaluesarelisted in Annex 11.10.

ImageTypeld

struct | nmageTypeld {
Vendor | d vendor | d;
ushort t ypeNo;

1
Vauesof | mageTypel d specified by HAVi arelisted in Annex 11.13.

StreamTypeld

struct Streaniypeld {
Vendorld vendorld;
ushort t ypeNo;

1
Vauesaof St reanTypel d specified by HAVi arelisted in Annex 11.11.

CompOperation

Definition
t ypedef ushort ConpQOperation;

Description

Thistypeisused for Registry queries and FCM natifications, it indicates the comparison operation
to be performed on some attribute. The comparison operations supported by HAVi are listed in
Annex 11.17.

Two families of comparison operations are provided:

byte row comparisons — these operations do not interpret any of the bytes in a specified
row (attribute value). For the basic IDL types (bool ean, char, octet, short, | ong,
I ong | ong) this corresponds with the natural comparison on these types.

sequence comparisons — these operations interpret a row of bytes (attribute value) as a
sequence of some type. In particular, the first four bytes of the attribute value are
interpreted as the length of the sequence. The comparison is then done over the rest of the
attribute value as arow of bytes. If the attribute value cannot be interpreted properly as a
sequence (it does not contain four bytes), the comparison fails. For the sequences of basic
IDL types, e.g., strings, this corresponds with the natural comparison on these types.

The most significant bit of acomparison operator indicates whether it isabyte row comparison or a
sequence comparison.

DateTime

struct DateTinme {
ushort year;
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uchar
uchar
uchar
uchar
uchar
uchar
ushort

b

nmont h;
day;

dayOf Week;
hour ;

m nut e;
sec;

nsec;

The possible values of the Dat eTi ne fields arelisted bel ow:

Field Description

year Year AD (1, ..., 32767), ignored when value is Oxffff
mont h Month (1,...,12), ignored when value is Oxff

day Day of month (1, ..., 31), ignored when value is Oxff
dayOf Week Sunday, Monday,... (1,...,7), ignored when value is Oxff
hour Hour of day (O, ..., 23), ignored when value is Oxff

m nute Minutes of hour (0, ..., 59), ignored when value is Oxff
sec Seconds of minute (0, ..., 59), ignored when value is Oxff
nsec

Milliseconds of second (0, ..., 999), ignored when value is Oxffff

In addition to the rules for the range of valid values specified above, the following rules must aso

hold:

year, nont h, and day values should be consistent with valid calendar values, unless one
or more of them are set to “ignored”. For example, February 30 isinvalid, and February

29isonly validin aleap year.

The value of dayOf Week should be consistent with the year, nont h, and day values
provided, unless one or more of them are set to “ignored”.

If aninvalid Dat eTi ne valueis specified as an in parameter to an API call, an El NVALI D_PARAM
error code may be returned.

5.1.3 Error Handling

All HAVi APIsinvolving messaging (those APIswhere the Communication Typeis“M” or “MB”)
shall return the St at us structure specified above. The St at us structure consists of two fields: an
API code and an error code. Generaly the different software elements will define their own error
codes (see Annex 11.7), in addition though there are severad “genera purpose”’ error codes that can
be used by any software element. These generd error codes are:

SUCCESS — the operation has succeeded (thisisthe norma return valuein St at us and not an

error)

EUNKNOWN_VESSAGE — thereceiver of aHA VI message does not support the API indicated by
the Operation Code contained within the message
EACCESS_VI OLATI ON—the caller of an APl does not have permission to perform the

operation

EUNI DENTI FI ED_FAI LURE —an error of unknown origin has occurred

ERESERVED —the operation is refused because the FCM (or, in the case of aDCM, one of the
FCMsinvolved in the DCM operation) is reserved by another software element and the
invoking software element (possibly a secondary client) is not alowed to perform this
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operation

ENOT_| MPLEMENTED —thereceiver of aHAVI message does not implement the optional API
(see section 5.1.5) indicated by the Operation Code contained within the message

El NVALI D_PARAMETER —0one or more parametersin aHAVi message contain invalid values
ERESOURCE_LI M T —the operation failed due to resource limitations at the destination device
EPARAMETER _SI ZE_LI M T —one or more parametersin aHAVi message exceed their safe
parameter size limit and the receiver is unable to handle the parameter(s)

El NCOVPLETE_MESSAGE — the length of aHAVi message is shorter than the length required
for compliant messages (using the Operation Code contained within the message)

El NCOVPLETE_RESULT —one or more out parametersin aHAVi message are correct but
incomplete. Note that this may only occur when one or more parameters are at least the safe
parameter size.

ELOCAL —thecaller of a“local” AP (asindicated in the* Services Provided” tables) isnot on
the same device asthe provider of the API

ESTANDBY — the operation is refused because the target device isin standby state

The error code appearing in the St at us value returned by aHAVi API iseither: one of the general
codes listed above, a Messaging System error code, or an API-specific error code (onethat islisted
inthe“Error codes’ section following the description of the API).

If the St at us value returned by aHAVi AP contains one of the “ general error codes’ listed above
(including SUCCESS), the API code shall be that used in invoking the AP, otherwise it shall be the
API code associated with the contained error (asidentified in Annex 11.7). If the contained error is
not listed in the "Error codes’ section following the description of the API or the contained error
has an invalid APl code, the client of the APl shdl interpret the contained error as
EUNI DENTI FI ED_FAI LURE. Therefore, if the client is a Java client, the corresponding message-
sending method of the client class (see section 7.3.8.1.1), server helper class (see section 7.3.8.1.2)
or the Sof t war eEl enent class shall throw Havi Uni dent i fi edFai | ur eExcepti on in these
Cases.

5.1.4 Parameter Size and Resource Limitations

Some of the APIsin the following sections have specifications that would allow unbounded sizes
for some parameters. However, each FAV and 1AV will only have a limited amount of memory.
These limitations can differ from controller to controller and thus hamper interoperability between
controllers.

Therefore, for variable sized (input or output) parameters in HAVi APIs a “safe parameter size
limit” is specified. Such limits indicate that compliant software elements will be able to handle
messages where the size of the parameter in question isless than or equal to the safe parameter size
limit. However, accepting parameters of size larger than the safe parameter size limit is allowed.

The safe parameter size limit puts a requirement to support the indicated parameter size at both
sending and receiving sides. At the receiving side (in parameters for servers, out parameters for
clients) this means being able to receive and handle. At the sending side (out parametersfor servers,
in parametersfor clients) this means being able to construct and send.

The server may return the EPARAVETER_SI ZE_LI M T error if it cannot handle the request dueto
the safe parameter Size of an in parameter being exceeded.

The server shall return the EI NCOVPLETE_RESULT error if the parameters it returns are valid but

incomplete. Note that a server may only return this error when one or more of the parameters it
returns are at least the safe parameter size.
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The server shal return ERESOURCE_LI M T if it fails to process arequest due to lack of resources.
If the server generates an incomplete or potentially incomplete response, i.e., one where values of
the out parameters are valid but may be incomplete, this error shal not be returned.

A controller may present a notification to the user if aresource limitation problem occurs.

5.1.5 Optional APIs

Certain APls, in particular those of specific FCMs such as the Tuner or VCR, are optional. A
software element which recelves a message for an unimplemented optional APl shall return an
error of the form ENOT_| MPLEMENTED. Only those APIs which ligt such an error are optional.
Optional APIsare highlighted in gray in the “ Services Provided” tables.

5.1.6 Vendor and Third Party Extensions

Severa of the identifiers appearing in the HAVi APIs have reserved ranges for use by this and
future versions of the HAVi specification. The following table summarizes these identifiers and
givesrulesfor third party and vendor extensions.

Table 9. Extensions to HAVi Entities

Entity IDL Type HAViI Remarks
range

Pr ot ocol Type uchar 0x0 — Ox7f Annex 11.1
Attri but eNane ui nt 0X0 — OTfff ffff Annex 11.2
Sof t war eEl enrent Type ui nt OXO — OX7ff ffff Annex 11.3
SEI D. swHandl e ushort 0X0 — OX0Off Annex 11.4
Api Code ushort 0x0 — Ox7fff Annex 11.5
Operationld uchar 0X0 — Ox7f Annex 11.6
Er r or Code ushort 0X0 — OX7fff Annex 11.7
Attributelndicator wushort 0X0 — OX7fff Annex 11.8
Event 1 d union {.} SystenEventld  Annex11.9
Medi aFor mat | d struct {.}  vVendorld==0  Annex11.10
Streanilypel d struct {.}  Vendorld==0  Annex11.11
Transm ssi onFormat union {.} no extensions Section 3.7.3
| mageTypel d struct {.} Vendor | d == Annex 11.13
Transport Type ushort no extensions Annex 11.14
Ddi El enent I d ushort 0X0 — OX7fff Annex 11.15
Opt Attr Type ushort 0x0 — OxX7fff Annex 11.16
ConpQper at i on ushort no extensions Annex 11.17

5.1.7 Guidelines for APl Updates in HAVi Versions

To avoid the introduction of new methods or system events for the smallest changes of an AP,
some exceptions are alowed to the general rule which states that no APl may ever be updated (see
section 2.8). However an extension of an APl must ensure that the signature of previous versonsis
not broken.
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To enable adding of enums and error codesto existing APIs, clients must beimplemented in such a
way that they are prepared to receive unknown error codes or enums and that they shall not fail asa
result of a new enum or const. A client shall interpret a received unknown error code as
EUNI DENTI FI ED_FAI LURE. Therefore, if the client is a Java client, the corresponding message-
sending method of the client class (see section 7.3.8.1.1), server helper class (see section 7.3.8.1.2)
or the SoftwareElement class shall throw HaviUnidentifiedFailureException in these cases. And Java
applications should catch any HaviException to avoid termination on an unknown HaviException
thrown by the HJA of anewer FAV.

An APl may be updated as long as its signature does not change and it can be unmarshalled
irrespective of the verson. This may be the case when new members are added to the type
definition of the enum parameters or union input parameters, or new error codes are added.
However, any change to the parameter list, or any change to the type definition of struct parameters
or union output parameters will change the signature of the API. In these cases anew API shdl be
added with anew operation ID or anew system event shall be added with anew system event ID.
Moreover, even if the signature of the API is not changed, any change to the semantics or safe
parameter size needs anew APl with anew operation ID or system event ID.

5.2 Communication Media Manager

5.2.1 Services Provided

Service Comm Locality Access
Type

Cmm1394::GetGuidList M local all
Cmm1394::Write M local trusted
Cmm1394::Read M local trusted
Cmm1394::Lock M local trusted
Cmm1394::Enrollindication M local trusted
Cmm1394::Droplindication M local trusted
<Client>::Cmm1394indication MB local CMM1394 (trusted)
NewDevices E local CMM1394 (all)
GoneDevices E local CMM1394 (all)
NetworkReset E local CMM1394 (all)
GuidListReady E local CMM1394 (all)

5.2.2 CMM1394 API

Cmm1394::GetGuidList

Prototype

Status Cml394: : Get CGui dLi st (
out sequence<CU D> activeQGui dLi st,
out sequence<GJ D> nonacti veQui dLi st)

Parameters
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acti veQui dLi st —the GUID ligt of al active devices on the network. The safe parameter
szelimitis63 GU Dvalues.

nonact i veQui dLi st —the GUID list of non-active devices on the network. The safe
parameter sizelimit is63 GUI D values.

Description

Get GUID lists of both active and non-active devices on the network. The first item returned in
acti veQui dLi st shdl be the GUID of the local node. A device is defined as active if it can
process HAVi messages (IAV or FAV) or respond to commands from HAVi software elements
(BAV or LAV). For FAV, IAV, or BAV devices, an SDD entry (HAVi_Device_Status) in the
HAVi_Unit_Directory can be read to determine the status of the device (see section 9.10.4.6). A value
of oneindicates that the device is active. A value of zero indicates that the device is not active. An
LAYV deviceis considered active whenever its GUID is visible on the network.

Error codes
OmiL394: : ENOT_READY —the GUID ligt is not available yet, the system may be updating it.
Thisisatrangent error, the client software element may retry.

Cmm1394::Write

Prototype
Status Cmml394: : Wit e(
in GU D guid,

in uint64 renmoted fset,
i n sequence<oct et > dat a)

Parameters
gui d —target device sGUID.
renot ek f set —target device's memory offset (the higher 16 bit isignored).
dat a —data block to be written to the remote device. The safe parameter sizelimit is 512 bytes
(the 1394 asynchronous packet size for bus speeds of 100 Mbps).

Description

Initiate a 1394 asynchronous write transaction with the remote device, which isidentified by gui d.
The specified data block will be written to the address specified by r enot ef f set on the remote
device. The execution of the function may experience some latency due to bus transitions between
devices. Thelatency is upper bounded by the CMM’sinterna timeout mechanism.

It is permitted for the user of this APl to submit the loca GUID as an argument. No error is
generated in this case and the operation will occur normally. Whether or not a 1394 transaction is
performed isimplementation dependent.

When performing a 1394 transaction and the size of dat a is four, a quadlet-write packet shall be
used.

Error codes
OmL394: : EADDRESS — resp_address error (see Table 6-11 of IEEE 1394-1995).
Omil394: : EHARDWARE —resp_data error (see Table 6-11 of IEEE 1394-1995) or
ack_data error (see Table 6-13 of IEEE 1394-1995).
Cml394: : ETYPE —resp_type_error (see Table 6-11 of IEEE 1394-1995) or ack_type error
(see Table 6-13 of IEEE 1394-1995).
Cml394: : ECONFLI CT —resp_conflict_error (see Table 6-11 of IEEE 1394-1995).
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Omil394: : ERETRY —retry procedure error by ack_busy X, ack busy A, ack busy B (see
Table 6-13 of IEEE 1394-1995).

Cml394: : ESI ZE —the packet istoo large to be sent.

Oml394: : EUNKNOWN_GUI D—the degtination GUID is unknown

Omil394: : ETI MEQUT — no response packet has been received from the remote device within
theinterna timeout period or no valid ack code has been detected (see 6.2.5.2.1 of IEEE1394-
1995). Thistimeout period is vendor dependent.

OmiL394: : EBUSRESET — the request has not been completed due to abus reset.

Cmm1394::Read

Prototype
St at us Cmil394: : Read(
in GU D guid,

in uint64 renotedfset,
in short dataSi ze, out sequence<octet> data)

Parameters
gui d —target device sGUID
remot eX f set —target device’s memory offset (the higher 16 bit isignored)
dat aSi ze —size of data (in byte) to be read back from the remote device
dat a —data block read back from the remote device. The safe parameter sizelimit is 512 bytes
(the 1394 asynchronous packet size for bus speeds of 100 Mbps).

Description

Initiate a 1394 asynchronous read transaction with the remote device specified by gui d. dat aSi ze
bytes of data will be read from the remote device dtarting at address r enot e(f f set. The
execution of the function may experience some latency due to bus transitions between devices. The
latency is upper bounded by the CMM’s internal timeout mechanism. This APl may return fewer
bytes than requested without returning an error.

It is permitted for the user of this APl to submit the loca GUID as an argument. No error is
generated in this case and the operation will occur normaly. Whether or not a 1394 transaction is
performed isimplementation dependent.

When performing a 1394 transaction and the size of dat a is four, a quadlet-read packet shall be
used.

Error codes
Oml394: : EADDRESS — resp_address error (see Table 6-11 of IEEE 1394-1995).
Omil394: : EHARDWARE —resp_data error (see Table 6-11 of IEEE 1394-1995) or
ack_data _error (see Table 6-13 of IEEE 1394-1995).
Omil394: : ETYPE —resp_type error (see Table 6-11 of IEEE 1394-1995) or ack_type error
(see Table 6-13 of IEEE 1394-1995).
Oml394: : ECONFLI CT —resp_conflict_error (see Table 6-11 of IEEE 1394-1995).
Omil394: : ERETRY —retry procedure error by ack_busy X, ack busy A, ack busy B (see
Table 6-13 of IEEE 1394-1995).

Oml394: : EUNKNOWN_GUI D—the degtination GUID is unknown

Omil394: : ETI MEQUT — no response packet has been received from the remote device within
theinterna timeout period or no valid ack code has been detected (see 6.2.5.2.1 of IEEE1394-
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1995). Thistimeout period is vendor dependent.
Oml394: : EBUSRESET —the regquest has not been completed due to abus reset.

Cmm1394::Lock

Prototype
St at us Cmil394: : Lock(
n GUI D guid,

i
in uint64 renotedfset,

in ushort extCode, in short dataSi ze,
i nout sequence<oct et > ol dDat a,

i n sequence<oct et > newbDat a)

Parameters
gui d —target device sGUID
remot eX f set —target device’s memory offset (the higher 16 bit isignored)
ext Code — extended transaction code for the lock operation, which has been defined and
described in the 1394 standard on Table 6-10 (P158) and Table 7-5 (P188) , respectively
dat aSi ze —total size of both ol dDat a and newDat a (in bytes)
ol dDat a —data block whose size depends on the ext Code. The safe parameter sizelimit is8
bytes.
newDat a —data block whose size depends on the ext Code. The safe parameter sizelimitis8
bytes.

Description

Initiate a 1394 lock transaction on the specified address in the remote device. The operation is
specified by ext Code. ol dDat a is used as a verifying argument for a given lock operation. The
execution of the function may experience some latency due to bus transitions between devices. The
latency is upper bounded by the CMM'’ sinternal timeout mechanism though.

It is permitted for the user of this APl to submit the loca GUID as an argument. No error is
generated in this case and the operation will occur normally. Whether or not a 1394 transaction is
performed isimplementation dependent.

Error codes
Cml394: : EADDRESS — resp_address_error (See Table 6-11 of IEEE 1394-1995).
Cml394: : EHARDWARE —resp_data error (see Table 6-11 of IEEE 1394-1995) or
ack_data error (see Table 6-13 of IEEE 1394-1995).
Cml394: : ETYPE —resp_type_error (see Table 6-11 of |EEE 1394-1995) or ack_type error
(see Table 6-13 of IEEE 1394-1995).
Cml394: : ECONFLI CT —resp_conflict_error (see Table 6-11 of IEEE 1394-1995).
Oml394: : ERETRY —retry procedure error by ack_busy X, ack_busy A, ack_busy B (see
Table 6-13 of IEEE 1394-1995).

Om394: : ESI ZE —the datasize of either ol dDat a or newDat a isout of the scope of any
lock operation.

Oml394: : EUNKNOWN_GUI D—the degtination GUID is unknown

OmiL394: : ETI MEQUT — no response packet has been received from the remote device within
the internal timeout period or no valid ack code has been detected (see 6.2.5.2.1 of IEEE1394-
1995). Thistimeout period is vendor dependent.

Oml394: : EBUSRESET — the request has not been completed due to abus reset.
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Cmm1394::Enrollindication

Prototype
Stat us Cmil394: : Enrol | I ndi cati on(
in GU D guid,

i n QperationCode opCode,
in uinté4 offsetStart,
in uint64 offsetEnd,

out bool ean conflicts)

Parameters
gui d —GUID of the remote device this handler hasinterest in.
opCode —the Qper at i onCode provided by the caller. Thisisthe value that the CMM will
place in the operation code of the natification message it sendsto aclient when anindicationis
found to be targeted to this client
of f set Start, of f set End — specify the starting and ending addresses of the memory space
the caller wants to receive and process an indication message (the higher 16 bit isignored).
conflicts —hasthevaue Tr ue if the enrollment conflicts with an existing enrolIment,
Fal se otherwise

Description

This function alows a CMM client to enroll an indication handler with specific offset range and
interested GUID of aremote device. If the GUID parameter hasthe specia “wildcard” value Oxffff
fiff ffff ffff, i.e. al bits set to 1, then the CMM client is attempting to enroll an indication handler
with specific offset range for al remote devices on the network.

The CMM saves the SEID of the caler (obtained from the Messaging System) along with the
GUID and address range parameters. When it receives an indication from a remote device, the
CMM dispatches the indication based on the memory offset value and length of the incoming
packet and the gui d of the remote device. If the address range specified by the memory offset
vaue and length in the indication package is contained within the range specified by
of f set Start and of f set End, and the remote device's GUID matches the GUID specified by
the client, the CMM will dispatch the indication to this client through the Messaging System. If any
part of the address range specified in the indication package is outside of the range specified by
of fset Start and of f set End, the CMM does not send the indication to the corresponding
client. If the GUID specified by the client is Oxffff ffff ffff ffff and if the memory offset value and
length in the indication package is contained within the range specified by of f set Start and
of f set End, then the CMM will dispatch the indication to this client for an indication received
from any device on the network. The CMM sends the indication message to the client through the
<d i ent > : Cm394I ndi cat i on API. If the CMM cannot find a matching client for a given
indication, it sendsthe 1394 response coder esp_addr ess_er r or to the remote device.

There can be multiple enrollments for the same packet. The CMM will sequentialy dispatch the
packet to al clients with matching enrollments via the Cm1.3941 ndi cat i on API. If one client
returns SUCCESS the CMM sends a 1394 response using the associated r esponseDat a. If one
client returns a 1394 error then the CMM sends a 1394 response using this as the 1394 response
code. If al clientsreturn ENOT_| NTERESTED then the CMM sends a 1394 response using the 1394
resp_address_error response code. The CMM will stop dispatching to clients when it has
made a 1394 response.

Note — this mechanism can lead to overlapping enrollments. However it is assumed that 1394
protocols are designed such that overlapping enrollments do not lead to conflicts.
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Enrolled indications are persistent through bus resets, though it is possible that some read, write or
lock notifications may be missed during a bus reset period. When aclient isremoved, the CMM is
responsible for removing itsindication handlers by monitoring the Messaging System’s MsgLeave
event. When aremote device isremoved from the system, the CMM isresponsible for removing all
event handlers enrolled for the removed device.

Error codes
Om1394: : El N\VALI D OFFSET — of f set Start , of f set End indicateaninvalid address
rangefor the FAV or IAV.
OmiL394: : EQUI D_NOT_EXI ST —specified GUID does not exist on the network.

Cmm1394::Droplindication

Prototype
Status Cnml394: : Dr opl ndi cati on(
in GU D guid,

in uint64 offsetStart,
i n uint64 offset End)

Parameters
gui d —GUID of the remote devicethis handler hasinterested in.
of fset Start, of f set End —specify the starting and ending addresses of the memory space
the caller wants to stop receiving and processing an indication message for (the higher 16 bit is

ignored).

Description

Remove an indication handler from the CMM. The indication handler that was installed by this
caler with the GUID and memory space matching the specified values will be identified and
removed.

Error codes
Cml394: : ENOT_FOUND — the indication handler specified is not found.

<Client>::Cmm1394indication

Prototype

Status <Cient>:: Cmil394l ndi cati on(

in GU D guid,

octet tcode,

ushort ext Code,

ui nt 64 ment f set,

ushort dataSi ze,

sequence<oct et > i ndi cati onDat a,
out seguence<oct et > responsebDat a)

5 53 353 3 3535

Parameters
gui d —GUID of the remote device this handler hasinterest in.
t code —transaction code defined by 1394 standard (Table 6-9, P157). Typical transaction
codes are block read/write and lock operations.
ext Code — extended transaction code for the lock operation, which has been defined and
described in the 1394 standard on Table 6-10 (P158) and Table 7-5 (P188) , respectively. This
fieldisused only when thet code isalock operation, and isignored for any other operations.
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menCf f set —memory location to be accessed.

dat aSi ze —the number of bytesto be read, written or locked. For awrite or lock thisequals
thelength of i ndi cat i onDat a, for aread this equalsthe length of ther esponseDat a
parameter to be returned.

i ndi cat i onDat a —the data portion of the incoming 1394 indication packet from the remote
device. The safe parameter size limit is 512 bytes (the 1394 asynchronous packet size for bus
Speeds of 100 Mbps).

r esponseDat a —the data portion of the 1394 response packet for the received indication. The
safe parameter size limit is 512 bytes (the 1394 asynchronous packet size for bus speeds of 100
Mbps).

Description

This client APl will be invoked by the CMM when an indication is identified for the client. The
operation code used by the CMM to send this message comes from the previous invocation of
OmiL394: : Enrol | I ndi cati on by the client. The client processes the received indication, if it
can handle theindication it returns the data for the 1394 response back to the CMM, otherwise it
returns Cmi394: : ENOT_| NTERESTED.

If the indication was a read or lock operation and St at us is SUCCESS, the data provided in the
r esponsenDat a field shal be put in the 1394 response message by the CMM. If theindication was
awrite operation and St at us is SUCCESS, the r esponseDat a field may be left empty and will
not be used by the CMM.

Error codes
Oml394: : EADDRESS — resp_address error (see Table 6-11 of IEEE 1394-1995).
OmiL394: : EHARDWARE —resp_data error (see Table 6-11 of IEEE 1394-1995) or
ack_data_error (see Table 6-13 of IEEE 1394-1995).
Omil394: : ETYPE —resp_type error (see Table 6-11 of IEEE 1394-1995) or ack_type error
(see Table 6-13 of IEEE 1394-1995).
Omil394: : ECONFLI CT —resp_conflict_error (see Table 6-11 of IEEE 1394-1995).

Oml394: : ENOT_| NTERESTED—the client does not handle the packet.

5.2.3 CMM1394 Private API
This section isinformative and is not required for aHAVI compliant implementation.

The CMM may also need to provide topology, speed maps, and other environment descriptions to
its clients. The topology map depicts the connectivity among physical devices. For example, it can
be used to build a graphical interface that helps the user understand how devices are connected and
how certain features may be used. The speed map provides information on the possible maximum
speed that can be used for data transmission between any two devicesin the network. It can be used
to analyze the current network connection scheme, and give the user helpful suggestions for
improving the performance of devices by rearranging connections. The topology map and speed
map may change constantly because of dynamic insertion or removal of devices. To identify the
right “version” for these maps, the bus generation number may be used. A new bus generation
signifies the change of bus configuration.

Bus generation number, topology map, and speed map will remain unchanged between bus resets.

To improve efficiency, the CMM may optiondly cache these interndly and update them only when
bus reset occurs.
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Cmm1394::GetBusGenerationNumber

Prototype
St at us Cmil394: : Get BusGener ati on(out | ong busGenNumber)

Parameters
busGenNunber —the current bus generation number

Description

Get the current bus generation number from the network. The bus generation number specifiesthe
number of times the current 1394 bus manager has generated topology or speed maps since its last
power reset. Change of the bus generation number implies the change of network configuration.

Error codes
Cml394: : ENOT_READY — the bus generation number is not yet available, the system may be
updating it.

Cmm1394::GetSpeedMap

Prototype
Status Cml394: : Get SpeedMap(
out | ong busGenNunber,
out sequence<oct et > speedMap)

Parameters
busGenNunber —the current bus generation number.
speedMap — speed map data block.

Description

Get the current speed map.

Error codes
Cml394: : ENOT_READY — the speed map is not yet available, the system may be updating it.

Cmm1394.:GetTopologyMap

Prototype

St at us Cnml394: : Get Topol ogyMap(
out | ong busGenNunber,
out sequence<oct et > t opMap)

Parameters
busGenNunber —the current bus generation number
t opMap — pointer to an array of integer numbers, each representing asalf_id packet from a
1394 device

Description

Get the current topology map.
Error codes

122



HAVi SPECIFICATION Version 1.1

Omil394: : ENOT_READY —the topology map is not yet available, the system may be updating
it.

5.2.4 CMM1394 Events

NewDevices

Prototype
voi d NewDevi ces(in sequence<GUl D> gui dLi st)

Parameters
gui dLi st —the GUID ligt of al newly connected devices. The safe parameter size limit is 62
GUI Dvaues.

Description

NewDevi ces isalocal event. This event is generated when anew device is connected to the home
network. When this happens, a network reset istriggered. The CMM gathersthe GUID list of dl
the newly connected devices and then invokes the Event Manager to post the NewDevi ces event.
The GUID list is passed to the Event Manager as additional information of the event. Since each
FAV or IAV has its own CMM and al CMM are automaticaly activated whenever there is a
network reset, the NewDevi ces event isonly delivered localy within the device where the CMM
resides.

GoneDevices

Prototype
voi d GoneDevi ces(in sequence<@GUJ D> gui dLi st)

Parameters
gui dLi st —the GUID ligt of adl disconnected devices. The safe parameter sizelimit is 62
GUI Dvaues.

Description

CGoneDevi ces isaloca event. This event is generated when devices are disconnected from the
home network. When this happens, a network reset istriggered. The CMM gathers the GUID list
of all the disconnected devices and then invokes the Event Manager to post the GoneDevi ces
event. The GUID list is passed to the Event Manager as additiona information of the event. Since
FAV or IAV hasitsown CMM and al CMM are activated whenever there is a network reset, the
ConeDevi ces eventisonly delivered locally within the device wherethe CMM resides.

NetworkReset

Prototype
voi d Net wor kReset ()

Description

Net wor kReset isaloca event. Thisevent is generated whenever thereis abus reset on the 1394.
CMM may gather sequential bus resetsin ashort period into one Net wor kReset event.

As opposed to the NewDevi ces and GoneDevi ces events, the CMM does not gather GUID lit
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of the changed devices. This event is intended for target software elements that are only interested
in knowing when bus reset has occurred but are not interested in specifics of the change.

GuidListReady

Prototype
voi d Gui dLi st Ready(
i n sequence <GUJ D> activeQui dLi st ,
i n sequence <GUJ D> nonacti veQui dLi st ,
i n sequence <GUJ D> goneDevi ces,
i n sequence <GUJ D> newDevi ces)

Parameters
activeQui dLi st —the GUID list of dl active devices on the network. The first item shall be
the GUID of the loca node. The safe parameter sizelimit is 63 GUID values.
nonact i veQui dLi st —the GUID list of non-active devices on the network. Thisisempty if
there is no non-active device. The safe parameter sizelimit is 63 GUID values.
goneDevi ces —the GUID list of al disconnected devices. Thisisempty if thereisno gone
device. The safe parameter sizelimit is62 GUID values.
newDevi ces —the GUID list of al newly connected devices. Thisis empty if thereisno new
device. The safe parameter sizelimit is 62 GUID values.

Description

Qui dLi st Ready isaloca event. This event is generated when Cmm1394 becomes available for
Omil394: : Get Qui dLi st APl after bus reset. Cmm1394 may return Omil394: : ENOT_READY
for Om1394: : Get Qui dLi st APl after Net wor kReset until Qui dLi st Ready. The definition
of active@idList and nonactiveQuidList contents are same as defined in
Cl394: : Get Gui dLi st API.

5.3 Messaging System

5.3.1 Services Provided

Service Comm Locality Access
Type
MsgCallback CB
MsgOpen PC all
MsgClose PC all
MsglsTrusted PC all
MsgGetSystemSeid PC all
MsgWatchOn PC all
MsgWatchOff PC all
Msg::Ping M global all
MsgSendSimple PC all
MsgSendReliable PC all
MsgSendRequest PC all

MsgSendResponse PC all
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MsgSendRequestSync PC all
SystemReady E global Messaging System (all)
MsgLeave E global Messaging System (all)
MsgTimeout E global Messaging System (all)
MsgError E global trusted

5.3.2 Messaging System Data Structures

TransferMode

Definition
enum Tr ansf er Mode {SI MPLE, RELI ABLE};

Description
Used to characterize the mode of a message transfer request.

ProtocolType

Definition
t ypedef octet Protocol Type;
const Protocol Type HAVi _RM = 0x00;

Description
Indicates the format of a MessageBody (see section 3.2.1.2.4).

5.3.3 Messaging System API

MsgCallback

Prototype
St at us MsgCal | back(in Protocol Type protocol,
in SEID sourceld,
in SEID destld,
in Status state,
i n sequence<octet> buffer)

Parameters
pr ot ocol —indication of the format of the MessageBody part of the buf f er parameter
sour cel d —the 80-bit software element identifier of the software element that issued the
message
dest | d —the 80-bit software element identifier of the target software element
st at e —the status of the message. It may take following values:
SUCCESS if everything worked fine
Msg: : EALLCCIf the Messaging System cannot ddliver the entire received message
dueto alack of resources
Msg: : EDEST_SEI Dif the supervision of the software element (described in sour cel d)
has been detected as disappeared. The software element sour cel d isno longer

125



HAVi SPECIFICATION Version 1.1

reachable (device unplugged, or software element performed aMsgd ose).

Fields other than sour cel d are undefined.
buf f er —congstsof the MessageBody field in the* General Message Format” (see Figure
10)

Description

This function is the callback supplied by a software element. This call back is invoked by the
Messaging System each time an incoming message (incoming reliable request or smple message)
is received for that software element. It may aso be invoked to notify the software element about
the disappearance of atarget software element (this service is provided only after a Msg\Wat chOn
request ).

After the callback returns, and depending on the return code (SUCCESS or Msg: : EFAI L), the
Messaging System acknowledges the message: if the callback returns with SUCCESS, the
Messaging System generates a nsg_rel i abl e_ack message. If the cdlback returns with
Msg: : EFAI L, the Messaging System generates a nsg_rel i abl e_noack message containing
TARGET REJECT as MessageBody (see3.2.1.2.5, Table 3).

Warning: a callback function is not allowed to call blocking functions. A callback always executes
in the context of the Messaging System, and is not alowed to block the Messaging System.
Applications should tregt the callback as an interrupt.

Error codes
Msg: : EFAI L —the callback failed in delivering the message

MsgOpen

Prototype

Status MsgOpen(
in MsgCal | back call back,
out SEID seid)

Parameters
cal | back —the call back function that the Messaging System callswhen it receives amessage
for sei d.
sei d —the 80-bit software element identifier that has been assigned to the software element.

Description

This function is called by a software element that requires the services of the Messaging System.
This function provides a unique software element identifier to the software dement whichisto be
used by the software element to register and to communicate with other software elements. This
function also dlows the caling software element to provide a call back function that will be used
by the Messaging System when an incoming message (either a reliable request, or a simple
message) has to be passed to the software el ement.

Every time an MsgQpen cal is performed, a fresh SEID is generated and returned to the caller.
Once this SEID is returned, the caller (a software element) can use it as an input parameter to the
other Messaging System calls presented below. For these calls, the Messaging System shall check
whether the SEID provided by the caller has been assigned to that caller.

The software element identifier returned by the Messaging System will be atrusted SEID or an
untrusted SEID (see section 3.2.1.1.3) according to the status or the requester. How the status of the
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requester is determined by the Messaging System isimplementation dependent.

Once called this function alows a software element to receive messages from the other software
elements on the network.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : EALLOC—if the Messaging System was unabl e to allocate a software element identifier.

MsgClose

Prototype
St at us MsgCl ose(in SEID seid)

Parameters
sei d —the 80-bit software element identifier of the software element that isleaving the system

Description

This function is used by a software element when it no longer needs the services of the Messaging
System. After calling this function, the software element will not be known by the Messaging
System. The Messaging System will generate aMsglLeave event with the SEID attached.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : ESEl D—sei d isnot valid

MsglsTrusted

Prototype
Status MsglsTrusted(in SEID seid, out bool ean isTrusted)

Parameters
sei d —the 80-bit software element identifier to be checked
i sTrust ed —theresult of the request. Tr ue meanssei d represents atrusted software
element. Fal se meanssei d represents an untrusted software element.

Description

This function checks whether sei d isassociated with atrusted or an untrusted software el ement.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : ESEl D—the SEID isnot available.

MsgGetSystemSeid

Prototype

St at us MsgCet Syst enSei d(
in SEID seid,
i n Sof t war eEl emrent Type type,
out SEI D syst entSei d)
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Parameters
sei d —the SEID of asoftware e ement within the same node as the requested system software
element
t ype —aconstant value identifying the system software element type (see Annex 11.3)
syst enBei d —the SEID of the requested system software €l ement

Description

This function obtains the SEID of a system software element (see Annex 11.3) located on the same
host as the specified software element (sei d parameter) and of the specified software element type.
Thisfunction does not guarantee the existence of the desired system software element.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : EELEMENT —t ype iSnot asystem software element type

MsgWatchOn

Prototype

St at us MsgWat chOn(
i n SEI D sourceld,
in SEID destld)

Parameters
sour cel d —the 80-hit software dlement identifier of the e ement making the request
dest | d —the 80-bit software element identifier of the element to be supervised

Description

This function is used to establish a “supervision” for monitoring whether a software element is
present on the home network.

After caling Msg\Wat chOn, the Messaging System shall immediately check whether the target
software element exists by sending a Msg: : Pi ng to the Messaging System where dest 1 d is
located. If the ping fails, Msg\Wat chOn returns an error.

To provide this service the Messaging System subscribes to events allowing it to detect whether
dest I d isno longer present on the home network. These events are: Syst enReady, MsglLeave,
and Net wor kReset . The Messaging System will inform sour cel d of the “disappearance” of
dest I d (by invoking sour cel d’s callback with st at e set to Msg: : EDEST_SEI D) under the
following conditions:

the Messaging System receivesaMsglLeave event asaresult of dest | d performing a
Msgd ose

the Messaging System receives aNet wor kReset event and detects, by invoking
Omil394: : Get Qui dLi st , that the device on which dest | d islocated isno longer
active

the Messaging System receives a Sy st enReady event and dest | d referred to anon-
system software element located on the device generating the event

The Messaging System receives a MsgTimeout event and destld located on the device
caused the timeout.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
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Msg: : EBUSY —the sending message was refused because the number of messages exceeded
the outstanding message limit for the same source SEID or because of any other message
traffic reason. Outstanding message limit isimplementation dependent
Msg: : EALLOC—the supervision establishment is not possible because of local resource
limitations
Msg: : ESOURCE_SEI D—the source SEID isnot availablefor thiscaler
Msg: : EDEST_SEI D—any of the following occurred:
The nessagi ng systemof the target can not find any
destination software el ement according to the
destinati on SEI D
the Messaging System detected that the target software e ement disappeared
since the Messaging System received aMsgLeave event while the Messaging
System was waiting for an ACK or NOACK message, related to the
Msg: : Pi ng request
Msg: : ESUPER_EXI STS —asupervison has already been established for the destination SEID
by the source SEID
Msg: : EACK —any of thefollowing occurred:
ack not received to the Msg: : Pi ng
the Messaging System received aNet wor kReset and detected, by invoking
Cml394: : Get Qui dLi st , that the device on which the destination software
element islocated is no longer on the network
the Messaging System received a GoneDevi ce or Qui dLi st Ready event
and detected that the device on which the destination software eement is
located is no longer on the network
while waiting for an ACK or NOACK related to the Msg: : Pi ng request,
received a Syst enReady event and detected that the device on which the
destination non-system software element is located was initialized or reset
Msg: : ETI MEQUT —theMsg: : Pi ng timed out
Msg: : EDEST_UNREACHABLE —any of the following occurred:
the Msg: : Pi ng cannot be delivered because a prior message to the
destination Messaging System has timed out
whilewaiting for an ACK or NOACK related tothe Msg: : Pi ng request, the
Messaging System received aMsgTi meout event and detected that the
device on which the destination software element is located entered an
anomalous state

MsgWatchOff

Prototype

Status MsgWat chO f (
in SEID sourcel d,
in SEID destld)

Parameters
sour cel d —the 80-bit software element identifier of the e ement making the request
dest I d —the 80-bit software element identifier of the element supervised
Description

Thisfunction is used to stop asupervision of dest | d. If the Messaging System has no supervision
established for a software element, it will no longer monitor the availability of that software
element.

After Msg\Wat chC f | if the previoudly supervised object disappears, the calling object will not be
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informed.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : EUNKNOAN —if the supervision is unknown or no longer established
Msg: : ESOURCE_SEI D—the source SEID isnot available for this caller

Msg::Ping

Prototype
Status Msg::Ping(in SEID target)

Parameters
t ar get —the 80-bit software element identifier of a software element being supervised

Description

Msg: : Pi ng is sent by a software element to a Messaging System to query whether t ar get is
present. If target is present on the remote device then St at us indicates SUCCESS.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : EFAI L —if thetarget isnot present

MsgSendSimple

Prototype

St at us MsgSendSi npl e(in Protocol Type protocol,
in SElID sourceSei d,
i n sequence<SElI D> dest Sei dLi st ,
i n sequence<octet> buffer)

Parameters
pr ot ocol —indication of theformat of the buf f er parameter
sour ceSei d — The software e ement identifier of the source software element
dest Sei dLi st —thelist of software element identifiers of destination elements
buf f er —the datato send, consists of the MessageBody field in the“ General Message
Format” (see Figure 10)

Description

This function is used to send a message to one or several destination software elements. The
function returns immediately. There is no guaranty that the message will be received by dll
destination components. This function supports private protocols only.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : EALLOC—the Messaging System is unable to alocate resources
Msg: : ESEND—if the Messaging System could not send the message to one or more of the
destinations
Msg: : EBUSY — the sending message was refused because the number of messages exceeded
the outstanding message limit for the same source SEID or because of any other message
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traffic reason. Outstanding message limit is implementation dependent.

Msg: : ESOURCE_SEI D—the source SEID isnot availablefor thiscaler

Msg: : EPROTOCOL — attempt to send a message using aHAVi reserved protocol

Msg: : ESI ZE —the message has been refused or aborted by the Messaging System to avoid a
timeout.

Msg::EDEST_UNREACHABLE — the message was hot delivered to al destinations because a
prior message to one or more destination Messaging Systems has timed out.

MsgSendReliable

Prototype

St at us MsgSendRel i abl e(i n Protocol Type protocol,
in SElID sourceSei d,
in SElID dest Sei d,
i n sequence<octet> buffer)

Parameters
pr ot ocol —indication of theformat of the buf f er parameter
sour ceSei d —the software e ement identifier of the source software element
dest Sei d —the software element identifiers of the destination element
buf f er —the datato send, consists of the MessageBody field in the“ Generd Message
Format” (see Figure 10)

Description

This function is used to send a message to one degtination software element. The function returns
once the sending is completed (message acknowledge received). This service guaranties the
requester that the destination software element has received the message. This function supports
private protocols only.

Error codes

Msg: : ENOT_READY —the Messaging System is not operational

Msg: : EALLOC—the Messaging System is unable to alocate resources

Msg: : ESEND—if the Messaging System failed in sending the message

Msg: : EBUSY —the sending message was refused because the number of messages exceeded

the outstanding message limit for the same source SEID or because of any other message

traffic reason. Outstanding message limit is implementation dependent.

Msg: : ESOURCE_SEI D—the source SEID isnot availablefor thiscaler

Msg: : EACK —any of the following occurred:
ack not received
the Messaging System received aNet wor kReset and detected, by invoking
Onml394: : Get Qui dLi st , that the device on which the degtination software
element islocated is no longer on the network
the Messaging System received a GoneDevi ce or Qui dLi st Ready event
and detected that the device on which the destination software element is
located is no longer on the network
whilewaiting for an ACK or NOACK related to the current reliable message,
received a Syst enReady event and detected that the device on which the
destination software element islocated was initialized or reset

Msg: : EOVERFLOW-the message has been sent to the target system, but required amemory

allocation that wastoo large for the target system

Msg: : EDEST_SEI D—any of the following occurred:
The messaging system of the target can not find any destination software
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element according to the destination SEI D.
while waiting for an ACK or NOACK related to the current reliable message,
the Messaging System received aMsglLeave event, indicating that the target
software element has disappeared.

Msg: : ETARGET_REJECT —the destination SEID reject the message

Msg: : EPROTOCOL — attempt to send a message using aHAVi reserved protocol

Msg: : ESI ZE —the message has been refused or aborted by the Messaging System to avoid a

timeout.

Msg::EDEST_UNREACHABLE — any of the following occurred:
themessage cannot be delivered because a prior message to the destination
Messaging System hastimed out
while waiting for an ACK or NOACK related to the current reliable message,
the Messaging System received aMsgTi neout event and detected that the
device on which the destination software element is located entered an
anomalous state

MsgSendRequest

Prototype
St at us MsgSendRequest (i n SEI D sour ceSei d,
in SElI D dest Sei d,
i n QperationCode opCode,
i n sequence<octet> buffer,
out uint transactionld)

Parameters
sour ceSei d —the software element identifier of the source software element
dest Sei d —the software element identifier of the destination € ement
opCode —the operation code invoked by the requester
buf f er —the request datato send (according to the prototype of the invoked method), consists
of the data after the Tr ansact i onl d field in the “Function Call Mapping” (see Figure 14)
transacti onl d —thisvalue allows the requester to match the future response (if any) with
thisrequest

Description

This function is used to send a “function call” message (see 3.2.3.2) to one destination software
element. The Messaging System will always use the reliable mode to send the message. Therefore,
the function returns once the sending is completed (message acknowledge received). This service
guaranties the requester that the destination software element has received the message.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : EALLOC—the Messaging System is unable to alocate resources
Msg: : ESEND—if the Messaging System failed in sending the message
Msg: : EBUSY —the sending message was refused because the number of messages exceeded
the outstanding message limit for the same source SEID or because of any other message
traffic reason. Outstanding message limit isimplementation dependent.
Msg: : ESOURCE_SEI D—the source SEID isnot available for this caller
Msg: : EACK —any of the following occurred:
ack not received
the Messaging System received aNet wor kReset and detected, by invoking
Cml394: : Get Qui dLi st , that the device on which the destination software
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element islocated is no longer on the network
the Messaging System received a GoneDevi ce or Qui dLi st Ready event
and detected that the device on which the destination software element is
located is no longer on the network
while waiting for an ACK or NOACK related to the current reliable message,
received a Syst enReady event and detected that the device on which the
destination software element islocated wasinitialized or reset

Msg: : EOVERFLOW-the message has been sent to the target system, but required amemory

allocation that wastoo large for the target system

Msg: : EDEST_SEI D—any of the following occurred:
The messaging system of the target can not find any destination software
element according to the destination SE! D.
while waiting for an ACK or NOACK related to the current reliable message,
the Messaging System recelved aMsgLeave event, indicating that the target
software element has disappeared.

Msg: : ETARGET_REJECT —the destination SEID rejects the message

Msg: : ESI ZE —the message has been refused or aborted by the Messaging System to avoid a

timeouit.

Msg::EDEST_UNREACHABLE —any of the following occurred:
themessage cannot be ddlivered because a prior message to the destination
Messaging System hastimed out
whilewaiting for an ACK or NOACK related to the current reliable message,
the Messaging System received aMsgTi nmeout event and detected that the
device on which the destination software element is located entered an
anomalous state

MsgSendResponse

Prototype

St at us MsgSendResponse(in SEI D sourceSei d,
i n SElI D dest Sei d,

Oper ati onCode opCode,

Tr ansf er Mode transfer Mode,

St at us ret urnCode,

sequence<oct et > buffer,

uint transactionl d)

5 353 35 3 355

Parameters
sour ceSei d —the software element identifier of the source software element
dest Sei d —the software element identifier of the destination element
opCode —the operation code invoked by the requester
t r ansf er Mode —the mode (reliable or not) used to send the response
r et ur nCode — the status code returned according to the result of the operation
buf f er —the response data to send (according to the prototype of the invoked method),
consists of the data after the 32-bit r eser ved field in the “ Function Return Mapping” (see
Figure 15)
t ransact i onl d —thisvalue alows the requester to match the response to be sent with the
request previoudly received

Description

This function is used to send a “function response” message (see 3.2.3.3) to one software e ement
which has previoudy performed a MsgSendRequest or MsgSendRequest Sync call. According
to the chosen transfer mode, the function returns immediately or once the sending is completed
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(message acknowledge received).

Error codes

Msg: : ENOT_READY —the Messaging System is not operational

Msg: : EALLOC—the Messaging System is unable to alocate resources

Msg: : ESEND—if the Messaging System failed in sending the message

Msg: : EBUSY —the sending message was refused because the number of messages exceeded

the outstanding message limit for the same source SEID or because of any other message

traffic reason. Outstanding message limit is implementation dependent.

Msg: : ESOURCE_SEI D—the source SEID isnot availablefor thiscaler

Msg: : EACK —any of the following occurred whilein the reliable mode:
ack not received
the Messaging System received aNet wor kReset and detected, by invoking
Oml394: : Get Qui dLi st , that the device on which the degtination software
element islocated is no longer on the network
the Messaging System received a GoneDevi ce or Qui dLi st Ready event
and detected that the device on which the destination software eement is
located is no longer on the network
while waiting for an ACK or NOACK related to the current reliable message,
receivesaSyst enReady event and detected that the device on which the
destination software element islocated was initialized or reset

Msg: : EOVERFLON-the message has been sent to the target system, but required amemory

allocation that was too large for the target system (only in reliable mode)

Msg: : EDEST_SEI D—any of the following occurred whilein the reliable mode:
The messaging system of the target can not find any destination software
element according to the destination SEI D.
while waiting for an ACK or NOACK related to the current reliable message,
the Messaging System receives aMsglLeave event, indicating that the target
software element has disappeared.

Msg: : ETARGET_REJECT —the destination SEID rejected the message (only in reliable mode)

Msg: : ESI ZE — the message has been refused or aborted by the Messaging System to avoid a

timeout.

Msg::EDEST_UNREACHABLE —any of the following occurred:
the message cannot be delivered because a prior message to the destination
Messaging System hastimed out
while waiting for an ACK or NOACK related to the current reliable message,
the Messaging System receivesaMsgTi neout event indicating that the
device on which the destination software element islocated entered an
anomalous dtate

MsgSendRequestSync

Prototype
St at us MsgSendRequest Sync(in SEI D sourceSeid,
in SElID dest Sei d,
i n OperationCode opCode,
in long timeout
i n sequence<octet> bufferln,
out sequence<octet> bufferQut,
out Status returnCode)

Parameters
sour ceSei d —the software e ement identifier of the source software e ement
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dest Sei d —the software element identifier of the destination element

opCode —the operation code invoked by the requester

t i meout —the maximum period (in milliseconds) to wait for aresponse after sending the
request. A value of zero defaultsto the system timeout value (see section 3.2.1.2.2)

buf f er I n —the request data to send (according to the prototype of the invoked method),
conssts of the data after the Tr ansact i onl d field in the*Function Call Mapping” (see
Figure 14)

buf f er Qut —the received response data (according to the prototype of the invoked method),
consists of the data after the 32-bit r eser ved field in the “ Function Return Mapping” (see
Figure 15)

ret urnCode —the St at us codethat isthe result of the requested operation

Description

This function is used by a software element when it wants to send a “function cdl” message (see
3.2.3.2) to one destination software element and block until the response is received (synchronous
mode, see section 3.2.3.5). All requests are sent in “reliable mode’. A ti neout vaue of zero
defaults to the system timeout value.

The specified timeout holds for the complete duration of the API cdl, that is, the time between the
start of the request and the reception of the response. This implies that the standard 30 second
timeout for ack/noack messages is overruled when the timeout parameter is less than 30000. If the
Messaging System times out while waiting for an ack/noack message and the timeout period isless
than 30 seconds, then the MsgTi neout event will not be generated. Also, when the ack/noack
message is received in time, but the response message is not received in time, then the
MsgTi neout event shal not be generated.

Error codes

Msg: : ENOT_READY —the Messaging System is not operational

Msg: : EALLOC—the Messaging System is unable to alocate resources

Msg: : ESEND—if the Messaging System failed in sending the message

Msg: : EBUSY —the sending message was refused because the number of messages exceeded

the outstanding message limit for the same source SEID or because of any other message

traffic reason. Outstanding message limit isimplementation dependent.

Msg: : ESOURCE_SEI D—the source SEID isnot available for this caller

Msg: : EACK —any of the following occurred:
ack not received
the Messaging System received aNet wor kReset and detected, by invoking
Omml394: : Get Qui dLi st , that the device on which the destination software
element islocated is no longer on the network
the Messaging System received a ConeDevi ce or Qui dLi st Ready event
and detected that the device on which the destination software eement is
located isno longer on the network
while waiting for an ACK or NOACK related to the current reliable message,
received a Syst enReady event and detected the device on which the
destination software element islocated wasinitialized or reset

Msg: : EOVERFLON-the message has been sent to the target system, but required amemory

allocation that wastoo large for the target system

Msg: : EDEST_SEI D—any of the following occurred:
The messaging system of the target can not find any destination software
element according to the destination SE! D.
whilewaiting for an ACK or NOACK related to the current reliable message,
the Messaging System received aMsgLeave event, indicating that the target
software element has disappeared.
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Msg: : ETARGET_REJECT —the destination SEID rejected the message

Msg: : ETI MEQUT —timeout has expired

Msg: : ESI ZE —the message has been refused or aborted by the Messaging System to avoid a

timeouit.

Msg::EDEST_UNREACHABLE —any of the following occurred:
themessage cannot be ddlivered because a prior message to the destination
Messaging System hastimed out
while waiting for an ACK or NOACK related to the current reliable message,
the Messaging System received aMsgTi meout event and detected that the
device on which the destination software element is located entered an
anomalous state

5.3.4 Messaging System Private API

Thissection isinformative and is not required for aHAVi compliant implementation.

MsgSysOpen

Prototype

Status MsgSysQpen(
in MsgCal | back call back,
i nout SEI D seid)

Parameters
cal | back —the cal back function that the Messaging System callswhen it receives amessage
for sei d.
sei d —asinput thefield containsthe well known identifier of the system component. As
output the Messaging System will deliver the network SEID (the GUID part of sei d is

updated).

Description

Thisfunctionis called by a system element that requires the services of the Messaging System. This
function provides a unique software e ement identifier to the system element which isto be used by
the system element to register and to communicate with other software elements. This function
alows the caling system element to provide a cal back function that will be used by the
Messaging System when an incoming message (either areliable request, or a simple message) has
to be passed to the system element.

Once called this function alows a software element to receive messages from the other software
elements on the network.

If more than one call back isingtalled for a system software component then the Messaging System
will only use the most recently installed call back.

Error codes
Msg: : ENOT_READY —the Messaging System is not operational
Msg: : EALLOC—if the Messaging System was unabl e to allocate resources
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5.3.5 Messaging System Events

SystemReady
voi d Syst enReady()

This event is generated by the Messaging System when al local system components are registered
and operationd. It can aso be used to detect that the software element identifiers of components
installed in theinitialized device have probably changed (see section 3.2.1.2).

All Messaging Systems that receive this event shall abort outstanding reguests to components on
the device where this event originates (since those components may have been reset or have
disappeared and may not respond to previoudly sent requests).

MsgLeave
voi d MsgLeave(in SEID seid)

This event is generated by the Messaging System when an eement leaves the Messaging System
(by caling the Msgd ose function). It can be used to detect that the component identified by sei d
has | eft the system.

MsgTimeout
void MsgTimeout(in SEID seid)

This event is generated by the Messaging System if sequential 2 to 3 timeouts occur during a
rlidble send actions. In generd, this stuation is to be considered anomalous, since no
acknowledgement was received from a remote Messaging System within the 30 second timeout
period. seid denotes the SEI D of the destination software €lement.

The Messaging System that detects 2 to 3 times successive timeout for messages to same
degtination device shall refuse to send messages to any software element on that device (In
particular, the MsgTi neout event shall not be sent to the device responsible for the problem). In
that case, the destination device is regarded asfaullty.

To redlize this, the messaging system shal maintain the successive error counter for each remote
device. (If the messaging system detects Net wor kReset or Syst enReady event, it should clear
the error counter.)

The Messaging System shall return the error code EDEST_UNREACHABLE for al send attempts to
those software elements until the next Net wor kReset or Syst enReady event is received. Note
successive timeout means that no ack nor noack is received in the period of that successive
timeout, and no Net wor kReset or Syst enReady event is detected in that period.

The successive error counter will not be incremented by the Messaging System if the ack/noack
timeout period was overridden by a vaue smaller than 30 seconds in a MsgSendRequest Sync
cal (seeaso section 3.2.1.2.3).

MsgError

voi d MsgError(in SEID seid,
in ushort attenpts, in Status error)
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This event enables a software element to indicate to other software elements that it has detected a
persstent failure of a Messaging System. It should be posted by a software element that has made
several attempts to send a message to software element sei d, but during the period in which
message sending is attempted the Messaging System persistently returns an error code other than
EACK or ETI MEQUT. It is recommended that, before posting this event, at least 10 sends are
attempted with at least a one second interval between sends. The number of falled attempts is
recorded in att enpt s and err or denotes the last error received. Posting this event should be
interpreted as a serious system failure and indicates that the syslem may no longer operate as

pecified.

As with MsgTi meout , this event is intended to notify the user of a problem. There will be no
corrective action by the system itself. The user may need to reset or power off the device where the
software element sei d islocated. The software element posting the event is free to choose which
action to take after it has posted the event. It may choose to abort its activity, to retry sending, or to
take alternative actions. If thelocal Messaging System is not operational then the event may not be
broadcast. It is recommended that a notification or warning be presented to the user.

It is recommended that a software dement that handles this event checks whether the event is
posted by atrusted software element. It may choose to only handle the event if thisisthe case.

5.4 Event Manager

5.4.1 Services Provided

Service Comm Locality Access
Type

EventManager::Subscribe M local all
EventManager::Unsubscribe M local all
EventManager::Replace M local all
EventManager::AddEvent M local all
EventManager::RemoveEvent M local all
EventManager::PostEvent M local all
EventManager::ForwardEvent M global Event Manager
<Client>::EventManagerNotification MB local Event Manager (all)

A software element registers with the Event Manager using its SEID and the list of events it is
interested in. The Event Manager will then use the SEID to send event notification messagesto the
software el ement via the Messaging System when the events of interest occur.

5.4.2 Event Manager Data Structures

Eventld
HAVi has a predefined set of system event types that are generated by trusted components, see

Annex 11.9. Each event has an Event | d — a quantity that identifies the event type to which it
belongs. An Event | d hasthe following structure.

enum Event | dSchema { SYSTEM VENDOR, APPLI CATI ON};
uni on Eventld switch (EventldSchema) {
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case SYSTEM Syst enkvent | d syst enti d;
case VENDOR Vendor Event | d vendor Ei d;
case APPLI CATION. AppEventld appki d;

System specified event IDs contain only the 16-bit base event number:

struct SystentEventld {
ushort base;
3

Vendor specified event IDs contain a base event number plus aVendor ID:

struct VendorEventld {
ushort base;
Vendor |l d vendor | d;

1
Application specified event IDs contain a base event number plus a software element ID:

struct AppEventld {
ushort base;
SEI D sei d;

1
The three forms of Event | d have different meanings. For Syst enEvent | d, only the base event
number is known. For Vendor Event | d, the base event number and aVendor | d (eg. Vendor | d

of the event poster) are known. For AppEvent | d, the base event number and a SEID (e.g. SEID of
the event pogter) are known.

The HAVi sysem events, those listed in Annex 119, are adways posted using the
Syst enEvent | d schema. Implementers may use any value for the base event number appearing
in Vendor Event | d and AppEvent | d. The vendor or application devel oper has the responsibility
of managing these base event numbers.

The Event Manager manipulates events represented by their Event | d. For example, when a
software element registersthe list of eventsit isinterested to “listen to”, the software element must
prepare the Event | d for each event in the list and pass the list to Event Manager. Suppose the
software element is interested in the events { E1, E2-from-Vendor-XYZ, E3-from-Object-ABC}, it
must prepare a Syst enEvent | d for E1, aVendor Event | d for E2, and a AppEvent | d for E3.
Thisligt of three event identifiersis then passed to the Event Manager for registration.

When an Event Manager receives an event it delivers the event to all local software elements that
have registered an event ID matching that of the received event. For two event IDs to match they
must have the same Event | dSchena and base. If the schema is Vendor Event | d, then the
vendor | d fields must so be equal for a match to occur. If the schemais AppEvent | d then the
sei d fieldsmust also be equal for amatch to occur.

To post an event, the event poster needs to:

construct the proper type of Event | d (e.g., if the poster wants to disclose its vendor, it
needs to construct a Vendor Event | d and put the right value in the Vendor | d field)

optionally construct additional information regarding the event (e.g. device GUID list
when posting aNewDevi ces event)

An Event Manager : : Post Event message is then sent from the event poster to the Event
Manager and resultsin the actual delivery of the event.
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5.4.3 Event Manager API

EventManager::Subscribe

Prototype

St at us Event Manager : : Subscri be(
i n sequence<Event|d> eidLi st,
i n OperationCode opCode)

Parameters
ei dLi st —array of events, represented by their Event | d, for which the software element
wants to receive notification. The safe parameter sizelimitis64 Event | d values.
opCode —the Qper at i onCode provided by the caller. Thisisthe value that the Event
Manager will place in the operation code of the notification message it sendsto aclient when
an event isto be ddivered to thisclient.

Description

Event Manager : : Subscri be adds the software element (that has sent the message) to the Event
Manager's interna table. A new entry is created to register the software element and the list of
events it wishes to “listen to”. There is no limit on the interna table size so long as the Event
Manager can find enough system resources to maintain the table. When any of the events in the
software element’s “interested” event list occurs, the Event Manager sends a hotification message
to the software element. The message contains opCode, the Event | d representing the event, and
possibly additional information about the event. When the software element receives the event
notification message, it uses the opCode to determine how to process the message. It istherefore
the respongbility of the software element to define the operation code for its event notification
message processing procedure call, and to passit to the Event Manager at event registration time

If the list contains duplicate event identifiers there will be only one notification generated for such
events.

If the software element has aready registered or resources cannot be alocated to honor the
registration request, an error isreturned to the software element.

Error codes
ERESOURCE_LI M T —if resources cannot be alocated to register the software element
Event Manager : : EEXI ST —if the software element has already registered itsdlf

EventManager::Unsubscribe

Prototype
St at us Event Manager : : Unsubscri be()

Description

Event Manager : : Unsubscri be removes the software eement from the Event Manager's
internal table. The resources alocated for storing the software element are freed. Thisfunction is
normally called when a software element is about to leave the HAVi environment or when it no
longer wants to be notified of events. After this function is caled, the software element will no
longer receive event notification messages from the Event Manager.

If the software element has not registered with the Event Manager, an error isreturned.

140



HAVi SPECIFICATION Version 1.1

Error codes
Event Manager : : ENOT_FOUND—if the software element has not registered with the Event

Manager

EventManager::Replace

Prototype

St at us Event Manager : : Repl ace(
i n sequence<Event|d> eidLi st,
i n OperationCode opCode)

Parameters
ei dLi st —new array of events represented by their Event | d, for which the software element
wants to be notified when any of themisposted. This new event array replacesthe old onein
the Event Manager’ sinternd table. If the new event array is not specified (i.e. ei dLi st isa
ligt of length zero), the old array in the Event Manager’ sinterna table is not changed. The safe
parameter sizelimitis64 Event | d values.
opCode —the new value that the Event Manager will place in the operation code of the
notification message it sendsto a client when an event isto be delivered to thisclient. Thisnew
operation code replaces the old one in the Event Manager’ sinternal table. If the new operation
codeisnot specified (i.e. opCode. oper ati onl d isOxff), the operation code in the Event
Manager’ sinternd tableis not changed.

Description

Replace the software element’ s list of “interested” events by the new list (if it is specified) and the
new operation code. Resources dlocated for the software element’s old event list and operation
code are freed. The Event Manager’s internal table is updated and resources alocated to use the
new event list and operation code. After the new event list (if specified) and the new operation code
(if specified) are ingtdled, if any event in the new event list occurs, the Event Manager sends a
<d i ent >: : Event Manager Not i fi cati on message to the software element. The message
uses the specified operation code and contains the Event | d representing the event, and possibly
additional information about the event. When the software element receives the event notification
message, it uses the operation code to determine how to process the message.

If the list contains duplicate event identifiers there will be only one notification generated for such
events.

If resources cannot be alocated to honor the replacement request or if the software el ement has not
registered with the Event Manager, an error isreturned.

Error codes
ERESOURCE_LI M T —if resources cannot be allocated to install the software €l ement
Event Manager : : ENOT_FOUND —if the software element has not registered with the Event
Manager

EventManager::AddEvent

Prototype
St at us Event Manager : : AddEvent (i n Eventld eventld)

Parameters
event | d —the new event, represented by its Event | d, to be added to the software element’s
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“listen-to” event list.

Description

Add the new event event | d to the software element’s list of “interested” events. The Event
Manager’sinternal table is updated and resources allocated to accommodate the new event. If this
new event occurs, the Event Manager sends a notification message to the software element so that
it can then respond.

If resources cannot be alocated to add the new event to the software element’ sevent list, an error is
returned. Also if the software element has not registered with the Event Manager or if the software
element has dready registered for the event, an error isreturned.

Error codes
ERESCURCE_LI M T —if resources cannot be alocated to add the new event
Event Manager : : ENOT_FOUND—if the software element has not registered with the Event
Manager
Event Manager : : EEXI ST —if the software element is already registered for this event

EventManager::RemoveEvent

Prototype
St at us Event Manager: : RenoveEvent (in Eventld eventld)

Parameters
event | d —an event, represented by its Event | d, to be removed from the software element’s
“ligten-to” event list.

Description

Remove the event event | d from the software element’s list of “interested” events. The Event
Manager’sinterna table is updated and resources allocated for the removed event are freed. After
invoking Event Manager : : RenoveEvent, the software eement will no longer receive a
notification message from the Event Manager when event | d occurs.

If the specified event is not on the software element’s “interest” event list, of if the software
element has not registered with the Event Manager, an error isreturned.

Error codes
Event Manager : : ENOT_FOUND—if the specified event is not found in the software element’s
event list or the software element has not registered with the Event Manager

EventManager::PostEvent

Prototype
St at us Event Manager : : Post Event (
in Eventld eventld,
i n bool ean gl obal ,
i n sequence<oct et > event | nf o)

Parameters

event | d —the event, represented by itsEvent | d, that the software element wants to post on
the home network.
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gl obal —aflagindicating whether the event isto be posted only locdly within the device
where the software element (the event poster) resides or to be posted globally to dl FAV and
IAV devices on the home network. When thisflagisset to Fal se, the event is posted localy.
When thisflagis set to Tr ue, the event is posted network-wide.

event | nf o —abuffer containing additiona information associated with the posted event. The
type of information stored in event | nf o depends on the posted event. For example, if the
posted event isNewDevi ces (when new devices are connected), then event | nf o containsthe
GUID list of the newly connected devices. If the posted event does not have additional
information, the length of event | nf o isset to 0. The safe parameter sizelimit is512 bytes.

Description

Post the specified event to the home network. Pogting an event means notifying dl “target”
software elements (i.e., those including the event in their “listen-to” event list) regardless of their
location on the network. Event notification messages are sent by the Event Managers to al target
software eements. The event poster simply sends a message to an Event Manager indicating its
intention to post the specified event. It is the responsibility of the Event Managersto ensure that all
target software elements receive notification. An Event Manager sends notification messagesto dl
locd target software dements. If the event is to be delivered network-wide, the initid Event
Manager (that receiving the Event Manager : : Post Event message) also “broadcasts’ the event
(together with additional information if present) to al remote Event Managers on the network.
Each remote Event Manager, when it receives the broadcast event, checksif any software element
in its locd device is interested in the event and sends those target software elements an event
notification message. A remote Event Manager will not broadcast the event again to the network, it
merely delivers the event localy. Only the initid Event Manager broadcasts the event to the
network.

If an Event Manager fails in sending a notification message to any target software element or in
broadcasting the posted event to remote Event Managers, an error is returned. However errors
which are caused by devices that disappear during the For war dEvent cal will not result in an
Event Manager : : EDEL| VERY error.

This API should only alow trusted software e ementsto post system events.

Error codes
Event Manager : : EDELI VERY — event ddivery to one or more destinations hasfailed

EventManager::ForwardEvent

Prototype

St at us Event Manager : : For war dEvent (
in SEID posterSeid,
in Eventld eventld,
i n sequence<oct et > event | nf o)

Parameters
post er Sei d — SEID of the software element that initialy posted the event
event | d —the event, represented by itsEvent | d, that the software e ement wants to post on
the home network.
event | nf o —abuffer containing additional information associated with the posted event. If
the posted event does not have additiond information, the length of event | nf o isset to 0.
The safe parameter sizelimit is 512 bytes.

Description
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Event Manager : : For war dEvent isused by alocal Event Manager to forward a posted event to
aremote Event Manager. The remote Event Manager then performs loca event delivery on behalf
of theinitiating Event Manager. Note that this function isinvoked by aloca Event Manager when
a software element posts a globa event (using the Event Manager : : Post Event with gl obal
set to Tr ue). The locd Event Manager performs the usud local event delivery, and also invokes
For war dEvent for each remote Event Manager on the network.

Error codes
Event Manager : : EFORWARDI NG— event forwarding hasfailed to a software e ement which
has registered for the event. If multiple forwardingsfail, one error code shall be returned.

<Client>::EventManagerNotification

Prototype

Status <O ient>:: Event Manager Noti fi cati on(
in SEID post er Sei d,
in Eventld eventld,
i n sequence<oct et> event| nfo)

Parameters
post er Sei d —SEID of event poster
event | d —ID of posted event
event | nf o —additiona information provided with the event. The safe parameter sizelimit is
512 bytes.

Description

Used when the Event Manager delivers an event to a client by sending a “message back” to the
client (with the operation code specified when the client registered interest in the event, e.g., using
Event Manager : : Subscri be).

5.4.4 Event Manager Events

Trusted software elements, including HAVi system components, generate system eventsthat reflect
changes in the home network affecting other components. To ensure a basic level of
interoperability, the set of HAVi system eventsis standardized. Annex 11.9 ligts the system events
used in the current version of the HAVI specification. This ligt is likely to grow with future
versions. All base numbers for the system events are reserved for future specifications. Untrusted
software dements are not allowed to post system events.

5.4.5 Event Manager Protocol

When an event is posted globaly to al Event Managers in the home network, the following
mechanism is used:

The event poster sends a Event Manager : : Post Event message to its loca Event Manager
requesting the event to be posted on its behalf. The message contains the SEID of the event poster,
theEvent | d of the event to be posted, whether the event isto be ddlivered locally or globally, and
possibly additional information about the event.

The local Event Manager checks if any software element residing locally have the posted event in
its “listen-to” event list. All target software elements that meet this condition will get an event
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notification message from this Event Manager. The message contains the operation code selected
by the target software, the SEID of event poster, the Event | d of the posted event and possibly
additional information about the event. The target software element, upon receiving the
notification message, will presumably respond to the event. The Event Manager should not wait for
this response (it should not use MsgSendRequest Sync to send the notification message) but
continue to send any remaining notification messages.

Loca ddivery of a posted event works in the following way. For every entry in itsinterna table,
the Event Manager checks if the entry’ s target software element has requested notification of the
posted event. If it has, the entry’s SEID is used as the target software element to receive Event
Manager notification messages. The exact message content depends on the posted event (see
Annex 11.9 for examples). The generd form of an event notification message is given by the
<d i ent>:: Event Manager Not i fi cati on AFI.

For example, if the posted event is NewDevi ces, the additiona event | nf o buffer contains the
GUID list of the newly connected devices. The Event Manager’ sinterna table entry also contains
the Qper at i onCode of the target software element. The SEID of the event poster is known to the
Event Manager from the Messaging System. Thus an Event Manager always has enough
information to construct the notification messages to be sent to target software e ements. For each
target software element, the Event Manager constructs one natification message. The message is
then sent to the target software e ement that will presumably respond to the posted event. The Event
Manager should not wait for this response (it should not use MsgSendRequest Sync to send the
notification message) but continue to send any remaining notification messages.

If the event is to be delivered network-wide, the loca Event Manager (where the event poster
resides) “broadcasts’ the event to al Event Managers residing on the network. When a remote
Event Manager receives the event, it performs loca event ddlivery as described in the paragraph
above.

A global event will be broadcast by an Event Manager using Event Manager : : For war dEvent .
The Event Manager may send For war dEvent to other Event Managers in any order. If the
Messaging System reports an unrecoverable error condition, or atimeout condition, the forwarding
failed. However, an Event Manager shall attempt to forward a posted event to each Event Manager
before returning from an Event Manager : : Post Event method. If a least one message
forwarding failed, this shall be reflected in the return code of Post Event . However errors which
are caused by devices having disappeared during the For war dEvent cal will not result in an
Event Manager : : EDELI VERY efror.

At initidization time, and after each network reset, the Event Manager asks the loca CMM to get
thelist of active GUIDs for al the devices in the network. For each device, the value stored in the
HAVi_Device_Class SDD field isretrieved (possibly using services provided by CMM, but the exact
mechanism is implementation dependent). An active FAV or 1AV device will have aloca Event
Manager, furthermore its SEID is known (since Event Managers have a well-known software
element handle). Each Event Manager can thus construct the list of other Event Managers in the
network. Devicesthat do not have the HAViI_Device Class SDD field are considered to be LAV or
BAV devices and will not have a local Event Manager. Nonactive FAV and IAV devices are
considered to not have an active Event Manager.
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5.5 Regqistry

5.5.1 Services Provided

Service Comm Locality Access
Type
Registry::RegisterElement M global all
Registry::UnregisterElement M global all
Registry::RetrieveAttributes M global all
Registry::GetElement M global all
Registry::MultipleGetElement M global all
NewSoftwareElement E global Registry (all)
GoneSoftwareElement E global Registry (all)

5.5.2 Registry Data Structures

Attribute

Definition

struct Attribute {
At tri but eNanme name;
sequence<oct et > val ue;

3
Description

The Attribute dructure is used to characterize a software element through the
Regi stry: : Regi st er El ement method. Attribute values are formatted as described in Table 6
in section 3.4.1. The safe parameter sizelimit for At t ri but e. val ue is106 bytes.

AttributeName

Definition
typedef uint AttributeNaneg;

Description

HAVi Registry attributes are listed in Annex 11.2 and described in Table 7 found in section 3.4.1.
The most significant bit of an attribute name is dedicated to the class of attribute as explained in
section 3.4.1.

SoftwareElementType

Definition
const AttributeName  ATT_SE TYPE = 0x00;
t ypedef uint SoftwareEl enent Type;

Description
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The software element type attribute represents the primary function of a software element. Each
type is associated with different APIs. The software element types specified by HAVi arelisted in
Annex 11.3.

The software element types from 0x0 to 0x007f ffff are for use by trusted software eements. In
particular, only trusted software elements can register themselves with these software element

types.

If the software element is a system service, the type atribute designates the service itsdlf:
COVMUNI CATI ON_MEDI A MANAGER, EVENT_MANAGER, REG STRY,
DCM MANAGER, STREAM MANAGER, RESOURCE MANAGER

If the software element is an FCM, the type attribute designates the type of functional component
that the FCM controls: GENERI C_FCM VCR_FCM TUNER_FCM etc. (The GENERI C_FCM type
attribute is used by a software element that only exposes the basic FCM APIs and not any
additiona functionality.) Thelist will be extended as FCMs are introduced by new HAVi versions.
If the software element isa DCM, then the type attribute will be: DCM

If the software dement is an Application Module, then the type attribute will be
APPLI CATI ON_MODULE

If the software element provides a non-HAVi compliant API then the type attribute will be in the
range from 0x8000 0000 to Oxffff ffff. Such kind of software elements are havlet, DDI controller
and any other HAVi applications except Application Modules.

Thisisamandatory attribute.

Vendorld
const AttributeNanme ATT_VENDOR | D = 0x01;

The Vendor | d datatypeisdefined in section 5.1.2.

Thisisamandatory attribute for DCM, FCM and Application Module software elements.

HUID
const AttributeNane ATT_HU D = 0x02;

The HUI D datatype is defined in section 5.6.2.

Thisisamandatory attribute for DCM, FCM and Application Module software elements.

Targetld
const AttributeName ATT _TARCGET | D = 0x03;

TheTar get | d datatypeisdefined in section 5.6.2.

Thisisamandatory attribute for DCM, FCM and Application Module software elements.

Interfaceld
const AttributeName ATT_ | NTERFACE | D = 0x04;
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Thel nterf acel d datatypeisdefined in section 5.6.2.

Thisisamandatory attribute for DCM, FCM and Application Module software elements.

DeviceClass

Definition
const AttributeNanme ATT _DEVI CE CLASS = 0x05;
enum Devi ced ass{ LAV, BAV, |AV, FAV};

Description
This is the set of device categories (see section 2.3.3) standardized by the HAVi Architecture,
vauesare: LAV, BAVY, | AV, FAV

Thisisamandatory attribute for DCM and FCM software elements.

GuiReq

const AttributeNanme ATT_GUI _REQ = 0x06;
typedef uint CQuiReq;

const QGui Reqg NO_GUI = 0x00;
const Gui Req DDI _GUI = 0x01;
const Gui Req HAVLET GUJI = 0x02;

Description

Designates the Graphicd User Interface level(s) the software element supports. The attribute is a
32-bit field where each bit shows the availability of a corresponding level. The bit set to 1 means
available. The following values are reserved:

NO QU : the software element does not offer a user interface (default value).

DD _GQUl: the software element is compatible with DDI protocol acting asaDDI
Target.

HAVLET_GUI : the software element provides an uploadable application.

Thisisan optional attribute. If this attribute is not registered, the value will be treated asNO GUI .

MediaFormatld

Definition
const AttributeName ATT_MEDI A FORVAT | D = 0x07;

The Medi aFor nat | d datatypeisdefined in section 5.1.2.

Description

This attribute indicates the format of the media handled by the device or functional component.
Possiblevauesarelisted in Annex 11.10.

Thisisan optiond attribute
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DeviceManufacturer

Definition

const AttributeNanme ATT_DEVI CE_ MANUF = 0x08;
t ypedef wstring<50> Devi ceManufact urer;
Description

Name of the manufacturer of the device or functional component associated with the software
element. Thisisa UNICODE string representing the name of the manufacturer. Each character will
be coded with two bytes. For example, “A” is coded as 0x0041. The string can be empty (of zero
length) since it may be difficult to determine the name of an LAV manufacturer.

Thisisamandatory éttribute for DCMs and FCMs.

DeviceModel

Definition
const AttributeName ATT _DEVI CE MODEL = 0x09;
t ypedef wstring<50> Devi ceModel ;

Description

This attribute is the model name, as provided by the manufacturer, of the device associated with a
DCM or FCM.

Thisisan optional attribute.

SoftwareElementManufacturer

Definition
const AttributeName ATT_SE MANUF = 0xOa;
typedef wstring<50> SoftwareEl enment Manuf acturer;

Description
Name of the manufacturer of the software element. Thisisan optiona attribute.

SoftwareElementVersion

Definition
const AttributeName ATT_SE VERS = 0xO0b;
t ypedef Version SoftwareEl enent Ver si on;

Description

Contains the version number of the software e ement according to the method described in section
2.8. Thisattribute is mandatory for DCMs, FCMs, Application Modules and system components.

AvLanguage
Definition
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const AttributeNanme ATT_AV_LANG = 0xOc;
typedef uint AvLanguage;

const AvlLanguage NO AV_LANGUAGE = 0x00;
const AvLanguage AVC LANGUAGE = 0x01;
const AvlLanguage CAL LANGUAGE = 0x02;

Description

Designates the proprietary AV command |language the software element supports in addition to
HAVi messaging. The attribute is a 32 bit field where each bit shows the availability of a
corresponding AV language. The bit set to 1 means available. Thisis an optiona attribute. If the
atribute is not registered, itsvalue will be treated asNO_AV_LANGUAGE.

UserPreferredName

Definition
const AttributeName ATT_USER PREF NAVE = 0x0d;
typedef wstring<l16> User PreferredNang;

Description

A user selected name used to identify the device associated withaDCM or FCM. The string can be
empty (of zero length). This attribute is mandatory for DCMs and FCMs.

SimpleQuery

Definition

struct SinpleQuery {
At tri but eNanme attri but eNane;
seguence<octet> conpareVal ue;
ConmpQOper ati on conpar eQperati on;

}s

Description

Si npl eQuery isused by the Regi st ry: : Get El enent operation.

at t ri but eNane —the name of the attribute whose value is to be compared with
conpar eVal ue.

conpar eVal ue —the value to be compared against the attribute. The format of

conpar eVal ue followsthat of attributes as described in Table 6 in section 3.4.2, its safe
parameter size limit is 106 bytes.

conpar eQper at i on —operation performed during comparison.

A simple query is used to find a Registry entry with a specific attribute and attribute value. A
Registry entry satisfies asimple query if it has an attribute that satisfies the smple query, i.e, if the
vaue of one of the attributes with name equa to attri buteName satisfies. val ue
conpar eQper ati on conpar eVal ue.

The above interpretation is designed for queries on attributes that may only occur oncein aRegistry
entry. Moreover, it is suitable for specifying most queries on attributes that may occur multiple
times in a Registry entry. E.g., a software eement X may be registered with the attribute
Medi aFor mat | d occurring twice, once with the value DI SC__ DvD and once with the value
DI SC__DVD__R. Now, the query “ATT_MEDI A FORVAT | D EQ DI SC__DVD' for finding FCMs
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that can handle DVD discs will return software element X since it has one attribute satisfying the
condition. However, note that this interpretation may sometimes seem “counter intuitive” for
dtributes that may occur multiple times. E.g.,, the query “ATT_MEDI A FORVAT I D NEQ
Dl SC__DvD' will dso return software element X, since it has one attribute satisfying the condition
(athough it also has one that does not satisfy the condition).

If conpar eQper at i on iSANY then an entry satisfies the query provided it has an attribute named
attri but eNane (and conmpar eVal ue isignored). For EQU, NEQU, GT, GE, LT and LE, the query
can be processed as follows. The query is evauated byte by byte, starting with the most significant
byte.

Bytes are Different

If apair of bytes differ then the result of the query is determined by comparing the two
bytes using conpar eQper at i on.

Bytes are Identical, Same Length

If conpar eVal ue and the attribute value are of the same length and are identical then
EQU, GE, and LE succeed while NEQU, LT, and GT fail.

Bytes are Identical, Different length

If conpar eVal ue and the attribute value are not of the same length, but are identical
up to thelength of the shorter sequence, then:

1. theattribute value has greater length: NEQU, GT, GE succeed while EQU, LT, and LE fail;
2. conpar eVal ue hasgreater length: NEQU, LT, LE succeed while EQU, GT, and GE fail.

For BWA, the query can be processed as follows: If the lengths (or types) differ, the query fails,
otherwise perform the following: For each bytei, Al, of the attribute value, and each bytei, Bi, of
conpar eVal ue, if the bitwise logical and of Ai and Bi resultsin a non-zero value, then Ai BWA Bi
succeeds, otherwise it fails. The bytes of the attribute value and conpar eVval ue are processed
from the mogt significant byte (in big endian order, with the leftmost byte as the mogt significant
byte) to the least significant byte. The query succeeds if for any byte j, Aj BWA Bj succeeds. The
query failsif for dl bytesi in attribute value and conpar eVval ue, Ai BWA Bi fails.

For BWD, the query can be processed as follows: If the lengths (or types) differ, the query fails,
otherwise perform the following: For each bytei, Ai, of the attribute value, and each bytei, Bi, of
the conpar eVal ue, if the bitwise logical or of Ai and Bi results in the value Oxff, then Ai BWD Bi
succeeds, otherwise it fails. The bytes of the attribute value and conpar eVal ue are processed
from the mogt significant byte (in big endian order, with the leftmost byte as the mogt significant
byte) to the least significant byte. The query succeeds if for al bytes j in attribute value and
conpar eVal ue, Aj BWD Bj succeeds. The query failsif for any bytej, Aj BAWDB;j fails.

BoolOperation

Definition
enum Bool Operation {AND, OR};

Description
Thistypeis used within the definition of the Conpl exQuer y structure.
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ComplexQuery

Definition
struct Conpl exQuery {
uni on queryl switch(short) {
case 0: SinpleQuery snpl Queryl;
case 1. sequence<Conpl exQuery, 1> cnpl xQueryl,;

3
uni on query2 switch(short) {
case 0: SinpleQuery snpl Query?2;
case 1l: sequence<Conpl exQuery, 1> cnpl xQuery2;
1
Bool Oper ati on bool Operati on;
1
Description

Conpl exQuery isused by the Regi stry: : Mul ti pl eCGet El enent operation. A complex query
is a boolean operation between two SEID lists obtained from either a smple query or another
complex query.

The IDL sequence appearing in quer y1 and quer y2 should contain exactly one element. (The
sequence construct is used simply because thisisthe only way to define arecursive datastructurein
IDL.) However, in order to comply with the HAVi CDR rules (which define the mapping from
IDL into a bitflow), the length of this sequence (always 1) has to be marshalled (as an IDL long)
before the single element of the sequence is marshalled. Safe parameter size limits of ComplexQuery
are as follows: max number of SimpleQuerys in a whole Conpl exQuery is 32, max depth of
recursonin awhole Conpl exQuery isb.

5.5.3 Registry API

Registry::RegisterElement

Prototype
St at us Regi stry:: Regi sterEl enent (
in SEID seid,

i n sequence<Attribute> table)

Parameters
sei d —theuniqueidentifier of the software element to be registered.
t abl e —theattributetable. Thetableis checked to assure attributes are valid. The safe
parameter sizelimitis100 At t ri but e vaues.

Description

This service primitiveis used to add or modify a software dement in the Registry database. If sei d
is dready within the database then al of the old attributes associated to specified sei d will be
removed and the new attributes will be added. If sei d is not present within the database then an
entry is created for sei d using the attributesin t abl e, and a NewSof t war eEl enent event for
the newly added sei d isposted globally. Only local software elements (i.e., el ementsthat reside on
the same node as the Registry) may be registered.
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For an untrusted caller the Registry checks whether or not the sei d parameter is the SEID of the
caler. It isforbidden for an untrusted caller to register an element with a SEID other than its own.
For atrusted caller the sei d parameter can be associated with any software element (however if
sei d isnot on the same device as the Registry then an error isreturned).

Furthermore, the Registry checks that untrusted software elements only register a ATT_SE TYPE
attribute that is among those possible for untrusted software elements (see Annex 11.3).

Error codes
ERESOURCE_LI M T —resource alocation error.
Regi st ry: : ELOCATI ON—sei d isaremote software e ement.
Regi st ry: : EATTRI BUTE_NAME —the registration is not possible since asingle valued
system attribute name occurs multiple times.

Registry::UnregisterElement

Prototype
Status Registry::UnregisterEl ement(in SEID seid)

Parameters
sei d —theuniqueidentifier of the software element to be unregistered
Description
Regi stry: : Unregi st er El enent is used to remove a software dement from the Registry
database and a GoneSof t war eEl enent event for theremoved sei d isposted globally.

For an untrusted caller the Registry checks whether or not the sei d parameter is the SEID of the
caler. It is forbidden for an untrusted caller to unregister an element with a SEID other than its
own. For atrusted caller thesei d parameter can be associated with any software element.

Error codes
Regi stry: : El DENTI FI ER—the software e ement cannot be found in the local Registry

Registry::RetrieveAttributes

Prototype
Status Registry::RetrieveAttributes(
in SEID seid,

out sequence<Attribute> table)

Parameters
sei d —the unique identifier of asoftware element.
t abl e —indicates where the attribute list corresponding to the software element isto be
copied. The safe parameter sizelimitis100 At t ri but e values.

Description

This service primitive is used to read the attributes of the software element whose identifier is
sei d. The software element with this SEID may be located anywhere in the network (i.e., it need
not reside on the same node as the Regisiry that initidly receives the Retri eveAttri but es
request).

153



HAVi SPECIFICATION Version 1.1

Error codes
Regi stry: : El DENTI FI ER—the software element cannot be found in any Registry
Regi st ry: : ENETWORK — ho response due to a network problem

Registry::GetElement

Prototype
St at us Regi stry:: Get El enent (
in SinpleQuery query,
out sequence<SEl D> sei dLi st)

Parameters
query —specifiesasmple boolean operation on one attribute of the Registry database. It
contains the following elements as described above: nane, conpar eVal ue and oper at i on.
sei dLi st —thelist of SEIDs of software el ements which match the query.

Description

This primitive is used to get a list of software element identifiers that satisfy the query given
through the quer y parameter. If the caller isremote to the Regigtry (i.e., resides on adifferent node
than the Registry) then only SEIDsthat are local to the Registry are returned. If the caller islocal to
the Registry then al SEIDs on the network (local as well as remote) that satisfy the query are
returned.

Should Regi st ry: : ENETWORK be returned, the out parameter sei dLi st contains all matching
SEIDsthat were found in the network.

Error codes
Regi st ry: : ENETWORK — the response is not complete due to a network problem

Registry::MultipleGetElement

Prototype

Status Registry::MiltipleCetEl enent(
in ConplexQuery query,
out sequence<SEl D> sei dLi st)

Parameters
query —specifiesacomplex query on severa attributes of the Registry database.
sei dLi st — thelist of SEIDs of software e ements which match with criteriaof the query

Description

This primitive is used to get alist of software element identifiers from Registry database satisfying
a boolean operation between two queries (which in turn may involve other queries — see the
definition of Conpl exQuery).

Should Regi st ry: : ENETWORK be returned, the out parameter sei dLi st contains all matching
SEIDsthat were found in the network.

Error codes
Regi st ry: : ENETWORK — the response is not complete due to a network problem
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5.5.4 Registry Events

NewSoftwareElement

voi d NewSof t war eEl enent (
in SEID seid,
i n bool ean hasHui d,
in HU D huid)

Thisevent is generated when anew entry iscreated (using Regi st ry: : Regi st er El enent ). The
SEID corresponds to that of the newly registered software element. NewSof t war eEl enent iSnot
generated when an entry isupdated. NewSof t war eEl ement is not generated for system elements
(i.e, when system elements register themselves). The HUID corresponds to that of the newly
registered software e ement (if it has one), hasHui d indicatesif the HUID parameter isvalid.

GoneSoftwareElement
voi d GoneSof t war eEl enent (i n SEI D sei d)

This event is generated when an entry is removed from the Registry (using
Regi st ry: : Unregi st er El ement ). The SEID corresponds to the identifier of the unregistered
software element.

5.5.5 Registry Protocol

Each Registry maintains a local database containing entries for the registered software elements
located on the same device as the Registry.

When a Registry (A) receives a query from a local software element (i.e., running on the same
device), it uses the Messaging System to forward the query to other Registries. The query is sent to
all other Regidtries, and Registry A waits for the response messages from each remote Regigtry. (It
is the responsibility of the Registry implementor to assure that the Registry will not be blocked
indefinitely. For example, a timer can be armed just before sending the request to a remote
Registry.) When al the replies have been received, then Registry A sends a response to the calling
software element. The response contains all the SEIDs found in the different replies.

If one reply contains a EI NCOVPLETE_RESULT error, this error is returned to the calling software
element. If one of the remote Registries could not be reached, the return code is
Regi st ry: : ENETWORK (however, if the forwarding fails due to the device containing the remote
Registry being removed then this error is not returned). In the case where both occur, the return
code passed to the caling software dement may be ether EI NCOWPLETE_RESULT or
Regi stry: : ENETWORK.

When a Regidiry receives a query from a remote Registry, it examines its local database and
generates aresponse.
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Figure 31. Registry Protocol

In asimilar way, if a Registry receivesaRet ri eveAt t ri but es request for an SEID that is not
locd to the Regidtry, the “local” Registry uses the SEID to find out on which node it resides, then
forwards the retrieval request to the Registry on that remote node. The remote Registry sends the
retrieval result to the “local” Registry which in turn returnsit to the caller.

The RetrieveAttributes is only sent to the remote registry on which the requested SEID
resides. If that Registry is (currently) not in the network, the Regi st ry: : EI DENTI FI ER error is
returned.

5.6 Device Control Module

This section provides a set of commands for device management within the architecture provided
by a DCM. These DCM commands include areas such as connection management, informational
and dtatus queriesfor the device and its plugs, etc. The DCM corresponding to adevice isthe target
of these messages. This document describes the common set of DCM commands. Regardless of the
type of device that is represented by the DCM, the DCM command set must be supported.
However, (proprietary) extensions of the DCM command set are allowed.

5.6.1 Services Provided

Service Comm Locality Access Resv

Type Prot
Dcm::GetDevicelcon M global all
Dcm::GetHuid M global all
Dcm::GetFcmCount M global all
Dcm::GetFcmSeidList M global all
Dcm::GetDeviceClass M global all
Dcm::GetDeviceManufacturer M global all
Dcm::GetUserPreferredName M global all
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Service Comm Locality Access Resv
Type Prot
Dcm::SetUserPreferredName global all
UserPreferredNameChanged global DCM (all)
Dcm::GetPowerState global all
Dcm::SetPowerState global all yes
PowerStateChanged global DCM (all)
PowerFailurelmminent global DCM (all)
Dcm::NativeCommand global all yes
Dcm::GetControlCapability global all
Dcm::GetHavletCodeUnitProfile global all
Dcm::GetHavletCodeUnit global all
Dcm::GetPlugCount global all
Dcm::GetPlugStatus global all

Dcm::Connect global Stream Manager  yes

Dcm::Disconnect global ~ Stream Manager  yes

Dcm::GetConnectionList global all
DeviceConnectionAdded global DCM (all)
DeviceConnectionDropped global DCM (all)
DeviceConnectionChanged global DCM (all)
Dcm::GetChannelUsage global all
Dcm::GetPlugUsage global all

Dcm::SetlecBandwidthAllocation global ~ Stream Manager  yes

BandwidthRequirementChanged global DCM (all)

Dcm::lecSprayOut global Stream Manager

Dcm::lecTapin global Stream Manager  yes

Dcm::GetSupportedTransmissionFormats global all

Dcm::GetTransmissionFormat global all

Dcm::SetTransmissionFormat global ~ Stream Manager  yes

TransmissionFormatChanged global DCM (all)
Dcm::GetContentlconList global all
Dcm::SelectContent global all yes
Dcm::StopContent global all yes
ContentListChanged global DCM (all)

Dcm::ScheduleReservation global Resource Manager

Dcm::UnscheduleReservation global Resource Manager

Sl Im| g IEIMmZ|IZ|EIMIZIZE|IZ IS |IEIMIEIZEIEImmm (|| |IEIZS|IEmEm|Is|Im£

Dcm::GetScheduledActionReferences global all
InvalidScheduledAction global DCM (all)
Dcm::AddVirtualFcm local trusted
Dcm::RemoveVirtualFcm local virtual FCM
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Service Comm Locality Access Resv
Type Prot
Dcm::GetAvailableStreamTypes M global all
Dcm::GetStreamType M global all
Dcm::SetStreamTypeld M global  Stream Manager  yes
StreamTypeChanged E global Dcm(all)

5.6.2 Device Control Module Data Structures

Devicelcon

Definition

struct Devicelcon {
Label devi cel conNane;
Opt AttrList opti onal s;

b
Description

The device icon eement is returned by the DCM and DCM Manager AP calls Get Devi cel con.
Deviceicons may be used to represent adevice (DCM) to ahuman user; for example, on anetwork
map image. The particular form of representation is avendor device option.

For the definition and meaning of the Label and Qpt At tr Li st types see section 5.12 APIs for
Data Driven Interaction.

The devi cel conNane label denotes the user preferred name as discussed in the DCM and
Registry sections. The user preferred name can be changed via Decm : Set User Pr ef er r edNane.
The DCM takes care that the devicelconNane in the Devicelcon retrieved via
Dcm : Get Devi cel con isupdated accordingly. Notethat Devi cel con isaso used for providing
avisual representation of an Application Module. In this case, the devi cel conNane label does
not mean denoting the user preferred name of the device.

Optional Attributes
DEVI CE_| CON_BI TMVAP

Optionally, a device icon may provide a bitmap representation in one or more of the optional
atributes. The size of the bitmap is recommended to be a size that would alow a controller or
other user interface application to easily display on the screen a number of device representations.
This would alow the user to select a given device for further device control. In any case, the
bitmap should be no larger that 48 x 48 pixels. Note that the device icon’ s bitmap is represented by
an optiona attribute of type DEVI CE_| CON_BI TMAP which directly contains the pixels of the
bitmap. This meansthat when aDevi cel con hasbeen obtained, Ddi Tar get : : Get Ddi Cont ent

does not need to be used to obtain the pixels.

For the definition and meaning of the DEVI CE_| CON_BI TMAP see section 5.12 APIs for Data
Driven Interaction.
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Contentlcon

Definition

struct Contentlcon {
Label cont ent | conNane;
bool ean avai l ability;
Opt AttrList opti onal s;

}s

Description

The content icon e ement isreturned by the API call Dcm : Get Cont ent | conLi st . Content icons
may be used to represent to a human user the content that can be provided by adevice. The DCM
for this device will make available, using Dcm : Get Cont ent | conLi st , aset of content iconsfor
user selection of the DCM’s AV content. When selected, usingDcm : Sel ect Cont ent , thetarget
devicewill start playing this content out .

Theavai | abi | i ty attribute indicates whether or not the content shown by the content iconis (=
Tr ue) or isnot (= Fal se) available now.

For the definition and meaning of the Label and Qpt At trLi st types see section 5.12 APIs for
Data Driven Interaction.

Optional Attributes
CONTENT_| CON_BI TVAP
FONTSI ZE
PLAYBACK_DURATI ON
RECORDED_DATETI ME
BROADCAST_DATETI ME

The PLAYBACK_DURATI ON attribute shows the length of time required for playing back this
content.

The RECORDED DATETI ME attribute shows when this content was recorded and is, for example,
used for A/V storage devices.

The BROADCAST DATETI ME attribute shows when this content will be transmitted from a
broadcasting station and, for example, is used for tuner devices.

For the definition and meaning of the optiona attributes see section 5.12 APIs for Data Driven
Interaction.

The size of the content icon bitmap is recommended to be a size that would alow a controller or
other user interface application to easily display on the screen a number of device content
representations. In any case, the bitmap should be no larger that 48 x 48 pixels.

Note that the content icon's bitmap is represented by an optiona attribute of type
CONTENT_| CON_BI TMAP which directly containsthe pixels of the bitmap. Thismeansthat when a
Cont ent | con has been obtained, Ddi Tar get : : Get Ddi Cont ent does not need to be used to
obtain the pixels.

Targetld

The Target ID is the identification of a device, functional component of a device, or Application
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Moduleinside adevice, and must have the following structure:

enum Tar get Type {DCM 61883, DCM NON61883, FCM 61883,
FCM _NON61883, AM };

struct Targetld {
Tar get Type type;

QU D gui d;
ui nt ni;
ushort n2;

3

Thet ype indicateswhether thetarget isan Application Module, FCM or DCM. For the latter two
it also indicates whether the associated device is IEC-61883 compliant or otherwise. FAVs, IAVs
and BAVs are |IEC-61883 compliant and thus their DCMs and FCMs have type set to
DCM 61883 or FCM 61883 respectively. The DCM or FCM for an IEC-61883 compliant LAV
shall havet ype set to DCM 61883 or FCM 61883 respectively. The DCM or FCM for anon IEC-
61883 compliant LAV shdl havet ype set to DOM NON61883 or FCM_NCON61883 respectively.

The gui d indicates the device which should be used for (IEEE-1394) communication (including
streaming). For non-61883 devices and application modules, thisisthe GUID of the host.

Theinterpretation of the fieldsn1 and n2 should be done according to the following table:

type GUID of: nl n2
DCM 61883 target OXFff ffff OXfff
DCM_NON61883 host ID of non IEC-61883 compliant  Oxffff
LAV (assigned by host)
FCM_ 61883 target Oxffff ffff Index of FCM
(from 0x0000 to
Oxfffe)
FCM_NON61883 host ID of non IEC-61883 compliant  Index of FCM
LAV (assigned by host) (from 0x0000 to
0xfffe)
AM host ID of Application Module Oxffff

(assigned by host)

At each moment in time, a Target ID isunique in the sense that atarget is represented by only one
Target ID and aTarget ID refersto only one target.

Notes:

In case of non-61883 devices, the nl value is assigned by the host. It is the host's
responsibility to assign these values such that at each moment in time a Target ID
corresponds to a single target.

For IEC-61883 devices the Target ID is unique and persistent. However, for non |IEC-
61883 devices a host might not be able to assign a unique and/or persistent Target ID. So,
for these types of devices it may be the case that a Target ID X refers to a device x while
later on it refers to another devicey. Moreover, it may be the case that at some moment in
time a device x is represented by a Target ID X while some time later it is represented by
aTargetID Y.
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Target IDs of Application Modules are assigned by the host on which the application is
going to run; they are passed to the Application Module at installation. The GUID in this
Target ID isthe GUID of the host, the n1 field is a number assigned by the host in such a
way that there is no other Application Module on that node with the same Target ID (the
n2 field is Oxffff). If the host assigns a Target ID to some Application Module in a
persistent way, i.e. each time the Application Module is started it gets the same Target ID
and that Target ID is never assigned to another Application Module, the host can indicate
this to the Application Module by the n1Uni queness value provided during installation
(see section 7.4.2). The Application Module shall set the n1Uni queness field of its
HUID according to this parameter.

Interfaceld

The Interface ID is the identification of a DCM, FCM, or Application Module and must have the
following structure.

t ypedef ushort Interfaceld;

The Interface ID is assigned per DCM and Application Module. FCMs have the same Interface ID
astheir associated DCM.

The Interface ID is assigned by the vendor (author) of the DCM, FCM or Application Module.

HUID

The HUID isthe unique identification of aDCM, FCM, or Application Module and must have the
following structure.

enum FCAssi gner {NONE, AVC, CAL, VENDOR, DCM ;

struct HU D {

Targetld targetld;

I nterfaceld i nterfaceld;
Vendor | d vendor | d;
bool ean nlUni queness;

FCAssi gner n2Assi gner;

3

Thet ar get | d identifies uniquely the target (see above).

The vendor | d contains the ID of the vendor of the DCM, FCM or Application Module. As
indicated below, HUIDs have to satisfy several properties. In generd, it is the vendor indicated by
thisVVendor ID that guaranties that the properties are met.

The i nterfacel d is a number assigned by the vendor to identify the API supported by the
software element. When a device manufacturer provides different (versions of) APIs for the same

devicelapplication, it shall differentiate their HUIDs by varying their Interface IDs.

Then1Uni queness fidd indicateswhether the host could assignthe Target ID n1 field uniquely
for that device, and will never use that same value for any other device. For BAVsin BAV mode,
IAVsand FAVs, n1Uni queness isawaysTr ue.

The n2Assi gner fidd has the vaue of NONE for the HUIDs of DCM and AM code units. For
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FCMs, n2Assi gner #NONE indicates interface uniqueness and the basis for this uniqueness:

the AV/C address determines the FCM index. The value 'n2' is regarded as a combination of
upper-byte (hereafter, n2_H) and lower byte (heresfter, n2_L), where n2_H corresponds to
subunit_type or Extended subunit type, and n2_ L corresponds to subunit ID or
Extended subunit_ID. If Extended_subunit_typeisused for AV/C addressand itsvalueisless
than 224, n2_H equals to the vaue plus 32. Otherwise, lower 5-bits of n2_H equa to the
subunit_type and upper 3-bits shal be zeros. If Extended subunit_ID is used and its value is
less than 251, n2_L equals to the value plus 4. Otherwise, lower 3-bits of n2_L equal to the
subunit_ID and upper 5-bits shall be zeros. Note that n2 = Oxffff isnot allowed for an FCM.
the CAL context id determines the FCM index.

the FCM index is assigned and guaranteed by the vendor.

the FCM index is assigned and guaranteed by the DCM.

Note: Also for FCMsof BAVsS, n2Assi gner isuseful toindicate (FCM) persistency.

The n1Uni queness and n2Assi gner fidds together aso determine whether the HUID's
interface can be uniquely identified by thei nterfacel d and vendorid fidds. if a software
dement with HUID H has some APl A and H.nlUni queness is True and

H.n2Assi gner #NONE, then it will always be the case that any software eement with HUID H
has APl A.

The above definitions lead to the following properties for HUIDs:

The HUID of aDCM can be inferred from the HUID of any of its FCMs by replacing the
n2 sub-field of the target field (t ar get | d) by Oxffff, the type sub-field of the target field
(t ar get | d) as appropriate (DCM 61883 in case of FCM 61883 and DCM_NONG1883 in
case of FCM_NON61883), and the n2Assi gner field by NONE.

The GUID of the node that is needed for (IEEE-1394) communication can be inferred
from the gui d sub-field of thetarget field (t ar get | d).

ByteRow

t ypedef sequence<oct et > Byt eRow;

Uninterpreted row of bytes. Thistypeis used for passing native commandsto aDCM or FCM (and
its associated device).

The safe parameter size limit for Byt eRow values is the same as that of the data parameter for
Oml394: : Read and Om1394: : Wi te.

NativeProtocol

HAVi has been designed to support the embedding of non-HAVi devicesin the HAVi architecture.
To alow extensive control of these devices by their native command protocols, the following type
isintroduced:

enum Nat i vePr ot ocol {VENDOR PROTCCOL};

Nat i vePr ot ocol indicates how (via which standard) a sequence of bytes should be interpreted.
VENDOR_PROTOCOL is used for vendor defined command protocoals. In this case, the cdler must
know the vendor of the DCM target device and its native command set.
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ContentType
enum Cont ent Type {AUDI O, AV};

ContentlconRef

struct ContentlconRef {
ui nt handl e;
Contentlcon icon;

b

NO_CHANNEL

t ypedef short Channel Nunber;
const Channel Nurmber NO_ CHANNEL = -1;

NO_CHANNEL isaspecid valuereturned by Dcm : Get Channel Usage.

DeviceConnectionDropReason

enum Devi ceConnect i onDr opReason {
DEV_CON _DROPPED BY NON HAVI _REQUEST,
| EC_ BROADCASTOUT RESTORE_FAI LURE,
| EC_BROADCAST_BROKEN

1
Stream Manager Types

The DCM APIs use the following types defined in the Stream Manager section:

Pl ug, Devi ceConnection, |ecPlug, StreanType,
Transm ssi onFor nat

Resource Manager Types

The DCM APIs use the following types defined in the Resource Manager section:
SARef erence, Command, SAConnecti on, SAPeri od

5.6.3 Device Control Module API

Dcm::GetDevicelcon

Prototype
Status Dcm : Get Devi cel con(
out Devicelcon icon)

Parameters
i con —arepresentation for the device the DCM represents.
Description

Provides a visua representation of the device that can be displayed to the user. It is the same
representation as that acquired through Dcnivanager : : Get Devi cel con for BAV devices (and
possibly LAV devices).
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The device icon shall be constructed from the HAVi_User_Preferred_Name field in the SDD of the
device and fromthe HAVi_Device_Icon_Bitmap fidd if it isavailable.

Dcm::GetHuid

Prototype
Status Dcm : Get Hui d( out HUI D dcni d)

Parameters
dcm d —the HAVi Unique ID of the DCM

Description
Returnsthe HAVi Unique ID of the DCM.

Dcm::GetFcmCount

Prototype
Status Dcm : Get FcnCount (out ushort fcnCount)

Parameters
f cnmCount —the number of FCMsrdated to the DCM.

Description
Returns the number of FCMs related to the device represented by the DCM.

Dcm::GetFcmSeidList

Prototype
Status Dcm : Get Fcnei dLi st (out sequence<SElI D> fcnl dLi st)
Parameters
fcm dLi st —alist of software eement identifiers of FCMs. The safe parameter sizelimit is
10 SEI Dvalues.
Description

Returnsthe list of software e ement identifiers of the FCMs related to the device represented by the
DCM.

Dcm::GetDeviceClass

Prototype
Status Dcm : Get Devi ceC ass(out Devi ced ass devi ced ass)

Parameters
devi ced ass —thedeviceclass, see section 5.5.2.

Description

Returnsthe Devi ced ass of the device represented by this DCM.

164



HAVi SPECIFICATION Version 1.1

Dcm::GetDeviceManufacturer

Prototype
St at us Dcm : Get Devi ceManuf act urer (out wstring namne)

Parameters
nane —the name of the manufacturer. The safe parameter size limit is the maximum length of
the Registry Devi ceManuf act ur er datastructure.

Description
Returns the name of the manufacturer of thisdevice.

Dcm::GetUserPreferredName

Prototype
Status Dcm : Get User Pref erredNanme(out wstring namne)

Parameters
nane —astring indicating the user provided name. The safe parameter sizelimitisthe
maximum length of the Registry User Pr ef er r edNane data structure.

Description

Provides the name that a user has given to this specific device. If no name has been assigned the
string isempty. The user preferred nameis also available as an attribute in the Registry.

To share this name with other HAVi devices, a device may provide the user preferred namein the
field HAVi_User_Preferred_Name inits SDD data.

Dcm::SetUserPreferredName

Prototype
Status Dcm : Set User PreferredName(in wstring nane)

Parameters
name —asdtring indicating the name to be assigned to the DCM. The safe parameter sizelimitis
the maximum length of the Registry User Pr ef er r edNane data structure.

Description
Setsthe user preferred name of the device represented by this DCM to the specified name.

The user preferred name of adevice can beretrieved from severa places, the DCM and the device
shall ensure that each place provides the same name. This concerns:

the name retrieved viaDcm : Get User Pr ef er r edNane
the ATT_USER PREF_NANE Registry attribute for the DCM

thedevi cel conNane inthe Devi cel con retrieved viaDcm : Get Devi cel con
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the HAVi_User_Preferred_Name field in the SDD of the device. In order to be compliant
with |[EEE1239a-2000, the implementation shall defer the SDD updating (and thus to
send back Dcm : Set User Pr ef er r edNanme response) if the SDD updating result in a
generation field value used within the last 60 seconds.

Error codes
ERESOURCE_LI M T —if the DCM was unable to alocate resources (e.g., the name istoo long)

Dcm::GetPowerState

Prototype
Status Dcm : Get Power St at e(out bool ean power St at e)

Parameters
power St at e —the current power state of the device

Description

A device may support two power states that are visible within the HAVi network. Tr ue represents
that the device is powered and operating normally, Fal se represents a “standby” state in which
operations cannot be done directly. Dcm : Get Power St at e providesthe current power state of the
device.

HAVi assumes amode in which the DCM is responsible for the power state of the device. If the
power state is Fal se and the DCM must provide a service for which the device is required, the
DCM (not the user) must wakeup the device. Note that in standby mode, the device is not
completely unpowered: it can in some way be awvoken by HAVi viathe network. (If thisis not the
case, the device is not reachable from HAVi and the DCM should not beinstalled.)

Dcm::SetPowerState

Prototype
St at us Dcm : Set Power St at e(i nout bool ean power St at e)

Parameters
pover St at e —the desired/obtained power state of the device represented by the DCM

Description

Set the power state of the device and possibly itsfunctiona components. WhenthePower St at e is
True, Dcm : Set Power St at e turns on the power of the device, depending on the implementation
(e.g., shared power supply) this may aso turn on the power of some or dl of its functiona
components. When power St at e is Fal se, Dcm : Set Power St at e turns off the power of the
device and the power of some or al of its functional components. If any of its functional
components does not support a standby mode, the power state of the respective functional
component remains Tr ue, but the power gate of dl other functional components and the device
areset to Fal se. The power state of the device after the call hasbeen handled is returned.

Note: If the power date of either functional component can not be changed according to the

indicated rules because its FCM s reserved by an SE other than the caller, then ERESERVED is
returned and the power state of device and dl itsfunctional components remain unchanged.
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Error codes
ENOT_| MPLEMENTED—if the DCM is (always) unable to change power state
ERESERVED—if the power state can not be changed since any of the functional components
involved isreserved.
Dcm : ENOT_POSS —if the power state can not be changed due to other reasons (user
intervention).

Dcm::NativeCommand

Prototype

Status Dcm : Nati veConmand(
in NativeProtocol protocol,
in ByteRow conmand,
out Byt eRow response)

Parameters
pr ot ocol —indication of the protocol of the native command, e.g. Vendor specific, AVC,
CAL, etc.
command —the native command to be sent to the device. The safe parameter sizelimit isthe
same asthat of the data parameter for Cm1.394: : Wi t e.
r esponse —the response from the device. The safe parameter size limit isthe same as that of
the data parameter for 394 : Read.

Description

The DCM receives acommand in one of its native command protocols. Dcm : Nat i veConmand is
intended for dealing with non-HAVi gtandards (eg. CAL, AV/C). A naive command may have
sde-effects on the standard HAVi DCM interface or the interface of one of its FCMs. It is the
responsibility of the DCM (and its FCMs) to assure that the HAVi standard interface isnot violated
and to determine whether the specific native command is accepted or not. For example, a DCM
may receive an AV/C “play” request for aVVCR sub-unit that has a corresponding FCM. The DCM
must then assure that the FCM'’ s state remains cong stent with that of the sub-unit.

Error codes
Dcm : ENO_PROT —if the specified native proprietary protocol is not supported
Dcm : ENO_COMMAND — if the specified command is not supported in the specified native
protocol

Dcm::GetControlCapability

Prototype

Status Dcm : Get Control Capability(
out bool ean ext Control,
out bool ean notifies)

Parameters
ext Cont r ol —t r ue if external (non-HAVI) control (e.g., manual control by the user) can
occur; f al se if the DCM has exclusive control over the resources of the device.
notifies—true iftheDCM isnatified of externa control and so maintains a consistent
view of itsresources; f al se otherwise.

Description
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Indicates the level of control the DCM has over its device, i.e. whether other controllers can dso
control the device via other means, e.g., amanua control pand. Moreover, it indicates whether the
DCM receives change of state notifications from the device and so maintains a consistent view of
the device state.

Dcm::GetHavletCodeUnitProfile

Prototype
Status Dcm : Get Havl et CodeUni t Profil e(
out Version version,
out long transferSize,
out | ong codeSpace,
out | ong wor ki ngSpace,
out | ong chunkSi ze)

Parameters
ver si on —thelowest verson of the HAVi Messaging System required by this havlet.
t ransf er Si ze —the number of havlet code unit bytesto betransferred (i.e., the JAR file Size)
codeSpace —the number of bytesrequired for theinstalled havlet code unit (read-only part)
wor ki ngSpace —an estimate of the number of bytesrequired for the working space of the
installed havlet code unit (read/write part)
chunkSi ze —the maximum number of havlet code unit bytesthe DCM can send a atime

Description

Provides the various size parameters needed for determining whether the destination of the havlet
code unit (for example, an FAV Ul Manager) can ingtal the havlet. This method isonly supplied if
the DCM indicatesthat it supports ahavlet viathe ATT_GUI _ REQattribute in the Registry.

Error codes
ENOT_| MPLEMENTED —the DCM has no havlet code unit

Dcm::GetHavletCodeUnit

Prototype
St at us Dcm : Get Havl et CodeUni t (
in long firstByte,
in long | astByte,
out sequence<octet > byteArray)

Parameters
firstByte—thenumber of thefirst byte of the transferred havlet code unit byte array wanted
| ast Byt e —the number of the last byte of the array wanted
byt eAr r ay —the byte array requested (empty if none could be ddlivered or if invalid
firstByte and/orl ast Byt e values are supplied). The safe parameter size limit is 512 bytes
(the 1394 asynchronous packet size for bus speeds of 100 Mbps).

Description

Provides the bytecode that can be used to install and execute an havlet, aLevel 2 application stored
inthisDCM. A havlet code unit receiver can request al or some of the bytes of the havlet code unit
from the DCM. It should first use Dcm : Get Havl et CodeUni t Profi | e to determine if it is
capable of retrieving and ingtalling the code unit. firstByte and | ast Byt e should indicate
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subsequent parts of the code unit to be transferred. The first byte of the code unit is number 1; the
last byte is the value of transferSize. The amount of bytes requested (I astByte -
firstByte + 1) shal not exceed the value of chunkSi ze. This method is only supplied if the
DCM indicatesthat it supportsahaviet viathe ATT_GUI _REQattributein the Registry.

The format of the bytecode and the way it should be handled by an FAV are described in the
section 7.4.

Error codes
El NVALI D_PARAMETER—thevaluesof fi r st Byt e and/or | ast Byt e are invalid
ENOT_| MPLEMENTED—the DCM has no havlet code unit

Dcm::GetPlugCount

Prototype

St at us Dcm : Get Pl ugCount (
in Transport Type type,
out ushort i nCount,
out ushort out Count)

Parameters
t ype —indication of the location of DCM plugs, i.e. 1394 plugs on the device (t ype is
| EC61883) or external plugs on the device (t ype is CABLE).
i nCount —the number of input plugs of the specified t ype.
out Count —the number of output plugs of the specified t ype.

Description

Provides information about the number of input and output plugs on the DCM, e.g. the number of
1394 plugs on the device or the number of (non-1394) device plugs to the externa world.

Error codes
El NVALI D_PARAMETER—if the specified Tr anspor t Type isneither | EC61883 nor CABLE

Dcm::GetPlugStatus

Prototype
Status Dcm : Get Pl ugSt at us(
in Plug plug,

out PlugStatus status)

Parameters
pl ug —identifiesaplug on the DCM or an FCM associated with the DCM
st at us —the statusinformation for the specified plug

Description

Dcm : Get Pl ugSt at us returns status information for the specified plug.

Error codes
Dcm : ENO_ADDR—if the specified Pl ug does not exist for thisDCM or an FCM associated
withthe DCM
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Dcm::Connect

Prototype

St at us Dcm : Connect (
in SEID caller,
in Plug src,
in Plug dest)

Parameters
cal | er —the SEID of the original software element on behalf of which the connect isto be
performed.
sr ¢ —thelocation of the plug that will be the source of the connection; this can be an FCM
plug or aDCM plug.
dest —thelocation of the plug that will be the destination of the connection; this can be an
FCM plug or aDCM plug.

Description

Establish a device connection on the device represented by the DCM between the specified source
plug and the specified destination plug. DCM and FCM plugs are numbered starting from zero, the
total number of plugs can be obtained viaDcm : Get Pl ugCount and Fcm : Get Pl ugCount . The
connect operation is called by Stresm Managers. The reservation protection check is not done using
the actua caler of Dcm : Connect but using the (original) caler supplied as a parameter by the
Stream Manager. If this cdler is the DCM itsdf (as results from an invocation of
Dcm : Sel ect Cont ent ), then the reservation protection check is not performed. Reservation
check is not performed on src.

Per breskable connection, a DCM keeps track of the Stream Managers that established the
connection (viaDcm : Connect ). In case of aDcm : Di sconnect cal by a Stream Manager and
in case a Stream Manager isremoved from the network (network partition), that Stream Manager is
removed from the lis. A DCM can use Msg\Wat chn to be notified of disappearing Stream
Managers.

If no Stream Managers are left, the DCM can decide to bresk the connection or mark it as“stale’.
A stale connection will aways be broken in case a newly created connection would be hampered.
A DCM is dlowed to treat non-HAVi connections in the same way as permanent connections:
connectionsthat cannot be broken. For these non-breakabl e connections, the DCM does not need to
maintain alist of involved Stream Managers.

Error codes
Dcm : ENO_ADDR—if one of the specified PI ug vaues does not exist for thisDCM or an FCM
associated with the DCM
Dcm : ENOT_SUPPORTED—it is (always) not possible to establish the connection
Dcm : ENOT_POSS —it is currently not possible to establish the connection

Dcm::Disconnect

Prototype

St at us Dcm : Di sconnect (
in SEID caller,
in Plug src,
in Plug dest)

170



HAVi SPECIFICATION Version 1.1

Parameters
cal | er —the SEID of the original software element on behalf of which the disconnect isto be
performed.
sr ¢ —thelocation of the plug that is the source of the connection to be disconnected
dest —thelocation of the plug that isthe destination of the connection to be disconnected

Description

Removes a device connection on the device represented by the DCM. DCM and FCM plugs are
numbered starting from zero, the total number of plugs can be obtained viaDcm : Get Pl ugCount

and Fcm : Get Pl ugCount . The disconnect operation is cadled by Stream Managers. The
reservation protection check is not done using the actua caler of Dcm : Connect but using the
(original) caller supplied as a parameter by the Stream Manager. If thiscaller isthe DCM itsdlf (as
results from an invocation of Dcm : St opCont ent ), then the reservation protection check is not
performed. Reservation check is not performed on src.

For breakable connections: remove the Stream Manager from the list of Stream Managers that are
involved in this connection. If no Stream Managers are left, the DCM can decide to bresk the
connection or mark it as“stale’. The IEC61883 broadcast connection associ ated with the broken or
stale connection should be broken by the DCM or device itsdlf if the Dcm or device itsdf has no
need to continue the broadcast connection.

For non-breakable connections (permanent or non-HAVi), no action of the DCM is needed.

Error codes
Dcm : ENO_ADDR—if one of the specified PI ug vaues does not exist for thisDCM or an FCM
associated with the DCM

Dcm::GetConnectionList

Prototype
Status Dcm : Get Connecti onLi st (
in Plug plug,

out sequence<Devi ceConnection> |ist,
out sequence<bool ean> preenpt abl e)

Parameters
pl ug —address of the plug for which device connections are to be reported
Ii st —alist of device connections from or to the plug indicated by pl ug. The safe parameter
sizelimit 20 Devi ceConnect i on vaues.
pr eenpt abl e —indicates which of the connectionsin| i st the DCM will alow a Stream
Manager to preempt. The safe parameter size limit 20 bool ean vaues.

Description

Provides alist of al device connectionsin the device represented by the DCM that are either from
or to the plug indicated by pl ug.

Error codes
Dcm : ENO_ADDR—if the specified Pl ug does not exist for thisDCM or an FCM associated
with the DCM
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Dcm::GetChannelUsage

Prototype

St at us Dcm : Get Channel Usage(
in |ecPlug pl ug,
out short channel)

Parameters
pl ug—aDCM plug for thel EC61883 transport type (a PCR).
channel —the 1394 isochronous channel number.

Description

Provides the 1394 channel number that is used by the specified plug. If no channel is used by the
plug, NO_CHANNEL isreturned.

Error codes
Dcm : ENO_ADDR—if the specified | ecPl ug does not exist for this DCM

Dcm::GetPlugUsage

Prototype
Status Dcm : Get Pl ugUsage(
i n ushort channel,
out sequence<l| ecPl ug> list)

Parameters
channel —a139%4 isochronous channel number.
l'i st —alistof I ecPl ug values (plug control register numbers). The safe parameter size limit
201 ecPl ug vaues.

Description

Providing a 1394 isochronous channel number, this method obtains a (possibly empty) list giving
thel ecPl ug structure of plugs that use the specified channel.

Error codes
Dcm : ENO_ADDR—if channel doesnot refer to aproper 1394 channel number

Dcm::SetlecBandwidthAllocation

Prototype

Status Dcm : Set | ecBandwi dt hAl' | ocati on(
in SEID cal l er,
in lecPlug plug,
in uint maxBandwi dt h)

Parameters
cal | er —the SEID of the original software element on behaf of which the bandwidth
allocation strategy isto be set.
pl ug —asource DCM plug for the | EC61883 transport type (an oPCR)
maxBandwi dt h —the requested static payload
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Description

Dcm : Set | ecBandwi dt hAl | ocat i on isused to set abandwidth allocation strategy (see section
59.5.4.1) for the specified oPCR. If maxBandwi dt h is 0, dynamic bandwidth alocation is
requested, if maxBandwi dt h is non-zero then static bandwidth dlocation is requested. The
bandwidth allocation strategy can be changed only if the plug has no IEC 61883 connections (i.e.,
the point-to-point counter and broadcast bit ae zero) and only via cdls to
Set | ecBandwi dt hAl | ocat i on.

When dynamic bandwidth alocation is set it is the respongbility of the DCM to assure that
bandwidth alocation is attempted (whether by the device or itsalf) whenever there is a changein
bandwidth  requirements of the plugg The DCM will then post the
Bandwi dt hRequi r enent Changed event.

When static bandwidth alocation is set the device shall set the payload field in the specified plug to
maxBandwi dt h / (8000 * 32). It is the responsibility of the DCM to assure that bandwidth
alocation is not attempted (whether by the device or itsalf) whenever there is a change in
bandwidth requirements of the plug.

When static bandwidth alocation is set, bandwidth allocation may still be required if the maximum
bandwidth specified is less than the maxBandwi dt h of the stream type of the source FCM plug
attached to the IEC plug. In such casesaBandwi dt hRequi r enent Changed event is posted and
indicates that the new bandwidth requirement cannot be honored because bandwidth alocation is
not attempted due to the setting of static bandwidth all ocation.

ThisAPI iscaled only by Stream Managers. The reservation protection check is not done using the
actud cdler of Dcm : Set | ecBandwi dt hAl | ocat i on but using the (original) caller supplied as
aparameter by the Stream Manager.

The Stream Manager shall call this APl when establishing an IEC connection if the plug is attached
to a source FCM plug and it produces a variable rate stream type. It should be called after setting
the transmission format and after making internal attachments to the plug (since these actions may
also result in the payload being atered).

Error codes
Dcm : ENO_ADDR—if the specified | ecPl ug does not exist for thisDCM
Dcm : EDEV_BUSY — the point-to-point counter or broadcast bit are non-zero for the specified
| ecPl ug
Dcm : ENOT_POSS —if the DCM cannot assure that the payload field of the plug containsthe
payload value corresponding to naxBandwi dt h (either maxBandwi dt h istoo large or too
smdll or the device does not support static bandwidth alocation)

Dcm::lecSprayOut

Prototype
Status Dcm: 1 ecSprayQut (
in SEID call er,
in lecPlug pl ug,
in ushort channel ,
i n ushort payl oad)
Parameters

cal | er —the SEID of the original software element requesting the connection.
pl ug —identifiesthe DCM plug to use as the source of an IEC 61883 broadcast-out
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connection.
channel —thevaueto be set for Channd number field of the oPCR.
payl oad —thevalueto be set for payload field of the oPCR.

Description

Establish an IEC61883 broadcast-out connection from the specified plug. IEC 61883 alows
broadcast connections to only be established by the AV device on which the PCR islocated. Thus
the DCM shall establish the broadcast-out connection by proprietary communication with the
device (when the DCM isremote to the device). It isthe responsbility of the device to establish the
broadcast-out connection according to IEC 61883, including alocation of bandwidth and channel.
It is also the responsibility of the device to restore the broadcast-out connection. If the restoration
fails, aDevi ceConnect i onDr opped event should be posted by the DCM. Dcm's are suggested
to select Datarate considering capability of sink devices and the network.

When plug. pcrNum is ANY PLUG the DCM should return Dcm : ENO ADDR oOr
ENOT_| MPLEMENTED if the API is not supported.

This API is called only by Stream Managers. The reservation protection check is not done using
the actual caller of Dcm : | ecSprayQut but using the (original) caller supplied as a parameter by
the Stream Manager.

Error codes
ENOT_| MPLEMENTED - it is (always) not possible to establish a broadcast-out connection
Dcm : ENO_ADDR—if the specified plug va ue does not exist for this DCM
Dcm : EDEV_BUSY —unable to use the plug
Dcm : El NSUFF_BANDW DTH— bandwidth allocation has failed
Dcm : El NSUFF_CHANNEL — channd dlocation hasfailed

Dcm::lecTaplin

Prototype
Status Dcm :lecTapln (

in SEID call er,

in lecPlug pl ug,

in ushort i socChannel )
Parameters

cal | er —the SEID of the original software element requesting the connection.
pl ug —identifiesthe DCM plug to use asthe sink of an IEC 61883 broadcast-in connection.
i socChannel —the 1394 isochronous channel to use for the broadcast-in connection.

Description

Establish an IEC61883 broadcast-in connection to the specified plug. IEC 61883 alows broadcast
connections to only be established by the AV device on which the PCR islocated. Thusthe DCM
shall establish the broadcast-in connection by proprietary communication with the device (when the
DCM isremote to the device).

When plug. pcrNum is ANY_PLUG the DCM should return Dcm : ENO ADDR or
ENOT_| MPLEMVENTED if the API is not supported.

This APl is cdled only by Stream Managers. The reservation protection check is not done using
the actual caller of Dcm : | ecTapl n but using the (original) caller supplied as a parameter by the
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Stream Manager.

Error codes
ENOT_| MPLEMENTED — it is (always) not possible to establish a broadcast-in connection
Dcm : ENO_ADDR—if the specified plug value does not exist for thisDCM
Dcm : EDEV_BUSY —unable to use the plug

Dcm::GetSupportedTransmissionFormats

Prototype

St at us Dcm : Get Support edTransm ssi onFor mat s(
in Streanilype type,
in Plug plug,
out sequence<Transm ssi onFormat> fornats)

Parameters
t ype —astreamtype
pl ug—aDCM plug
f or mat s —ligt of transmission formats. The safe parameter sizelimit is 10
Transm ssi onFor mat vaues.

Description

Given a specific plug and stream type, this method provides the ligt of transmission formats
supported by that plug for use with the stream type. The fird member of fornats is the
Transm ssi onFor mat value returned by Dcm : Get Tr ansni ssi onFor mat .

Error codes
Dcm : ENO_ADDR—if the specified Pl ug does not exist for thisDCM

Dcm::GetTransmissionFormat

Prototype
Status Dcm : Get Transm ssi onFor mat (
in Plug plug,

out Transm ssi onFornat formnat)
Parameters
pl ug —aDCM plug
f or mat —atransmission format.

Description
Given a specific plug, indicated by its plug number and its direction, this method provides the
transmission format currently assigned to that plug.

Error codes
Dcm : ENO_ADDR—if the specified Pl ug does not exist for thisDCM

Dcm::SetTransmissionFormat

Prototype

175



HAVi SPECIFICATION Version 1.1

Stat us Dcm : Set Tr ansm ssi onFor mat (
in SEID call er,
in Plug plug,
in Transm ssi onFormat format)

Parameters
cal | er —the SEID of the original software element on behalf of which the transmission
formeat isto be changed.
pl ug —aDCM plug
f or mat —atransmission format

Description

Given a specific plug, indicated by its address, this method assigns the transmission formet for the
specified plug. The transmission format assigned must be a format supported by the plug as
provided by the Dcm : Get Suppor t edTr ansmi ssi onFor mat s primitive. Even in thiscaseit is
possible that the transmission format cannot be set (e.g., some devices may not be able to change
the transmission format when the plug is active). In this case, the method will fail asindicated in the
return code. This operation is caled by Stream Managers. The reservation protection check is not
done using the actud caler of Dcm : Set Tr ansni ssi onFor mat but using the (original) caller
supplied as a parameter by the Stream Manager. If this caller isthe DCM itsdlf (as results from an
invocation of Dcm : Sel ect Cont ent ), then the reservation protection check is not performed.

Error codes
Dcm : ENO_ADDR—if the specified Pl ug does not exist for thisDCM
Dcm : ENOT_SET —itis(currently) not possible to set the transmission format to the specified
vaue
Dcm : ENOT_SUPPORTED-if itis (always) hot possible to set the transmission format to the
specified value.

Dcm::GetContentlconList

Prototype
Status Dcm : Get Cont ent | conLi st (

in Content Type type,
out sequence<ContentlconRef> |ist)

Parameters
t ype —content type of the streamsin the content icon list.
I'i st —list of the content iconsand their handles for the device. The safe parameter sizelimitis
2 Kbytes.

Description

Get the list of content icons for this device for either the AUDI Oor AV content types. If the device
does not support content icons, the list will be empty. The handles identify the content icons and
will refer to the same content until the DCM disappears. Note — this does not mean that the content
icon also needsto be available until the DCM disappears.

Dcm::SelectContent

Prototype
Status Dcm : Sel ect Cont ent (
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i n Content Type content Type,
in uint handl e,

i n bool ean dynami cBw,

in FcnPl ug sink)

Parameters
cont ent Type —the content type of the Cont ent | conLi st from which content isto be
Selected
handl e —reference number of the content to be selected. Thisisthe value of one of the handle
entriesinthelist returned by Dcm : Get Cont ent | conLi st and obtained witht ype set to
cont ent Type (the content icon isidentified by this reference number).
dynam cBw—indicates desired bandwidth allocation strategy
si nk —the sink plug to be used for the content

Description

Selects the actua content, identified by handl e, to flow to the indicated sink. The DCM uses
St reamvanager : : Fl owTo to create a connection from the FCM that provides the specified
content. The Connect i onH nt canjust use“any” values. A DCM should use MsgWat chOn to be
notified when the caller disappears: the DCM should then perform Dcm : St opCont ent .

Error codes
Dcm : ENO_CONT —if no content is available of the specified type for the specified handle
Dcm : ESI NK_FCM—the FCM indicated by si nk does not exist
Dcm : ESI NK_PLUG—the FCM indicated by si nk does not contain the specified plug
Dcm : ENO_ CONNECTI ON—the Fl owTo connection could not be established

Dcm::StopContent

Prototype

St at us Dcm : St opCont ent (
i n Content Type content Type,
in uint handl e)

Parameters
cont ent Type —the content type of the Cont ent | conLi st from which content isto be
stopped.
handl e —reference number of the content to be selected. Thisisthe value of one of the handle
entriesinthelist returned by Dcm : Get Cont ent | conLi st and obtained witht ype set to
cont ent Type (the content icon isidentified by this reference number).

Description

Stops the flowing of the content identified by handl e. The DCM uses St r eanivanager : : Dr op
to break the connection from the FCM that provides the specified content.

Error codes
Dcm : ENO_CONT —if no content is available of the specified type for the specified handle
Dcm : ENOT_RUN—if the content indicated by cont ent Type and handl e isnot currently
Selected
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Dcm::ScheduleReservation

Prototype

St at us Dcm : Schedul eReservati on(

i n sequence<Comrand> st art ConmandsLi st ,
sequence<Conmmand> st opConmandsLi st ,
sequence<SAConnecti on> connecti onLi st,
Dat eTi me startTi ne,

Dat eTi me st opTi ne,

SAPeri od periodicity,

sequence<HU D> i nvol vedFcnli st

wst ri ng<50> user| nfo,

| ong i ndex)

5 3 335333535 335

Parameters
st art CommandsLi st , st opConmandsLi st —commandsto be executed during the
Scheduled Action. The commands are listed by order of execution. The safe parameter size
limitsare 1 Kbyte.
connecti onLi st —ligt of connectionsthat have to be established from and by this DCM.
The safe parameter sizelimit is 10 SAConnect i on values.
start Ti me, stopTi me —dateand timeinformation about the Scheduled Action
peri odi ci t y —indicates the periodicity of the Scheduled Action. If aperiodicity is specified,
the Scheduled Action starts and stops every day or every week at thetimeindicated in
startTi me
i nvol vedFcnli st —list of theinvolved FCMs. The safe parameter size limit is10 HUI D
values.
user | nf o —string field containing the reservation reason
i ndex —index of the Scheduled Action

Description

Reservation of the involved resources (distribution of the Scheduled Action for one DCM),
specifying al the commands that will have to be performed at start/stop time. All commands are
checked in order to ensure the FCM s will perform the required commands at sart time.

Implementation guiddine: in addition to the schedule reservation information, the DCMs should

store the Action Scheduler SEID along with the i ndex parameter in order to entirely reference
Scheduled Actionsin which they are involved.

Error codes
Dcm : ECOVMMANDS — reservation is rejected because of invaid commands
Dcm : ECONNECTI ONS —reservation isrejected because of invalid connections
Dcm : ESCHED_OVERLAP —reservation is rejected because of scheduling overlap

Dcm::UnscheduleReservation

Prototype
Status Dcm : Unschedul eReservation(in | ong index)

Parameters
i ndex —index of the Scheduled Action (of the calling Action Scheduler)

Description
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Cancdllation of the scheduled reservation.

Dcm::GetScheduledActionReferences

Prototype
Status Dcm : Get Schedul edActi onRef er ences(
out sequence<SARef erence> saRef erenceli st)

Parameters
saRef er encelLi st —list of Scheduled Actionsreferences. The safe parameter sizelimitis
20 SARef er ence values.

Description
Getsthelist of Scheduled Action referencesin which thisDCM isinvolved.

Error codes
Dcm : ENONE —no Scheduled Action is associated with thisDCM

Dcm::AddVirtualFcm

Prototype
Status Dcm : AddVi rtual Fcm (
out HUI D fcnHui d)

Parameters
f cHui d —the HUID of the FCM as assigned by the DCM

Description

Resultsin the addition of the calling (trusted) software element  to the set of FCM s associated with
the target DCM. This target DCM must represent an FAV device. The target DCM will take care
that in the Regigtry, the ATT_SE TYPE attribute of the caling software element is changed to
GENER C_FCM

Theavailahility of handling isochronous streams by software depends on the system design of FAV
devices. There may be DCMsfor FAVswhich do not support thisAPI.

From the perspective of an application, the virtual FCM will be treated like other FCMs. In
particular Dcm : Connect can be used to make device connections involving the virtual FCM. As
with connection requestsin general, not al requests may be possible for the DCM to configure. In
the case of device connections involving virtual FCMs, the DCM will only alow device
connections between IEC61883 input plugs and the virtual FCM. Thisrestriction may berelaxed in
future versons of HAVi.

Error codes
ENOT_| MPLEMENTED —if thisDCM has no support for virtual FCMs (if the DCM is not
representing an FAV)
ERESOURCE_LI M T —if this DCM has insufficient resources to support this additional FCM.
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Dcm::RemoveVirtualFcm

Prototype
St at us Dcm : RenoveVi rtual Fcm()

Description

Resultsin the removal of the calling (trusted) FCM from the set of FCM s associated with the target
DCM. Thistarget DCM should represent an FAV device. Thetarget DCM will take carethat in the
Registry, the ATT_SE TYPE attribute of the calling FCM is changed from GENERI C_FCMto its
valuepriortoDcm : AddVi rt ual Fcm

Error codes
ENOT_| MPLEMENTED —if thisDCM has no support for virtual FCMs (if the DCM does not
represent an FAV)

Dcm::GetAvailableStreamTypes

Prototype

Status Dcm : Get Avai | abl eSt r eaniTypes(
in plug DcnPl ug ,
in plug FcnPl ug,
out sequence<Streanlype> types)

Parameters
DcnPl ug —DCM plug, specifying one end of an attachment.

FcnPl ug— FCM plug, specifying the other end of an attachment.

t ypes —list of stream types

Description

Given an atachment specified by DcnPl ug and FcnPl ug, this method provides the ligt of
currently available stream types for the attachment (For example, some DCM may return
temporary stream type even if there is no tape. Such DCM should accept set St r eanTTypel d for
the stream type and may generate St r eanily peChanged event after stream types come concrete).
The members of t ypes list have unique stream type Ids and the first member of the list has the
same stream type ID asthe St r eanily pe vauereturned by Dcm : Get St r eaniType.

This API returns available stream types that are available after the plugs are attached even if the

plugs are not yet atached. FcnPl ug and DenPl ug parameters must be the same direction,
otherwise El NVALI D_PARANVETERIs returned.

Dcm::GetStreamType

Prototype

Status Dcm : Get St reamlype(
in plug DcnPl ug,
out Streanilype type)

Parameters
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DcnPl ug —indicating DemPlug

t ype —stream type

Description

Given an attachment specified by DcnPl ug, this method provides the stream type currently
assigned to that attachment. The naxBandwi dt h field of type shdl indicate the maximum
bandwidth (in bps) produced by the plug (a source plug), or capable of being consumed (a sink
plug).This AP returns value only when there is an attachment.

Error codes
Dcm : ENO ATTACH — thereisno attachment between specified plugs.
Dcm : ENO _ADDR - if the specified plug does not exist for this DCM.

Dcm::SetStreamTypeld

Prototype

Status Dcm : Set St reamlypel d(
in SEID call er,
in plug DcnPl ug,
in Streanfypeld typeld)

Parameters
cal | er —the SEID of the origina software element on behalf of which the stream typeisto
be changed.
DenPl ug —Dem Plug

t ypel d —stream type Id to be set.

Description

Given an attachment specified by DcmPlug, this method assigns the stream type ID to the
specified attachment. The stream type ID assigned must be one supported by the attachment as
provided by the Dcm : Get Suppor t edSt r eaniTypes primitive. Thisoperation is called by
Stream Managers. The reservation protection check is not done using the actua caller of

Dcm : Set St reanilypel d but using the (original) caller supplied as a parameter by the Stream
Manager. If thiscdler isthe DCM to which this FCM belongs (as results from an invocation of
Dcm : Sel ect Cont ent ), then the reservation protection check is not performed. This API returns
value only when there is an attachment. If the DcnPl ug specified is sink then the reservation check
is not performed.

Error codes
Dcm : ENO ATTACH — thereisno attachment between specified plugs.
Dcm : ENO _ADDR - if the specified plug does not exist for this DCM.
Dcm : ENOT_SET - itiscurrently not possible to set the stream type ID to the specified
value.
Dcm : ENOT_SUPPORTED —itis(always) not possibleto set the streamtype ID to the
specified value
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5.6.4 Device Control Module Events

UserPreferredNameChanged

Prototype
voi d User Pref erredNaneChanged(in wstring nane)

Parameters
nane —the new user preferred name.

Description
Notification of a change of the user preferred name of this DCM. If a user preferred name is

changed viaDcm : Set User Pr ef er r edNane, the DCM shall post this event after changing al the
following values:

the name retrieved via Dcm::getUserPreferredName

the ATT_USER PREF_NANE Registry attribute for the DCM

the devi cel conNane in the Devi cel con retrieved via Dcm::GetDevicelcon

the HAVi_User_Preferred_Name field in the SDD of the device.

PowerStateChanged

Prototype
voi d Power St at eChanged(i n bool ean power St at e)

Parameters
power St at e —the current power state of the device represented by the DCM

Description
Notification of achangein the power state of the device represented by the DCM.

PowerFailurelmminent

Prototype
voi d Power Fai | urel nmi nent ()

Description

Indication that a power failure isimminent. This event indicates that the whole device represented
by the DCM, including its FCMs is about to enter an unpowered state. The consequences of
entering the unpowered state are implementation specific.

DeviceConnectionAdded

Prototype
voi d Devi ceConnecti onAdded(
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in Plug src, in Plug dest)

Parameters
sr ¢ —identifiesaplug on the DCM or an FCM associated with the DCM
dest —identifiesaplug onthe DCM or an FCM associated with the DCM

Description

Notifies that a device connection from sr ¢ to dest has been added due to externa (non-HAVi)
control.

Note: Some types of devices might not support this feature (see Dcm : Get Cont r ol Capabi l ity
above).

DeviceConnectionDropped

Prototype
voi d Devi ceConnecti onDr opped(
in Plug src, in Plug dest,
i n Devi ceConnecti onDr opReason reason)

Parameters
sr ¢ —identifiesaplug on the DCM or an FCM associated with the DCM
dest —identifiesaplug onthe DCM or an FCM associated with the DCM
r eason —the reason why the connection has become inoperable

Description
Notifies one of the following has occurred:

adevice connection has been dropped due to external (non-HAVi) control
break of IEC 61883 broadcast-out connection dueto failurein restoring after bus reset.
break of IEC 61883 broadcast connection.

Stream Managers drop their connections that become inoperable and post Connect i onDr opped
events with the DropReason set to DEVI CE_CONNECTI ON_DROPPED, | EC_BROADCAST_BRCOKEN
or RESTORE FAI LURE. This event should not be generated when a IEC 61883 broadcast
connection which is not involved in HAVi connection has been broken.

Note: Some types of devices might not support this feature (See Dcm : Get Cont r ol Capabi | ity
above).

Note2: break of abroadcast connection does not mean drop of the attachment.

DeviceConnectionChanged

Prototype
voi d Devi ceConnect i onChanged(
in Plug plug,
in Internal Plug ol dPlug, in Internal Plug newPl ug,
in Streanifype newSType,
in Transm ssi onFor mat newTlFor mat )

Parameters
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pl ug —identifiesaplug on the DCM or an FCM associated with the DCM
ol dPl ug —identifiesaplug on an FCM associated with the DCM

newPl ug —identifiesaplug on an FCM associated with the DCM
newSType —new stream type used by the connection

newTFor mat —new transmission format used by the connection

Description

Notifies that a device connection has changed due to device function. For example, an externa
(non-HAV ) action, such as pushing a button on the device' s front panel may cause the change. Itis
also possible that the change may occur as a sde-effect of HAVi APIs (eg., Vcr: : Stop) —
depending on the implementation of the DCM, FCM and device.

A Devi ceConnect i onChanged event indicates that the device connection between pl ug and
ol dPl ug has replaced by one between pl ug and newPl ug. A Devi ceConnect i onChanged
event is not accompanied by a pair of DeviceConnectionDropped and
Devi ceConnect i onAdded events. When aDevi ceConnect i onChanged occursthere may also
be a change in stream type and/or transmission format used by the source or sink, however it does
not trigger StreaniTypeChanged or Transmi ssi onFor mat Changed events. The Stream
Managers involved (those managing connections with the specified plugs) will check the
compeatibility of source and sink and attempt to set the new stream type and transmission format if
needed. The compatibility check is not applied to the CABLE connection.

Note: Some types of devices might not support this feature (see Dcm : Get Cont r ol Capabi l ity
above).

TransmissionFormatChanged

Prototype
voi d Transmi ssi onFor nat Changed(

in Plug pl ug,

in Transm ssi onFor mat format)
Parameters

pl ug —aDCM plug on the node
f or mat —the new transmission format used by pl ug

Description

Posted when the transmission format of the specified plug has changed as a result of operation of
the device (rather than asaresult of Dcm : Set Tr ansmi ssi onFor nat ). The plugisasource. The
Stream Managers involved (managing connections with the specified source) will check the
compatibility of snks and st the new transmisson format of snks (via
Dcm : Set Transm ssi onFor nat ). The compatibility check is not applied to the CABLE
connection.

BandwidthRequirementChanged

Prototype
voi d Bandwi dt hRequi r emrent Changed(
in lecPlug plug, in boolean allocated)

Parameters
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pl ug —asource IEC plug on the node
al | ocat ed —indicates whether sufficient bandwidth is alocated for the plug

Description

Posted when the bandwidth requirement of the specified plug has changed. Stream Managers that
have connections invalving pl ug, will check whether the current payload field in the IEC plug is
till lessthan the naxBandwi dt h field of the stream type of the sink FCM. If the current payload is
greater than this value or al | ocat ed is Fal se a Connect i onChanged event is posted with
change reason BANDW DTH_ADAPTATI ON_FAI LURE. The operational status of the connection
becomes FAI LURE, the failure reason is BANDW DTH_FAI LURE.

ContentListChanged

Prototype
voi d ContentLi st Changed(i n Content Type type)

Parameters
t ype the content type of the content icon list for which content has changed.
Description

Notification of achangein acontent list of aDCM. Note that changesin content lists should not be
too frequent because users should be able to select content icons from the lists presented to them.

InvalidScheduledAction

See section 5.10.4 on Resource Manager events.

StreamTypeChanged

Prototype

voi d StreamlypeChanged(
in plug SrcDcnPl ug,
in StreanfType type)

Parameters
Sr cDcnPl ug -DemPlug

t ype — changed stream type

Description

Posted when the stream type of the specified plug has changed as a result of operation of the
functional component (rather than as aresult of Dcm : Set St r eanypel d). The plug is asource.
The Stream Managers involved (managing connections with the specified source) will check the
compatibility of sinks and set the new streamtype at thesink (viaDecm : Set St r eanilypel d). The
compatibility check is not applied to the CABLE connection.
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5.7 Functional Component Module

This section specifies a set of commands for control, administration and management of FCMs.
Generdly, FCM commands can be subdivided into the following categories.

Commands that deal with administration and management of FCMs, similar to the
commands for DCMs. These commands are supported by all FCMs, independent of their
particular type.

Commands which apply only to a specific functional domain such as VCRs or tuners.
These function-specific commands typically correspond to the native commands such as,
for a VCR functional component, the PLAY, STOP and REWIND commands. Because
the HAVi messages for these commands must be sent to a software element within the
network, the FCM also acts as the target for these messages. Proprietary extensions of
function-specific command sets are allowed.

This section only deals with the first category — administration and management commands of
FCMs. Function-specific command sets are described in section 6.

5.7.1 Services Provided

Service Comm Locality Access Resv
Type Prot

Fcm::GetHuid M global all
Fcm::GetDcmSeid M global all
Fcm::GetFcmType M global all
Fcm::GetPowerState M global all
Fcm::SetPowerState M global all yes
PowerStateChanged E global FCM (all)
PowerFailurelmminent E global FCM (all)
Fcm::NativeCommand M global all yes
Fcm::SubscribeNotification M global all
Fcm::UnsubscribeNotification M global all
<Client>::FcmNotification MB global FCM (all)
Fcm::GetPlugCount M global all
Fcm::GetSupportedStreamTypes M global all
Fcm::Wink M global all
Fcm::Unwink M global all
Fcm::CanWink M global all
Fcm::Reserve M global Resource Manager
Fcm::Release M global Resource Manager
Fcm::GetReservationStatus M global all
Fcm::GetWorstCaseStartupTime M global all
Reservelndication E global FCM (all)
Releaselndication E global FCM (all)
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Service Comm Locality Access Resv
Type Prot
Fcm::SetPlugSharing M global all yes
PlugSharingChanged E global FCM (all)
Fcm::lecAttach M local DCM
Fcm::lecDetach M local DCM

5.7.2 Functional Component Module Data Structures

FcmAttributelndicator

For defining notifications, the following types are needed:
t ypedef ushort FcnAttributel ndicator;

Indication of a specific FCM attribute, to be specified for each specific functional component type
separately (see Annex 11.8).

FcmAttributeValue
t ypedef sequence<octet> FcmAttri buteVval ue;

Since the type of the possible FCM attributes cannot be specified in advance, a general data
structure is used (sequence of bytes). For each attribute, the range of values and their representation
as abyte string is specified by the specific FCM. The CDR standard is used to map typesinto byte
sequences. In the case of short or long values, the value is always passed in big-endian format.

The safe parameter sizelimit for Fcmat t ri but eVal ue valuesis 32 bytes.

Notificationld
typedef ushort Notificationld;

Unique (for a specific FCM) identification of a notification type, provided by the natification
source and used by the subscriber to refer to the specific subscription.

DCM Types

The FCM APIs use the following types defined in the DCM section:

Nat i vePr ot ocol, Byt eRow

Stream Manager Types

The FCM APIs use the following types defined in the Stream Manager section:

| ecPl ug, Streanlype, Direction, Plug

Resource Manager Types

The FCM APIs use the following type defined in the Resource Manager section:
CientRole
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ClientRecord

Definition
struct dientRecord {
SEI D client;
bool ean prinmary;
ClientRole clientRol e;
wst ri ng<50> i nfo;
Oper at i onCode pr eenpt i onRequest Code;
1
Description

A gspecification of a client record (used for FCM reservation). cl i ent specifies the client.
primary iSTrue for primary accessrights and Fal se for secondary accessrights. cl i ent Rol e
specifies its user or system role info gpecifies the client's supplied information.
pr eenpt i onRequest Code isthe operation code of the client’ s preemption request message.

5.7.3 Functional Component Module API

Fcm::GetHuid

Prototype
Status Fcm : Get Hui d(out HUI D fcnl d)

Parameters
fcm d —HAVi Unique ID of the FCM

Description
Returnsthe HAVi Unique ID of the functional component represented by the FCM.

Fcm::GetDcmSeid

Prototype
Status Fcm : Get DcnfSei d(out SEI D dcnl d)

Parameters
dcm d —software e ement identifier of the DCM

Description

Returns the software element identifier of the DCM that represents the device on which the
functional component represented by this FCM resides.

Fcm::GetFcmType

Prototype
Status Fcm : Get FcmType(out Soft war eEl enent Type type)

Parameters
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t ype —the software e ement type of the FCM as defined in Annex 11.3

Description

Returnsthe HAVi standardized type (VCR_FCM TUNER_FCM GENERI C_FCMetc.) of the functional
component represented by this FCM. (See the description of Sof t war eEl ement Type in section
5.5.2. and thelist of FCM typesin Annex 11.3.)

Fcm::GetPowerState

Prototype
St at us Fcm : Get Power St at e(out bool ean power St at e)

Parameters
power St at e —the current power state of the functional component

Description

Power management of a functional component is similar to the power management of adevice. A
functional component may support two power states that are visible within the HAVi network.
True represents that the functional component is powered and operating normally, Fal se
represents a “standby” state in which operations cannot be done directly. Fcm : Get Power St at e
providesthe current power state of the functional component.

HAVi assumes a model in which the FCM is responsible for the power state of the functional
component. If the power of the functional component is off and the FCM must provide aservicein
which the device is redly required, the FCM (not the user) must wake up the device. Note that in
standby mode, the functional component is not completely unpowered: it can in some way be
awoken by HAVi viathe network. (If thisis not the case, the device is not reachable fromin HAVi
and the complete FCM should not be available).

Fcm::SetPowerState

Prototype
St at us Fcm : Set Power St at e(i nout bool ean power St at e)

Parameters
pover St at e —the desired/obtained power state of the device represented by the FCM

Description

Try to set the power state of the functional component to the power St at e provided. When the
power St at e is Tr ue, Fcm : Set Power St at e turns on the power of the functional component,
and possibly (depending on the device itsdf) dso the power of the whole device. When
power St at e isFal se, Fcm : Set Power St at e turns off the power of the functional component,
if possible. If the FCM represents afunctional component that does not support a standby mode (or
which requires the whole device to be in standby), the power state of the deviceremainsTr ue. The
power state of the functional component after the call has been handled isreturned.

Error codes
ENOT_| MPLEMENTED—if the FCM s (always) unable to change power state
Fcm : ENOT_POSS —if the FCM is unable to change power state because of one or more
FCMs, which are required to change power state simultaneoudly, are reserved by other SE(s).
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Fcm::NativeCommand

Prototype

Status Fcm : Nati veComrand(
in NativeProtocol protocol,
in ByteRow comrand,
out Byt eRow response)

Parameters
pr ot ocol —indication of the native protocol of the command
command — native command to be sent to the device. The safe parameter sizelimit isthe same
asthat of the data parameter for O m1.394: : Wi t e.
r esponse —the response from the device. The safe parameter size limit isthe same as that of
the data parameter for Cm.394: : Read.

Description

The FCM receives a command in one of its native command protocols. Useful for dealing with
other non-HAVi standards (e.g. CAL, AV/C). A native command may have side-effects on the
standard HAVi DCM interface or the interface of one of its FCMs. It is the responsibility of the
FCM (together with its DCM and other FCMs) to assure that the HAVi standard interface is not
violated and to determine whether the native command is accepted or not.

Error codes
Fcm : ENO_PROT —if the specified native proprietary protocol is not supported
Fcm : ENO_COMMVAND — if the specified command is not supported in the specified native
protocol

Fcm::SubscribeNotification

Prototype
Status Fcm : Subscri beNotification(
in FcrmAttributel ndicator attributelndicator,
in FcmAttri buteVal ue val ue,
in ConpQperation conparator,
in OperationCode opCode,
out FcmAttri buteVal ue current Val ue,
out Notificationld notificationld)

Parameters
attri but el ndi cat or —indication of an FCM date attribute.
val ue —vaue of an FCM date attribute. The safe parameter size limit isthat of
FcmAt tri but eVal ue.
conpar at or —specification of the condition on val ue, on which the event hasto be
generated.
opCode —the Oper at i onCode provided by the caller. Thisisthe value that the FCM will
place in the operation code of the notification message it sendsto aclient.
cur r ent Val ue —the current value of the FCM attribute. The safe parameter size limit is that
of FcmAt t ri but eVal ue.
noti fi cati onl d—identification (within an FCM) of anotification.

Description
Registers the caller as a software element interested in a setting of the specified FCM attribute. In
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generd, the cdler will be notified when the vaue of the atribute identified by
attributel ndi cat or and val ue satisfy conpar at or . If the comparator is ANY, every setting
of the attribute resultsin anatification, and the val ue parameter isignored.

Subscri beNotification retuns the notificationld tha the FCM will use in the
notification of this situation. This 1D must also be used by the caller to unsubscribe. It also returns
the current value of the FCM state attribute.

The subscription ends when the application unsubscribes explicitly or when the application is no
longer reachable by the FCM (detected by the Msg\at chOn facility of the FCM’slocal Messaging

System).

This definition only specifiesthe genera part of the AP!L. If aspecific FCM supports notification of
atribute changes, the attributes and the vaues (of each attribute) for the FCM are specified in
Annex 11.8.

The FcmAt t ri but eVal ue in the above specification is a sequence of bytes. In the FCM AP
sections, specific types (specified in IDL) are associated with FcnAt t r i but eVal ue. The mapping
of the IDL types onto the sequence of bytes is again according to CDR. The first byte of
FcmAt t ri but eVal ue isconsdered the“zero index” for natural boundary aignment.

Error codes
El NVALI D_PARAMETER —thevaue of val ue, or some other parameter, isinvalid for the
FCM
ERESOURCE_LI M T —if the FCM was unable to all ocate resources to register thisindication
listener

Fcm::UnsubscribeNotification

Prototype
Status Fcm : Unsubscri beNotification(
in Notificationld notificationld)

Parameters
noti fi cati onl d—unigque (withinthe FCM) notification ID

Description

Unsubscribes the cdller as a software element that is interested in the occurrence of the situation
specified by not i fi cati onl d. The FCM will stop sending notificationsto the caller.

Error codes
Fcm : ENO_NOT —if no notification with this ID has been registered for the caller

<Client>::FcmNotification

Prototype

Status <Cient>::FcnNotification(
in Notificationld notificationld,
in FcmAttri butelndicator attributelndicator,
in FcnmAttri but eval ue val ue)

Parameters
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noti fi cati onl d—identification (within the FCM) of the notification.

attri but el ndi cat or —indication of an FCM date attribute.

val ue —vaueof an FCM dtate attribute. The safe parameter sizelimit isthat of
FcmAt t ri but eVal ue.

Description

During the subscription, the FCM will send a “message back” to the subscriber, each time the
Stuation occurs usng the operation code the subscriber has  gpecified via
Fcm : Subscri beNoti ficati on.

Fcm::GetPlugCount

Prototype

St at us Fcm : Get Pl ugCount (
out ushort i nCount,
out ushort out Count)

Parameters
i nCount —the number of input FCM plugs
out Count —the number of output FCM plugs

Description
Provides information about the number of input and output plugs on the FCM.

Fcm::GetSupportedStreamTypes

Prototype

Status Fcm : Get Support edStreanilypes(
in wushort plugNum
in Direction direction,
out sequence<Streanilype> types)

Parameters
pl ugNum—the number of aplug on the FCM.
di rect i on —thedirection of the plug pl ugNumon the FCM.
t ypes —list of stream types. The safe parameter sizelimit is20 St r eanType values.

Description

Given agpecific FCM plug, indicated by its plug number and its direction, this method providesthe
ligt of stream types possibly supported by that plug. The members of this list have unique stream
type I1Ds and the first member of the list has the same stream type ID as the St r eanilype vaue
returned by Dcm : Get St r eaniType. This AP returns all supported stream types even it can't be
set now (e.g., It returns a stream type even when current mediais not suitable for the stream type).

Error codes
Fcm : ENO_ADDR—if the specified plug (indicated by pl ugNumand di r ect i on) does not
exist for this FCM
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Fcm::Wink

Prototype
Status Fcm : W nk()

Description

The Fcm : W nk command is intended to attract the attention of the user. It may result in the
device blinking a LED, making a sound, displaying a logo, etc. How a device responds to
Fcm : W nk isimplementation dependent.

Error codes
ENOT_| MPLEMENTED — the functional component represented by the FCM is not capable of
winking
Fcm : EWAS_W NKI NG—the functional component represented by the FCM was aready
winking

Fcm::Unwink

Prototype
Status Fcm : Unwi nk()

Description
Stop the winking behavior of adevice.

Error codes
ENOT_| MPLEMENTED — the functional component represented by the FCM is not capable of
winking
Fcm : EWAS_NOT_W NKI NG— the functional component represented by the FCM was not
winking

Fcm::CanWink

Prototype
St at us Fcm : CanW nk(out bool ean canW nk)

Parameters
canW nk —if true, the FCM is capable of winking

Description

Determineif adevice can wink.

Fcm::Reserve

Prototype
Status Fcm : Reserve(
in SEID client, in CientRole role,
in wstring<50> info, in boolean prinary,
i n bool ean nonl ntrusive,
i n OperationCode preenpti onRequest Code)
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Parameters
cl i ent —acontender for the resource
r ol e —the user or system role of the contender
i nf o —theinformation string related to this reservation
pri mary —Tr ue if reservation asaprimary client; Fal se if reservation as a secondary client
nonl nt rusi ve —Tr ue if theintention of the reservation is non-intrusive; otherwise the
intention is preemptive
pr eenpt i onRequest Code —the operation code of the client’ s preemption request message

Description

An FCM reservation can only be done by a Resource Manager (the FCM shall verify this). Before
issuing this request, the Resource Manager may use Fcm : Get ReservationStatus as
appropriate to retrieve the current reservation-related data from the FCM. The client will have
either primary or secondary access rightsif the reservation succeeds.

Thenonl nt r usi ve parameter preventsthat accidentally aresource preemption takes placein case
anon-intrusive reservation wasintended. Its value therefore needsto be Tr ue if the client requested
anon-intrusive resource reservation.

If a client has dready reserved the resource, another reservation for the same client shal be
accepted (unless another client has a conflicting reservation). Its access rights shall be according to
the last reservation request, and its previous reservation shall be undone by an implicit release (an
event Rel easel ndi cat i on isposted).

It shall aways be possible to accept a preemptive reservation for a primary contender, unless both
contender and client are of type “system”. If the resource is being preempted for a primary
contender, a reservation for the current primary client is undone by an implicit release. A primary
reservation can be done independently of the number of accepted secondary clients, and without
having to release the resource for any secondary client. (Note that there can be secondary clients
without aprimary client.)

If secondary access is supported by the FCM, then preemption for secondary access rights always
succeeds when the contender is of type “usar”. If the resource cannot accept any additional
secondary clients, one of the current secondary clients shal be selected for animplicit rel ease of the
resource. When the contender is of type “system” preemption for secondary access rights fails. In
casetheresource is preempted, its state shall remain unchanged (no return to the neutral state). If it
isnot possible or not valid to perform areservation, the error code ENO_RESERVE is returned.

Each FCM shall use the Messaging System’ s watch-on facility to detect the disappearance of any
of its clients. An FCM should return to a neutral stateif itslast client disappeared in thisway (see
Fcm : Rel ease).

Either adl three methods Reser ve, Rel ease, and Get Reservati onSt at us, and the events
Reser vel ndi cati on and Rel easel ndi cat i on shall be implemented by the FCM, or none of
them shall be. If these methods are not supported, the error code ENOT_| MPLEMENTED is returned
if any of themisinvoked.

The execution of this API does not depend on the power state of the FCM. This meansthat a FCM
shall not use the error code of ESTANDBY.

Error codes
Fcm : ENO_RESERVE —the reservation failed
ENOT_| MPLEMENTED — the resource does not allow reservetions
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Fcm::Release

Prototype
Status Fcm : Rel ease(in SEID client, in boolean neutral)

Parameters
cl i ent —apresumed current client of the resource
neut r al —if Tr ue, the FCM will return to aneutral state beforeit isreleased

Description

AnFCM : Rel ease can only be done by a Resource Manager (the FCM shall verify this). The data
on the client and its access rights will be removed from the FCM. If a client disappears from the
network, the FCM will undo (release) the client’ s reservation. Through the neut r al parameter, a
releasing client can determine whether or not to return the state of the FCM to neutral. This shall
only have an effect if thiswasthe last client of the FCM. It is up to the FCM what the meaning of
this neutra stateis, but itsintention is that the FCM becomes “inactive’ after it wasreleased in the
neutral state. A non-neutral release of FCM s alows handing over resourcesto other applicationsin
astate-preserving manner.

For example, rdleasing aVCR FCM in aneutral state by the single client of the FCM might prevent
any further recording activity on the inserted tape, despite the fact that the client did not previoudy
perform an explicit “stop recording” action. Had the FCM been released with neut ral set to
Fal se, the recording should continue.

Either dl three methods Reser ve, Rel ease, and Get Reservati onSt at us, and the events
Reser vel ndi cati on and Rel easel ndi cat i on shall be implemented by the FCM, or none of
them shall be. If these methods are not supported, the error code ENOT_| MPLEMENTED is returned
if any of themisinvoked.

The execution of this API does not depend on the power state of the FCM. This meansthat a FCM
shall not use the error code of ESTANDBY.

Error codes
Fcm : ENO_RELEASE —there was no reservation to be released for thisclient
ENOT_| MPLEMENTED — the resource does not allow reservetions

Fcm::GetReservationStatus

Prototype
St at us Fcm : Get Reservati onSt at us(
out bool ean pri maryPossi bl e,
out bool ean secondar yPossi bl e,
out sequence<d i ent Record> clientRecords)

Parameters
pri mar yPossi bl e —only if Tr ue, the resource can accept a non-intrusive primary
reservation
secondar yPossi bl e —only if Tr ue, the resource can accept a (non-intrusive) secondary
reservation

cl i ent Recor ds —thelist of primary and secondary clients of thisresource; if theligtis
empty, thereare no clients; if pri mar yPossi bl e isFal se, thefirst record denotesthe
primary client, otherwise it denotes a secondary client. The safe parameter size limit is 10
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C i ent Record vaues.

Description

A Resource Manager can use this method to retrieve reservation-related data from the FCM. Any
other software element may also use this method.

Either adl three methods Reser ve, Rel ease, and Get Reservati onSt at us, and the events
Reser vel ndi cati on and Rel easel ndi cat i on shall be implemented by the FCM, or none of
them shall be. If these methods are not supported, the error code ENOT_| MPLEMENTED is returned
if any of themisinvoked.

Error codes
ENOT_| MPLEMENTED — the resource does not alow status retrieval

Fcm::GetWorstCaseStartupTime

Prototype
Status Fcm : Get Wor st CaseSt art upTi ne(out | ong seconds)

Parameters
seconds —worst case number of seconds needed to start acommand

Description

Queriesfor the longest time an FCM takesto start one of itscommands. Itisa“worst casg’ timein
the sense that it reflects the longest time the dowest FCM command requires to become activated.

This may be used for a Scheduled Action start time setup, for synchronizing the start-up of al
devicesin the Scheduled Action. It is up to the application to get worst case startup times of FCMs
before setting a Scheduled Action.

Error codes
ENOT_| MPLEMENTED —no wordt case startup time available

Fcm::SetPlugSharing

Prototype

Status Fcm : Set Pl ugShari ng(
in ushort plugNum
i n bool ean canShare)

Parameters
pl ugNum—an output FCM plug
canShar e —desired sharing state for the plug

Description

Set Pl ugShari ng is intended for use in parenta control and other Stuations where one
application prevents other applications from making connectionsinvolving a particular source plug.
If canShar e isFal se, then only the “plug owner” (the software e ement which disabled sharing)
will be allowed to make connections using the plug (existing connections using the plug and
established by other software elements will be dropped by Stream Managers).
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Note that FCM plug sharing and FCM reservation are orthogona —in particular, reserving an FCM
does not necessarily prevent other gpplications from connecting to its plugs.

A changein the plug sharing state causes a Pl ugShar i ngChanged event to be posted.

It is recommended that an application call Set Pl ugShar i ng after establishing connection (using
the source plug) rather than before.

Error codes
Fcm : ENO_ADDR—if the specified output plug does not exist for this FCM

Fcm::lecAttach

Prototype
Status Fcm :lecAttach(
in lecPlug pcr,
in Internal Plug plug)

Parameters
pcr —the plug contral register (PCR) to attach to the virtual FCM.
pl ug —the FCM plug to attach to the PCR

Description

Fcm : 1 ecAtt ach will be caled by an FAV DCM when the DCM establishes a connection to a
virtua FCM (i.e,, Dcm : Connect isinvoked). In the case of connections involving virtual FCMs,
the DCM will only alow attachments between IEC 61883 plugs and the virtua FCM. This
restriction may be relaxed in future versions of HAVi.

As aresult of this cdl, the target (virtua) FCM can now start consuming the isochronous stream
from the specified PCR (pcr isan iPCR and pl ug isan input FCM plug) or producing the stream
(pcr isan oPCR and pl ug isan output FCM plug).

Error codes
ENOT_| MPLEMENTED - if thisFCM isnot avirtual FCM
Fcm : ENO ADDR —thepcr or pl ug valuesareinvaid
Fcm : EATTACH—if the attachment cannot be made (e.g., direction mismatch or asink already
has an attachment)

Fcm::lecDetach

Prototype
Status Fcm : | ecDet ach(
in |lecPlug pcr,
in Internal Plug plug)

Parameters
pcr —the plug control register (PCR) to detach from the virtual FCM.
pl ug —the FCM plug to detach from the PCR

Description
Fcm : 1 ecDet ach will be cdled by a (FAV) DCM when the DCM breaks the connection to a
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virtual FCM (i.e., Dcm : Di sconnect isinvoked). Asaresult of thiscall, thetarget (virtua) FCM
should now stop consuming or producing the isochronous stream.

Error codes
ENOT_| MPLEMENTED—if thisFCM isnot avirtua FCM
Fcm : ENO ADDR —thepcr or pl ug valuesareinvaid
Fcm : EATTACH—if the attachment does not exist

5.7.4 Functional Component Module Events

PowerStateChanged

Prototype
voi d Power St at eChanged(i n bool ean power St at e)

Parameters
power St at e the current power state of the functional component represented by the FCM

Description

Posted when there is a change of the power state of the functional component represented by the
FCM.

PowerFailurelmminent

Prototype
voi d Power Fai | urel nmi nent ()

Description

Indication that a power failure is imminent. This event indicates that the part of the device
represented by the FCM is about to enter an unpowered state. The consequences of entering the
unpowered state are implementation specific. This event shall only be posted if at least one of the
other FCMs of the DCM and the DCM itsdf remain powered, otherwise
Dcm : Power Fai | ur el mmi nent shal be posted.

Reservelndication

Prototype
voi d Reservelndication(in SEID client,
i n bool ean pri mary)

Parameters
cl i ent —theclient for which the FCM was reserved
pri mary —Tr ue in case of areservation with primary accessrights, Fal se in caseof a
reservation with secondary accessrights.

Description

Thisisan indication of the reservation of the posting FCM. If it is preempted by the client, both a
Rel easel ndi cati on and Reser vel ndi cati on are posted by the FCM. If a reservation on
behalf of a client changes its access rights (from secondary to primary, or the other way around),
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also both aRel easel ndi cat i on and Reser vel ndi cat i on are posted by the FCM.

Clients should subscribe to these events because they want to track the reservation status of FCMs
that they have reserved (other clients can preempt their resources).

Either dl three methods Reser ve, Rel ease, and Get Reservati onSt at us, and the events
Reser vel ndi cati on and Rel easel ndi cat i on shall be implemented by the FCM, or none of
them shall be. If these methods are not supported, the error code ENOT_| MPLEMENTED is returned
if any of themisinvoked.

Releaselndication

Prototype
voi d Rel easelndication(in SEID client,
i n boolean primary, in boolean neutral)

Parameters
cl i ent —theclient for which the FCM was released
pri mary —Tr ue in case of arelease with primary accessrights, Fal se in case of arelease
with secondary accessrights.
neut ral —Tr ue in case ardease of the FCM resulted in its neutra state, Fal se in caseof a
release without a state change of the FCM.

Description
Thisis an indication of the release of the posting FCM, either explicitly by the client, or implicitly
(by preemption on behalf of another client, or by disappearance of the client).

Either dl three methods Reser ve, Rel ease, and Get Reservati onSt at us, and the events
Reser vel ndi cati on and Rel easel ndi cat i on shall be implemented by the FCM, or none of
them shall be. If these methods are not supported, the error code ENOT_| MPLEMENTED is returned
if any of themisinvoked.

PlugSharingChanged

Prototype

voi d Pl ugShari ngChanged(
i n ushort plugNum
i n bool ean canShar e,
in SEI D owner)

Parameters
pl ugNum—an output FCM plug
canShar e —the current sharing state of the specified plug
owner —the SEID of the software € ement which disabled sharing

Description

Posted when the sharing state of aplug changes. This happens either:
asaresult of aninvocation of Fcm : Set Pl ugShar i ng that aters the plug sharing state
if sharing is disabled and the owner disappears (in which case canShar e shall be Tr ue)
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If canShar e isTr ue the value of owner isundefined and should be ignored.
5.8 Device Control Module Manager

5.8.1 Services Provided

Service Comm Locality Access
Type

DcmManager::SetPreference M global trusted
DcmManager::GetPreference M global all
DcmManager::GetDevicelcon M global all
DcmManager::InstallDcm M global trusted
DcmManager::UninstallDecm M global trusted
DcmManager::DMinitialization M global DCM Managers
DcmManager::DMInitialinquiry M global DCM Managers
DcmManager::DMInquiry M global DCM Managers
DcmManager::DMCommand M global DCM Managers
DcmManager::DMGetDcm M global DCM Managers
Dcminstallindication E global all
DcmuUninstallindication E global all

The entries starting with the prefix DMare DCM management protocol messages.

5.8.2 DCM Manager Data Structures

VMID

Definition
t ypedef octet Model 1d[3];

struct VM D {

Vendor | d devi ceVendor ;
Model | d devi ceModel ;
b
Description

Vendor | d is the Vendor_ID, and Model | d is the Model_ID representing a BAV device modd, as
specified in the SDD data. A VM D (Vendor Moddl Identifier) therefore specifies a device model
from some vendor.

Guestld

Definition
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uni on Guestld sw tch(bool ean) {
case True: VM D group;
case Fal se: GUI D singl e;

1
Description

Specification of a guest designation. GUI D denotes a single guest, while VM D denotes a group of
guests.

Preferenceld

Definition

enum Preferenceld {
DCM_PREFER _VENDOR_HOST,
DCM_PREFERRED HOST,
DCM_PREFERRED URL,
DM PREFERRED URL_DEVI CE

b

Description

The set of DCM management preference identifiers.

PreferenceValue

Definition
uni on PreferenceVal ue switch(Preferenceld) {
case DCM PREFER VENDOR HOST: bool ean preferVendor Host ;

case DCM PREFERRED HOST: QU D pr ef erredHost ;
case DCM PREFERRED URL: URLString preferredURL;
case DM PREFERRED URL DEVI CE: GU D pref erredURLDevi ce;
1
Description
Specification of apreference value.

ProfileRecord

Definition

struct Profil eBody {
| ong transferredDcnCodeUnit Size;
 ong install edDcnmCodeSpace;
| ong i nstall edDcmAbr ki ngSpace;
Ver si on nessageVer si on;

1

uni on Profil eRecord sw tch(bool ean) {
case True: Pr of i | eBody Profile;
case Fal se: ;[ lenpty

b
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Description
Specification of aDCM code unit profile, in accordance to section 9.10.7.

URLString

Definition
t ypedef sequence<octet> URLStri ng;

Description

Specification of a URL gtring. The length shall not exceed 256 bytes. It is not null-terminated (see
section 9.10.8).

DMCommandType

enum DMCommandType {
LEADER, | NSTALL I NV, UNI NSTALL_ I Nv,
| NSTALL_URL_PREF, | NSTALL_URL_BAV, | NSTALL_CODE BAV,
| NSTALL, UNI NSTALL, | NSTALLED, NOT_I NSTALLED

b

DMCommandResult
enum DMConmandResul t { ACCEPTED, REJECTED, BUSY };

DMGetDcmResult

enum DMGet DenResul t {
CONTI NUED, FI NI SHED,
FAI LED SCHEME, FAI LED CODE, FAI LED ACCESS, FAILED

s

DcminstallResult

enum Dcm nstal | Result {
| GNORED,
URL_PREF, URL_BAV,
CODE_BAV, PROP_VENDOR, PROP,
FAI LED
1

DcminstallConflict

enum Dcm nstal | Conflict {
NONE,
VENDOR, HOST, URL, VENDOR_HOST,
VENDOR_URL, HOST _URL, VENDOR HOST URL

b

DcmuUninstallResult
enum Dcmni nstal | Result { | GNORED, COVMANDED, SPONTANEQOUS };
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5.8.3 DCM Manager API

Upon a network reset event, the DCM management system shall perform ingtalation and
uninstallation activities autonomoudly, according to the description in section 3.6.1. This section
describes the APl services of DCM Managers. Please refer to section 5.8.5 for the overdl protocol
description and the associated concepts.

DcmManager::SetPreference

Prototype

St at us Dcnivanager : : Set Pr ef er ence(
in Questld guest,
i n bool ean set,
in PreferenceVal ue val ue)

Parameters
guest —theguest or guest model for which this preferenceis set (not interpreted for
DM PREFERRED URL_DEVI CE)
set —if Tr ue, the preferenceis set; otherwiseit is removed, and becomes unspecified (in
which caseval ue isnot interpreted, except for Pr ef er encel d)
val ue —the preference value to be set

Description

A preference value is set and persistently stored (if possible) on or through the host device running
the DCM Manager that receives this message. However, aDCM Manager may refuse the setting of
apreferenceif it does not have the capability. The remova of a preference aways succeeds, even if
the preference was not set.

Error codes
El NVALI D_PARAMVETER —faulty preference value parameters were specified
Dcnivanager : : EVOLATI LE —the value was s, but not persistently
Dcmivenager : : EFAI L —the value was not set because the guest parameter is known not to
designateaBAV or LAV device or moddl.

DcmManager::GetPreference

Prototype

St at us Dcnivanager : : Get Pref erence(
in Preferenceld preference,
in Questld guest,
out bool ean set,
out PreferenceVal ue val ue)

Parameters
pr ef er ence —theidentifier of the preference for which the valueisretrieved
guest —theguest or guest model for which this preferenceisretrieved (not to beinterpreted
for DM PREFERRED URL_DEVI CE)
set —if Tr ue, the preference was set, and val ue isvalid; otherwise the preferenceis
ungpecified
val ue —the retrieved preference value
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Description

A preference value is retrieved from or through the host device on whose DCM Manager the
method isinvoked. If the preferenceis not found val ue shall not contain correct data

Error codes
El NVALI D_PARAMETER —afaulty preference parameter was specified
Dcnivanager : : EFAI L —avalue was not retrieved because the guest parameter is known not
to designateaBAV or LAV device or modd.

DcmManager::GetDevicelcon

Prototype

St at us Dcmvanager : : Get Devi cel con(
in GU D guest,
out Devi cel con icon)

Parameters
guest —GUID of aBAV or LAV device for which adeviceicon is requested
i con —arepresentation for aBAV or LAV device. (TheDevi cel con typeisdiscussedin
section 5.6.2.)

Description

An icon is retrieved for guest . This method makes it possible to display a graphica or textua
representation of a guest for which no DCM code unit isingdled, e.g., to show guests for which
DCM code unit ingtallations have failed. For aBAV device, arepresentation is coded in the SDD
data How a representation for an LAV device may be retrieved is not specified. If no
representation can be retrieved, Dcmivenager : : EFAI L will be returned and the value of i con is
undetermined.

The device icon shall be constructed from the HAVi_User_Preferred_Name field in the SDD of the
device and fromthe HAVi_Device_Icon_Bitmap fidd if it isavailable.

Error codes
Dcnivanager : : EFAI L — adeviceicon could not beretrieved (possibly invalid guest

specified)
DcmManager::InstallDcm

Prototype
St at us Dcnivanager: :Install Dem(in GUI D guest)

Parameter
guest —GUID of aguest for whichaDCM code unit shal beingtalled

Description

A DCM code unit shall be ingtalled for a BAV or LAV device for which no DCM code unit is
currently instdled, if possible. If the method returns successfully, theinstallation isin progress, and
a Dcnminstal | I ndi cati on event shall designate the result of the ingtalation attempt. The
preferences specified for the guest shall determinetheinstallation results, in the sameway asfor the
autonomous installation procedure performed by the DCM management system.
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A fina follower that receives an | nst al | Dcm message sends a DMCommand (with conmand
value | NSTALL_| NV) to the final leader. If no fina leader is known, the method shall return with
error code EFAI L. Thefinal leader shall accept the command immediately, and | nst al | Decmshall
return successfully. (The final leader handles the command after accepting it.) Only if the fina
follower knows the specified guest parameter is not valid, DMConmand shall not be sent to the final
leader, and thefina follower shall immediately return with error code EFAI L. Thisisthe caseif the
specified guest is not in the network or does not correspond to aBAV or LAV device.

Note: If the DCM code unit is aready installed locally, the receiving fina follower may not handle
(rgject) the request locally, but should still involve thefinal leader.

Error codes
Dcnivanager : : EFAI L —theingtallation failed (possibly invalid guest specified)

DcmManager::UninstallDcm

Prototype
St at us Dcmivanager: : Uninstal | Derm(in GUI D guest)

Parameter
guest —GUID of aguest for which the DCM code unit shall be uninstalled

Description

A DCM code unit, if there is any, shdl be uningtalled for guest . After the method returns
successfully, the uningtallation is in progress, and a Dcnni nst al | | ndi cati on event shall
designateif aDCM code unit was uninstalled or not.

A final follower that receives an Uni nst al | Dcmmessage sends a DMCommand (with conmand
value UNI NSTALL_I NV) to thefinal leader. If no final leader isknown, the method shdll return with
error code EFAI L. The fina leader shal accept the command immediately, and Uni nst al | Dcm
shall return successfully. (Thefinal leader handlesthe command after acceptingit.) Only if the fina
follower knows the specified guest parameter is not valid, DMCommand shall not be sent to the final
leader, and thefina follower shall immediately return with error code EFAI L. Thisisthe caseif the
specified guest is not in the network or does not correspond to aBAV or LAV device.

Note: If the DCM code unit is ingtdled locdly, the receiving final follower need not involve the
final leader, and may uningtall the code unit directly.

Error codes
Dcmivenager : : EFAI L —the uningtallation failed (possibly invalid guest specified)

DcmManager::DMinitialization

Prototype

St atus Dcmvanager:: DM nitialization(
out bool ean URLDevi ceSet,
out GUI D URLDevi ce)

Parameters

URLDevi ceSet —Tr ue if thevalueof URLDevi ce isvalid, Fal se otherwise
URLDevi ce —the value of preference DM PREFERRED URL_DEVI CE set at thereceiving
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initia follower (any vdueif the preferenceis not set)

Description

This is a protocol message (see section 5.8.5). This message is sent from the initial leader to al
initid followers after the initid leader has received a Net wor kReset event or is powered up. If a
DCM Manager receives this message, it shall verify that it originates from the current initial leader
(through the use of Cl394: : Get Qui dLi st ). If nat, it shall return with error code EFAI L. If the
current final leader receives this message, it shal stop acting as afinad leader (a new one shall be
sdlected subsequently).

Error codes
Dcmivenager : @ EFAI L —the message was not received from the assumed initial |eader

DcmManager::DMinitialinquiry

Prototype
St atus Dcmvanager:: DM nitial I nquiry(
out sequence<GUl D> guest Li st)

Parameter
guest Li st —the GUIDs of the guestsfor whichaDCM code unit islocally ingtdled. The
safe parameter sizelimit of thislist is bounded by the safe parameter size limit of thelists
returned by Omril394: : Get Qui dLi st .

Description

Thisis aprotocol message (see section 5.8.5). It is sent from the find leader to afina follower to
find out for which guests the final follower has installed a DCM code unit. The fina leader shall
only take additiond autonomous actions (DM nqui ry, DMCommrand) for guests for which no DCM
code unit isingtalled on any host (ingtallation), or for guests for which more than one DCM code
unit isfound to be installed (uninstallation).

It shall be the first method used by the final leader after it is selected, and shall be sent to all fina
followers, even if there are no guests in the network. From this message, a find follower learns
which DCM Manager isthefina leader.

DcmManager::DMInquiry

Prototype
St at us Dcrmvanager : : DM nqui ry(
in GU D guest,
in Profil eRecord profile,
out bool ean preferVendor Host ,
out bool ean preferVendor Host For Model ,
out GUI D preferredHost,
out GUI D preferredHost For Model
out URLString preferredURL,
out URLString preferredURLFor Model ,
out bool ean saneVendor Host ,
out bool ean accept abl e,
out bool ean install ed,
out short dcmCount)
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Parameters
guest —theguest for which an (un)installation inquiry is performed
prof i | e —theprofilethat thefina follower shal interpret to determineif it can ingtall the
corresponding DCM Java code unit (empty if it does not apply in theinquiry)
preferVendorHost — the value of preference DCM_PREFER VENDOR _HOST et at thefinal
follower (Fal se if the preferenceis not set)
preferVendorHostForM odel —the pr ef er Vendor Host preferencefor the VMID of the
guest (typically Fal se if the preference is unspecified)
preferredHost —the value of preference DCM_PREFERRED HOST set at the final follower (the
guest’s GUID iif the preferenceis not set)
preferredHostForModel —the pr ef er r edHost preference for the VMID of the guest (the
guest’s GUID iif the preferenceis not set)
preferredURL —the value of preference DOM PREFERRED URL set at thefinal follower (an
empty string if the preferenceis not set)
preferredURLForModel —the pr ef er r edURL preference for the VMID of the guest (an
empty string if the preferenceis not set)
sameV endorHost — Tr ue only if the final follower identifies the guest to be from the same
vendor asitself
acceptable— (1) if profileisempty: Tr ue only if the hostisableto install a proprietary DCM
code unit for the guest; (2) if profileisnot empty: Tr ue only if the hogt is able to upload and
install the DCM Java code unit for the guest whose characterigtics are represented by profile.
Notethat if the profile contains aversion number higher than the version number of the hogt,
accept abl e should beFal se.
installed —Tr ue only if aDCM code unit for the guest is already installed
dcmCount —the number of DCM code units currently installed on the host

Description

Thisis a protocol message (see section 5.8.5). This message is sent from the final leader to afina
follower. The final leader requests for some guest data localy available at the final follower. The
final leader sends a non-empty profile for an uploadable DCM Java code unit only if the (FAV)
final follower should reply whether it is able to install the corresponding code unit. (This decision
shall be based on the parameters contained in the profile.)

Each DCM Manager with preference settings for VMIDs (guest models) shall verify for a BAV
guest whether the VMID appliesto it. If so, one or more of the preferences that apply to the guest
modd shall dso be returned. Note that a DCM Manager can consult the BAV device's SDD to
acquire the necessary model ID data

This message may be invoked by any remote DCM Manager at any time, to acquire installation
datafor aguest.

DcmManager::DMCommand

Prototype

St at us Dcrmvanager : : DMCommrand(
i n DMCommandType conmmand,
in GU D device,
in URLString preferredURL,
out DMCommandResult result)

Parameters
comand:
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LEADER — selected for find leadership

I NSTALL_I NV —instal invocation

UNI NSTALL_| NV —uningtall invocation

I NSTALL_URL_PREF —ingtall the Java code unit designated by the preferred URL (only then
thepr ef er r edURL parameter shall not be the empty string)

I NSTALL_URL_BAV —ingall the Java code unit designated by the URL contained in the BAV
device

I NSTALL_CODE_BAV —ingtd| the Java code unit contained in BAV device

| NSTALL —ingtal in aproprietary manner

UNI NSTALL —uninstall

| NSTALLED—installation succeeded

NOT_| NSTALLED—ingtdlation failed

devi ce —ahost or guest value, depending on the command type

pr ef er r edURL —the URL that a (FAV) device shall useto install aDCM code unit

result:

ACCEPTED — accepted (always for cormand values LEADER, | NSTALL_| NV,
UNI NSTALL_I NV, UNI NSTALL, | NSTALLED, NOT_| NSTALLED; possiblefor comrand
values| NSTALL_URL_PREF, | NSTALL_URL_BAV, | NSTALL_CCDE BAV, | NSTALL)

REJECTED - rejected (only possible for command values | NSTALL_URL_PREF,
I NSTALL_URL_BAV, | NSTALL_CODE BAV, | NSTALL)

BUSY — busy (only possible for cormand values | NSTALL_URL_PREF,
I NSTALL_URL_BAV, | NSTALL_CODE BAV, |NSTALL)

Description

Thisisaprotocol message (see section 5.8.5). The specific casesare:

LEADER — The message is sent by the initial leader to an initial follower to declare the
follower as the final leader. It shall subsequently behave accordingly. Parameter devi ce
indicates a URL capable device, unless it is the receiver's GUID (the receiver knows
whether it supports URL access). The receiver shall ignore this command and return with
error code EFAI L if it does not originate from the initial leader.

I NSTALL_I NV, UNI NSTALL_I NV — The message is sent by a final follower to the final
leader upon an invocation of Dcmivanager: : I nstal | Decm or
Dcmivenager : : Uni nst al | Dem by a software element on the final follower. Parameter
devi ce indicates the guest to which the request applies. If the receiver assumes it is not
the final leader, an EFAI L error code shall be returned by it and the command isignored.

I NSTALL_URL_PREF, | NSTALL_URL_BAV, |NSTALL_CODE_BAV, |NSTALL — The
message is sent by the final leader to a final follower. Parameter devi ce indicates the
guest for which a DCM code unit should be installed. A command for installing a DCM
code unit shall be accepted by afinal follower if it expectsto be ableto install it. Only if
it has insufficient resources, an install command shall be rejected. However, it may be
that the specific installation requested cannot currently be performed by the final
follower, because it is installing another DCM code unit. In this temporary condition, it
snall return a busy result. A final follower that accepted an installation command shall
normally return a DMConmmand to the final leader to inform it about the installation attempt
(see below). If the sender is assumed not to be the final leader, an EFAI L error code shall
be returned by the receiver.
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UNI NSTALL — The message is sent by the final leader to a final follower. Parameter
devi ce indicates the guest for which a DCM code unit should be uninstalled. A
command for uninstalling a DCM code unit shall always be accepted and immediately
executed by afinal follower, athough it will take no action if there is no installed code
unit (it shall not post a Dcnmuni nst al | | ndi cati on event). If the sender is assumed not
to bethefinal leader, an EFAI L error code shall be returned by the receiver.

| NSTALLED, NOT_I NSTALLED — The message is sent by a final follower to the final
leader to inform it about the result of an accepted installation request. Parameter devi ce
indicates the guest for which the installation was attempted. These messages shall be
voided if the final leader is unknown. If the receiver assumesiit is not the final leader, an
EFAI L error code shall be returned by it.

Error codes
Dcmivenager : : EFAI L —the message was not received from the assumed initial/final |eader

DcmManager::DMGetDcm

Prototype
St at us Dcmvanager : : DMEet Dem(
in URLString URL,
in [ ong demandBegi n,
in long dermandEnd,
out | ong suppl yBegin,
out | ong suppl yEnd,
out sequence<octet> byteArray,
out DMGet DcnResult result)

Parameters
URL —the locator of the DCM Java code unit to be uploaded
denmandBegi n —the number of thefirst byte of the array wanted (1 indicates the first byte of
the code unit; O indicates that the sender is no longer interested in the code unit)
denmandEnd —the number of the last byte of the array wanted (may be larger than the last byte
of the code unit)
suppl yBegi n —the number of thefirst byte of the byte array delivered (corresponding to the
first byte of byteArray; Oif it isempty)
suppl yEnd —the number of the last byte of the byte array delivered (corresponding to the last
byte of byteArray)
byt eAr r ay —thearray of bytesthat are apart of the code unit being uploaded. The safe
parameter size limit is 512 bytes (the 1394 asynchronous packet size for bus speeds of 100
Mbps).
result:
CONTI NUED — successful retrieval, more bytesto follow
FI NI SHED — successful retrieval, no more bytesto follow
FAI LED SCHEME — unsuccessful retrieval, URL scheme could not be handled
FAl LED CODE —unsuccessful retrieval, code unit was not found
FAl LED ACCESS — unsuccessful retrieval, URL access was aborted
FAI LED—unsuccessful retrieval (other cause)

Description

This message is sent from afina follower to a DCM manager that is believed to be able to access
the DCM Java code unit at the specified URL location (typically the final leader). The URL vaue
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iseither the one presented by thefinal leader asthe pr ef er r edURL parameter in DMConmand, or it
is the one found in the BAV device (depending on the leader command). The URL shal be
extended with the HAVi DCM code extension, if noneis specified.

The requester shall attempt to retrieve and install the code unit by sending this message one or more
times. Unless the final follower aready has the code unit, the message shall be sent to the final
leader firdt. If the find leader failsto retrieve a code unit, thefinal follower isfreeto try any DCM
Manager or URL access capable FCM, or use proprietary means to acquire the code unit. Trying
the final leader first allows use of cached code units at the fina leader device, such that, for
example, BAV devices of the same vendor and model may amortize a URL access effort for their
DCM code unit.

The number of bytes requested may correspond to the maximum load the requester can accept; it
may be larger than the number of bytes actually retrieved. The code unit sender will dwaysindicate
which part of the code unit was delivered, and whether it was the last part. Note that the actual
number of bytes delivered by the code unit sender may be bound by the amount of memory
working spaceit has.

It depends on the URL scheme and the storage medium how long it will take to fetch a number of
bytes. It isalowed, particularly if code unit retrieval takesalongtime, for the replied array of bytes
to be smaler than can be handled by receiver or by the final follower. At any time, the final
follower can decide whether to continue requesting additional bytes, or to stop the processif it takes
too long. As a courtesy, the fina follower shall send a final DMcEet Dcm message with
denmandBegi n set to O, to indicate to the code unit sender that it can stop retrieving data on its
behalf.

5.8.4 DCM Manager Events

Dcminstallindication

Prototype
void Dcm nstal |l I ndi cati on(
in GU D guest,

in Dcmnstal |l Result result,
in Dcmnstall Conflict conflict)

Parameters
guest —GUID of aguest devicefor which aDCM code unit ingtd lation result is posted
resul t:
| GNORED — dready installed (possible only upon an install invocation)
URL_PREF — Java code unit ingtalled from preferred URL location
URL_BAV —Java code unit installed from URL location obtained from BAV device
CODE_BAV — Java code unit obtained from BAV deviceinstalled
PROP_VENDCR — proprietary code unit ingtaled by ahost from the same vendor asthe guest
PROP — proprietary code unit installed by a host not from the same vendor as the guest
FAI LED—instalation in network failed
conflict:
NONE — no conflict
VENDOR — prefer vendor host conflict
HOST — preferred host conflict
URL — preferred URL conflict
VENDOR_HOCST — prefer vendor host conflict and preferred host conflict
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VENDOR_URL — prefer vendor host conflict and preferred URL conflict

HOST_URL — preferred host conflict and preferred URL conflict

VENDOR_HOST_URL — prefer vendor host conflict and preferred host conflict and preferred
URL conflict

Description

Thisisanindication of an ingtallation result for aguest. It is aways posted by the final leader after
a successful installation, or after no ingtalation in the network is found to be possible. A reported
conflict can relate to either guest and/or guest model preferences.

Note that the DCM management protocol does not use this event. It is intended for (system)
applications.

DcmUninstallindication

Prototype
voi d Dcnni nstal | I ndi cati on(
in GU D guest,
in Dcnmuninstall Result result)
Parameters
guest —GUID of aguest devicefor which aDCM code unit uninstallation result is posted
result:

| GNORED — uningtallation failed (upon an uningtall invocation if thereisno DCM code unit)
COMIVANDED — uningtallation succeeded (not on initiative by DCM code unit)
SPONTANEQUS — uningtallation succeeded (on initiative by DCM code unit)

Description

Thisisan indication of an uninstallation attempt for aguest. The specific cases are:

| GNORED — If the final leader isrequested to uninstall aDCM code unit, but finds nonein
the network, it posts the event with this result. (Note that it is possible there are guestsin
the network for which no DCM code unit isinstalled.)

COMMANDED — If a final follower uninstalls a DCM code unit upon request of the final
leader or another software element, it posts the event with this result.

SPONTANEQUS — If a DCM code unit is uninstalled by invoking uninstalled() on the DCM
Manager on the code unit's own initiative, the loca DCM Manager posts the event with
thisresult.

Note that the DCM management protocol does not use this event. It is intended for (system)
applications.

5.8.5 DCM Management Protocol

The DCM management system is constructed from a distributed group of DCM Managers on FAV
and IAV devicess DCM Managers interact on a peer-to-peer basis to implement the DCM
management service, while in turn using services of local software elements. These arethe CMM,
Messaging System, Event Manager, Registry, and DCM code units. Each DCM Manager can read
SDD data directly from devices connected to the HAVi 1394 network. The DCM management
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protocol supports the use of device storage and Internet accessfacilities.

In a nutshell, each DCM Manager starts with a leader eection after a network reset event is
received. One DCM Manager will be sdected as the fina leader. All DCM Managers are fina
followers, and subordinate to the final leader. Note that the find leader also playstherole of afinal
follower in the protocol description. Final leader and followers subsequently collaborate to install
DCM code units autonomously for each guest found on the network (for whicha DCM code unit is
not yet ingdled). In addition to automatic DCM management, each DCM Manager may aso
accept method invocations by software elements. The final leader will control most of the protocol
activities.

5.8.5.1 Leader Election

After a device is powered up, or after a Net wor kReset event is received, a DCM Manager
behaves asfollows:

The GUID list isretrieved through Crml394: : Get Gui dLi st . The relevant SDD data of
al devices are retrieved: HAVi_Device_Class, HAVi_DCM_Manager, Model_ID, Vendor_ID,
EUI-64 (GUID). Devices without such SDD data are classified as LAV devices.

An AV device without a DCM Manager (derived from HAVi_DCM_Manager) shall be
ignored, and shall not be a host for any guest on the HAVi 1394 network.

From all host GUIDs, the highest bit order-reversed GUID is calculated, and the DCM
Manager on the device with this GUID is declared theinitial leader. The reversal prevents
devices from certain vendors acting as the initial leader in many network configurations
(since the GUID starts with a vendor identifier.) Note that all devices read the same
GUID list, and will declare the same DCM Manager as initial leader. All other DCM
Managers are initia followers.

At thistime, each DCM Manager knowsiif it istheinitial leader or an initial follower. Each device
knows which other DCM Managers there are, and which SEIDs they have. (The SEID is the
concatenation of the device GUID and the fixed DCM Manager software element handle)
M essage passing between DCM Managersis enabled. Each DCM Manager shall be registered.

The initid leader selects a final leader, and possibly a URL access capable host or guest in the
following manner:

To al initial followers the initial leader sends a DM ni ti al i zati on message, and
awaits al responses. The responses may yield one or more
DM _PREFERRED_URL_DEVI CE preferences (declaring URL access capabilities) for FAV,
IAV, BAV, and/or LAV devices.

The selection of the final leader is as follows;

If there are FAV devices with adeclared URL access capability, one of themisselectedin
aproprietary way.

Otherwisg, if thereare IAV devices with adeclared URL access capability, one of themis
selected in aproprietary way.

Otherwisg, if thereare FAV devices, one of them is selected in a proprietary way.
Otherwisg, if thereare IAV devices, one of themis selected in aproprietary way.
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Device A Device B Device C

ELECTING
INITIAL LEADER

ELECTING
INITIAL LEADER

ELECTING
INITIAL LEADER

Calculate the highest bit order- Calculate the highest bit order- Calculate the highest bit order-
reversed GUID (= Device A). reversed GUID (= Device A). reversed GUID (= Device A).

INITIAL LEADER INITIAL FOLLOWER INITIAL FOLLOWER
DCMManager::DMInitialization
request N
DCMManager::DMiInitialization
_response (URLdevice = Device C)
-
DCMManager::DMInitialization
request
g
DCMManager::DMiInitialization
_ response (URLdevice = Device C)
-
A final leader which has a URL
access capability is selected.
DCMManager::DMCommand
(command = LEADER)
request/response >
dl
l
DCMManager::DMlInitiallnquiry
P request/response
l
FINAL FOLLOWER DCMManager::DMlInitialinquiry
P request/response
-
g

FINAL FOLLOWER

Figure 32. DCM Manager Protocol

If there is no existing FAV or IAV device with a declared URL access capability, the
initial leader verifies whether at least one of the DM PREFERRED URL DEVI CE
preferences corresponds to an existing BAV or LAV device. If so, it selects any of them.

A DMConmand is sent by the initial leader to the selected DCM Manager to announce to
the receiver it is the final leader. A URL access capable guest GUID may aso be
specified (unless the receiver's GUID is provided). If the final leader has URL access
capability itself, it may ignore the guest GUID.
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The find leader starts by sending DM ni ti al | nqui ry messages to al fina followers, so each
DCM Manager will know which one is the fina leader. The autonomous operation phase then
commences.

The process sketched in this section is represented in the message sequence chart for devices A, B,
and C. Notethat DM ni ti al i zat i on requests may be sent in parallél to increase the performance
of the election process.

5.8.5.2 Autonomous Operation

The final leader will take the initiative to handle DCM code unit installations. The find followers
will wait for and handle DM nqui ry and DMConmand messages from the final leader. The fina
leader will control the operation as follows, for each guest in the network for which no DCM code
unit isaready installed (asreported by DM ni ti al | nqui ry):

To each fina follower an initial DM nqui ry message is sent with an empty profile
parameter. From al received inquiry records, the final leader learns the following:

The preferences set for the guest and guest moded, if any.

For each host, whether the guest isfrom the same vendor, and whether it can ingtall a
proprietary DCM code unit for the guest.

For each host, whether aDCM code unit is already ingtalled for the guest.

For each host, the number of installed DCM code units.

If no installed DCM code unit was found for the guest, the final leader shall send
additional DM nqui ry and DMCommand messages to al or some fina followers, and
proceed according to the rules in sections 3.6.1 and 3.6.2 to install a DCM code unit.
Additional DM nqui ry messages must carry the profile of the DCM code unit to be
instaled. The profile is empty in the case of a proprietary DCM code unit. Note that the
final leader must acquire a URL-specified profile before a DCM Manager can install the
corresponding code unit.

For each ingtall and uninstall action, initidd DM nqui r y messageswill be sent to al final followers.
Thefina leader shall not rely onitslocal instalation knowledge. (Note that DCM code units can be
uninstalled spontaneoudy.) Thefinal leader shal not attempt to install another code unit for aguest
for which the code unit has been uningtaled. Only after a network reset or after an invoked
installation request (Dcmivanager : : | nst al | Dem) shall such an attempt be made.

If thefina leader finds more than one installed DCM code unit for agues, it shall uninstall al but
one.

If the find leader has no URL capability itsdlf, it shall employ the selected URL capable guest, if
available. If no DCM code unit for it is already ingtalled, the final leader shall attempt to ingtall a
DCM code unit for it, in the same way as for any other guest. Subsequent URL access can take
place through the DCM or one or more FCMs ingtalled for the guest.

If an ingtall command results in a “busy” indication from a candidate host, the final leader may
either choose an equaly suited hogt, or it may first try to install aDCM code unit for another guest.
However, the find leader shall not try to install aDCM code unit on aless suited hogt if thereis at
least one better suited host with a“busy” indication. This indication shal be temporary, and shall
only be used by ahost if it is currently ingtalling another DCM code unit. If all best suited hosts are
busy, the fina leader shal delay DCM code unit installation for the guest. It is recommended to
retry busy candidate hosts not more often than once every three seconds.

Each final follower takes the initiative for the uninstallation of local DCM code units, without
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involvement of the final leader. If a guest disappears from the network for whichaDCM code unit
isinstalled, the local final follower shall learn this upon aNet wor kReset event. Note that a DCM
code unit can aso uningal itsdlf. In either case, an ingdlation of another code unit is only
attempted upon aNet wor kReset event or an invoked installation request.

5.8.5.3 Protocol Details

The previous sections described the functional activities performed by a DCM Manager. In this
section, a state machine is given that specifies how a DCM Manager should react to incoming
events and messages from the system. Although the implementation of the required behavior is
proprietary, the state machine can also serve as an implementation guideline.

Figure 33 shows a state machine of a DCM Manager, including mgjor states and transitionsin the
protocol. The blocks represent states and the arrows represent transitions. A transition denotes a
trigger, possibly with a condition and an associated action. Alternative tranditions for an arrow are
lisgted below each other. The ovals represent that the DCM Manager may reenter its previous
substate (indicated by the dot) if one of the indicated transitions occurs. An arrow, on the other
hand, indicates that the main state is (re)entered. The other symbols in the figure are explained in
the next table.

T:C a trigger T under the condition C
X — M+/- | message M was received from x and will be responded to with SUCCESS/EFAI L
X « M+/- | message M was sent to x and responded to with SUCCESS/EFAI L

d a remote DCM Manager

the DCM Manager to which the state transition diagram applies ("self")
[ the actual initial leader according to s (identified by Om1394: : Get Gui dLi st
each time a trigger P or R occurs, and after a message | or L is received)
the final leader assumed by s
the device of s is powered up or activated
s receives a network reset event
aDMnitializationmessage
a DMCommand with command value LEADER (leader selection)
a DMCommand not with command values LEADER, | NSTALL | NV,
UNI NSTALL_| NV, | NSTALLED, or NOT | NSTALLED

O|I-|—(o|o|—
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Figure 33. DCM Manager States

The main states of aDCM Manager are:

ELECTING — As the initial leader it sends DM ni ti al i zati on messages to all other
DCM Managers, and awaits their responses. If it completes this activity, it selects either
itself for final leadership and becomes LEADING, or it selects another DCM Manager for
final leadership by sending it a message DMConmand for leader selection, and becomes
FOLLOWING. It will also become FOLLOWING if another DCM Manager sends it a
DM nitial i zati on message and appears to be the real initial leader, and if it receives
an EFAI L responseonaDM ni ti al i zati on or DMCommand message. If a network reset
event occurs, it aborts handling the current DM ni ti al i zat i on messages, and restarts
sending them to all actual DCM Managers.

LEADING - Asthefinal leader it starts by sending DM ni ti al | nqui ry messagesto all
DCM Managers. It will issue DM nqui ry messages, and issue and accept DMConmmand
messages until it terminates the final leadership. It becomes FOLLOWING if it receives a
DM ni tial i zati on message from the actual initial leader or an EFAI L response on a
DMCommand message. If it becomes the initial leader, due to a network reset event, it
becomes ELECTING.

FOLLOWING — As an initial or final follower it awaits and handles incoming messages.
If it receives a message DMCommand for leader selection from the actual initial leader it
becomes LEADING. Other DMCommand messages will be rejected if they do not originate
from the assumed final leader. If it becomes the initial leader, due to a network reset
event, it becomes ELECTING.

The protocol takes into consideration possible timing variations between DCM Managers in the
network, and in the delivery of events and messages. In particular, network reset eventsin genera
have no effect if the receiving DCM Manager does not identify itself astheinitia leader. Note that
in some circumstances, a new leader election can be in progress while the previous final leader is
till issuing commands.

Protocol messaging shall rely on the transaction id mechanism of the Messaging System to match
requests and responses. Unexpected responses shal be discarded.

In addition to the behavior according to the state machine, there are additiona rules a DCM
Manager implementation should follow:

A DCM Manager shall always accept and handle protocol messages. If a message is not
expected or cannot be handled, the receiver shall return with EFAI L. This can only be the
caseforl nstal | Dcm Uni nstal | Decm DM ni ti al i zati on, and DMConmand.

An invocation of | nstal | Demand Uni nst al | Dcm by an application may return with
SUCCESS, Vet fail due to a network reset. However, the subsequent autonomous DCM
management will “assimilate” or annihilate these invocations. The application may use
watch-ons on DCMs and may subscribe to the events Dcri nst al | | ndi cati on and
Dcnni nst al | 1 ndi cat i on to handle these situations.
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A DCM Manager should abort a DCM code unit installation if it receives a
Net wor kReset event or aDM ni ti al i zat i on message during the installation process,
before invoking install on the code unit — see section 3.6.3. (It is recommended to handle
pending Net wor kReset events before invoking install.)

A DCM Manager shal stop sending any protocol message (DM niti al i zati on,
DM nitial I nqui ry, DM nqui ry, DMCommand, DMGet Dcm) to any DCM Manager,
when the following occurs:

It receives EUNI DENTI FI ED_FAI LURE on a protocol message from another DCM
Manager
It receivesaMsgTi neout or MsgEr r or event with SEID parameter denotinga DCM
Manager.
If it receives a protocol message from another DCM Manager while it stops handling
protocol operation, it returns EUNI DENTI FI ED_FAI LURE. It restarts handling protocol
operation, when it receives a Net wor kReset event or aDM ni ti al i zati on message.
Note that it can handle a message except a protocol message, while it stops handling
protocol operation.

5.9 Stream Manager

5.9.1 Services Provided

Service Comm Locality Access
Type
StreamManager::FlowTo M local all
StreamManager::SprayOut M local all
StreamManager::Tapin M local all
StreamManager::Drop M global all
StreamManager::GetLocalConnectionMap M global all
StreamManager::GetGlobalConnectionMap M global all
StreamManager::GetConnection M global all
StreamManager::GetStream M global all
ConnectionAdded E global  Stream Manager (all)
ConnectionDropped E global  Stream Manager (all)
ConnectionChanged E global  Stream Manager (all)

5.9.2 Stream Manager Data Structures

Direction
enum Direction {IN, OUT};

OperationalStatus
enum Oper ati onal St atus {
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NORNVAL,
FAI LURE,
UNKNOWN,
b
Oper at i onal St at us describes whether aconnection is operating or not, more specificaly:

NORMAL indicates that the Stream Manager assumes the connection is operational.

FAI LURE indicates that the Stream Manager assumes the connection is ot operational.
UNKNOVW indicates that the Stream Manager cannot determine whether the connection is
operational or not.

When a Stream Manager creates a Fl owTo connection, it assures the source and sink are
compatible, the connection then has NORVAL operational status.

When a Stream Manager creates a Spr ayQut or Tapl n connection, it does not assure source/sink
compatibility, the connection then has UNKNOMW operational status.

A connection will also have UNKNOAN operational status if static bandwidth allocation has been set
and the bandwidth specified in the DCM output | ecPl ug is less than the maximum bandwidth of
the stream type of the source FCM plug.

FailureReason

enum Fai | ureReason {

STREAM TYPE_NATCH_FAI LURE,

TRANSM SSI ON_FORVAT_MATCH_FAI LURE,

BANDW DTH_FAI LURE,
1
After a connection has been established, its operationa status may change. In particular the
connection may change from NORVAL or UNKNOWN to FAI LURE gtatus. The Stream Manager does
not drop connections that have FAI LURE for their operationa status, however applications may
chooseto do so.

Fai | ur eReason enumerates the situations that cause a FAI LURE operational status:

STREAM TYPE_MATCH_FAI LURE occursif the Stream Manager cannot match source and sink
stream type | D when servicing a St r eaniTypeChanged event or a

Devi ceConnect i onChanged event.

TRANSM SSI ON_FORVAT_NMATCH_FAI LURE occursif the Stream Manager cannot match
source and sink when servicingaTr ansm ssi onFor mat Changed event or a

Devi ceConnect i onChanged event.

BANDW DTH_FAI LURE occursif the Stream Manager cannot match source and sink bandwidth
capability when servicing aBandwi dt hRequi r enent Changed event or a

St r eanTypeChanged event or abDevi ceConnect i onChanged event.

BANDW DTH_FAI LURE may also occur if the source hasfailed to alocate bandwidth, or the
stream type has changed when dtatic bandwidth alocation is set and insufficient bandwidth is
allocated.

If the conditions causing failure no longer apply, the operational status changes from FAI LURE to
UNKNOVWN Or NCRIVAL..

ConnectionState
struct ConnectionState {
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Oper ati onal St at us st at us;
sequence<Fai | ureReason> fail ures;

1
The current state of aconnection. f ai | ur es shall be empty if st at us iSNORVAL or UNKNOWN.

DropReason

enum Dr opReason {
OMER_REQUEST,
NON_OWNER_REQUEST,
SHARI NG_DI SABLED,
OMNER_GONE,
SOURCE_FCM_GONE,
SI NK_FCM_GONE,
SOURCE_POWER_OFF,
SI NK_POVER_CFF,
DEVI CE_CONNECTI ON_DROPPED,
SOURCE_DEVI CE_GONE,
SI NK_DEVI CE_GONE,
RESTORE_FAI LURE,
UNKNOWN,
| EC_BROADCAST _BROKEN

b

Dr opReason enumerates the situations when a Stream Manager will drop a connection and post a

Connect i onDr opped event:

OMNER_REQUEST indicates that the connection has been dropped on request from the HAVi
software element that created the connection.

NON_OMNER_REQUEST indicates the connection was dropped on request from some other
HAVi software element.

SHARI NG_Di SABLED indicates that sharing has been disabled for the source of the connection

(aPl ugshar i ngChanged event has been posted) and the plug owner differsfrom the
connection owner.

OMNNER_GONE indicates that the owner has disappeared (detected via Msg\Wat chOn).
SOURCE_FCM GONE indicates that the source FCM has disappeared (detected via

MsgWat chn).

SI NK_FCM_GONE indicates that the sink FCM has disappeared (detected via Msg\Wat chOn).
SOURCE_POWER _OFF and SI NK_PONER_CFF indicate that the source or sink FCM, or
associated DCM, has posted aPower St at eChanged event with power St at e setto Fal se.
DEVI CE_CONNECTI ON_DRCPPED occursif the DCM associated with asource or sink postsa

Devi ceConnect i onDr opped event from which it can be derived that the source and sink are

no longer connected.

SOURCE_DEVI CE_GONE indicates that the source device has disappeared (detected after
Net wor kReset ).

SI NK_DEVI CE_GONE indicates that the sink device has disappeared (detected after

Net wor kReset ).

RESTORE_FAI LURE occursif the Stream Manager cannot reall ocate bandwidth or the channel
during connection restoration.

UNKNOWN results if the Stream Manager detects that aconnection is no longer present but
cannot determine the cause of itsremoval.

| EC_BROADCAST_BROKEN indicates that the connection has been dropped because IEC61883
broadcast on the connection has been broken.
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ChangeReason
enum ChangeReason {

i

STREAM TYPE_CHANGED,

TRANSM SSI ON_FORMAT _CHANGED,
DEVI CE_CONNECTI ON_CHANGED,
BANDW DTH_ADAPTATI ON_FAI LURE,
BANDW DTH_ADAPTATI ON_SUCCESS,

ChangeReason enumerates the dtuations when a Stream Manager will post a
Connect i onChanged event:

STREAM TYPE_CHANGED indicates that the Stream Manager has serviced a

St r eanTypeChanged event from the source FCM (and involving the source plug of the
connection).

TRANSM SSI ON_FORVAT_CHANGED indicates that the Stream Manager has serviced a
Transm ssi onFor mat Changed event from the source DCM (and involving the source plug
of the connection).

DEVI CE_CONNECTI ON_CHANGED indicates that the Stream Manager has serviced a

Devi ceConnect i onChanged event from the source or snk DCM (and involving the source
or sink plug of the connection). Note, as the result of Devi ceConnect i onChanged, the
stream type and/or transmission format used by the connection may aso change, however only
one Connect i onChanged event is posted.

BANDW DTH_ADAPTATI ON_FAI LURE indicates that the Stream Manager hasreceived a
Bandwi dt hRequi r enent Changed event from the source DCM with al | ocat ed set to

Fal se.

BANDW DTH_ADAPTATI ON_SUCCESS indicates that the Stream Manager has serviced a
Bandwi dt hRequi r enent Changed event from the source DCM with al | ocat ed set to
True.

TransportType
t ypedef ushort Transport Type;

Transport types are specified in Annex 11.14.

Plug
struct Cabl ePlug {

H

Direction dir;
short cabl eNun

struct Internal Pl ug {

b

Direction dir;
ushort fcm ndex;
ushort pl ugNum

struct lecPlug {

b

Direction dir;
short pcr Num

A Cabl ePl ug represents a non-1394 device plug (for example, an anadog video plug), an
I nt ernal Pl ug represents a functional component plug, and an | ecPl ug represents an IEC
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61883 device plug (a*“plug control register”). A DCM plugisaCabl ePl ug or | ecPl ug, an FCM
plugisan| nt er nal Pl ug.

The I nt er nal Pl ug. f cnl ndex can be inferred from the HUID of the FCM to which the plug
belongsviaFcm : Get Hui d.

The numbering for plugs dtarts & zero. The tota number of plugs can be obtained via
Dcm : Get Pl ugCount and Fcm : Get Pl ugCount .

uni on Plug sw tch(Transport Type) {

case CABLE: Cabl ePl ug cabl ePl ug;
case | NTERNAL: I nt er nal Pl ug i nt ernal Pl ug;
case | EC61883: | ecPl ug i ecPl ug;

1

ANY_PLUG

t ypedef short Pl ugNunber;

const Pl ugNunber ANY PLUG = -1,

ANY_PLUG is a pecia value for | ecPl ug. pcr Numand alows a client to indicate that any plug
can be used for a connection.

DeviceConnection

struct Devi ceConnection {
Pl ug src;
Pl ug dest;

b

TransmissionFormat
t ypedef ushort Cabl eFormat;

struct |ecFormat ({

octet[ 4] FMTI_FDF;

octet[ 4] mask;
3
| ecFor mat . FMI_FDF values correspond to those appearing in the second quadlet of the CIP
header defined by IEC 61883.1, regardless of whether the CIP header is with or without the SYT
field. The mask value indicates which bits of FMI_FDF should be examined when checking two
| ecFor mat valuesfor compatibility. Reserved bits, asidentified by IEC 61883, shall be set to one
in the mask.

uni on Transm ssi onFormat switch(Transport Type) {

case CABLE: Cabl eFor mat cabl eFor nat ;
case | NTERNAL: :
case | EC61883: | ecFor mat i ecFor mat ;

1
The Transni ssi onFor mat is transport type dependent. It is only used for the CABLE and
| EC61883 transport types.

The Stream Manager APIs dlow applications to specify the transmission format to use for
connections or to defer sdlection of transmission format to the Stream Manager. When the
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application specifies the transmission format, it may base its selection on formats used by exigting
connections (obtained via Dcm : Get Tr ansni ssi onFor mat ) or those supported by DCMs
(obtained viaDcm : Get Support edTr ansm ssi onFor nat s).

PlugStatus

struct Cabl ePl ugSt atus {
bool ean hasAttachnent;
bool ean hasLegacyFcm

i

struct Internal Pl ugStatus {
bool ean hasAttachnent;
bool ean hasl nt er nal Connecti on;
bool ean canShar e;
SEI D owner ;

b

struct |ecPlugStatus {
bool ean dynam cBandwi dt hAl | ocati on;
bool ean hasAttachnent;

1

uni on PlugStatus switch(Transport Type) {
case CABLE: Cabl ePl ugSt at us cabl ePl ugSt at us;
case | NTERNAL: I nt ernal Pl ugSt at us i nt ernal Pl ugSt at us;
case | EC61883: | ecPl ugSt at us i ecPl ugSt at us;

1

Pl ugSt at us describes operationa characteristics of a plug. The various attributes have the
interpretations given below.

Cable Plugs.

Cabl ePl ugSt at us. hasAt t achnent —Tr ue if the plug is attached to an FCM plug.
Cabl ePl ugSt at us. hasLegacyFcm—Tr ue if the plug isused by an FCM representing an
external legacy device. The Stream Manager will consider such aplug asin use.

Internal Plugs:

I nt er nal Pl ugSt at us. hasAt t achment —Tr ue if the plug is attached to a DCM plug.

I nt er nal Pl ugSt at us. hasl nt er nal Connect i on —Tr ue if the plug is connected to
another FCM plug.

I nt er nal Pl ugSt at us. canShar e —Tr ue unless sharing is currently disabled (asaresult of
Fcm : Set Pl ugShari ng)

I nt er nal Pl ugSt at us. owner —if canShar e isFal se then owner isthe SEID of the
client that disabled sharing viaFcm : Set Pl ugShar i ng, if canShar e is Tr ue the value of
owner isundefined and should beignored.

|EC 61883 Plugs:

| ecPl ugSt at us. dynani cBandwi dt hAl | ocat i on —Tr ue unless static bandwidth
allocation hasbeen set viaDcm : Set | ecBandwi dt hAl | ocat i on
| ecPl ugSt at us. hasAt t achment —Tr ue if the plug is attached to an FCM plug.
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Channel
struct Cabl eChannel ({
Cabl ePl ug source;
Cabl ePl ug si nk;
}
struct |ecChannel {
ushort i socChannel ;
| ecPl ug source;
| ecPl ug si nk;
H
uni on Channel switch(TransportType) {
case CABLE: Cabl eChannel cabl eChannel ;
case | NTERNAL: :
case | EC61883: | ecChannel i ecChannel ;
}
IsocChannel

t ypedef ushort |socChannel;

const |socChannel LEGACY | SOC CHANNEL = 63;
const |socChannel ASYNC STREAM | SOC CHANNEL = 31;

FcmPlug

struct FcnPl ug {
Targetld target Fcm
Direction pl ugDir;
ushort pl ugNum

3

An FcnPl ug, like an I nternal Pl ug, represents a functional component plug. While an
I nternal Pl ug vaue is only unique within the context of a DCM, an FcnPl ug includes a
Tar get | d and soisglobally unique.

Connectionld

struct Connectionld {

SEI D nor ;

ushort seq;
3
Stream Managers and applications refer to connections via globally unique connection identifiers.
These values are persistent (unchanged by network resets). Thengr field isthe SEID of the Stream
Manager which created the connection, seq is a sequence number assigned by that Stream
Manager.

ConnectionType
enum ConnectionType {FLOWN SPRAY, TAP};
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Connection

struct Connection {
Connectionld connl d;
Connecti onType connType;
ConnectionSt at e connSt at e;
Streanlype streanlype;
Transm ssi onFormat transm ssi onFor mat ;
SEI D owner ;
FcnPl ug source;
FcnPl ug si nk;
Channel channel ;
ui nt al | ocBandw dt h;

3
The value of the transport type for a connection can be determined from the discriminator in the
Channel ortheTransm ssi onFor mat value (and the discriminators must agree).

If the value of connType isTAP then the values of sour ce and source plugin channel should be
ignored. If thevdue of connType is SPRAY then thevalues of si nk and thesink plug in channel
should beignored.

Thevalue of al | ocBandwi dt h isin units of bits per second (bps). Thisvalue for TAP connections
may be zero (even if asourceis present viaanother connection). For SPRAY and FLONconnections,
the value is the same for overlays as for the original connection. For | EC61883 connections,
allocated bandwidth is related to the number of allocated bandwidth units as described in section
5.95.4.1. If theTr ansport Type of thechanne is CABLE then thevalue of st r eanType shall be
CABLE_STREAM and Tr ansni ssi onFor mat shall be CABLE_FORMAT.

StreamType
struct StreanType {
St reaniypel d i d;
bool ean const ant Rat e;
ui nt maxBandwi dt h;
1

The vaue of maxBandwi dt h isin units of bits per second (bps).

St r eanType values ae returned by Dcm : Get St reanilype and
Fcm : Get Support edSt r eanTTypes. For source plugs, naxBandwi dt h indicates the maximum
data rate the plug is capable of producing for the specified Streaniypel d. For sink plugs
maxBandwi dt h indicates the maximum data rate the plug is capable of consuming for the
specified St r eanTypel d.

The const ant Rat e parameter is only significant for source plugs, it indicates whether the
source’ s bandwidth requirements are constant (e.g., DV, CD audio) or may change (e.g., aMPEG
trangport stream source containing severd services with different bit rates).

Stream

struct Stream {
bool ean hasSour ce;
FcnPl ug source;

sequence<Connectionl d> connecti ons;
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3

A Streamvaue identifies the HAVi connections sharing a common source FCM plug, or that
would share a common source FCM plug if one were connected (either directly via Fl owTo or
indirectly via Spr ayQut ) to any sink FCM plug used by a member of the stream. For example,
TAP connections using the same isochronous channel belong to the same stream.

hasSour ce is Fal se when no source is present (only TAP connections belong to the stream). If
hasSour ce is Fal se the vaues of source and streanfType are undefined and should be
ignored.

ConnectionHint
struct ConnectionHi nt {

bool ean anyTransport;

bool ean anySt r eanmlype;

bool ean anyTransm ssi onFor mat ;
bool ean anyChannel ;

Transport Type ttype;

Streanlype stype;

Transm ssi onFormat tfornat;

Channel channel ;

1

Connect i onH nt alows Stream Manager clients to specify values of various parameters needed
for connection creation or to indicate that the Stream Manager isfreeto select their value. Thereare
some congtraints on valid Connect i onH nt values arising from the implicit Tr anspor t Type
vauesint f or mat and channel :

if anyTransport isTrue thenanyTr ansni ssi onFor mat and anyChannel must also be
True

if anyTransport isFal se andanyTr ansm ssi onFor mat isFal se thentt ype must be
the same as the transport type appearing asthe discriminator int f or nat .

if anyTransport isFal se andanyChannel isFal se thenttype must bethe sameasthe
transport type appearing as the discriminator in channel .

if anyTransport is False and fttype is CABLE, then anyStreaniType and
anyTransni ssi onFormat must be False and stype and tformat must be
CABLE_STREAMand CABLE_FORVAT respectively.

5.9.3 Stream Manager API

StreamManager::FlowTo

Prototype

St atus St reanivanager: : Fl owTo(
i n bool ean dynami cBw,
in FcnPl ug source,
in FcnPl ug sink,
in ConnectionH nt hint,
out Connectionld connld)

Parameters
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dynam cBw—indicates whether dynamic (dynani cBwisTr ue) or gatic (dynam cBwis

Fal se) bandwidth alocation should be set

sour ce —aFcnPl ug structure identifying a source plug

si nk —aFcnPl ug structure identifying asink plug

hi nt —aConnect i onH nt structureidentifying possible transport type, transmission formet,
stream type and channel values

connl d —aConnect i onl d vauereturned by FI owTo

Description

St reamvanager : : Fl owTo creates a point-to-point connection between two FCM plugs. If
hi nt. anyTransport is True the plugs are first checked for compatibility and the ability to
support aconnection. Thiswill result in the determination of atransport type. CABLE transport shall
not be sdlected in this process. And if the source and sink FCMss reside on the same device, then
| NTERNAL transport type shall be selected (So the selection of transport type mentioned above is
actually not performed in this version of HAVi specification. But might be performed in the future
verson). If hint. anyTransport is Fal se then hi nt. ttype is used as the transport type. If
connection is poss ble then, depending on the transport type, one of the following will occur:

CABLE: sour ce isattached to acable output plug and si nk isattached to acable input
plug

| NTERNAL: an interna connection is established between source and sink via
Dcm : Connect .

| EC61883: sour ce isattached to an oPCR and si nk to an iPCR for which an |EC 61883
point-to-point connection is established.

The Stream Manager will match the lists of stream types supported by source and sink FCM plugs.
Thiswill result in alist of pairs of stream types (a, b), wherea matchesb and a isavailable at the
source plug and b is available at the sink plug. (Here “available’ means a supported stream type, if
the plug is unconnected, or the current stream typeif it is connected.) If hi nt . any St r eanType is
Tr ue then this list is used. If hi nt. anySt r eanType is Fal se then the list is reduced to those
pairsthat match hi nt . st ype.

The Stream Manager shall attempt to create the connection using successive stream types from the
list until a connection can be successfully created or al candidate stream types have been tried. If
hi nt. anySt r eanType is Fal se, then stream types from the find list shall be chosen so that
stream types that match “exactly” with hi nt . st ype are tried before “non-exact” matches. Two
stream types match “exactly” when they are equal, so stream type A matches exactly with stream
type A, stream type UNKNOWN_STREAM matches exactly with stream type UNKNOWN_STREAM but
A only matches “non-exactly” with UNKNOWN_STREAM (Of course stream type A does not match
at al with adifferent sreamtypeB.)

If hint.anyTransnissionFornat is True then the Stream Manager attempts to select a
transmission format for the (selected or specified) stream type that is supported by both the source
and sink device. If hi nt. anyTr ansm ssi onFor mat is Fal se then the Stream Manager uses
hi nt. t f or mat asthetransmission format.

The Stream Manager will set the transmisson format of the source and snk (via
Dcm : Set Transm ssi onFor nmat ). If the sink can autoconfigure (infer the transmission format
from the incoming stream), the actual value used may be different from that set by the Stream
Manager but can be read by the Stream Manager viaDcm : Get Tr ansni ssi onFor mat .

If hi nt. anyChannel isTrue then the Stream Manager selects an unused channel, otherwise it

uses the specified channdl. If hi nt. anyChannel is True when transport type is CABLE, the
EANY_CHANNEL error is returned. For | EC61883 connections, if channel refers to an existing
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point-to-point connection, an overlay is attempted; otherwise the specified channel isdlocated.

For | EC61883 connections, if aDCM plug number within channel iSANY_PLUGthen the Stream
Manager isfreeto select which device plug to use, e seit attempts to use the specified plug.

For 1 EC61883 connections, if the stream type assigned to the source is varigble rate
(const ant Rat e isFal se) thenDcm : Set | ecBandwi dt hAl | ocat i on iscalled asfollows:

If dynani cBwis Fal se and hi nt. anySt r eaniType is Tr ue, then the Stream Manager
shall call Dcm : SetlecBandw dt hAl | ocation using the naxBandwi dt h value
associated with the stream type of the source plug.

If dynami cBwisFal se and hi nt. anySt r eanilype isFal se, then the Stream Manager
shall call Dcm : Set | ecBandwi dt hAl | ocat i on using hi nt . st ype. maxBandwi dt h.

In any other case (i.e, dynani cBw is True), then the Stream Manager shal call
Dcm : Set | ecBandwi dt hAl | ocation with nmaxBandwi dth set to O (dynamic
bandwidth alocation). If this call fails (because a previous connection has set static
bandwidth allocation) then the Stream Manager shall continue in connection
establishment using static bandwidth allocation.

Note that utilization of a CABLE connection would typically require that a physical cable join the
DCM plugs. The Stream Manager is not responsible for maintaining information about physica
cabling configurations. When it receives a Fl owTo request for a CABLE connection it Smply
attaches the FCM plugs to the DCM plugs at each end of the connection.

Error codes

St reamVanager :
St r eamVanager :
St r eamivVanager :

specified plug

St r eamivVanager :

plug

St r eamiVanager :
St r eamivVanager :
St r eamVanager :

mismatch)

St r eamVanager :

mismatch)

St r eamivVanager :

: ESOURCE_FCM—the FCM indicated by sour ce does not exist
: ESI NK_FCM—the FCM indicated by si nk does not exist
: ESOURCE_PLUG—the FCM indicated by sour ce does not contain the

: ESI NK_PLUG—the FCM indicated by si nk does not contain the specified
: EUNSUP_TRANSPORT — connection requires an unsupported transport type
: EUNSUP_STREAM- connection requires an unsupported stream type

: ENO_VATCH_STREAM-—the plugs are incompatible (stream type

: ENO_MATCH_FMT —the plugs are incompatible (transmission format

ENO_MATCH_BW-the source bandwidth exceeds that supported by the

sink or hi nt . St ype. maxBwexceeds supported St ype. maxBwWof source/sink FCM
(bandwidth mismatch)

St reamVanager :

by the sink

St r eamVanager :

mismatch)

St r eamiVanager :
St reamVanager :

the source or sink

St reamVanager :
St r eamVanager :
St r eamivVanager :
St r eamiVanager :

ENO_MATCH_SPEED— the source uses a transmission speed unsupported

: ENO_MATCH_TRANSPORT —the plugs are incompatible (transport type

: ENO_MATCH DI R—the plugs are incompatible (direction mismatch)
: EI NVALI D_FMT —the specified transmission format is not supported by

: ESOURCE_BUSY — the source plug isamember of another stream
: ESI NK_BUSY —the sink plug isamember of another stream

: EDEV_BUSY —failureto alocate adevice plug

: EI NSUFF_BANDW DTH— bandwidth alocation has failed
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St r eananager : : El NSUFF_CHANNEL — channel alocation hasfailed

St reamvanager : : EI NVALI D_CHANNEL —the specified channel vaueisnot valid

St r eamvanager : : ECHANNEL_BUSY —hi nt . anyChannel isFal se and the specified
channel isin use by adifferent source

St r eamvanager : : EASYNC_CHANNEL —channel issetto

ASYNC _STREAM | SOC_CHANNEL

St r eamvanager : : ESTATI CBW—dynani cBwhasthe vaue Fal se, the streamtypeis
variable rate, but the source cannot be set to static bandwidth alocation

St r eamvanager : : ERESERVED_SI NK—the FCM indicated by si nk isreserved (and not by
the software dement making the Fl owTo request)

St r eanVanager : : EDEV_CONN—failure to establish a device connection

St r eamvanager : : ESHARE — the connection cannot be established because the source plugis
not sharable (and the owner differs from the software element making the Fl owTo request)

St r eananager : : EANY_CHANNEL—hi nt . anyChannel isTrue whentransport Type is
CABLE.

St r eamvanager : : ERESERVED SOURCE-required connection need to be established (i.e.,
not overlay) and rejected due to reservation protection.

StreamManager::SprayOut

Prototype

St atus Streanivanager: : SprayQut (
i n bool ean dynami cBw,
in FcnPl ug source,
in ConnectionH nt hint,
out Connectionld connld)

Parameters
dynani cBw—indicates whether dynamic (dynam cBwisTr ue) or tatic (dynami cBwis
Fal se) bandwidth allocation should be set
sour ce —aPl ug structure identifying a source plug
hi nt —aConnect i onH nt structureidentifying possible transport type, transmission format,
stream type and channel values
connl d —aconnection identifier

Description

St reamvanager : : SprayQut creates an unbound connection for a source plug (a connection of
type SPRAY). Depending on the transport type, one of the following will occur:

CABLE: sour ce isattached to acable output plug.
| NTERNAL: the El NVALI D_PARANVETER &ror is returned.
| EC61883: sour ce isatached to an oPCR for which an IEC 61883 broadcast-out

connection is established. Note that IEC 61883 restrictions on establishment
of broadcast connections may prevent the Stresm Manager from creating a
SPRAY connection despite the availability of resources. If so the Stream
Manager shall attempt to establish the broadcast-out connection via

Dcm : | ecSprayQut . If thisAPI isnot supported by the DCM then the

St r eanManager : : El EC61883 error isreturned. If Dcm : | ecSpr ayQut
returns Dcm : El NSUFF_BANDW DTHor Dcm : El NSUFF_CHANNEL then the
Stream Manager returns St r eanmvanager : : El NSUFF_BANDW DTH or

St r eamvanager : : El NSUFF_CHANNEL respectively. If

Dcm : | ecSprayQut succeedsthe Stream Manager will set the connection’s
Connect i on. al | ocBandwi dt h to the value from the oPCR.
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If hi nt. anyTransport isTrue theEl NVALI D_PARAMETER efror is returned.

The Stream Manager will construct a list of stream types available at the source FCM plug. (Here
“available” means a supported stream type, if the plug is unconnected, or the current stream type if
it is connected.) If hint.anyStreanType is True then this list is used. If
hi nt . anySt r eaniType isFal se thenthelist isreduced to those entriesthat match hi nt . st ype.

The Stream Manager shall attempt to create the connection using successive stream types from the
list until a connection can be successfully created or al candidate stream types have been tried. If
hi nt . anySt reanType is Fal se, then stream types from the find list shall be chosen so that
stream types that match “exactly” with hi nt . st ype are tried before “non-exact” matches. Two
stream types match “exactly” when they are equal, so stream type A matches exactly with stream
type A, stream type UNKNOWN_STREAM matches exactly with stream type UNKNOWN_STREAM but
A only matches “non-exactly” with UNKNOAN_STREAM (Of course stream type A does not match
at al with adifferent streamtypeB.)

If hint.anyTransni ssi onFormat is True then the Stream Manager attempts to sdect a
transmission format for the (selected or specified) stream type that is supported by the source
device. If hint.anyTransnissionFormat is Fal se then the Stream Manager uses
hi nt . t f or mat asthetransmission format.

The Stream Manager will sat the transmisson format of the source (via
Dcm : Set Tr ansni ssi onFor mat ).

If hi nt. anyChannel isTrue then the Stream Manager salects an unused channel, otherwise it
uses the specified channd. If hi nt. anyChannel is True when transport type is CABLE, the
EANY_CHANNEL error is returned. For | EC61883 connections, if channel refers to an existing
point-to-point connection, an overlay is attempted; otherwise the specified channel isdlocated.

For | EC61883 connections, if aDCM plug number within channel iSANY_PLUGthen the Stream
Manager is free to select which DCM plug to use, else it attempts to use the specified plug. The
si nk fiddinchannel should beignored.

For | EC61883 connections, if the stream type assgned to the source is variable rate
(const ant Rat e isFal se) thenDcm : Set | ecBandwi dt hAl | ocat i on iscalled asfollows:

If dynani cBwis Fal se and hi nt. anySt r eanType is Tr ue, then the Stream Manager
snal call Dcm: SetlecBandw dt hAl | ocation using the naxBandwi dth value
associated with the stream type of the source plug.

If dynami cBwisFal se and hi nt. anySt r eanilype isFal se, then the Stream Manager
shall call Dcm : Set | ecBandwi dt hAl | ocat i on using hi nt . st ype. maxBandwi dt h.

In any other case (i.e, dynanmi cBw is True), then the Stream Manager shall call
Dcm : Set | ecBandwi dt hAl | ocation with maxBandwi dth set to O (dynamic
bandwidth alocation). If this call fails (because a previous connection has set static
bandwidth alocation) then the Stream Manager shal continue in connection
establishment using static bandwidth allocation.

Error codes
St r eamvanager : : ESOURCE_FCM—the FCM indicated by sour ce doesnot exist
St r eamvanager : : ESOURCE_PLUG—the FCM indicated by sour ce does not contain the

specified plug
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St r eamvanager : : EUNSUP_TRANSPORT — the transport typeindicated by channel isnot
supported

St r eamvanager : : ENO_MATCH DI R—the plug is not a source (output) plug

St r eamvanager : : EUNSUP_STREAM-— connection requires an unsupported stream type

St r eamvanager : : ENO_MATCH STREAM-—the plug does not support the specified stream
typeor, if dready connected, is set to another stream type

St r eamvanager : : El NVALI D_FMT —the specified transmission format is not supported by
the source

St r eamvanager : : ESOURCE_BUSY —the plug isamember of another stream

St r eamvanager : : EDEV_BUSY —failure to alocate adevice plug

St r eananager : : El NSUFF_BANDW DTH— bandwidth allocation hasfailed

St r eananager : : El NSUFF_CHANNEL — channel dlocation hasfailed

St reamvanager : : EI NVALI D_CHANNEL —the specified channel vaueisnot valid

St r eamvanager : : ECHANNEL_BUSY —hi nt . anyChannel isFal se and the specified
channel isin use by adifferent source

St r eamvanager : : EASYNC_CHANNEL —channel issetto

ASYNC_STREAM | SOC_CHANNEL

St r eamvanager : : ESTATI CBW—dynan cBwhasthevadue Fal se, the stream typeis
variable rate, but the source cannot be set to static bandwidth alocation

St r eamvanager : : EBROADCAST — unable to establish the connection because of
Dcm : | ecSprayQut isnot supported by the source DCM.

St r eanVanager : : EDEV_CONN—failure to establish a device connection

St r eamvanager : : ESHARE — the connection cannot be established because the source plugis
not sharable (and the owner differs from the software e ement making the Spr ayQut request)
St r eananager : : EANY_CHANNEL—hi nt . anyChannel isTrue whentransport Type is
CABLE.

St r eamvanager : : ERESERVED SOURCE-required connection need to be established (i.e.,
not overlay) and rejected due to reservation protection.

St r eamvanager : : ENO_MATCH_FMI—the specified Tr ansmi ssi onFor mat  does not match
with that of already existing connection.

StreamManager::Tapln

Prototype

St at us St reamvanager: : Tapl n(
in FcnPl ug sink,
in ConnectionH nt hint,
out Connectionld connld)

Parameters
si nk —aFcnPl ug structure identifying sink plug
hi nt —aConnect i onH nt structureidentifying possible transport type, transmission formet,
stream type and channel vaues
connl d —aconnection identifier

Description

St r eamvanager : : Tapl n creates an unbound connection for an FCM sink plug (a connection of
type TAP). Depending on the transport type, one of the following will occur:

CABLE: si nk isattached to acableinput plug.
| NTERNAL: the El NVALI D_PARANVETER error is returned.
| EC61883: si nk isattached to aniPCR for which an |IEC 61883 broadcast-in

connection is established. Note that |EC 61883 restrictions on establishment
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of broadcast connections may prevent the Stream Manager from creating a
TAP connection despite the availability of resources. If so the Stream
Manager shall attempt to establish the broadcast-in connection via

Dcm : | ecTapl n. If thisAPI isnot supported by the DCM then the

St r eananager : : El EC61883 error isreturned.

If hi nt. anyTransport isTrue the El NVALI D_PARAMETER efror is returned.

The Stream Manager will construct a list of stream types available at the snk FCM plug. (Here
“available” means a supported stream type, if the plug is unconnected, or the current stream type if
it is connected.) If hint.anyStreanType is True then this list is used. If
hi nt . anySt r eaniType isFal se thenthelist isreduced to those entriesthat match hi nt . st ype.

The Stream Manager shall attempt to create the connection using successive stream types from the
list until a connection can be successfully created or al candidate stream types have been tried. If
hi nt . anySt reanType is Fal se, then stream types from the find list shall be chosen so that
stream types that match “exactly” with hi nt . st ype are tried before “non-exact” matches. Two
stream types match “exactly” when they are equal, so stream type A matches exactly with stream
type A, stream type UNKNOWN_STREAM matches exactly with stream type UNKNOWN_STREAM but
A only matches “non-exactly” with UNKNOAN_STREAM (Of course stream type A does nhot match
at al with adifferent sresmtypeB.)

If hint.anyTransni ssi onFormat is True then the Stream Manager attempts to sdect a
transmission format for the (selected or specified) stream type that is supported by the sink device.
If hi nt. anyTransm ssi onFor mat isFal se then the Stream Manager useshi nt . t f or mat as
the transmission format.

The Stream Manager will set the transmisson format of the snk (via
Dcm : Set Transm ssi onFor nmat ). If the sink can autoconfigure (infer the transmission format
from the incoming stream), the actual value used may be different from that set by the Stream
Manager but can be read by the Stream Manager viaDcm : Get Tr ansni ssi onFor mat .

If hi nt. anyChannel isTrue then the Stream Manager selects an unused channel, otherwise it
uses the specified channdl. If hi nt. anyChannel is True when transport type is CABLE, the
EANY_CHANNEL error isreturned.

For 1 EC61883 connections, if a plug number within channel is ANY_PLUG then the Stream
Manager is free to select which DCM plug to use, else it attempts to use the specified plug. The
sour ce fiedldinchannel should beignored.

The Stream Manager shall assure that the connection does not belong to a stream for which sharing
is disabled (by a software element other than the Tapl n client). If this is not possible
St r eanVanager : : ESHARE isreturned.

Error codes
St r eamvanager : : ESI NK_FCM—the FCM indicated by si nk doesnot exist
St r eamvanager : : ESI NK_PLUG—the FCM indicated by si nk does not contain the specified
plug
St r eamvanager : : EUNSUP_TRANSPORT — the transport typeindicated by channel isnot
supported
St r eamvanager : : ENO_MATCH DI R—the plugisnot asink (input) plug
St r eamvanager : : EUNSUP_STREAM-— connection requires an unsupported stream type
St r eamvanager : : ENO_MATCH_STREAM-the plug does not support the specified stream
typeor, if dready connected, is set to another stream type
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St r eamvanager : : El NVALI D_FMT —the specified transmission format is not supported by
thesink

St r eamvanager : : ESI NK_BUSY —the plug isamember of another stream

St r eamvanager : : EDEV_BUSY —failure to alocate adevice plug

St r eamvanager : : El NSUFF_CHANNEL —hi nt . anyChannel isTr ue but al channelsarein
use

St r eamvanager : : EASYNC_CHANNEL —channel issetto

ASYNC STREAM | SOC_CHANNEL

St reamvanager : : EI NVALI D_CHANNEL —the specified channel vaueisnot valid

St reanManager : : EBROADCAST — unable to edstablish the connection because
Dcm : | ecTapl n isnot supported by thesink DCM.

St r eamvanager : : ERESERVED_SI NK—the FCM indicated by si nk isreserved (and not by
the software element making the Tapl n request)

St r eanVanager : : EDEV_CONN—failure to establish a device connection

St r eanVanager : : ESHARE —the connection cannot be established because if the connection
were established it would be amember of astream for which the source plug is not sharable
(and the owner differs from the software e ement making the Tapl n request)

St r eamvanager : : EANY_CHANNEL— hi nt . anyChannel isTrue whent ransport Type is
CABLE.

St r eamvanager : : ENO_MATCH_FMI—the specified Tr ansmi ssi onFor mat - does not match
with that of dready existing connection.

StreamManager::Drop

Prototype
St atus Streamvanager:: Drop(in Connectionld connld)

Parameters
connl d —avalid connection identifier

Description

St reamvanager : : Drop breaks a connection. Resources associated with the connection are
released provided no plugs are bound to the underlying channdl. The SEID of the issuer of
St r eamvanager : : Dr op need not be the same as that of the owner of the connection (i.e, it is
possible to preempt connections). However only trusted or system SEIDs can drop connections
which they do not own. When sink FCM s reserved then ERESERVED SI NK is returned and
connection will be kept.

Error codes
St r eamvanager : : ECONN_I D—connl d does not refer to aconnection created by the Stream
Manager
St r eamvanager : : EACCESS_VI OLATI ON— an untrusted software element has attempted to
drop a connection which it does not own
St r eamvanager : : ERESERVED_SI NK —the FCM indicated by sink is reserved (and not by
the software e ement making the Drop request)

StreamManager::GetLocalConnectionMap

Prototype
St atus Streanivanager: : Get Local Connecti onMap(
out sequence<Connection> |ist)
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Parameters
I'i st —alist of connections managed by the Stream Manager. The safe parameter Szelimit is
32 Connect i on values.

Description

St r eamvanager : : Get Local Connect i onMap queries the Stream Manager for al connections
which it manages (i.e., has created).

StreamManager::GetGlobalConnectionMap

Prototype
St atus Streanivanager: : Get @ obal Connecti onMap(
out sequence<Connection> |ist)

Parameters
I'i st —alist of all HAVi connections on the home network. The safe parameter sizelimit is
128 Connect i on values.

Description

St reamvanager : : Get @ obal Connect i onMap queries the Stream Manager for a list of dl
HAVi connections on the home network. The Stream Manager may implement this function by
combining the results of Get Local Connect i onMap queriesto al other Stream Managers on the
network, with the connections it controls itsef. There is no guarantee that connections are not
crested or dropped while the Stream Manager is processing the query.

Error codes
St r eamvanager : : ENETWORK — the response may not be complete due to a network problem

StreamManager::GetConnection

Prototype

St at us St reamvanager : : Get Connecti on(
in Connectionld connld,
out Connection conn)

Parameters
connl d —avalid connection identifier
conn —the Connect i on sructurefor connl d

Description

St reamvanager : : Get Connect i on queries the Stream Manager for the Connection data
structure associated with connl d.

Error codes
St r eamvanager : : ECONN_I D—connl d does not refer to aconnection created by the Stream
Manager
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StreamManager::GetStream

Prototype

St at us St reanmvanager: : Get St r eam(
in Connectionld connld,
out Stream strean)

Parameters
connl d —avalid connection identifier
st ream—the St r eamstructurefor connl d. The safe parameter size limit for
st ream connect i ons is32 Connect i on vaues.

Description

St r eamvanager : : Get St r eamrequests the Stream Manager to build the St r eamdata structure
that contains the connection specified by connl d. Building the St r eam structure may involve
communication (viaGet Local Connect i onMap) with other Stresm Managers.

Error codes
St r eamvanager : : ECONN_| D—connl d does not refer to aconnection created by any
Stream Manager

St r eamvenager : : ENETWORK — the response may not be complete due to a network problem

5.9.4 Stream Manager Events

ConnectionAdded
voi d Connecti onAdded(i n Connectionld connld)
Parameters

connl d —the connection identifier of the new connection

Description

The Connect i onAdded event is issued by a Stream Manager after a successfully servicing a
FI owTo, SprayQut or Tapl n request.

ConnectionDropped

voi d Connecti onDr opped(
in Connectionld connld,
i n sequence<Dr opReason> reasons)

Parameters
connl d —the connection identifier of the dropped connection
r eason — the reasons the connection was dropped, the safe parameter sizelimitis4
Dr opReason values.

Description

The Connect i onDr opped event isissued by a Stream Manager after it has dropped a connection.
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ConnectionChanged

voi d Connecti onChanged(
in Connectionld connld,
in ConnectionState ol dStat e,
in ConnectionState newStat e,
i n ChangeReason reason)

Parameters
connl d —the connection identifier of the changed connection
ol dst at e —the gate of the connection before the change
newSt at e —the state of the connection after the change
r eason —the reason the connection has changed

Description

The Connecti onChanged event is issued by a Stream Manager after it has handled a
St reanTypeChanged, Tr ansm ssi onFor mat Changed, Bandw dt hRequi r enent Changed,
or Devi ceConnect i onChanged event involving the connection. The change may have been
handled successfully or not, asindicated by the newSt at e parameter.

5.9.5 Stream Manager Procedures

59051 Stream Type Matching

The following pseudo-code describes the procedure for determining when the stream types
associated with asource plug and asink plug “match” (or whether arequested stream type matches
one already associated with a plug).

Let S1 and S2 betwo St r eanTTypel d vauesthat are to be tested for a match. Then there are two
main Cases.

Casel: both S1 and S2 are HAVi stream types

i f(Sl.typeNo == S2.typeNo)
return ok
el se if(Sl.typeNo == UNKNOWN_STREAM | |
S2.typeNo == UNKNOWN_STREAM
return ok
else if((Sl1.typeNo.major == S2.typeNo. major) &&
(S1.typeNo. mi nor == UNKNOMWN_STREAM | |
S2. typeNo. mi nor == UNKNOWN_STREAM) )
return ok
el se
return ENO MATCH STREAM

Casel: ether S1 or S2 (or both) are non-HAVi (i.e. vendor) stream types

if(S1 == S2)
return ok

else if (Sl.vendorld == 0 &% S1.typeNo == UNKNOMW_STREAM
return ok

else if (S2.vendorld == 0 & & S2.typeNo == UNKNOMW_STREAM
return ok

el se
return ENO MATCH STREAM
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5.95.2 Transmission Format Matching

The following pseudo-code describes the procedure for determining when two transmisson
formats “match”. Let TF1 and TF2 betwo Tr ansni ssi onFor nat vaues that are to be tested for
amatch.

if TF1 and TF2 do not use the same transport type
return ENO MATCH FMT

switch on the transport type {

case CABLE:
if TF1 == TF2
return ok
el se

return ENO MATCH FMI
case | NTERNAL:
return ok
case | EC61883:
i f(TF1. FMI_FDF & (TF1. mask & TF2. mask) ==
TF2. FMI_FDF & (TF1. mask & TF2. mask))

return ok
el se
return ENO MATCH FMT
}
5.9.5.3 NO_SIGNAL Stream Type

NO_SI GNAL stream type represents that no valid signal is generated by the source FCM. (e.g.,
empty packets going on IEC connection). For the purpose of NO_SI GNAL isjust to inform the state,
Dcm : Set St reanTypel d with specifying NO_SI GNAL always results Dcm : ENOT_ SUPPORTED.
And NO_SI GNAL will not be returned by Decm : Get Avai | abl eSt r eanTypes. It can be returned
by Fcm : Get Support edSt r eanTypes or Dcm : Get St r eanType APl from source DCM or
carried by events generated by source plug. Thus the Stream Manager which involved by a
St r eanilypeChanged with NO_SI GNAL will always fail to match the stream types, so the stream
manager will change ConnectionState to FAILURE and FailureReason to
STREAM TYPE_MATCH_FAI LURE then generate Connect i onChanged event.

Note: It is not mandatory to support NO_SI GNAL stream type even if an FCM is capable of
producing a signal which is not valid. Also, it depends on the implementation of the FCM as to
which streamisvalid. So stream types other than NO_SI GNAL do not guarantee that aconnection is
carrying valid content for user presentation.

5954 IEC 61883 Connections

5.954.1 Bandwidth Allocation

For IEC 61883 connections, the bandwidth computation procedure used by the Stream Manager is:

1) Determine the payload — the maximum number of quadletsin oneisochronous
packet excluding headers. If the DCM has dynamic bandwidth allocation set
(dynani cBwisTr ue in Fl owTo or Spr ayQut ) then obtain the payload from the
OPCR. If the DCM has gtatic bandwidth allocation set (dynami cBwisFal se)
either obtain the payload from the oPCR or calculate via payload =
maxBandwi dt h /(8000 * 32). (Note—when an 0PCR uses static bandwidth
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allocation these two values are the same.)

2) Select theoverhead |ID to be used by the oPCR. (HAVi does not specify how this
valueisselected.)

3) Determine the maximum packet speed between the source device and the sink
device (for example, by consulting the IEEE 1394 speed map). From this
determine the data rate coefficient (DR). In case thereisno sink, e.g., a SPRAY
connection, the data rate capability of the source shall be used.

4)  Knowing payload, overhead 1D and DR calculate the number of bandwidth
allocation units, BWU, using the formulain IEC 61883.1.

5 Incase of IEC broadcast-out connections established viaDCM : | ecSpr ayQut ,
the DCM/device shall alocate BWU from the 1394 |sochronous Resource
Manager. In dl other cases, the Stream Manager shal dlocate BWU.

5.954.2 Static and Dynamic Bandwidth Allocation

Certain devices are inherently variable data rate — their bandwidth requirements may change
depending upon content. An exampleisadigital tuner changing from alow bandwidth serviceto a
high bandwidth service with the same StreanTypel d. To accommodate such devices and
encourage efficient use of the 1394 network, HAVi provides two bandwidth allocation strategies:
gtatic bandwidth allocation and dynamic bandwidth allocation. Stream Manager clients indicate
their bandwidth alocation preference when requesting a connection to be established. Overlayswill
not change the method used.

static bandwidth allocation — Stream Managers allocate bandwidth corresponding to the
payload in the oPCR. If the source is variable rate the Stream Manager first requests the
DCM to set static bandwidth allocation (via Dcm : Set | ecBandwi dt hAl | ocat i on), if
this request fails then the Stream Manager returns the ESTATI CBWerror. If bandwidth
requirements change it is the responsibility of the DCM to issue the
Bandwi dt hRequi r enent Changed event.

dynamic bandwidth allocation — Stream Managers allocate bandwidth corresponding to
the payload in the oPCR. If the source is variable rate the Stream Manager first requests
the DCM to set dynamic bandwidth allocation via
Dcm : Set | ecBandwi dt hAl | ocati on. (If this request fails then static bandwidth
alocation is used.) If bandwidth requirements change it is the responsibility of the DCM
to assure that bandwidth allocation is attempted, or excessive bandwidth is released,
(whether by the device or itself) and issue the Bandwi dt hRequi r enent Changed event.

Note that even in the case of dtatic bandwidth allocation, the bandwidth guarantee may not be
absolute. If the  nmaxBandwi dth the  Stream Manager specifies  in
Dcm : Set | ecBandwi dt hAl | ocat i on isthe maximum value for just the current stream type (as
opposed to dl possible stream types of which the source is capable) then as a result of a
StreanTypeChanged or  Devi ceConnecti onChanged event, the vaue of
St r eanType. naxBandwi dt h associated with source FCM plug may increase and no longer
correspond to the alocated bandwidth as indicated in the source oPCR payload (in which case the
connection will enter the state BANDW DTH_FAI LURE).

59543 Overlays

Fl owTo, Tapl n or SprayQut may result in an IEC 61883 overlay connection. Conditions for
performing an overlay when handling aFl owTo are:
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the source FCM plug is attached to an connected oPCR (where “connected” is as defined
by IEC 61883.1). If not then an overlay is not necessary and establishment of a point-to-
point connection should be attempted.

the sink FCM plug is unattached, or attached to an unconnected iPCR, or attached to an
iPCR connected to the oPCR (where “connected” and “unconnected” are as defined by
IEC 61883.1). If not then ESI NK_BUSY should be returned.

the maximum packet speed between the source and sink devices is greater than or equal
to the data rate specified in the oPCR. If not then ENO_MATCH_SPEED is returned.

the stream type ID requested by the client and associated with the source and sink can be
matched. If not then ENO_MATCH_ STREAMshould be returned.

the transmission format requested by the client and associated with the source and sink
can be matched. If not then ENO_VATCH_FMT should be returned.

the maximum bandwidth of the source should not exceed the maximum bandwidth of the
sink. If not then ENO_MATCH Bwshould be returned.

Conditions for performing an overlay when handling aSpr ayQut are:

hi nt . anyChannel isTrue or hi nt. channel containsan| ecChannel value, and this
value refers to a currently alocated 1394 channel.

the source FCM plug is attached to an active oPCR (where “active” is as defined by IEC
61883.1). If not then an overlay is not necessary and a establishment of a broadcast-out
connection should be attempted.

the stream type ID requested by the application matches that in use by the source FCM
plug. If not then ENO_MATCH_STREAMshould be returned.

the transmission format requested by the application matches that is use by the oPCR. If
not then ENO_MATCH_FMT should be returned.

Conditions for performing an overlay when handlingaTapl n are:

hi nt. anyChannel isTrue or hi nt. channel containsan| ecChannel value, and this
value refers to a currently allocated 1394 channel.

the sink FCM plug is either unattached, or attached to an unconnected i PCR, or attached a
connected iPCR using the channel referred to by the | ecChannel vaue (where
“connected” and “unconnected” are as defined by IEC 61883.1). If not then ESI NK_BUSY
should be returned.

the stream type ID requested by the application is supported by the sink FCM plug (if
unattached) of matches that used by the sink FCM plug (if attached). If not then
ENO_MATCH_STREAMshould be returned.

the transmission format requested by the application matches that is use by the iPCR. If
not then ENO_MATCH_FMT should be returned.
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59544 Usage of Special Channels

Many legacy 1394 devices by default alocate isochronous channdl 63 (LEGACY | SOC_CHANNEL).
In addition channel 31 (ASYNC _STREAM | SOC CHANNEL) is used by IEEE 1394a devices for
asynchronous streaming. To avoid possible conflict with the operation of these devices a HAVi
Stream Manager shall restrict its use of channel 31 and 63 asfollows:

a Stream Manager shall not use channel 31 for aHAVi connection

a Stream Manager may overlay on channel 63, however a Stream Manager shall only
alocate channel 63 for aHAVi connection if the Channel . i socChannel parameter of
Fl owTo or SprayQut contains LEGACY_ | SOC CHANNEL and hi nt.anyChannel is

Fal se, i.e.,, a Stream Manager shall not allocate channel 63 if the hi nt . anyChannel
parameter of Fl owTo or SprayQut isTrue

5.10 Resource Manager

5.10.1 Services Provided

Service Comm Locality Access
Type
ResourceManager::Reserve M global all
ResourceManager::Release M global all
ResourceManager::Negotiate M global all
<Client>::PreemptionRequest MB global Resource
Managers
ResourceManager::ScheduleAction M global all
ResourceManager::UnscheduleAction M global all
ResourceManager::GetLocalScheduledActions M global all
ResourceManager::GetScheduledActionData M global all
ResourceManager::TriggerNotification M global all
<Client>::AwakeNotification MB global Resource
Managers
ResourceManager::GetScheduledConnections M global Resource
Managers
InvalidScheduledAction E global all
AbortedScheduledAction E global all
ErroneousScheduledAction E global all

5.10.2 Resource Manager Data Structures

ClientRole

Definition
enum Cl i ent Rol e {USER, SYSTEM };
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Description
Thetwo roles of aclient.

ReservationResult

enum ReservationResult {
FAI LED OTHER, PRI MARY, SECONDARY,
FAI LED SELF, NOT_SUPPORTED, NO RESOURCE

b

NegotiationResult

enum Negoti ati onResult {
ACCEPTED, REJECTED, TI MEOUT, NOT_SUPPORTED,
NO_RESOURCE, SYSTEM CLI ENT

1
ResourceRequestRecord

Definition

struct ResourceRequest Record {
SElI D resource;
bool ean pri nary;

1
Description

A specification of aresource request record. r esour ce specifies the resource to be reserved by
the resource management system. pri mary is True if the resource should be reserved with
primary accessrights, otherwise it should be reserved with secondary accessrights.

ResourceStatusRecord
Definition
struct ResourceStatusRecord {
SElI D resource;
Reservati onResult acquisition;
H
Description

A specification of a resource status record. r esour ce specifies the resource for which datais
retrieved by the resource management system. acqui si t i on specifiestheresult of areservation
attempt:

FAI LED_OTHER— no access rights because for at least one other pecified resource no access
rights could be acquired

PRI MARY — primary access rights acquired

SECONDARY — secondary access rights acquired

FAI LED_SELF —no access rights because the requested access rights could not be acquired
NOT_ SUPPORTED — the resource does not support reservation

NO_RESOURCE — the resource does not exist (or aninvaid SEID value)
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ResourceNegotiateRecord

Definition

struct ResourceNegoti at eRecord {
SElI D resource;
Negoti ati onResult result;
wst ri ng<b50> i nfo;

H

Description

A specification of a resource negotiate record. r esour ce specifies the resource for which
negotiation was performed by the resource management system. r esul t specifies the result of a
preemption request to the primary client that holds the resource (if any):

ACCEPTED — accepted (also if thereis no primary client)

REJECTED - rejected by the client

TI MEQUT —timeout has expired

NOT_SUPPORTED —the client does not support preemption requests

NO_RESOURCE — the resource does not exist (or an invalid SEID value), or does not support
reservation

SYSTEM CLI ENT — negotiation with a system client is not alowed

i nf o specifiesan information string that may be supplied by the current client of the resource.

SAReference

Definition

struct SAReference {
SElI D acti onSchedul er;
| ong i ndex;

s

Description
References a Scheduled Action within the network.

Command

Definition

struct Conmand {
Oper at i onCode opCode;
sequence<oct et > conmand;
HUI D hui d;

b

Parameters
opCode —the operation code of the command sent to the FCM or DCM
command —sequence of octetsthat will directly be addressed to the FCM or DCM; thisfield
will bethe bytesafter the Tr ansact i onl d field in the message representation discussed in
section 3.2.3.2 (Figure 14)
hui d —HUID of the FCM or DCM that will execute the command
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Description

Defines a single command associated with the HUID of the FCM or DCM that will have to
performit. The command is a sequence of octets the Action Scheduler does not have to interpret.

SAConnection

Definition

struct SAConnection {
FcnPl ug source;
FcnPl ug si nk;
St reanilype stype;

}

Parameters

FcnPl ug and St reanilype typesare defined within the Stream Manager.

Description

Defines a connection structure that is maintained in each Action Scheduler to perform the
scheduled bandwidth reservation.

SAPeriod

Definition
enum SAPeri od {NONE, DAILY, WEEKLY};
Description

Refers to the periodicity parameter defining the way a Scheduled Action must be repeated. NONE
means that the Scheduled Action must only be performed once.

RMConnection

Definition
struct RMConnection {
SAConnecti on connecti on;

Dat eTi me startTi ne;
Dat eTi me st opTi ne;
SAPer i od periodicity;
1
Description

Structure to exchange connection information between Resource Managers.
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5.10.3 Resource Manager API

ResourceManager::Reserve

Prototype
St at us Resour ceManager : : Reser ve(
i n bool ean preenptive,
in CientRole role, in wstring<50> info,
i n QperationCode preenpti onRequest Code,
i n sequence<Resour ceRequest Recor d> r equest Recor ds,
out sequence<Resour ceSt at usRecor d> st at usRecor ds)

Parameters
preenpt i ve —if Tr ue, the resources are preempted from the current resource clients;
otherwise, anon-intrusive reservation for the resourcesis attempted
r ol e —therequester isauser or system client
i nf o —an information string related to this reservation
pr eenpt i onRequest Code —the operation code of the client’s Pr eenpt i onRequest
method (may be invoked by Resource Managers during negotiation)
r equest Recor ds —the request records of the resource group to be reserved. The safe
parameter sizelimitis 20 Resour ceRequest Recor d values.
st at usRecor ds —the returned status records of the resource group. The safe parameter size
limitis 20 Resour ceSt at usRecor d values.

Description

A resource group preemption is done, or a hon-intrusive reservation is attempted on behaf of the
invoking contender. The request records specify for each resource whether primary or secondary
access rights are required. The returned status records specify the result for each resource in the
request record list. The vaue of r ol e should reflect the role of the requesting contender. i nf o is
an information string recorded in the reserved resources upon a successful reservation.

A Resource Manager should use Fcm : Get Reser vat i onSt at us messages to learn about the
status of FCMs. It then analyzes the results to determine whether the requested type of reservation
(non-intrusive or preemptive) will go through or not. (For rules regarding FCM reservation, refer to
the section on Fcm : Reser ve.) If it will go through, then it sends Reser ve commands to each of
the FCMs. If it turns out that due to contention from other requests or a network failure an FCM
reservation request is unable to go through, then the RM releases all FCMs in the request which
have been reserved so far. In case of failureto reserve all resourcesin the group, theacqui si ti on
fiddinthe Resour ceSt at usRecor d for each resource which succeeded will be FAI LED OTHER.

A client is recommended to supply the same vaue for Preenpt i onRequest Code if it does
several separate reservations. This is recommended becalise Resour ceManager : : Negot i at e
can only pick one of the supplied codesin apossible future<d i ent >: : Pr eenpt i onRequest to
the client.

Error codes
Resour ceManager : : ERESERVE_FAI LED—thereservation failed

ResourceManager::Release

Prototype
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St at us Resour ceManager : : Rel ease(
i n sequence<SEl D> resources,
i n bool ean neutral)

Parameters
r esour ces —theresource group to bereleased. The safe parameter sizelimitis20 SEI D
values.
neutral —if True FCMswill return to aneutral state before they are released

Description

Any subset of the reserved resources of theinvoking client will be released, provided the client has
reserved them. Invalid SEID vaues are ignored.

ResourceManager::Negotiate

Prototype
St at us Resour ceManager: : Negoti at e(
i n bool ean request, in ClientRole role,
in long negoti ateTi neout,
in wstring<50> info, in sequence<SElI D> resources,
out sequence<Resour ceNegoti at eRecor d> negoti at eRecor ds)

Parameters
request —if Tr ue, thisisapreemption request; otherwiseit isawithdrawal
r ol e —therequester isauser or system client
negot i at eTi meout —the period in seconds the negotiation may last
i nf o —an information string related to this negotiation
r esour ces —the resources for which negotiation takes place. The safe parameter sizelimit is
20 SEl Dvalues.
negot i at eRecor ds —the returned negotiate records for the resources. The safe parameter
sizelimit is20 Resour ceNegot i at eRecor d values.

Description

A resource group negotiation is done on behdf of the invoking contender. The vaue of rol e
should reflect the role of the requesting contender. i nf o is an information string used to inform
current resource clients about the negotiation. negot i at eTi meout specifies the amount of time
the negotiation may take place. The returned negotiate records specify the result for each resource.

rol e,negot i at eTi meout , and i nf o areignored if the invoker withdraws an earlier preemption
request, and Negot i at eRecor ds will then be an empty list.

If a Resource Manager receivesaNegot i at e command, it will retrieve the primary ownersfor all
specified resources by Fcm : Get ReservationStatus. To al primary clients it sends a
Preenpt i onRequest command, specifying all resources for which the client is the primary
client. It sets a timer with the specified timeout value, and awaits all responses during the timeout
period. It returnsthe call from the contender after al expected replies have been received, or shortly
after the timeout, compiling the resource negotiate records for al resources.

If the current primary client of a resource is a system client, a negotiation for that resource will

always be rejected by a Resource Manager. Note that negotiation is not possible for acquiring
secondary accessrights.
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Error codes
Resour ceManager : : EREJECTED—the negotiation did not succeed for at least one client

<Client>::PreemptionRequest

Prototype
Status <O ient>::PreenptionRequest (
i n bool ean request, in sequence<SEl D> resources,
in SEID contender, in long preenptionTinmeout,
in CientRole role, in wstring<50> inlnfo,
out wstring<50> outl nfo)

Parameters
request —if Tr ue, thisisapreemption request; otherwise a preemption withdrawal
r esour ces —theresources this client has reserved as primary, and for which the negotiation
takes place. The safe parameter sizelimitis20 SEI D values.
cont ender —the contender for the resources
preenpt i onTi neout —the maximum period in seconds the client is expected to accept or
reject the preemption request
rol e —theuser or system role of the contender
i nl nf o —an information string submitted by the contender
out I nf o —an information string submitted by the current client

Description

This message is sent by a Resource Manager to the primary client of the r esour ces. The client
should process the message within the specified timeout period for a preemption request (and
immediately for a preemption withdrawal). Before the timeout expires, the client should reply.
i nl nf o isan additiona information string that may be supplied by the contender. If aclient istoo
late with its response, the reply will be ignored (Resour ceManager : : Negot i at e will return
“timeout has expired”).

If the client accepts the preemption request, the method returns successfully. Otherwise it returns
with error code EREJECTED. out | nfo may carry extra information from the client to the
contender. As a guiddine, a request for resources for which the client is not the primary client
should be rejected by it, and unexpected withdrawals should be ignored. These situations will
normally not occur, but cannot be avoided when several reservations and releases occur at the same
time.

preenpt i onTi meout , i nl nf o, and out | nf o can beignored if thisis a preemption withdrawal.
The operation code used to send the Preenpt i onRequest message is (one of the operation
codes) supplied by the client viaResour ceManager : : Reser ve.

Error codes
Resour ceManager : : EREJECTED— the negotiation was not accepted for at |east one client
Resour ceManager : : ENOT_SUPPORTED — the application does not support preemption
requests

ResourceManager::ScheduleAction

Prototype
St at us Resour ceManager : : Schedul eAct i on(
in SEID control |l erApplicationld,
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SEID triggerld,

Oper ati onCode awakeNoti fication,
sequence<Command> st art ComrandsLi st
sequence<Conmmand> st opConmandsLi st ,
sequence<SAConnecti on> connecti onlLi st,
Dat eTi ne startTi ne,

Dat eTi ne stopTi ne,

SAPeri od periodicity,

sequence<HU D> i nvol vedFcnli st

wst ri ng<50> user| nfo,

out |ong index)

5 3 35335335 335 S

Parameters
control | er Applicationld — optional SEID of the application that may be awoken
during a Scheduled Action. For this parameter, the SEID of the invoked Resource Manager
means that no controller application is used during this Scheduled Action
triggerld —optional SEID of the DCM/FCM that may generate the Scheduled Action
triggering signal. For this parameter, the SEID of the invoked Resource Manager meansthat no
trigger is used during this Scheduled Action
awakeNot i fi cati on —the operation code of the controller application’s awake notification
message (to be invoked by the Action Scheduler). This parameter isignored if
control | er Appl i cati onl d isabsent.
st art CommandsLi st, stopCommandsLi st —commandsto be executed during the
Scheduled Action. The commands are listed by order of execution. The safe parameter size
limit for each parameter is 2 Kbytes.
connect i onLi st —list of connectionsthat have to be performed during the Scheduled
Action. The safe parameter sizelimit is20 SAConnect i on values.
startTi me, stopTine —daeandtimeinformation for the Scheduled Action
peri odi ci t y —indicates the periodicity of the Scheduled Action. If aperiodicity is specified,
the Scheduled Action starts and stops every day or every week at timeindicated inst ar t Ti e
i nvol vedFcnli st —list of the FCMsto be reserved at the start time of the Scheduled
Action. The safe parameter sizelimitis10 HUI D values.
user | nf o —string field containing the reservation reason
i ndex —referencesthe Scheduled Action

Description

Defines a Scheduled Action. Thisdatais given by the invoking application to the Action Scheduler.
It is checked whether the Scheduled Action is valid (al involved FCMs exist and are present at
scheduling time, FCMs can accept the commands, there is enough bandwidth to perform
connections, €tc...).

Each time a Scheduled Action is created, it is referenced with an index that is returned by the
Action Scheduler in charge of this new Scheduled Action.

Error codes
Resour ceManager : : EM SSI NG_RES —at least one of theinvolved FCMs are not present at
scheduling time
Resour ceManager : : ESCHED OVERLAP — at least one of the involved FCMs has aready
scheduled another Scheduled Action at the specified time
Resour ceManager : : ECOVM CHECK —at least one of theinvolved FCMs cannot dedl with
the specified commands
Resour ceManager : : EI NSUFF_BANDW DTH— not enough network resources
Resour ceManager : : ECONT_SEI D—control | er Appl i cati onl disinvaid
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Resour ceManager : : ETRI GG SEI D—tri gger | disinvaid

Resour ceManager : : ETI ME —incorrect time information (e.g., incorrect format, invalid or
“ignored” valuesin Dat eTi e, Start time > stop time, stop time < current time)

Resour ceManager : : El NV_PLUG—at least one of the plug connectionsisinvalid

ResourceManager::UnscheduleAction

Prototype
St at us Resour ceManager: : Unschedul eAction(in | ong index)

Parameter
i ndex —referenceto the Scheduled Action

Description

Unschedul es the Scheduled Action which hasthe given index. ThisUnschedul edAct i on issent
to the Action Scheduler that maintains the Scheduled Action that hasto be cancdlled.

If this method is called while the Scheduled Action is executing, the execution is aborted, and an
ErroneousSchedul edAction event is posted. The involved DCMs shall be sent
Unschedul eReser vat i on messages by the Action Scheduler.

Error codes
Resour ceManager : : El NV_I NDEX—thei ndex isinvalid

ResourceManager::GetLocalScheduledActions

Prototype
St at us Resour ceManager : : Get Local Schedul edAct i ons(
out sequence<l| ong> i ndexLi st)

Parameters
i ndexLi st — list of Scheduled Action indexes. The safe parameter sizelimitis201 ong
values.

Description

Getstheindex list of all Scheduled Actions (if any) undertaken by a Resource Manager. Thelistis
empty if no Scheduled Actions have been undertaken by this Resource Manager.

ResourceManager::GetScheduledActionData

Prototype

St at us Resour ceManager : : Get Schedul edAct i onDat a(
in long index,
out bool ean valid,
out SEID control |l erApplicationld,
out SEID triggerld,
out QOperationCode awakeNotification
out sequence<Command> st art ConmrandsLi st
out sequence<Command> st opComandsLi st
out sequence<SAConnecti on> connecti onLi st,
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out DateTine startTine,

out DateTi me stopTine,

out SAPeriod periodicity,

out sequence<HU D> i nvol vedFcnii st ,
out wstring<50> userl nfo)

Parameters
i ndex —referencesthe Scheduled Action for which the data are to be retrieved
val i d —True if the Scheduled Action is currently valid, Fal se if itisinvalid, i.e, itistill
missing one or more resources required for (future) execution
control | er Applicationld —optional SEID of the application that may be awoken during
a Scheduled Action. For this parameter, the SEID of the invoked Resource Manager means
that no controller application is used during this Scheduled Action
triggerld —optional SEID of the DCM/FCM that may generate the Scheduled Action
triggering signal. For this parameter, the SEID of the invoked Resource Manager meansthat no
trigger is used during this Scheduled Action
awakeNot i fi cati on —the operation code of the controller gpplication’s awake notification
message (to be invoked by the Action Scheduler)
st art CommandsLi st, stopCommandsLi st —commandsto be executed during the
Scheduled Action; the commands are listed by order of execution. The safe parameter size
limit for each parameter is 2 Kbytes.
connect i onLi st —list of connections that have to be performed during this Scheduled
Action. The safe parameter sizelimit is20 SAConnect i on values.
startTime, stopTinme —dateandtimeinformation for the Scheduled Action
peri odi ci t y —indicates the periodicity of the Scheduled Action; if aperiodicity is pecified,
it indicates that the Scheduled Action starts and stops every day or every week at timeindicated
instartTi ne
i nvol vedFcnli st —list of theinvolved FCMs. The safe parameter size limit is10 HUI D
vaues.
user | nf o —string field containing the reservation reason

Description

Gets Scheduled Action data corresponding to agiven index. Notethat st ar t Ti ne and st opTi ne
remains the same as those registered by Resour ceManager : : Schedul eAct i on, even though
the corresponding Scheduled Action with 'periodicity’ has once (or more) been executed

Error codes
Resour ceManager : : EI NV_I NDEX—i ndex isinvalid

ResourceManager::TriggerNotification

Prototype
St at us Resour ceManager: : Tri gger Notificati on(
in long index, in boolean startStop)

Parameters
i ndex —local referenceto the Scheduled Action
st ar t St op —indicates the type of the triggering notification: if Tr ue, itisastart indication;
otherwise, it isastop indication.

Description

TheTri gger Noti fication isissued by thetrigger, eg. an FCM or DCM, as aresult of the set
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up (subscription or otherwise) by the invoking application (the Action Scheduler identification and
the index of the Scheduled Action should have been passed to the trigger).

Error codes
Resour ceManager : : EIl NV_I NDEX—i ndex isinvalid

<Client>:: AwakeNotification

Prototype
Status <O ient>:: AnakeNotification()

Description

The awake notification isagenera purpose message of an application to indicatetoit that the caller
has accomplisned whatever the application was waiting for (“whatever” is proprietary between
caler and application). This method is used for scheduled actions.

The operation code used to send the AwakeNot i fi cati on message isindicated by the client via
Resour ceManager : : Schedul eActi on.

ResourceManager::GetScheduledConnections

Prototype
St at us Resour ceManager : : Get Schedul edConnecti ons(
in DateTinme startTine,
in DateTime stopTine,
in SAPeriod periodicity,
out sequence<RMConnecti on> connecti ons)

Parameters
startTi me, stopTine —daeandtimeinformation for the Scheduled Action
peri odi ci t y —periodicity of the Scheduled Action
connect i ons —list of &l connections active between start and stop time. The safe parameter
sizelimitis 100 RMConnect i on vaues.

Description

Get alist of all connectionsthat will be active between start and end time. For periodical schedules,
futureintervals also have to be taken into account. Thelist isempty if no connections match.

5.10.4 Resource Manager Events

InvalidScheduledAction

Prototype
voi d I nval i dSchedul edActi on(
in SAReference ref, in wstring<50> userl nfo)

Parameters

ref —reference of the Scheduled Action that isnot valid
user | nf o —reservation reason string of the Scheduled Action
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Description

This event can be issued between scheduling time and stop time of the Scheduled Action.
Depending on the software element that outputs this event, it indicates that either FCMs, network
resources, or Action Scheduler are not all gathered for a successful execution of the Scheduled
Action. Issuing this event does not involve the del etion of the Scheduled Action.

An Action Scheduler issues this event when a Scheduled Action cannot be completed in the current
situation (aresource disappears, not enough bandwidth available ...).

A DCM involved in a particular Scheduled Action (via Dcm : Schedul eReser vat i on), issues
this event when its Action Scheduler is missing in the current situation. Unlike an Action
Scheduler, aDCM shall delete itsrelated Restricted Scheduled Action data

The event indicates the reference of the Scheduled Action, and its reservation reason for user
information purposes.

AbortedScheduledAction

Prototype
voi d AbortedSchedul edActi on(
in SAReference ref, in wstring<50> userlnfo)

Parameters
ref —referenceof the Scheduled Action that is aborted
user | nf o —reservation reason string of the Scheduled Action

Description

This event is issued by the Action Scheduler when the Scheduled Action is not executing in the
following three cases:

If the control application or trigger (if any) disappears.

If the required resources (FCMs, network resources) are still not present, at or after the
stop time of a non-triggered (invalid) Scheduled Action — i.e., the Scheduled Action
remained invalid.

If the required resources for a Scheduled Action become available again, but the restart of
the Scheduled Action fails.

Issuing this event means that the specified Scheduled Action data has been del eted by the Resource
Manager. Also the related Restricted Scheduled Action data is removed from the involved DCMs
by the Resource Manager (viaDcm : Unschedul eReser vat i on).

This event indicates the reservation reason of the Scheduled Action for user information purposes.

ErroneousScheduledAction

Prototype
voi d ErroneousSchedul edActi on(
in SAReference ref, in wstring<50> userl nfo)
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Parameters
ref —reference of the Scheduled Action that has encountered an error during execution
user | nf o —reservation reason string of the Scheduled Action

Description
Thisevent isissued during execution of the Scheduled Action if one of the following errors occur:

start/stop command or connection fails
reservation fails
controller application or trigger disappears

FCM disappears or is preempted

The Scheduled Action is aborted, unless it is controlled by an application. In that case the
application may decide to unschedule (and thereby abort) it.

5.10.5 Bandwidth Checking Protocol

To get a snapshot of al scheduled isochronous connections distributed on the network for a
specified period of time, an Action Scheduler has to query al other Action Schedulers to obtain
their relevant schedules. To enable this the inter-Action Scheduler method
Resour ceManager : : Get Schedul edConnect i ons isdefined. The Resource Manager that acts
as an Action Scheduler will invoke this method on al other Resource Managers. It adds the
required bandwidth of all Action Schedulers (including itself) to its own required bandwidth for
overlapping time periods in the future. If this calculation exceeds the available bandwidth, the
remaining network bandwidth is assumed unavailable for the newly planned scheduled action.

Notes:

In principle, when severa Action Schedulers are checking concurrently, a scheduled action
may unnecessarily be regjected. However, this scheme suffices for home networks, where only a
few concurrent scheduleswill occur.)

For calculation of the actual bandwidth needed see the section 5.9.5.4.1.

In the example below a scheduled action is going to be registered at RM1 as Schedule B. For
bandwidth checking RM1 contacts the other Action Schedulers of the network (which are RMa and
RMD) to get schedules that are concurrent (i.e. overlapping) with the schedule RM1 isworking for.
The request contains the scheduling time information, so that RMa and RMb return only the
information about those scheduled connections, which are concurrent. Comparing thisinformation
with its own schedules, RM1 becomes able to compute whether the remaining network resources
are enough to ensure the completion of al scheduled actions programmed in the future.

Inter-resource manager communication for checking bandwidth at scheduling time is depicted
below:
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Figure 34. Resource Managers and Bandwidth Checks

Bandwidth checking reference algorithm. The algorithm below describes a possible
implementation guideline, the actua implementation is of course proprietary. The algorithm does
not take into account different link speedsin the network:

Thereis anew schedule A which includes the start time sl, the end time €1, the needed bandwidth
B1 and the needed number of channels C1. The problem isto determine whether this new schedule

can be added to the action scheduler.
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Collect registered schedules with an end time later than s1 and with agtart time earlier than el and
make a schedule table of schedules that are affected by the new schedule A. An example of a
scheduletableis:

Start time End time Bandwidth No. of channels
needed needed
Sa Ea 6Mbps 1
Sb Eb 6Mbps 2
Sc Ec 5Mbps 1
Sd Ed 5Mbps 1
Se Ee 5Mbps 2

Make a bandwidth table which includes as check point times: sl, the later start times than s1 and
the earlier end times than el from the schedule table. A bandwidth table then lookslike:

Check point time Bandwidth No. of channels needed
needed
C1l 12Mbps 2
Cc2 15Mbps 4
c3 10Mbps 3

The bandwidth table is built by calculating for each check point the bandwidth and number of
channels from the schedule table. The calculation steps are:

Find all schedules containing the check point from the schedule table.

Make the summations (or subtractions) of bandwidth and number of channelsfor &l the found
schedules.

Put the summations to the bandwidth and channel dot of the bandwidth table.

Obtain maximum bandwidth (Bmax) and maximum number of channels (Cmax) from the
banadwidth table. Calculate:

Bmax + B1 and Cmax + C1

Then check with the available network bandwidth and channel numbersfor overflow caused by the
new schedule.

For efficiency reasons the overflow check done at the end could be done during the calculations of
step (3).

5.11 Application Module

This section provides the common set of Application Modules commands. Besides the commands
described here, an Application Module may also provide the DDI API. When it does, it indicates so
by the ATT_GQUI _REQ attribute in the Registry. Moreover, as holds for al HAVi components,
proprietary extensions of this command set are dlowed.

5.11.1 Services Provided

Service Comm Locality Access
Type
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Service Comm Locality Access
Type
ApplicationModule::Getlcon M global all
ApplicationModule::GetHuid M global all
ApplicationModule::GetHavletCodeUnitProfile M global all
ApplicationModule::GetHavletCodeUnit M global all

5.11.2 Application Module Data Structures

HUID

The HUID is the unique identification of a DCM, FCM or Application Module. The structure for
HUIDsisgivenin section 5.6.2.

5.11.3 Application Module API

ApplicationModule::Getlcon

Prototype
St at us Applicati onModul e: : Get | con(
out Devicelcon icon)

Parameters
i con visua representation of the application.

Description

Provides avisual representation of the gpplication that can be displayed to the user. Devi cel con is
defined in section 5.6.2.

ApplicationModule::GetHuid

Prototype
St at us Applicati onModul e: : Get Hui d(out HUI D appl d)

Parameters
appl d —aHUID of an Application Module

Description
Returns the HUID of the Application Module.

ApplicationModule::GetHavletCodeUnitProfile

Prototype

St atus Applicati onMbdul e: : Get Havl et CodeUni t Profil e(
out Version version,
out long transferSize,

254



HAVi SPECIFICATION Version 1.1

out | ong codeSpace,
out | ong wor ki ngSpace,
out | ong chunkSi ze)

Parameters
ver si on —thelowest verson of the HAVi Messaging System required by this havlet.
t ransf er Si ze —the number of havlet code unit bytesto be transferred
codeSpace —the number of bytes required for theinstalled havlet code unit (read-only part)
wor ki ngSpace —an estimate of the number of bytes required for the working space of the
installed havlet code unit (read/write part)
chunkSi ze —the maximum number of havlet code unit bytesthe Application Module can
send at atime

Description

Provides the various size parameters needed for determining whether the destination of the havlet
code unit (for example, an FAV Ul Manager) can ingtall the havlet. Thismethod isonly supplied if
the Application Module indicates that it supports havlets via the ATT_GUI _REQ attribute in the

Registry.

Error codes
ENOT_| MPLEMENTED - if the Application Module does not contain a havlet.

ApplicationModule::GetHavletCodeUnit

Prototype

St at us Appl i cati onModul e: : Get Havl et CodeUni t (
in long firstByte,
in long | astByte,
out sequence<octet > byteArray)

Parameters
firstByte—thenumber of thefirst byte of the transferred havlet code unit byte array wanted
| ast Byt e —the number of the last byte of the array wanted
byt eAr r ay —the byte array requested (empty if none could be ddlivered or if invalid
firstByte and/orl ast Byt e values are supplied). The safe parameter size limit 512 bytes
(the 1394 asynchronous packet size for bus speeds of 100 Mbps).

Description

Provides the bytecode that can used to install and execute an havlet, aLeve 2 application stored in
this Application Module. A havlet code unit receiver can request al or some of the bytes of the
havlet code wunit from the Application Module It should firt use
Appl i cati onModul e: : Get Havl et CodeUni t Profile to determine if it is capable of
retrieving and installing the code unit. f i r st Byt e and | ast Byt e should indicate subsequent parts
of the code unit to be transferred. The first byte of the code unit is number 1; the last byte is the
vaueof t r ansf er Si ze. The amount of bytes requested (I ast Byt e - fi rst Byt e + 1) shal not
exceed thevaue of chunkSi ze.

The format of the bytecode and the way it should be handled by an FAV are described in section

7.4.3. This method is only supplied if the Application Module indicates that it supports havlets via
the ATT_GQU _REQattribute in the Registry.

Error codes
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ENOT_| MPLEMENTED — if the Application Module does not contain a havlet.
El NVALI D_PARAMETER—thevaluesof fi r st Byt e and/or | ast Byt e are invalid

5.12 APIs for Data Driven Interaction

This section describes in detail the DDI-related data structures and operations that have been
described more generdly in section 4 Data Driven Interaction. This section relies on the concepts
and terminology defined in section 4.

The data structures described here represent a set of DDI elements that can be extracted by a DDI
Controller from aDDI Target and presented by the controller to a human user on adisplay screen.
The controller can then allow the user to manipulate and indicate selection of the displayed
elements and thereby cause the controller to send corresponding user actions to the target. These
user actions are represented by data structures (associated with the Ddi Tar get : : User Act i on
operation) which are aso defined in this section. It is also possible for the target to notify the
controller of changesin the target by sending (using a message back operation) a representation of
the change asaligt of affected element IDs. Element data structures can be referenced using unique
element IDs. The elements whose selection can give rise to user actions are called interactive
elements. Elements that are not interactive may be used by the target to provide information about
thetarget to the user where it is not necessary to alow the user to provide input to the target.

The controller and target use the operations defined below to carry on this interaction. The DDI
Controller opens an interaction with a target using the Ddi Tar get : : Subscri be operation,
interacts with the target using the other Ddi Target:: and <dient>:: (i.e. DDI Controller)
operations, then closes the interaction with that particular target using the
Ddi Tar get : : Unsubscri be operation. During theinteraction:

DDI elements are obtained by the controller from the target using the Get Ddi El enent ,
Cet Ddi Panel , Get Ddi Group, and Get Ddi El ement Li st operations. It is up to the
controller to determine how many DDI elements are retrieved and when they are
retrieved. The target only knows about what was last pulled from it by the above
operations.

other data structures, DDI content, which can be considered to be logical parts of the DDI
element that reference them, may be obtained by the controller using the
Cet Ddi Cont ent operation.

the controller may send a user action to the target using the User Act i on operation.

as noted above, the target may use the <Cl i ent >: : Not i f yDdi Change message back
operation to indicate to the controller that particular el ements have changed and that their
new values may be obtained from the target using the Ddi Target:: Get Ddi ...
operations mentioned above.

A controller may carry on an interaction with more than onetarget at atime. A target may carry on
interactions with more than one controller at atime. Inthislatter case, the target should coordinate
(in an implementation-dependent manner) user actions from and notifications to each controller to
ensure that each controller’ sDDI stateis consistent with the current target state.

The DDI version leve is supported as described in section 5.13.2 Version Control API.
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5.12.1 Services Provided

Service Comm  Locality Access
Type
DdiTarget::Subscribe M global all
DdiTarget::Unsubscribe M global all
DdiTarget::GetDdiElement M global all
DdiTarget::GetDdiPanel M global all
DdiTarget::GetDdiGroup M global all
DdiTarget::GetDdiElementList M global all
DdiTarget::GetDdiContent M global all
DdiTarget::ChangeScope M Global all
DdiTarget::UserAction M global all
<Client>::NotifyDdiChange MB global DDI Target (all)

5.12.2 Presentation Requirements and Recommendations for DDI
Controllers

The DDI protocol places a smal number of mandatory presentation requirements on a DDI
Controller: how a controller must output DDI data to its human user and how the controller must
accept input from its user and transform it into DDI data (i.e., actions). The DDI protocol aso
includes a larger number of recommendations for the controller’s user input/output operation.
These requirements and recommendations are of two kinds. general and specific. General
requirements and recommendations are given here; specific ones, will be given in the sub-sections
describing particular elements, attributes, actions, and operations. In the case of requirements, the
words “required” or “mugt” and their variants will be used. In the case of recommendations, the
words “recommended” or “suggested” and their variants will be used.

5.12.2.1 General Presentation Requirements for DDI Controllers
The genera presentation requirements placed on aDDI Controller areto:

Display (using a controller-specific rendering, given its user input/output capabilities) the
information contained in the attributes of the DDI elements that the controller has pulled
from the target. Note, this requirement is only specified abstractly: the controller must
give a “best-effort” (relative to its actual capabilities) presentation of the information
embodied in the elements; however, no particular form or level of rendering is required.

It is however required that the controller makes it possible for a user to see all DDI
elements of a panel, e.g. by using scrolling facilities. It is also required that a controller
makes it possible for a user to access all reachable panels (those for which the target
supplied panel links).
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Allow the user to manipulate in a controller-specific, best-effort manner any interactive
DDI element that the controller has pulled from the target so as to result in the generation
of any action (with any attribute values that the action is capable of having) associated
with that interactive element. Note, again this requirement is expressed abstractly with
respect to the particular user-controller interaction that the controller uses to allow the
user to: choose an interactive element, specify the attributes of an action, and indicate that
the action should be sent by the controller to the target.

If atarget shows a DDI element to the user, it is required to be the most recent, correct
version (not an old, obsolete version). Therefore the controller has to pull (or more often,
pull again) from the target all elements whose identifiers are listed in change reports from
the target if the user needs the information contained in those elements.

All elements (except the DDI _TEXT element which already contains a text string) have a
mandatory label attribute that is defined to be atext string of length between zero and 16
characters. These labels have to be shown by the controller (minimal controllers can use
scrolling if needed).

5.12.2.2 General Presentation Recommendations for DDI
Controllers

Presentation recommendations for DDI Controllers allow for two types of scaling: panel scaling
and element scaling. Both types of scaling are explained below.

5.12.2.21 Panel Scaling

A panel dement is intended to represent an entire screen’s worth of DDI eements. Within the
panel can be zero or more groups, each of which may contain individual elements or other groups.
In addition, a pandl can have standalone elementsthat are not part of any group.

For controllers showing severa panels on their screen, the navigation between these panels is
proprietary (there are however recommendations with respect to usage of panel links).

A controller can present agiven panel in one of three styles: full-capability, intermediate, and basic.

If the controller’s panel is displayed on the screen as required by all elements supplied by
the target then the controller is said to be operating in “full-capability”.

If the controller cannot display the entire panel as given it can then drop down to the next
style of “intermediate”. Suggestions on how to scale down would be represented by the
target in its placement of elements within groups, groups within groups, and groups
within a panel. The intermediate controller could then display one group at a time and
allow the user to locally navigate between groups by displaying next and previous groups.

The order in which the elements and groups of a panel should be shown is determined by
their order inside the panel/group. It is recommended that controllers make sure that the
user knows the hierarchical level of the shown group within the panel. E.g. by showing
(as much as possible) the labels of the other elements or groups.

The last style, “basic”, would be used if the controller can only display afew or one DDI
element at atime. The basic controller could then display a set of elements at a time and
allow the user to locally navigate between elements.
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The order in which the elements should be shown is determined by their order inside the
panel/group. It is recommended that controllers make sure that the user knows the
hierarchical level of the shown elements within the panel. E.g. by showing (as much as
possible) the labels of the other elements or groups.

Which of the above styles the controller chooses depends on its capability and also whether the
screen is concurrently used for other purposes (e.g. video rendering).

Note that the capabilitiesthat the target assumes for e ement sizes and position might clash with the
controller’s capabilities for these attributes. This can still make it impossible for acontroller that is
in principle“full-capability”, to show all the elements of the panel together.

5.12.2.2.2 Element Scaling

Asgivenin section 5.12.2.1 General Presentation Requirements for DDI Controllers, a controller
is required to display information contained in DDI eements. However, the controller has the
freedom to choose the particular rendering and user interaction operation. Especialy for non-
organisational elements, the controller can choose between different rendering possibilities.

DDI element optiond attributes are intended to be suggestions to the controller on how to organize
and present the target’ s panels, groups, and e ements to the user.

A controller has to take into account the DDI eement mandatory attributes, but in case the
controller does not choose to represent graphical attributes (e.g. text-only controllers), it can neglect
even specific (graphical) mandatory attributes. These mandatory graphical attributes that might be
neglected are: aspect ratio, height, width, and bitmaps. In this case, the label attribute is used to
represent an element to the user.

Idedlly DDI eements should be positioned on the panel or group according to the (optional)
position attribute supplied by the target. If thisis not possible (not supplied by target, basic pandl
style chosen, etc.), the controller is recommended to render the elements on the screen in the order
supplied by the target in either horizontal or vertical direction.

It is recommended that, if targets supply position attributes, they do this for al eements of the
group/panel. Note that targets should not rely on the precise position of the elements that they

pecify.

The above guidelines alow controllers to use rather different styles of representing DDI elements
by ignoring or adapting certain types of attributes. It isrecommended that a controller usesthe same
stylefor al the elements of the same panel or group.

5.12.3 DDI Data Structures Overview

The DDI elements are the data structures that aDDI Target can use to define how the target should
be represented on adisplay screen by aDDI Controller.

An dement is represented as a struct of a particular type. Attributes for an eement are
represented by the fields of the struct. There are two kinds of attributes. mandatory and
optional. Each mandatory attribute is represented by an explicit field, sarting with thefirst field of
the eement. The mandatory attributes of aDDI € ement must be included in the eement. Optional
attributes are contained in a variable length list (possibly empty) contained in the last explicit field
of the lement. The optional attributes need not be present but if included are intended to give the
controller suggestions on displaying this particular DDI e ement
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All DDI elements have the mandatory attributes height and width indicating the size (in pixdls) that
the element should occupy on agraphics capable controller. The optiona attribute, position, isused
to place the element on the pandl or group. The height, width and position of a panel are specified
relative to a safety area of 640 x 480 pixels on which any full capability controller can surely
display apand. A pand isdefined to be two-dimensiona with the upper Ieft corner being defined
as (x =0, y =0). All postions given for groups or standalone eements directly contained in a
pand’s ligt of elements are relative to this origin. Similarly, the eements within a group have
position values based on the group’s upper-, left-most position being (x = 0, y = 0). The x-
coordinate is postive incrementing from |eft to right. The y-coordinate is positive incrementing
from top to bottom.

The*navigation” from one pane to another panel is done by the controller getting the next panel as
contained in the panel Li nk attribute of the DDI element Ddi Panel Li nk. The user selectingthe
Ddi Panel Li nk element does not result in any user action that retrieves the panel. Instead, the
controller itself has to requests the panel in the Ddi Panel Li nk by using the operations
Get Ddi Panel , Get Ddi El enent or Get Ddi El ement Li st.

Panels and groups can have background colors, pictures or patterns. A pattern could take the form
of atiled sequence of icons, thiswould allow for textured appearances

Panels and groups can also have audio/video content streamed in real-time. When an audi oVi deo
atribute is given in DDI data, a DDI Controller can use the audio video stream for background
video, etc. If theaudi oVi deo attributeisvalid, aDDI Controller should consider audi oVi deo as
higher priority to “background picture’, “ background pattern” and “ background color”.

Furthermore, panels and groups can have audio content streamed in real-time. When an Audi o
atribute is given in DDI data, a DDI Controller can use the audio stream for background music,
€tc.

For DDI elements having the (optional) sound attribute a controller should give that sound priority
over the (audio part) of the background audio/video or audio content (if present).

5.12.4 Basic DDI Types

The data types described here are used in a number of other DDI data structures and are not
necessarily associated with a particular element type or attribute type.

DdiElementType

Definition
t ypedef ushort Ddi El enent Type;

Description

The particular ushort values for the DDI element types are specified in Annex 11.15. The data
type representing each DDI eement type is given in section 5.12.8 Individual DDI Elements.

DdiElementld

Definition
struct Ddi El enentld {
Ddi El enent Type ddi El enent Type;
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ushort ddi El enent Handl e;
H
Description

Ddi El enent | d isused for the identification of any of the DDI elements specified by this section.
The ddi El enent Handl e fidd is defined by the DDI Target. This field is not meant to be
interpreted and should not be modified by the DDI Controller.

A target dways returns the same element for agiven Ddi El enent | d.
Every DDI dement includes a mandatory attribute (in the eement's first field) of type

Ddi El ement | d which is an identifier for that DDI element. See section 5.12.8 Individual DDI
Elements.

DdiContentld

Definition

struct Ddi Contentld {
Ddi Cont ent Type ddi Cont ent Type;
ushort ddi Cont ent Handl e;
ui nt ddi Cont ent Si ze;

1

Description

Ddi Cont ent | d isused for the identification of any DDI content data structure — see section 5.12.5
DDI Content Formats for Ddi Cont ent Type. Theddi Cont ent Si ze field contains the total size
of the content data in bytes. The target may use this size to make appropriate preparations in
anticipation of receiving the actual content data. If the content is empty, ddi Cont ent Si ze should
be equal to 0. Theddi Cont ent Handl e field isdefined by the DDI Target. Thisfield isnot meant
to be interpreted and should not be modified by the DDI Controller. The Ddi Content | d is
returned to the target when the controller requests the value of the content data (via
CGet Ddi Cont ent).

A target dways returns the same piece of content for agiven Ddi Cont ent | d.

DdiElementldList and DdiElementList

Definition

t ypedef sequence<Ddi El ement 1 d> Ddi El enent | dLi st ;
t ypedef sequence<Ddi El enent > Ddi El enent Li st ;
Description

The above types are used for referring to lists of DDI element IDs and elements.

DdiColor

Definition
t ypedef octet Ddi Col or[4];
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Description

The order of the octetsin Ddi Col or is: apha R, G, B (true color). The dphafield shall specify
the trangparency of the pixd with respect to the background. A value of O indicatesthe pixel isfully
trangparent, a value of Oxff indicatesthat the pixel is opaque.

Bitmap and Sound

Definition
t ypedef sequence<octet> Bitmap;
t ypedef seqguence<octet> Sound;

Description

The format and size of a Bi t map will be determined by the data structure within which it is
contained — see section 5.12.5 DDI Content Formats. The width and height of a bitmap should be
no larger than the specified width and height of the DDI element that it is (directly or indirectly)
contained in.

The format and size of a Sound will be determined by the data structure within which it is
contained — see section 5.12.5 DDI Content Formats.

A “bitmap” isasingle image and a“sound” is audio dataidentified by Ddi Cont ent | d. A bitmap
and/or sound can optionally be part of certain DDI e ements and isintended to be asmall amount of
data. For example, a sound may be used to attach short audio output data items to button e ements
for presentation during button presses and releases. Note, bitmaps and sounds are distinct from
media streams being played back in real-time, usually over an extended period of time — see
Audi oVi deo or Audio below. The term “audio/video” will be used when media stream
references are required.

AudioVideo
Definition
struct Audi oVi deo {
SEl D decm
ui nt handl e;
b
Description

Audi oVi deo isused to represent a media stream source on the target associated with the specified
handl e. The handleis specified by the target and could also (but does not need to) be used in a
content icon list. When used in an attribute by the target, Audi oVi deo alows the controller to
setup audio/video media streams using the DCM : Sel ect Cont ent . If a DDI element has audio
audio/video stream content then it must be supported by some DCM (specified by dcn). If the
controller can accept and support media streams then the controller should use Sel ect Cont ent

with the cont ent Type field set to Av.

There is no mandatory audio/video stream format in HAVi DDI.
When an audi oVi deo éttribute is given in DDI data, a DDI Controller can use the audio video

stream for background video, etc.
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Audio
Definition
struct Audio {
SEI D decm
ui nt handl| e;
}
Description

Audi o is used to represent a audio media stream source on the target associated with the specified
handl e. The handleis specified by the target and could also (but does not need to) be used in a
content icon list. When used in an attribute by the target, Audi o alowsthe controller to setup audio
media streams using the DCM : Sel ect Cont ent . If aDDI element has audio stream content then
it must be supported by some DCM (specified by dcnj). If the controller can accept and support
media streams then the controller should use Sel ect Cont ent withthe cont ent Type field set to
Audi o.

There is no mandatory audio stream format in HAVi DDI.

When an Audi o attribute is given in DDI data, a DDI Controller can use the audio stream for
background music, etc.

Label

Definition
t ypedef wstring<l6> Label;

Description

A Label isused within DDI eements from the target to hold textual data meant to be ultimately
interpreted by the human user with which the controller iscommunicating. It isnot intended for the
controller to interpret the contents of a Label or to modify it in a way that would change its
meaning to the human user.

NotificationScope

Definition
enum Noti fi cati onScope { CURRENT, GLOBAL, ADD};

Description

The Not i fi cati onScope type is used as a parameter of Ddi Tar get: : Subscri be and
Ddi Tar get : : ChangeScope that indicates whether the Not i fi cat i onScope should generate
DDI change reports only for elements within the current panel (= CURRENT), for elementswithin all
available panels (= GLOBAL) or for elements within the set of panels retrieved since the last call to
Ddi Tar get : : Subscri be or Ddi Tar get : : ChangeScope (= ADD). The current panel is dways
part of the notification scope.

Interactivity

Definition
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enum I nteractivity {ENABLED, DI SABLED};

Description

Interactive DDI elements include a mandatory interactivity attribute that indicates whether the
element can be used in an interactive (ENABLED) way resulting in defined user actions or in anon-
interactive (DI SABLED) way, not resulting in user actions. For “normally” interactive DDI
dements, Interactivity = D SABLED means that the DDI dement is still visible, but for
instance grayed-out (this is up to the controller). The “normaly” interactive dements are:
Ddi Toggl e, Ddi But t on, Ddi Basi cBut t on, Ddi Set Range, Ddi Ent ry, Ddi Choi ce.

InformTarget

Definition
enum | nf or mrar get {| NCREMENTALLY, COWVPLETE};

Definition

I nf or nirar get indicates whether:

each change to an interactive element, e.g., a DDI _ENTRY being used for text entry,
immediately results in the controller sending an associated user action (I nf or nirar get
= | NCREMENTALLY);

or, the controller waits until the user indicates in a controller-dependent manner that user
input is finished and only then sends the user action (I nf or nTar get = COVPLETE).

DDI eements (like Ddi Ent ry) with thei nf or mlar get attribute set to COVPLETE require
the controller to send a user action back to the target only when the user has finished entering the
information. When and how the controller knows when to send a user action is determined by the
controller. It could be an ENTER button on the remote, typing the ENTER key on akeyboard, etc.

DDI dements (like Ddi Set Range) with the i nfornTarget attribute set to
I NCREMENTALLY require the controller to send the user action back to the target immediately
when the user updates the information. Before possible change reports from the target due to this
user action arrives back at the controller, the user may aready have done more updates. Thiskind
of “type ahead” can be allowed by the controller, but in the case that the user’s input has to be
ignored it is also the controller’ s responsibility to indicate thisto the user. In the case in which the
user’ sinput does not need to be ignored, the controller can send it asawholeto the target as a next
user action. So, for Ddi Set Range thismeansthat even withi nf or nirar get =I NCREMENTALLY, a
user action can indicate achange larger than st epVal ue.

Pattern

Definition

struct Pattern {
ushort hei ght ;
ushort wi dt h;

Ddi Contentld patternBitnapld;
1

Description
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The controller can present groups of elements as small opague blocks on the screen, and can either
make the panel background opague or transparent. The controller has the freedom to display both
standal one e ements and groups in any manner it sees presentable.

The PNG bitmap format, which includes gamma information, can be used to define the
characteristics of the screen. In thisway colorsand brightnesslevelswill appear correct whether the
bitmap isdisplayed on aTV screen or other display device.

Fontsize

Definition
enum Fontsi ze {SVALL, NEDI UM LARCE};

Description

DDI elements can have optiond f ont Si ze suggestions. In case of full capability devices, as a
guideline, MEDI UMsize is specified as 16x32 pixels (two-byte codes such as kanji code are 32x32),
SMALL sizeis specified as 12x24 pixels (two-byte codes are 24x24) and LARGE size is pecified as
20x40 pixds (two-byte codes are 40x40). MEDI UMis the default font size when no f ont Si ze is
specified. In any caseit isrequired that SVALL characters are not larger than MEDI UMand MEDI UM
characters are not larger than LARGE.

Position

Definition

struct Position {
ushort xPosition;
ushort yPosition;

1
Description

The maximum value of Posi t i on components correspond to the safety area Size as specified in
Ddi Panel .

DDI ements can overlap by defining their positions to be a an overlapping relative location and
using transparent bitmaps attributes. DDI elements should not completely hide each other. The
order of Ddi El enent 'sin the panel or group aso indicates the back to front order. If the position
atribute is not specified or if the controller does not handle position or size information, DDI
elements should be rendered in a non-overlapping way.

SafetyAreaPosition

Definition
enum Hori zont al Posi ti on {LEFT, CENTER, RI GHT};
enum Vertical Position {TOP, M DDLE, BOTTOM ;

struct SafetyAreaPosition {
Hori zont al Posi ti on hori zont al Posi ti on;
Vertical Position verti cal Position;

b
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Description

The desired position of the safety area on the physical display of the controller can be specified
using the Saf et yAr eaPosi t i on attribute.

FocusNavigation

Definition

struct FocusNavi gation {
Ddi El enent I d up; Ddi El enent | d down;
Ddi El enentld | eft; Ddi Elementld right;

b

Description

Targets can indicate how a controller may alow the user to navigate between elements using the
FocusNavi gat i on atribute:

DDI eements (not panels and groups) can have optional “focus change” suggestions, which the
controller can use to move the focus on screen. The basic set of directionsis* up, down, left, right”,
but the controller isfree to have its own input device which can map to these concepts (it does not
need to have an IR remote with 4 buttons). Groups will not have navigation suggestions; the only
“suggestion” is the order of the group ID’s in the panel list. The controller navigates between
groupsin this order (or some other order if it has areason to deviate fromthis).

The Ddi El enent | d’sin the FocusNavi gat i on structure should point to DDI dements in the
same panel as the DDI element which containsthe FocusNavi gat i on structure. It isallowed for
the Ddi El enent | d’sto point to the containing DDI e ement itsalf.

DdiTitle

Definition
typedef Ddi Contentld DdiTitle;
Description

Ddi Ti t | e isabitmap used by apane or group to indicate its purpose. Thetitle must be no greater
than 10% of the size of the pand or group.

DdiContentType

enum Ddi Cont ent Type { UNI CODE, PNG HAVi RAW BI TMAP, Al FF_C,
JPEG };

DdiContent

Definition

uni on Ddi Content switch (Ddi ContentType) {
case UNI CODE: wst ri ng uni codeText ;
case PNG Bitmap pngBitmap;
case HAVi RAWBI TMAP:. Bitmap rawBitnmap;
case AlFF_C Sound Al FF_C sound;

case JPEG Bitmap | pegBitnap;
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b
Description

DDI data can include DDI content data: text data, bitmap (image) data and sound data, and indicate
audio/video stream data. DDI content data formeats are divided into two distinct classes: mandatory
formats and optiond formats. The mandatory formats for DDI content data are specified below,
and all DDI Controllers shall at least support the mandatory text format.

5.12.5 DDI Content Formats

5.12.5.1 Text data

All text defined in the DDI eement will bein UNICODE which is specified in the reference [12].

5.12.5.2 Image data

Both PNG , JPEG and HAVi raw bitmap are mandatory DDI content image formats for graphics-
capable controllers.

PNG (Portable Network Graphics)

Details of this format are given in the PNG specification [10]. DDI Controllers are not
required to implement the full PNG specification, there are the following limitations:

Limitations:  (A) the PNG imagefileisrestricted to asingleimage
(B) color type = 3 (index color, max. 8 bit color)
(C) bit depth = 1,2,4,8 (max. 8 bit color)

JPEG

Details of this format are given in the JPEG Internationad Standard, using the JPEG File
Interchange Format (JFIF)[18]. DDI Controllers are not required to implement the full JPEG
specification, there isthe following limitation:

(A) only coding using sequential DCT-based mode is required to be supported

Note that a JPEG image may include a thumbnail, but the HAVi platform is not required to
display it.

HAVi raw bitmap

HAVi raw bitmap, which is defined by HAVI, is dso amandatory DDI content image format.
The HAVi raw bitmap format described below uses the same style IHDR, PLTE chunk
formats described in the PNG specification. An aternative RAAT chunk defined by HAVI is
used instead of the standard IDAT chunk.

A. Filesignature:

Thefirst eight bytes of aHAVi raw bitmap file always contain the following values:
(decimal) 137 72 65 86 105 13 10 26
(hexadecimal) 8948 41 56 69 0d Oa 1la
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(ASCIl Cnotation) \211 H A V i \ \n\032

B. IHDR:
The IHDR chunk must appear first in the bitmap data. It contains:
Width: 4 bytes
Height: 4 bytes
Bit depth: lbyte (vaue:8)
Color type: 1byte (vaue: 3, index color, max. 256 color)
Compression method: 1 byte (value: 255, no compression)
Filter method: lbyte (vaue: 255, noinformation)

Interlace method: 1byte (usng PNG method)

C. PLTE
The PLTE chunk contains from 1 to 256 palette entries, and each entry has athree-byte

series of the form: Red(1 byte), Green(1 byte), Blue(1 byte).

Thefirst entry in PLTE isreferenced by pixel value 0, the second by pixel value 1, etc.
the PLTE chunk may have fewer entries than the bit depth. In that case, any out-of-
range pixel value that found in the RAAT chunk is an error.

D. RdAT:

The RAAT chunk contains the actual image data. To create this data

image scan lines are represented as described in PNG Image layout. The layout and
total size of thisraw data are determined by the fields of IHDR in the PNG

specification.

E. IEND:
The IEND chunk shall appear last, and it's datafield is empty. ThisIEND chunk shows

the end of the HAVi raw bitmap.

5.12.5.3 Sound data

AIFF-C is a mandatory HAVi sound format (AIFF-C is specified in reference [11]). DDI
Controllers are not required to implement the full AIFF-C specification, there are the following

limitations:
Limitations. (A) sample size = 8 hit
(B) samplerate = 22.050 kHz
5.12.6 DDI Mandatory Attributes

The mandatory DDI attributes (rows) for each DDI eement type (columns) are shown in the
following table.

Table 10. Mandatory Attributes of DDI Elements

[
(@]
Mandatory Attributes = = SIS
— > o = [@)]
|l c|l 0| O] = c (&) 0
6%63.&’5@%&3.8“3:
= (@] = — 7] @] o= o — — o x ®© (@]
Elolfl a8 & 63 a6 &l sl
8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8
elemd XXX XX X[X]|X[X|X[|X|X]|X|X
| abel el emNane X | X|X XX X[ X]|X]|X]|X X | X
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hei ght, width

aspect Rati o

el enent s

interactivity

I'i nkBi t mapDdi Content | d
panel Li nk

pressedLabel X
r el easedLabel X
nuntr f St at es

t oggl eSt at es

state

repetition

speed

ani mat i ons
orientation

val ueRange

st epVal ue

val ueSet

i nf or mMrar get
entryType

qualifier

defaul tEntry
maxCharsDigits

choi ceType

choi ceNunber

wrapType

choi ceOri entationType
choi celi st

t ext Ddi Contentld X
current St at us X
el enBi t mapent | d X X

X|X| X

XXX

X|X| X

XXX

X|X|X| X
XX X[ X | X

XXX X | X

XXX X | X

5.12.7 DDI Optional Attributes

The optional DDI attributes (rows) for each DDI eement type (columns) are shown in the
following table.

Table 11. Optional Attributes of DDI Elements

Optional Attributes

X| Ddi Basi cButt on

X| Ddi G oup

X| Ddi Panel Li nk
X| Ddi Button

X| Ddi Toggl e

X| Ddi Ani mati on
X| Ddi ShowRange
X| Ddi Set Range
X| Ddi Entry

X| Ddi Choi ce

X| Ddi Text

X| Ddi St at us

X| Ddi | con

PCSI TI ON
SHOW W TH_PARENT

NI TI AL_FOOUS
BACKGROUND_COLOR
BACKGROUND_PI CTURE_LI NK
BACKGROUND_PATTERN
FOCUS_SOUND_LI NK

x
X

XX X|X

XXX X[ X[X|>X| Ddi Panel

269



HAVi SPECIFICATION Version 1.1

FONTSI ZE

TITLE

AUDI O_VI DEO

AUDI O

XXX X

SAFETY_AREA_PCSI TI ON

XXX X[ X

FOCUS_NAVI GATI ON

HELP_PANEL_LI NK

PRESSED Bl TMAP_LI NK

RELEASED BI TIVAP_LI NK

PRESSED _SOUND LI NK

RELEASED SOUND_LI NK

XXX X | X[ X

SELECT_SOUND_LI NK

VALUE_CFFSET

VALUE_PONER1O

MAX_LABEL

M N_LABEL

CENTER_LABEL

UNI T_LABEL

XXX X X[ XX
XXX XX ([ X

HOTLI NK

X

Note that DEVI CE_| CON BI TMAP, CONTENT | CON BI TVAP,
RECORDED DATETI ME, and BROADCAST _DATETI ME are not listed in this table since they are used
only by the Devi cel con and Cont ent | con data structures defined in section 5.6.2 DCM Data
Sructures. These optional attributes are not used by any of the DDI eements defined in this

section.

OptAttrType

Definition
t ypedef ushort OptAttrType;

Description

The particular ushor t vauesfor the optiona attribute types are specified in Annex 11.16.

OptionalAttribute
union Optional Attribute switch (OptAttrType) {

case
case

case
case
case

case
case
case
case
case
case
case
case

POSI TI ON:

Posi tion

position;

SAFETY_AREA PCSI TI ON:  Saf et yAreaPosi ti on

BACKGROUND_COLOR:
BACKGROUND_PATTERN:

AUDI O VI DEC.
AUDI O
DEVI CE_| CON_BI TMAP:

CONTENT _| CON_BI TVAP:
PRESSED Bl TMAP_LI NK:

RELEASED_BI TMAP_LI NK:

HOTLI NK:
FONTSI ZE:

saf et yAreaPosi ti on;
Ddi Col or
Pattern
BACKGROUND _PI CTURE LI NK:
Ddi Contentl d
Audi oVi deo
Audi o
Bi t map
Bi t map
Ddi Contentld
Ddi Contentld
wst ri ng<256>
Font si ze

backgr oundCol or;
backgroundPatt ern;

backgr oundPi ct ur e;
audi oVi deo;

audi o;

devi cel conBi t map;
content | conBi t nap;
pressedBi t map;

rel easedBi t map;
hot | i nk;

fontSi ze;

PLAYBACK _DURATI ON,
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case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

b

FOCUS_NAVI GATI ON:
| NI TI AL_FOCUS:
SHOW W TH_PARENT:

TI TLE:

VALUE_OFFSET:
VALUE_POVWERI10:
MAX_LABEL:

M N_LABEL:
CENTER_LABEL:

UNI T_LABEL:
FOCUS_SOUND_LI NK:
PRESSED_SOUND_LI NK:

RELEASED_ SOUND_LI NK:

SELECT_SOUND_LI NK:
HELP_PANEL_ LI NK:
PLAYBACK_DURATI ON:
RECORDED_DATETI ME:
BROADCAST_DATETI ME:

Description

FocusNavi gati on focusNavi gati on;

Ddi El emrent | d
bool ean
DdiTitle
short

short

Label

Label

Label

Label

Ddi Contentld
Ddi Contentl d
Ddi Content | d
Ddi Content | d
Ddi El emrent | d

Dat eTi me
Dat eTi me
Dat eTi me

initialfocus;
showW t hPar ent ;
titl eDdi Contentld;
val ueCr f set ;

val uePower 10;
maxLabel ;

m nLabel ;

cent er Label ;

uni t Label ;

f ocusSound;

pr essedSound;

r el easedSound;

sel ect Sound;

hel pPanel Li nk;

pl aybackDur at i on;
r ecor dedDat eTi ne;
br oadcast Dat eTi ne;

All optiona attributes have an associated member of the Opt At t r Type enumerated type.

Those optional attributes that can appear in more than one type of element are described here; some
details may also appear in the description of the elements that use them. Optional attributes that
can appear in only one type of element are described in the sub-section on that particular element.

OptAttrList
t ypedef sequence<Optional Attribute> OptAttrList;

Description
A ligt of optional attributes may be empty.

5.12.8 Individual DDI Elements

DdiElement

Definition

uni on Ddi El enent switch (Ddi El enent Type) {
case DDI _PANEL: Ddi Panel
case DDI _HELP PANEL: Ddi Panel
case DDI _ALERT_PANEL: Ddi Panel
case DDl _GROUP: Ddi Group
case DDI _PANELLI NK: Ddi Panel Li nk
case DDl _BUTTON Ddi But t on
case DDI _BASI CBUTTON: Ddi Basi cButt on
case DDl _TOGEE: Ddi Toggl e
case DDI _ANI MATI ON: Ddi Ani mat i on
case DDI _SHOARANGE: Ddi ShowRange
case DDI _SETRANGE: Ddi Set Range
case DDI _ENTRY: Ddi Entry
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case DDl _CHO CE: Ddi Choi ce choi ce;
case DDI _TEXT: Ddi Text t ext;
case DDl _STATUS: Ddi St at us st at us;
case DDl _| CON: Ddi | con i con;
}
Description

The DDI éement types are specified in Annex 11.15 HAVi DDI Element Types.

DdiPanel

Definition
enum Aspect Rati o {

/'l unknown, or non-standard format (pixel aspect ratio)
UNKNOWN_PI XEL_ ASPECT_FORIVAT,

/'l square pixels (1.0)
SQUARE_PI XEL_ASPECT _FORMNAT,

/1 720 by 576 pixels rendered on a physi cal
/1 4 by 3 display (1.067)
PAL_720 _BY_576_DI SPLAY_4_BY_3_PI XEL_ASPECT _FORNAT,

/1 704 by 480 pixels rendered on a physi cal
/1 4 by 3 display (0.909)
NTSC_704_BY_480_DI SPLAY_4_BY_3_PI XEL_ASPECT_FORNVAT,

/1 720 by 480 pixels rendered on a physi cal
/1 4 by 3 display (0.889)
ARI B_720_BY_480_DI SPLAY_4_BY_3_PI XEL_ASPECT_FORNAT,

/1 720 by 576 pixels rendered on a physi cal
/1 16 by 9 display (1.422)
PAL_720 BY_576_DI SPLAY_16_BY_9 PI XEL_ASPECT_FORVAT,

/1 704 by 480 pixels rendered on a physi cal
/1 16 by 9 display (1.212)
ATSC 704_BY_480_DI SPLAY_16_BY_9_PI XEL_ASPECT_FORVAT,

/1 720 by 480 pixels rendered on a physi cal
/1 16 by 9 display (1.185)
ARI B_720_BY_480_DI SPLAY_16_BY_9_PI XEL_ASPECT_FORVAT

3

struct Ddi Panel ({
Ddi El enent | d el em d;
Label panel Nare;
ushort hei ght ;
ushort wi dt h;
Aspect Rati o aspect Rat i o;

Ddi El enment | dLi st el enent s;
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Opt AttrlList optional s;
1

Description

The Ddi Panel eement can contain groups, pand links, and standalone eements. It cannot
contain other pane dements, though. It has it's own Ddi El enent1d. When using the
Subscri be operation, the device will return the root panel Ddi El enent | d. All panelsarelinked
from this root pandl.

The actuad panel size is not specified, but a safety area on which any full capability controller can
surely display a panel is 640 x 480 pixels, i.e. the upper-left corner as the user faces the deviceis
<0,0>; the lower-right is <639, 479>. If the pand has the attribute of background AudioVideo,
pattern, picture or color, then the background of the panel is displayed on the actua full screen
(e.9., 720 x 480 or 720 x 576 €tc).

The aspect Rat i o attribute shows the aspect ratio of the panel and the controller may or may not
display the panel using this aspect ratio, i.e. a high grade controller might support all aspect ratios
but alow grade controller might support only one aspect ratio for panels.

Optional Attributes
PCsI TI ON—indicates the pand position within the safety area.
SHOW W TH_PARENT — The optiona attribute showW t hPar ent isused to indicate that this
panel, if possible, should be displayed at the sametime asits parent pandl. The parent panel is
defined to be the previous current pandl.
I NI TI AL_FOCUS — This points to the first DDI Element in the panel to be used for focus
navigation.
BACKGROUND _COLCR
BACKGROUND_PI CTURE_LI NK
BACKGROUND_PATTERN
FOCUS_SOUND_LI NK
FONTSI ZE
TI TLE
AUDI O VI DEO
AUDI O
SAFETY_AREA PCSI TI ON

Help Panels and Alert Panels

Description

A help pandl can be used for explanations of functionality or user operations, etc. that do not fit
well on, for example, the current pandl. A help pandl has the same structure as Ddi Panel but its
Ddi El enent Type vaueisDDl _HELP_PANEL.

An dert pand can be used for (large) derts, dialog boxes, etc. that do not fit well on, for example,
the current panel. An dert panel has the same structure as Ddi Panel but its Ddi El enent Type
vaueisDDl _ALERT_PANEL.

In the case of help panels or aert panels, the current panel is not changed even if the controller pulls
new el ements using any of the DDI operations.

273



HAVi SPECIFICATION Version 1.1

DdiGroup

Definition

struct Ddi Goup {
Ddi El enent | d el enl d;
Label gr oupNane;
ushort hei ght ;
ushort wi dt h;
Ddi El enent | dLi st el enent s;
Opt AttrList opti onal s;

b

Description

The Ddi G oup element is used to suggest to the controller that the elements it contains should be
displayed as visualy “together”. Thisgrouping is helpful when the controller has to scale down the
pandl. Groupsindicate to the controller which elements need to appear together —not necessarily at
the same time. A Ddi G oup has its own Ddi El enent | d. Note that panels do not necessarily
contain groups.

A Ddi G oup cannot contain Ddi Panel €ements, but aDdi G- oup can contain another Ddi Gr oup
by referencing its Ddi El enent | d. However, it is not dlowed for targets to construct cyclic
references of groups.

Optional Attributes
PCsI TI ON—indicates the group position within a pandl.
I NI TI AL_FOCUS — This pointsto thefirst DDI Element in the group to be used for focus
navigation.
BACKGROUND COLCR
BACKGROUND_PI CTURE_LI NK
BACKGROUND _PATTERN
FONTSI ZE
TI TLE
AUDI O VI DEO
AUDI O

The background color, picture, audioVideo, and pattern can be chosen to be the background of this
group. Only one of these should be present.

DdiPanelLink

Definition
struct Ddi Panel Li nk {
Ddi El enentld el emd;

Label | i nkName;
ushort hei ght ;
ushort wi dt h;

Interactivity interactivity;
Ddi Contentld [IinkBitmap;
Ddi El enent | d panel Li nk;

Opt At trLi st optional s;

1
Description
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Non-interactive and interactive Ddi Panel Li nks are intended to indicate to the controller which
pand to fetch next. Note that selection of an (interactive or non-interactive) Ddi Panel Li nk does
not imply any retrieval of apanel and neither changesthe current panel.

The bitmap provided with a Ddi Panel Li nk can be used by the controller to represent this item;
how it is presented (as an icon, button, etc.) is up to the controller. If the bitmap is empty, it means
that the bitmap is absent.

A suggestion for GUI designersisto include the Ddi Panel Li nk € ementstogether in one group so
that the controller can display them together. When displaying a scaled-down GUI, the controller
must enable the user to navigate between al DDI eements. How the controller does thisis its
decison.

The recommended size for thel i nkBi t nap isto alow it to be easily displayed on a screen along
with afull size pand. This allows a standard way of displaying DDI elements that are presented
specificdly to the user for navigation purposes.

Optional Attributes
PCSI TI ON
FOCUS_SOUND LI NK
FONTSI ZE
FOCUS_NAVI GATI ON
HELP_PANEL_LI NK

DdiButton

Definition
struct Ddi Button {
Ddi El enrent|ld el em d;

Label pressedLabel ;
Label rel easedLabel ;
ushort hei ght ;

ushort wi dt h;

Interactivity interactivity;
Opt AttrlList opti onal s;

b

Description

The display device determines how the button is presented on the screen. The button element
allows two user actionsto be placed on it and the controller can determine how thisis presented to
the user interacting with this DDI element. A pressrelease button generates a user action when
pressed and one when released. A Ddi But t on isinitidly in released state, during pushing it is
“temporarily” in pressed gtate. In between the user actions PRESS and RELEASE, no other user
actionisallowed.

Optional Attributes
POSI TI ON
FOCUS_SOUND LI NK
FONTSI ZE
FOCUS_NAVI GATI ON
HELP_PANEL_LI NK
PRESSED Bl TMAP_LI NK
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RELEASED BI TMAP_LI NK
PRESSED_SOUND LI NK
RELEASED SOUND LI NK

DdiBasicButton

Definition
struct Ddi Basi cButton {
Ddi El enrentld el emd;

Label but t onName;
ushort hei ght ;
ushort wi dt h;

Interactivity interactivity;
Ddi Contentld buttonBitmap;
Opt At trLi st optional s;

b

Description

This element is used to display alabel or bitmap image for either selection or display only. If the
controller displays the bitmap; it is suggested that it does not display the label. An empty bitmap
means that the bitmap is absent.

Optional Attributes
POSI TI ON
FOCUS_SOUND LI NK
FONTSI ZE
FOCUS_NAVI GATI ON
HELP_PANEL_LI NK
SELECT_SOUND_LI NK

DdiToggle
Definition
struct ToggleState {
Label t oggl eSt at eNane;
Ddi Contentld toggleStateBitnap;
1
struct Ddi Toggl e {
Ddi El enent | d el em d;
Label t oggl eNane;
ushort hei ght ;
ushort wi dt h;
Interactivity interactivity;
ushort numroggl eStates; // ( >1)
sequence<Toggl eSt at e> t oggl eSt at es;
ushort current Toggl eState;// >= 0 and <
numroggl eSt at es
Opt AttrList optional s;
1

Description
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TheDdi Toggl e element allows a choice from several toggle states. A controller isonly required to
show the current toggle state. Thet oggl eSt at eNarre field may betheempty Label . The bitmap
referred to by thei conBi t map field may also be empty. This means that the bitmap is absent.

Optional Attributes
POSI TI ON
BACKGROUND_COLOR—indicatesthe color used for the toggle indicator.
FOCUS_SOUND_LI NK
FONTSI ZE
FOCUS_NAVI GATI ON
HELP_PANEL LI NK

DdiAnimation

Definition

enum RepetitionType {
PLAY_ONCE,
PLAY_REPEATEDLY,
PLAY_ALTERNATI NG

1
struct AninmationState {
Label ani mati onSt at eNane;
Ddi Contentld ani mati onSt at eBi t map;
1
struct Ddi Ani mation {
Ddi El enent | d el em d;
Label ani mat i onNane;
ushort hei ght ;
ushort wi dt h;
Interactivity interactivity;
RepetitionType repetition,
ushort ani mati onSt at eDur ati on;
sequence<Ani mat i onSt at e> ani mat i on;
Opt At trLi st optional s;
b
Description

Thisdement isamultiple image icon which may be used for presenting an animation.

With PLAY_ALTERNATI NG the animation starts playing forwards (in the ascending order of the
ani mat i on sequence) until it reachesthe end of the sequence; it then plays the animation sequence
backwards until it reaches the beginning and then continues going forwards again.

The controller does not have to display the ani mat i onSt at eNanmes when displaying the
associated bitmaps (if these are present; that is: non-empty).

The ani mat i onSt at eDur at i on field is the length of time (in units of 0.1 seconds) that each

element of the animation sequence should be displayed. Theani mat i on sequence should have at
least one member.

Optional Attributes
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POSI TI ON

FOCUS_SOUND_LI NK—used only if interactivity = ENABLED.
FONTSI ZE

FOCUS_NAVI GATI ON—used only if interactivity = ENABLED.
HELP_PANEL_LI NK

SELECT_SOUND_LI NK

DdiShowRange

Definition

enum OrientationType {
LI NEAR_HORI ZONTAL,
LI NEAR_VERTI CAL,
Cl RCULAR

b

struct Ddi ShowRange {
Ddi El enent | d el em d;

Label r angeNane;
ushort hei ght ;
ushort wi dt h;
Interactivity interactivity;
OrientationType orientation;
ushort val ueRange;
ushort st epVal ue;
ushort val ueSet ;
Opt AttrList opti onal s;

1

Description

It is dlowed for controllers to ignore the orientation attribute, however support for at least
LI NEAR_HORI ZONTAL and LI NEAR_VERTI CAL is highly recommended.

Optional Attributes
PGSl TI ON
FOCUS_SOUND LI NK—usedonly ifi nteracti vity = ENABLED.
FONTSI ZE
FOCUS_NAVI GATI ON—used only if i nt er acti vi t y = ENABLED.
HELP_PANEL_LI NK
SELECT SOUND LI NK
VALUE_CFFSET
VALUE_POWERLO
MAX_LABEL
M N_LABEL
CENTER_LABEL
UNI T_LABEL

The values of the val ueG fset (= O) and val uePower 10 (= P) fields alow a controller to
calculatethe “real” value by means of the formula: (V + O)x10° where V=val ueSet .
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DdiSetRange

Definition
struct Ddi Set Range ({

s

Ddi El enent | d

Label
ushort
ushort

Interactivity

el enl d;

r angeNanme;

hei ght ;

w dt h;
interactivity;

OrientationType orientation

ushort
ushort
ushort

I nf or nrar get

Opt At trLi st

Description
ForOrientationType seeDdi ShowRange.

Optional Attributes

PGS TI ON

val ueRange;
st epVal ue;
val ueSet ;

i nf or nTar get ;
opti onal s;

FOCUS_SOUND LI NK—usedonly ifi nt eracti vity = ENABLED.

FONTSI ZE

FOCUS_NAVI GATI ON—used only if i nt er act i vi ty = ENABLED.

HELP_PANEL_LI NK
VALUE_OFFSET
VALUE_PONERLO
MAX_LABEL

M N_LABEL
CENTER LABEL

UNI T_LABEL

The values of the val ueG fset (= O) and val uePower 10 (= P) fields alow a controller to
calculate the “real” value by means of the formula: (V + 0)x10” where V= the current value in
range.

DdiEntry

Definition
enum EntryType { TEXTUAL, NAT_NUMBER, FLOAT, DATE, TI Mg}

uni on EntryFormats switch ( EntryType ) {

b

case TEXTUAL:

wstring<256> entryString;

case NAT_NUMBER: ui nt entrylLiteral;
case FLOAT: fl oat entryFl oat;
case DATE: Dat eTi e entryDat e;
case TI ME: Dat eTi e entryTi ne;

enum Qual i fier {CONCEAL, VI SIBLE}
struct DdiEntry {
Ddi El enentld el emd;
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Label ent r yNane;
ushort hei ght ;

ushort wi dt h;
Interactivity interactivity;
EntryType entryType;
Qualifier qualifier;

I nf or mrar get i nfornilarget;
EntryFormats currentEntry;
ushort maxCharsDi gi ts;
Opt At trLi st opti onal s;

3
Description

Inthe case of ent ryType DATE, only the [year/month/day] fields of the Dat eTi ne structure can
be used; the other Dat eTi ne fields are ignored.

Inthe case of ent ryType TI Mg, only the [hour/min/sec] fields of the Dat eTi e structure can be
used; the other Dat eTi ne fields are ignored.

TheQual i fi er attribute determines whether characters within the entry field should be displayed
or concedled, e.g. for PIN entry.

The maxChar sDi gi t s field contains the maximum number of characters or digits that can be
entered by the user. The field should be ignored for the FLOAT, DATE and TI ME entry types.

Optional Attributes
POSI TI ON
BACKGROUND_COLOR—indicates the color used for the entry indicator.
FOCUS_SOUND LI NK—usedonly ifi nteracti vity = ENABLED.
FONTSI ZE
FOCUS_NAVI GATI ON—used only if i nt er act i vi ty = ENABLED.
HELP_PANEL_LI NK

DdiChoice

Definition

struct Choi ceEl enent {
Label choi ceNane;
Ddi Contentld choi ceBit mapDdi Cont ent | d;
bool ean el enent St at us;

}

enum Choi ceType {LESS THAN, EQUAL, MORE THAN};
enum W apType {DONT_CARE, STOP_AT BORDERS, WRAP_AROUND} ;
enum Choi ceOri entati onType {

HORI ZONTAL,
VERTI CAL

b

struct Ddi Choice {
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Ddi El enent | d el enl d;

Label choi ceNane;
ushort hei ght ;

ushort w dt h;
Interactivity interactivity;
Choi ceType choi ceType;
ushort choi ceNunber ;
W apType wr apType;

Choi ceOri ent ati onType choi ceOri entati onType;
sequence<Choi ceEl enment > choi celLi st;
Opt At trLi st opti onal s;

3

Description

Refer to the user action associated with the choice DDI eement to see how it returns the list of
choices made or only returns the single choice (radio button). The el enent St at us field of the
Choi ceEl ement structure indicates the current status of this choice element, i.e. Tr ue indicates
chosen, Fal se indicates not chosen. A graphics capable controller does not need to show thelabels
when displaying the supplied bitmaps (if these are present; that is: non-empty).

A controller that cannot show al choice elements at once, shows only a subset. Depending on the
wr apType éttribute. For the value WRAP_AROUND, the controller continues with showing the first
elements next to the last dements (and the other way around). For the value STOP_AT _BORDERS,
the controller stops showing at border (first and last) elements. The choi ceQri ent ati onType
attribute indicates whether the choice elements should be rendered next to each other or below each
other. A controller is alowed to ignore this attribute, however support for this attribute is highly
recommended.

Thechoi ceNunber together withthechoi ceType define how many e ements from the total
number of € ements the user is expected to select.

Thechoi ceLi st sequence should not be empty.

Optional Attributes
POSI TI ON
FOCUS_SOUND LI NK—usedonly ifi nteracti vity = ENABLED.
FONTSI ZE
FOCUS_NAVI GATI ON—used only if i nt er act i vi t y = ENABLED.
HELP_PANEL_LI NK

DdiText

Definition

struct Ddi Text {
Ddi El enrentld el emd;
ushort hei ght ;
ushort wi dt h;
Interactivity interactivity;
Ddi Contentld textContent;
Opt At trLi st opti onal s;

b

Description
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The text DDI dlement is used if the device only wants to display text, with no user entry of text.
Textua data can contain newline characters and can have at most 40 characters horizontally; a
vertical (line) limit is not needed since the controller can use scrolling if necessary. Ddi Text can
also be used as an interactive field that would be atext string that isa“ hot link”.

Optional Attributes
PCSI Tl ON
FOCUS_SOUND LI NK—usedonly ifi nteracti vity = ENABLED.
FONTSI ZE
FOCUS_NAVI GATI ON—used only if i nt eract i vi t y = ENABLED.
HELP_PANEL_ LI NK
SELECT_SOUND_LI NK
HOTLI NK —if present indicates that the text contains a URL address. It isacontroller option
whether to link to the addressed site or not.

DdiStatus

Definition
struct Ddi Status {
Ddi El enrentld el emd;

Label st at usNane;
ushort hei ght ;
ushort wi dt h;
ushort current St at us;
Opt At trLi st optional s;

}

Description

This dement is used to inform the controller and user that the target (device) is“busy”. Thiswould
provide GUI functions such as“hourglass’, “barber pol€’, incrementing bar, etc.

The current St at us field indicates if the controller should show the element as “working” (=1)
or not working (=0). A controller is alowed to obscure (that is: hot render) a*“not working” Status
element. It is Hill useful for targets to specify such kind of eement for reserving already the
required space when it is eventual ly switched to “working”.

Optional Attributes
POSI TI ON
FONTSI ZE
HELP_PANEL_LI NK

Ddilcon

Definition
struct Ddilcon {
Ddi El enrentld el em d;

Label i conNane;
ushort hei ght ;
ushort wi dt h;

Interactivity interactivity;
Ddi Contentld iconBitnap;
Opt AttrlList opti onal s;
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Description

Thiselement is used to display a bitmap image for either selection or display only. If the controller
displays the bitmap; it is suggested that it does not display the label. An empty bitmap means that
the bitmap is absent.

Optional Attributes
PGSl TI ON
FOCUS_SOUND LI NK—usedonly ifi nteracti vity = ENABLED.
FONTSI ZE
FOCUS_NAVI GATI ON—used only if i nt er act i vi t y = ENABLED.
HELP_PANEL_LI NK
SELECT SOUND LI NK

5.12.9 DDI Action Data Structures

DD actions are only defined for interactive DDI elements. Actions can be placed on DDI elements
when the DDI dlement has the controller focus. How and when the focusis placed on a particular
DDI eement is up to the controller. Typically, the focus would be shown by highlighting a box
around the DDI element or changing its color.

The DDI actions correspond to the DDI element types. In this way, the User Act i on operation
can check the action taken is on the correct type of €lement.

ActType

Definition

enum Act Type {
ACT_BUTTON, ACT_TOGGLE, ACT _SETRANGE, ACT_ENTRY,
ACT_CHO CE, ACT_SELECTED, ACT_ANI NATI ON

b

Description
These action types correspond with the DDI element typesin the following way:

Table 12. DDI Action Types

Action Type
(Act Type)

Ddi ShowRange
Ddi Set Range

Ddi Entry
Ddi Choi ce
Ddi St at us
Ddi | con

Ddi Ani mat i on

Ddi Panel

Ddi G oup

Ddi Panel Li nk
Ddi Basi cButt on
Ddi Toggl e

Ddi Text

x| Ddi Button

ACT_BUTTON

x

ACT_TOGELE

ACT_ANI MATI ON X

ACT_SELECTED X X X X X

ACT_SETRANGE X

ACT_ENTRY X

ACT_CHOl CE X
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Note that the user actions of the indicated types only hold for DDI dements with the
i nteractivity attribute set to ENABLED.

ActButton
enum Act Butt on { PRESS, RELEASE};

ActToggle
t ypedef ushort ActToggl e;

Indicates the state that has been set (>=0and < nr _of _st at es).

ActAnimation
t ypedef short Act Ani mati on;

Description

This vaue indicates the sequence number (starting from 0) of the Ani nat i onEl enent that the
user has sdlected. In case the Repet i ti onType is PLAY_ONCE, the vaue -1 indicates that the
complete animation sequence has been shown to the user without sdecting any specific element
(note that this is not a genuine user action). Any further (genuine) user selections will result in an
indication of thelast Ani mat i onEl enent .

ActSetRange
t ypedef ushort Act Set Range;

Indicates the value that has been set (>= 0 and <=val ue_r ange).

ActEntry
typedef EntryFormats ActEntry;
Indicates the entry value.

ActChoicelList
t ypedef sequence<ushort> Act Choi celLi st;

Each number in Act Choi ceLi st corresponds with the index of the “checked” entry; in case of
single choice, Act Choi ceLi st contains only one number (the one selected).

ActSelected
t ypedef bool ean Act Sel ected; // dunmy val ue

DdiAction
uni on Ddi Action switch (ActType) {
case ACT_BUTTON Act Button button;
case ACT_TOGGLE: Act Toggl e toggl e;
case ACT_ANI MATI ON: Act Ani mati on ani nati on;
case ACT_SETRANCE: Act Set Range set Range;

case ACT_ENTRY: ActEntry entry;
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case ACT_CHA CE: Act Choi ceLi st choi celLi st;
case ACT_SELECTED:. Act Sel ect ed sel ect ed;

H
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5.12.10 Resource Limitations

Thefollowing safe parameter size limits apply to DDI elements and associated data structures:

Table 13. DDI Resource Limitations

DDI Data Structure Safe Parameter Size Limit

Ddi El enent | dLi st defined by the relevant elements and APIs
Ddi El ement Li st defined by the relevant elements and APIs
Bi t map no limitation imposed by DDI

Sound no limitation imposed by DDI

Label wst ri ng<l6>

Uni codeText wst ri ng<1024>

Hot I i nk wst ri ng<256>

ActEntry wst ri ng<256>

Act Choi celLi st 64 ushort values

OpAttrList 16 Opti onal Attri but e values

Ddi Panel . el ement s 256 Ddi El ement | d values

Ddi Group. el enent s 256 Ddi El enent | d values

Ddi Ani mat i on 32 Ani mat i onEl enent values

Ddi Choi ce. choi celLi st 64 Choi ceEl enent values

5.12.11 Data Driven Interaction API

DdiTarget::Subscribe

Prototype

Status Ddi Target:: Subscri be(
in Oper at i onCode opCode,
in Noti fi cati onScope scope,
out Ddi El ement | d r oot Panel

)

Parameters

OpCode —theQper at i onCode provided by the controller. Thisisthe vaue that the target
will placein the operation code of aNot i f yDdi Change message it sendsto the controller.
scope —indicates whether the target should generate DDI change reports only for the current
panel and the elements within it (=CURRENT), for al panels and the elements within them
(=GL0BAL) or for dementswithin the set of pandlsretrieved sincethelast call to

Ddi Tar get : : Subscri be or Ddi Tar get : : ChangeScope (= ADD). The current pandl is
always part of the notification scope.

r oot Panel —theDdi El ement | d of theinitial (root) pand.

Description

Indicates to the target that this controller is starting a DDI subscription; i.e., that the target’ sDDI is
going to be used by this controller. The target returnsan initial or root panel. Note, the root pane
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need not be the same for every Subscri be. A Subscri be asoindicates to the target to which
controller it has to send back Not i f yDdi Change messages. Note, the controller can use the fact
that the SEID of the sender of a message — here the controller —isaways part of amessage and is
available to the receiver — here the target (see the MsgCal | back callback in section 5.3.3
Messaging System API). In the case where the target is a DCM, Subscri be aso enables that
DCM to tell other system components whether it is “in use” (e.g., to the DCM Manager which
might want to uningtall the DCM).

After subscription the “ current panel” is defined to be the root panel. Thereafter the“ current pandl”
is the panel which the controller most recently pulled using Get Ddi Panel , Get Ddi El enent or
Cet Ddi El enent Li st . If more than one pand is pulled by the Get Ddi El enent Li st then the
panel that isthe last in the list will be the current pandl.

If the controller triesto pull a DDI element not within the current notification scope (CURRENT or
ADD), the element is returned but the error code Ddi Tar get : : ENOT_CUR is returned warning that
the controller will not receive change notifications for this DDI element.

Error codes
Ddi Tar get : : ENO_SUB— no DDI subscription is possible; e.g., thetarget has run out of the
resources necessary to keep track of another simultaneous subscription

DdiTarget::Unsubscribe

Prototype
Status Ddi Target: : Unsubscri be()

Description

Indicates to the target that a currently open subscription from this controller has ended. The target
will no longer send Not i f yDdi Change messagesto this controller.

Error codes
Ddi Tar get : : ENO_SUB— no subscription for the DDI of thistarget is currently open from
this controller

DdiTarget::GetDdiElement

Prototype

St atus Ddi Tar get: : Get Ddi El enrent (
in Ddi El enent1d el enentl d,
out  Ddi El enent el ement

)

Parameters
el enent | d —the Ddi El enent | d of therequested DDI element.
el enent —the requested DDI element returned.

Description
Pulls the requested DDI element from the target.

Error codes
Ddi Tar get : : ENO DEI —unknown Ddi El enent | d

287



HAVi SPECIFICATION Version 1.1

Ddi Tar get : : ENO_SUB —ho subscription for the DDI of thistarget is currently open fromthis
controller

Ddi Tar get : : ENOT_CUR— scope violation, the pulled DDI element is not within the current
notification scope; the element, however, is till returned

DdiTarget::GetDdiPanel

Prototype

St at us Ddi Tar get : : Get Ddi Panel (
in Ddi El enent | d el ement | d,
out Ddi Panel panel ,

out Ddi El ement Li st el enent Li st

)

Parameters
el enent | d —the Ddi El enent | d of apanel element.
panel —thepanel referredto by el enent | d.
el ement Li st —the elements contained in that panel list for the DDI element structures. The
order of theelementsinel enent Li st must correspond to the order of el enent s inthe
Ddi Panel gructure specified by el enent | d. The safe parameter sizelimit is 256
Ddi El enent vaues.

Description

Pulls the requested pand and its DDI elements from the target. Note that only elements directly
associated with the pand are pulled (i.e., eements associated with any groups inside the panedl are

not pulled).

Error codes
Ddi Tar get : : ENO_DEI —unknown Ddi El enent | d
Ddi Tar get : : ENO_PANEL —el enent | d isnot the Ddi El enent | d of apanel element
Ddi Tar get : : ENO_SUB —no subscription for the DDI of thistarget is currently open from this
controller

DdiTarget::GetDdiGroup

Prototype

St atus Ddi Target: : Get Ddi Group(
in Ddi El enent | d el enent | d,
out Ddi Group group,

out Ddi El enent Li st el ement Li st

)

Parameters
el ement | d —theDdi El enent | d of agroup element.
gr oup —thegroup referred to by el enent | d.
el ement Li st —the elements contained in that group list for the DDI element structures. The
order of theelementsin el enent Li st must correspond to the order of el enent s inthe
Ddi Gr oup gtructure specified by el enent | d. The safe parameter sizelimit is 256
Ddi El ement values.

Description
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Pulls the requested group and its DDI elements from the target. Note that only elements directly
associated with the group are pulled (i.e., elements associated with any groupsinside the group are

not pulled).

Error codes
Ddi Tar get : : ENO DEI —unknown Ddi El enent | d
Ddi Tar get : : ENO GROUP—el enent | d isnhot the Ddi El enent | d of agroup element
Ddi Tar get : : ENO_SUB —ho subscription for the DDI of thistarget is currently open fromthis
controller
Ddi Tar get : : ENOT_CUR— notification scope violation, the pulled group element is not within
the current panel; the group and its e ements, however, are still returned

DdiTarget::GetDdiElementList

Prototype

St at us Ddi Tar get :: Get Ddi El enent Li st (
in Ddi El enent | dLi st el enent | dLi st ,
out Ddi El erent Li st el enent Li st

)

Parameters
el ement | dLi st —an arbitrary list of Ddi El ement | d values. The safe parameter sizelimit is
256 Ddi El enent | d values.
el enent Li st —the corresponding list of DDI element structures returned. The safe parameter
sizelimitis256 Ddi El enent values.

Description

Pulls the requested arbitrary list of DDI elementsfromthe device. Any type of DDI element can be
retrieved with this operation, including Ddi Panel and Ddi Gr oup. Itisup to the controller how to
use the data once retrieved. In the case of ADD notification scope mode, al loaded panels should be
added to the scope of the DDI Controller.

If one or more of the Ddi El enent | d are unknown from the target, the ENO DEI error code is
returned. In such case, the output element list contains al the eementsthat could be found

Error codes
Ddi Tar get : : ENO_DEI —unknown Ddi El enent | d
Ddi Tar get : : ENO_SUB —ho subscription for the DDI of thistarget is currently open fromthis
controller
Ddi Tar get : : ENOT_CUR— notification scope violation, one or more of the pulled DDI
elements are not within the current panel; the elements, however, are still returned

DdiTarget::GetDdiContent

Prototype

St atus Ddi Target:: Get Ddi Content (
in Ddi Contentld ceid,
out Ddi Cont ent cont ent

)

Parameters
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cei d — theDdi Cont ent | d of the requested content.
cont ent —theregquested content (i.e. text, bitmap or sound data) returned.

Description
Pulls the requested content from the target.

Error codes
Ddi Tar get : : ENO DEI —unknown Ddi Cont ent | d
Ddi Tar get : : ENO_SUB —ho subscription for the DDI of thistarget is currently open fromthis
controller

DdiTarget::ChangeScope

Prototype
St at us Ddi Tar get : : ChangeScope (

in Noti fi cati onScope scope
)

Parameters
scope — the new scopeto be used by the DDI Target for this DDI Controller

Description

Modifies on the target side the notification scope of the controller. Theinitial scope after the call of
Ddi Tar get : : ChangeScope contains only the current panel except when set to GLOBAL which
containsall panels.

Error codes
El NVALI D_PARAMETER—invalid scope
Ddi Tar get : : ENO_SUB —no subscription for the DDI of thistarget is currently open from this
controller

DdiTarget::UserAction

Prototype

Status Ddi Target: : User Acti on(
in Ddi El emrent 1 d el enent | d,
in Ddi Acti on action,
out Ddi El ement | d t ar get Panel ,

out Ddi El enment | dLi st report,
out Ddi El enment | dLi st del et edPanel Li st

)

Parameters
el enent | d —the Ddi El enent | d of the DDI element associated with the user action.
act i on —the user action information.
t ar get Panel —the pand that the target suggests to the controller. It isrecommended that the
controller retrievethet ar get Panel (if not aready retrieved beforehand) and show it to the
user.
repor t —the change report for thisaction: thelist of Ddi El enent | d’sof DDI e ements that
changed due to this user action. The safe parameter Szelimit is256 Ddi El enent | d values.
del et edPanel Li st —list of Ddi El enent | d’sof type Ddi Panel that are no longer

290



HAVi SPECIFICATION Version 1.1

available at the target.

Description

Sent by the controller to the target to indicate the user action the controller performed on the
specified DDI eement. The response from the target indicates which DDI eements changed dueto
this user action. Implicit changesin DDI eementsthat are already known to the controller (e.g., the
vaue change in a DdiSetRange element) should not be reported by the target to that controller, if
the target accepts the action. If the target does not accept, the report should indicate the DDI
element with the correct value. The target however needs to take these changes into account (if the
user action was accepted).

Ther eport result will have avalue based on the notification scope requested by the controller. In
the case where scope equals CURRENT, report will only contain changes within the current
pandl. In the case where scope equals GLOBAL, r epor t will contain all changes within the target
DDI data. In the case where scope equals ADD, r eport will contain changes within the set of
panels retrieved since the last cdl to Ddi Tar get : : Subscri be or Ddi Tar get : : ChangeScope.
In case of no changes, r epor t will be empty.

Any non-organizationa target DDI element that changes and is within the current notification
scope will be included in the change report. If DDI eements are added to or removed from
organizationa target DDI elements then these organizational elements will be included in the
change report sent by the target to the controller. If both non-organizational and organizational
target DDI elements are changed, both changes will be included.

At ar get Panel can be used by the target for (large) aerts, dialog boxes, etc. that do not fit well
on, for example, the current panel. In case the controller aready retrieved this panel beforehand
(e.g. in case scope equals GLOBAL) it dill indicates that this panel contains important information
for the user. Thet ar get Panel can, but does not need to be, a different panel than the current
panel (the panel most recently retrieved by the controller).

GUI updates can be reported by the target to the controller via User Action andlor
Not i f yDdi Change. However, the DDI Controller shall not send the next message to the DDI
Target until it receivesthe report of the User Act i on.

The del et edPanel Li st containsalist of “deleted” panels. A controller should not render these
panels anymore. It is recommended for the controller to render the target pand ingead. It is
required for targets that no valid pand contains a pand link to a deleted pand. A
del et edPanel Li st can of course be empty and should not contain the root panel.

Error codes
El NVALI D_PARAMVETER—Invalid act i on
Ddi Tar get : : ENO DEI —unknown Ddi El enent | d
Ddi Tar get : : ENO_SUB —ho subscription for the DDI of thistarget is currently open fromthis
controller
Ddi Tar get : : ENOT_CUR— notification scope violation, the specified DDI element is not
within the current notification scope

<Client>::NotifyDdiChange

Prototype
Status <Cient>::NotifyDdi Change(
i n Ddi El enentld t ar get Panel ,
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i n Ddi El enent | dLi st report,
i n Ddi El enent | dLi st del et edPanel Li st

)

Parameters
t ar get Panel —the pand that the target suggeststo the controller. It isrecommended that the
controller retrieve thet ar get Panel (if not already retrieved beforehand) and show it to the
user.
repor t —the change report for this notification: thelist of Ddi El enent | d’sof DDI elements
that changed (since the previous change report within the current subscription or, if thisisthe
first change report, since subscription) in the target. The safe parameter size limit is 256
Ddi El enent | d values.
del et edPanel Li st —list of Ddi El enent | d’sof typeDdi Panel that are no longer
available at the target.

Description

During the subscription, the target (O i ent) can send a “message back” to the subscribing
controller. Sucha Not i f yDdi Change messageis sent by the target to the controller to providea
change report that indicates which of the target’s DDI elements have changed “spontaneously”.
Note, the target knows the controller from the sender’s SEID contained in the message
(Ddi Tar get : : Subscri be), that is required to have been sent by the controller to the target in
order to open the current subscription with the target. The operation code value to be used for the
Not i f yDdi Change messageisthe opCode parameter of Ddi Tar get : : Subscri be.

Ther eport result will have avalue based on the notification scope requested by the controller. In
the case where scope equals CURRENT, report will only contain changes within the current
pandl. In the case where scope equals GLOBAL, r epor t will contain all changes within the target
DDI data. In the case where scope equals ADD, r eport will contain changes within the set of
panels retrieved since the last call to Ddi Tar get : : Subscri be or Ddi Tar get : : ChangeScope.
In case of no changes, a notification with an empty r epor t can be used by the target to indicate a
(different) t ar get Panel .

Any non-organizationa target DDI element that changes and is within the current natification
scope will be included in the change report. If DDI eements are added to or removed from
organizational target DDI elements then these organizational elements will be included in the
change report sent by the target to the contraller. If both non-organizational and organizational
target DDI eements are changed, both changeswill be included.

A tar get Panel can be used by the target for (large) derts, dialog boxes, etc. that do not fit well
on, for example, the current panel. In case the controller already retrieved this pand beforehand
(e.0. in case scope equals GLOBAL) it till indicates that this panel contains important information
for the user. Thet ar get Panel can, but does not need to be, a different panel than the current
panel last retrieved by the controller.

Thedel et edPanel Li st containsalist of “deleted” panels. A controller should not render these
panels anymore. It is recommended for the controller to render the target panel instead. It is
required for targets that no valid pand contains a pand link to a deleted pand. A
del et edPanel Li st can of course be empty and should not contain the root panel.
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5.13 APIs for Versioning

5.13.1 Services Provided

Service Comm Locality Access
Type
Version::GetVersion M global all

5.13.2 Version Control API

Version::GetVersion

Prototype
St at us Version: : Get Ver si on(out Version version)
Description

All software elements are required to support Get Ver si on. This function returns the version
number of the software eement which is queried. This vaue will reflect the version of the HAVi
specification to which the software element was designed.

Get Ver si on returns the version information of the software element which implements this

function. For display purposesversonsarewritten asrmaj or . m nor inbase 10. Theserules shdll
be followed:

The major value ranges from 1 to 255 (inclusive) with no leading zeros

The minor value ranges from 0 to 99 (inclusive)

Shall be displayed with aleading zero for values between 1 and 9, inclusive
Shall never have any trailing zeros

Example Chart for Version Control

major minor display
1 0 1.0

1 1 1.01

2 5 2.05

20 12 20.12
20 50 20.5

20 100 illegal

The version valueis encoded into four bytes asfollows:

Table 14. Version Number Encoding

msb Isb
byte 3 byte 2 byte 1 byte O

0x00 major 0x00 minor

Asan example, 00 06 00 OC hex would indicate Version 6.12.
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5.14 APIs for Bulk Transfer

The Messaging System does not guaranty the ability to transfer very large messages. “Very large”
can have different meanings according to the target (FAV or IAV) design. Since IAV's implement
HAVi infull native code and according to the TAM specification, bulk transfer (with restrictions) is
possible by providing flow control through the IEEE 1394 specification. However for FAVsit is
more difficult since there is no way the Messaging System can provide flow control for a target
software eement. Consequently the TAM receiving a very large message may not be able to
allocate memory as needed.

The problem is solved through an APl which takes place over the Messaging System. Any
component which participatesin bulk data transfers, is recommended to designits AP according to
thefollowing rules:

aproducer API has to offer away for the client to indicate the maximum size of incoming
messages it can accept

a consumer APl has to offer a way for the client to indicate the maximum size of
incoming messages it can accept

both APIs have to offer away to partition bulk data transfersinto a set of messages

According to the previous rules, the following example shows the design of an APl whichisableto
manage bulk transfer.

This hypothetical APl allows any client to send (receive) bulk datato (from) a container. Only one
container can be open a atime. Since severa containers may exit, the client must first perform an
QpenCont ai ner cal. Through this cal the client gives the name of container to open, the
maximum message size it can process and an operation code the target module will use to send to
the client (see 5.1.1- “Message Back”). The target modul e returns back the maximum message Size
it can process.

Once the OpenCont ai ner call is performed the client can start bulk data transfer using the
Wit el nCont ai ner cal. The client will perform this cdl as often as necessary — i.e., the bulk
data to be written is split into several messages. Each message size has to fit within the maximum
size condraint given by the target module as the return value of the QpenCont ai ner cal. A
parameter is used to signdl to the target whether the transfer is tarting, running or done. To control
the incoming flow the target module can send the response (dtatus) of the incoming call
(Wit el nCont ai ner ) whenitisready to accept the next part of the bulk data transfer.

The target module can also sart bulk datatransfer to the client. It callsthe method identified by the
operation code previoudy given by the client through the OQpenCont ai ner call. Thetarget module
will perform this call as many times as needed —i.e. the bulk data to be written to the client will be
split into several messages. Each message size hasto fit within the maximum size congtraint given
by the client as input parameter of the QpenCont ai ner call. A parameter is used to signal to the
client whether the transfer is starting, running or done. To control the incoming flow the client can
send the response (status) of the incoming call when it is ready to accept the next part of bulk data
transfer.

The client can stop atransfer at any time using d oseCont ai ner .

enum { START, M DDLE, END } Location;
11
/1 if the data fits into one nessage
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/! the END value will be used

St at us OpenCont ai ner (
in wstring container Nane,
in long clientMessageMaxSi ze,
i n OperationCode clientOpCode,
out | ong target MessageMaxSi ze)
11
/] Status return code: SUCCESS, BADNAME, ALREADYOPEN

Status Wit el nContai ner(
in Location |oc,
sequence<oct et > dat aPart)
11
/] Status return code: SUCCESS, NOTAVAI LABLE

voi d C oseContainer(in wstring containerNane)

The following prototype has to be implemented by the client to alow the target module to send
bulk datatransfers:

Status <client OpCode>(
in Location |oc,
i n sequence<octet> dataPart)
11
/] Status return code: SUCCESS, NOTAVAI LABLE
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6 APIs for Functional Component Modules

In this section, APIs for Functional Component Modules will be described. These APIs are, for
example, APIs for controls specific to the VCR functions within a device, such as PLAY,
RECORD, €tc.

In the HAVi Architecture, these APIs are sent from an gpplication to the Functional Component
Modules, and trand ated to a native language there. The native language command is then sent from
the FCM to the appropriate target device.

6.1 FCM Data Types

ForwardSpeed

enum For war dSpeed {
PLAY_PAUSE,
SLOVNEST_FORWARD,
SLOW FORWARD 5,
SLOW FORWARD 4,
SLOW FORWARD 3,
SLOW FORWARD 2,
SLOW FORWARD 1,
FAST FORWARD 1,
FAST FORWARD 2,
FAST_FORWARD 3,
FAST_FORWARD 4,
FAST_FORWARD 5,
FASTEST _FORWARD

1

For war dSpeed vaues represent forward speed modes of tape and disc devices. Let X1 be normal
play speed. The actua speeds encoded by the these values have the following restrictions:

X1 < FAST_FORWARD 1 < FAST FORWARD 2 < FAST FORWARD 3 < FAST FORWARD 4
< FAST_FORWARD 5 < FASTEST FORWARD

SLOWEST_FORWARD < SLOW FORWARD 5 < SLOW FORWARD 4 < SLOW FORWARD 3 <
SLOW FORWARD 2 < SLOW FORWARD 1 < X1

PLAY_PAUSE indicates the mode in which the device continuoudy produces a stream consisting of
the same frame of video content. It isusudly caled “ill” mode.

ReverseSpeed

enum Rever seSpeed {
SLOWEST _REVERSE,
SLOW REVERSE 5,
SLOW REVERSE 4,
SLOW REVERSE_3,
SLOW REVERSE 2,
SLOW REVERSE 1,
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X1_REVERSE,
FAST REVERSE_1,
FAST _REVERSE_2,
FAST _REVERSE_3,
FAST _REVERSE 4,
FAST_REVERSE_5,
FASTEST REVERSE

b
Rever seSpeed values represent reverse speed modes of tape and disc devices. The actua speeds
encoded by the these values have the following restrictions (X1_ REVERSE indicates normal reverse

speed):

X1_REVERSE < FAST REVERSE 1 < FAST REVERSE 2 < FAST REVERSE 3 <
FAST_REVERSE_4 < FAST_REVERSE_5 < FASTEST REVERSE
SLOWEST_REVERSE < SLOW REVERSE 5 < SLOW REVERSE_4 < SLOW REVERSE_3 <

SLOW REVERSE_2 < SLOW REVERSE_1 < X1_REVERSE

SkipDirection
enum Ski pDirection { FORWARD, REVERSE };

Ski pDi rect i on controlsthe direction of skipping in tape and disc devices.

SkipMode

enum Ski phbde {

FRAME, SCENE, TRACK,

VI SS, GOP, | NDEX, SKIP,

PHOTO_PI CTURE, PROGRAM

MARKER, RELATI VE_TI ME, ABSCLUTE_TI ME
3
Ski pMode controls the unit of skipping in tape and disc devices.

FRAME —video frames

SCENE — video scenes

TRACK —tracks (disc devices only)

VI SS—VHS Index Search System (tape devices only)

QCP — MPEG “group of pictures’

I NDEX —index values (an index indicates the position marker used to search for the starting
position of arecorded program, or a user-specified position in aprogram. In the case of DVCR,
an index indicates an index ID defined by the HD Digital VCR Conference. In the case of D-
VHSVCR, anindex indicates an index flag recorded on the medium. For other devices, | NDEX
and MARKER may be equivalent).

SKI P —skip over discarded regions

PHOTO_PI CTURE — photo/picture

PROGRAM— program units

MARKER — markers (amarker indicates the position marker used to search for the starting
position of a data area specified by the user. In the case of D-VHS VCR, amarker indicatesa
marker flag recorded on the medium. For other devices, | NDEX and MARKER may be
equivaent).

ABSOLUTE_TI ME —time (hours.minutes:seconds.frame) from the beginning of the tape or disc
RELATI VE_TI ME —time (hours:minutes.seconds:.frame) from the beginning of the current
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track (disc devicesonly)

TimeCode

struct Ti neCode {
oct et hour ;
oct et m nut e;
oct et sec;

oct et franme;
b
Time code of the form HH:MM:SSFF (hoursminutesisecondsiframes). Each of the
HH,MM,SS,FF is encoded in 8-bit HEX format. Thus, the size of atime code valueis 32 hits. The

most significant bit of hour indicatesasign (minusor plus), where the value of 1 indicatesaminus
sgn.

Example:
“0x01172D0C" = (+) 01h:23m:45s.12f
“0x81172D0OC" = (-) 01h:23m:45s.12f

Valid valuesfor HH: 0-127
Valid vauesfor MM: 0-59
Valid valuesfor SS: 0-59

Therangeof FFis:
0- 24 for PAL-based video content
0 - 29 for NTSC-based video content (drop frame)
0- 99 for audio-only content

If aninvalid Ti meCode vaueis specified as an in parameter to an AP call, an El NVALI D_PARAM
error code may be returned.

WriteProtectStatus

enum WiteProtect Status {
WRI TABLE,
WRI TE_PROTECTED,
NOT_WRI TEABLE,
UNKNOWN_WRI TABLE

VRl TABLE —OK to record on medium

VRl TE_PROTECTED — |loaded medium iswritable but write protected
NOT_WRI TEABLE — loaded medium is not writable (i.e. read-only medium)
UNKNOWN_WRI TABL E —writable status cannot be determined
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6.2 Tuner FCM

The Tuner FCM APIs are meant to be applicable to awide variety of tuners—from tuners used for
analog radio and television to digital tuners such asthosefor ATSC, DVB and DSS.

A Tuner FCM is capable of producing one or more service lists. Each entry in a service list
identifies a selectable entity called a service. The act of selecting a service results in a stream of
some type being associated with an output plug of the FCM. It should be stressed that “ service” is
used herein a very general sense and encompasses both multiplexes of broadcast programs and
components of broadcast programs. For example, aservice could be amultiplex containing several
AV dtreams and data streams (i.e., several broadcast programs), an AV multiplex (i.e, a single
broadcast program), or smply an elementary stream (i.e., a component of a broadcast program).
Whether a Tuner FCM supports selection of program multiplexes and/or program components is
tuner and Tuner FCM dependent. A Tuner FCM may implement an optional APl which exposes
the relationship between a multiplex and its components.

Some tuners are capable of providing descriptions of specific programs being broadcast or
scheduled to be broadcast. For example, digital televison tuners can determine the name and
start/stop times of programs, while some audio tuners can determine the title and artist of music
they receive. These descriptions are called service events. An optiond AP of the Tuner FCM
provides access to a smple form of service event information. (Service events should not be
confused with HAVi events, service events are merely descriptive and do not correspond to, or
trigger, HAVi events))

6.2.1 Tuner Services

Service Comm Locality Access Resv
Type Prot

Tuner::GetServiceListInfo M global all
Tuner::GetServiceList M global all
Tuner::SetServicelList M global all yes
Tuner::GetService M global all
Tuner::GetServiceComponents M global all
Tuner::GetServiceEvents M global all
Tuner::SelectService M global all yes
Tuner::GetSelectedServices M global all
Tuner::GetCapability M global all
TunerServiceChanged E global  Tuner (all)

6.2.2 Tuner Data Structures

ServiceListType

enum Servi celLi st Type {
TUNER_ASSCOCI ATED NAMES,
PROVI DER_ASSOCI ATED_NAMES,
USER_ASSCCI ATED_NAMES,

299



HAVi SPECIFICATION Version 1.1

Description

Each entry in a service list has a name. Ser vi celLi st Type indicates the meaning and possible
usage of the names in the particular service list. For TUNER_ASSOCI ATED NANES, the name is
assigned by the tuner or Tuner FCM and may be directly associated with underlying tuning
frequencies, for example “Channedl 4" or “88.5 MHZ". For PROVI DER_ASSOCI ATED NANES, the
name identifies the service using awell known commercial name or brand, for example“CNN” or
“BBC-1". Often such aname is obtained from the service provider. TUNER_ASSOCI ATED NAVES
and PROVI DER_ASSOCI ATED _NAMES give some means for interoperability between different
tuners (even between tuners of different type). Finaly, USER_ASSOCI ATED NANES are private
names chosen by a user of the tuner. A Tuner FCM is not obliged to provide service lists of all
types, but it shall provide at least one servicelist. Tuners may provide severd lists of the sametype.
Within a service ligt, the names of entries need not be unique unless the list is of type
TUNER_ASSOCI ATED NAIES.

ServiceListinfo
struct ServiceListlinfo {

wWst ri ng<64> title;
Servi celLi st Type type;
ushort nunmentri es;
ui nt si zeH nt;
bool ean user Or der ed;
}
Description

Each service list has a descriptive string — the title — which may be used when displaying the list.
This gtring is constructed by the tuner (or Tuner FCM) in aproprietary manner. The way theligtis
ordered can be used for obtaining a consistent behavior of “channd-up/down” functionaity
(provided by applications) between different tuners. In addition, a service list has a
Servi celLi st Type, as described above, an indication of the number of entries, and avalue called
si zeH nt which gives an upper bound on the number of bytes needed to store the service list.
si zeH nt of aservicelist of type USER_ASSOCI ATED_NAMES should be the maximum number of
bytes that the tuner alows users to set (if Tuner:: Set Servi celLi st is supported). The
user O der ed fidd indicates whether the order of entries in the list has been determined by the
user (Tr ue) or tuner/provider (Fal se).

ServicelLocator
t ypedef sequence<octet, 256> Servicelocator;

Description

Services, and components of services, are associated with an opaque Ser vi ceLocat or assigned
by the tuner or Tuner FCM. It is recommended that service locators be persstent, i.e, a
Servi ceLocat or vaue should sdect the same service regardless of re-powering the tuner or
reinstalling the Tuner FCM. Construction of service locators is proprietary to the tuner or Tuner
FCM; there is no guarantee that a service locator obtained from one Tuner FCM will be resolvable
by another Tuner FCM even when the targeted tuners deal with the same type of broadcast.

Within the context of the Tuner FCM from which it was obtained, a Ser vi ceLocat or actsasa

unique key for aservice. If aservice gppearsin severd lists provided by the FCM, or severa times
inthe samelist, it will have the same locator.
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Service
struct Service {
Servi ceLocator | ocator;
St reanilype type;
octet|[ 3] | anguage;
wst ri ng<32> name;
3
Element Description
| ocat or A value to uniquely identify the service within a Tuner FCM.
type Categorization of the service. For example,
DI G TAL_VI DEO__MPEG2_MP_M. indicates a MPEG2 video
stream while MULTI PLEX__ DVB indicates a collection of streams
such as a transport multiplex or a program multiplex. If the Tuner FCM
is unable to determine a value for t ype. maxBandwi dt h it shall set
this field to 0.
| anguage If the service is associated with a particular language (e.g., audio or
subtitles) this field contains an 1SO-639 three character code. If the
service is not associated with a particular language (e.g., video or a
multiplex containing several audio components) the field may be empty.
name A descriptive name of the service.

Services are used as entries in service lists, but an entry in a service list can aso be empty. Empty
entries can be used to facilitate index-based selection of services in an interoperable way on
different tuners. For example, auser may construct matching service lists on two different tuners by
inserting empty entries to indicate services one tuner can receive but the other cannot. Another use
of thisfacility isin “channel-based” service salection for skipping “ un-receivable’ channels.

uni on ServicelLi stEntry sw tch(bool ean) {

case True: Servi ce service;

case Fal se: ; /] enpty entry in service |ist
1
MuxAction

enum MuxAction { APPEND, REPLACE, REMOVE, CLEAR };
Specifies the multiplexer action to be carried out when a service is selected.

ServiceEvent

struct ServiceEvent {
Servi ceEvent Type type;

wWst ri ng<64> event Nane;
Dat eTi me startTi ne;
Dat eTi e st opTi ne;
wst ri ng<32> event Cat egory;
wstri ng<256> event Descri ption;
}
Element Description
event Nanme A descriptive name of the service event.
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startTi me Start date and time of the service event. The DateTime fields are set to
“ignored” if this information is unavailable.
st opTi e End date and time of the service event. The DateTime fields are set to

“ignored” if this information is unavailable.

event Cat egory

”ow

Text containing category description (e.g., “sports”,
An empty string if unavailable.

movie, “news”).

event Descri ption

Text containing extended description. An empty string if unavailable.

ServiceEventType

enum Servi ceEvent Type {
PROGRAM_EVENT,

AV_EVENT,

AUDI O_EVENT,

DATA _EVENT,

UNKNOWN_EVENT,

i

Element

Description

PROGRAM_EVENT

The event name identifies a broadcast program such as a television or
radio program. Start and stop times indicate the duration of the
program. Contents of the event description are unspecified but could
include names of actors, director, date of production, plot outline etc.

AV_EVENT

The event name identifies an AV clip such as a piece of video being
shown in a television news program. Start and stop times indicate the
duration of the broadcast of the AV clip. Contents of the event
description are unspecified but could include date and location of the
clip etc.

AUDI O_EVENT

The event name identifies an audio clip such as a piece of music. Start
and stop times indicate the duration of the broadcast of the audio clip.
Contents of the event description are unspecified but could include
names of musicians, composer, recording label, etc.

DATA_EVENT

The event name identifies a data broadcast. Start and stop times
indicate the duration of the broadcast. Contents of the event description
are unspecified.

UNKNOWN_EVENT

Contents of the event name, start and stop time, and description are
completely unspecified.

ServiceEventPeriod

enum Ser vi ceEvent Peri od{

EV_CURRENT,
EV_CURRENTNEXT,
EV_TCDAY,
EV_VEEK,

EV_ALL,

Element

Description

EV_CURRENT

Current event information for a service.

EV_CURRENTNEXT

Current event information and next event information for a service.

EV_TODAY

Event information for the current date for a service.
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EV_VEEK Event information for the week starting at the current date for a service.

EV_ALL All available event information for a service.

TunerCapability

enum Tuner Capability {
SET_SERVI CE LI ST,
GET_SERVI CE_COVPONENTS,
CGET_SERVI CE_EVENTS CURRENT,
CGET_SERVI CE_EVENTS CURRENT _NEXT,
CGET_SERVI CE_EVENTS_TODAY,
CGET_SERVI CE_EVENTS WEEK,
CGET_SERVI CE_EVENTS _ALL,

i

6.2.3 Tuner API

Tuner::GetServiceListinfo

Prototype
Status Tuner:: Get Servi ceLi st nf o(
out sequence<ServicelListlinfo> |ist)

Parameters
list — alistof servicelist descriptors. The safe parameter sizelimit is 16
Ser vi ceLi st I nf o values.

CGet Servi ceLi st I nf o returns a list of service list descriptors (Ser vi celLi st | nf o values) for
the service lists available from a Tuner FCM. Thereturned list shall contain at least one servicelist
descriptor.

Tuner::GetServiceList

Prototype
St at us Tuner: : Get Servi celLi st (
in ushort |istNunber,
in ushort first,
in ushort entries,
out sequence<ServicelListEntry> |ist)

Parameters
I'i st Nunber —specifiesthelist number of the servicelist to be returned.
first —specifiesthe number of thefirst entry to read (O indicatesfirst of thelist).
ent ri es —specifiesthe number of entriesto read (0 indicates al).
list — alistof services. The safe parameter sizelimit is4 kBytes.

Description

This AP returns the service list indicated by |i st Nunber . This value is an index into the
sequence returned by Get Ser vi celLi st | nf o, S0, for example, thel i st Nunber vaue of 0 would
obtain the first service list. The locators within the service list can be used when issuing the
Tuner : : Sel ect Servi ce API. Within a service list of type TUNER_ASSOCI ATED NAMES or
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PROVI DER_ASSQOCI ATED NAMES, Ser vi ceLocat or vaues are unique. Components of services
may appear in aservicelis.

The list may be read in chunks by using the parametersfirst andentri es. Inthiscase, | i st

contains only the entries specified by therangefirst andentri es. The APl may return fewer
entries than requested if the request exceeds the end of the complete list or the chunk size exceeds
the safe parameter size.

If the Tuner FCM does not have the capability to provide a service ligt, it shal aways return an
empty service list (list contains no entries) with SUCCESS. In this case Get Ser vi ceLi st I nfo
returns Servicelistinfo of the empty service list. On the other hand, if the Tuner FCM has the
capability to provide aservice list, it will return either anon-empty servicelist with SUCCESS, or
an empty servicelist with ELIST when the servicelist isnot available.

Error codes
Tuner : : ELI ST —if the Tuner FCM cannot currently provideaservicelist for the specified list
number.

Tuner::SetServicelList

Prototype
St at us Tuner: : Set Servi celLi st (
in ushort |istNunber,
i n sequence<ServiceListEntry> [ist)

Parameters
I'i st Nunber —specifiesthelist number of the servicelist to befilled.
list — aligtof services. The safe parameter sizelimitisthesi zeH nt value associated
with the serviceligt (obtained via Get Ser vi celLi st | nf 0).

Description

ThisAPI fillsaservicelist indicated by | i st Nunber , i.e. it replaces the existing contents with the
specified contents. As a dde-effect, this APl aso updates the nunEntries fidd and
user O der ed field (set to Tr ue) of the associated Ser vi ceLi st | nf o for the servicelist.

Thevaueof |i st Nunber isan index into the sequence returned by Get Ser vi ceLi st | nf o, S0,
for example, thel i st Nunber vaue of 0 would specify the first service list. The service list shdll
be of type USER_ASSOCI ATED NAMES. The services within the service list can be constructed
from other service lists obtained viathe Tuner : : Get Ser vi ceLi st API. Components of services
may appear in aservicelig.

Error codes
ENOT_| MPLEMENTED —if the Tuner FCM does not support setting aservicelist.
Tuner : : ELI ST —if the Tuner FCM cannot provide aservice list for the specified list number.
Tuner : : ELI ST_TYPE —if the servicelist for the specified list number is not of type
USER_ASSOCI ATED_NANMES.
Tuner : : ESERVI CE —if one or more of the servicesin the servicelist for the specified list
number are not correct (i.e. locator, type or language cannot be handled by the tuner).

304



HAVi SPECIFICATION Version 1.1

Tuner::GetService

Prototype

St at us Tuner: : Get Servi ce(
in ServicelLocator |ocator,
out Service service)

Parameters
| ocat or — servicefor which stream type information is required.
servi ce —theServi ce sructure for the specified service.

Description

This APl returns the Servi ce for a specific locator. This APl can be used to determine
informeation about locators which have not been obtained from service lists. (For example, locators
obtained via Cet Ser vi ceConponent s, Cet Sel ect edSer vi ces, or the
Tuner Ser vi ceChanged event.) The resulting value of ser vi ce. nane isunspecified (i.e., there
is no implicit reference to a default service ligt). It is alowable that | ocat or not appear on any
service list provided by the Tuner FCM (for example, | ocat or refersto a service component and
the Tuner FCM does not include components in its service lists). However if the Tuner FCM
cannot resolvel ocat or then an error isreturned.

Error codes
Tuner : : ELOCATOR—if the Tuner FCM cannot resolve the locator.

Tuner::GetServiceComponents

Prototype
St at us Tuner: : Get Servi ceConponent s(
in ServicelLocator |ocator,
out sequence<Servi ceLocator> |ist)

Parameters
| ocat or — servicefor which component information isrequired.
l'i st — alist of locators of service components. The safe parameter size limit is 16
Servi ceLocat or vaues.

Description

A service may consist of several components, for example a video stream and severa audio
streams for multiple languages. This API returns a list of components comprising a particular
service available from the tuner. The locators within the list can be used when issuing the
Tuner : : Sel ect Servi ce API. If | ocat or has no components (and the Tuner FCM supports
service components) an empty list is returned.

Error codes
ENOT_| MPLEMENTED —if the Tuner FCM does not support service components.
Tuner : : ELOCATOR—if the Tuner FCM cannot resolve the locator.
Tuner : : EUNAVAI LABLE —if the Tuner FCM cannot currently retrieve service components
for the locator.
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Tuner::GetServiceEvents

Prototype

St at us Tuner: : Get Servi ceEvent s(
in ServicelLocator |ocator,
in ServiceEvent Peri od event Peri od,
out sequence<ServicekEvent> |ist)

Parameters
| ocat or — asarvicelocator identifying the service for which event information is required.
event Peri od —duration of event information requested.
list —alistof service events. The safe parameter sizelimitis8 Ser vi ceEvent valuesif
event Peri od ISEV_CURRENT, 16 Ser vi ceEvent vauesif event Peri od is
EV_CURRENTNEXT, 128 valuesif event Per i od iISEV_TCODAY, 1024 vauesif event Per i od
iISEV_WEEK and 8192 valuesif event Peri od iSEV_ALL.

Description

This API returns alist of events carried by a particular service available from the tuner. Theselists
are for information only; no selection is possible on an event. If | ocat or has no events (and the
Tuner FCM supports service events) an empty list isreturned.

Error codes
ENOT_| MPLEMENTED —if the Tuner FCM does not support service events.
Tuner : : EPERI OCD—thetuner does not support service eventsfor thisevent Per i od (but
does for some other period asindicated by Tuner : : Get Capabi | i ty).
Tuner : : ELOCATOR—if the Tuner FCM cannot resolve the locator.
Tuner : : EUNAVAI LABLE —if the Tuner FCM cannot currently retrieve events for the locator.

Tuner::SelectService

Prototype
Status Tuner:: Sel ect Ser vi ce(
in ServicelLocator |ocator,
in ushort plugNum in MixAction action)

Parameters
| ocat or —specifiesthe serviceto be selected.
pl ughum — the number of an output plug for the FCM.
action — specifiesthe action to be carried out on the output plug. The following values can
be st
APPEND — add (multiplex) the specified service to the output plug.
REPLACE - removedl current services from the output plug, and output the specified service.
REMOVE — remove the specified service from the output plug.
CLEAR — stop the output of all services on the specified plug. In thiscasethel ocat or
parameter will be ignored.

Description

This APl sdlects the service, which isidentified by locator, and outputs (appends or removes, etc.)
it to the specified plug. This API returns after the tuner has been configured according to the
arguments given, regardless of whether or not the tuner has actualy started to send the sdlected
service.
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Once this cdl completes successfully, Tuner: : Get Sel ect edServi ces will return values
appropriate to the tuner's new configuration.

For REMOVE, the locator may refer to a service present on the plug or to a component of a service
present on the plug.

Selecting a service for one plug may preempt a service being delivered to another plug, however it
is recommended that Tuner FCM implementations attempt to minimize such preemption. For
example, suppose an AV multiplex is selected for plugl, the audio component selected for plug2,
and then a different AV multiplex is selected for plugl. At least in the case that both AV
multiplexes belong to the same parent multiplex (e.g. the same DVB multiplex), it is preferable
that internal operation of the tuner be maintained so that the audio component of the second AV
multiplex is output on plug2.

Tuner : : Sel ect Servi ce may change the stream type associated with plugs (as determined via
Dcm : Get St reanType) and soresult ina St r eaniTy peChanged event.

Error codes
Tuner : : ELOCATOR—if the Tuner FCM cannot resolve the locator.
Tuner : : EPLUG—the plug does not exi<t.
Tuner : : EREMOVE —if the REMOVE action is requested when the service is not present on the
specified plug.
Tuner : : ENOT_COVPAT —the plug cannot accept the services that would result from an
APPEND, REPLACE or REMOVE action.

Tuner::GetSelectedServices

Prototype
St atus Tuner:: Get Sel ect edSer vi ces(
in ushort plugNum out sequence<ServicelLocator> |ist)

Parameters
pl ugNum —the number of an FCM output plug.
list —alistof servicescurrently being output. The safe parameter Sizelimitis 16
Servi ceLocat or values.

Description
ThisAPI returnsalist of services currently being output viathe specified plug.
If, through a series of service selections, al the components of a particular service are present on a

plug then 1i st shal contain the locator of the service itsalf and not the locators of the
components.

Error codes
Tuner : : EPLUG—the plug does not exist.

Tuner::GetCapability

Prototype
Status Tuner:: Get Capability(
out sequence<bool ean> capabilityList)
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Parameters
capabi | i tyLi st —alist of capabilities supported by the Tuner FCM. Thei™ member of
capabi | i tyLi st indicatesthe availability of the capability identified by
Tuner Capabi | i ty valuei. The safe parameter sizeis 32 bool ean values.

Description
This API returns the capabilities of the Tuner FCM.

6.2.4 Tuner Events

TunerServiceChanged

Prototype
voi d Tuner Servi ceChanged(
i n ushort plugNum
i n sequence<Servi ceLocator> |ist)

Parameters
pl ugNum —the number an FCM output plug.
li st —alistof servicescurrently being output (after achange occurs). The safe parameter
sizelimitis 16 Ser vi ceLocat or values.

Description

This APl notifies a change in services present on the output plug indicated by the pl ughum
parameter.
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6.3 VCR FCM

6.3.1 VCR Services

Service Comm Locality Access Resv
Type Prot
Vcr::Play M global all yes
Vcr::Record M global all yes
Vcr::FastForward M global all yes
Vcr::FastReverse M global all yes
Vcr::VariableForward M global all yes
Vcr::VariableReverse M global all yes
Vcr::Stop M global all yes
Vcr::RecPause M global all yes
Vcr::Skip M global all yes
Vcr::EjectMedia M global all yes
Vcr::GetState M global all
Vcr::GetRecordingMode M global all
Vcr::SetRecordingMode M global all yes
Vcr::GetFormat M global all
Vcr::GetPosition M global all
Vcr::ClearRTC M global all yes
Vcer::GetCapability M global all
Vcr::GetRejectInfo M global all
VcrStateChanged E global VCR (all)

6.3.2 VCR Data Structures

VcrRecordingMode

enum Vcr Recor di nghbde {
SPEED SP,
SPEED LP,
SPEED EP,
SPEED VP

SPEED_SP —*“standard play” recording mode

SPEED LP—"long play” recording mode

SPEED_EP —"“extended play” recording mode

SPEED VP —“very long play” recording mode. For example, VHS'S-VHS has VP recording
mode for NTSC.

The Vcr Recor di ngMode is specified by the track pitch used for recording.
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VcrTransportMode

enum Vcr Transpor t Mode {
PLAY, RECORD,
FAST_FORWARD, FAST_REVERSE,
VARI ABLE_FORWARD, VARI ABLE REVERSE,
STOP, RECPAUSE, SKIP, NO MED A

H

VcrTransportState

enum TapePosi tion {
BEG NNI NG_OF_TAPE,
END_OF_TAPE,
OTHER_PCSI TI ON,
UNKNOWN,

b

uni on Vcr Transport State switch (VcrTransport Mbde) {
case PLAY: ;
case RECORD: Vcr Recor di nghMode r node;
case FAST_FORWARD:. ;
case FAST_REVERSE: ;
case VAR ABLE FORWARD: For war dSpeed f speed;
case VAR ABLE REVERSE: Rever seSpeed rspeed;
case STOP: TapePosi tion t apePos;
case RECPAUSE: :
case SKI P: Ski pDirection ski pDir;
case NO _MEDI A: :

3

VcrCounterType

enum Vcr Count er Type {
RELATI VE_TI ME, RELATI VE_COUNT,
ABSOLUTE_TI ME, ABSCLUTE_COUNT,

H

RELATI VE_TI ME —arelative time counter value (HH:MM:SS.FF)
RELATI VE_COUNT — arelative counter number (decimd value)
ABSCOLUTE_TI ME —an absolute time counter value (HH:MM:SS.FF)
ABSOLUTE_COUNT —an absolute track number (decimd value)

VcrCounterValue

uni on Vcr Count er Val ue swi tch (Vcr Count er Type) {
case RELATI VE TI MVE: Ti nreCode rel Ti me;

case RELATIVE _COUNT: |ong r el Count ;
case ABSOLUTE TI ME: Ti mreCode  absTi ne;
case ABSOLUTE COUNT: |ong absCount ;

1
VcrRejectCondition

enum Vcr Rej ect Condition {
NO_CASSETTE,
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READ ERR
WRI TE_ERR,

VRl TE_PROTECTED,

END_OF TAPE,

BEG NNI NG_OF_TAPE,
LOCKED,

NO_CONNECTI ON,

CONDENSATI ON,

TRANSI TI ON_NOT_AVAI LABLE,
UNKNOWW,

ABORTED

NO_CASSETTE —ho cassetteisloaded

READ_ERR —the cassette cannot be read (e.g., because of dust or a scratch)

VRl TE_ERR — the cassette cannot be written (e.g., because of dust or ascratch)

VRl TE_PROTECTED — awrite-protected cassette is |oaded

END_OF_TAPE —the current position isthe end of the tape

BEG NNI NG_OF_TAPE —the current position is the beginning of the tape

LOCKED—the VCR is*“hold locked”. (Some portable mobile devices have a small mechanical
toggle switch called a“hold lock switch”. While thisswitchisON, i.e., the VCRis hold
locked, the deviceis guarded against operations such as accidental power on when not in use,
or interruption of play or record from accidental pressing of afront panel button or aGUI
button.)

NO_CONNECTI ON— no device connection exists to the sink FCM plug

CONDENSATI ON —Vvapor condensation has formed

TRANSI TI ON_NOT_AVAI LABLE — vendor dependent functiondity that inhibits the control
command (e.g., the trangition to or from a RECORD mode from any transport state except STOP)
UNKNOWN — an unknown condition exists

ABORTED — the operation invoked is not completed as intended because some other operationis
requested from front panel button, IR remote, or other application, etc.

VcrCapability
enum Vcr Capability {

b

SKI P,
EJECT_MEDI A,
SET_RECORDI NG_MODE,
SPEED EP,

SPEED LP,

SPEED_SP,

SPEED VP,

CLEAR RTC

6.3.3 VCR API

Vcr::Play

Prototype
Status Vcr::Play()

Description
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This API playsthe data on the loaded tape at normal speed.
Error codes

Ver : : EREJECTED—the API could not be executed. Reject conditions may be retrieved via
Ver:: Get Rej ect | nf o.

Vcr::Record

Prototype

Status Vcr:: Record()

Description

This API records data on the |oaded tape according to the current recording mode.

Error codes
Ver : : EREJECTED—the API could not be executed. Reject conditions may beretrieved via
\Ver:: Get Rej ect | nfo.

Vcr::FastForward

Prototype
St at us Vcr: : Fast Forward()
Description

This APl simply fast-forwards the tape (without playing). This fast-forward action is continued
until the next API suchasVer : : Pl ay or Ver : @ St op isissued or the end of the tape isreached.

Error codes
Ver @ : EREJECTED—the API could not be executed. Reject conditions may be retrieved via
Vcr:: Get Rej ect | nf o.

Vcr::FastReverse

Prototype
St at us Vcr: : Fast Reverse()

Description

This APl smply fast-rewinds the tape (without playing). This fast-reverse action is continued until
thenext APl suchasVer : : Pl ay or Ver : : St op isissued or the beginning of the tapeis reached.

Error codes
Ver : : EREJECTED—the API could not be executed. Reject conditions may beretrieved via
Vcr:: Get Rej ect | nf o.

Vcr::VariableForward

Prototype
Status Vcr:: Variabl eForward(in ForwardSpeed speed)
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Parameter
speed —forward speed mode

Description

This API plays the loaded tape back at variable-speeds according to speed. If the target device
does not support the specified FAST_FORWARD x (or SLOW FORWARD x), then the device shdll
interpret it as FASTEST_FORWARD (or SLONEST_FORWARD).

This variable-forward action is continued until the next APl suchasVver: : Pl ay orVer: : Stop is
issued or the end of the tape isreached.

Error codes
Ver : 1 EREJECTED—the API could not be executed. Reject conditions may be retrieved via
Vcr:: Get Rej ect | nf o.
El NVALI D_PARAMETER—speed containsan invdid vaue.

Vcr::VariableReverse

Prototype
Status Vcr::Variabl eReverse(in ReverseSpeed speed)

Parameter
speed —reverse speed mode

Description

This API plays the loaded tape back at variable-gpeeds, in reverse, according to speed. The actua
speeds encoded by the speed have the following restrictions. If the target device does not support
the specified FAST_REVERSE x (or SLOW REVERSE x), then the device shal interpret it as
FASTEST_REVERSE (or SLONEST_REVERSE).

This variable-reverse action is continued until the next APl suchasVer: : Pl ay or Ver: @ Stop is
issued or the beginning of the tapeis reached.

Error codes
Ver @ : EREJECTED—the API could not be executed. Reject conditions may be retrieved via
Vcr:: Get Rej ect | nf o.
Ver : 1 ENOT_SUPPORTED — the target device does not support the specified reverse speed
mode which isany dow reverse or normal reverse.
El NVALI D_PARAMETER —speed containsan invaid vaue.

Vcr::Stop

Prototype
Status Vcr:: Stop()

Description
This API stops all motion of the tape transport mechanism.

Error codes
Ver : : EREJECTED—the API could not be executed. Reject conditions may beretrieved via
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\Ver:: Get Rej ect | nfo.
Vcr::RecPause

Prototype
St at us Vcr:: RecPause()

Description

This APl pauses the recording operation. This pause action is stopped when the next APl such as
Vcr:: RecordorVer: : St op isissued.

Error codes
Ver @ 1 EREJECTED—the API could not be executed. Reject conditions may be retrieved via
Vcr:: Get Rej ect | nf o.

Ver::Skip

Prototype
Status Vcr:: Skip(
in SkipDirection direction,
in Ski pMode node, in uint count)

Parameters
di recti on—direction to skip
nmode — skip mode
count —number of itemsto be skipped, in accordance with the node parameter. If node is
TI MVE, the format of this parameter isthe same asthe count er Val ue parameter for the
Ver:: Get Posi ti on API (in the casethat the count er Type iISRELATI VE_TI ME or
ABSCLUTE_TI ME). Seethe\Ver : : Get Posi ti on APl below.

Description

This AP fast-forwards (fast-reverses) the tape in the skip-mode specified by the node parameter,
skipping the number of items specified by the count parameter.

The SUCCESS response for this APl should be returned after completion of ski p operation. If the
skip operation is aborted before its completion because of user's operation through the front panel
button, IR remote or the other application, this API returns VCR: : EREJECTED and set the reject
condition to ABORTED.

The VCR should be paused in playback mode immediately after advancing or reversing the
trangport mechanism as the result of invoking this API.

This APl isoptional. Its support can be verified by the Ver : : Get Capabi | ity API.

Error codes
ENOT_| MPLEMENTED —the target device does not support skip capability.
Ver : : EREJECTED—the API could not be executed. Reject conditions may beretrieved via
Vcr:: Get Rej ect | nf o.
Ver @ 1 ENOT_SUPPORTED —the target device does not support the specified skip mode.
El NVALI D_PARAMETER—sKi pDi r ect i on, ski pMbde or count contain invalid values.
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Vcr::EjectMedia

Prototype

Status Vcr:: Ej ect Medi a()

Description

This API gectsthe currently loaded tape fromthe VCR.

Error codes
ENOT_| MPLEMENTED —the target device does not support the gect capability.
Ver @ : EREJECTED—the API could not be executed. Reject conditions may be retrieved via
Vcr:: Get Rej ect | nf o.

Vcr::GetState

Prototype
Status Vcr:: Get St at g
out VcrTransportState state)

Parameters
st at e —gtatus of the VCR' stransport mechanism

Description
This API returns the current status of the VCR’ s trangport mechanism (playing, recording, etc.)

Vcr::GetRecordingMode

Prototype
St at us Vcr:: Get Recor di nghMbde(out Vcr Recor di ngMbde node)

Parameters
nmode — recording mode

Description

This AP returns the current recording mode. This recording mode applies to record operations
started by the Ver @ : Recor d APl and set by theVer : : Set Recor di nghbde API.

Vcr::SetRecordingMode

Prototype
Status Vcr:: Set Recor di ngMbde(i n Vcr Recor di nghvbde node)

Parameters
nmode — s pecifiesthe recording mode

Description

This API sets the recording mode. This recording mode applies to record operations started by the
Vcr: : Record API.
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This APl isoptional. Its support can be verified by the Ver : : Get Capabi | ity API.

Error codes
ENOT_| MPLEMENTED —the target device does not support setting the recording mode.
Ver : : EREJECTED—the API could not be executed. Reject conditions may beretrieved via
Vcr:: Get Rej ect | nf o.
Ver : : ENOT_SUPPORTED — the target device does not support the requested recording mode.

Vcr::GetFormat

Prototype
St at us Vcr: : Get For mat (
out Medi aFormat!ld format,
out WiteProtectStatus witeStatus)

Parameters
f or mat —theformat of the tape loaded in the VCR. See Annex 11.10 for possible values
wri t eSt at us —write protect status of the tape loaded inthe VCR

Description

This API returns information concerning the tape loaded in the VCR (tape type, whether the tape
can be recorded to, etc.)

Error codes
Ver @ 1 EREJECTED—the API could not be executed. Reject conditions may be retrieved via
\Ver:: Get Rej ect | nfo.

Vcr::GetPosition

Prototype
Status Vcr:: Get Position(
i n Vcr Count er Type type, out VcrCounterVal ue val ue)

Parameters
t ype —specifies the type of counter value to be returned
val ue —the counter value returned

Description
This API returns the current value of the counter.

At least one of the counter types should be supported. If type is not supported then
Ver:: Get Posi ti on returnsVer : : ENOT_SUPPORTED.

Error codes
Ver : : EREJECTED—the API could not be executed. Reject conditions may beretrieved via
\Ver:: Get Rej ect | nfo.
Ver @ 1 ENOT_SUPPORTED —the target VCR does not support the counter type.
El NVALI D_PARAMETER—count er Type containsininvalid value.
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Vcr::ClearRTC

Prototype
Status Vcr::d earRTC()

Description

This API clears (setsto 0) the value of therelative (time) counter. Timer counters are optional, their
support can be verified by the Ver @ : Get Capabi lity API.

Error codes
ENOT_| MPLEMENTED — the target device does not support timer counters.
Ver : : EREJECTED—the API could not be executed. Reject conditions may be retrieved via
\Ver:: Get Rej ect | nfo.

Vcr::GetCapability

Prototype

Status Vcr:: GetCapability(
out sequence<bool ean> capabilityLi st,
out sequence<Medi aFornat | d> pl ayFor mat s,
out sequence<Medi aFornmat | d> recor dFor mat s)

Parameters
capabi | i tyLi st —alist of capabilities supported by the VCR Functional Component
Module. Thei™ member of capabi | i t yLi st indicates the availability of the capability
identified by Vcr Capabi | i t y vauei. The safe parameter sizeis 32 bool ean values.
pl ayFor mat s —thetape formats the VCR is capable of playing. The safe parameter size limit
is4 Medi aFor mat | d values.
r ecor dFor mat s —the tape formats the VCR is capable of recording. The safe parameter size
limitis4 Medi aFor mat | d values.

Description
This API returns the capabilities of aVVCR Functional Component Module.

Vcr::GetRejectInfo

Prototype
Status Vcr:: GetRejectlinfo (
out sequence<Vcr Rej ect Condition> rejectedConditions,
out QOperationCode rejectedOpcode,
out sequence<Vcr Rej ect Condi ti on> current Rej ect Condi ti ons)

Parameters
rej ect edCondi ti ons — contains one or more conditions for which the latest
Ver : : EREJECTED error occurred. It isindependent of whether the conditions causing the
error gtill exist or have disappeared. Only if no Ver : : EREJECTED error has occurred will the
list be empty. The safe parameter sizelimitisnVer Rej ect Condi t i on values, wherenisthe
number of membersof Vcr Rej ect Condi ti on.
rej ect edOQpcode —the operation code of thelast invoked AP that caused a
Ver @ @ EREJECTED status. Undefined in caser ej ect edCondi t i ons isempty.
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current Rej ect Condi ti ons —contains one or more conditionsthat currently exist that
would cause one or more APIsto return Ver : : EREJECTED. If no reject conditions currently
exist thelist will be empty. The safe parameter sizelimitisn Ver Rej ect Condi ti on values,
where nisthe number of membersof Vcr Rej ect Condi ti on.

The possible reject conditions for each VCR API service are listed below.

Service Possible Conditions

Ver:: Play NO CASSETTE, READ ERR,
END OF TAPE, LOCKED,
CONDENSATI ON,
TRANSI TI ON_NOT_AVAI LABLE

Vcr: : Record NO CASSETTE, WRI TE_ERR,

VRl TE_PROTECTED, END_OF_ TAPE,
LOCKED, NO_CONNECTI CON,
CONDENSATI CON,
TRANSI TI ON_NOT_AVAI LABLE

Vcr: : Fast Forward NO _CASSETTE, END OF TAPE, LOCKED,
CONDENSATI CON,
TRANSI TI ON_NOT_AVAI LABLE

Vcr: : Fast Rever se NO_CASSETTE, BEG NNI NG_OF_TAPE,
LOCKED, CONDENSATI ON,
TRANSI TI ON_NOT_AVAI LABLE

Vcr:: Vari abl eForward NO_CASSETTE, END _OF_TAPE, LOCKED,
CONDENSATI ON,
TRANSI TI ON_NOT_AVAI LABLE

Vcr:: Vari abl eRever se NO_CASSETTE, BEG NNI NG_OF_TAPE,

LOCKED, CONDENSATI ON,
TRANSI TI ON_NOT_AVAI LABLE
Ver:: Stop NO_CASSETTE, LOCKED
Vcr : : RecPause NO CASSETTE, WRI TE_PROTECTED,
LOCKED, CONDENSATI ON,
TRANSI TI ON_NOT_AVAI LABLE
Ver:: Ski p NO CASSETTE, LOCKED, END OF TAPE,
BEG NNI NG_OF TAPE, CONDENSATI ON,
TRANSI TI ON_NOT_AVAI LABLE, ABORTED
Ver:: Ej ect Medi a NO CASSETTE, LOCKED,
CONDENSATI ON,
TRANSI TI ON_NOT_AVAI LABLE
Vcr : : Set Recor di nghbde LOCKED, TRANSI TI ON_NOT_AVAI LABLE

Vcr : : Get For mat CONDENSATI ON
Vcr:: Get Position NO CASSETTE, CONDENSATI ON
Vcr:: O ear RTC LOCKED

Description

This API returnsinformation on the conditions that caused or could cause \Ver : : EREJECTEDto be
returned as aresult of the VCR APIs.
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6.3.4 VCR Events

VcrStateChanged

Prototype

voi d Vcr St at eChanged(
in VcrTransportState state,
in MediaFormatld format)

Parameters
st at e —gatus of the VCR' strangport mechanism
f or mat —format of tape currently loaded in the VCR
Description
This API natifies of changesin the state of aVVCR' s transport mechanism.

6.3.5 VCR Notification Attributes

Vcr::currentState

Attribute
struct VcrCurrentState {
Vcr Transport State state;
Medi aFor mat | d f or mat ;
} currentState
Description

New setting of Ver Tr anspor t St at e.

Vcr::recordingMode

Attribute
Vcr Recor di ngMbde node

Description
New setting of recording mode.

Vcr::counterSet

Attribute
bool ean count er Set /! the value is irrel evant

Description

Setting of the counter. Only useful with comparator ANY. Relates to reset (to zero) or setting of a
specific vaue, eg. via front panel operation. Normd increase or decrease of the counter is not
notified.
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Vcr::condensation

Attribute
bool ean condensati on

Description

Indicates whether vapor condensation has been detected in the VCR.
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6.4 Clock FCM

6.4.1 Clock Services

Service Comm Locality Access Resv
Type Prot
Clock::GetDateTime M global all
Clock::SetDateTime M global all
Clock::GetTimezone M global all
Clock::SetTimezone M global all
Clock::EnableAutoDST M global all
Clock::IsEnabledAutoDST M global all
Clock::GetCapability M global all
Clock::CreateTimer M global all
Clock::GetTimerState M global all
Clock::SetTimerState M global all
Clock::DeleteTimer M global all
<Client>::TimerFired MB global Clock (all)

The Clock FCM provides a set of APIsfor querying clocks and setting their values. The APIsallow
for clocks of varying capability. Examples of capabilitiesinclude salf-power (e.g., battery powered
clocks) and the ability to automaticaly reset.

Clocks are in one of two gates: 1) normd running state, and 2) in need of reset. When in the
running state the clock will return the current time (and possibly date and time zone). When in the
“needs reset” state, the clock will not return the current time. Transition from “needs reset” to
running occurs via d ock: : Set Dat eTi ne or automaticaly if the clock has the capability to
“lock” onto an externaly provided time signd.

Some clocks may aso support timers. Timers can be set to fire at a specified time and date. When a
timer firesit sendsa<d i ent >: : Ti ner Fi r ed message to the SEID which set the timer.

6.4.2 Clock Data Structures

Timezone

struct Tinmezone {

short gm O fset; /1in mnutes

bool ean DST;
1
Time zones are represented by an offset, measured in minutes, from Greenwich Mean Time. The
offset is poditive to the east and negative to the west. To convert from GMT to the local time, the
time zone is added, taking the sign of the offset into account. The DST flag indicates whether day
light savings time is in effect or not. If times were measured in elgpsed minutes from some

reference time, the formula for converting from a GMT time to alocal time would be: | ocal =
gmt + gntOffset + (DST * 60)
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ClockCapabilityStatus

enum C ockCapabi l i tyStatus {

NOT _SUPPORTED,
MANUAL_UNSET,
MANUAL_SET,
AUTOMATI C

H

d ockCapabi | i t ySt at us vaues indicate the capability of the various date, time and time zone

fields of a Clock FCM:

NOT_SUPPORTED —thefield is not supported by the Clock FCM

MANUAL _UNSET —the field is manually settable but has not been set

MANUAL _SET —the field is manually settable and has been set

AUTOVATI C—thefield isautomaticaly set by hardware (or the Clock FCM), manual setting of
the value may be overwritten by the automatic setting

ClockCapability

struct O ockCapability {
Cl ockCapabi | i tySt at us
Cl ockCapabi l i tyStatus
Cl ockCapabi l i tyStatus
Cl ockCapabi l i tyStatus
Cl ockCapabi l i tyStatus
Cl ockCapabi l i tyStat us
Cl ockCapabi l i tyStat us
Cl ockCapabi l i tyStatus
Cl ockCapabi | i tySt at us
Cl ockCapabi | i tySt at us
bool ean

b

year;
nont h;

day;

dayOf Week;
hour ;

m nut e;

Sec;

nNsec;

ti nmezone;
DSTEnabl eSt yl e;
sel f Power ed;

A Clock FCM implementation is required to support hour and minute fidds (i.e, the
d ockCapabi | 'i t ySt at us valuesfor these fields shall not be NOT_SUPPORTED).

The sel f Power ed flag indicates whether the clock will continue to run if the hosting device

looses power.

Timerld
t ypedef ushort Tinerld;

6.4.3 Clock API

Clock::GetDateTime

Prototype

Status O ock:: Get Dat eTi ne(out Dat eTi me dateTi ne)

Parameters

dat eTi me —the Dat eTi ne valueto which the clock is currently set

Description
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Cl ock: : Get Dat eTi e obtains the current date and time from the clock. If all values of the
Dat eTi ne structure are not set, this APl will return d ock: : EUNSET. If at least one valueis s&t,
dat eTi ne will be returned with unset values set as “ignored”.

Error codes
d ock: : EUNSET —the clock has not been set

Clock::SetDateTime

Prototype
Status O ock:: Set Dat eTi me(i n DateTi ne dateTi ne)

Parameters
dat eTi me —theDat eTi e value used to set the clock

Description

d ock: : Set Dat eTi nme sets the current time of the clock. If a Dat eTi ne field within the clock
was previoudy set and the corresponding input Dat eTi ne field is set as “ignored”, the field will
remain set with its previous value.

For the clock to be validly set, the following conditions must apply:

All supported time fields (hour, mi nut e, sec, nmsec) must become, or previously have
been, set.

If supported, the year, nonth and day fields may optionally be set, but they must
become set as complete group. In this case the day Of Week field isignored.

If dayOf Week is supported, and the year, nonth and day are not set, then the
dayOf Week field may be set.

If the clock does not become validly set, O ock: : ESET isreturned.

Changing the dat eTi e of the Clock may put thef i r eTi ne of one or more of the timersinto the
past. All timerswith their f i r eTi ne put into the past will be fired immediately.

Error codes
C ock: : ESET —invalid Dat eTi ne value

Clock::GetTimezone

Prototype
St at us d ock:: Get Ti nezone(out Ti mezone nyZone)

Parameters
my Zone —the time zone currently used by the clock

Description

C ock: : Get Ti mezone obtains the current time zone from the clock.
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Error codes
d ock: : EZONE —the clock does not support time zones
C ock: : EUNSET —the time zone has not been set

Clock::SetTimezone

Prototype
Status d ock:: Set Ti nezone(in Ti nezone myZone)

Parameters
nmyZone —the Ti nezone vaue used to st the clock
Description

d ock: : Set Ti mezone setsthetime zone of the clock. Note that the day light savings time can be
turned on and off by using A ock: : Get Ti mezone followed by O ock: : Set Ti nezone with the
DST flag switched.

Error codes
d ock: : EZONE —the clock does not support time zones
d ock: : ESET —invalid Ti nezone vaue

Clock::EnableAutoDST

Prototype
St at us O ock: : Enabl eAut oDST(i n bool ean enabl e)

Parameters
enabl e —aboolean flag
Description

d ock: : Enabl eAut oDST controls whether or not the clock will perform automatic DST
adjustment. This request will change the status of Cl ockCapabi | i ty. DSTEnabl eStyl e
to AUTOVATI Cif enabl ed isTr ue andto MANUAL_SET if enabl ed isFal se.

Error codes
d ock: : EAUTO DST —the clock does not support auto DST

Clock::IsEnabledAutoDST

Prototype
Status C ock:: | sEnabl edAut oDST(out bool ean i sEnabl ed)

Parameters
i sEnabl ed —aboolean flag
Description

d ock: : | sEnabl edAut oDST determines whether or not automatic DST adjustment is enabled.
The value of i sEnabl ed isTrue if O ockCapabi | i ty. DSTEnabl eStyl e is AUTQVATI C and
Fal se otherwise.
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Error codes
d ock: : EAUTO DST —the clock does not support auto DST

Clock::GetCapability

Prototype
Status O ock:: Get Capability(out C ockCapability capability)

Parameters
capabi l ity —ad ockCapabi | ity vaue

Description
d ock: : Get Capabi | i ty returnsthe basic capabilities of the clock.

Clock::CreateTimer

Prototype
Status C ock::CreateTiner(out Timerld tiner)

Parameters
timer —id of atimer

Description

C ock: : CreateTi mer returnstheTi ner | d of an unused timer.

Error codes
ENOT_| MPLEMENTED — if the target device does not support timers
d ock: : ENO_ FREE —notimersare available

Clock::GetTimerState

Prototype

Status O ock:: Get Ti mer St at e(
in Timerld tiner,
out QOperationCode opCode,
out DateTine fireTine,
out uint fireval,
out SEI D owner)

Parameters
ti mer —atimerid
opCode —the operation code used to notify the client via<d i ent >: : Ti mer Fi red
fireTi ne —the date and time the timer will fire
fireval —thevauepassedin<Cl i ent >: : Ti ner Fi r ed whenthetimer fires
owner —who set the timer

Description

C ock: : Get Ti mer St at e obtains the data associated with atimer.
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Error codes
ENOT_| MPLEMENTED— if the target device does not support timers
C ock: : ETI MER—t i ner isnotavdid Ti ner 1 d
d ock: : EUNSET —thetimer isnot set

Clock::SetTimerState

Prototype

Status C ock:: Set Ti mer St at e(
inTinerld tiner,
i n QperationCode opCode,
in DateTinme fireTine,
inuint fireval)

Parameters
ti mer —atimerid
opCode —the operation code used to notify the client via<d i ent >: : Ti mer Fi red
fireTi ne —the date and time the timer will fire
fireval —thevauepassedin<Cl i ent >: : Ti ner Fi r ed whenthetimer fires

Description
C ock: : Set Ti mer St at e setsthe data associated with atimer.

In order to set thetimer, al supported Dat eTi e fields must become, or previoudy have been, set.
Otherwise d ock: : ESET isreturned.

If fireTi me isset to atimewhich hasaready passed, the timer will fireimmediately.

Error codes
ENOT_| MPLEMENTED — if the target device does not support timers
C ock: : ETI MER—t i ner isnotavdid Ti ner 1 d
d ock: : ESET —invalid Dat eTi ne value

Clock::DeleteTimer

Prototype
Status Cock::DeleteTiner(in Tinmerld tiner)

Parameters
ti mer —atimerid

Description

C ock: : Del et eTi mer deletesatimer whichisin use. After atimer has been deleted, it shall not
cal<dient>:: TinmerFired.

Error codes
ENOT_| MPLEMENTED — if the target device does not support timers
d ock: : ETIMER—ti mer isnotavaid Ti nerl d
d ock: : ENOT_OWER—the timer is set by another SEID than the caller
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<Client>::TimerFired

Prototype

Status <Cient>::TinmerFired(
in SEID cl ock,
in Timerld tiner,
inuint fireval)

Parameters
cl ock —the SEID of the Clock FCM on which thetimer resides
timer —atimerid
fireval —thevalue specifiedviad ock: : Set Ti ner St at e
Description

A <dient> :TinerFired messageissent by a Clock FCM to the SEID that has set atimer.
The operation code used by the Clock FCM to send this message is that provided by the client
when it invoked d ock: : Set Ti ner St at e. The Ti ner Fi r ed message is sent when the timer
fires, the timer then becomes free. No event or error is generated by the Clock FCM if message
ddivery fails (such as when the target SEID isno longer present).

6.4.4 Clock Notification Attributes

Clock::dateTime

Attribute
Dat eTi ne dat eTi ne

Description
New setting of date and/or time.

Clock::timezone

Attribute
Ti nezone ti nezone

Description

New setting of timezone.

Clock::DSTEnabled

Attribute
bool ean DSTEnabl ed

Description
New setting of DST: Tr ue if enabled, Fal se if disabled.
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6.5 Camera FCM

The HAVi Camera FCM enables an application to control camera functional components located
in devices connected to HAVi network. It provides APIs required to control the camera functional
components with minimal interoperability between various cameras from different manufacturers.

Scope — The HAVi Camera FCM supports both standal one camera devices and camera functional
components inside devices. Examples are the camera portion of camcorders, digita still cameras,
camera devices for of surveillance, and so on. These cameras are classified into “video cameras’
and “still cameras.” A video cameraisadevicethat can be asource of video stream. It takesimages
by its CCD and outputs a raw or compressed video stream with some kind of video signa
processing. A still cameraisadevice that can capture and store still images. The stored images can
be accessed from the application. Moreover, devices exist which support both the video camera
functionality and the gtill camerafunctionality.

The HAViI FCM covers functionality of both video cameras and till cameras.
Note — The current version of HAVi specification does not define APIs for file I/O or transferring
non-streaming data such as gill images stored in acamerain an isochronous way from one FCM to

another. For this reason the HAVi Camera FCM provides APIsfor transferring image datafrom the
FCM to another software element.

6.5.1 Camera Services

Service Comm Locality Access Resv
Type Prot
Camera::Zoom global all yes
Camera::Pan global all yes
Camera::Tilt global all yes
Camera::SetVideoState global all yes
Camera::GetVideoState global all

CameraVideoStateChanged global  Camera (all)

gl = - -l = = I 1 I = B - I

Camera::Shoot global all yes
Camera::GetlmageList global all
Camera::Openlmage global all
Camera::Readlmage global all
Camera::Closelmage global all
Camera::Eraselmage global all yes
Camera::GetCapability global all

6.5.2 Camera Data Structures

ZoomOperation
enum ZoomOperation { TELE, WDE, STOP };

TELE — starts to change zoom factor to get alarger image
W DE — starts to change zoom factor to get asmaller image
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STCP — stop zoom

PanOperation
enum PanQperation { LEFT, RICGHT, STOP };

LEFT — gtartsto pan camerato left
Rl GHT —dtarts to pan camerato right
STOP —stop pan

TiltOperation
enum Tilt Operation { UP, DOAN, STOCP };

UP — startsto tilt camera upwards
DO — startsto tilt camera downwards
STOP —stop tilt

Storedimage
struct Storedl nage {

ushort i ndex;
wstring<l2> imageString;
| mgeTypeld i mageTypel d;
ul ong i magesSi ze;

b

i ndex —unique number that identifies an image stored in the camera

i mageSt ri ng —contains a string intended to describe theimage. It is supplied in aproprietary
way.

i mgeTypel d —one of thevaluesgivenin Annex 11.13. It describes the type of image.

i mageSi ze —sizein bytes of the stored image

CameraCapability

enum Caner aCapability {
ZO0oM
PAN,
TILT,
VI DEO,
STI LL,
SET_VI DEO_STATE

b

6.5.3 Camera API

Camera::Zoom

Prototype
Status Canera:: Zoon(in ZoomOperation zoom

Parameters
zoom—denates the direction of change of the zoom factor
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Description

Caner a: : Zoomprovides application control of the zoom factor of image being shot or to be shot.
The parameter zoom denotes the actual zoom control to be performed. Issuing Zoon( TELE)
causes the camera to change zoom factor continuoudy in the direction that makes the image larger
until Zoon{ STOP) s issued, while Zoon{ W DE) causes the camera to change zoom factor to
make the image smaller. This APl returns ENOT_| MPLEVENTED if the corresponding capability is
not supported.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the zoom capability.
Caner a: : EREJECTED— Thetarget device could not execute the zoom operation.
El NVALI D_PARAMETER— Thevalue of zoomisinvalid.

Camera::Pan

Prototype
St at us Canera:: Pan(in PanQperation pan)

Parameters
pan —denotes the direction of change of the pan

Description

Caner a: : Pan provides gpplication control of the horizontal angle of the camera. The parameter
pan denotes the actua pan control to be performed. Issuing Pan( LEFT) causes the camera to
move or rotate to the left until Pan( STOP) isissued, while Pan( Rl GHT) causesit to moveto
theright. Note that the images on the display screen movein the opposite direction to the parameter
pan. ThisAPI returns ENOT_| MPLEMVENTED if the corresponding capability is not supported.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the pan capability.
Caner a: : EREJECTED— Thetarget device could not execute the pan operation.
El NVALI D_PARAMETER— Thevaue of pan isinvalid.

Camera::Tilt

Prototype
Status Canera::Tilt(in TiltOperation tilt)

Parameters
tilt —denotesthedirection of change of thetilt

Description

Canera:: Tilt provides application control of the vertical angle of the camera. The parameter
tilt denotestheactual tilt control to be performed. Issuing Ti | t (UP) causesthe camerato move
upwards until Ti | t (STOP) isissued, whileTi | t (DOM) causesit to move downwards. Note that
the images on the display screen move in the opposite direction to the parameter ti | t . This API
returns ENOT_| MPLEMVENTED if the corresponding capability is not supported.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the tilt capability.
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Caner a: : EREJECTED— Thetarget device could not execute the tilt operation.
El NVALI D PARAMETER—Thevalueof ti | t isinvaid.

Camera::SetVideoState

Prototype
Status Canera:: Set Vi deoSt at e(i nout bool ean vi deoOn)

Parameters
vi deoOn —identifies whether video is output or not

Description

Caner a: : Set Vi deoSt at e provides application control of the camera's video output. The
parameter vi deoOn denotes the application’s desired sae of video output. Issuing
Set Vi deoState(True) causes the camea to send its video. Issuing
Set Vi deoSt at e( Fal se) turns the video off. This APl returns ENOT_| MPLEMENTED for
target devices or FCMswhich do not have the VI DEO camera capability. If avideo camera does not
support video output on/off functionality then this AP returns ENOT_| MPLEMENTED.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the VI DEO camera capability
(asindicated by Caner a: : Get Capabi | i t y) or it does not support video output on/off
functionality.
Caner a: : EREJECTED— Thetarget device could not change the state of video output. (This
error code shall not bereturned if vi deoOn isTr ue and video output is already on.)

Camera::GetVideoState

Prototype
Status Canera:: Get Vi deoSt at e(out bool ean vi deoOn)

Parameters
vi deoOn —identifies whether video output ison

Description

Caner a: : Get Vi deoSt at e enables an application to know the current state of camera's video
output. The parameter vi deoOn denotes the current state of the video output. This AP returns
ENOT_| MPLEMENTED for target devices or FCMswhich do not have the VI DEO camera capability.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the VI DEO camera capability
(asindicated by Caner a: : Get Capabi i ty).

Camera::Shoot

Prototype
St at us Caner a: : Shoot ()

Description
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ThisAPI isonly valid for target devices or FCMswhich havethe STI LL cameracapability. Issuing
Caner a: : Shoot causesthe camerato shoot an image and storeit in thelocal storage media

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the STI LL camera capability
(asindicated by Caner a: : Get Capabi i ty).
Caner a: : EREJECTED— The target device could not execute the shoot operation.

Note

Note that for a camcorder to record video onto its tape, the appropriate VCR and Stream Manager
APIs must be used to connect the Camera FCM and VCR FCMs. In case the video state of the
CameraFCM isFal se, itisleft to the implementation what will be recorded on tape (black screen,
random dats, ...)

Camera::GetlmageList

Prototype
St at us Canera: : Get | nageli st (out sequence<St or edl mage> ilist)

Parameters
ilist —alist containing indexes of stored images and other information. The safe parameter
sizelimitis50 St or edl nage values.

Description

Caner a: : Get | mageLi st enables an application to get information necessary to manipulate the
images stored in the camera's local storage media. The parameter i | i st contains information
about each image such as file name or number, the data format, the Size, and itsindex number. This
APl isonly vaid for target devices or FCMswhich havethe STI LL camera capability.

The image data stored in the camera may change when new images are shot or old images are
ddeted, whether by Caner a: : Shoot or Caner a: : Er asel nage, or by the user’ sdirect operation
to the device. To avoid having applications read or erase images other than intended due to
inconsistency of the index number of images between applications, the FCM shal not reuse the
index value of erased images for new images shot until all the index values which can be
represented by a 16-bit ushor t integer have run out.

Example:
index image string ImageTypeld size (in Bytes)
1 aaajpg 0x0005 50,000
2 bbb.jpg 0x0005 60,000
5 ccc.bmp 0x0007 300,000

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the STI LL camera capability
(asindicated by Caner a: : Get Capabi i ty).
Caner a: : EREJECTED— Thetarget device could not send theimagelist.
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Camera::Openlmage

Prototype

St at us Caner a: : Openl mage(
in ushort index,
out short iHandle

)

Parameters
i ndex —index of stored image to be opened.
i Handl e —denotes stored image to be salected.

Description

Camer a: : Openl mage is used to establish a data transfer path from a Camera FCM to an
application. The gpplication callsthis APl and prepares a data buffer for receiving image data. The
image desired is specified by an index which can be obtained by Caner a: : Get | nagelLi st before
using this API. The FCM returns the handle of opened image data which is used for actud data
transfer operation by the Caner a: : Readl nage and Carrer a: : O osel nage APIs. Thehandleis
used in case of multiple application access to the same image a the same time, though it is not
necessarily supported by all Camera FCMs. This API is only valid for target devices or FCMs
which havethe STI LL camera capability.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the STI LL camera capability
(asindicated by Caner a: : Get Capabi | i ty).
Caner a: : EREJECTED— Thetarget device could not open theimage.
El NVALI D_PARAMETER—Thevaueof i ndex isinvalid, i.e. the target device does not have
an image corresponding to the index.

Camera::Readlmage

Prototype
St at us Caner a: : Readl mage(
in short iHandl e,
in short datal ength,
out short datal eft,
out sequence<octet> i nagedat a

)

Parameters
i Handl e —denotes the image handle from which image datais read.
dat al engt h —the amount of image data to be transferred specified by the client.
dat al ef t —therest of image datato be transferred after thistransfer.
i magedat a —denotes stored image to be selected. The safe parameter sizelimit is
dat al engt h bytes.

Description

Caner a: : Readl mage alows an application to receive data from the Camera FCM using the
handle opened by Openl nrage APl. The i Handl e value returned by Caner a: : Qpenl mage
denotes the actual source of image data. The application calls Caner a: : Readl mage with the
i Handl e of the desired image, dat al engt h specifiesthe length of datawhichisto betransferred
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as aresponse message to this API call. Thedat al engt h should be determined by the application
related to its buffer sze. The Camera FCM sends back the image data, or possibly the part of image
datathat is requested by the Read| mage cdl. The amount of datathat is specified by dat al engt h
parameter but could not be transferred in the response is returned as the out parameter dat al ef t .
A dat al ef t vaue of zero indicates that al the image data specified by the API cal has been
transmitted. Consequently, in order to acquire an entireimage, an application must call Readl nage
until thesumof (dat al engt h - dat al eft) ineach cal reachesthei mageSi ze of thedesired
image. This APl isonly valid for target devices or FCMswhich havethe STI LL camera capability.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the STI LL camera capability
(asindicated by Caner a: : Get Capabi i ty).
Caner a: : EREJECTED— Thetarget deviceis not ready to send achunk of image data.
El NVALI D_PARAMETER—Thevadueof i Handl e or dat al engt h isinvdid.

Camera::Closelmage

Prototype
Status Canera::d osel nage(in short i Handl e)

Parameters
i Handl e —denotestheimage handle to be closed.

Description

Caner a: : d osel nage is used to terminate the data transfer from the Camera FCM to the
Application. This API is only valid for target devices or FCMs which have the STI LL camera

capability.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the STI LL camera capability
(asindicated by Caner a: : Get Capabi | i ty).
Caner a: : EREJECTED— The target device could not close the image.
El NVALI D_PARAVETER—Thevalueof i Handl e isinvalid.

Camera::Eraselmage

Prototype
Status Camera:: Erasel mage(in ushort index)

Parameters
i ndex — denotes stored image to be erased.

Description

Caner a: : Er asel nage is used by an application to erase an image specified by itsindex in the
cameradevice. The index has to be obtained by calling Caner a: : Get | nageLi st beforethis AP
isused. ThisAPI isonly valid for target devices or FCMswhich havethe STI LL cameracapability.

Error codes
ENOT_| MPLEMENTED — The target device or FCM does not have the STI LL camera capability
(asindicated by Caner a: : Get Capabi | i ty).
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Caner a: : EREJECTED— Thetarget device could not erase theimage.
El NVALI D_PARAMETER—Thevaueof i ndex isinvalid, i.e. the target device does not have
the image that corresponds to the index.

Camera::GetCapability

Prototype
St at us Canera: : Get Capabi | ity(
out sequence<bool ean> capabilityLi st)

Parameters
capabi | i tyLi st —alist of capabilities supported by the CameraFCM. Thei™ member of
capabi | i tyLi st indicatesthe availability of the capability identified by
Caner aCapabi | i ty valuei. The safe parameter Sizeis 32 bool ean values.

Description

Caner a: : Cet Capabi | i ty returnsthe capability of the FCM. An application can get information
about the specific Camera FCM with this APl before using other APIs which the FCM does not

support.

6.5.4 Camera Events

CameraVideoStateChanged

Prototype
voi d Caner aVi deoSt at eChanged(i n bool ean vi deoOn)

Parameters
vi deoOn —identifies the current state of the video output

Description

Caner aVi deoSt at eChanged notifies an gpplication of a change in state of camera's video
output. The parameter vi deoOn denotes the current state of the video output.

6.5.5 Camera Notification Attributes

Camera::videoState

Attribute
bool ean vi deoSt at e

Description

Activation of video signal cameraoutput. Tr ue if thereisavideo signal, Fal se if thereisno video
sgnd.
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Camera::zoom

Attribute
ZoonmOper ati on zoom

Description

Setting of zoom operation.

Camera::pan

Attribute
PanOper ati on pan

Description

Setting of pan operation.

Camera::tilt

Attribute
TiltOperation tilt

Description
Setting of tilt operation.
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6.6 AV Disc FCM

This section specifies APIsfor the AV Disc FCM.
Note: This FCM API supports a set of common operations for isochronous data discs (AV Discs)

only. When these APIs are used for a non-AV Disc (one which has a filesystem), they are not
guaranteed or may be handled in a proprietary manner.

6.6.1 AV Disc Services

Service Comm Locality Access Resv
Type Prot

AvDisc::GetltemList M global all
AvDisc::Play M global all yes
AvDisc::Record M global all yes
AvDisc::VariableForward M global all yes
AvDisc::VariableReverse M global all yes
AvDisc::Stop M global all yes
AvDisc::RecPause M global all yes
AvDisc::Skip M global all yes
AvDisc::InsertMedia M global all yes
AvDisc::EjectMedia M global all yes
AvDisc::GetState M global all
AvDisc::GetFormat M global all
AvDisc::GetPosition M global all
AvDisc::Erase M global all yes
AvDisc::PutltemList M global all yes
AvDisc::GetCapability M global all
AvDisc::GetRejectInfo M global all
AvDiscltemListChanged E global AV Disc (all)
AvDiscStateChanged E global AV Disc (all)

6.6.2 AV Disc Data Structures

ItemIndex

struct Item ndex {
ushort |ist;
ushort i ndex;
wstring title;
wstring artist;
wstring genre;
wstring cont ent Type;
Ti meCode pl aybackTi ne;
ul ong content Si ze;

Dat eTi e i nitial Ti meStanp;
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Dat eTi e | ast Updat eTi neSt anp;
}s

Element Description

li st List number to uniquely identify the child list. If the | t erd ndex
refers to a child list, the value indicates the list number of the child list
and the | t enl ndex contains the information of the child list. If the
| t em ndex does not refer to a child list, the value is OxFFFF and
the | t em ndex contains the information of the track identified by
i ndex.
The value corresponding to i ndex=0 indicates the list that contains
the | t em ndex itself and the | t em ndex contains the same
information as the list. The value 0x0000 corresponding to i ndex=0
always indicates the root list and the | t enl ndex contains the
information of the disc media.

I ndex The number of the index to uniquely identify the track.

title Title of contents.

arti st Artist of contents.

genre Genre of contents.

cont ent Type Type of contents(e.g. Video, Audio, Image, others).

pl aybackTi me Playback time of contents.
The value corresponding to i ndex=0 indicates the total playback
time of disc. In case of a writable disc, it indicates the original time
capacity of the disc media instead of total playback time.

content Si ze Playback byte size of contents.
The value corresponding to i ndex=0 indicates the total playback
byte size of disc. In case of a writable disc, it indicates the original
byte size capacity of the disc media instead of total playback byte
size.

initial Ti meStanp The time when a content was first created on the disc media.

The value corresponding to i ndex=0 indicates the oldest time
stamp on the disc.

| ast Updat eTi meSt anp  The time when a content was last updated on the disc media. The
format of this parameter is the same as that of
initial Ti meStanp.

The value corresponding to i ndex=0 means the most recent time
stamp on the disc.

AvDiscPlayMode

enum AvDi scPl ayMdde {
NORVAL, DI RECT_ 1, DI RECT,
REPEAT 1, REPEAT _ALL, SHUFFLE,
RANDOM

b

AvDiscRecordingMode

enum AvDi scRecor di nghbde {
NORMAL, NEW
OVERWRI TE, OVERWRI TE_AND JUMP
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b

AvDiscTransportMode

enum AvDi scTransport Mbde {
PLAY, RECORD,
VARl ABLE_FORWARD, VARI ABLE_REVERSE,
STOP, RECPAUSE, SKIP, NO MED A

s

AvDiscTransportState

uni on AvDi scTransportState switch (AvD scTransport Mode) {
case PLAY: AvDi scPl ayMbde prode;
case RECORD: AvDi scRecor di nghbde r node;
case VAR ABLE FORWARD: For war dSpeed f speed;
case VAR ABLE REVERSE: Rever seSpeed rspeed;

case STOP: ;
case RECPAUSE: ;
case SKI P: Ski pDi rection ski pDir;
case NO _MEDI A ;
1
AvDiscCounterType

enum AvDi scCount er Type {
RELATI VE_TI ME,
ABSOLUTE_TI ME,
TRACK_NUMBER

H

RELATI VE_TI ME —relative time from the beginning of current track
ABSOLUTE_TI Me — absolute time from the beginning of first track (i.e., beginning of the disc)
TRACK_NUVBER — current track

AvDiscCounterValue

uni on AvDi scCount er Val ue switch (AvDi scCounter Type) {
case RELATI VE TI MVE: Ti nreCode rel Ti me;
case ABSCOLUTE TI MVE: Ti nreCode absTi ne;
case TRACK NUMBER: | ong track;

b

AvDiscCapability

enum AvDi scCapability {
VARl ABLE_FORWARD,
VARl ABLE_REVERSE,
SKI P,
REC_PAUSE,
RECORD,
GET_I TEM LI ST,
PUT _| TEM LI ST,
ERASE,
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AvDiscRejectCondition

enum AvDi scRej ect Condi tion {
EMPTY_DI SC,
NO_DI SC,
SHORT _CAPACI TY,
READ_ERR,
VRl TE_ERR,
VRl TE_PROTECTED,
DI SC FULL,
TRACK_FULL,
TOC_EDI T_BUSY,
LOCKED,
NO_CONNECTI ON,
TRANSI TI ON_NOT_AVAI LABLE,

UNKNOWN,
ABORTED

1
EMPTY_DI SC—an empty discisl|oaded
NO DI SC—nho discisloaded
SHORT_CAPACI TY —theremaining capacity of the medium is smaller than the specified
recording time. In this case, nothing has been recorded.
READ_ERR—the disc cannot beread (e.g., because of dust or scratch)
VRl TE_ERR—the disc cannot be written (e.g., because of dust or scratch)
VRl TE_PROTECTED — the write-protected disc is |loaded
DI SC_FULL —theloaded discisfully recorded. (No recordable capacity remains.)
TRACK_FULL — no recordable track remains. (The recordable capacity is available, but the
track numbers are fully used.)
TOC EDI T_BUSY —the AV Discisediting the disc’s TOC just now.
LOCKED—the AV Discis“hold locked” (Some portable mobile devices have asmdll
mechanical toggle switch called a*hold lock switch”. WhilethisswitchisON, i.e,, the AV
Discishold locked, the device is guarded against operations such as accidental power on when
not in use, or interruption of play or record from accidental pressing of afront panel button or a
GUI button.)
NO_CONNECTI ON— no connection exigts from the FCM plugs
TRANSI TI ON_NOT_AVAI LABLE — vendor dependent functionality that inhibits the control
command (e.g., the transition to or from a RECORD mode from any transport state except STOP)
UNKNOWN — an unknown condition exists
ABORTED—the operation invoked is not completed as intended because some other operationis
requested from front panel button, IR remote, or other application, etc.

Direction

The AV Disc APIsuse the Stresm Manager Di r ect i on datatype, see section 5.9.2.

6.6.3 AV Disc Terminology

track an item appearing in the list obtained via AvDi sc: : Get | t enli st
first track the item that has the lowest index which is not equal to zero
last track the item that has the highest index which is not equal to zero

current track the item that contains the current position

340



HAVi SPECIFICATION Version 1.1

current In case the transport mechanism is stopped it identifies the beginning of the

position first track. In case the transport mechanism is rotating it identifies the
playback or recording position on the medium corresponding to a specific
FCM input or output plug.

6.6.4 AV Disc API

AvDisc::GetltemList

Prototype
Status AvDi sc:: CGetltenlist(
in ushort |istNunber,
out sequence<l|tenl ndex> item ndexLi st)

Parameters
ushort |i st —specifiesthelist number of list to be returned.
i tem ndexLi st —alist of itemsand indexes. The safe parameter size limit is512
It em ndex values. Maximum size of HAVi message representing this API is 64 Kbytes

Description

This API returns a list containing information about contents in the loaded medium on the Disc
device. The structure of listsis hierarchical. All lists derive from the root list with list number zero,
and anitemin alist may refer to achild list. This API is optional. Its support can be verified by the
AvDi sc:: Get Capabi lity APl

In the root list, the | t enl ndex with index zero contains genera disc information (disc title, total
playback time of thedisc, ...), while dl other index valuesrefer to individual lists. In the lists except
the root ligt, the item index with index zero contains the list information (list title, total playback
time of theligt, ...), while al other index value refer to individual tracks (track title, track playback
time, ...) ortoachildlist. Thel t enl ndex that refersto achild list in a parent list isidentica to
thel t em ndex with index zero inthe child lig.

Error codes
ENOT_| MPLEMENTED — the target device does not hold thei t em ndex listinternaly.
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect I nf o.

AvDisc::Play

Prototype

Status AvDisc:: Pl ay(
in AvDi scPl ayMode node, in ushort plugNum
in ushort |istNunber,
i n ushort indexNunber)

Parameter
mode — specifies the playback mode
pl ugNum—plug number of the source FCM plug used for playback
I'i st Number —specifiesthelist number of thelist of items.
i ndexNunber — specifiestheindex number of the desired track. This parameter need not be
specified (i.e,, the value can be 0) when node iSNORVAL, REPEAT_ALL, SHUFFLE or RANDOM
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When modeisDl RECT_1, DI RECT or REPEAT _1 it specifiesthe gtarting track.

Description

This API plays the data on the loaded medium using the specified playback mode. Depending upon
the value of node, the following is performed:

NORMAL — play from the current position. This mode s restricted to un-pause operation.

DI RECT_1 —play thetrack specified by i ndexNunber , then stop.

DI RECT —play tracks once from the track specified by i ndexNunber until thelast track in
order of increasing index.

REPEAT_1 —play thetrack specified by i ndexNunber and repest the track continuoudly.
REPEAT_ALL —play all tracksin order of increasing index from thefirst to the last track.
Repeat this action continuoudly.

SHUFFLE — play each track oncein random order, then stop.

RANDOM— play each track in random order, continue playing indefinitely.

Error codes
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.
El NVALI D_PARAMETER —pl ugNumor i ndexNunber are not valid.
AvDi sc: : ENOT_SUPPORTED — the target device does not support the specified playback
mode.

AvDisc::Record

Prototype
Status AvDi sc:: Record(
i n AvDi scRecor di ngMbde node, in ushort plugNum
in ushort |istNunber,
in ushort indexNunber,
in TimeCode recordi ngTine, in uint64 recordingSize)

Parameter
nmode — specifies the recording mode
pl ugNum— plug number of the sink FCM plug used for recording
Ii st Number — specifiesthelist number of desired track.
i ndexNunber — specifiestheindex number of desired track
recor di ngTi me — specifiesthetotal time of the content to be recorded. This parameter may
be zero if it need not be specified.
recor di ngSi ze — specifiesthe size (in bytes) of the content to be recorded. This parameter
may be zero if it need not be specified.

Description

This API records contents in a track specified by i ndexNunber using the specified recording
mode. This APl is optional. Its support can be verified by the AvDi sc: : Get Capabi I ity API.
Depending upon the value of node, the following is performed:

NORMAL — record from the current position. In thismode, i ndexNunber need not be specified
(i.e., thevaue can be 0). No new track is created. This mode is redtricted to the un-pause
operation of the AvDi sc: : RecPause API, and recording in previous NEW or OVERWRI TE, or
OVERWRI TE_AND_JUWVP mode.

NEW- start anew track recording in an unused track. The new track becomesthe last track with
an index that equalstheindex of the previous|last track plusone or it becomesthefirst track for
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an empty disc.

OVERWRI TE —dtart recording anew track at the beginning of the track specified by

i ndexNunber , or at the current position in casei ndexNunber isnot specified (vaue0).
Continue recording if the current position exceeds the track specified by i ndexNunber , or the
current track in casei ndexNunber isnot specified.

OVERWRI TE_AND_JUWP —start recording anew track at the beginning of the track specified by
i ndexNunber , or at the current position in casei ndexNunber isnot specified (value 0). If
the current position reaches the end of the specified track or the current track in case

i ndexNunber isnot specified, continue recording in unused space on the medium.

Error codes
ENOT_| MPLEMENTED — the target device does not implement this API.
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.
El NVALI D_PARAMETER—node, pl ugNumor i ndexNunber are not valid.
AvDi sc: : ENOT_SUPPORTED —the target device does not support the specified recording
mode.

AvDisc::VariableForward

Prototype
Status AvDi sc:: Vari abl eForwar d(
i n Forwar dSpeed speed, in ushort plugNum

Parameter
speed —forward speed mode
pl ugNum—plug number of the source FCM plug used for playback

Description

This APl plays the medium back at variable-gpeeds according to speed. The actual speeds
encoded by the speed have the following restrictions. If the target device does not support the
specified FAST_FORWARD x  (or SLOW FORWARD x) speed, then the device shdl interpret it as
FASTEST_FORWARD (or SLOAEST_FORWARD).

This variable-forward action is continued until the next APl such as AvDi sc::Play or
AvDi sc: : St op isissued or the end of the medium.

This APl isoptional. Its support can be verified by the AvDi sc: : Get Capability AP.

Error codes
ENOT_| MPLEMENTED — the target device does not implement this API.
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.
El NVALI D_PARAMETER—pl ugNumor speed are not vaid.

AvDisc::VariableReverse

Prototype
Stat us AvDi sc:: Vari abl eRever se(
i n ReverseSpeed speed, in ushort plugNum
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Parameter
rever seSpeed — reverse speed mode
pl ugNum— plug number of the source FCM plug used for playback

Description

This API plays the medium back at variable-speeds, in reverse, according to speed. The actual
speeds encoded by the speed have the following restrictions. If the target device does not support
the specified FAST_REVERSE x (or SLONV REVERSE x) speed, then the device sndll interpret it as
FASTEST_REVERSE (or SLONEST_REVERSE).

This varigblereverse action is continued until the next APl such as AvDisc::Play or
AvDi sc: : St op isissued or the beginning of the medium.

This APl isoptional. Its support can be verified by the AvDi sc: : Get Capability AP.

Error codes
ENOT_| MPLEMENTED — the target device does not implement this API.
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.
El NVALI D_PARAMETER—pl ugNumor speed are not vaid.

AvDisc::Stop

Prototype
Status AvDi sc: : Stop(
in Direction dir, in ushort plugNum

Parameter
di r —direction of the FCM plug used for playback (or recording), indicates either a source
(aut) orsink (1 N) plug
pl ugNum—plug number of the FCM plug used for playback (or recording)

Description

This API stops al transport mechanism motion.

Error codes
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.
El NVALI D_PARAVETER—pl ugNumis not valid.

AvDisc::RecPause

Prototype
Status AvDi sc:: RecPause(in ushort plugNum

Parameter
pl ugNum— plug number of the sink FCM plug used for recording

Description

This APl pauses the recording operation. This pause action is stopped when the next APl such as
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AvDi sc: : Record or AvDi sc: : St op isissued.

This APl is optional. Its support can be verified by the AvDi sc: : Get Capabi I ity API. If the
AvDi sc: : Recor d APl issupported this APl should &l so be supported.

Error codes
ENOT_| MPLEMENTED — the target device does not implement thisAPI.
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.
El NVALI D_PARAVETER—pl ugNumisnot valid.

AvDisc::Skip

Prototype

Status AvDi sc:: Ski p(
in SkipDirection direction, in SkipWde node,
in long count, in ushort plugNum

Parameters
di recti on —skip direction
nmode —skip mode
count —number of itemsto be skipped, in accordance with the ski pMbde parameter. If the
skip modeisRELATI VE_TI ME or ABSCLUTE_TI ME, the format of this parameter is
OXHHMM SSFF where HH specifies hour, MM specifies minute, SS specifies second, and FF
specifiesframe, each in one byte.
pl ugNum—plug number of the source FCM plug used for playback.

Description

This API fast-forwards (or rewinds) the medium in the skip-mode specified by the node parameter,
skipping the number of items (in accordance with the node parameter) specified by the count
parameter, then playbacks.

The SUCCESS response for this APl should be returned after completion of ski p operation. If the
skip operation is aborted before its completion because of user's operation through the front panel
button, IR remote or the other application, this API returns AvDi sc: : EREJECTED and set the
reject condition to ABORTED.

This AP isoptional. Its support can be verified by the AvDi sc: : Get Capabi lity API.

Error codes
ENOT_| MPLEMENTED — the target device does not implement this API.
El NVALI D_PARAMETER—di r ect i on, mode, count or pl ugNumare not valid.
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect I nf o.
AvDi sc: : ENOT_SUPPORTED —the target device does not support the specified skip mode.

AvDisc::InsertMedia

Prototype
Status AvDi sc::lnsertMedia()
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Description
This AP inserts the medium into the Disc.

Error codes
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect I nf o.

AvDisc::EjectMedia

Prototype
Status AvDi sc:: Ej ect Medi a()

Description
This API gectsthe currently loaded medium from the target device.

Error codes
AvDi sc: : EREJECTED—the API could not be executed. Reect conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.

AvDisc::GetState

Prototype
St at us AvDi sc:: Get St at e(
out AvDi scTransport State state,
in Direction dir, in ushort plugNum

Parameters
st at e —status of the target device' s transport mechanism
di r —type of the plug to be examined, either asource (CUT) or sink (I N) FCM plug
pl ugNum— plug number of the FCM plug desired to be examined

Description

This AP returns the current status of the target device' s transport mechanism (playing, recording,
etc.) on the specified plug.

Error codes
El NVALI D_PARAMETER—pl ugNumis not vaid.

AvDisc::GetFormat

Prototype
St at us AvDi sc: : Get For mat (
out Medi aFormat!ld format,
out WiteProtectStatus witeStatus)

Parameters
f or mat —type of the medium loaded in the target device. See Annex 11.10 for possible
values. Note—f or mat isnot relevant to whether thereisisochronous datain the target device
or not.
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wri t eSt at us —whether it is possible to write on the medium loaded in the target device

Description

This API returns information concerning the medium loaded in the target device (medium type,
whether the medium can be recorded to, etc.)

Error codes
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.

AvDisc::GetPosition

Prototype
Status AvDi sc:: CGetPosition(
i n AvDi scCount er Type type,
in Drection dir,
i n ushort plugNum
out AvDi scCount er Val ue val ue)

Parameters
t ype —type of description used for indicating the current position
di r —type of the plug to be examined, either asource (OUT) or sink (IN) FCM plug.
pl ugNum—plug number of the FCM plug associated with stream desired to be examined.
val ue —returned value which indicates the current position of the target devicein the
description specified by t ype

Description

This APl gets the current position of the target device in the format specified by the t ype
parameter for the specified plug. The counter type TRACK NUMBER is mandatory and
RELATI VE_TI ME and ABSCLUTE TI ME are optiond. If type is either RELATI VE_TI ME or
ABSCLUTE_TI ME and the counter type is not supported then AvDi sc: : Get Posi ti on returns
AVDI SC: : ENOT_SUPPORTED.

Error codes
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.
AvDi sc: : ENOT_SUPPORTED —the requested t ype is not supported.
El NVALI D_PARAMETER—t ype or pl ugNumisnot valid.

AvDisc::Erase

Prototype
Status AvDi sc: : Erase(
In ushort 1istNunber,
i n ushort indexNunber)

Parameters
l'i st Number —specifiesthelist number of desired track.
i ndexNunber —specifiesthe index number of the contents desired to be erased. The value O
indicatesthat al contentsin thelist areto be erased. If both | i st Nunber and
i ndexNunber are0, it indicatesthat all contentsin the disc are to be erased.
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Description

This API erases the contents specified by i ndexNunber (or all contents).

Error codes
ENOT_| MPLEMENTED — the target device does not implement this API.
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect | nf o.
El NVALI D_PARAMETER—i ndexNunber isnot vdid.

AvDisc::PutltemList

Prototype
Status AvDisc::PutltenList(
In ushort |istNunber,
i n sequence<|ten ndex> item ndexLi st)

Parameters
l'i st Number —specifiesthelist number of list to be written.
i tem ndexLi st —alist of itemsand indexes. The definitions of thel t en ndex structure are
described above. The safe parameter Szelimitis512 1 t em ndex values. Maximum size of
HAVi message representing this APl is 64 Kbytes

Description

This APl changes the specified it em ndexLi st and makes the target device write the
corresponding information on the disc media.

Error codes
ENOT_| MPLEMENTED — the target device does not implement this API.
AvDi sc: : EREJECTED—the API could not be executed. Reject conditions may be retrieved
viaAvDi sc: : Get Rej ect I nf o.

AvDisc::GetCapability

Prototype

Status AvDi sc:: Get Capabi lity(
out sequence<bool ean> capabilitylList,
out sequence<Medi aFormat | d> pl ayFor mat s,
out sequence<Medi aFormat | d> recor dFor mat s)

Parameters
capabi i tyLi st —alist of capabilities supported by the AV Disc Functionad Component
Module. Thei™ member of capabi | i t yLi st indicates the availability of the capability
identified by AvDi scCapabi | i ty valuei. The safe parameter Szeis32 bool ean values.
pl ayFor mat s —thedisc formatsthe AV Discis capable of playing. The safe parameter size
limitis 14 Medi aFor nmat | d values.
recor dFor mat s —thedisc formatsthe AV Disc is capable of recording. The safe parameter
sizelimit is 14 Medi aFor mat | d values.

Description
This API returns the capabilities of the AV Disc Functional Component Module.
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AvDisc::GetRejectIinfo

Prototype
Status AvDi sc::CGetRejectinfo (
out sequence<AvDi scRej ect Condition> rejectedConditions,
out OperationCode rejectedOpcode,
out sequence<AvDi scRej ect Condi ti on> current Rej ect Condi ti ons)

Parameters
rej ect edCondi t i ons —contains one or more conditions for which the latest
AvDi sc: : EREJECTED error occurred. It isindependent of whether the conditions causing the
error ill exist or have disappeared. Only if no AvDi sc: : EREJECTED error has occurred will
thelist will be empty. The safe parameter sizelimitisn AvDi scRej ect Condi t i on values,
where n isthe number of membersof AvDi scRej ect Condi ti on.
rej ect edOpcode —the operation code of the last invoked AP that caused a
AvDi sc: : EREJECTED gtatus. Undefined in caser ej ect edCondi ti ons isempty.
current Rej ect Condi t i ons —contains one or more conditions that currently exist that
would cause one or more APIsto return AvDi sc: : EREJECTED. If no reject conditions
currently exist the list will be empty. The safe parameter sizelimitisn
AvDi scRej ect Condi t i on vaues, where nisthe number of members of
AvDi scRej ect Condi ti on.

The possible reject conditions for each AV Disc APl service are listed below.

Service Possible Conditions

AvDi sc: : GetltenLi st EMPTY_DI SC, NO DI SC,
READ ERR, TOC EDI T_BUSY,
LOCKED

AvDi sc: : Pl ay EMPTY DI SC, NO DI SC,

READ ERR, TOC EDI T_BUSY,
LOCKED, TRANSI TI ON_NOT_AVAI LABLE
AvDi sc: : Record SHORT _CAPACI TY, NO DI SC,
VWRI TE_ERR, WRI TE_PROTECTED,
DI SC FULL, TRACK FULL,
TOC EDI T_BUSY, LOCKED,
NO_CONNECTI ON,
TRANSI TI ON_NOT_AVAI LABLE
AvDi sc: : Vari abl eFor war d EMPTY_DI SC, NO DI SC,
READ ERR, TOC EDI T_BUSY,
LOCKED, TRANSI TI ON_NOT_AVAI LABLE
AvDi sc: : Vari abl eRever se EMPTY_DI SC, NO DI SC,
READ ERR, TOC EDI T_BUSY,
LOCKED, TRANSI TI ON_NOT_AVAI LABLE
AvDi sc: : Stop NO DI SC, LOCKED
AvDi sc: : RecPause NO DI SC, WRI TE_PROTECTED,
DI SC FULL, TRACK FULL,
TOC EDI T_BUSY, LOCKED,
NO_CONNECTI ON,
TRANSI TI ON_NOT_AVAI LABLE
AvDi sc::Skip EMPTY DI SC, NO DI SC,
READ ERR, TOC EDI T_BUSY,
LOCKED, TRANSI TI ON_NOT_AVAI LABLE,
ABORTED
AvDi sc:: I nsert Medi a LOCKED, TRANSI TI ON_NOT_AVAI LABLE
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AvDi sc:: Ej ect Medi a NO DI SC, TOC EDI T_BUSY,
LOCKED, TRANSI TI ON_NOT_AVAI LABLE
AvDi sc: : Get For mat LOCKED
AvDi sc: : Get Posi tion NO DI SC, LOCKED
AvDi sc: : Erase EMPTY_DI SC, NO DI SC,

READ ERR, WRI TE_ERR,

WRI TE_PROTECTED,

TOC_EDI T_BUSY, LOCKED,

TRANSI TI ON_NOT_AVAI LABLE
AvDi sc: : PutltenLi st EMPTY_DI SC, NO DI SC,

WRI TE_ERR, WRI TE_PROTECTED,

DI SC FULL, TOC EDI T_BUSY,

LOCKED,

TRANSI TI ON_NOT_AVAI LABLE

Description

This APl returns information on the conditions that caused or could cause AvDi sc: : EREJECTED
to bereturned as aresult of the AV Disc APIs.

6.6.5 AV Disc Events

AvDiscltemListChanged

Prototype
voi d AvDi scltenLi st Changed()

Description

This APl notifies changes of contents in the |t enl ndex list the AV Disc holds internally.
Applicationswhich usethel t enl ndex list should retrieve it again.

AvDiscStateChanged

Prototype

voi d AvDi scSt at eChanged(
in AvDi scTransport State state,
in Drection dir,
i n ushort plugNum

Parameters
st at e —seethe AvDi sc: : Get St at e AP
di r —type of the plug which has changed its state, i.e., either asource (OUT) or sink (I N) plug
pl ugNum— plug number of the FCM plug which changed its state

Description

This API natifies changesin the value of the current state as defined inthe Get St at e API.
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6.6.6 AV Disc Notification Attributes

AvDisc::currentState

Attribute

struct AvDiscCurrentState {
AvDi scTransportState state;
Direction dir;
ushort pl ugNum

} currentState

Description
New setting of AvDi scTr ansport St at e. The plug involved is aso indicated.
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6.7 Amplifier FCM

This FCM supports basic functions of an audio amplifier device. It does not support advanced
functions such as surround sound. Basic function of Amplifier isto provide audio interface to users,
so it is recommended clients not to reserve Amplifier FCMs without specific purpose or reason,
according to recommendation described in 3.8.1.

6.7.1 Amplifier Services

Service Comm Locality Access Resv
Type Prot

Amplifier::SetVolume M global all yes
Amplifier::GetVolume M global all
Amplifier::SetMute M global all yes
Amplifier::GetMute M global all
Amplifier::SetBalance M global all yes
Amplifier::GetBalance M global all
Amplifier::SetLoudness M global all yes
Amplifier::GetLoudness M global all
Amplifier::GetCapability M global all
Amplifier::SetEqualizer M global all yes
Amplifier::GetEqualizer M global all
Amplifier::GetEqualizerCapability M global all
Amplifier::SetPresetMode M global all yes
Amplifier::GetPresetMode M global all
Amplifier::GetPresetCapability M global all
Amplifier::GetAudioLatency M global all

6.7.2 Amplifier Data Structures

AmplifierCapability

Definition

enum AnmplifierCapability {
BALANCE,
LOUDNESS

1
Description
This defines aset of basic amplifier capabilities.
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EqualizerFrequency

Definition

struct Equal i zer Frequency {
short | owest Frequency;
short hi ghest Frequency;

}

Description

This structure represents the lowest frequency (Hz) and the highest frequency (Hz) of one equalizer
band.

AmplifierPresetMode

Definition
enum Anpl i fierPreset Mode {
OFF, SPEECH, MOVIE,
MUSI C_CLASSI CAL, MJSI C_JAZZ, MJSI C_ROCK

1
Description

Each value represents a specific audio mode. The settings associated with each mode are
determined by the manufacturer.

Element Description

OFF Indicates that no preset is active.

SPEECH Indicates the preferred settings for reproducing human speech.

MOVI E Indicates the preferred settings for reproducing a movie sound track.
This typically is good for a combination of speech, music and sound
effects.

MUSI C_CLASSI CAL Indicates the preferred settings for reproducing classical music. This

typically produces a clean, natural sound.

MJSI C_JAZZ Indicates the preferred settings for reproducing jazz music. This
typically produces a bright sound.

MUSI C_ROCK Indicates the preferred settings for reproducing rock or pop music. This
typically produces a powerful sound.

6.7.3 Amplifier API

Amplifier::SetVolume

Prototype
Status Amplifier:: Set Vol ume(
in octet vol uneVal ue)

Parameters
vol uneVal ue — volumevaue of theamplifier deviceto be set
0 > minimum volume
255 : maximum volume
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Description
This API setsthe volume.

Amplifier::GetVolume

Prototype
Status Amplifier:: Get Vol ume(
out octet vol uneVval ue)

Parameters
vol unmeVval ue — current volumevalue

Description

This API gets the current volume value of the amplifier device.

Amplifier::SetMute

Prototype
Status Anplifier:: Set Mute(
i n bool ean mnut eSt at e)

Parameters
mut eSt at e — mute date of amplifier device to be set

True :muteon
Fal se : muteoff

Description
This API setsthe mute state of the amplifier device.

Amplifier::GetMute

Prototype
Status Amplifier:: Get Mut e(
out bool ean mut eSt at e)

Parameters
mut eSt at e — Current mute state

Description
This API getsthe current mute state of amplifier device.

Amplifier::SetBalance

Prototype
Status Amplifier:: SetBal ance(
i n octet bal anceVal ue)

Parameters
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bal anceval ue — LR baancevdue of amplifier deviceto be set
0 L only (L output is saturated, R output is silent)
127 : center (both L and R outputs are saturated)
254 :Ronly (Routput issaturated, L output is silent)
Description

This API setsthe LR balance value of the amplifier device.

Error codes
ENOT_| MPLEMENTED — the amplifier does not support adjustable balance
El NVALI D_PARAMETER —the balance setting isinvalid (= 255)

Amplifier::GetBalance

Prototype
Status Anplifier:: GetBal ance(
out octet bal anceVal ue)

Parameters
bal anceVal ue — current LR baancevalue

Description
This API gets current the LR balance value of the amplifier device.

Error codes
ENOT_| MPLEMENTED — the amplifier does not support adjustable balance

Amplifier::SetLoudness

Prototype
Status Amplifier:: SetLoudness(
i n bool ean | oudnessSt at e)

Parameters
| oudnessSt at e — loudness stateto be set

Description
This API setsthe loudness state of the amplifier device.

Error codes
ENOT_| MPLEMENTED — the amplifier does not support loudness mode

Amplifier::GetLoudness

Prototype
Status Amplifier:: GetLoudness(
out bool ean | oudnessSt at e)

Parameters
| oudnessSt at e — current loudness state
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Description
This API getsthe current loudness state of the amplifier device.

Error codes
ENOT_| MPLEMENTED —the amplifier does not support loudness mode

Amplifier::GetCapability

Prototype
Status Amplifier:: GetCapability(
out sequence<bool ean> capabilityLi st)

Parameters
capabi | i tyList — listof anplifier capability types. Thei™ member of capabi | i t yLi st
indicates the availability of the capability identified by Anpl i fi er Capabi | i ty valuei. The
safe parameter Szeis 32 bool ean vaues.

Description
Returnsalist of amplifier capabilities.

Amplifier::SetEqualizer

Prototype
Status Amplifier:: SetEqualizer(
i n sequence<oct et > equal i zer Val ue)

Parameters
equal i zer Val ue — equalizer valuesto be sat. In thisarray of bytes, thefirst byte defines
the equalizer value for the lowest frequency band and the last byte defines the equalizer value
for the highest frequency band.
0 : minimum output value
127  : center (output value asin origina input stream)
254 :maximum output value.

The length of the equalizervalue lig should be identicd to the length of the
Equal i zer Fr equency ligt that can be obtained viaGet Equal i zer Capabi | i ty (theerror when
thisisnot the caseisEl NVALI D_PARAMVETER).

Description
This APl setsthe intengity of the equalizer bands.

Error codes
ENOT_| MPLEMENTED — the amplifier does not support adjustable equdization
El NVALI D_PARAMETER —0one or more equalizer settings areinvalid (= 255)

Amplifier::GetEqualizer

Prototype
Status Amplifier:: GetEqualizer(
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out sequence<octet> equal i zer Val ue)

Parameters
equal i zer Val ue — current equalizer valuesfor the amplifier device. Inthisarray of bytes,
thefirst byte defines the equaizer value for the lowest frequency band and the last byte defines
the equalizer valuefor the highest frequency band.

Description
This API getsthe intensity list of the equalizer bands.

Error codes
ENOT_| MPLEMENTED — the amplifier does not support adjustable equalization

Amplifier::GetEqualizerCapability

Prototype
Status Anplifier:: GetEqualizerCapability(
out sequence<Equal i zer Frequency> |i st)

Parameters
list — Theligt of bandwidth information that the equalizer can support. The safe parameter
szelimitis20 Equal i zer Fr equency values.

Description

This AP returns the list of bandwidth information that the equalizer can support. When an
amplifier device has no equalizer functiondity, this API returns an empty Equal i zer Fr equency
ligt (length is zero).

Amplifier::SetPresetMode

Prototype
Status Anplifier:: SetPreset Mode(
in AnmplifierPresetMode anplifierPreset Mde)

Parameters
anmpl i fierPreset Mode — preset modeto be sat

Description
This API setsthe preset mode of the amplifier device.

Error codes
ENOT_| MPLEMENTED — the amplifier does not support preset modes

Amplifier::GetPresetMode

Prototype
Status Amplifier:: GetPreset Mode(
out AnplifierPreset Mode anplifierPreset Mbde)

Parameters
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anmpl i fierPreset Mode — current preset mode

Description
This API getsthe current preset mode of the amplifier device.

Error codes
ENOT_| MPLEMENTED — the amplifier does not support preset modes

Amplifier::GetPresetCapability

Prototype
Status Anplifier:: GetPresetCapability(
out sequence<bool ean> capabilityList)
Parameters
capabi | i tyList — capability list of preset modes. Thei™ member of capabi | i t yLi st
indicates the availability of the capability identified by Anpl i fi er Preset Mode valuei. The
safe parameter Szeis 32 bool ean vaues.

Description
Returnsalist of supported preset modes.

Amplifier::GetAudioLatency

Prototype
Status Amplifier:: GetAudi oLatency(out short | atency)

Parameters
I atency — thenumber of milliseconds between the amplifier input and output.

Description
This API dlows the nominal latency of the amplifier to be measured. Thisisuseful in cases where

audio must be synchronized — especially when signal processing agorithms add long delays.
6.7.4 Amplifier Notification Attributes

Amplifier::volume

Attribute
octet vol une

Description
New volume setting.

Amplifier::mute
Attribute
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bool ean nut e

Description
New mute setting.

Amplifier::balance

Attribute
oct et bal ance

Description

New balance setting.

Amplifier::loudness

Attribute
bool ean | oudness

Description
New loudness setting.
Amplifier::equalizer

Attribute
sequence<oct et > equal i zer

Description

New equalizer settings (only useful with comparator ANY).
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6.8 Display FCM

The Display API supports the following functions:
Filtering function for displaying the video.
Set up of screen and window modes.

Assignment of an input FCM plug to alogical window.
Basic function of displaysisto provide visud interface to users, so it isrecommended clients not to

reserve Display FCMs without specific purpose or reason, according to recommendation described
in3.8.1.

6.8.1 Display Services

Service Comm Locality Access Resv
Type Prot
Display::SetContrast M global all yes
Display::GetContrast M global all
Display::SetTint M global all yes
Display::GetTint M global all
Display::SetColor M global all yes
Display::GetColor M global all
Display::SetBrightness M global all yes
Display::GetBrightness M global all
Display::SetSharpness M global all yes
Display::GetSharpness M global all
Display::GetCapability M global all
Display::GetStandardPictureValue M global all
Display::SetPresetMode M global all yes
Display::GetPresetMode M global all
Display::GetPresetCapability M global all
Display::SetScreenMode M global all yes
Display::GetScreenMode M global all
Display::SetWindowMode M global all yes
Display::GetWindowMode M global all
Display::SetActiveWindow M global all yes
Display::GetActiveWindow M global all
Display::GetWindowRectangle M global all
Display::AssignPlugToDisplay M global all yes
Display::GetVideoLatency M global all
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6.8.2 Display Data Structures

DisplayCapability

enum Di spl ayCapability {
Pl CTURE_CONTRAST
Pl CTURE_TI NT
Pl CTURE_COLOR ,
Pl CTURE_BRI GHTNESS ,
Pl CTURE_SHARPNESS ,
SCREEN_NORVAL
SCREEN W DE ,
W NDOW SI NGLE
W NDOW DOUBLE
W NDOW Pi nP

1

PictureAttribute

enum PictureAttribute {
CONTRAST,
TI NT,
COLOR,
BRI GHTNESS,
SHARPNESS

b

ScreenMode
enum Scr eenMbde {NORVAL, W DE};

Description
Possible screen modes:

NORMAL 4.3 aspect retio

W DE 16:9 aspect retio

WindowMode
enum W ndowibde {SI NGLE, DOUBLE, PinP};

Description

Possible window modes:
SI NGLE single window mode
DOUBLE double window mode

Pi nP PinP mode
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DisplayPresetMode

Definition
enum Di spl ayPr eset Mode {
NORMAL,
USER _PRESET,
MOVI E,
GAVE
3
Description

Each value represents a specific genre. The settings associated with each mode are determined by
the manufacturer.

Element Description

NORVAL Indicates the default settings for the display.

USER_PRESET Refers to settings which were configured by the user in a proprietary
way.

MoVl E Indicates the preferred settings for viewing a movie, and presenting the
“film” look.

GAMVE Indicates the preferred settings for viewing video games and computer
graphics.

6.8.3 Display API

Display::SetContrast

Prototype
Status Di spl ay: : Set Cont r ast (
in octet contrastVal ue)

Parameters
cont r ast Val ue —contrast value to be set
0 : minimum contrast value
127 : center
255 : maximum contrast value
Description

This API setsthe contrast value of the display device. Contrast is picture contrast.

Error codes
ENOT | MPLEMENTED
El NVALI D_PARAMETER

Display::GetContrast

Prototype
Status Di spl ay: : Get Contrast (
out octet contrastVal ue)
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Parameters
cont r ast Val ue —current contrast value

Description

This API getsthe contrast value of the display device.

Error codes
ENOT | MPLEMENTED

Display::SetTint

Prototype
Status Display:: SetTint(
in octet tintValue)

Parameters
tint Val ue —tint valueto be set
0 : make skin tones purplish
127 : center

255  :makeskintonesgreenish
Description

This API setsthetint value of the display device.

Error codes
ENOT_| MPLEMENTED
El NVALI D_PARAMETER

Display::GetTint

Prototype
Status Display:: GetTint(
out octet tintVal ue)

Parameters
ti nt Val ue —current value of tint

Description
This API getsthe current tint value of display device.

Error codes
ENOT_| MPLEMENTED

Display::SetColor

Prototype
St at us Di spl ay: : Set Col or (
in octet col orVal ue)

Parameters
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col or Val ue —color vaueto be st

0 > minimum color intensity

127 : center

255  :maximum color intensity
Description

This API setsthe color value of the display device. Color is color intensity.

Error codes
ENOT _| MPLEMVENTED
El NVALI D_PARAMETER

Display::GetColor

Prototype
Status Display:: CGet Col or (
out octet col orVal ue)

Parameters
col orVval ue — current color vaue

Description

This API getsthe current color value of the display device.

Error codes
ENOT_| MPLEMENTED

Display::SetBrightness

Prototype
Status Di spl ay:: Set Bri ght ness(
in octet brightnessVal ue)

Parameters
bri ght nessVal ue — brightness value to be set
0 : minimum brightness value
127 : center
255  :maximum brightness value
Description

This API sets the brightness value of the display device. Brightnessisalevel of blackness.

Error codes
ENOT | MPLEMENTED
El NVALI D_PARAMETER

Display::GetBrightness

Prototype
Status Display:: GetBrightness (
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out octet brightnessVal ue)

Parameters
bri ght nessVal ue —current brightness value

Description

This API getsthe current brightness value of the display device.

Error codes
ENOT | MPLEMENTED

Display::SetSharpness

Prototype
St at us Di spl ay: : Set Shar pness(
in octet sharpnessVal ue)

Parameters
shar pnessVal ue —sharpnessvalue to be set
0 > minimum sharpness value
127 : center
255  :maximum sharpness value
Description

This API sets the sharpness value of the display device. Sharpnessis sharpness of outline.

Error codes
ENOT _| MPLEMVENTED
El NVALI D_PARAMETER

Display::GetSharpness

Prototype
St at us Di spl ay: : Get Shar pness(
out octet sharpnessVal ue)

Parameters
shar pnessVal ue —current sharpness value

Description
This API gets the current sharpness value of the display device.

Error codes
ENOT_| MPLEMENTED

Display::GetCapability

Prototype
Status Display:: Get Capability(
out sequence<bool ean> capabilityLi st)
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Parameters
capabi | i tyLi st —list of display capabilities. Thei™ member of capabi | i t yLi st
indicates the availability of the capability identified by Di spl ayCapabi | i ty vauei. Thesafe
parameter sizeis 32 bool ean values.

Description

Providesalist of capabilities supported by the display device.

Display::GetStandardPictureValue

Prototype

St atus Di spl ay: : Get St andar dPi ct ur eVal ue(
in PictureAttribute type,
out octet standardVval ue)

Parameters
t ype —the attribute for which the standard value isto be obtained
st andar dVal ue —standard value of the specified picture attribute
Description
Returns a standard value for a specific picture attribute.

For attributes such as CONTRAST and BRI GHTNESS the standard vaue is not aways 50% of the
maximum. The standard value of agiven attribute may differ for each manufacture and mode!.

Error codes
ENOT_| MPLEMENTED
El NVALI D_PARAMETER

Display::SetPresetMode

Prototype
St at us Di spl ay: : Set Preset Mode(
in DisplayPreset Mode di spl ayPr eset Mode)

Parameters
di spl ayPr eset Mode — preset mode to be set

Description
This API setsthe display deviceto a preset mode.

Error codes
ENOT | MPLEMENTED
El NVALI D_PARAMETER

Display::GetPresetMode

Prototype
Status Di spl ay: : Get Preset Mode(
out Di spl ayPreset Mbde di spl ayPreset Mbde)
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Parameters

di spl ayPr eset Mode — current preset mode
Description
This API gets the current preset mode of the display device.

Error codes
ENOT | MPLEMENTED

Display::GetPresetCapability

Prototype
Status Di spl ay:: Get Preset Capabi | ity(
out sequence<bool ean> capabilityList)

Parameters
capabi | i t yLi st —capability list of preset modes. Thei™ member of capabi | i t yLi st
indicatesthe availability of the capability identified by Di spl ayPr eset Mode valuei. Thesafe
parameter Szeis32 bool ean values.

Description

Returnsalist of supported preset modes.

Display::SetScreenMode

Prototype
St at us Di spl ay: : Set Scr eenMode(
i n Screenhbde type)

Parameters
t ype — screen mode type to be set

Description

This APl sets the screen mode of the display device. Normal mode (4:3 aspect ratio) and wide
mode (16:9 agpect ratio) are switched by setting the screen mode.

Error codes
ENOT_| MPLEMENTED
El NVALI D_PARAMETER

Display::GetScreenMode

Prototype
St at us Di spl ay: : Get Scr eenMode(
out ScreenhMbde type)

Parameters
t ype — current screen mode

Description
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This API getsthe current screen mode of the display device.

Error codes
ENOT _| MPLEMVENTED

Display::SetWindowMode

Prototype
St at us Di spl ay: : Set W ndowvbde(
in WndowMode type)

Parameters
t ype —window mode to be set

Description
This API supports multiple windows.

In case of single window mode, the active window is displayed.

In case of double window mode, the active window is displayed on the left side and the
inactive window on the right side.

In case of PinP mode, the active window is on the main screen and the inactive window is
in the PinP window.

For swapping the active window and the inactive window see Di spl ay: : Set Act i veW ndow.

Error codes
ENOT_| MPLEMENTED
El NVALI D_PARAMETER

Display::GetWindowMode

Prototype
St at us Di spl ay: : Get W ndowvbde(
out W ndowibde type)

Parameters
t ype — current window mode

Description
This API gets the current window mode of the display device.

Error codes
ENOT | MPLEMENTED

Display::SetActiveWindow

Prototype
Status Di spl ay: : Set Acti veW ndow(
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in octet w ndowNum

Parameters
wi ndowNum-— active window number to be set

Description
This API sets the active window number.

A display device that supports double window mode and PinP mode has two logical windows. The
windows are called window O (wi ndowNum= 0) and window 1 (Wi ndowNum=1).

In case of double window mode and PinP mode, locations for the two windows are changed by
specifying the window number of the active window.

Error codes
ENOT | MPLEMENTED
El NVALI D_PARAMETER

Display::GetActiveWindow

Prototype
Status Display:: Get Acti veW ndow(
out octet w ndowNun)

Parameters
wi ndowNum-— current active window number

Description
This API gets the current active window number of the display device.

Error codes
ENOT _| MPLEMVENTED

Display::GetWindowRectangle

Prototype
Status Displ ay: : Get W ndowRect angl e(
in octet wi ndowNum
out ushort xPosition,
out ushort yPosition,
out ushort width,
out ushort height)

Parameters
wi ndowNum—number of the window
xPosi t i on —offset from the left edge of the display in pixels
yPosi t i on —offset from the top of the display in pixels
wi dt h —width of the window in pixels
hei ght —heght of the window in pixels

Description
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This API returns the screen area of awindow relative to the upper left corner of the display area. If
the W ndowbde is SI NGLE, a query on the secondary window will return a zero size width and
height.

Error codes
El NVALI D_PARAVETER —wi ndowNumis not supported

Display::AssignPlugToDisplay

Prototype

Status Displ ay:: Assi gnPl ugToDi spl ay(
in ushort plugNum
in octet w ndowNun)

Parameters
pl ugNum—input FCM plug number
wi ndowNum—window number which is assigned to the plug

Description

This APl isused to apply avideo substream from an input FCM plug to a specific logica window.
If the plug has multiple video substreams and window 1 is specified the second video substream
will be applied. In al other cases the first video substream will be applied to the window.

Error codes
El NVALI D_PARAMETER

Display::GetVideoLatency

Prototype

St atus Di spl ay: : Get Vi deoLat ency(
in octet w ndowNum
out short [ atency)

Parameters
wi ndowNum-—the window for which the latency is to be measured
| at ency —the number of milliseconds from theinput FCM plug to visible display

Description

In the case of displays with decoders and other digital processing the latency can be high enough to
cause a noticeable lag between the sound and the picture. This API alows the lag to be measured,
so that it can be compensated el sewhere in the system.

Error codes
El NVALI D_PARAMETER
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6.8.4 Display Notification Attributes

Display::contrast

Attribute
octet contrast

Description
New contrast setting.

Display::tint

Attribute
octet tint

Description
New tint setting.
Display::color

Attribute
octet col or

Description
New color setting.

Display::brightness

Attribute
octet brightness

Description
New brightness setting.

Display::sharpness

Attribute
oct et sharpness

Description

New sharpness setting.

Display::screenMode

Attribute
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Scr eenlWbde screenMde

Description
New screen mode setting.

Display::windowMode

Attribute
W ndowMbde wi ndowivbde
Description

New window mode setting.

Display::activeWindow

Attribute
octet activeW ndow

Description
New active window setting.

Display::presetMode

Attribute
Di spl ayPr eset Mode preset Mbde

Description
New preset mode setting.

Display::windowRectangle

Attribute

struct W ndowRect angl e {
octet w ndowNum
ushort xPosition;
ushort yPosition;
ushort w dth;
ushort hei ght;

} wi ndowRect angl e

wi ndowNum— number of the window

xPosi t i on —offset from the left edge of the display in pixels
yPosi ti on —offset from the top of the display in pixels

wi dt h —width of the window in pixels

hei ght —height of the window in pixels

Description
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New window size and position.

6.9 AV Display FCM

The AV Display FCM is a combination of the Display FCM and the Amplifier FCM. This is
offered to smplify the pairing of the display and amplifier, asin a normal televison set. It aso
allows the manufacturer to internally synchronize the audio and video, when these sources come
from asingle transport stream.

The definition for the AV Display FCM is obtained by combining the APIs for the Display FCM
and the Amplifier FCM. Please refer to those sections for detailed definitions.

The only difference is that Di spl ay: : Set Acti veW ndow selects the associated audio (sub)
stream as well asthe video (sub) stream.
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6.10 Modem FCM

The aim of this chapter isto define aModem FCM interface and specify the basic operationsthat a
software ement can use to establish asynchronous or isochronous connections over any outside
network and to transfer any amount of data.

Using amodem within an HAVi network is reduced to cals of the Modem FCM APIs. A software
element cannot know all features of every modem, thus should not need to know al commands for
controlling modems. The Modem FCM internally supports the details of modem control in order to
perform the communication required by the calling software element.

Typica applications:

the Modem FCM can be used by all applications that need modem access: return channel,
fax, BBS, data, data/voice, Internet... applications (it can also be used by the Web Proxy
FCM).

the Modem FCM can be used for isochronous connections, directly streaming data
between modem plugs and FCM plugs associated with the client.

another use would be to interface calls coming from the outside (e.g. the user, while on
holiday location) and so receive remote commands intended for local HAVi devices.

6.10.1 Modem Protocol

6.10.1.1 Asynchronous Connections

This Modem FCM provides a software element with facilities to transfer data over a specified
network through a modem by opening one or severa asynchronous connections between itself and
one Modem FCM. The number of connections that can be opened depends on the Modem FCM
capabilities (it may be possible for aModem FCM to handle severa modems).

Opening such connections might have two different meanings, from the point of view of a client
software element:

the software element wants to initiate an outgoing call before transferring data (thisis the
call mode), or

the software element wants to wait for an incoming call, and then transfer data after
connection (thisisthe answer mode).

Once a connection is opened, and when the connection is established between the local modem and
the remote modem, the software element sends to the Modem FCM the message to transfer, along
with the needed transmission configuration (modem control for setup, off-hook and/or diaup,
connection, and disconnection are transparent from the client side). When the Modem FCM
recelves data from the outside, it forwards the data to the client software e ement.

At the end of communication, the client software e ement has to close the connection between itsdl f
and the Modem FCM.
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AsyncOpen (Comm setup, client buffer size)

Client cid, FCM buffer size Modem FCM
Software
Element Send (cid, data, START)
OK
Send (cid, data, MIDDLE)
OK
<
Send (cid, data, MIDDLE)
OK

Send (cid, data, END)

OK
Receive (cid, data, END)

A

OK
Close (cid)

Lt

Figure 35. Asynchronous Modem FCM Communication

In Figure 35, a client software element opens a connection with the Modem FCM, specifying the
communication setup (phone number to call, transfer rate...) and its buffer size (to segment message
dataif needed). If the required connection is possible, the Modem FCM returns an identifier for this
communication, and its own buffer size.

The buffer size exchange between the client software element and the Modem FCM during Open
phase allows the data to be sent (or received) to be split into several write actions: START indicates
that the accompanying data is the first part of a multi-segment transfer, MIDDLE indicates that
another data segment will come afterwards, and END indicates that the accompanying data are the
last part of the data being transferred. Each message is sent after the response from the previous
transfer is received. “OK” in the picture represents the acknowledgement of a transfer(see the
description later in API section).

The client software e ement can close the connection when it wants.

6.10.1.2 Isochronous Connections

One or severa isochronous connections can be established between a FCM associated with the
client software element and the Modem FCM (according to FCM Modem capabilities). Before
establishing these connections, the client software element must know which plugs (the plug
numbers of its associated FCM and the plug numbers of the modem FCM ) will be used to transfer
isochronous data.
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client
Modem::lsoOpen

FCM
associated with
the client

Isochronous
Connections

Figure 36. Isochronous Modem FCM Communication

Once a connection between these plugs is established (using the Stream Manager), the client
software element can open a connection between itself and the Modem FCM. Note that in the case
the clientisaFCM, then the “FCM associated with the client” could be the client itself.

Supporting isochronous connections between the client software element and the Modem FCM is
optional.

6.10.2 Modem Services

Service Comm Locality Access Resv
Type Prot
Modem::AsyncOpen M global all
Modem::lsoOpen M global all
Modem::Send M global all
<Client>::Receive MB global Modem (all)
Modem::Close M global all
Modem::GetCapability M global all
Modem::SetConfiguration M global all

6.10.3 Modem Data Structures

ModemType

Prototype
enum ModenTType {PSTN};

Description

Defines the type of modem. (PSTN indicates a modem for use on Public Switched Telephone
Networks.)
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CommunicationSetup

Definition
struct PSTNSet up {
| ong m nDat aRat e;
| ong maxDat aRat e;
wst ri ng<64> phoneNunber ;
bool ean voi ce;
bool ean dat a;
bool ean f ax;

bool ean SVD,
1
uni on Conmuni cationSetup switch (MdenType) {
case PSTN: PSTNSet up pst n;
1
Parameters

m nDat aRat e — minimum rate at which the client software e ement needs communication
to be established (in bps). The value 0 indicates that communication must be performed at as
high arate as possible, without exceeding maxDat aRat e.
maxDat aRat e — maximum datarate at which the client wants communication to be
established (in bps). An application may need to specify thisif it hasto processincoming data,
but is limited by its own computation, buffering... capabilities.
phoneNunber — ASCII gtring of dialing characters:
—when filled with avalid phone number, it indicates that the client application
wantsto initiate an outgoing cal (call mode).
—when left empty, it meansthat the client application iswaiting for an
incoming call (answer mode)
voi ce — when Tr ue, setsthe modem in voice mode.
data — whenTr ue, setsthe modem in data mode.
fax — whenTr ue, setsthe modemin fax mode.
SVD — when Tr ue, setsthe modem in simultaneous voi ce and data mode.

Thevoice, data, fax, SVD booleans can be interpreted by the Modem FCM in cdl mode
(for instance, when an gpplication wants to send a fax, the modem must be set in fax mode before
phone number dialing). In call mode, only one of thevoi ce, data, fax, SvDbooleanscanbe
set to Tr ue at the sametime.

In answer mode, the Modem FCM s able to recognize the modulation scheme (during handshake,
viaring indicator...), and thus switch into the recommended mode. However, thevoi ce, dat a,
fax, SVvDbooleansmust have priority effect on the Modem FCM in answer mode (for instance to
forbid any incoming faxes, or to only accept incoming voice calls...). In answer mode, several of
the voi ce, data, fax, SVD booleans can be set to True a the same time in order to
enable/disable reception of several incoming call types.

Description

Defines the communication parameters.

ModemCapabilities
Definition
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struct PSTNCapabilities {
| ong maxLi neSpeed,;
| ong maxCommuni cat i onNunber ;
bool ean i soOpenSupport ed;
bool ean set Confi gSupport ed;

b

uni on ModentCapabilities sw tch(MdenType){
case PSTN. PSTNCapabilities pst n;
1

Parameters
maxLi neSpeed — maximum line speed the FCM modem is ableto support (in bps. eg.
33600 bpsfor aVV34 modem).
maxConmuni cat i onNunber — maximum number of connections between the client
application and the Modem FCM that the Modem FCM can support simultaneoudy for each
client (essentialy depends on the hardware).
i soQpenSuppor t ed —when Tr ue the modem supportsthe Modem : | soQpen API.
set Conf i gSupport ed —when Tr ue the modem supportsthe
Modem : Set Confi gur ati on API.

Description
Modem capabilities.

ModemDisconnection

Prototype

struct MddenDi sconnection {
| ong ci d;

3

Description

Used by the Modem : di sconnect i on attribute.

ModemCallAccept

Prototype

struct MbdentCal | Accept {
| ong cid;

3

Description

Used by the Modem : cal | Accept attribute.

FileLoc

Prototype
enum Fi | eLoc {START, M DDLE, END};

Description
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Indicates whether the message from a producer to a consumer is the first of atransfer (START), in
the middle of a transfer (M DDLE) or the last of a transfer (END). END is used if the transfer is
accomplished in asingle message.

6.10.4 Modem API

Modem::AsyncOpen

Prototype
St at us Modem : AsyncQpen(
i n Communi cati onSetup comm nf o,
out long cid,
in short clientBufferSize,
i n OperationCode opCode,
out short nodenfFcnBufferSize)

Parameters
comi nf o —setup information.
ci d —identifier of the connection. It alows starting several connectionsfrom asingle software
component and a so permits matching aresponse with arequest.
client Buf f er Si ze — indicates the maximum size (in bytes) of a message accepted by the
requester. The Modem FCM will take this parameter into account during the sending of
incoming transfers.
opCode — operation code provided by the client that the Modem FCM will use to forward any
incoming data. The client function identified by this operation code must be designed
accordingtothe<d i ent >: : Recei ve API.
modenfcnBuf f er Si ze — indicates the maximum size (in bytes) of a message accepted by
the node where resides the Modem FCM. The client software element will take this parameter
into account during the sending of outgoing transfers.

Description

This function alows a software element to open an asynchronous connection with the required
configuration parameters. Each Modem : AsyncQpen operation alows the Modem FCM to know
which function to cal in order to forward datato its client.

Error codes
Modem : ENETWORK —the modem is no longer connected to the external network .
Mbdem : EBUSY — remote modem is busy.
Mbdem : ESETUP — communication with the remote modem cannot be established with the
requested communication setup because the Modem FCM does not support this configuration,
or because line conditions do not allow it.
Modem : El NVALI D_MODE — connection isimposs ble because Modem FCM does not support
the required mode (Fax, Voice, dataor SVD mode).
Modem : ENUM_CONN — maximum number of opened connectionsis reached for this FCM.
Modem : EFORBI DDEN — this phone number is not authorized to be called.

Modem::IsoOpen

Prototype
St at us Modem : | soOpen(
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i n Communi cati onSet up comnl nf o,
out |ong cid,

i n FcnPl ug nodenfcnut put Pl ug,
i n FcnPl ug nodenfcnl nput Pl ug)

Parameters
comi nf o —setup information.
ci d —identifier of the connection. It allows starting several connections from asingle software
component and a so permits matching a response with arequest.
modenfcnut put Pl ug —an output plug of the Modem FCM.
modenfcm nput Pl ug —an input plug of the Modem FCM.

Description

This function allows a software element to open an isochronous connection between the client
software element plug and the Modem FCM plug, relying on Stream Manager facilities. Before
caling thisModem : | soQpen function, the client software element should first:

usethe Fcm : Get Pl ugCount and Dcm : Get Pl ugSt at us methods to know which plug
of the Modem FCM could be used for the connection between itself (client) and the
modem.

use the St r eamivanager : : Fl owTo method to create an isochronous stream connection
between itself (client) and the modem.

Once the plugs have been connected by the Stream Manager, the client can cal the
Modem : | soOpen function to get an identifier for the modem connection.

This APl isoptiondl. Its support can be verified by the Modem : Get Capabi | i ty API.

Error codes
ENOT_| MPLEMENTED — the modem does not support isochronous connection.
Modem : ENETWORK —the modem is no longer connected to the external network .
Modem : El NVALI D_PLUG—at least one of the specified plugsisinvaid
Modem : EBUSY —remote modem is busy.
Modem : ESETUP —the Modem FCM does not support the communication setup.
Modem : ENUM_CONN — maximum number of opened connectionsis reached for this FCM.
Modem : EFORBI DDEN — this phone number is not authorized to be called.

Modem::Send

Prototype
St at us Mbdem : Send (
inlong cid,
in FileLoc where,
i n sequence<oct et > dat a)

Parameters
ci d —identifier of the connection between the client application and the Modem FCM (issued
by aclient application from a previous AsyncQpen or | soQpen call).
wher e —informsthe Modem FCM that this message contains thefirgt, thelast or amiddle
segment of the datato be transferred.
dat a —containsapart of (amulti-segment transfer) or the entire data to be transferred.
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Description
This function allows a client software € ement to send data to the Modem FCM.

Error codes
Modem : ENETWORK —the modem is no longer connected to the external network .
Modem : ESI ZE —the data exceeds the size of the buffer in the receiver. The receiver has not
received or processed the data. It is|eft to the implementation how the sender reactsto this
status.
Modem : EFAI LED—the receiver has aborted the transfer of the current sequence of data
transfers. The sender shall abort the transfer of the current sequence.
Mbdem : ECI D—ci d isnot correct or unknown.

<Client>::Receive

Prototype

Status <O ient>::Receive (
inlong cid,
in FileLoc where,
i n sequence<oct et > dat a)

Parameters
ci d —identifier of the connection between the client application and the Modem FCM (issued
by aclient application from a previous AsyncQpen or | soCpen cdl).
wher e —informsthe software element client that the message containsthe firgt, thelast or a
middle segment of the datato be transferred.
dat a —contains apart (amulti-segment transfer) or the entire data transferred for the
connection identified by theci d parameter.

Description

<d i ent >: : Recei ve is implemented in the client software element. This function alows the
Modem FCM to forward any incoming data to the client software e ement.

Error codes
Modem : ESI ZE —the data exceeds the size of the buffer in the receiver. The receiver has not
received or processed the data. It isleft to the implementation how the sender reactsto this
status.
Modem : EFAI LED—the receiver has aborted the transfer of the current sequence of data
transfers. The sender shall abort the transfer of the current sequence.
Modem : ECI D—incorrect or unknown ci d

Modem::Close

Prototype
Status Modem : C ose(in |long cid)

Parameters
ci d —identifier of the connection between the client software e ement and the Modem FCM
that has to be removed.

Description
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This function alows a software element to close a modem connection. If an isochronous
connection has been opened, the client application should drop the isochronous stream between
itself and the Modem FCM using the appropriate Stream Manager method.

Error codes
Modem : ECl D—ci d isnot correct or unknown.

Modem::GetCapability

Prototype
St at us Mbdem : Get Capabi lity(
out sequence<Modemlype> typeli st,
out sequence<ModenCapabilities> capabilitylList)

Parameters
t ypeLi st —list of types supported by the queried Modem FCM.
capabi | i t yLi st —modem features corresponding to each different modem type of
typelLi st.

Description

This function alows a software element to get al modem types supported by the Modem FCM,
and the capabilities associated with each type.

Modem::SetConfiguration

Prototype
St at us Mbdem : Set Configuration (
in long cid,
i n Communi cat i onSet up comnl nf o)

Parameters
ci d —connection identifier identifying the connection for which the configuration hasto be
changed.
commi nf o —modem setup information

Description

This function allows a software element to set a modem and/or a connection into a particular
configuration (e.g., dynamically change the datatransfer rate during acommunication, switch from
data mode to voice mode during a multi-player game communication...)

However, to switch from call mode to answer mode (or conversaly), the client application must
close the connection and re-open anew one.

ThisAPI isoptional. Its support can be verified by the Modem : Get Capabi | i ty API.

Error codes
ENOT_| MPLEMENTED — the modem does not support this function.
Modem : ECONN — the connection cannot be maintained with this new configuration. The setup
change request will not be taken into account, and old parameterswill be kept. It isleft up to
the application to resume the connection.
Modem : ECI D—ci d isnot correct or unknown.
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6.10.5 Modem Notification Attributes

Modem::disconnection

Attribute
ModenDi sconnecti on di sconnecti on

Description

Occurrence of a network disconnection on the connection specified by the ci d vaue. Only useful
with comparator ANY.

Modem::callAccept

Attribute
Modental | Accept cal | Accept

Description

Occurrence of an incoming cal on the connection specified by the ci d value. Only useful with
comparator ANY.
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6.11 Web Proxy FCM

The Web Proxy FCM offers sharable access to the Internet. It supports Internet protocols (for
example HTTP messages) between aWeb client and aWeb server.

The software element client has only to find a Web Proxy FCM in the HAVi network (using the
Registry service) and call the corresponding functions to initiate its Web connection. It can then
send or receive data according to an “ Internet application protocol” (HTTP for example).

Gateway

Software element
WEB CLIENT

HTTP

Web Server

WEB Proxy

FCM
HTTP

message passing message passing TCP/IP TCP/IP

internet access internet access

Y Y

HAVi home network Internet

Figure 37. Web Proxy Communication

The Web Proxy FCM has to support (at least one of) the commonly used Internet application
protocols like HTTP, FTP, NNTP, SNMP, POP and IMAP. Its API is sufficiently flexible to alow
the extension with future client/server protocols that run over an |P stack.

6.11.1 Overview

6.11.1.1 The Web Gateway

The Web gateway isany BAV, IAV or FAV device within the HAVi network. Figure 37 shows
the case where the Web Proxy FCM is on the gateway itsalf. However, the HAVi architecture
allows the Web Proxy FCM to be installed outside the gateway device (i.e., the gateway could bea
BAYV device).

The Web Proxy FCM can be viewed as a genera purpose proxy or user agent. Consequently the
current specification could be extended by defining constraints that provide facilities according to
the specification of particular application protocols. For example, a possible HTTP constraint
would be that the Web Proxy FCM interpret the URL (within HT TP requests) and use the protocol
corresponding to the scheme indicated in the URL.

The gateway has to contain the IP stack, according to IETF RFC 1122 and RFC 1123, and means
to access the Internet. Access (see Figure 37) could be:

alink to aservice provider through the PSTN or the ISDN (using a telephone modem)

alink to service provider through a cable network (using a cable modem)

The Web Proxy FCM is associated with the gateway and, of course, a DCM. This DCM has to
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offer aGUI through DDI or an uploadable havlet. This GUI alows a user to configure the gateway
(phone number of web service provider, modem speed for example).

6.11.1.2 The Web Client

The Web client is the software element that reaches a Web server using one of the supported
application protocols. It could be, for example, a Web browser or the DCM Manager (when it has
to upload aDCM).

6.11.1.3 Web Proxy FCM Protocol

6.11.1.31 Multiple Web Transactions

The Web Proxy FCM offers an APl that alows one or more client software elements to send
transactionsto aWeb server. Moreover aclient could manage severa consecutive transactions.

To use the service of the Web Proxy FCM, the Web client opens a connection with the FCM
according to the desired application protocol (HT TP for example). It can then communicate: send
and receive (HT TP transactions for example). Finally it closes the connection.

Open(HTTP, message_size)

n
Lt

Web client | O cid: message Web
end (cid, data, END) Proxy FCM

»

L
Receive (cid, data,

<
«

o —— ok
Receive (cid, data,
w

Receive (cid, data,

D

Close (cid)

Figure 38. Web Proxy and a Web Client Communication

In Figure 38, the Web client opens a connection with the Web Proxy FCM to use it as a proxy
HTTP agent. To open a connection the Web client has to provide the Internet application protocol
type, the address of the Web server and the maximum message buffer size (taking into account the
message passing protocol overhead — see section 5.14).

The Web Proxy FCM establishes the Internet connection (contacts its service provider if needed).
With the response of the Qpen request the Web Proxy FCM provides an identifier for the
connection (cid) and also its maximum message buffer size (taking into account the message
passing protocol overhead — see section 5.14).
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Once the connection is established the Web client can start to use the link according to its protocol.
In Figure 38 the Web client sends a HTTP request (which fits within one HAVi message). The
Web Proxy FCM receives this message, performs a TCP connection® with the HTTP server and
then forwards the request to the server, waits for the response and returns it using one or more
messages according to the response size.

The connection is closed by the Web client.

In the case of alost message, the Web Proxy FCM will be blocked until reception of the response
and the client will also be blocked until the reception of the next message. In this case it is the
responsbility of the client to close the connection after atime out fixed by the client.

The way to map a client with the HTTP transaction is vendor dependent. (For example, the SEID
and connection identifier of the Web client could be mapped with a TCP connection”.)

6.11.1.4 Application Protocols

The Internet gpplication protocol may be one of the following:

HTTPL1
FTP
SMTP
POP3
IMAP4
NNTP

The AP offered by the Web Proxy FCM is sufficiently flexible to accept new protocols. A “get
capability” service alowsthe client to determine the protocol s supported by the Web Proxy FCM.

6.11.1.5 Application Protocol Constraints

This section gives, for each application protocol supported by the Web Proxy FCM, a ligt of
constraints, rules and actions the Web Proxy FCM must support.

6.11.1.5.1 HTTP Constraints

The Web Proxy FCM acts as an HTTP proxy server and interprets the URL and reacts in
conformance with the RFC 1738.

6.11.1.5.2 FTP Constraints

No congraints are defined.

6.11.1.5.3 SMTP Constraints

No constraints are defined.

4 It isnot necessary to open a TCP connection for each HTTP request.
° Typically the TCP connection identifier could bethe socket ID using the socket AP.
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6.11.1.54 IMAP Constraints

No congraints are defined.

6.11.1.5.5 POP Constraints

No constraints are defined.

6.11.1.5.6 NNTP Constraints

No congraints are defined.

6.11.2 Web Proxy Services

Service Comm Locality Access Resv
Type Prot
WebProxy::Open M global all
WebProxy::Close M global all
WebProxy::Send M global all
<Client>::Receive MB global  WebProxy (all)
WebProxy::GetCapability M global all

6.11.3 Web Proxy Data Structures

FileLoc

Prototype
enum Fi |l eLoc { START, M DDLE, END};

Description

Indicates whether the message from a producer to a consumer is the first of atransfer (START), in
the middle of a transfer (M DDLE) or the lagt of a transfer (END). END is used if the transfer is
accomplished in asingle message.

InternetProtocolType

Prototype
enum | nt ernet Prot ocol Type { HTTP, FTP, SMIP, POP3, | NMAP4,
NNTP} ;

Description
Theligt of Internet application protocols the Web Proxy FCM may support.

WebAddressType

Prototype
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enum WebAddressType { DN, I P, LOCAL};

Description

Indicates the type of an Internet host address: either a domain name or an IP address, or the device
associated with the Web Proxy FCM (i.e., the gateway in Figure 37).

WebAddressTypelP

Prototype
enum WebAddr essTypel P { | PV4, | PV6};

Description

Indicates the type of an IP address: either an IPv4 address (as defined in section 3.1 of IETF RFC
1738) or an IPv6 address (asdefined in IETF RFC 2373).

WebAddressIP

Prototype
uni on WebAddressl P swi tch (WebAddressTypel P)
{
case | PV4: octet[ 4] v4Addr ess;
case | PV6: octet[16] v6Address;
1
Description

Indicates an |P address in either IPv4 address format or |Pv6 address format.

WebAddressName

Prototype
t ypedef sequence <octet, 255> WebAddressNane;

Description
Indicates adomain name (as defined in section 3.1 of IETF RFC 1738).

WebAddress

Prototype
uni on WebAddr ess swit ch(WebAddr essType)

{
case DN WebAddr essNanme  nane;

case |P;: WebAddr essl P addr ess;
case LOCAL: :

}

Description

Indicates an Internet host address which will be formatted either as an |P address or a domain
name. LOCAL refers to the device associated with the Web Proxy FCM (i.e., the gateway in Figure
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37).

WebProxyDisconnection

Prototype

struct WebProxyDi sconnection {
| ong ci d;

3

Description

Used by theWebPr oxy: : di sconnect i on attribute.

6.11.4 Web Proxy API

WebProxy::Open

Prototype
St at us WebProxy: : Open(
in I nternetProtocol Type protocol,
in short clientBufferSize,
i n OperationCode opCode,
i n WebAddr ess address,
i n uint portNunber,
out long cid,
out short proxyBufferSize)

Parameters
pr ot ocol —the gpplication protocol for the session the requester wantsto open. The Web
Proxy FCM shall apply some wedl-known constraints according to this protocol described in
section 6.11.1.5.
cl i ent Buf f er Si ze —indicates the maximum size (in bytes) of a message accepted by the

requester. The Web Proxy FCM will take this parameter into account during the sending of the

responsesto the client.

opCode —thisisthe operation code the Web Proxy FCM will useto forward to the client an
incoming response. The client function identified by this operation code must be designed
accordingtothe<d i ent >: : Recei ve API.

addr ess —the address of the host with which the caller wants to communicate. If the address
typeis LOCAL and the Web Proxy FCM does not support this option then the
VebPr oxy: : EADDRESS error code shall be returned.

port Number —the port number for the underlying UDP or TCP communication. If thisvaue
is 0 then the port number will be the default port number associated with pr ot ocol .

ci d —theidentifier of this connection with the Web Proxy FCM. It allows several connections
from the same software component client and also permits matching aresponse with arequest.
pr oxyBuf f er Si ze —indicates the maximum size (in bytes) of messages accepted by the Web
Proxy FCM. The Web client will take this parameter into account during the sending of the
requests.

Description

This function alows a software element client (or Web client) to open a connection with a Web
Proxy FCM. This connection is characterized by the application protocol to be used over the
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connection.

Error codes
ERESOURCE_LI M T —resource alocation error
VebPr oxy: : ENUM_CONN —maximum number of opened connectionsis reached for this FCM
WebPr oxy: : ENETWORK —the Web Proxy FCM isno longer connected to the externa network
WebPr oxy: : EPROTOCOL —the protocol typeis not supported by the Web client
VebPr oxy: : EADDRESS —the addressis unknown

WebProxy::Close

Prototype
St at us WebProxy:: d ose(in long cid)

Parameters
ci d —theidentifier of this connection with the Web Proxy FCM.

Description
Thisfunction is used to close a connection with a\Web Proxy FCM.

Error codes
VebPr oxy: : ECl D—Theci d isunknown.

WebProxy::Send

Prototype
St at us WebProxy: : Send(
in long cid,
in FileLoc where,
i n sequence<oct et > webDat a)

Parameters
ci d —theidentifier of the connection between the Web client and the Web Proxy FCM.
Issued to the Web client by aprevious VebPr oxy: : Open call.
wher e —informs the Web Proxy FCM that this message containsthefirg, the last or amiddle
segment of the datato be transferred.
webDat a —contains a part (amulti-segment transfer) or the entire request according to the
application protocol used on the connection identified by theci d parameter.

Description

This function alows a software element client (or Web client) to send a request to a Web server
according to the gpplication protocol (HTTP for example).

Error codes
VeebPr oxy: : ESI ZE —the data exceeds the size of the buffer in thereceiver. The receiver has
not received or processed the data. It isleft to the implementation how the sender reactsto this
status.
VebPr oxy: : ENETWORK —the Web Proxy FCM isno longer connected to the external
network..
VbPr oxy: : EFAI LED—the receiver has aborted the transfer of the current sequence of data
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transfers. The sender shall abort the transfer of the current sequence.
VébPr oxy: : ECl D—theci d isunknown.

<Client>::Receive

Prototype
Status <O ient>:: Receive(
in long cid,
in FileLoc where,
i n sequence<oct et > webDat a)

Parameters
ci d —theidentifier of the connection between the Web client and the Web Proxy FCM.
Issued to the Web client by aprevious Open call.
wher e —informsthe Web client that the message containsthefirst, thelast or amiddie
segment of the datato be transferred.
webDat a —contains a part (amulti-segment transfer) or the entire response according to the
application protocol used on the connection identified by theci d parameter.

Description

<d i ent >: : Recei ve isimplemented in the client and allows the Web Proxy FCM to forward to
the client an incoming response according to the application protocol (HTTP for example).

Error codes
VebPr oxy: : ESI ZE —the data exceeds the size of the buffer in the receiver. The receiver has
not received or processed the data. It isleft to the implementation how the sender reactsto this
status.
WebPr oxy: : EFAI LED—the receiver has aborted the transfer of the current sequence of data
transfers. The sender shall abort the transfer of the current sequence.
VebPr oxy: : ECI D—theci d isunknown.

WebProxy::GetCapability

Prototype

St at us WebProxy: : Get Capabi | ity(
out sequence<bool ean> protocol Li st,
out sequence<bool ean> typelLi st)

Parameters
prot ocol Li st —thelist of Web application protocols which are available through this FCM.
Thei™ member of pr ot ocol Li st indicates the availability of the protocol identified by
I nt er net Pr ot ocol Type valuei. The safe parameter Sizeis 32 bool ean values.
t ypeLi st —thelist of Web addresstypesthat are supported by this FCM. Thei™ member of
t ypeLi st indicatesthe availability of the address type identified by VebAddr essType value
i. The safe parameter Sizeis 32 bool ean vaues.

Description
Thisfunction permits aWeb client to discover the protocol s supported by the Web Proxy FCM.
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6.11.5 Web Proxy Notification Attributes

WebProxy::disconnection

Attribute
WebPr oxyDi sconnecti on di sconnecti on

Description

Occurrence of a disconnection on the connection specified by the ci d value. Only useful with
comparator ANY.
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7 HAVI Java API Description

7.1 Overview

To dlow flexible and future-proof CE platforms, HAVi supports the uploading of Device Control
Modules, Application Modules and havlets on HAVi FAV devices. The uploadable entities are
written in Java bytecode and an FAV supports a Java virtua machine on which these entities can
run. This chapter describes the definitions necessary to guarantee interoperability with respect to
the uploading and execution of Java bytecode.

7.2 Profiles

HAVi FAV nodes support the uploading of different types of HAVi Java entities. Each FAV must
be able to host DCMs of BAV devices, and so must be able to upload and execute DCM code
units. Moreover, each FAV itsdf decides whether it uploads Application Modules or haviets. To
guarantee that a HAVi Java entity shdl be able to execute on each HAVi FAV to which it may be
uploaded, two FAV praofiles are defined indicating which classes and packages an FAV must

support.

Profile #1: Packages and classes that are (may be) used in DCM code units and
Application Modules code units, and therefore must be supported by every FAV.

Profile #2: Packages and classes that are (may be) used by havlets and therefore, need to
be supported by each FAV that uploads and execute havlets. This set of packages and
classesis an extension of the set of Profile #1.

Note that whether an FAV uploads havletsis adecision it makes onits own and is not influenced or
ordered by other HAVi nodes in the network. Therefore, it is not necessary for other nodes, or for
(DCM/Application Module/havlet) code units to know whether an FAV isof profile#1 or #2.

The uploadable code unit shall not include classes which are in the org.havi package name-space or
any package name-space which begins with 'org.havi. FAVsS shall not execute any bytecode
contained in such classes. The mechanism by which they achieve this (and hence the time when
rejection of the class occurs) is implementation dependent. It is recommended that platforms
consider using the checkPackageDefinition method of java.lang.SecurityManager to accomplish this.

7.2.1 Java API Referencing Rules

There are a number of Situations in this specification where there are references from Java APIs
which are mandatory in the HAVi specification to Java APIswhich are not mandatory inthe HAVi
specification. Theseinclude the following :

Methods where at least one of the arguments is a class or interface which is not
mandatory in the HAVi specification.

Methods whose return value is specified as a class or interface which is not mandatory in
the HAVi specification.

M ethods which throw an exception which is not mandatory in the HAVi specification.
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Fields whose type is a class or interface which is not mandatory in the HAVi
specification.

In these situations, the HAVi specification does not require the method or field concerned to be
present in implementations.

Their presence or otherwiseisatechnica and licensing issue for implementations. Implementations
may include more than is specified here. However DCM code units, Application Module code
units, and havlet code units are not compliant if they require more classes or interfaces than defined
in this specification.

7.2.2 Profile #1: DCMs and Application Modules

The following packages and classes must be supported by each FAV and may be used in DCM and
Application Module code units:

java.lang, as defined in the Java 1.1 Core API (reference [8])
java.util, as defined in the Java 1.1 Core API (reference [8])
org.havi.constants, as defined in Appendix A

org.havi.types, as defined in Appendix A

org.havi.system, as defined in Appendix A

org.havi.lec61883, as defined in Appendix A

org.havi.fem.*, as defined in Appendix A

java.io as defined in the Java 1.1 Core API (reference [8]) apart from the following classes
File, FilelnputStream, FileNotFoundException, FileOutputStream, FileReader, FileWriter,
FilenameFilter and RandomAccessFile. These named classes are not mandatory in this
specification.

java.net.URL, MalformedURLException as defined in the Java 1.1 Core API (reference [8])

The external forms used by objectsimplementing java.io.Serializable is not fixed by this specification
or any of its referenced specifications. Hence there is no requirement for the classes
java.io.ObjectinputStream  and  java.io.ObjectOutputStream t0 be inter-operable between HAVi
implementations.

Support of j ava. net package is required for at least one implementation dependent protocol for
use with instances of the javanetURL class. The methods Class.getResource() and
ClassLoader.getResource() shall return instances of java.net.URL using this protocol when used to
accessfiles carried in the JAR file of an uploaded code unit.

The method URL.getContent shall work as specified in its specification even though the reference to
the URLConnection isnot required to be valid. Except as specified in the list bel ow, this method shall
return instances of java.io.InputStream for all content types.

For images, java.awt.image.ImageProducer shall be returned
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Moreover, to upload and ingtall code units (see next section) an FAV may need to support (parts of)
the following packages:

java.util.zip, as defined in the Java 1.1 Core API (reference [8])

An FAV only needs to provide parts of these packages to properly implement the uploading and
installation of HAVi code units, it does not need to provide these classes to uploaded Java entities.
So, writers of DCM and Application Module code units shal not rely on the availability of the
java.io and java.util.zip packages.

All interfaces added as proprietary extensions to org.havi.* shal have default (package) access. All
classes, methods and fields added as proprietary extensionsto org.havi.* shall have default (package)
or private access.

Aslong as the defined contracts (specification) are respected and kept, it is an alowable option to
override protected, public and package level methods in the org.havi.* package using the standard
javainheritance conventions.

The following restrictions apply to the use of the javalang package by uploaded code units.
Uploaded code units shall not violate these restrictions. The behavior of FAV s should an uploaded
code unit violate these restrictions is not specified. These redtrictions do not remove any class or
method signatures concerned from the platform.

The following methods shall not be called:

Runtime.exec()
Runtime.load()
Runtime.loadLibrary()
Runtime.runFinalizersOnExit()
System.exit()

System.load()
System.loadLibrary()
System.runFinalizersOnExit()
Thread.stop()
Thread.suspend()
Thread.resume()

The following fields shall not be used:
System.in

Methods in the following classes shall not be called:
java.lang.Process

Uploaded code units shall be able to use:

System.out

System.err
Runtime.tracelnstructions()
Runtime.traceMethodCalls()

for debugging without any adverse effects to the code unit. The output shall not be visible to
normal end users and shal not conflict with any other APl or feature of the platform. It is an
allowed implementation option to not generate any output. It is not an allowed implementation to
stall or block until some implementation specific debugging device is connected.

The java.lang.Compiler class and following methods shall be taken as hints from an
application to the system however there is no guarantee of what happens:

395



HAVi SPECIFICATION Version 1.1

Runtime.gc()
System.gc()

The System.setProperties() and System.setSecurityManager() methods will always throw an
exception when called by uploaded code units.

SecurityManager.checkCreateClassLoader() shall aways throw a SecurityException if an
application attempts to create its own subclass of java.lang.ClassLoader.

7.2.3 Profile #2: Havlets

Besides the packages defined in Profile #1, the following packages must be supported by each FAV
that uploads havlets and may be used in havlet code units:

A subset of Java AWT as defined in section 8.2.2

org.havi.ui and org.havi.ui.event, as defined in Appendix A

7.3 Mapping HAVI IDL to Java

7.3.1 Introduction

The HAVI specification uses a subset of IDL to represent data types, structures and API's (IDL
operations). The intent is to provide a normative way of representing the API's. The HAVi
Messaging System will send data in big-endian order and the mapping of data types is based on
CDR (Common Data Representation) from GIOP (Genera Inter Orb Protocol) verson 1.1 as
described in section 3.2.3.4.

This section explains the rules applied to derive classes that form the basis of the HAVi Java APIs.
The rules are mostly derived from Object Management Group's IDL to Java mapping document.
However, to keep with the requirement that the HAVi Java APIs be of a small memory foot-print
and provide high performance, the rules have been dightly modified. Thisrequirement is consistent
with the requirements of consumer electronic devices.

7.3.2 const

An IDL congt with constructed type is mapped to a public interface with the same name as the type
of the constant with the prefix “Congt”. The value of the const is mapped to a public static final
field in the interface with the same name as the constant. All tables with constant values in the
annex of this specification are mapped to appropriate “ Const” interfaces.
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An example of mapping aconst of acongtructed type to Javais given below:

JAVA

IDL
const TypeX A = 0x0005;
const TypeX B = 0x0008;

}

public interface ConstTypeX {

public static final TypeX A = 0x0005;
public static final TypeX B = 0x0008;

7.3.3 Basic Types

7.3.3.1 boolean

TheIDL bool ean type correspond to the boolean Javatype.

7.3.3.2

char, wchar and octet

TheIDL typechar ismapped to the Javatype byte.

TheIDL typewchar ismapped to the Javatype char. Since HAVi states that wehar sizeis 2 bytes
long and is in the UNICODE char set then the mapping is natural. HAVi recommends using the
IDL wchar typefor printable characters.

TheIDL typeoct et is mapped to the Javatype byte.

7.3.3.3

OMG IDL defines the string type st ri ng to be consisting of al possible 8-bit quantities except
null. A string is similar to a sequence of char. Hence the mapping to Java is a sequence of

bytes.

The IDL type wst ri ng is mapped to the Java.lang.String. A wstri ng in HAVi only contains

string and wstring

UNICODE characters (two bytes per character)

7.3.3.4 Integers

The IDL integer types are mapped to the Javainteger types as the followings:

IDL Java
short short
unsi gned short short
| ong int
unsi gned | ong int
I ong | ong long
unsi gned | ong | ong long

As the unsi gned qualifier does not exist in Java, the programmer will have to take care of

comparisons, which will involve an IDL integer.

The corresponding Java class (Integer, Long) will be used as help for unsigned comparisons.
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7.3.3.5 Floating Points

The IDL floating-point types (f | oat and doubl e) are mapped with the corresponding Java
floating point types.

7.3.4 Constructed Types

ThelDL st ruct and uni on typesdefined in HAVi are mapped to class definitionsin Java. These
class definitions can be found in org.havitypes. These classes extend either the HAVI defined
HaviObject abstract class or HavilmmutableObject abstract class.

The Havi Obj ect class extends the javalang.Object class and implements both of the
org.havi.Marshallable interface and the java.lang.Cloneable interface. The HaviObject class implements
an equals method, a hashCode method, a marshal method, an unmarshal method and a clone method
as abgtract methods.

The HavilmmutableObject Class extends the HaviObject class and implements an unmarshal method asa
final method which always throw the HaviUnmarshallingException exception.

If the classes extend the HaviObject class, then they implement an equal method, ahashCode method,
amarshal method, an unmarshal method and a clone method as concrete methods.

If the classes extend the HaviimmutableObject class, then they implement an equals method, a
hashCode method, a marshal method, and a clone method as concrete methods.

Also the classes must provide a constructor for congtructing an instance of the object from a
HaviByteArrayinputStream. This is further explained in the Marshalling and Unmarshalling section.
Classes extending HavilmmutableObject do not permit any methods that change the member values
once the object is constructed. That is, there must be no accessor methods to change any value of
the object.

The equals method concerns semantic equality of objects, i.e., equality of al fields. If the argument
of the equals method is null, the equals method shall return false. The hashCode method shall return
ahash code vaue for the object and shall provide the same contract as specified in the description
of hashCode method in java.lang.Object. The clone method of the class which extends the HaviObject
class shdl provide recursive cloning of objects and return the clone object, i.e., if object X refersto
an object Y, acloneof X refersto acloneof Y. The clone method of the class which extends the
HavilmmutableObject class shal return the object itsdf for which the clone method is called.
Marshalling and unmarshalling are explained in Section 7.3.7.

7.3.4.1 enum

The IDL enumtype is mapped to apublic Javainterface. The Javainterface nameisthe name of the
IDL enumtype with the prefix “Congt”. Each enumvalue corresponds to a public static final field.
If no specific value is provided for the enum then the value assigned will start from 0 and will be
incremented in units of 1 for succeeding values.

An example of mapping an enumto Javais given below:

IDL JAVA

enum TypeX { A, B, C} public interface ConstTypeX{
B public static final int A =0,

B=1,
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C=2;

7.3.4.2 struct

The IDL st ruct typeis mapped to afinal Java class. The Java class name is the name of the IDL
struct type. Each st ruct member corresponds to a pair of an accessor method and a modifier
method for an internal private field which keeps the member value. The Java class provides a
constructor to initialize the struct object and additionally a null constructor (the struct fields could
be updated after the object creation) if it extends from HaviObject.

In addition al classes defined for st ruct must extend from either the abstract HaviObject class or
the abstract HavilmmutableObject class. They must implement the methods equals, hashCode, marshal
and clone. In addition, the unmarsha method must be implemented if the classes defined for struct
extends HaviObject. AlsO the classes must provide a constructor for constructing an ingtance of the
object from aHaviByteArraylnputStream. Thisisfurther explained in section 7.3.7 on marshaling and
unmarshaling.

An example of mapping ast r uct to Javaisgiven below:

IDL JAVA
struct TypeStruct public final class TypeStruct extends HaviObject {
{ private AType A;
. private Btype B;
AType A, private Ctype C;
Bt ype B;
Ctype C public final TypeStruct(){}
}; public final TypeStruct(AType _A, Btype _B, Ctype C){
A=_A
B=_B;
C=_¢C;

}

public final TypeStruct(HaviByteArraylnputStream hi)
throws HaviUnmarshallingException {

-

public void marshal(HaviByteArrayOutputStream ho)
throws HaviMarshallingException {

-

public void unmarshal(HaviByteArraylnputStream hi)
throws HaviUnmarshallingException {

-

public boolean equals(Object o) {

}
public int hashCode() {

}

public Object clone() {

}
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The behavior of accessor methods getting each struct member value, modifier methods setting each
struct member value, and congtructorsinitializing instances shall be asfollows:

If the Java class extends the HaviObject class

If the field isaclass other than subclasses of the HaviimmutableObject class, areference
to the object is got/set.

If the field isa subclass of the HaviimmutableObject class, areferenceto the object is
got/set.

If thefield is of the basic datatype, the basic dataiis got/set by vaue

If the Java class extends the HavilmutableObject class

If thefield isaclass other than subclasses of the HavilmmutableObject class, adeep copy
of the object is created and got/set.

If the field isa subclass of the HaviimmutableObject class, areferenceto the object is
got/set.

If thefield is of the basic datatype, the basic dataiis got/set by vaue

7.3.4.3 union

TheIDL uni on is mapped to afinal Java class with the same name that has:

adefault constructor (only if extending from HaviObject)

one constructor method for each branch

an accessor method for the discriminator, named get Di scri m nat or ()

an accessor method for each branch

amodifier method for each branch (only if extending from HaviObject)

amodifier method for each branch that has more than one case label (only if extending
from HaviObject)

adefault modifier method if needed (only if extending from HaviObject)

The normal name conflict resolution ruleis used (prepend an “_") for the discriminator if thereisa
name clash with the mapped union type name or any of the field names.

The branch accessor and modifier methods are overloaded and named after the branch. Accessor
methods shall raise the HaviunionException if the expected branch is not set.

One modifier method exists for each member accepting as unique parameter the member’s vaue;
thus, the discriminator is automatically set to a legal value for that union member. One accessor
method exists for each union member. It will return the value of the current member. Attempt to
access a member which is not the current one (regarding the discriminator value) will generate an
exception. The member’s constructors initidlize the discriminator to a specified vaue
corresponding to alega value (in case of unique non-default case label, then that labdl is used as
the implicit discriminator). The default class constructor does not initialize the union. Thus it is
necessary to use a member modifier method or member constructor method before using any
accessor method.

All the classes mapped from unions will have a set of constructors which can initialize the classto
any branch of the union. These constructors will have a parameter called switchType to pecify the
branch.

In addition al classes defined for uni on must extend either the abstract Haviobject class or the
abstract HavilmmutableObject class. They must implement the abstract methods equals, hashCode,
marshal and clone. In addition, the unmar shal method must be implemented if the classes defined
for union extends Haviobject.. All classes must provide a congtructor for constructing an instance of
the object from a HaviByteArraylnputStream. Thisis further explained in section 7.3.7 on marshalling
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and unmarshalling.

An example of mapping auni on to Javaisgiven below:

IDL JAVA

uni on TypeUni on switch public final class TypeUnion extends HaviObject {

% ! ong) private int discriminator;  // the discriminator
case 1: AType A private AType A;
case 2: Btype B; private Btype B;
case 3: private Ctype C;

default: Gype C public int getDiscriminator () throws

HaviUnionException{...}

public TypeUnion (HaviByteArraylnputStream hi')
throws HaviUnmarshallingException { ... }

public TypeUnion (int switchType, AType _A)

throws HavilnvalidValueException { ... }
public void setA (AType _A)

throws HavilnvalidValueException { ... }
public Atype getA ()

throws HaviUnionException { ... }

public TypeUnion ( int switchType, BType B)

throws HavilnvalidValueException { ... }
public void setB ( Btype B)

throws HavilnvalidValueException { ... }
public BType getB ()

throws HaviUnionException { ... }

public TypeUnion ( int switchType )
throws HavilnvalidValueException { ... }

public TypeUnion ( int switchType, CType C)

throws HavilnvalidValueException { ... }
public void setC( Ctype _C)

throws HavilnvalidValueException { ... }
public CType getC ()

throws HaviUnionException { ... }

public boolean equals ( Object 0 ) {

}
public int hashCode() {

}

public void marshal ( HaviByteArrayOutputStream hbaos )
throws HaviMarshallingException {

}

public void unmarshal(HaviByteArraylnputStream hbais)
throws HaviUnmarshallingException {

}
public Object clone () {

}
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The behavior of accessor methods getting each union member value, modifier methods setting each
union member value, and congtructorsinitializing instances shall be asfollows:

If the Java class extends the HaviObject class

If the fidd isaclass other than subclasses of the HaviimmutableObject class, areference
to the object is got/set.

If the field is a subclass of the HaviimmutableObject class, areferenceto the object is
Qot/set.

If thefield is of the basic datatype, the basic dataiis got/set by vaue

If the Java class extends the HavilmutableObject class

If thefield isaclass other than subclasses of the HavilmmutableObject class, adeep copy
of the object is created and got/set.

If the field is a subclass of the HaviimmutableObject class, areference to the object is
got/set.

If thefield is of the basic data type, the basic dataiis got/set by value

7.3.4.4 sequence

The IDL sequence typeis mapped to aJava array of the mapped type. Bounded sequences imply
a bound check during marshalling of IDL operation parameters. Holder classes (explained later)
for the sequences are defined by using the same name asthe type of the sequence with * SeqHol der”
appended to it. However, sequence<octet> shall be mapped into HaviByteArrayOutputStream if it
needs to be marshalled usng CDR. And sequence<octet> shal be mapped into
HaviByteArraylnputStream if it needs to be unmarshaled using CDR (See the section 7.3.7).
Otherwise sequence <octet> shall be mapped into byte[].

7.3.4.5 array

The IDL array type is mapped to the Java array. Bounded arrays imply a bound check during
marshalling and unmarshalling of IDL operation parameters.

7.3.4.6 typedef

Java does not have atypedef construct.

7.346.1 Simple IDL Types

Any t ypedef that isatype declaration for a smple type is mapped to the original (mapped type)
everywhere the t ypedef type appears. Thus an IDL congtruct t ypedef ushort El enent|d

does not generate a corresponding Elementld class. Wherever El enent | d appearsinthe IDL itis
assumed to be replaced with ushor t and the appropriate mapping rules are further applied.

7.34.6.2 Complex IDL Types

Typedefs for non-arrays and segquences are “unwound” to their origina type until a smple IDL
type or user-defined IDL type (of the non t ypedef variety) is encountered. Typedefs for arrays
and sequences are converted to corresponding named classes. Thus the IDL t ypedef
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sequence<oct et > Bi t map isconverted to acorresponding Bitmap class. An example of aBitmap
classisgiven below:

/I Java

package org.havi.types;

public final class Bitmap extends HaviObject {
private byte[] value;

public Bitmap() {...}
public Bitmap(byte[] value) throws HavilnvalidValueException {

this.value = value;

}
public Bitmap(HaviByteArraylnputStream hbais) throws HaviUnmarshallingException {

t-H.is.unmarshaI(hbais);

}

public byte[] getValue() {
return(value.clone());
}

public void setValue(byte[] value) throws HavilnvalidValueException {
this.value = value;
}

public Object clone() {...}

public boolean equals(Object 0) {...}

public int hashCode() {...}

public void marshal(HaviByteArrayOutputStream hbaos) throws HaviMarshallingException {...}
public void unmarshal(HaviByteArraylnputStream hbais) throws HaviUnmarshallingException {...}

}

In addition all classes defined for t ypedef must extend either the abstract HaviObject class or the
abstract HavilmmutableObject class. They must implement the abstract methods equals, hashCode,
marshal and clone. In addition, the unnmar shal method must be implemented if the classes defined
for typedef extends HaviObject. All the classes must provide a constructor for constructing an
instance of the abject from a HaviByteArrayinputStream. Thisis further explained in the Marshalling
and Unmarshalling section.

7.3.5 Holder Classes

Support for out and i nout parameter passing modes requires the use of additional “holder”
classes. Theseclassesare availablefor al the basic IDL datatypes and sequences. For user defined
IDL types, such as st ruct and uni on, if the types are mutable, no additiona holder classes are
required. For user defined IDL types, such asst ruct and uni on, if the types are immutable, the
holder class name is the Java type name (with itsinitial letter capitalized) to which the datatypeis
mapped with an appended Holder. For the basic IDL datatypes, the holder class name is the Java
type name (with its initial letter capitalized) to which the datatype is mapped with an appended
Holder. (E.g. IntHolder for an i nt .) For sequence the holder class is defined by using the same
name as the type of the sequence with SeqHolder appended to it.

Each holder class must extend from the HaviHolder class. Each holder classhasapair of the accessor
method named getvalue and the modifier method named setvalue for aninterna private field named
"value" which holds a basic data value, an array instance or an immutable instance. Each holder
class provides a congtructor to initidlize the value field of a holder instance, and additionally
provides adefault constructor (the value field can be updated after the object creation). The default
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constructor sets the value field to the default vaue for the type of the value field as defined by the
Java language: FALSE for boolean, O for numeric and char types and null for arrays and other
classes. Each holder class must implement equals, hashCode, marshal and unmarshal methods. In
addition each holder class must provide a constructor for constructing a holder ingtance from a
HaviByteArrayinputStream. This is further explained in section 7.3.7 on marshdling and
unmarshalling. The behavior of the accessor method getvalue(), the modifier method setvalue(), and
the congtructor initializing the value field shal be asfollows:

If the value field is a subclass of the HavilmmutableObject class, a reference to the object is
got/set.

If the valuefield is an array class, areference to the object is got/set.

If the value field is of the basic data type, the basic datais got/set by value

An example of aholder classfor abasic type and a sequence type is given below:
Il Java
package org.havi.types;
public final class ShortHolder extends HaviHolder {
private short value;
public ShortHolder() { ...}
public ShortHolder(short value) throws HavilnvalidValueException {
t-k-{is.value =value;
}
public ShortHolder(HaviByteArraylnputStream hbais) throws HaviUnmarshallingException {

this.unmarshal(hbais);

}

public short getValue() {
return(value);

}

public void setValue(short value) throws HavilnvalidValueException {
this.value = value;
}

public boolean equals(Object0) { ... }

public int hashCode() { ... }

public void marshal(HaviByteArrayOutputStream hbaos)throws HaviMarshallingException { ... }
public void unmarshal(HaviByteArraylnputStream hbais) throws HaviUnmarshallingException{ ... }

/I Java
package org.havi.types;
public final class SeidSeqHolder extends HaviHolder {
private SEID[] value;
public SeidSeqHolder() { ...}
public SeidSeqHolder(SEIDJ[] value) throws HavilnvalidValueException {

this.value = value;
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}
public SeidSeqHolder (HaviByteArraylnputStream hbais) throws HaviUnmarshallingException {

this.unmarshal(hbais);

}

public SEID[] getValue() {
return(value.clone());
}

public void setValue(SEID[] value) throws HavilnvalidValueException {
this.value = value;
}

public boolean equals(Object 0) { ...}

public int hashCode() { ... }

public void marshal(HaviByteArrayOutputStream hbaos) throws HaviMarshallingException { ... }
public void unmarshal(HaviByteArraylnputStream hbais) throws HaviUnmarshallingException { ... }

}
7.3.6 Exceptions

The IDL exceptions are not supported. However, the HAVi Java APIs define a Havi Except i on
corresponding to each error code and in addition define a number of other exceptions. All
exceptions corresponding to HAVi error codesin HAVi Java APls are extended from the base class
Havi Except i on. These classes are described in detail in Appendix A. Refer to section 7.3.8.3 on
Error Codes to note when exceptions are rai sed.

7.3.6.1 Exception Throwing and Handling

The following section applies to al packagesin the org.havi package namespace with the exception
of org.havi.ui and sub-packages of that package. Exceptionsto be thrownin HIJA aredivided into the
following two categories. Subclasses of the HaviException class and Subclasses of the Exception
class.

Exceptions which are the subclasses of the HaviException class correspond to the return error codes
of HAVi API (See Section 7.3.8.3.). An exception in this category is thrown if an error code was
received from another software element or if an error code should be returned to another software
dement. And since a client shdl interpret a received unknown error code as
EUNI DENTI FI ED_FAI LURE, HaviUnidentifiedFailureException shall be thrown if an unknown error
code is received. In addition, Java clients shall catch any HaviException t0 avoid termination on an
unknown HaviException thrown by aHavi O i ent of anewer FAV (See Section 5.1.7.).

The subclasses of the Exception class are for notifying of abnormalities or exceptiona events
among the instances of the classes defined in HJA. There are the following six exceptionsin this

category:

HavilnvalidValueException
HaviMarshallingException
HaviUnmarshallingException
HaviUnionException
HaviMsgListenerExistsException
HaviMsgListenerNotFoundException

On execution of a constructor or a modifier method in a subclass of the HaviObject class,
HavilnvalidValueException iSthrown if at least one argument isinvalid.
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On execution of any constructor or any method other than constructors and modifier methods in
subclasses  of the HaviObject class,  javalang.llegalArgumentException  (and  not
HavilnvalidValueException) isthrown if at least one argument isinvalid.

On execution of any congtructor or any method in HJA, unless the HAVi Specification or the
Javadoc explicitly states that null can be used in the constructor or method,
java.lang.NullPointerException (and not HavilnvalidValueException) iSthrown if at least one argument is
null (regardiess of whether the class which provides these constructor or method extends the
HaviObject class or not.).

If HavilnvalidValueException iS caught on execution of a constructor or a method in subclasses of the
HaviClient class, HaviServerHelper class, or HaviListener class, the constructor or method shall handle
this exception in one of the following ways:

solve the exceptional event within the method itself
throw the exception HavilnvalidParameterException
send the error code El NVALI D_PARANVETER to an appropriate software el ement

On execution of a marshal method in a subclass of the HaviObject or HaviHolder class
HaviMarshallingException iSthrown if marshalling fails for some reason. Some possible reasons could
be, use of invalid data (e.g. marshdling a null instance) or the lack of resources (e.g. marshaling
extremely long array data).

On execution of an unmarshal method or an unmarshal constructor in a subclass of the HaviObject or
HaviHolder class Havi Unmar shal | i ngExcepti on is thrown if unmarshalling fails for some
reason. Some possible reasons could be, use of invaid data (e.g., the message data is shorter than
expected or the first value of a sequence is negative) or the lack of resources (e.g., unmarshalling
extremely long array data).

If HaviMarshallingException Or Havi Unmar shal | i ngExcept i on is caught, it is impossible to
determine whether the cause of this exception is the use of invaid data or an abnormality in
execution environments. Thus, the constructor or method which caught HaviMarshallingException or
HaviUnmarshallingException shall handle this exception in one of the following ways:

solve the exceptional event by the method itself
throw the exception HaviUnidentifiedFailureException
send the error code EUNI DENTI FI ED_FAI LURE to an appropriate software element

On execution of an accessor method in a subclass of the HaviObject to which uni on is mapped,
HaviUnionException is thrown if the discriminator value is different from the value corresponding to
the accessor method. For example, Eventld.getSystemEid() throws HaviUnionException if this method
is executed when Eventld is not a system event (See Section 7.3.4.3).

On execution of the addHaviListener method in the SoftwareElement  class,
HaviMsgListenerExistsException is thrown if the instance of subclasses of the Havilistener class
specified as argument has aready been attached to the instance of the SoftwareElement class.

On execution of the removeHaviListener method In  the SoftwareElement class,

HaviMsgListenerNotFoundException iS thrown if the instance of subclasses of the HaviListener class
specified as argument has not been attached to the ingtance of the SoftwareElement class.

7.3.6.2 States of Instance and Arguments

When an exception isthrown from amethod of an instance, the state of the instance and the state of
each argument of the method shall be defined by the following rules:
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1) For any classesin HJA:

1-1) When any exception is thrown by any constructor or method and unless the HAVi
Specification or the Javadoc explicitly describes the states of the instance or the arguments:

The state of theingtance which threw the exception isindeterminate.
The state of each argument of the method isindeterminate.

2) For subclasses of the HaviObject class, subclasses of the HaviHolder class, the
HaviByteArrayOutputStream class, and the HaviByteArrayInputStream class:

2-1) When a HaviUnionException is thrown by any method:
The state of the instance which threw the exception does not change.
2-2) When a HavilnvalidValueException is thrown by any congtructor or method:

The state of the instance which threw the exception does not change.
The state of each argument of the method does not change.

2-3) When aHaviMarshallingException isthrown by any method:
The state of the instance which threw the exception does not change.

3) For the SoftwareElement class:

3-1) When a HaviMsgListenerExistsException, @ HaviMsgListenerNotFoundException, Or any exception
which is of asubclass of the HaviException classis thrown by any method:

The state of the instance which threw the exception does not change.

The set of the attached listeners of the instance which threw the exception does
not change.

Each state of the attached listeners of the instance which threw the exception does
not change.

32) When any exception other than a  HaviMsglistenerExistsException, &
HaviMsgListenerNotFoundException, OF an exception which is of a subclass of the HaviException classis
thrown by any method:

The set of the attached listeners of the instance which threw the exception does
not change.

Each gtate of the attached listenersof the instance which threw the exception does
not change.

4) For the subclasses of the HaviClient class and the HaviServerHelper class:

4-1) When any exception which is of a subclass of the HaviException class is thrown by any
message-sending method:

The state of the ingtance which threw the exception does not change.

7.3.7 Marshalling and Unmarshalling

HAVI requires that messages are sent and received following the Common Data Representation
standard (see section 3.2.3.4). To facilitate sending of Java objects around the HAVi network, dl
data type classes used in the HAVI Java APIs, including “holder” classes, shall implement
“marshalling” of the objects into output data stream and also implement “unmarshalling” of the
input data. Every class for atype shall implement the marshal and unmarshal methods. In cases of
classes extending from HaviimmutableObject class, the unmarshal method shall just throw
HaviUnmarshallingException. All classesshall also provide aconstructor, which accepts an input data
stream and constructs itself by reading it. When marshaling bounded arrays and sequences, the
marshal method shall raise a HaviMarshallingException if the size of the array or the sequence exceeds
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the specified limit. Similarly while unmarshalling HaviunmarshallingException shdl be raised if the
incoming stream has more data then the specified limit. HaviunmarshallingException shal be also
raised when avalue of unmarshalled dataisinvalid with respect to the class.

7.3.7.1 HaviByteArraylnputStream & HaviByteArrayOutputStream

HAVi Java APIs provides two stream classes that provide methods for “marshdling” and
“unmarshalling” messages.

HaviByteArrayInputStream class extends the java.io.ByteArraylinputStream class and provides for reading
incoming datathat isin Common Data Representation (CDR) format as specified in section 3.2.3.4.

HaviByteArrayOutputStream class extends the java.io.ByteArrayOutputStream class and provides for
writing out datathat isin CDR format.

7.3.8 HaviClient and HaviServerHelper

7.3.8.1 Client and Server

In the HAVIi specification, several IDL interfaces are defined. Each interface defines severa
operations. For example, Om1.394: : Get Qui dLi st, where OmiL394 is the IDL interface and
CGet Qui dLi st istheoperation. Each IDL interfaceis basically mapped to aJavaclient classand a
server helper class. Client classes and server helper classes are explained below.

The HAVi Java APIs can be used to implement client objects (software elements which would like
to reach a server's software element AP, as havlets, Application Modules, DCMs, FCMs, or
system software elements) and server objects (DCMs or FCMs for example).

73811 Client Classes
To implement client objects, the HAVi Java APIs provide “ client classes’.

There are two kinds of client classes. The firgt kind are called “remote client classes’ or smply
“client classes’. The second kind are called “local client classes’. (Some APIs have only “remote
client classes’ because such APIs does not distinguish remote access and local access.)

Remote client classes provide methods to access software elements of a specified type. The
methods construct appropriate messages and send them to the specified software elements. In the
case of asynchronous methods the result isreturned to al listenersinstalled by the caller. In the case
of synchronous methods the resulting byte stream is parsed back and returned to the caler. All
remote client classes are extended fromthe Havi O i ent class.

Loca client classes provide methods to access local software elements of a specified type. In the
case of asynchronous methods the result isreturned to dl listenersinstalled by the caller. Inthe case
of synchronous methods the resulting byte streamis parsed back and returned to the caller. All local
client classes are extended from the corresponding remote client class.

For example, the remote client class of the 0394 API isdefined asfollows:

/I Java

public class Cmm1394Client extends HaviClient {

408



HAVi SPECIFICATION Version 1.1

}
And theloca client class of the m1.394 APl isdefined asfollows:

/I Java

public class Cmm1394LocalClient extends Cmm21394Client {

}

In the client classes, each IDL operation is mapped to two Java methods: one with the same name
(except garting in lowercase), the other one with the same name (again starting in lowercase)
suffixed with Sync. For example:

/11DL

Status Cml394: : Get CGui dLi st (
out sequence<GU D> activeCui dLi st
out sequence<GUJ D> nonacti veCui dLi st)

/l[Java

public class Cmm1394LocalClient extends Cmm1394cClient {

public final void getGuidList(IntHolder transactionld)
throws HaviGeneralException,
HaviMsgException { ... }

public final void getGuidListSync(int timeout,
GuidSeqHolder activeGuidList,
GuidSeqHolder nonactiveGuidList)
throws HaviGeneralException,
HaviMsgException,
HaviCmm1394NotReadyException { ... }

}

The fird method, getGuidlist, will send the message that corresponds to the IDL
Omil394: : Get Qui dLi st APl using the Messaging System's MsgSendRequest API. The
method does not wait for, or handle, the reply message coming back. The result is returned to all
ligeners installed by the caller. Therefore, the signature only hasthei n and i nout parameter of
the IDL definition. Moreover, it returns the t r ansact i onl d used by the Messaging System in
sending the message; this allows the caller to match the corresponding incoming reply later on.

The second method, getGuidlistSync, sends the cal via the Messaging System's
MsgSendRequest Sync API. The method waits for the reply message and handles the reply by
providing the result in the out and i nout parameters. Therefore, the signature provides al i n,
out andi nout parameters. Moreover, the signature provides a parameter to pecify the timeout to
be used in the MsgSendRequest Sync API. A value of “0” for timeout would result in the default
timeout of the Messaging System.

In case of alocal API such as the above case, note that this message transfer is merely a logical
modd and whether MsgSendRequest or MsgSendRequest Sync APl is actudly called and the
corresponding message is actualy sent isimplementation dependent.

Client classes only contain the methods accessible by non-system components, i.e. methods that

may be accessed from any uploaded entity. They do not contain methods that can only be called by
asystem component and which may be handled in aproprietary way.
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7.3.8.1.2 Server Helper Classes

To help the designer of a non-system software elements (e.g., DCMs and FCMs) the HAVi Java
APIs provide “server helper classes’. These classes contain methods to send back responses to
incoming requests and also methods to call message back APIs (see section 5.1.1). All server helper
classes are extended from the HaviServerHelper class.

A response method gets as parameters a destination SEID, a return code, a transaction ID (as
defined in MsgSendResponse) and al output parameters defined in the specific IDL API. The
instance of the SoftwareElement class which provides the MsgSendResponse APl and the transfer
maode of the MsgSendResponse API are given through the constructor of the server helper class.
The SoftwareElement class is described in section 7.3.9.

The following example is the server helper class for a VCR FCM. The response method
corresponding to the API Ver : : Pl ay is described. The instance of the SoftwareElement class and
the transfer mode are given through the constructor of the VerServerHelper class.

/I Java
public class VcrServerHelper extends HaviServerHelper {

public VcrServerHelper(SoftwareElement se,
int transferMode) { ... }

public final void playResp(SEID destSeid,
Status returnCode,
int transactionld)
throws HaviGeneralException,
HaviMsgException { ... }

The following exampleis the server helper class for an FCM. The response method corresponding
tothe Fcm : Subscri beNoti fi cati on APl isdescribed. The two methods corresponding to the
message back for the <d i ent >: : FcrmNot i fi cati on (which isimplemented in the client) are
al so described.

/I Java
public class FcmServerHelper extends HaviServerHelper {

public FcmServerHelper(SoftwareElement se,
int transferMode) { ... }

public final void subscribeNotificationResp(SEID destSeid,
Status returnCode,
int transactionld,
HaviByteArrayOutputStream currentValue,
short notificationld)
throws HaviGeneralException,
HaviMsgException { ... }

void fcmNotification(
SEID destld,
IntHolder transactionld,
OperationCode opCode,
short notificationld,
short attributelndicator,
HaviByteArrayOutputStream value)

throws HaviGeneralException,
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HaviMsgException { ... }

void fcmNotificationSync(
SEID destld,
int timeOut,
OperationCode opCode,
short notificationld,
short attributelndicator,
HaviByteArrayOutputStream value)
throws HaviGeneralException,
HaviMsgException { ... }

}
7.3.8.2 Parameter Passing Modes

IDL i n parameters, which implement call-by-value semantics, are mapped to normal Java actua
parameters. If an operation has a return value other than SUCCESS in a HAVi message, then a
corresponding HavixxXXException is raised in the code of the operation caller (usualy the client-side,
but the server-sidein the case of aMB, or “message back”, operation). Note that an exception may
be thrown at either the client-side or the server-side, but never on both sides. i n parameters are not
modified by the procedure.

IDL out and inout parameters, which implement cal-by-result and cdl-by-value/result
semantics, cannot be mapped directly into the Java parameter passing mechanism for basic types
and sequences. This mapping defines additional holder classes for al the IDL basic and sequence
types, which are used to implement these parameter modes in Java. The client supplies an instance
of the appropriate Java holder classthat is passed (by value) for each IDL out ori nout parameter.
The contents of the holder instance (but not the instance itself) are modified by the invocation, and
the client uses the (possibly) changed contents after the invocation returns. In the case of user-
defined types such as st ruct and uni on, there are no additional holder classes needed and the
client supplies an instance of the appropriate Java class itsalf.

Parameters defined as out or i nout in the IDL description may be modified by the procedure.
This concerns the object passed as parameters as well as al (sub) objects to which the parameter
refers. Thisallowsthe caller to dlocate and reuse the classes needed for the reply and alleviatesthe
need for creating new objects by the method on each call.

All types of variables (i n, out andi nout ) shdl not be changed by the environment (in a separate
thread) during the complete duration of the call.

/1 1DL
nmodul e Exanmpl e {
i nterface Modes {
voi d operation (in long inArg,
out | ong out Arg,
i nout |ong inoutArg);

/I Java
package Example;
public interface Modes {
void operation(int inArg,
IntHolder outArg,
IntHolder inoutArg);
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}

In the above the actua i n parameter comes in as only an ordinary value. But for the out and
i nout parameters, an appropriate holder, if necessary, must be constructed. A typical use case
might look asfollows:

/I use Java code

/I select a target object
Example.Modes target = ...;

/I get the in actual value
int inArg = 57,;

/I prepare to receive out
IntHolder outHolder = new IntHolder();

/I set up the in side of the inout
IntHolder inoutHolder = new IntHolder(131);

/I make the invocation
int result = target.operation(inArg, outHolder, inoutHolder);

/I use the value of the outHolder
... outHolder.setValue() ...

/I use the value of the inoutHolder
... inoutHolder.getValue() ...
... inoutHolder.setValue() ...

Before the invocation, the input value of the i nout parameter must be set in the holder instance
that will be the actual parameter. Thei nout holder can be filled in either by constructing a new
holder from avalue or by assigning to the value of an existing holder of the appropriate type. After
the invocation, the client uses the outHolder.setValue() to Set the value of the out parameter, and the
inoutHolder.getValue() to access the output value of the i nout parameter. The return result of the
IDL operation is available asthe result of the invocation.

7.3.8.3 Error Codes

The return error codes in the HAVI specification are mapped to exceptions of similar name
prefixed with HAVi, suffixed with Exception and the beginning “E” removed and“_" removed. Each
word is garted with uppercase and the remaining letters are in lowercase. Thus the error code
ENOT_READY istrandated to a HaviNotReadyException class. If the error code belongsto aparticular
API then the API name is inserted immediately after the prefix HAVi. Thus Msg: : ENOT_READY
would trand ate to HaviMsgNotReadyException. The HAVi Java APIs definein addition several other
exceptions. These exception classes can be found in the org.havi.types package.

Note that it might be the case that an exceptionisraised but that theout andi nout parameterstill
have proper values.

7.3.8.4 Parameter Checking

7.3.84.1 Parameter Checking Before Sending Messages

Before any message is sent, al parametersin the message shall be checked asfollows:

On execution of a constructor or amodifier method in a subclass of the HaviObject class or
a subclass of the HavilmmutableObject class:

when avalue which isnot alowed by the HAVi Specification is attempted to be set to
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any "basic datatype” field of theinstance, a HavilnvalidvalueException shall be thrown.
when null is atempted to be st to any “class’ fidd of the instance, a
java.lang.NullPointerException shall be thrown.

On execution of a message-sending method in the SoftwareElement class, a subclass of the
HaviClient class, or a subclass of the HaviServerHelper class:

when avalue which isnot alowed by the HAVi Specification is specified as any
"basic datatype" "in" parameter of the method, aHavilnvalidParameterException shall be
thrown.

when aholder instance which is specified as any "basic data type holder class',
"out/inout” parameter of the method turns out to hold avalue which is not alowed by
the HAVi Specification, aHavilnvalidParameterException shall be thrown.

when aholder ingtance which is specified as any "basic data type sequence holder
class', "out/inout” parameter of the method turns out to hold avalue which is not
allowed by the HAVi Specification, a HavilnvalidParameterException shall be thrown.
when null is specified asany "class' parameter of the method, a
java.lang.NullPointerException shall be thrown.

7.3.8.4.2 Parameter Checking After Receiving Message

After any messageisreceived, al parametersin the message shall be checked asfollows:

On execution of an unmarshall constructor in any classes:

when avaue which isnot alowed by the HAVi Specification is attempted to be set to
any "basic datatype” field of the ingtance, a HaviunmarshallingException shall be
thrown.

On execution of a synchronous message-sending method in the SoftwareElement class, a
subclass of the HaviClient class, or a subclass of the HaviServerHelper class:

when avauewhich isnot allowed by the HAVi Specification is set asthe held value
of any "basic datatype holder class', "out/inout" parameter of the method, a
HavilnvalidParameterException shall be thrown.

when avauewhich isnot allowed by the HAVi Specification is set as at |east one of
the held values of any "basic data type sequence holder class’, "out/inout”" parameter
of the method, aHavilnvalidParameterException shall be thrown.

7.3.9 SoftwareElement

The SoftwareElement class implements safe access to the HAVi Messaging System for a single
software element. A fresh SEID is created for a software eement during construction of a
SoftwareElement object. To send messages, class SoftwareElement implements the Messaging System
send APl primitives, without the SEID sour ceSei d parameter. The SEID of the source (or
sender) of amessage isimplicitly contained in the SoftwareElement object.

To handle incoming messages, HAVi defines the nation of a HAVi listener. All HAVi listener
classes extend the HaviListener class and implement one abstract method called receiveMsg. This
receiveMsg method generdly filters and processes a message, received from the underlying system

(the message dispatcher).

A listener is ingtalled through the addHaviListener methods of the SoftwareElement class or via the
SoftwareElement(HaviListener) constructor.. A listener can specify reception of al incoming messages
for the software element, or only messages originating from a particular sender SEID.

Recelved messages are delivered to all Havilistener objects ingtdled for the associated
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SoftwareElement object (and optiondly sender SEID).

Received messages are delivered to al Havilistener objects installed for the associated
SoftwareElement object (and optionally sender SEID). The receiveMsg method of the listeners are
invoked in the order that the listeners have been installed.

For a given message received by a SoftwareElement object, the haveReplied argument of the listeners
receiveMsg method shall be set to false until alistener hasreturned true. After alistener has returned
true, dl following listeners receiveMsg shall have haveReplied Set to true.

In the case that the message is a request, and al listeners have returned false, the SoftwareElement
shall send aresponse with the error code UNKNOWN_MESSAGE. If one or more listenersreturn true
the SoftwareElement shall not send aresponse.

The implementor of the listener should be aware that during the time that the receiveMsg method
blocks, the related SoftwareElement may not be able to process other incoming messages.

How messages incoming to a device are dispatched to the relevant SoftwareElement objects is
implementation dependent. Also, whether and how a receiving Messaging System implements the
noack (Msg: : ETARGET_REJECT) message/mechanism is SoftwareElement (or Messaging System)
implementation dependent.

A SoftwareElement object has its own thread to cal the Havilistener.receiveMsg callbacks; it does not
block other softwareElement objects or the underlying Messaging System while performing these
calbacks. Consequently, there are no redtrictions on the implementations of the (application
provided) HaviListener.receiveMsg method: the method does not have to be treated as an interrupt.
However, one must be careful when using SoftwareElement.msgSendRequestSync in the
HaviListener.receiveMsg method, sincethis will block the caling software e ement until the response
to the supplied request is received. While the msgSendRequestSync is blocked no other incoming
messages can be processed by the software element. This may result in a deadlock.

For example, suppose that aregistry isimplemented in such away that it uses msgSendRequestSync
within its HaviListener.receiveMsg to forward Get El enent requests to other registries. When two
applications on two different nodes (A1 and A2, respectively) happen to query their registries (R1
and R2, respectively) at approximately the same time, a deadlock may occur. R1 is busy handling
the request of A1 and waits for the response to the Get El enent forwarded to R2. During this
period, R1 cannot process incoming messages. Furthermore, R2 is busy handling the request of A2
and waitsfor the responseto the Get El enent forwarded to R1. Also, during this period, R2 cannot
process incoming messages. This is a deadlock situation which will result in timeouts of the
msgSendRequestSync call in both R1 and R2.

A generd solution isto avoid synchronous sendsin cases whereit might lead to deadlock, or to add
sufficient threads in the Messaging System clients. For example, to avoid the scenario described
above, one additional thread per Registry would suffice.

Java programs will access the class SoftwareElement in a multi-threaded fashion. To avoid

unnecessary EBUSY exceptions it is preferable that the implementation of the class SoftwareElement
either supports outstanding messages as defined in chapter 3.2.1.2.8 or seridizes any parald

messages.

7.4 Code Units

HAVi Java code units are entities for uploading Java bytecode by FAV nodes. Basically, the format
of a Java code unit is the Java archive or “JAR” format as specified in Java 1.1 [7][8]. The class
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loader of an FAV resolves class and resource names rel ative to the root directory of the archive. For
the different type of code units, i.e., DCM code units, Application Module code units and havlet
code units, there are different requirements on the actua class definitions that must be in the JAR
file. Theway they are handled by an FAV isbasicaly the same:

The FAV loads the classes in code unit JAR file such that they are available for the code
unit. Classes in package <none> are located in the root directory of the archive.

The FAV finds a specific class definition with the predefined name (the different types of
code units are specified below) and makes a new instance of the specified class.

The FAV calls the install method of the newly created object with proper parameters for
that type of class. Also, the FAV provides areference to an UninstallationListener interface
(see below) by which theinstalled object can indicate when it has uninstalled itself.

When the installed object indicates its installation via an UninstallationListener, the FAV
releases the reference to the object to alow the removal viathe Java garbage collector.

To dlow indication of uningallation, the FAV provides an UninstallationListener which has the
following interface (in package org.havi.system):
public interface UninstallationListener{
/*
*To be called by the installed object to indicate
* that it has removed itself completely (removed
* all subscriptions, unregistered and closed its
* message handle) and that the reference to the
* object can be removed and the object can be
* destroyed by the garbage collector.
*
public void uninstalled();

}
7.4.1 DCM Code Units

A DCM code unit is a code unit consisting of code to install a DCM. As for dl code units, the
format is a Java JAR file. Specific for DCM code units is that they must contain a concrete class
named DecmCodeUnit in package <none> that implements DemCodeUnitinterface:

public class DcmCodeUnit
implements org.havi.system.DcmCodeUnitinterface {

}
Thisdlows the DCM manager to find the proper classfor ingallation of the DCM code unit.

Theinterface DemCodeUnitinterface is an interface defined in org.havi.system as.
public interface DcmCodeUnitinterface {

public int install(GUID nodeld, UninstallationListener listener );

public void uninstall();

}

DcmCodeUnit::install

Prototype
public int install(
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GUID nodeld,
UninstallationListener listener);

Parameters
nodeld the GUID referring to the device the DCM correspondsto
listener referenceto alistener to be called on uningtallation

Description

Installs a DCM code unit. The GUID provides means to communicate with a guest device viathe
CMM. The install() method shall install exactly one DCM and zero or more FCMs associated with
the DCM. The uninstalled() method of the provided listener is invoked by the DCM code unit to
notify itsingtaler (the local DCM Manager) that dl its software € ements have unsubscribed their
subscriptions, have been unregistered, have closed their messages handles and released access to
the corresponding guest device. This alows removal of the object by the garbage collector and a
new DCM code unit to be installed for the guest device, if appropriate.

Theinstall method should only take care of installation and should return as soon as possible (it shall
not provide athread for execution).

Return value
0: if the DCM code unit has been successfully installed.
1: if theingtallation failed and no DCM software e ements have been installed.

DcmCodeUnit::uninstall

Prototype
public void uninstall();

Description

This method makes the DCM code unit abort its activities at once. The code unit takes care that al
its software elements have unsubscribed their subscriptions, have been unregistered, have closed
their messages handles and have rel eased access to the corresponding guest device. It indicates its
uningtallation viathe uninstalled() method of the provided listener.

7.4.2 Application Module Code Units

An Application Module code unit is a code unit consisting of code to install an Application
Module. Asfor al code units, the format is a Java JAR file. Specific for Application Module code
units is that they must contain a concrete class named AMCodeUnit in package <none> that
implements AMCodeUnitinterface:

public class AMCodeUnit
implements org.havi.system.AMCodeUnitInterface {

}
Thisdlowsan FAV to find the proper class for installation of the Application Modul€' s code unit.

Theinterface AMCodeUnitinterface is an interface defined in org.havi.system as.
public interface AMCodeUnitinterface {

public int install(
Targetld targetld,
boolean nlUniqueness,
UninstallationListener listener );
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public void uninstall();

}

AMCodeUnit::install

Prototype

public int install(
Targetld targetld,
boolean n1Unigueness,
UninstallationListener listener );

Parameters
targetld Target ID of the Application Module
nlUniqueness indication of whether the n1 field in targetld has been assigned so asto be
persistently unique to this application
listener referenceto alistener to be called on uningtalation

Description

Installs an Application Module code unit The install() method shal ingtal exactly one AM. The
Target ID of this Application module is the Target 1D provided by the caller of this method (the
host on which this Application Module is installed) in the targetid parameter. The targetiD has been
constructed by the host according to the description given in the Target ID definition in section
5.6.2.

The Application Module congructs its HAVi Unique ID based on vaues of the parameters
provided by the host. The targetid and the niUniqueness field of the HUID of this Application
Module shal be the same as the targetid and niUniqueness field provided by the caler, the other
fields of the HUID may be decided by this Application Module itself (according to the rules for
HUIDs).

The uninstalled() method of the provided listener isinvoked by the Application Module code unit to
notify to itsingtaler that al its software elements have unsubscribed their subscriptions, have been
unregistered and have closed their messages handles. This alows remova of the object by the

garbage collector.

Theinstall method should only take care of ingtallation and should return as soon as possible (it shall
not provide athread for execution).

Return value
0: if the Application Module code unit has been successfully ingtalled.
1. if theinstallation failed and no Application Module software elements have been installed.

AMCodeUnit::uninstall

Prototype
public void uninstall();

Description

This method makes the Application Module code unit abort its activities a once. The code unit
takes care that dl its software elements have unsubscribed their subscriptions, have been
unregistered and have closed their messages handles. It indicates its uningtalation via the
uninstalled() method of the provided listener.
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7.4.3 Havlet Code Units

A havlet code unit isacode unit consisting of Java bytecode to ingtall a havlet. Asfor al Java code
units, the format is a Java JAR file. Specific for havlet code units is that they must contain a
concrete class named HavletCodeUnit in package <none> that implements HavletCodeUnitinterface:

public class HavletCodeUnit
implements org.havi.system.HavletCodeUnitInterface {

}
Thisdlowsan FAV to find the proper classfor ingtallation of the havlet code unit.

Theinterface HavletCodeUnitinterface IS an interface defined in org.havi.system as.

public interface HavletCodeUnitInterface {

public int install(
SEID source,
UninstallationListener listener );

public void uninstall();

}

HavletCodeUnit::install

Prototype

public int install(
SEID source,
UninstallationListener listener );

Parameters
source  SEID of the source where the code unit has been uploaded from
listener referenceto alistener to be caled on uninstallation

Description

Install the havlet code unit. source must be the SEID of the source (DCM or Application Module)
from which the havlet code unit has been retrieved. This provides the havlet with a communication
mechanism to its source, viastandard HAVi messaging. Theinstall() method shall install exactly one
havlet. The uninstalled() method of the provided listener isinvoked by the havlet code unit to notify to
its ingtaller that all its software eements have unsubscribed their subscriptions, have been
unregistered and have closed their messages handles This alows remova of the object by the

garbage collector.

Return value
0: the havlet code unit has been successfully ingtalled.
1: no havlet code unit has been installed.

HavletCodeUnit::uninstall

Prototype
public void uninstall();

Description

This method makes the havlet code unit abort its activities at once. The code unit takes care that al
its software elements have unsubscribed their subscriptions, have been unregistered and have
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closed their messages handles. It indicates its uningtallation via the uninstalled() method of the
provided listener.

7.5 Isochronous Data Processing

Virtual FCMs, introduced in section 3.5.2.5, dlow the congtruction of HAVi applications that
processisochronous data. This section describes the APIs provided by HAVi for such applications.

Implementation of an FCM in genera depends on whether the FCM is embedded (implemented in
native code) or uploaded (implemented in Java bytecode). HAVi does not specify native APIS, so
implementation of an embedded FCM (whether physical or virtua) is entirely platform dependent
(however the embedded FCM must respond to the HAVi messages specified in section 5.7.3). In
the case of uploaded FCMs, which are platform independent, HAVi must specify the Java APIs
needed for their implementation. The org.havi.system package provides interfacesto themain HAVi
system components. the Messaging System, Communication Media Manager, Event Manager and
Registry. This package is sufficient for developing an uploaded physical FCM. Uploaded virtual
FCMs, on the other hand, require additional support. The org.havisystem package provides
sufficient functionality for implementing a control interface (note, this includes controlling the
content interface) but does not support implementation of the content interface itsalf.

For example, consider a virtuad FCM which sinks isochronous data. The Stream Manager can be
used to establish a connection, resulting in data flowing to the FCM, but neither the Stream
Manager nor other HAVi system components include APIs which expose isochronous data. In
order to process isochronous data, virtual FCMs must use the org.havi.lec61883 package.

The org.havi.lec61883 package supports the IEC 61883.1 protocol for transmission of isochronous
data over |EEE 1394. It conssts of the following classes:

lec61883InputStream
lec618830utputStream

lec61883InputStream

public class lec61883InputStream
extends java.io.InputStream

lec61883InputStream allows virtual FCMs to consume data from a 1394 isochronous channdl. The
read() method provides the virtual FCM with the payload data from IEC 61883.1 CIP packets.
Depacketization of CIP packetsis handled by lec61883InputStream.

lec618830utputStream

public class 1ec618830utputStream
extends java.io.OutputStream

lec618830utputStream alows virtual FCMs to produce data on a 1394 isochronous channd. The
write() method provides the payload data for IEC 61883.1 CIP packets. Packetization and
transmission timing are handled by lec618830utputStream.

7.5.1 An Example

The following example illustrates how the above classes could be used in the implementation of a
virtua FCM. This example is not complete and is merdly intended to illustrate how the
org.havi.lec61883 classes relate to each other and to give a possible template for their use.

import org.havi.constants;
import org.havi.types;
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import org.havi.system;
import org.havi.lec61883;

class ExampleVirtualFCM extends FcmServerHelper {
/I this virtual FCM has N input plugs and M output plugs
private lec61883InputStream[] src = new lec61883InputStream[N];
private lec618830utputStream([] sink = 1ec618830utputStream[M];

public void lecAttachResp(SEID destSeid, Status returnCode, int transactionld,
lecPlug pcr, InternalPlug plug)
{

/I check for error conditions, if ok make stream
Il first find channel, assume myDcm is DemClient for parent DCM
I
myDcm.getChannelUsageSync(new IntHolder tid, pcr, new ShortHolder channel);
if(pcr.getDir() == ConstDirection.IN)

src[plug.getPlugNum()] = new lec61883InputStream(channel.getValue());
else

sink[plug.getPlugNum()] = new lec618830utputStream(channel.getValue());

public void iecDetachResp(SEID destSeid, Status returnCode, int transactionid,
lecPlug pcr, InternalPlug plug)

/I check for error conditions, if ok destroy stream
if(pcr.getDir() == ConstDirection.IN)
src[plug.getPlugNum()] = null;
else
sink[plug.getPlugNum() = null;

}

7.5.2 Relationship with the Stream Manager

In the above example, the “ plug control register” to be processed by ExampleVirtualFem, is passed as
a parameter in iecAttachResp. Typically this parameter is not selected by the application but rather
by the Stream Manager. The DCM isthen informed of thisselection viaDcm : Connect . A virtua
FCM should be handled, by the Stream Manager, in the same manner asa physical FCM. Thusthe
recommended implementation for virtual FCMsisthat Dcm : Connect invokeFcm : | ecAtt ach

with the plug control register selected by the Stream Manager. Processing this request by the FCM
will result in the invocation of iecAttachResp.

7.6 Example: A DCM Code Unit and DCM (Informative)
This section gives an example of the use of the HAVi Java APIs to implement a bytecode DCM
and its DCM code unit. This example is provided for informative purposes and is not intended as

an implementation blueprint. The exampleisnot afull DCM implementation, but does demonstrate
use of the HAVi Messaging System and Registry by a bytecode DCM.

The example consists of the following classes:
MyDcm —implements the DCM APIs
MyDcmListener — the HaviListener used by MyDcm
DcmCore — dispatches HAVi messages for MyDcm

MyDcmCodeUnit —the code unit used to install an instance of MyDcm
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7.6.1 MyDcm.java

/I package com.someone.dcm.test;

import org.havi.types.*;
import org.havi.constants.*;
import org.havi.system.*;

public class MyDcm {
/I fields
I
public HUID demld;
public GUID nodeld;

public MyDcmlListener listener;
public SoftwareElement mySe;
public SEID mySeid;

private Cmm21394LocalClient cmm;
private RegistryLocalClient registry;

private int deviceClass = ConstDeviceClass.BAV;
private String manufacturer = “Sample”;
private String userName = “SampleName”;

/I constructor

I

public MyDecm(HUID _dcmid, GUID _nodeld) {

try {

demld = _dcmid;
nodeld = _nodeld;
listener = new MyDcmlListener(this);
mySe = new SoftwareElement(listener);
mySeid = mySe.getSeid();

cmm = new Cmm1394LocalClient(mySe);
registry = new RegistryLocalClient(mySe);

/I use cmm to read SDD and to initialize

/I manufacturer, userName, deviceClass

/I now set in the HAVi Registry

I

Attribute[] at = new Attribute[10];

HaviByteArrayOutputStream hbaos = new HaviByteArrayOutputStream();

hbaos.reset(); hbaos.writeHaviString(manufacturer);
at[0] = new Attribute(ConstAttributeName.ATT_DEVICE_MANUF, hbaos);

hbaos.reset(); hbaos.writeHaviString(userName);
at[1] = new Attribute(ConstAttributeName.ATT_USER_PREF_NAME, hbaos);

hbaos.reset(); hbaos.writelnt(deviceClass);
at[2] = new Attribute(ConstAttributeName.ATT_DEVICE_CLASS, hbaos);

/I ... initialization of other Registry attributes
registry.registerElementSync(0, mySeid, at);
/I now registered so start listening

I

mySe.addHaviListener(listener);

catch(Exception €) {}
}

/I examples of some DCM APIs
I
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public int getDeviceClass() {
return this.deviceClass;
}

public String getUserPreferredName() {
return this.userName;
}

public void setUserPreferredName(String name) {
this.userName = name;

HaviByteArrayOutputStream data = new HaviByteArrayOutputStream();
data.writeHaviString(userName);

/I determine SDD offset
Il
long offset = Ox0abcd;

try {
// write to SDD using the CMM client API
/
cmm.writeSync(0, nodeld, offset, data);

catch(Exception e){}

7.6.2 MyDcmListener.java

/I package com.someone.dcm.test;

import org.havi.types.*;
import org.havi.system.*;

public class MyDcmListener extends HaviListener {
private MyDcm myDcm;

/I constructor

I

public MyDcmListener(MyDcm _myDcm) throws HaviException {
myDcm = _myDcm;

}

/I methods
Il

public final boolean receiveMsg(boolean haveReplied, byte protocolType,
SEID sourceld, SEID destld, Status state, HaviByteArraylnputStreampayload) {
if (haveReplied) {
return false;
}
DcmCore core = new DcmCore(protocolType, sourceld, destld, state, payload, myDcm);
return core.handleRequest();

}

7.6.3 DcmCore.java

/I package com.someone.dcm.test;

import org.havi.types.*;
import org.havi.constants.*;
import org.havi.system.*;
import java.io.*;
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public class DcmCore {
I fields
I
private byte protocolType;
public SEID sourceld,;
private SEID destld;
private Status state;
private HaviByteArraylnputStream payload;
private MyDcm myDcm;

/I constructor

I

public DcmCore(byte _protocolType,
SEID _sourceld, SEID _destld, Status _state,
HaviByteArraylnputStream _payload,
MyDcm _myDcm) {

protocolType = _protocolType;
sourceld = _sourceld;

destld = _destld;

state = _state;

payload = _payload;

myDcm = _myDcm;

h

/I methods
I
public bool ean handl eRequest {

try {
OperationCode opCode = new OperationCode(payload);
if (opCode.getApiCode() == ConstApiCode.DCM) {

byte controlFlag = payload.readByte();
int transferMode = ConstTransferMode.RELIABLE;
if(controlFlag == 0) {
/l this is an incoming command
/
DcmServerHelper dcms = new DemServerHelper(myDem.mySe, transferMode);
int transactionld = payload.readint();

switch(opCode.getOperationld()) {
case ConstDcmOperationld. GET_USER_PREFERRED_NAME:
Status returnCode = new Status(ConstApiCode.DCM,
ConstGeneralErrorCode.SUCCESS);
dcms.getUserPreferredNameResp(sourceld, returnCode, transactionld,
myDcm.getUserPreferredName());
return true;
Il case ...

}
}

catch (Exception e){}

return false;

}

7.6.4 DcmCodeUnit.java

/I import com.someone.dcm.test.*;

import org.havi.system.*;
import org.havi.types.*;
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public class DecmCodeUnit implements DecmCodeUnitinterface {
private HUID dcmid;

public int install(GUID nodeld, UninstallationListener listener) {
/l'initialize demld, the HUID
MyDcm mdem = new MyDcm(dcemld, nodeld);
return 1,

}

public void uninstall() {}
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8 HAVI Level 2 User Interface

This chapter provides a specification of the Home Audio/Video Interoperability
Architecture User-Interface, (also called the HAVi User-Interface). ThisHAVi User-
Interfaceisdesigned asa“ TV-friendly” user-interface framework and is explicitly
designed to be suitable for use and implementation on avariety of consumer electronic
(CE) devices. The application programming interfaces (APIs) for the HAVi User-
Interface are contained in the org.havi.ui and org.havi.ui.event packages described in
Appendix A: HAVi JavaAPls. In case of conflicts between the specification and the
JavaAPIs, the Java APIs shal be the normative reference.

8.1 HAVI User-Interface Design (informative)

The HAVI User-Interface dlows applications, written in Java, to determine the user interface
capabilities of its host display device, accept input from the user, draw to the screen and play audio
clips. It uses a subset of the AWT as defined in the Java 1.1 Core AP (reference [8]) and extends
this with packages and classes specific to the HAVi platform. This subset is supported in
Personal Java as defined in Personal Java 1.1 specification (reference [9]).

8.1.1 Remote Control

The user input model from java.awt is extended to support an optional remote control. A large
number of events are optiond, alowing manufacturers to customize and add value to their
products.

8.1.2 Television Specific Support

HAVi aso adds classes to support graphics and video display functionsthat are available in typical
television-based systems, including: support for non-square pixels, and graphics/ video overlays.

8.2 java.awt Subset

Only asubset of the Java 1.1 java.awt package is required to be present on aHAVi platform. This
subset is described within this section in more detail.

8.2.1 Required Elements from AWT

Since most of the widget set in the java.awt package is not “TV friendly”, these classes are not
required to be present in systems supporting the HAVi Ul framework. TV friendly equivalents of
these are provided through the HAVi User-Interface framework, which can be extended to support
aternative look and fed. Classes of the java.awt package not included in this specification cannot
be expected to be present in devices supporting the HAVi User Interface framework. Interoperable
HAVIi applications shall not make use of these classes. Where an application uses classes which
fal outside of the scope of the HAVi specification, the behavior isnot determined by thisHAVi
User Interface specification, rather it shall be determined by the implementation of the underlying
platform. This specification does not prevent a manufacturer implementing a particular device
using dl of AWT, and any applications intended to execute solely in a particular device may
exploit any classes or packages known to be in that device, but both the device and application
shall not be regarded asinteroperable and shall be considered to be proprietary in nature.
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The specified set of classes have been chosen such that HAVi applications can implement any
missing widget functionality using these classes.

The main base classes, such as java.awt.Component, are required in order to build the
HAVi widgets.

Other classes, such as java.awt.Color and java.awt.Font, are required for all general drawing
and painting.

The layout classes, such as java.awt.FlowLayout and java.awt.BorderLayout are retained to
provide flexible layout of components on various output devices.

The classes from java.awt that arelisted in Table 15 are the classesthat an HA Vi application author

can reliably interact with, and use within aHAVi compliant application. Interoperable applications
must not use any references from classesin thislist to classes not in thislist.

Table 15. java.awt Classes Available to Interoperable HAVi Applications

java.awt java.awt.event java.awt.image
Adjustable(intf) ActionListener(intf) ImageConsumer(intf)
ltemSelectable(intf) AdjustmentListener(intf) ImageObserver(intf)
LayoutManager(intf) ComponentListener(intf) ImageProducer(intf)
LayoutManager2(intf) ContainerListener(intf) ColorModel
MenuContainer (intf) FocusListener(intf) DirectColorModel
AWTError ItemListener(intf) IndexColorModel
AWTEvent KeyListener(intf) MemorylmageSource
AWTEventMulticaster MouseListener(intf) PixelGrabber
AWTException MouseMotionListener(intf)
BorderLayout TextListener(intf)
CardLayout WindowListener(intf)
Color ActionEvent
Component AdjustmentEvent
Container ComponentAdapter
Cursor ContainerEvent
Dimension FocusAdapter
Event FocusEvent
EventQueue InputEvent
FlowLayout ItemEvent
Font KeyAdapter
FontMetrics KeyEvent
Graphics MouseAdapter
GridLayout MouseEvent
llegalComponentStateException MouseMotionAdapter
Image PaintEvent
Insets TextEvent
MediaTracker WindowAdapter
Point WindowEvent
Polygon ComponentEvent
Rectangle ContainerAdapter
Shape
Toolkit

The classes in Table 15 are not necessarily sufficient to enable a full implementation of a HAVi
compliant device, for example a device implementing the HAVi User-Interface could be
implemented using Java 1.1, Persond Java, etc., which might require additiona requirements on
the implementation. The specification is intentionally silent on the mechanisms used to implement
the Java environment for aHAVi implementation.
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8.2.2 User Input Preference Interfaces

Personal Java 1.1 includes some interfaces which are not found in JDK 1.1 but are useful for aTV
friendly user-interface API. The HAVi specification includes a number of interfaces intended to
allow Java applications to adapt to mouseless environments like systems operated by remote
control. These input preference interfaces allow component developers to specify how users can
navigate among and interact with their components. They are only available to components which
inherit from org.havi.ui.HComponent. The specification is intentionally silent on the mechanisms
used to implement the Java environment for a HAVi implementation. An extra HAVi specific
interface org.havi.ui.HAdjustmentinputPreferred is a o included.

The org.havi.ui.HNolnputPreferred interface disallows user navigation, and hence actioning, etc.

A component that implements org.havi.ui.HNoInputPreferred indicates that the user may not navigate
to this component. However, note that if acomponent which implementsthisinterfaceis extended,
s0 that the sub-classed component may implement another “ XxxinputPreferred” interface, thenin dl
cases, this other interface may take precedence. In contrast, the method isFocusTraversable shall
always return true for components implementing the interfaces org.havi.ui.HActionlnputPreferred,
org.havi.ui.HAdjustmentinputPreferred, org.havi.ui.HKeyboardInputPreferred,
org.havi.ui.HNavigationinputPreferred and org.havi.ui.HSelectionlnputPreferred.

The org.havi.ui.HKeyboardinputPreferred interface indicates that it is intended to accept component
specific keyboard input from the user. Platforms without keyboards may provide another means for
generating such input when this component is edited, for example, by offering an on-screen
keyboard.

The org.havi.ui.HActionInputPreferred interface indicatesthat it isintended to be actioned by the user.

The org.havi.ui. HAdjustmentinputPreferred interface indicates that it is intended to offer increment and
decrement functionality to the user.

The org.havi.ui.HNavigationinputPreferred interface indicates that it is intended to offer focus traversa
between org.havi.ui.HComponents to the user.

The org.havi.ui.HSelectionlinputPreferred interface indicates that it is intended to offer selection and
desdlection to the user.

8.3 HAVI Extensions to AWT

8.3.1 General API Issues

In this package, passing null to amethod or constructor shall generate ajava.lang.NullPointerException
except in the following circumstances:

Where null isexplicitly documented as being an allowed parameter
Where the class where the method or constructor is defined inherits from
java.util.EventObject Or java.lang.Exception
It isan dlowable option to override protected, public and package level methodsin HAVi using the
standard java inheritance conventions.

8.3.2 User Input

Java Applications in HAVi can accept input from a keyboard, a mouse or a remote control. The
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keyboard and mouse inputs are supported by functions in the java.awt and java.awt.event packages.
Remote control input is provided with classes in the org.havi.ui.event package. The org.havi.ui and
org.havi.ui.event packages include classes that alow the application to determine the user-input
capabilities of the platform on which the application is running.

8.3.2.1 Remote Control Support

The HAVi remote control classes are extended from the java.awt.event key event classes. All of the
events that are added for the remote control are optiond. The remote control keys fal into two
categories: colored keys and dedicated keys. The intention of these keysisto provide the user direct
access to various functions, however, the platform may implement avirtual (on-screen) mechanism
to generate these events, but shall take carein this case not to hide the application. Notethat it isan
implementation option if (remote control) key events are repested.

83211 Remote Control Colored Keys

Up to six colored soft keys can be included on a remote control. These are optional, and are to be
identified with a color. If implemented, these keys are to be oriented from |eft to right, or from top
to bottom in ascending order. The application can determine how many colored keys are
implemented, and what colors are to be used, so that the application can match the controls.

The following identifiers are avalable for colored key eventss VK _COLORED _KEY_O,
VK_COLORED_KEY_ 1, VK COLORED KEY 2, VK _COLORED KEY 3, VK _COLORED KEY_4,
VK_COLORED_KEY 5.

8.3.2.1.2 Remote Control Dedicated Keys

The org.havi.ui. HRcEvent class defines a number of dedicated remote control events that can be used
by applications. Although none of the eventsin the org.havi.ui.event. HRcEvent class are required to be
implemented, events for power (VK_POWER), volume up and down (VK_VOLUME UP and
VK_VOLUME_DOWN), and channel up and down (VK_CHANNEL_UP and VK_CHANNEL_DOWN) are
highly recommended.

However, whilst the dedicated remote control events are themselves device independent, the
precise set of dedicated keys that is implemented is device dependent. The

org.havi.ui.event.HRcCapabilities class enables an agpplication to discover which events are
implemented and how these are to be label ed to match the platform implementation.

8.3.2.2 Keyboard

HAVi supports keyboards via the java.awt.event package. The events supported on a keyboard can
be determined by the org.havi.ui.event. HKeyCapabilities class.

Note that systems that do not include a physical keyboard can check each component to seeif it

implements org.havi.ui.HKeyboardinputPreferred. If this interface is implemented, the system may
enable user input of aphanumeric key events, for example, viaa“ soft” on-screen keyboard.

8.3.2.3 Mouse

Mouse support is optiond. The presence of a mouse can be detected with the
org.havi.ui.event. HMouseCapabilities Class.
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Mouse functiondlity is provided by the java.awt.event package. HAVi applications must be written
in such away that a free roaming cursor is not required for correct operation. This does not mean
that a HAVi application could not implement, e.g. a drawing program, but rather that the user
should not be able to put the application into a state that cannot be exited without amouse. (A user-
friendly drawing package would also notify the user that amouseis required to use this application

properly.)

8.3.2.4 User Input Capabilities

Three classes are available to determine the capabilities of the user input for a given platform:
org.havi.ui.event.HKeyCapabilities, org.havi.ui.event.HMouseCapabilities, org.havi.ui.event. HRcCapabilities.
Each of these classes includes a method called getinputDeviceSupported, which returns true if the
particular deviceis known to be available.

8.3.25 User Input Representation

The org.havi.ui.event. HRcCapabilities class includes a method called getRepresentation, which returns
an object of type org.havi.ui.event.HEventRepresentation. This class defines an event as having a
known representation as a string, color or symbol, or having no supported representation. The
particular text, color, or symbol can be determined by caling getString, getColor or getSymbol
respectively. Thisallows an application to describe abutton on an input device correctly for agiven
platform. All available events should have a text representation from getString.

The six colored key events (VK_COLORED_KEY_0 -- VK_COLORED_KEY_5), if implemented, must
also be represented by a color —the getColor method returns a java.awt.Color object.

Key events may also be represented as a symbol — if the platform does not support a symbolic
representation for a given event, then the application is responsible for rendering the symbol itsdlf.
Application rendering of keys without a symbolic representation, but with a commonly known
representation, should follow the guidelines as defined in the Javadoc definition of the class.

8.3.3 Graphics Devices and Configurations

8.3.3.1 Background

There are some specialized requirements for running applications within a consumer electronic
environment, rather than the smpler situation that occurs when an Applet is displayed within a
web-browser. Most notably the screen dimensions and aspect ratios are significantly different
between PCs and CE devices. In the current on-screen display (OSD) graphics model of today’s
set-top box units, video may be output in a number of different configurations, e.g. traditional 4:3
TV display, or 16:9 widescreen TV displays, etc. The graphics resolution and aspect ratio are often
locked to the video resolution and aspect ratio. If the video aspect pixel ratio changes then the
graphics pixel aspect ratio may aso change. Thus, there are requirements to:

Determine the resolution and physical characteristics of the current display device.

Detect modifications to the resolution and physical characteristics of the current display
device.
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8.3.3.2 The HAVIi Screen Reference Model

HAVi provides amodd for the video output from a consumer electronics device. Instances of the
class Hscreen represent each independent final video output signal from adevice. Each independent
fina video output signa is made up from the sum of graphics devices, video devices and
backgrounds. These are represented by instances of the classes HGraphicsDevice, HVideoDevice and
HBackgroundDevice respectively. All of these classes inherit from a common parent class -
HScreenDevice.

The HAVi User-Interface specification provides limited support for applications to be displayed so
that they are split across multiple concurrent display devices — the HSceneFactory class alows the
HGraphicsDevice t0 be specified in the HSceneTemplate used to generate the HScene's for the
application.

8.3.3.3 The HAViI Screen Device Discovery Classes

HAVi defines a meansto alow applicationsto discover the range of display devices available. The
modd followed by HAVi is based on the model used in Java2 as described by the following three
classesin the java.awt package - GraphicsDevice, GraphicsConfiguration and GraphicsConfigTemplate. In
HAVi, thismodel is generalized to apply to video devices and to background devices.

8.3.33.1 Querying the Configuration of a Display Device

For each display device class (HvideoDevice, HGraphicsDevice and HBackgroundDevice), there are
classes whose name ends in “ Configuration” which represent distinct possible configurations of a
single device. Applications may obtain alist of all possible configurations of a particular device.
Applications may also obtain the current configuration using the getCurrentConfiguration method.
Subject to security and resource management issues, applications may also set the configuration of
adevice usng methods found on each device class.

Applications that are interested in a particular configuration of a device can request configurations
matching a specific set of congtraints. The first step in this process is to construct objects whose
name endsin “ConfigTemplate” . Instances of these classes can then be populated with the properties
by the application and then used to request a configuration supporting those properties. Properties
can dso have priorities attached to alow applications to express whether support for that property
is required by the application, whether support for that property is only preferred by that
application, whether support for that property is required to be absent or whether support for that
property is preferred to be absent. In some cases, properties such as PIXEL_ASPECT_RATIO require
extra information. This extra information can be provided as part of the method used to add the
property to the configuration template.

The configuration for a Device can be acquired, using the getCurrentConfiguration method. A
description of this Configuration can be obtained using the getConfigTemplate method that yields a
ConfigTemplate that uniquely identifies the given Configuration. Individua properties in this
ConfigTemplate can then be examined using the getPreferencePriority and getPreferenceObject methods
—featuresthat are implemented will return REQUIRED, featuresthat are not implemented will return
REQUIRED_NOT. Vaues of some properties may aso be obtained through a limited set of query
methods provided on HScreenConfiguration.

8.3.3.3.2 Compatibility with Existing java.awt Methods

The java.awt. Toolkit.getScreenSize method shall be equivalent to the pixel resolution of the current
configuration of the default screen device returned by HScreen.getDefaultGraphicsDevice.
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The value of the java.awt. Toolkit.getScreenResolution method isimplementation specific. This method
shall not be used by applications.

Where the screen aspect ratio is unknown (such as in the case where a set-top box is connected to
an analog digplay), the default aspect ratio is4:3. In the case where an analog monitor isused with a
HAVi compliant set-top box the resolution returned shall be based on the raster of the set-top box,
ignoring any interpolation or other processing that may be present in the monitor.

The java.awt. Toolkit.getNativeContainer method shall return null; interoperabl e applications should not
rely on this method.

Where an input parameter to a method call is specified to be more restrictive than its Java type
alows (e.g. only a restricted set of humbers are alowed as inputs), providing values outside the
allowed range shall result in ajava.lang.lllegalArgumentException being thrown.

8.3.34 Detecting Configuration Changes on a Display Device

It is important for CE devices to be able to detect variations in their settings, since they may be
subject to “ on-the-fly” modifications of these settings, for example, they may be heavily influenced
by the nature of some input video streams. Hence, the HScreenDevice class provides support for
detecting when its configuration  (settings) have been changed, using the
HScreenDevice.addScreenConfigurationListener methods and the HScreenConfigurationListener and
HScreenConfigurationEvent Classes.

When an HscreenDevice's configuration is modified, then an HScreenConfigurationEvent iS generated.
Note that after a HScreenConfigurationEvent IS obtained any HScreenConfiguration (Or
HScreenConfigTemplate) associated with that HScreenDevice must be reacquired to obtain the current
settingsfor the device.

In general, a modification to the HScreenDevice might require that the displayed user-interface be
modified, e.g. if the resolution has changed, or the pixd aspect ratio has been modified.

8.3.3.5 Emulated Display Devices

The HAVi User-Interface introduces extra sub-classes that are used to indicate that a device may
perform emulations of other device capabilities:

HEmulatedGraphicsDevice

HEmulatedGraphicsConfiguration

Instances of these classes can be returned by the same methods that would return the corresponding
class without “Emulated” in the class name. Returning the sub-class indicates that the
implementation is emulating the requested configuration on one of its actua supported
configurations. The class HEmulatedGraphicsConfiguration includes methods to alow applications to
compare the configuration being emulated and the actual underlying configuration being really
used. The extent of support for emulated configurations is a profile issue. All possible emulated
configurations are not required, or guaranteed to be supported. Emulated configurations may have a
significant performance penalty with respect to those supported natively on the device.

8.3.35.1 Mapping from Authoring to Device Coordinates

A special case of device emulation is the emulation of various graphics coordinate systems on a
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single physica device. The HAVi User-Interface provides mechanisms that allow devices to
perform such emulations, e.g. by down-sampling a high-resolution system to match the limitations
of a standard definition display. Thus, authors can rely on seamless mapping between authoring
and device coordinates by the use of the HEmulatedGraphicsDevice class. Authors may determine an
appropriate graphics device and request the best configuration that matchestheir requirements, asin
a standard device discovery mechanism — or examine configurations themselves (both emulation
and implementation) to determine appropriate settings. The extent to which devices are required to
support emulation of other coordinate systemsis profile dependent.

8.3.3.6 Integrating HAVIi Video Support into Platforms

The HAVI specification includes severd classes to represent video in the user interface system.
This representation of video devices only includes the display of video. The setup of the video
decoder and the video pipdine is not included in this specification.

The class HvideoComponent is intended to be returned by a platform specific controller for video. In
platforms based on the Java Media Framework, the Player.getVisualComponent method shall return
objects of this class. The class HvideoDevice provides two hooks to platform specific APIs for this
setup, the methods getvideoController and getVideoSource. On platforms based on the Java Media
Framework (JMF), the getvideoController method shal return a JIMF Player. The getVideoSource
method shall return a platform specific class encapsulating a reference to the source of the video.
Possble examples of the class to be returned here could include javanetURL or
javax.media.MediaLocator.

8.3.3.7 Backgrounds

The HAVI specification includes severa classes to represent the background of a screen, i.e. the
area that is behind the running graphics and video and not covered by those. Using the same
naming convention as video and graphics, these ae cdled HBackgroundDevice,
HBackgroundConfiguration and HBackgroundConfigTemplate. Thebasi¢c HBackgroundConfiguration allows
applicationsto control asingle full screen background color.

The HAVi specification includes support for more sophisticated backgrounds - ill images.
Applications wishing to use these shdl request an HBackgroundConfiguration supporting them by
using the STILL_IMAGE property in an HBackgroundConfigTemplate. If thisfeature is supported by the
platform concerned, when such a configuration is requested, an instance of the class
HstilllmageBackgroundConfiguration shall be returned. This class adds two extra methods, over the
standard background configuration, which support the loading of background images. Thisloading
is done through the HBackgroundimage class.

Using the HBackgroundimage class rather than the standard java.awt.Image allows for image formats
that are decoded using hardware outside of the graphics system. One specific example of thisisthe
decoding of still MPEG | frames using an MPEG video decoder. Thisis a commonly used feature
in some devices since it provides good quality backgrounds without using software decoders or
system memory. In systems where the same underlying MPEG video decoder can be used to
decode both video and MPEG | frames, this decoder shall be represented both by an HvideoDevice
instance and by an HBackgroundDevice instance for each application. Where an HBackgroundDevice
and an HvideoDevice both map onto the same underlying rea resource in the device, the
ZERO_VIDEO_IMPACT property in HBackgroundConfigTemplate shall be used to discover and limit
any impact of one on the other.
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An application requesting a HBackgroundConfiguration USing a HBackgroundConfigTemplate
containing the ZERO_VIDEO_IMPACT property with priority REQUIRED shall only be
returned one which would have absolutely no impact on any HvideoDevice if that
HBackgroundConfiguration was set for its HBackgroundDevice. For example, only systems
where a separate decoder is used for HBackgroundimages from video shall return a
HBackgroundimage for such atemplate.

An application requesting a HBackgroundConfiguration USing a HBackgroundConfigTemplate
containing the ZERO_VIDEO_IMPACT property with priority PREFERRED shall only be
returned one which would have no permanent impact on any HVideoDevice if that
HBackgroundConfiguration was set for its HBackgroundDevice. For example, systems where
the same underlying hardware is used for decoding both video and HBackgroundimages but
where once decoded, the HBackgroundimage is copied into a separate decoder memory
from video and video decoding resumes, shall return an HBackgroundConfiguration in this
case but not the previous case.

Implementations where decoding of HBackgroundimages interrupts the video for the
duration of the still image shall not support any HBackgroundConfiguration where
ZERO_VIDEO_IMPACT is either REQUIRED Of PREFERRED.

On implementations where the same underlying MPEG video decoder is used for both video and
HBackgrounds, the most recent request of an application shall always be granted where the single
underlying decoder is aready being used by that application.

8.3.3.8 Control of Screen Configurations

The HAVI specification is silent about whether a single display device is shared between multiple
applications or not. For the case where a display device may be shared between applications, it
provides amechanism for applicationsto assert control over the right to change the configuration of
the display device. The HScreenDevice class includes methods to allow applications to reserve and
release the right to control this configuration. It also alows an application to register and remove
listenersfor events that are generated when the applications reserve and release this right.

Applicationswishing to be able to control the configuration of an HScreenDevice must define aclass
implementing the ResourceClient interface and pass an ingtance of this class to the reserveDevice
method of the HScreenDevice that they wish to contral. If the reserveDevice method succeeds then
the application obtains control over the device configuration. When an application cals the
HScreenDevice.getClient method this will return the ResourceClient passed in to the last call to the
reserve Mmethod on that HScreenDevice instance.

Where thereisaconflict between applications, this specification includes amechanismto alow the
platform to arbitrate between conflicting applications. The policy for this arbitration isintentional ly
not defined in this specification. When it is decided to remove the right to control a screen froman
application, thisis notified through the ResourceClient interface, the notifyRelease method will always
be cdled. The requestRelease method will only be called when the existing owner of the resource
and the application requesting the resource are authenticated to have a secure relationship of some
form. This specification is silent about the details of this authentication.
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8.3.4 Graphics and Video Integration

8.34.1 Configurations

The HAVi specification alows applications to express the rel ationship between video, graphicsand
backgrounds. The method HScreen.getCoherentScreenConfigurations allows applications to express a
common set of congtraints for video, graphics and backgrounds and get back a coherent answer.

In addition to this, there are severa means to express constraints between video and graphics.
These can be used for applications which aready have running video to fit a graphics configuration
to that video or which have aready running graphics to fit video to that graphics. In
HGraphicsConfigTemplate, the constant VIDEO_MIXING allows applications to request configurations
where graphicsis super-imposed above video but without any requirement for pixelsto be aligned.
In HScreenConfigTemplate, there are congtants to alow applications to ask for configurations as
follows:

VIDEO_GRAPHICS_PIXEL_ALIGNED - video & graphics pixels are the same size and
aligned

ZERO_VIDEO_IMPACT - a hew graphics configuration must not change the existing video
configuration

ZERO_GRAPHICS_IMPACT - a new video configuration must not change the existing
graphics configuration

8.3.4.2 Coordinate Spaces

The HAViI specification includes a normalized screen coordinate system that represents the
coordinates on the screen as floating point numbers between zero and one. This coordinate system
isnot pixel based. Such anon-pixe-based coordinate system enables the following:

meaningful results, even when the graphics configuration has not been determined
meaningful results when presented video does not have a java.awt component.

meaningful results when the video display and the graphics display are not necessarily
aligned / share the same origin / share the same resol ution, etc.

This screen-based coordinate system is encapsulated in the HScreenRectangle and HScreenPoint
classes. This specification is slent about conversion between normalized and video coordinates.
This should be addressed as part of the AP providing support for control of video.

For graphics, these conversion mechanisms are found on the HGraphicsConfiguration class, since the
conversion from screen to graphics coordinatesis dependent on the current graphics device settings
(Configuration) — especidly if e.g. the graphics resol ution can be varied independently of the video
resolution, etc.

The HScreenRectangle mechanisms can be used to enable the alignment of (portions of) video and
(portions of) graphics. The HScreenLocationModifiedListener and HScreenLocationModifiedEvent alow
mechanisms to determine if the on-screen location of an HVideoComponent is modified (rather than
its relative location within its enclosing container).
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8.3.4.3 Transparency between Graphics and Video

The HAVI specification includes support for applications to request transparency between graphics
and video. This is provided by the getPunchThroughToBackgroundColor method on the
HGraphicsConfiguration class. These methods provide a factory that enables applications to provide
an opague java.awt.Color and obtain a java.awt.Color supporting some form of transparency between
graphics and video. These Color objects may be used in the drawing methodsin the java.awt. Graphics
classto cause video to appear in the graphics system.

8.3.5 HSceneFactory, HSceneTemplate and HScene

The HAVi User-Interface is deliberatedly agnostic concerning the implementation of a
“coordinating” environment that provides the mechanism for a user to choose and run one or more
applications. In HAVI, this “coordinating” environment is known as a “home navigation shell”.
Application writers cannot make any assumptions that their application GUI will dways be
immediately visble. For example, valid implementations of a coordinating environment might
include:

A simple “full-screen” view on a single application at any one time (with some undefined
mechanism to switch between them).

A multi-window system, where windows may obscure each other.

A “paned” system where each application occupies an area on-screen — i.e. each
application is always visible, but they may be resized if other applications are installed.

Thus, mechanisms are required to initiate an on-screen display and to indicate “ user-interest”, or
other modifications to the rendering area. These mechanisms should:

Enable an application to request an area on-screen — however, given the possibility of
differing styles of coordinating environment, an application cannot reasonably expect that
its request will always be honored perfectly, and thus, a mechanism is required to indicate
preferences for the application location “ on-screen”.

Indicate whether the current application is the one which the user is specifically interested
in. For example, a“well-behaved” application which the user is not currently using might
release, or reduce its consumption of any limited resources.

Indicate to an application that its extent and position on-screen have been modified
somehow by the home navigation shell.

Allow an application to indicate to the system, that it requires the user’s attention. For

example, the system may either indicate to the user that the user should choose the
indicating application, or might simply automatically switch to that application.

8.3.5.1 Requesting an Area On-screen

83511 HSceneFactory and HSceneTemplate
The HsceneFactory is a factory class that is used to generate HScene objects. An agpplication can

indicate the location and dimensions of the HScene in the associated HSceneTemplate, dthough it is
not guaranteed that the resulting Hscene will necessarily match al of these preferences— since this
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is dependent on the implementation of the controlling shell and its associated policies, etc.

The application should call HSceneFactory.resizeScene if it wishesto re-size the HScene.

8.3.5.1.2 HScene

An HScene iS an HContainer representing the displayable area on-screen within which the
application can display itsalf and thus interact with the user. However, HScene does not paint itself
on-screen, only itsadded “child” components and hence thereis no requirement to alocate “pixels’
to the Hscene directly — its only effect isto “clip” its child components. Hence, HScene may be
regarded as a smple connection to the window management policy within the device, acting as a
“screen resource reservation mechanism” denoting the area within which an application may wish
to present a component, at some point in the future. Since an HScene is by definition not painted,
i.e. itis effectively transparent, the area behind (all) HScene's in the z-ordering may be exposed by
the platform as an HBackgroundDevice, and/or HVideoDevice's. However, HAVI does not require
platforms to provide such device capabilities, this is platform specific. The HScene semantics for
transparency need to be specified exactly on a per-platform basis, for example, on some platforms
an Hscene might be trangparent to other HScene's due to other separate applications.

For al interoperable applications, the HScene is considered the main top-level component of the
application. No parent component to an Hscene should be accessible to applications. Interoperable
applications should not use the getParent method in HScene, Since results are implementation
dependent and valid implementations may generate arun-time error.

In terms of delegation, the HScene shall behave like a java.awtwindow with a native peer
implementation, in that it will not appear to delegate any functionality to any parent object.
Components which do not specify default characterigtics inherit default values transitively from
their parent objects. Therefore, the implementation of HScene must have valid defaults defined for
all characterigtics, e.g. Font, foreground Color, background Color, ColorModel, Cursor and Locale.

The HScene has anull LayoutManager by default — all widgets are placed using an X, Y co-ordinate,
specified by the widget.

When created an Hscene is not initidly visble, and a call to setvisible is required to display the
HScene (and dso to hideit).

The application should call HSceneFactory.dispose if it wishes to destroy the Hscene (and al of its
currently added Components) and therefore release their associated resources for future garbage
collection by the platform.

8.3.5.2 Modifications to the HScene: Focus and Resize events

The Hscene object accepts java.awt.event.WindowEvent's, and interprets them as a java.awt.window,
however it is not required for the home navigation shell to generate al types of
java.awt.event.WindowEvent.

Applications can use the java.awt.Component.requestFocus method on the HScene to indicate to the
home navigation shell that the Hscene should be receiving input focus. This request should be
treated as a request to make the entire application visble and ready for user input, eg. by
expanding an icon, or changing the stacking order between competing overlapping applications.
The decision as to whether or whenever the Hscene (application) gains the input focusis entirely
platform specific in terms of policy, etc. The java.awt.Component must be visible on the screen for
this request to be granted — note that visibility in this context refers to whether the application has
called the Hscene.setVisible method, rather than any possible non-application-defined-behavior, due
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to the action of the coordinating shell hiding an application.

The java.awt.event.ComponentEvents COMPONENT MOVED and COMPONENT RESIZED will be
received by the Hscene when the controlling shell has modified the position of the HScene or
changed its dimensions on screen, respectively.

8.3.5.3 Application “user-interface” Lifecycle

Ouitside the scope of the HAVi User-Interface:

The gpplication is acquired by the platform.

The application isvalidated and security checked (possibly including authentication,
byte-code verification, etc.).

Thevirtua machineisinitialized, ClassLoader created, etc.

The gpplication is executed

If the application does not require a user-interface, then it may continue as per normal.

If a user-interface, and hence some screen resource is required, then the application
traverses the HScreen, HGraphicsDevice, HGraphicsConfiguration space to determine an
appropriate configuration, using HGraphicsConfigTemplate €.g. video-mixable, full-screen
graphics, square pixel aspect ratio, resolution 1280 by 1024.

The application configures the HGraphicsDevice appropriately, using the
setGraphicsConfiguration method.

The application requests that the HSceneFactory effectively grant it access to part of the
screen for that device, using HSceneTemplate, €.g. full-screen display.

The HSceneFactory returns an appropriate Hscene container within which the application
can display itself.

The application uses the HScene container to add all of its components to make its user-
interface.

The application may take advantage of java.awt.WindowEvent's, to determine whether it has
the user’s (input) focus.

The application may take advantage of the events COMPONENT_RESIZED and
COMPONENT_MOVED, to determine when its HScene extent / location has been modified
and to tailor its presentation accordingly.

The application resizes the HScene by using HSceneFactory.resizeScene — if it wishes to
resize the Hscene, with the caveat that this may not be allowed by the external
environment, e.g. due to window-manager policy, etc.

The application terminates its on-screen presentation by calling the HScene.dispose
method

Outside of the scope of the HAVi User-Interface:

The gpplication itsdlf terminates.
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8.3.6 Effects and Visual Composition using Component Mattes

8.3.6.1 Component Mattes

With org.havi.ui, the user interface is congtructed from a set of components arranged in a hierarchy.
The root of the hierarchy is an instance of HScene, leaf nodes are ingtances of HComponent and
intermediate nodes are instances of HContainer. Components within a container are ordered from
back to front. An example is shown in Figure 39, where ¢3, a container, is the back most
component and c1 the front most.

scene

Figure 39. Scene Hierarchy

With the HMatte interface, the scene hierarchy can be modified by the incluson of mattes
(additional apha sources), potentialy for each member, i.e.:

scene

matte -

matte -

matte |-+ | matte |-

Figure 40. Scene Hierarchy with Mattes

The mattes influence the rendering of the scene, their operation can be visudized using a 2%2D or
layering model. The example below corresponds to the hierarchy in Figure 40 (for smplicity, the
scene matte is not shown).
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Figure 41. Component Mattes

Where pixds in a component already have an dpha value (e.g., from a PNG image), the apha
value from the component and the a pha value from the matte are multiplied together to obtain the
actud alphavalueto be used for that pixel.

8.3.6.2 Component Grouping

A container is either “grouped” or “ungrouped”’. When a container is ungrouped, its matte only
influences the appearance of those regions of the container not covered by members of the
container (i.e., exposed regions of the container’s background). When a container is grouped, its
meatte influences the appearance of its background and all members of the container. For example,
grouping a container and setting its matte to indicate 50% transparency will fade the container’s
background and al members of the container. If it isungrouped only the background will fade.

An HContainer may be rendered asfollows:

If the container is ungrouped, the container’s background is first rendered and then
composited with the container's matte (i.e., the RGBA value of the container's
background is combined with the alpha value from the matte). Then, in back to front
order, each member of the container is rendered, composited with its matte, and then
composited with the container.

If the container is grouped, the container’s background is first rendered. Then, in back to
front order, each member of the container is rendered, composited with its matte, and then
composited with the container. The result is then composited with the container’ s matte.

After an HContainer is rendered, it is composited with its parent. Compositing of an HScene is
determined by the configuration of display devices.
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8.3.6.3 Examples of Mattes and Component Composition

a) Bar matte for lower component. b) As in a), with top components grouped to lower.

c¢) Circular mattes for top components.

d) As in c), with bar matte for lower component. e) As in d), with top components grouped to lower.

Figure 42. Visual Compaosition Examples

8.3.6.4 Effects

A great variety of effects (e.g., wipes and fades) can be performed by using matte animations —
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sequences of mattes where the “active’” element is changed over time. Matte animations can be
combined with other techniques, such as component movement, to produce additiona effects. The
construction of matte animationsis facilitated by the following classfication of mattes:

HFlatMatte — the matte is constant over space and time, it can be specified by a float (0.0 is fully
transparent and 1.0 fully opague)

HimageMatte — the matte varies over space but is constant over time, it can be specified by an
“image mask” (asingle channel image) where the pixels indicate mette transparency

HFlatEffectMatte — the matte is constant over space but varies over time, it can be specified by a
sequence of floats

HimageEffectMatte — the matte varies over space and time, it can be specified by a sequence of image
masks

8.3.6.5 Matte Sizes and Offsets

When a HimageMatte Or HimageEffectMatte iS assigned to a component, the associated image (or
images) is by default aigned with the component so that their origins—the pixel at (0,0) —coincide.
The offset of the matte with respect to the component can be atered using the setOffset method of
HimageMatte and HimageEffectMatte. Regions of the component outside the matte (resulting from
either amatte being smaller than the component, or from shifting the matte) are not matted.

8.4 HAViI Widget Framework

The HAVi widget framework is designed to alow maximum flexibility to implementers of
applications. It also provides the necessary extensibility to alow the widget framework to be used
asthe basisfor other application types, such as broadcast applications. By default, the HAVi widget
framework only copies object references, and does not clone objects. Caseswhere objectsare clone'd
shall be marked explicitly.

8.4.1 HAVI Event Mechanism

The HAVi event mechanism is composed of the seven classeslisted in Table 16:

Table 16. HUI Events

Event Use
HActionEvent Interact with a component implementing the HActionlnputPreferred interface
HFocusEvent Interact with a component implementing the HNavigationIinputPreferred
interface
HRcEvent Provide remote control event capabilty
HKeyEvent Interact with a component implementing the HKeyboardInputPreferred
interface

HAdjustmentEvent | Interact with a component implementing the HAdjustmentValue interface

HltemEvent Interact with a component implementing the HSelectionlnputPreferred interface
HTextEvent Interact with a component implementing the HKeyboardInputPreferred
interface

These classes serve as the mechanism by which HAVi components inform each other of event
occurrences. They are not intended to be generated from applications.
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A HAVi widget must respond to these events in addition to other applicable user-input mechanisms.
However, interoperable widgets must not respond to specific key codes received through the Java
AWT KeyEvent mechanism.

HXXXEvents are generated and dispatched by the HComponent base class. For example, this class
must intercept suitable Java key events and generate HKeyEvents from them. This means that
widgets will receive two events - the origina KeyEvent and anew HKeyEvent. Although it is possible
to "discover" the platform-specific implementation of HXXXEvents via this mechanism,
interoperable widgets may not use this information. Widgets may ignore the KeyEvent in favor of
only handling the HKeyEvent.

8.4.2 Abstraction of “Feel”

In order to provide the necessary flexibility, the HAVi User-Interface widget framework is defined
around a core of abstract Component Behaviors. These effectively define the functionality (or
“feel”) of each widget which is derived from one of the Component Behaviors. Behaviors are
defined for widget types having a number of states, which may be used to mimic the behavior of

typical widgets.

In summary these Component Behaviors are:
HVisible — Behavior providing basic display functionality.

HNavigable— Behavior enabling widgets to receive navigational focus, and to define some
kind of display change associated with focus change.

HActionable— Behavior providing functionality to be invoked in response to an action.

HSwitchable— Behavior allowing a widget to be actioned and to retain internal state
information in addition to simple action behavior.

HAdjustmentValue, HlitemValue, HTextValue - Behaviors permitting the definition of widgets
that return values to applications in response to user interaction.

Based upon these fundamental abstract Behaviors, al necessary HAVi functionality can be
provided through derived concrete widgets, either for the provison of HAVi specific user-
interfaces, or for HAVi specific widgets. In addition, these abstractions form the basis upon which
other interactive applications may be built without the requirement for the use of HAVi specific
widgets. Thus, the HAVi widget framework is more generdly applicable to interactive application
execution, rather than exclusively focused upon HAVi. The Javadoc describes these states in more
detail, including any valid DISABLED States.

8.4.3 Framework Class Hierarchy

The HAVi widget framework consists of a base class (Hvisible) and a set of interfaces that model
the behaviors different types of widget may exhibit. The behavior is modeled on the number of
states a widget may represent. For each such state a widget can present a particular representation
(graphical, textual and sound) to the user.

The widget framework alows for smple user interface development by application authors. It also
reduces the size of the developed application, since most of the presentation and interaction
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capability is resident on the device — devel opers can concentrate on the specific functiondity of
their application.

8.4.3.1 HContainer

Components in the HAVi User-Interface are explicitly alowed to overlap each other. Hence, the
HAViI User-Interface extensons adds additiond Z-ordering related methods to

org.havi.ui.HContainer:

Additiond semantics related to trangparency of the HContainer itself and its Components, are also
defined viathe HvatteLayer interface.

The org.havi.ui.HContainer class aso adds the ability to determine whether hardware double buffering
is present, using the isDoubleBuffered method.

The org.havi.ui.HContainer class also adds the ability to determine whether it is completely opaque,
by applications overriding the isOpaque method.

Additiondly, the default LayoutManager for HContainer is defined to be null, i.e. absolute positioning,
in contrast to the FlowLayout used in java.awt.Container.

8.4.3.2 HComponent
The base classfor dl HAVi widgets.

The org.havi.ui.HComponent class extends java.awt.Component to include additional semantics related
to transparency of the HComponent, defined via the HMatteLayer interface.

The org.havi.ui.HComponent class aso adds the ability to determine whether hardware double
buffering is present, using the isDoubleBuffered method.

The org.havi.ui.HComponent class also adds the ability to determine whether it is completely opague,
by applications overriding the isOpaque method.

8.4.3.3 HVisible

Represents awidget that hasonly two states, for example HStaticText Or HStaticlcon. Thiswidget can
bein either a“normal” state or a“disabled” State.

8.4.3.4 HNavigable

An interface that is implemented by classes that are derived from Hvisible for adding an additional
gtate that isused to indicate if the widget is currently focused.

The HNavigable interface aso provides the functionality necessary to manage the focus navigation
between widgets assuming a remote control style UP, DOWN, LEFT, RIGHT form of navigation,
using the setFocusTraversal method.

The precise semantics of the HNavigable interface are defined in the supporting Javadoc.
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8.4.3.5 HActionable

The HActionable interface extends HNavigable by adding an additiona state that is used to indicate
when the widget has been actioned.

The HActionable interface provides the functionality necessary to associate HActionListeners with the
widget, using the addHActionListener and removeHActionListener methods. These HActionListeners will
be called when the widget is actioned.

A widget that implements the HActionable interface is actioned when it receives a
havi.ui.event.HActionEvent key event. The widget will move into its Actioned state by presenting its
Actioned look. Any associated HActionListeners will be called by the widget caling its
HActionInputPreferred.processHActionEvent method. When the HActionListeners have returned the
widget will return to its focused Sate.

The precise semantics of the HActionable interface are defined in the supporting Javadoc.

8.4.3.6 HSwitchable

The Hswitchable interface extends HActionable by adding an additional state that is used to maintain
aninterna (on/off) value.

The gtate transitions for HSwitchable are asfollows:

FOCUSED . ACTIONED FOCUSED

STATE - STATE

S

MNORMAL
STATE

DISABLED ACTIOMED
FOCUSED STATE

DISABLED FOCUSED
STATE

ACTIONED
STATE

DISABLED
STATE

DISABLED ACTIONED
STATE

—p Focus Event Transition
— Enabled/Disahled Transition

— Action Event Transition

Figure 43. HSwitchable Transitions

The precise semantics of the Hswitchable interface are defined in the supporting Javadoc. Note that
any dateis permitted to change to the “ disabled” Sate.
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8.4.3.7 HAdjustmentValue, HitemValue, HTextValue

These interfaces extend HNavigable by adding support for managing awidget with an internal value
that can be manipulated by user interaction.

All HAVi Ul components that require adjustable numerical values, such as range controls, have
implemented the HAdjustmentValue interface. Here, the value responds to unit & block
increments, and has an optiona sound associated with such adjustments.

All HAVi Ul components that have selectable content, such aslist groups, have implemented the
HitemVaue interface. An optional sound can be associated with item selection.

All HAVi Ul components that have editable text content, such as text entry controls, have
implemented the HTextVdue interface.

The precise semantics of the Hvalue interface are defined in the supporting Javadoc.

8.4.4 Separation of “Look”

The flexibility of the HAVi widget framework is further enhanced by separating the “look”
component from that for “fed”. This allows easy construction of many styles of presentation
associ ated with each of the abstract Component Behaviors defined previoudly.

Content can be associated with each state of awidget. For each widget State, textual, graphica and
user defined content can be associated with the widget. The HLook interface defines the mechanism
by which the content for the particular Sate of the widget can be rendered.

The HLook method showLook is used to provide the rendering of the content for the widget. Note
that since this method is separated from the widget class, there is no need to subclass the widget to
changeitslook. The showLook method is responsible for repainting the entire component, including
its background, subject to the cliprect of the Graphics object passed to it. The showLook method
should not modify the clipRect of the Graphics object that is passed toiit.

An HLook may aso provide some form of border decoration, for example, drawing a rectangle
around the widget when it has focus. To allow for predictable layout and presentation the HLook
interface provides methods that are used to indicate the size of such aborder area.

To support layout managers the HLook interface also defines the following methods, which alow
the associated Hvisible to query the HLook for its maximum, minimum and preferred sizes.
getMaximumSize, getMinimumSize, getPreferredSize.

8.4.5 Pluggable Looks

TheHAVi Widget framework provides a set of standard classes that implement the HLook interface.
These can be regarded as the set of default looks that will be provided by all implementations. The
particular rendering of alook isnot defined and is manufacturer dependent.

Pluggable Look is defined in such away asto allow implementers to extend the number of “looks’
available to their application. By doing so, new “looks’ are automatically available for every
Component Behavior and for all widget types derived from those Behaviors. Thisis described in
the Pluggable Look Interface.

To facilitate application development and to limit the size of applications, a set of pre-defined
“looks’ isprovided. These are:
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HAnimateLook — presentation of an animated image sequence.

HGraphicLook — presentation of graphical content.

HRangeLook — presentation of a value within arange.

HListGroupLook - presentation of both the ListGroup itself and the items held on the list.
HTextLook — a sSimple presentation mechanism for textual content.

HSinglelineEntryLook — presentation of a single line of textual content that can be edited by
the user.

HMultilineEntryLook — presentation of multiple lines of textual content that can be edited by
the user.

This basic set allows the construction of most typical interactive user interfaces when used in
conjunction with the Component Behaviors to define awidget set. It can however be extended in a
generd fashion to provide new categories of “look”.

When awidget is constructed, it is provided with a default look. This default HLook will be one of
the standard set of looks listed above. For example, the HGraphicButton is created with the
HGraphicLook by default. The default look that is used when the widget is constructed can be
changed by cdlling the static method setDefaultLook that is provided on al widget types. Any widget
of that type created after the call will be created with the new HLook that was passed in as the
parameter to setDefaultLook. Thelook of an individual widget can be modified by using the method
HVisible.setLook.

The Pluggable L ook mechanism is flexible enough so that the application developer can creste new
HLooks. For example a combined HGraphicLook and HTextLook, where the Text may overlay the
Graphic, or be shown in place of the Graphic while the Graphic is being loaded.

8.4.6 Content Behavior

Content is associated with the widget through the following methods on Hvisible: setTextContent,
setGraphicContent, setAnimateContent and setContent. Hence, multiple content (Text, Graphics,
Animations and user-defined content) can be associated with awidget. The way multiple content is
rendered is dependent on the HLook associated with the widget. The default looks provided by the
platform may not render dl the content types.

Different content can be associated with the different states of the widget. For example, an
HGraphicButton might have six different images to represent its sx different states
(NORMAL_STATE, = FOCUSED_STATE,  ACTIONED_STATE,  ACTIONED_FOCUSED_STATE,
DISABLED_STATE and DISABLED_FOCUSED_STATE) to the user, using the setGraphicContent. The
same content can be applied to al states of the widget by using the Hstate constant ALL_STATES
when calling setTextContent, setGraphicContent, setAnimateContent and setContent.

By default, content associated with a widget is not modified to fit the dimensions of the
widget. Refer to the alignment and scaling methods in HVisible to address thisissue.

Mechanisms are also available that alow (graphic) content to be resized to match the widget
dimensions, €tc.
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8.5 HAVI Resident Widgets

Using the Component Behaviors (HVisible, HNavigable, HActionable and HSwitchable) defined in the
previous section a set of resident widgetsis provided.

Note that implementations of the HAVi widget set shall be implemented (and behave) as
lightweight components. HAVi widgets do not include an associated peer class, irrespective of the
exact mechanism for their implementation, i.e., directly implemented in Java, or via some platform
specific mechanism.

8.5.1 Simple Text/Graphic/Animate Widgets

The HAVi st of resident widgets includes both visible and navigable versions of the HText, Hicon
and HAnimation classes.

Applications providing simple “display-only” non-navigable text, image, or animations
may employ the “ Static” versions of these classes.

Applications wishing to provide additional feedback, e.g. “tooltips’, or audio feedback —
for example, a commentary — may employ the navigable versions of these classes.

Widget Type Description Static Navigable
Animation Displays a simple sequence of images | HStaticAnimation HAnimation
Text Displays a text label HStaticText HText
Graphic Displays an Image HStaticlcon Hlcon

Refer to the supporting Javadoc for amore detailed description of these widgets.

8.5.2 Buttons

The HAVi set of resident widgets includes both textud and graphical version of a push button:
HTextButton and HGraphicButton. These buttonsimplement the HActionable interface that definestheir
behavior.

The HToggleButton is used to represent a graphical control that has a boolean state that can be
toggled on and off by the user (e.g. Checkbox or Radio Button). The HToggleButton implements the
HSwitchable interface that definesits behavior. A HToggleButton widget does not have an associated
text label as part of the widget. If atext labd is required, a separate HStaticText widget should be
Crested.

A set of HToggleButtons can be associated with a HToggleGroup. A HToggleGroup Will ensure that a
maximum of one HToggleButton is chosen at any time (i.e. agroup of radio buttons).

Refer to the supporting Javadoc for amore detailed description of these widgets.

8.5.3 Range Widgets

The HAVI st of resident widgets include agroup of controlsto represent a particular integer value
in arange of valuesi.e. adider control, or scroll bar. The HstaticRange widget is a non navigable
widget, HRange widget is navigable (implements the HNavigable interface) and the HRangeValue is
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navigable and its value can be modified by user interaction (implements the HAdjustmentValue
interface).

Refer to the supporting Javadoc for amore detailed description of these widgets.

8.5.4 List Widgets

A HListGroup is a visble that manages a dynamic set of vertically or horizontally scrollable
HListElements, alowing either single or multiple HListElements to be chosen by the user. The
HListGroup Will automatically scroll the HListElements when the user navigates to an element that is
currently not visible within the list group.

Refer to the supporting Javadoc for amore detailed description of these widgets.

8.5.5 Text Entry Widgets

The HsinglelineEntry component allows a user to enter asinglelinetext string. A typical renderingis
as atext entry field, e.g. with an associated on-screen keyboard. The HMultiineEntry widget extends
the HsinglelineEntry widget and allows text to be entered over multiple lines. Both these widgets
implement the HTextValue interface resulting in the widgets firing HTextEvents when starting to edit,
finishing editing, and whenever the content changes.

Refer to the supporting Javadoc for amore detailed description of these widgets.

8.6 Profiles

Implementations of the HAVi User-Interface on an FAV should:
have a minimum screen resolution of 320 by 240 pixels (quarter VGA)
include support for the image and sound content types, as defined in DDI.

either provide a physical keyboard or provide a virtual keyboard supporting at least the
entry of alphanumeric codes

8.7 General Approach to Error Behavior

Where amethod cdl is specified as taking an object as one of itsinput parameters, if null is passed
as aparameter and not explicitly identified as avalid input for that parameter of that method then a
java.lang.NullPointerException shall be thrown. Where an input parameter to amethod call is specified
to be more restrictive than its Java type alows (e.g. only arestricted set of numbers are allowed as
inputs), providing values outside the allowed range shall result in ajava.lang.lllegalArgumentException
being thrown.

8.8 Register of Constants

public final static int org.havi.ui.HAdjustableLook. ADJUST_THUMB = -6;

public final static int org.havi.ui.HAdjustableLook. ADJUST_PAGE_MORE = -5;
public final static int org.havi.ui.HAdjustableLook. ADJUST_PAGE_LESS =-4;
public final static int org.havi.ui.HAdjustableLook. ADJUST_BUTTON_MORE = -3;
public final static int org.havi.ui.HAdjustableLook. ADJUST_BUTTON_LESS =-2;
public final static int org.havi.ui.HAdjustableLook. ADJUST_NONE = -1;

448



HAVi SPECIFICATION Version 1.1

public final static int org.havi.ui.HAnimateEffect REPEAT _INFINITE = -1,

public final static int org.havi.ui.HAnimateEffect. PLAY_REPEATING = 1;

public final static int org.havi.ui.HAnimateEffect. PLAY_ALTERNATING = 2;

public final static int org.havi.ui.HBackgroundConfigTemplate. CHANGEABLE_SINGLE_COLOR = 10;
public final static int org.havi.ui.HBackgroundConfigTemplate.STILL _IMAGE = 11;

public final static int org.havi.ui.HFontCapabilities.BASIC_LATIN = 1;

public final static int org.havi.ui.HFontCapabilities.LATIN_1 SUPPLEMENT = 2;

public final static int org.havi.ui.HFontCapabilities.LATIN_EXTENDED_A = 3;

public final static int org.havi.ui.HFontCapabilities.LATIN_EXTENDED B = 4;

public final static int org.havi.ui.HFontCapabilities.IPA_EXTENSIONS = 5;

public final static int org.havi.ui.HFontCapabilities.SPACING_MODIFIER_LETTERS = 6;
public final static int org.havi.ui.HFontCapabilities. COMBINING_DIACRITICAL_MARKS =7;
public final static int org.havi.ui.HFontCapabilities.BASIC_GREEK = 8;

public final static int org.havi.ui.HFontCapabilities. GREEK_SYMBOLS_AND_COPTIC = 9;
public final static int org.havi.ui.HFontCapabilities.CYRILLIC = 10;

public final static int org.havi.ui.HFontCapabilities. ARMENIAN = 11,

public final static int org.havi.ui.HFontCapabilities.BASIC_HEBREW = 12;

public final static int org.havi.ui.HFontCapabilities. HEBREW_EXTENDED = 13;

public final static int org.havi.ui.HFontCapabilities.BASIC_ARABIC = 14;

public final static int org.havi.ui.HFontCapabilities. ARABIC_EXTENDED = 15;

public final static int org.havi.ui.HFontCapabilities. DEVANAGARI = 16;

public final static int org.havi.ui.HFontCapabilities.BENGALI = 17,

public final static int org.havi.ui.HFontCapabilities. GURMUKHI = 18;

public final static int org.havi.ui.HFontCapabilities. GUJARATI = 19;

public final static int org.havi.ui.HFontCapabilities.ORIYA = 20;

public final static int org.havi.ui.HFontCapabilities. TAMIL = 21;

public final static int org.havi.ui.HFontCapabilities. TELUGU = 22;

public final static int org.havi.ui.HFontCapabilities. KANNADA = 23;

public final static int org.havi.ui.HFontCapabilities. MALAYALAM = 24;

public final static int org.havi.ui.HFontCapabilities. THAI = 25;

public final static int org.havi.ui.HFontCapabilities.LAO = 26;

public final static int org.havi.ui.HFontCapabilities.BASIC_GEORGIAN = 27,

public final static int org.havi.ui.HFontCapabilities. GEORGIAN_EXTENDED = 28;

public final static int org.havi.ui.HFontCapabilities. HANGUL_JAMO = 29;

public final static int org.havi.ui.HFontCapabilities.LATIN_EXTENDED_ADDITIONAL = 30;
public final static int org.havi.ui.HFontCapabilities. GREEK_EXTENDED = 31;

public final static int org.havi.ui.HFontCapabilities. GENERAL_PUNCTUATION = 32;

public final static int org.havi.ui.HFontCapabilities. SUPERSCRIPTS_AND_SUBSCRIPTS = 33;
public final static int org.havi.ui.HFontCapabilities. CURRENCY_SYMBOLS = 34;

public final static int org.havi.ui.HFontCapabilities. COMBINING_DIACTRICAL_MARKS_FOR_SYMBOLS =
35;

public final static int org.havi.ui.HFontCapabilities.LETTERLIKE_SYMBOLS = 36;

public final static int org.havi.ui.HFontCapabilites.NUMBER_FORMS = 37;

public final static int org.havi.ui.HFontCapabilities. ARROWS = 38;

public final static int org.havi.ui.HFontCapabilities. MATHEMATICAL_OPERATORS = 39;
public final static int org.havi.ui.HFontCapabilities. MISCELLANEOUS_TECHNICAL = 40;
public final static int org.havi.ui.HFontCapabilities. CONTROL_PICTURES = 41;

public final static int org.havi.ui.HFontCapabilities.OPTICAL_CHARACTER_RECOGNITION = 42;
public final static int org.havi.ui.HFontCapabilities. ENCLOSED_ALPHANUMERICS = 43;
public final static int org.havi.ui.HFontCapabilities.BOX_DRAWING = 44;

public final static int org.havi.ui.HFontCapabilities.BLOCK_ELEMENTS = 45;

public final static int org.havi.ui.HFontCapabilities. GEOMETRICAL_SHAPES = 46;

public final static int org.havi.ui.HFontCapabilities. MISCELLANEOUS_SYMBOLS = 47;
public final static int org.havi.ui.HFontCapabilities.DINGBATS = 48;

public final static int org.havi.ui.HFontCapabilities.CJK_SYMBOLS_AND_PUNCTUATION = 49;
public final static int org.havi.ui.HFontCapabilities.HIRAGANA = 50;

public final static int org.havi.ui.HFontCapabilities. KATAKANA = 51;

public final static int org.havi.ui.HFontCapabilities.BOPOMOFO = 52;

public final static int org.havi.ui.HFontCapabilities. HANGUL_COMPATIBILITY_JAMO = 53;
public final static int org.havi.ui.HFontCapabilities.CJK_MISCELLANEOUS = 54;

public final static int org.havi.ui.HFontCapabilities. ENCLOSED_CJK_LETTERS_AND_MONTHS = 55;
public final static int org.havi.ui.HFontCapabilities.CJK_COMPATIBILITY = 56;

public final static int org.havi.ui.HFontCapabilities. HANGUL = 57;

public final static int org.havi.ui.HFontCapabilities. HANGUL_SUPPLEMENTARY_A = 58;
public final static int org.havi.ui.HFontCapabilities. HANGUL_SUPPLEMENTARY_B = 59;
public final static int org.havi.ui.HFontCapabilities.CIK_UNIFIED_IDEOGRAPHS = 60;
public final static int org.havi.ui.HFontCapabilities.PRIVATE_USE_AREA = 61,
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public final static int org.havi.ui.HFontCapabilities.CIK_COMPATIBILITY_IDEOGRAPHS = 62;
public final static int org.havi.ui.HFontCapabilities. ALPHABETIC_PRESENTATION_FORMS_A =63;
public final static int org.havi.ui.HFontCapabilities. ARABIC_PRESENTATION_FORMS_A = 64;
public final static int org.havi.ui.HFontCapabilities. COMBINING_HALF_MARKS = 65;

public final static int org.havi.ui.HFontCapabilities.CIK_COMPATIBILITY_FORMS = 66;

public final static int org.havi.ui.HFontCapabilities.SMALL_FORM_VARIANTS = 67;

public final static int org.havi.ui.HFontCapabilities. ARABIC_PRESENTATION_FORMS_B = 68;
public final static int org.havi.ui.HFontCapabilities.HALFWIDTH_AND_FULLWIDTH_FORMS = 69;
public final static int org.havi.ui.HFontCapabilities.SPECIALS = 70;

public final static int org.havi.ui.HGraphicsConfigTemplate.VIDEO_MIXING = 12;

public final static int org.havi.ui.HGraphicsConfigTemplate. MATTE_SUPPORT = 13;

public final static int org.havi.ui.HGraphicsConfigTemplate.IMAGE_SCALING_SUPPORT = 14;
public final static int org.havi.ui.HImageHints.NATURAL_IMAGE = 1;

public final static int org.havi.ui.HImageHints. CARTOON = 2;

public final static int org.havi.ui.HImageHints.BUSINESS _GRAPHICS = 3;

public final static int org.havi.ui.HImageHints.LINE_ART = 4;

public final static int org.havi.ui.HKeyboardInputPreferred.INPUT_NUMERIC = 1;

public final static int org.havi.ui.HKeyboardInputPreferred.INPUT_ALPHA = 2;

public final static int org.havi.ui.HKeyboardinputPreferred.INPUT_ANY = 4;

public final static int org.havi.ui.HKeyboardInputPreferred.INPUT_CUSTOMIZED = 8;

public final static int org.havi.ui.HListGroup.DEFAULT_ICON_HEIGHT =-4;

public final static int org.havi.ui.HListGroup.DEFAULT_ICON_WIDTH = -3;

public final static int org.havi.ui.HListGroup.DEFAULT_LABEL_HEIGHT = -2;

public final static int org.havi.ui.HListGroup.ITEM_NOT_FOUND = -1,

public final static int org.havi.ui.HListGroup.ADD_INDEX_END = -1,

public final static int org.havi.ui.HListGroup.DEFAULT_LABEL_WIDTH =-1;

public final static int org.havi.ui.HOrientable. ORIENT_LEFT_TO_RIGHT =0;

public final static int org.havi.ui.HOrientable. ORIENT_RIGHT_TO_LEFT =1,

public final static int org.havi.ui.HOrientable. ORIENT_TOP_TO_BOTTOM = 2;

public final static int org.havi.ui.HOrientable. ORIENT_BOTTOM_TO_TOP = 3;

public final static int org.havi.ui.HScene.IMAGE_NONE = 0;

public final static int org.havi.ui.HScene.NO_BACKGROUND_FILL =0;

public final static int org.havi.ui.HScene.IMAGE_STRETCH = 1,

public final static int org.havi.ui.HScene.BACKGROUND_FILL =1,

public final static int org.havi.ui.HScene.IMAGE_CENTER = 2;

public final static int org.havi.ui.HScene.IMAGE_TILE = 3;

public final static int org.havi.ui.HSceneTemplate. GRAPHICS CONFIGURATION = 0;

public final static int org.havi.ui.HSceneTemplate. REQUIRED = 1;

public final static int org.havi.ui.HSceneTemplate. SCENE_PIXEL_DIMENSION = 1;

public final static int org.havi.ui.HSceneTemplate. PREFERRED = 2;

public final static int org.havi.ui.HSceneTemplate. SCENE_PIXEL_LOCATION = 2;

public final static int org.havi.ui.HSceneTemplate. UNNECESSARY = 3;

public final static int org.havi.ui.HSceneTemplate. SCENE_SCREEN_DIMENSION = 4;

public final static int org.havi.ui.HSceneTemplate. SCENE_SCREEN_LOCATION = 8§;

public final static int org.havi.ui.HScreenConfigTemplate. REQUIRED = 1;

public final static int org.havi.ui.HScreenConfigTemplate.ZERO_BACKGROUND_IMPACT = 1;
public final static int org.havi.ui.HScreenConfigTemplate. PREFERRED = 2;

public final static int org.havi.ui.HScreenConfigTemplate.ZERO_GRAPHICS_IMPACT = 2;
public final static int org.havi.ui.HScreenConfigTemplate. DONT_CARE = 3;

public final static int org.havi.ui.HScreenConfigTemplate.ZERO_VIDEO_IMPACT = 3;

public final static int org.havi.ui.HScreenConfigTemplate. PREFERRED_NOT = 4;

public final static int org.havi.ui.HScreenConfigTemplate.INTERLACED_DISPLAY = 4;

public final static int org.havi.ui.HScreenConfigTemplate. REQUIRED_NOT =5;

public final static int org.havi.ui.HScreenConfigTemplate.FLICKER_FILTERING = 5;

public final static int org.havi.ui.HScreenConfigTemplate.VIDEO _GRAPHICS_PIXEL_ALIGNED = 6;
public final static int org.havi.ui.HScreenConfigTemplate.PIXEL_ASPECT_RATIO = 7;

public final static int org.havi.ui.HScreenConfigTemplate.PIXEL_RESOLUTION = 8;

public final static int org.havi.ui.HScreenConfigTemplate. SCREEN_RECTANGLE = 9;

public final static int org.havi.ui.HState. FOCUSED_STATE_BIT = 1;

public final static int org.havi.ui.HState ACTIONED_STATE_BIT = 2;

public final static int org.havi.ui.HState.DISABLED_STATE_BIT = 4;

public final static int org.havi.ui.HState. ALL_STATES = 7,

public final static int org.havi.ui.HState.FIRST_STATE = 128;

public final static int org.havi.ui.HState. NORMAL_STATE = 128;

public final static int org.havi.ui.HState. FOCUSED_STATE = 129;

public final static int org.havi.ui.HState. ACTIONED_STATE = 130;

public final static int org.havi.ui.HState ACTIONED_FOCUSED_STATE = 131,
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public final static int org.havi.ui.HState.DISABLED_STATE = 132;

public final static int org.havi.ui.HState.DISABLED_FOCUSED_STATE = 133;

public final static int org.havi.ui.HState.DISABLED_ACTIONED_STATE = 134;

public final static int org.havi.ui.HState. DISABLED_ACTIONED_FOCUSED_STATE = 135;
public final static int org.havi.ui.HState.LAST_STATE = 135;

public final static int org.havi.ui.HStaticRange.SLIDER_BEHAVIOR = 0;

public final static int org.havi.ui.HStaticRange.SCROLLBAR_BEHAVIOR = 1;

public final static int org.havi.ui.HVideoConfigTemplate. GRAPHICS_MIXING = 15;

public final static int org.havi.ui.HVisible.NO_DEFAULT_WIDTH =-1;

public final static int org.havi.ui.HVisible.NO_DEFAULT_HEIGHT =-1;

public final static int org.havi.ui.HVisible. HALIGN_LEFT = 0;

public final static int org.havi.ui.HVisible.VALIGN_TOP = 0;

public final static int org.havi.ui.HVisible. RESIZE_NONE = 0;

public final static int org.havi.ui.HVisible.NO_BACKGROUND_FILL =0;

public final static int org.havi.ui.HVisible. FIRST_CHANGE = 0;

public final static int org.havi.ui.HVisible. TEXT_CONTENT_CHANGE =0;

public final static int org.havi.ui.HVisible. HALIGN_CENTER =1,

public final static int org.havi.ui.HVisible. RESIZE_PRESERVE_ASPECT =1,

public final static int org.havi.ui.HVisible. BACKGROUND_FILL = 1;

public final static int org.havi.ui.HVisible. GRAPHIC_CONTENT_CHANGE =1,

public final static int org.havi.ui.HVisible. HALIGN_RIGHT = 2;

public final static int org.havi.ui.HVisible. RESIZE_ARBITRARY = 2;

public final static int org.havi.ui.HVisible ANIMATE_CONTENT_CHANGE = 2;

public final static int org.havi.ui.HVisible.HALIGN_JUSTIFY = 3;

public final static int org.havi.ui.HVisible. CONTENT_CHANGE = 3;

public final static int org.havi.ui.HVisible.VALIGN_CENTER = 4;

public final static int org.havi.ui.HVisible. STATE_CHANGE = 4;

public final static int org.havi.ui.HVisible. CARET_POSITION_CHANGE =5;

public final static int org.havi.ui.HVisible. ECHO_CHAR_CHANGE = 6;

public final static int org.havi.ui.HVisible. EDIT_MODE_CHANGE = 7;

public final static int org.havi.ui.HVisible.VALIGN_BOTTOM = 8;

public final static int org.havi.ui.HVisible.MIN_MAX_CHANGE = 8;

public final static int org.havi.ui.HVisible. THUMB_OFFSETS_CHANGE = 9;

public final static int org.havi.ui.HVisible. ORIENTATION_CHANGE = 10;

public final static int org.havi.ui.HVisible. TEXT_VALUE_CHANGE = 11;

public final static int org.havi.ui.HVisible.VALIGN_JUSTIFY = 12;

public final static int org.havi.ui.HVisible ITEM_VALUE_CHANGE = 12;

public final static int org.havi.ui.HVisible ADJUSTMENT _VALUE_CHANGE = 13;

public final static int org.havi.ui.HVisible.LIST_CONTENT_CHANGE = 14;

public final static int org.havi.ui.HVisible.LIST_ICONSIZE_CHANGE = 15;

public final static int org.havi.ui.HVisible.LIST_LABELSIZE_CHANGE = 16;

public final static int org.havi.ui.HVisible.LIST_MULTISELECTION_CHANGE = 17,

public final static int org.havi.ui.HVisible.LIST_SCROLLPOSITION_CHANGE = 18;

public final static int org.havi.ui.HVisible.SIZE_CHANGE = 19;

public final static int org.havi.ui.HVisible. BORDER_CHANGE = 20;

public final static int org.havi.ui.HVisible. REPEAT_COUNT_CHANGE = 21;

public final static int org.havi.ui.HVisible ANIMATION_POSITION_CHANGE = 22;

public final static int org.havi.ui.HVisible.LIST_SELECTION_CHANGE = 23;

public final static int org.havi.ui.HVisible. UNKNOWN_CHANGE = 24;

public final static int org.havi.ui.HVisible.LAST_CHANGE = 24;

public final static int org.havi.ui.event. HAdjustmentEvent. ADJUST_FIRST = 2000;

public final static int org.havi.ui.event. HAdjustmentEvent. ADJUST_START_CHANGE = 2000;
public final static int org.havi.ui.event. HAdjustmentEvent. ADJUST_LESS = 2001,

public final static int org.havi.ui.event. HAdjustmentEvent. ADJUST MORE = 2002;

public final static int org.havi.ui.event. HAdjustmentEvent. ADJUST_PAGE_LESS = 2003;

public final static int org.havi.ui.event. HAdjustmentEvent. ADJUST_PAGE_MORE = 2004;

public final static int org.havi.ui.event. HAdjustmentEvent. ADJUST_LAST = 2005;

public final static int org.havi.ui.event. HAdjustmentEvent. ADJUST_END_CHANGE = 2005;
public final static int org.havi.ui.event. HBackgroundimageEvent. BACKGROUNDIMAGE_FIRST = 1;
public final static int org.havi.ui.event. HBackgroundimageEvent. BACKGROUNDIMAGE_LOADED = 1;
public final static int org.havi.ui.event. HBackgroundimageEvent. BACKGROUNDIMAGE_FILE_NOT_FOUND
= 2;

public final static int org.havi.ui.event. HBackgroundimageEvent. BACKGROUNDIMAGE_IOERROR = 3;
public final static int org.havi.ui.event. HBackgroundimageEvent. BACKGROUNDIMAGE_INVALID = 4;
public final static int org.havi.ui.event. HBackgroundimageEvent. BACKGROUNDIMAGE_LAST = 4;
public final static int org.havi.ui.event. HEventRepresentation.ER_TYPE_NOT_SUPPORTED =0;
public final static int org.havi.ui.event. HEventRepresentation.ER_TYPE_STRING =1,
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public final static int org.havi.ui.event. HEventRepresentation.ER_TYPE_COLOR = 2;
public final static int org.havi.ui.event. HEventRepresentation.ER_TYPE_SYMBOL = 4;
public final static int org.havi.ui.event. HFocusEvent.NO_TRANSFER_ID =-1;

public final static int org.havi.ui.event. HFocusEvent. HFOCUS_FIRST = 2029;

public final static int org.havi.ui.event.HFocusEvent. FOCUS_TRANSFER = 2029;
public final static int org.havi.ui.event. HFocusEvent. HFOCUS_LAST = 2029;

public final static int org.havi.ui.event.HltemEvent.ITEM_FIRST = 2006;

public final static int org.havi.ui.event.HlitemEvent.ITEM_START_CHANGE = 2006;
public final static int org.havi.ui.event.HlitemEvent.ITEM_TOGGLE_SELECTED = 2007;
public final static int org.havi.ui.event.HltemEvent.ITEM_SELECTED = 2008;

public final static int org.havi.ui.event.HltemEvent.ITEM_CLEARED = 2009;

public final static int org.havi.ui.event.HlitemEvent.ITEM_SELECTION_CLEARED = 2010;
public final static int org.havi.ui.event.HlitemEvent.ITEM_SET_CURRENT = 2011,
public final static int org.havi.ui.event.HltemEvent.ITEM_SET PREVIOUS = 2012;
public final static int org.havi.ui.event.HlitemEvent.ITEM_SET NEXT = 2013;

public final static int org.havi.ui.event.HltemEvent. SCROLL_MORE = 2014;

public final static int org.havi.ui.event.HltemEvent. SCROLL_LESS = 2015;

public final static int org.havi.ui.event.HltemEvent. SCROLL_PAGE_MORE = 2016;
public final static int org.havi.ui.event.HlitemEvent. SCROLL_PAGE_LESS = 2017,
public final static int org.havi.ui.event.HltemEvent.ITEM_END_CHANGE = 2018;
public final static int org.havi.ui.event.HltemEvent.ITEM_LAST = 2018;

public final static int org.havi.ui.event. HRcEvent.RC_FIRST = 400;

public final static int org.havi.ui.event. HRcEvent.VK_COLORED_KEY_0 =403;
public final static int org.havi.ui.event. HRcEvent.VK_COLORED_KEY_1 =404;
public final static int org.havi.ui.event. HRcEvent.VK_COLORED_KEY_2 = 405;
public final static int org.havi.ui.event. HRcEvent.VK_COLORED_KEY_3 = 406;
public final static int org.havi.ui.event. HRcEvent.VK_COLORED_KEY_4 =407,
public final static int org.havi.ui.event. HRcEvent.VK_COLORED_KEY_5 =408;
public final static int org.havi.ui.event. HRcEvent.VK_POWER = 409;

public final static int org.havi.ui.event. HRcEvent.VK_DIMMER = 410;

public final static int org.havi.ui.event. HRcEvent.VK_WINK = 411;

public final static int org.havi.ui.event. HRcEvent.VK_REWIND = 412;

public final static int org.havi.ui.event HRcEvent.VK_STOP =413;

public final static int org.havi.ui.event. HRcEvent.VK_EJECT _TOGGLE = 414;

public final static int org.havi.ui.event HRcEvent.VK_PLAY = 415;

public final static int org.havi.ui.event. HRcEvent.VK_RECORD = 416;

public final static int org.havi.ui.event. HRcEvent.VK_FAST FWD =417

public final static int org.havi.ui.event. HRcEvent.VK_PLAY_SPEED_UP =418;
public final static int org.havi.ui.event. HRcEvent.VK_PLAY_SPEED _DOWN = 419;
public final static int org.havi.ui.event. HRcEvent.VK_PLAY_SPEED_RESET = 420;
public final static int org.havi.ui.event. HRcEvent.VK_RECORD_SPEED_NEXT =421,
public final static int org.havi.ui.event HRcEvent.VK_GO_TO_START =422;

public final static int org.havi.ui.event. HRcEvent.VK_GO_TO_END = 423;

public final static int org.havi.ui.event. HRcEvent.VK_TRACK_PREV = 424;

public final static int org.havi.ui.event. HRcEvent.VK_TRACK_NEXT = 425;

public final static int org.havi.ui.event. HRcEvent.VK_RANDOM_TOGGLE = 426;
public final static int org.havi.ui.event. HRcEvent.VK_CHANNEL_UP = 427,

public final static int org.havi.ui.event. HRcEvent.VK_CHANNEL_DOWN = 428;
public final static int org.havi.ui.event HRcEvent.VK_STORE_FAVORITE_O = 429;
public final static int org.havi.ui.event HRcEvent.VK_STORE_FAVORITE_1 = 430;
public final static int org.havi.ui.event HRcEvent. VK_STORE_FAVORITE_2 = 431;
public final static int org.havi.ui.event HRcEvent.VK_STORE_FAVORITE_3 = 432;
public final static int org.havi.ui.event. HRcEvent.VK_RECALL_FAVORITE_0 = 433;
public final static int org.havi.ui.event. HRcEvent.VK_RECALL_FAVORITE_1 = 434;
public final static int org.havi.ui.event. HRcEvent.VK_RECALL_FAVORITE_2 = 435;
public final static int org.havi.ui.event. HRcEvent.VK_RECALL_FAVORITE_3 = 436;
public final static int org.havi.ui.event. HRcEvent.VK_CLEAR_FAVORITE_O0 = 437;
public final static int org.havi.ui.event. HRcEvent.VK_CLEAR_FAVORITE_1 =438;
public final static int org.havi.ui.event. HRcEvent.VK_CLEAR_FAVORITE_2 =4309;
public final static int org.havi.ui.event. HRcEvent.VK_CLEAR_FAVORITE_3 = 440;
public final static int org.havi.ui.event. HRcEvent.VK_SCAN_CHANNELS TOGGLE =441,
public final static int org.havi.ui.event. HRcEvent.VK_PINP_TOGGLE = 442;

public final static int org.havi.ui.event. HRcEvent.VK_SPLIT_SCREEN_TOGGLE = 443;
public final static int org.havi.ui.event. HRcEvent.VK_DISPLAY_SWAP = 444;

public final static int org.havi.ui.event. HRcEvent. VK_SCREEN_MODE_NEXT = 445;
public final static int org.havi.ui.event. HRcEvent.VK_VIDEO_MODE_NEXT = 446;
public final static int org.havi.ui.event. HRcEvent.VK_VOLUME_UP = 447,
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public final static int org.havi.ui.event. HRcEvent.VK_VOLUME_DOWN = 448;
public final static int org.havi.ui.event. HRcEvent.VK_MUTE = 449;

public final static int org.havi.ui.event. HRcEvent.VK_SURROUND_MODE_NEXT = 450;
public final static int org.havi.ui.event. HRcEvent.VK_BALANCE_RIGHT =451,
public final static int org.havi.ui.event HRcEvent.VK_BALANCE_LEFT =452;
public final static int org.havi.ui.event. HRcEvent.VK_FADER_FRONT = 453;

public final static int org.havi.ui.event. HRcEvent.VK_FADER_REAR = 454;

public final static int org.havi.ui.event. HRcEvent.VK_BASS BOOST_UP =455;
public final static int org.havi.ui.event. HRcEvent.VK_BASS BOOST_DOWN = 456;
public final static int org.havi.ui.event. HRcEvent.VK_INFO = 457;

public final static int org.havi.ui.event. HRcEvent.VK_GUIDE = 458;

public final static int org.havi.ui.event. HRcEvent.VK_TELETEXT = 459;

public final static int org.havi.ui.event. HRcEvent.VK_SUBTITLE = 460;

public final static int org.havi.ui.event. HRcCEvent.RC_LAST = 460;

public final static int org.havi.ui.event. HTextEvent. TEXT_FIRST = 2019;

public final static int org.havi.ui.event. HTextEvent. TEXT_START_CHANGE = 2019;
public final static int org.havi.ui.event. HTextEvent. TEXT_CHANGE = 2020;

public final static int org.havi.ui.event. HTextEvent. TEXT_CARET_CHANGE = 2021,
public final static int org.havi.ui.event. HTextEvent. TEXT_END_CHANGE = 2022;
public final static int org.havi.ui.event. HTextEvent. CARET_NEXT_CHAR = 2023;
public final static int org.havi.ui.event. HTextEvent. CARET _NEXT_LINE = 2024;
public final static int org.havi.ui.event. HTextEvent. CARET_PREV_CHAR = 2025;
public final static int org.havi.ui.event. HTextEvent. CARET_PREV_LINE = 2026;
public final static int org.havi.ui.event. HTextEvent. CARET_NEXT_PAGE = 2027,
public final static int org.havi.ui.event. HTextEvent. TEXT_LAST = 2028;

public final static int org.havi.ui.event. HTextEvent. CARET_PREV_PAGE = 2028;
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9 SDD Data

9.1 References

At the beginning of this document isa collection of references. Each of the IEEE 1212 ROM fields
defined in this section includes the reference indicator, either [1], [2] or [4] for convenience to the
reader. Fields which are defined in this document specificaly for the HAVi architecture will be
appended with [HAVI] asthe reference indicator.

9.2 Introduction

This section describes the SDD data for HAVi-compliant 1394 devices. Thisinformation is stored
in the configuration ROM of the device, according to the layout rules defined by [1] and [2].

About the IEEE 1212 specification: the current official draft is [1]. However, the specification is
currently undergoing a revison process as part of its 5-year re-evaluation. Some of the newly
defined items for this revison are necessary for the HAVi architecture. The newly defined data
structures arein [2]. Additional HAVi-specific data structures are defined in this document.

9.3 Text Encoding Formats
1212 reference [1] defines only aminimal English ASCII text encoding format. The 1212 revision

[2] defines severd additional 2-byte formats, including UNICODE. The text fields of SDD use
UNICODE encoding.

9.4 HAViI Key Values

Each of the keysin thefollowing table is defined within the scope of the HAVi Unit Directory. The
definitions for each of these keys are presented in subsequent sections of this document.

Table 17. HAVi Unit Directory Key Values

HAVi Key Name Key ID Valid Key Types
HAVi_Device_Profile_Key 3816 Immediate
HAVi_DCM_Key 3916 Leaf offset
HAVi_DCM_Reference_Key 3As6 Leaf offset
HAVi_DCM_Profile_Key 3B1s6 Leaf offset
HAVi_Device_lcon_Bitmap_Key 3Cis6 Leaf offset
HAVi_Message Version_Key 3D1s6 Immediate

9.5 Minimum Required Data
The fields described in this document are the minimum required for HAVi-compliant devices, but

these may not be al that is necessary for the device being implemented. Depending on other
standards supported by the device, additiond fields may be required.
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If adevice changes any of the HAVi defined fields, except the user preferred name, it shall generate
a13% bus reset. Moreover, aHAVi controller must also generate a bus reset after initialization or
sdf-tedt, i.e., when thefirst quadlet of its configuration ROM transits from a zero to non-zero value.
Thisbusreset ishecessary to re-detect HAVi controller devices and restart HAVi specific protocols
between controllers.

Thefollowing table illustrates the required and optional HAVi-specific data:

Table 18.

HAVi Configuration ROM Requirements

HAViI Key Name Requirement

HAVi_Device_Profile_Key

Required for all HAVi-compliant device classes

modifiable descriptor for

HAVi_Device Profile

Required for all HAVi-compliant device classes

HAVi_DCM_Key Strongly recommended for BAV
Does not apply for IAV, FAV

HAVi_DCM_Reference_Key

Strongly recommended for BAV

Does not apply for IAV, FAV

HAVi_DCM_Profile_Key

Required if DCM is included (BAV)

Does not apply for IAV, FAV

HAVi_Device_lcon_Bitmap_Key Optional for all HAVi-compliant device classes

HAVi_Message Version_Key

Required for IAV, FAV, does not apply for BAV

The following table illustrates the required non-HAVi-specific data (defined by other standards,
such as[1] and [2]):

Table 19. Non-HAVi Configuration ROM Requirements
Key_ ID Key Name Requirement Directory Described in
[2]
18, Instance_Directory Required for all HAVi device classes Root directory 7.7.15
17, Model_ID Required for all HAVi device classes Root directory 7.7.14
(exceptionally
vendor or
instance
directory)
11, HAVi_Unit_Directory Required for all HAVi device classes Instance 7.79
directory (and
possibly root)
11, |EC_61883_Unit_Dire Required for HAVi devices supporting Root and 7.79
ctory multiple 61883 protocols instance
directory
12, Specifier_ID Required for all HAVi device classes HAVi unit 7.7.10
directory
13,6 Version Required for all HAVi device classes  HAVi unit 7.7.11
directory

9.6 ROM Format

Devices shal implement the genera ROM formeat as defined in [1].
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9.7 The GUID and the Bus_Info_Block

Inthe Bus_Info_Block of the configuration ROM, the 8 bit chip_id_hi field is concatenated with the
32 hit chip_id_lo to create a 40 bit chip ID value. The vendor specified by the node vendor id
value shall administer the chip 1D value. When appended to the node_vendor_id value, these shall
form a unique 64-bit value caled EuIl-64 (Extended Unique Identifier, 64 hits). The HAVi GUID
(Global Unique Identifier) reflectsthat EUI-64 value.

9.8 Root Directory

Devices shal implement aroot directory with the following fields:

9.8.1 Vendor _ID [2]

The vendor_ID is a 24-bit immediate value (registration 1D), assigned by the IEEE, which is
globdly unique. This value identifies the vendor that manufactured the device.

9.8.2 HAVI _Unit Directory [1]

1394 devices conformant with the HAVi specification are required to support the IEC 61883
standard for data transmission formats. All devices shal implement a Unit_Directory field which
points to a 1212 Unit Directory which specifies the IEC 61883 protocol and the HAVi protocol.
This structure is described in more detail below.

The HAVi_Unit_Directory entry is mandatory in the instance directory. A second entry in the root
directory is present only to alow older devices compatible with the current version of the IEC
61883 standard to find this unit directory. If present, the HAVi_Unit_Directory entry shall be the only
unit directory entry in the roat, i.e., the HAVi_Unit_Directory entry will be present in the root only if
no other IEC_61883_Unit_Directory (See section 9.8.3) is present in the root. Since the p1212
revision [2] obsoletes this entry, HAVi devices shdl rely only on the HAVi_Unit_Directory entry of
theingtance directory.

9.8.3 Other IEC 61883 _Unit Directory [1] [4]

HAVi devices may optionally implement further protocols specified by the IEC 61883 CTS code.
If thisisthe case, a separate unit directory is needed for those non-HAVi protocols.

9.8.4 Instance _Directory [2]
The newly defined Instance_Directory is an offset reference to a directory Structure. An instance

directory is mandatory for every HAVi device, since it contains the link for the HAVi Unit
Directory.

9.8.5 Model_ID [2]

The Model_ID field is a binary value which identifies the device model. The format of thisfield is
24-bit immediate. The contents of the Model_ID are defined by the device vendor. The Model_ID
value should represent afamily or class of products and should not be unique to individua devices.

HAVi devices shdll, if possible, have the Model_ID entry in the root directory. If thisisnot possible,
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eg., for multi-standard devices, the Model_ID may exceptionaly be present in a root dependent
vendor directory or the instance directory that contains the HAVi Unit Directory. If aModel_ID is
present in both (and not in the root directory), the entries (and dependent descriptors) shall be

identical. If a Model_ID entry is present in the root and elsewhere, the entries (and dependent
descriptors) should beidentical asHAVi considers only theroot directory.

9.9 Instance Directory

Devices shal implement an Instance_Directory with the following fields:

9.9.1 HAVi_Unit Directory [1][2]
This entry points to the same HAVi_Unit_Directory (See below). A second entry pointing to the
HAVi_Unit_Directory may under certain conditions be present in the root directory. Accordingto [2]

HAVi devices shdl rely only on the HAVi_Unit_Directory entry in theinstance directory, the entry in
theroot directory is needed only for backwards compatibility.

9.10 HAVI Unit Directory

Devices shal declare aunit architecture with the following fields as a minimum:

9.10.1 Specifier_ID [1]
The specifier_ID shall be thefirst entry of the Unit Directory.

The specifier_ID in the HAVi Unit Directory is a 24-bit immediate value, and shdl be that of the
1394 Trade Association, asfollows:

first octet 0016
second octet AO16
third octet 2D16

9.10.2 Version [1]
The version entry shall be the second entry in the Unit Directory.

In the version field the two least significant bytes specify the version of the SDD fields which are
defined in this device, as described below:

first octet 0116
second octet 0016
third octet 0816

The combination of Specifier_ID and Version defines the meaning of al subsequent keys in the
range of 38,6 t0 3F ¢ inclusive.

9.10.3 HAVIi_Message Version [HAVi]

The HAVi_Message_Version is a 24-bit immediate value, which specifies the verson of the HAVi
Messaging System supported by this device. It has the following definition:
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first octet Reserved (currently 0056)
second octet Major Version Number (currently 011¢)
third octet Minor Version Number (currently OA 1)

9.10.4 HAVi_Device_ Profile [HAVi]
The HAVi_Device_Profile is a 24-bit immediate val ue specifying the main capabilities of the device.

The vaueisinterpreted as afield of 24 bits with individua meanings, in the following description
bits are numbered from Bit O for the LSB to Bit 23 for the M SB.

9.10.4.1 HAVi_Device_Class [BitO..3]

The HAVi_Device_Class is a 4-bit immediate vaue specifying which of the non-LAV device
categories this device conformsto. The following vaues are defined:

HAVi_Device_Class value Meaning
0000, reserved
0001, BAV Device
0010, IAV Device
0011, FAV Device
other values reserved

9.10.4.2 HAViI_DCM_Manager [Bit4]

The HAVI_DCM_Manager is a 1-bit immediate value specifying for 1AV devices whether a DCM
Manager isimplemented. For aBAYV thisbit shall be 0, for aFAV thisbit shall be 1.

HAViI_DCM_Manager value Meaning
0 DCM Manager absent
1 DCM Manager present

9.10.4.3 HAVi_Stream_Manager [Bit5]

TheHAVi_Stream_Manager isal-bit immediate value specifying for IAV devices whether a Stream
Manager isimplemented. For aBAYV thisbit shall be 0, for aFAV thisbit shall be 1.

HAVi_Stream_Manager value Meaning
0 Stream Manager absent
1 Stream Manager present

9.10.4.4 HAVi_Resource_Manager [Bit6]

The HAVi_Resource_Manager is a 1-bit immediate value specifying for IAV devices whether a
Resource Manager isimplemented. For aBAYV thisbit shall be O, for aFAV thishit shall be 1.

HAVi_Resource_Manager value Meaning

0 Resource Manager absent
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1 Resource Manager present

9.10.4.5 HAVi_Display_Capability [Bit7]

The HAVI_Display_Capability is a 1-bit immediate val ue specifying for IAV devices whether a DDI
Controller is implemented, and for FAV devices whether a DDI Controller and a Level 2 User
Interface capahility isimplemented. For aBAV this bit shall be 0.

HAVi_Display_Capability value Meaning
0 does not have display capability
1 has display capability

9.10.4.6 HAVi_Device_Status [Bit8]

This bit specifies the status of the device. For an IAV or FAV, a vdue of one indicates that the
HAVi Messaging System and other system components are running — the device is prepared to
receive and process incoming HAVi messages. For aBAYV, avalue of one indicates that the device
is ready to accept native commands (e.g., AV/C) over 1394.

HAVi_Device_Status value Meaning
0 inactive
1 active

9.10.4.7 Reserved Bits [Bit9..23]

The upper 15 bits of the HAViI_Device_Profile are reserved and shall read as 0.

9.10.5 HAVIi_User_Preferred_Name [2][HAVi]

The HAVi_User_Preferred_Name entry is mandatory for all devices. It is coded as a single
modifiable textual descriptor to the HAVi_Device Profile. The device shall alow this textua
descriptor to be modified and should store it persistently. When it is modified, the DCM must
update the HAVi Registry. The means by which the device informsthe DCM of an update (polling,
notification ...) isimplementation dependent.

From HAVi devices, thisfield is modified by Dcm : Set User Pr ef er r edNane. The DCM then
writes the user preferred name into the node's address space, while respecting the rules for
modifiable descriptors. Non-HAVi controllers shdl directly modify the user preferred name in the
node’ s address space, while respecting the rules for modifiable descriptors. Both HAVi and non-
HAVi controllers shdl ensure that Width and Character Set are adways set to fixed two byte
unicode characters, the language field shal be set to dl 0, to indicate “undefined”. Note that the
parameter leaf referenced by the HAVi_User Preferred_Name entry contans a fixed
max_descriptor_size value of 11, to alow values of up to 16 2-byte Unicode characters.

In multi-standard devices, nicknamesin addition to the HAVi_User_Preferred_Name may exist (e.g.,
textual descriptorsto the Model_ID). HAVi-aware controllers may in this case update al namesina
coherent manner, using the same text with the appropriate character set. But other controllers may
not be HAVi aware, and may update the “foreign” nickname without modifying the
HAVi_User_Preferred_Name. Furthermore, some HAVi controllers may update only the
HAVi_User_Preferred_Name. To avoid inconsistency it is expected that in such cases the device
itsalf attempts updating its unmodified names.
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9.10.6 HAVi_DCM [HAVI]

The HAvVi_DCM isa24-bit offset to a 1212 leaf structure. The leaf containsthe DCM bytecode unit.
DCM code units shall be encoded as described in section 7.4.1. Thisfield and the leaf structure are
not applicable for the IAV and FAV device classes; they are recommended for the BAV device
class.

9.10.7 HAVi_DCM_Profile [HAVi]

The HAVi_DCM_Profile is a leaf sructure which contains information about the DCM. It is
structured as follows (the following diagram represents a quadlet-aligned structure with the least
significant bytes on theright):

Figure 44. HAVi_DCM_Profile Leaf Structure

Leaf length CRC

Transferred_DCM_Code_Unit_Size
Installed_DCM_Code_Space

Installed_DCM_Working_Space

reserved Message_Version

The Transferred_DCM_Code_Unit_Size field specifiesthe size, in bytes, of the DCM code unit asiit
would be transfered from source to dedination (i.e, JAR file dgze). The
Installed_DCM_Code_Space designates the required memory size of the installed code unit part
(read-only), not including the amount of working space the code unit requires. The
Installed_DCM_Working_Space is an estimate of the working space (read/write) the code unit
requires. Notethat an installed DCM code unit includesingtalled DCM and FCM s embedded in the
code unit.

The Message_Version field specifies the lowest version of the HAVi Messaging System required
by thisDCM. Thisfield isinterpreted as defined in the HAVi Messaging System description.

9.10.8 HAViI_DCM_Reference [HAVi]

The HAViI_DCM_Reference is a URL which provides remote accessto aBAV DCM code unit and
its profile. This field is implemented as a leaf dtructure. It is a free-standing text string which
contains the URL. The HAVi_DCM_Reference field and the associated URL leaf structure are not
applicablefor the AV and FAV device classes; they are recommended for the BAV deviceclass.

For more details on the use of the URL, please refer to the DCM Manager chapter of this
document.

The HAViI_DCM_Reference leaf offset pointsto a 1212 leaf structure which contains the URL for a

remotely stored DCM code unit and its profile. It shal not contain the file name extension of either
bytecode unit or profile. It is encoded asfollows:
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Figure 45. HAVi_DCM_Reference Leaf Structure

leaf length CRC
begin URL data

end URL data pad bytes if necessary

The HAVi_DCM_Reference is Smply a stream of ASCII text bytes that describe a complete URL.
The string shall be NULL-terminated. If the last quadiet is not completely filled with URL data,
then null pad bytes shall be added to the end, to fill the last quadlet.

Here's an example of theweb addressht t p: / / www. nyconpany. cond pub/ ni sc/ di gi t al cam
stored in the leaf structure:

Figure 46. Example of HAVi_DCM_Reference Leaf Structure

leaf length CRC
“h” “t” “t” “p”
‘" ‘" “w”
“w” “w” “m”
“y” “c” “0” etc.

Note — the format of the leaf containing a URL is not a textua descriptor, and therefore does not
have to be formatted as such. The smple embedding of ASCII charactersfor the URL is sufficient.

9.10.9 HAVI_Device_Icon_Bitmap [HAVi]

The HAVI_Device_lcon_Bitmap isa 24-bit offset addresswhich pointsto alesf; the leaf containsthe
bitmap data. The format of the bitmap encoding is described in section 5.12.5.2.

9.11 Examples (Informative)

Thefollowing examplesillustrate the concepts of defining 1212 ROM structuresfor HAVi devices.

9.11.1 Using Keys in the Range of 38,4 to 3F 4

Data fields in the 1212 ROM are segregated by keys, which are indicators of the data which
follows. The {key, data} pair allows acontroller to parsea1212 ROM and skip around those fields
which it does not understand.

While most of the 6 bit key IDs are dlocated for definition by the IEEE 1212 standard, the
meaning of the last eight keys (384...3F) is defined by the organization or vendor identified by
the directory’s Specifier_ID entry. The meaning of these keys depends on the Specifier_ID and the
Version entry present in the same directory asthe keys.

TheHAVi keys described in the present specification are defined for exclusive useinsidethe HAVi

Unit Directory. This directory contains as Specifier_ID that of the 1394 Trade Association (00 A0
2D) and in the version field the value 01 00 08, identifying the HAV i specification asthe oneruling
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the use of al the keysin the range of 38, t0 3F 4.

For example, HAVi defines key 39,5 to mean HAVi_DCM_Key. Also, Company X might define key
39,5 to mean private_device information pointer. When acontroller is scanning the ROM, if it sees
the HAVi Specifier_ID (1394 ta spec id), the Version (01 00 08 for HAVi) and then key 39, it
understands the meaning as HAVi_DCM_Key. If anywhere elsein the ROM hierarchy, the controller
finds the key 394, the controller will either understand the key's meaning or it will know that it
does not understand the key’ s meaning and so can ignore the key.

Note that the revised 1212 also specifies extended keys, of 24-bit length, but these are not used in
the present version of the HAVi specification.

9.11.2 HAVI 1212 ROM Encoding
The following diagram illustrates a HAVi 1212 ROM, using the fields defined in this document.
Note that there may be severd other structures required, based on other protocols to which the

device conforms. This diagram contains information for a device which aso complies to the IEC
61883 protocol.

9.11.2.1 Bus_Info_Block and Root Directory

The ROM header (Bus_Info_Block) and root directory appear asfollows:

offset (Base Address FFFF FOO0 0000,¢)
Bus_Info_Block

04 0016 0446 crc_length rom_crc_value

04 0446 “1394”

04 0816 Ijcli|blp|lr@ cyc_clk_acc (8) | max_rec r m | Generati | r| link_
r|msfmm 4 (2) | ax | on (4) spd
mf|lc|c|c|C r (3)
c _

o
m
)
04 0Cy6 node_vendor_id (24) chip_id_hi (8)
04 1015 chip_id_lo (32)
Root_Directory

04 1445 root_length CRC

04 185 0316 model_vendor_id

04 1Cy6 0Ci6 node_capabilities

1716 ModeI_ID
D816 instance directory offset
DXRT unit directory offset (HAVi or other IEC 61883)
(for 61883 compatibility only)
<< possibly other manufacturer-specific definitions here >>

9.11.2.2 Instance_Directory

TheInstance_Directory portion of the ROM isreferenced by theinstance directory offset fieldinthe
root directory. It appears asfollows.
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Figure 47. Instance_Directory (Root Dependent Directory)

directory length | CRC
D16 unit directory offset (HAVi)
(DXRT unit directory offset (other IEC 61883)

..... << possibly other fields >>

9.11.2.3 HAVi_Unit Directory

The HAVI Unit Directory, referenced by the field labeled “unit directory offset (HAVI)” in the
instance directory appears asfollows:

Figure 48. HAVi_Unit_Directory (Instance Dependent Directory)

directory length | CRC
1215 Unit_Spec_ID (1394 TA = 00 A0 2D1s)
1316 Unit_SW_Version (= 01 00 0815)
3D1s HAVi_Message_Version immediate value (= 00 01 0116)
3816 HAVi_Device_Profile value
9Fi6 offset to modifiable descriptor parameter leaf
B91s HAVi_DCM leaf offset
BBis HAVi_DCM_Profile leaf offset
BAie HAVi_DCM_Reference leaf offset
BCis HAVi_Device_Icon_Bitmap leaf offset
..... << possibly other fields >>

9.11.2.4 Other IEC_61883 Unit Directory

Figure 49. Unit_Directory (IEC 61883) Root Dependent Directory

directory length | CRC
1246 Unit_Spec_ID (1394 TA = 00 A0 2D1¢)
1316 Unit_SW_Version (= 01 XX XXi)

..... << possibly other fields >>

Inthe unit_Sw_Version field the least significant bytes specify any non-HAVi CTS codes specified
in[4].
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9.11.2.5 Modifiable Descriptor Entries for User Preferred Name

Figure 50. Descriptor Parameter Leaf

leaf length (=2) CRC

max_name_size (11) descriptor_address_hi

descriptor_address_lo

Figure 51. User Preferred Name Leaf in a Modifiable Region of Configuration
ROM

leaf length (4) CRC
descriptor_type( specifier_ID (0)
0)
width(1) char_set (1000) language (0)
0041:6 "A" 006216 "b"
00436 "C" 000016

This example shows the name“AbC”, written with 2-byte UNICODE characters.
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The purpose of this chapter is to describe the interactions between the HAVi system components
for various scenarios. The main objective is to help the reader understand the role played by each
software component. Explanations of these typical scenario cases are not hormative unless
indicated otherwise (e.g., by wording including “must” or “shall”).

10.1 IAV or FAV Bootstrap

This scenario describes the operations that occur in system components when a device aready
connected to the home network is powered-on. It considers the case of an FAV or IAV, because
passive devices (BAV or LAV) do not feature HAVi system elements.

10.1.1 System Startup & System Ready

The following rules must be followed during the software bootstrap of a HAVi FAV or IAV
device:

Device Powers ON

System Elements Start

Examples:
Driver initiated
Communication MediaManager (CMM) startsup & isinitiated
Messaging System/Event Manager/Registry start-up completed and

Device Control Module Manager/Stresm M anager/Resource Manager, start-up
completed (Optiona for IAV)

Messaging System (MS) becomes ready only when all the System Elements are ready.
Set SDD HAVi_Device Status Flag to high [DEVICE ISACTIVE]
Bus Reset occurs

Messaging System generates ready Syst enReady event.

10.1.2 Local Software Elements Register
Using Cnml394: : Get Gui dLi st , the Registry getsthe list of GUIDs and extracts the list
of IAV and FAV GUIDs (using an implementation dependent mechanism) to obtain the
list of other Registry SEIDs on the network.

Any non-system software element wanting to be known on the network registers through
itslocal Registry (by sending aRegi stry: : Regi st er El ement message).
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10.1.3 Interoperation of the Devices within the Network

DCM Manager enters a DCM installation process according to the protocol described in
section 3.6 on DCM Management.

At this stage, the device is ready to interoperate with other devices in the network, since any
software element is able to accept incoming messages.

10.2 A BAV or LAV is Plugged into the Network

In this scenario, a new BAV or LAV device is plugged into the 1394 bus (LAV devices not
connected to the 1394 network should be handled by FAV/IAV devicesin a proprietary manner).
The following operations take place on any FAV or IAV device:

The CMM of each FAV or IAV generates locally a Net wor kReset event (and aso the
NewDevi ces event).

DCM Managers have previously registered interest in the Net wor kReset event and so
receive the event. Using the Cnmm1394: : Get Gui dLi st method, they get the GUIDs of
the new and gone devices on the network.

Each DCM Manager reads the SDD of the newly connected device and detects whether it
isanew BAV or LAV.

One DCM Manager will obtain the right to control this new device, according to the
protocol described in section 3.6 on DCM Management (the case of a new guest
appearing on the network), and installs a DCM for the new device. The DCM Manager
postsabDcmi nst al | | ndi cati on event.

The new DCM components of the new device register through the Registry APl after
getting software element identifiers from the Messaging System. Then the Registry
generates NewSof t war eEl enent events.

Stream Managers perform their connection restoration process.

10.3 An FAV or AV is Plugged into the Network

In this scenario, a new FAV or IAV device is plugged into the 1394 bus. Heresfter is described
what happenson an FAV or IAV of the network:

The CMM of each FAV or IAV generates locally a Net wor kReset event (and aso the
NewDevi ces event).

DCM Managers have previously registered interest in the Net wor kReset event and so
receive the event. Using the CrmiL394: : Get Gui dLi st method, they construct lists of the
GUIDs of the new and gone devices on the network.

The DCM Managers read the SDD of new devices and detects whether they are FAV or
IAV.
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According to the protocol described in  section 3.6 on DCM Management, the DCM
installation process may be re-started since former DCM installations for BAV or LAV
devices may have disappeared.

Stream Managers perform their connection restoration process.

10.4 A BAV or LAV is Removed from the Network
Inthisscenario, aBAV or LAV deviceis unplugged from the 1394 bus.

The CMM of each FAV or IAV generates locally a Net wor kReset event (and aso the
GoneDevi ces event).

DCM Managers have previously registered interest in the Net wor kReset event and so
receive the event. Using the CrmL394: : Get Gui dLi st method, they construct lists of the
GUIDs of the new and gone devices on the network.

As explained in section 3.6 on DCM Management, the DCM Manager of the host
uninstalls the associated DCM of the BAV or LAV. The DCM components then
unregister themselves, through Regi stry:: UnregisterEl enent, and close their
message communications via the MsgCl ose API of the Messaging System. (Note that a
DCM cannot unregister itself after it has performed a MsgCl ose.) Consequently the
Messaging System generates the MsgLeave event and the Registry generates the
CGoneSof t war eEl enent event.

The DCM Manager posts aDcrni nst al | | ndi cat i on event.

The Messaging System of each device informs locally al software elements that
requested notification if the DCM components (with their associated SEIDS) are no
longer available.

Stream Managers perform their connection restoration process.

10.5 An FAV or IAV is Removed from the Network
Inthisscenario, an FAV or IAV deviceis unplugged from the 1394 bus:

The CMM of each FAV or IAV generates locally a Net wor kReset event (and aso the
GoneDevi ces event).

DCM Managers have previously registered interest in the Net wor kReset event and so
receive the event. Using the CrmL394: : Get Gui dLi st method, they construct lists of the
GUIDs of the new and gone devices on the network.

The Messaging System of each device informs locally al software elements that
requested natification if the DCM components (with their associated SEIDS) hosted by
the disappeared device are no longer available.

Each DCM Manager goes through the DCM allocation process described in section 3.6
(the case of a disappeared host).
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For each DCM previoudy hosted by the removed device, one DCM Manager will obtain
the right to control and instal the DCM. The DCM Manager posts a
Dcm nstal | 1 ndi cati on event.

Once installed the DCM registers through the Registry APl after getting a software
element identifier from the Messaging System. Then the Registry generates a
NewSof t war eEl ement event.

Stream Managers perform their connection restoration process.

10.6 An Application Communicates with an FCM

Once an application has found afunctional component corresponding to its needs (by querying the
Registry service), this application can contact the FCM to send it commands through the
Messaging System. Once the FCM has been contacted, it knows the identifier of the source that
sent the command, and thusis able to return responses.

A practical exampleisgiven below: an application located on an IAV needsto communicate with a
DCM located on another IAV. This DCM can represent the remote IAV itsdlf, or seit can bea
BAV/LAV DCM hosted by the IAV.

10.6.1 Initialization

On power-on, the IAV devices perform initidization. The Messaging System is initidized (the
Syst enReady event is generated). The DCMs and FCMs of each device are registered through
Registry APl (number 1 in Figure 52).

10.6.2 An IAV Searches for a Device or Functional Component

Suppose that the 1AV1 application searches for aVCR. It sends a message to its Registry to query
foraVCR FCM (2). The Registry returnsalist (which may be empty) of SEIDs of FCMswhich fit
the criteria (3). Suppose the FCM on 1AV2 is a member of thislist. Now the |AV1 application can
contact the IAV2 FCM and send it commands. The target FCM on reception of a command can
send aresponse according to the definition of the VCR AP (section 6.3).
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Figure 52. Application and FCM Communication

10.6.3 An IAV Sends an FCM Command

The 1AV1 application uses the Messaging System API to send a Ver : : Pl ay command using a
SEID previoudy returned (4). The message layer encapsulates the Ver : : Pl ay command and the
software element identifier in a message and sends it to the CMM with the GUID of [AV2
(included within the SEID). The CMM sends the message using |EC 61883/1394 packets with the
1394 network address associated with IAV2' s GUID (5).

(In the example shown in Figure 52, the Messaging System makes use of the CMM. Thisis an
implementation choice.)

10.6.4 An lIAV Receives an FCM Command

The IAV2 Messaging System receives the message and checks the degtination software element
identifier. It then invokes the callback function associated with the destination software e ement.
The IAV2 FCM receives the command and the software element identifier of the source software
element (i.e. application which has sent the message) (6). The FCM then performs the requested
action and returns the response as specified inthe VCR AP (7, 8, 9).

10.7 Two Applications Communicate with the Same DCM

A typical example of this scenario would be two applications offering to two different users access
of the same devi ce through the same DCM using the DDI protocoal.

Suppose that neither of the applications is aware of the other. The DCM then has to
maintain different (user) contextsin order to fulfill incoming commands.

The DCM has also to ensure the synchronization that may be needed between these two
applications. For example, consider applications A and B controlling a VCR. When user

A strikes the PLAY key, the PLAY button must be shown pressed on both graphical Uls
(A and B) in order to maintain coherence.

10.8 A DCM Communicates with its Target

When a DCM communicates with its target BAV or LAV device, communication is made in a
private manner, on the 1394 bus, using CMM services.
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This scenario can be illustrated by the example presented below: the DCM of the BAV has been
installed withinan FAV.

BAV

1394

Figure 53. DCM and Target Communication

When a DCM wants to send an outgoing command to its device, it calls the appropriate
function of 1394 CMM API (Read, Write or Lock) (1, 2).

To receive an incoming command, the DCM uses Crm1L.394: : Enrol | | ndi cati on (3).
When an incoming message from the BAV arrives, the CMM will dispatch the message
to the DCM, using <Cl i ent >: : CrmL394I ndi cati on, relying on the GUID of the
sender (4).

Then the DCM may then send back a response to the device, again using the appropriate
function of the CMM (5).

470



HAVi SPECIFICATION Version 1.1

11.1 HAVI Protocol Types

All HAVi messagesinclude a 8-hit field called the protocol type. The values from 0x00 to Ox7f are
reserved for HAVi. The currently defined values of thisfield are listed in the table bel ow.

HAVi Protocol Type Value
HAVi_RMI 0x00

11.2 HAVI Registry Attributes

A Regigtry attribute is associated with an 32-bit At t ri but eNane. HAVi reservestherange Ox0to
Ox7fff ffff for system attributes. The following table lists the valuesin this range currently defined.

Attribute Name Value
ATT_SE_TYPE 0x0000 0000
ATT_VENDOR_ID 0x0000 0001
ATT_HUID 0x0000 0002
ATT_TARGET_ID 0x0000 0003
ATT_INTERFACE_ID 0x0000 0004
ATT_DEVICE_CLASS 0x0000 0005
ATT_GUI_REQ 0x0000 0006
ATT_MEDIA_FORMAT_ID 0x0000 0007
ATT_DEVICE_MANUF 0x0000 0008
ATT_DEVICE_MODEL 0x0000 0009
ATT_SE_MANUF 0x0000 000a
ATT_SE_VERS 0x0000 000b
ATT_AV_LANG 0x0000 000c
ATT_USER_PREF_NAME 0x0000 000d
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11.3 HAVI Software Element Types

The HAVI Registry includes an attribute for storing the “ software element type’ of each registered
software element. This attribute is a 32-bit value and can be used to distinguish between software
elements. HAVi specifies the following values of thisfield. Note—for system software elements,
the two low order bytes of the software e ement type are the same as the software handle given in
Annex 11.4. Software elements whose software element type is in the range 0x0 to Ox007f ffff are
trusted (those with software element type outside this range may or may not be trusted).

HAVI reserves the software element types from 0x0 to Ox7fff ffff. VValues above this may be used
by application devel opers and device vendors to create vendor extensions based on the Vendor | d,
as stored in the Regigtry, of the software €lement.

HAVi Software Element Type ATT_SE_TYPE Value Trusted System
Element
MESSAGING_SYSTEM 0x0000 0000 yes yes
COMMUNICATION_MEDIA_MANAGER 0x0000 0001 yes yes
REGISTRY 0x0000 0002 yes yes
EVENT_MANAGER 0x0000 0003 yes yes
DCM_MANAGER 0x0000 0004 yes yes
STREAM_MANAGER 0x0000 0005 yes yes
RESOURCE_MANAGER 0x0000 0006 yes yes
GENERIC_FCM 0x0000 0100 yes no
TUNER_FCM 0x0000 0101 yes no
VCR_FCM 0x0000 0102 yes no
CLOCK_FCM 0x0000 0103 yes no
CAMERA_FCM 0x0000 0104 yes no
AVDISC_FCM 0x0000 0105 yes no
AMPLIFIER_FCM 0x0000 0106 yes no
DISPLAY_FCM 0x0000 0107 yes no
AVDISPLAY_FCM 0x0000 0108 yes no
MODEM_FCM 0x0000 0109 yes no
WEBPROXY_FCM 0x0000 010a yes no
DCM 0x0000 8000 yes no

APPLICATION_MODULE 0x0080 0001 possibly no
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11.4 HAVi SEIDs

SEIDs include a 16-bit field caled the software element handle. The following table gives the
values of thisfield for system software e ements (those belonging a system software e ement type).
The values from 0x0000 to Ox00ff are reserved for HAVi system software €l ements.

HAVi Software Element Type Software Element Handle
MESSAGING_SYSTEM 0x0000
COMMUNICATION_MEDIA_MANAGER 0x0001
REGISTRY 0x0002
EVENT_MANAGER 0x0003
DCM_MANAGER 0x0004
STREAM_MANAGER 0x0005

RESOURCE_MANAGER 0x0006
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11.5 HAVi API Codes

HAVi messages include a 24-bit Oper at i onCode. The high order 16 bits are used for an API
code and the low order 8 bits for an Operation ID. The APl code is aso used in the St at us
structure that is returned by many APIs.

HAVi reserves the APl code vaues from Ox0 to Ox7fff. Values above this may be used by
application developers and device vendors to create vendor extensions based on the Vendor | d, as
stored in the Registry, of the software element providing the API.

HAVi APl Name API Code
Msg Ox7fff
Version 0x0000
Cmm1394 0x0001
EventManager 0x0002
Registry 0x0003
Dcm 0x0004
Fcm 0x0005
DcmManager 0x0007
StreamManager 0x0008
ResourceManager 0x0009
DdiTarget 0x000a
unused 0x000b
ApplicationModule 0x000c
Tuner 0x000d
Vcr 0x000e
Clock 0x000f
unused 0x0010
Camera 0x0011
AvDisc 0x0012
Amplifier 0x0013
Display 0x0014
Modem 0x0015

WebProxy 0x0016
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11.6 HAVI Operation Codes

HAVi messages include a 24-bit Oper at i onCode. The high order 16 bits are used for an API
code and the low order 8 hits for an Operation ID. HAVi reserves the Operation ID vaues from
0x0 to Ox7f when used in combination with aHAVi reserved APl code. Vdues above thismay be
used by application developers and device vendors to create vendor extensions based on the
Vendor | d, asstored in the stored in the Registry, of the software eement providing the AP!.

The following table gives the values of Oper at i onCode for messages sent to HAVi software

elements.

HAViI Message APl Code  Operation ID
Msg::Ping Ox7fff 0x00
Version::GetVersion 0x0000 0x00
Cmm1394::GetGuidList 0x0001 0x00
Cmm1394::Write 0x0001 0x01
Cmm1394::Read 0x0001 0x02
Cmm1394::Lock 0x0001 0x03
Cmm1394::Enrollindication 0x0001 0x04
Cmm1394::Droplindication 0x0001 0x05
EventManager::Subscribe 0x0002 0x00
EventManager::Unsubscribe 0x0002 0x01
EventManager::Replace 0x0002 0x02
EventManager::AddEvent 0x0002 0x03
EventManager::RemoveEvent 0x0002 0x04
EventManager::PostEvent 0x0002 0x05
EventManager::ForwardEvent 0x0002 0x06
Registry::RegisterElement 0x0003 0x00
Registry::RetrieveAttributes 0x0003 0x01
Registry::UnregisterElement 0x0003 0x02
Registry::GetElement 0x0003 0x03
Registry::MultipleGetElement 0x0003 0x04
Dcm::GetDevicelcon 0x0004 0x00
Dcm::GetHuid 0x0004 0x01
Dcm::GetFcmCount 0x0004 0x02
Dcm::GetFcmSeidList 0x00x4 0x03
Dcm::GetDeviceClass 0x0004 0x04
Dcm::GetDeviceManufacturer 0x0004 0x05
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Dcm::GetUserPreferredName 0x0004 0x06
Dcm::SetUserPreferredName 0x0004 0x07
Dcm::GetPowerState 0x0004 0x08
Dcm::SetPowerState 0x0004 0x09
Dcm::NativeCommand 0x0004 0x0a
Dcm::GetControlCapability 0x0004 0x0b
Dcm::GetHavletCodeUnitProfile 0x0004 0x0c
Dcm::GetHavletCodeUnit 0x0004 oxod
Dcm::GetPlugCount 0x0004 0x0e
Dcm::GetPlugStatus 0x0004 0xOf
Dcm::Connect 0x0004 0x10
Dcm::Disconnect 0x0004 0x11
Dcm::GetConnectionlList 0x0004 0x12
Dcm::GetChannelUsage 0x0004 0x13
Dcm::GetPlugUsage 0x0004 0x14
Dcm::SetlecBandwidthAllocation 0x0004 0x15
Dcm::lecSprayOut 0x0004 0x16
Dcm::lecTapin 0x0004 0x17
Dcm::GetSupportedTransmissionFormats 0x0004 0x18
Dcm::GetTransmissionFormat 0x0004 0x19
Dcm::SetTransmissionFormat 0x0004 Oxla
Dcm::GetContentlconList 0x0004 0x1b
Dcm::SelectContent 0x0004 Oxlc
Dcm::StopContent 0x0004 Ox1d
Dcm::ScheduleReservation 0x0004 Oxle
Dcm::UnscheduleReservation 0x0004 oxaf
Dcm::GetScheduledActionReferences 0x0004 0x20
Dcm::AddVirtualFcm 0x0004 0x21
Dcm::RemoveVirtualFcm 0x0004 0x22
Dcm::GetAvailableStreamTypes 0x0004 0x23
Dcm::GetStreamType 0x0004 0x24
Dcm::SetStreamTypeld 0x0004 0x25
Fcm::GetHuid 0x0005 0x00
Fcm::GetDecmSeid 0x0005 0x01
Fcm::GetFcmType 0x0005 0x02
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Fcm::GetPowerState 0x0005 0x03
Fcm::SetPowerState 0x0005 0x04
Fcm::NativeCommand 0x0005 0x05
Fcm::SubscribeNotification 0x0005 0x06
Fcm::UnsubscribeNotification 0x0005 0x07
Fcm::GetPlugCount 0x0005 0x08
Fcm::GetSupportedStreamTypes 0x0005 0x09
Fcm::Wink 0x0005 0x0c
Fcm::Unwink 0x0005 0x0d
Fcm::CanWink 0x0005 0x0e
Fcm::Reserve 0x0005 0xof
Fcm::Release 0x0005 0x10
Fcm::GetReservationStatus 0x0005 0x11
Fcm::GetWorstCaseStartupTime 0x0005 0x12
Fcm::SetPlugSharing 0x0005 0x13
Fcm::lecAttach 0x0005 0x14
Fcm::lecDetach 0x0005 0x15
DcmManager::SetPreference 0x0007 0x00
DcmManager::GetPreference 0x0007 0x01
DcmManager::GetDevicelcon 0x0007 0x02
DcmManager::InstallDcm 0x0007 0x03
DcmManager::UninstallDcm 0x0007 0x04
DcmManager::DMinitialization 0x0007 0x05
DcmManager::DMinitialinquiry 0x0007 0x06
DcmManager::DMInquiry 0x0007 0x07
DcmManager::DMCommand 0x0007 0x08
DcmManager::DMGetDcm 0x0007 0x09
StreamManager::FlowTo 0x0008 0x00
StreamManager::SprayOut 0x0008 0x01
StreamManager::Taplin 0x0008 0x02
StreamManager::Drop 0x0008 0x03
StreamManager::GetLocalConnectionMap 0x0008 0x04
StreamManager::GetGlobalConnectionMap 0x0008 0x05
StreamManager::GetConnection 0x0008 0x06
StreamManager::GetStream 0x0008 0x07
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ResourceManager::Reserve 0x0009 0x00
ResourceManager::Release 0x0009 0x01
ResourceManager::Negotiate 0x0009 0x02
ResourceManager::ScheduleAction 0x0009 0x03
ResourceManager::UnscheduleAction 0x0009 0x04
ResourceManager::GetLocalScheduledActions  0x0009 0x05
ResourceManager::GetScheduledActionData 0x0009 0x06
ResourceManager::TriggerNotification 0x0009 0x07
ResourceManager::GetScheduledConnections 0x0009 0x08
DdiTarget::Subscribe 0x000a 0x00
DdiTarget::Unsubscribe 0x000a 0x01
DdiTarget::GetDdiElement 0x000a 0x02
DdiTarget::GetDdiPanel 0x000a 0x03
DdiTarget::GetDdiGroup 0x000a 0x04
DdiTarget::GetDdiElementList 0x000a 0x05
DdiTarget::GetDdiContent 0x000a 0x06
DdiTarget::ChangeScope 0x000a 0x07
DdiTarget::UserAction 0x000a 0x08
ApplicationModule::Getlcon 0x000c 0x00
ApplicationModule::GetHuid 0x000c 0x01
ApplicationModule::GetHavletCodeUnitProfile 0x000c 0x02
ApplicationModule::GetHavletCodeUnit 0x000c 0x03
Tuner::GetServiceListIinfo 0x000d 0x00
Tuner::GetServicelList 0x000d 0x01
Tuner::SetServiceList 0x000d 0x02
Tuner::GetService 0x000d 0x03
Tuner::GetServiceComponents 0x000d 0x04
Tuner::GetServiceEvents 0x000d 0x05
Tuner::SelectService 0x000d 0x06
Tuner::GetSelectedServices 0x000d 0x07
Tuner::GetCapability 0x000d 0x08
Vcr::Play 0x000e 0x00
Vcr::Record 0x000e 0x01
Vcr::FastForward 0x000e 0x02
Vcr::FastReverse 0x000e 0x03
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Vcr::VariableForward 0x000e 0x04
Vcr::VariableReverse 0x000e 0x05
Vcr::Stop 0x000e 0x06
Vcr::RecPause 0x000e 0x07
Vcr::Skip 0x000e 0x08
Vcr::EjectMedia 0x000e 0x09
Vcr::GetState 0x000e 0x0a
Vcr::GetRecordingMode 0x000e 0x0b
Vcr::SetRecordingMode 0x000e 0x0c
Vcr::GetFormat 0x000e oxod
Vcr::GetPosition 0x000e 0x0e
Vcr::ClearRTC 0x000e Ox0f
Vcer::GetCapability 0x000e 0x10
Vcr::GetRejectInfo 0x000e 0x11
Clock::GetDateTime 0x000f 0x00
Clock::SetDateTime 0x000f 0x01
Clock::GetTimezone 0x000f 0x02
Clock::SetTimezone 0x000f 0x03
Clock::EnableAutoDST 0x000f 0x04
Clock::IsEnabledAutoDST 0x000f 0x05
Clock::GetCapability 0x000f 0x06
Clock::CreateTimer 0x000f 0x07
Clock::GetTimerState 0x000f 0x08
Clock::SetTimerState 0x000f 0x09
Clock::DeleteTimer 0x000f Ox0a
Camera::Zoom 0x0011 0x00
Camera::Pan 0x0011 0x01
Camera::Tilt 0x0011 0x02
Camera::SetVideoState 0x0011 0x03
Camera::GetVideoState 0x0011 0x04
Camera::Shoot 0x0011 0x05
Camera::GetlmageL.ist 0x0011 0x06
Camera::Openlmage 0x0011 0x07
Camera::Readlmage 0x0011 0x08
Camera::Closelmage 0x0011 0x09
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Camera::Eraselmage 0x0011 0x0a
Camera::GetCapability 0x0011 0x0b
AvDisc::GetltemList 0x0012 0x00
AvDisc::Play 0x0012 0x01
AvDisc::Record 0x0012 0x02
AvDisc::VariableForward 0x0012 0x03
AvDisc::VariableReverse 0x0012 0x04
AvDisc::Stop 0x0012 0x05
AvDisc::RecPause 0x0012 0x06
AvDisc::Skip 0x0012 0x07
AvDisc::InsertMedia 0x0012 0x08
AvDisc::EjectMedia 0x0012 0x09
AvDisc::GetState 0x0012 0x0a
AvDisc::GetFormat 0x0012 0x0b
AvDisc::GetPosition 0x0012 0x0c
AvDisc::Erase 0x0012 0x0d
AvDisc::PutltemList 0x0012 0x0e
AvDisc::GetCapability 0x0012 Ox0f
AvDisc::GetRejectInfo 0x0012 0x10
Amplifier::SetVolume 0x0013 0x00
Amplifier::GetVolume 0x0013 0x01
Amplifier::SetMute 0x0013 0x02
Amplifier::GetMute 0x0013 0x03
Amplifier::SetBalance 0x0013 0x04
Amplifier::GetBalance 0x0013 0x05
Amplifier::SetLoudness 0x0013 0x06
Amplifier::GetLoudness 0x0013 0x07
Amplifier::GetCapability 0x0013 0x08
Amplifier::SetEqualizer 0x0013 0x09
Amplifier::GetEqualizer 0x0013 0x0a
Amplifier::GetEqualizerCapability 0x0013 0x0b
Amplifier::SetPresetMode 0x0013 0x0c
Amplifier::GetPresetMode 0x0013 0x0d
Amplifier::GetPresetCapability 0x0013 0x0e
Amplifier::GetAudioLatency 0x0013 Ox0f
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Display::SetContrast 0x0014 0x00
Display::GetContrast 0x0014 0x01
Display::SetTint 0x0014 0x02
Display::GetTint 0x0014 0x03
Display::SetColor 0x0014 0x04
Display::GetColor 0x0014 0x05
Display::SetBrightness 0x0014 0x06
Display::GetBrightness 0x0014 0x07
Display::SetSharpness 0x0014 0x08
Display::GetSharpness 0x0014 0x09
Display::GetCapability 0x0014 0x0a
Display::GetStandardPictureValue 0x0014 0x0b
Display::SetPresetMode 0x0014 0x0c
Display::GetPresetMode 0x0014 0x0d
Display::GetPresetCapability 0x0014 0x0e
Display::SetScreenMode 0x0014 0xOf
Display::GetScreenMode 0x0014 0x10
Display::SetWindowMode 0x0014 0x11
Display::GetWindowMode 0x0014 0x12
Display::SetActiveWindow 0x0014 0x13
Display::GetActiveWindow 0x0014 0x14
Display::GetWindowRectangle 0x0014 0x15
Display::AssignPlugToDisplay 0x0014 0x16
Display::GetVideoLatency 0x0014 0x17
Modem::AsyncOpen 0x0015 0x00
Modem::lsoOpen 0x0015 0x01
Modem::Send 0x0015 0x02
Modem::Close 0x0015 0x03
Modem::GetCapability 0x0015 0x04
Modem::SetConfiguration 0x0015 0x05
WebProxy::Open 0x0016 0x00
WebProxy::Close 0x0016 0x01
WebProxy::Send 0x0016 0x02
WebProxy::GetCapability 0x0016 0x03

481



HAVi SPECIFICATION Version 1.1

11.7 HAVI Error Codes

The St at us value returned by HAVi APIs consists of a 16-bit APl code and a 16-bit error code.
HAVi reservesthe error code values from Ox0 to Ox 7fff, the values Ox0 to Ox7f are used for general
error messages that may be returned by several APIs. Error codes above Ox7fff may be used by
application developers and device vendors to create vendor extensions based on the Vendor | d, as
stored in the stored in the Registry, of the software element returning the error.

HAVi Error Name API Code Error Code
SUCCESS any 0x0000
EUNKNOWN_MESSAGE any 0x0001
EACCESS_VIOLATION any 0x0002
EUNIDENTIFIED_FAILURE any 0x0003
ENOT_IMPLEMENTED any 0x0004
ERESERVED any 0x0005
EINVALID_PARAMETER any 0x0006
ERESOURCE_LIMIT any 0x0007
EPARAMETER_SIZE_LIMIT any 0x0008
EINCOMPLETE_MESSAGE any 0x0009
EINCOMPLETE_RESULT any 0x000a
ELOCAL any 0x000b
ESTANDBY any 0x000c
Msg::EFAIL Ox7fff 0x0080
Msg::EALLOC Ox7fff 0x0081
Msg::ESEND Ox7fff 0x0082
Msg::EUNKNOWN Ox7fff 0x0083
Msg::EBUSY Ox7fff 0x0084
Msg::EOVERFLOW Ox7fff 0x0085
Msg::EACK Ox7fff 0x0086
Msg::EELEMENT Ox7fff 0x0087
Msg::ETARGET_REJECT Ox7fff 0x0088
Msg::ESEID Ox7fff 0x0089
Msg::ESOURCE_SEID Ox7fff 0x008a
Msg::EDEST_SEID Ox7fff 0x008b
Msg::ENOT_READY Ox7fff 0x008c
Msg::ESUPER_EXISTS Ox7fff 0x008d

Msg::ETIMEOUT Ox7fff 0x008e
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Msg::EPROTOCOL Ox7fff 0x008f
Msg::ESIZE Ox7fff 0x0090
Msg::EDEST_UNREACHABLE Ox7fff 0x0091
Cmm1394::ENOT_READY 0x0001 0x0080
Cmm1394::EADDRESS 0x0001 0x0081
Cmm1394::EHARDWARE 0x0001 0x0082
Cmm1394::ETYPE 0x0001 0x0083
Cmm1394::ESIZE 0x0001 0x0084
Cmm1394::ENOT_INTERESTED 0x0001 0x0085
Cmm1394::ENOT_FOUND 0x0001 0x0086
Cmm1394::EDATA 0x0001 0x0087
Cmm1394::ECONFLICT 0x0001 0x0088
Cmm1394::EUNKNOWN_GUID 0x0001 0x0089
Cmm1394::ETIMEOUT 0x0001 0x008a
Cmm1394::EINVALID_OFFSET 0x0001 0x008b
Cmm1394::EBUSRESET 0x0001 0x008c
Cmm1394::ERETRY 0x0001 0x008d
Cmm1394::EGUID_NOT_EXIST 0x0001 0x008e
EventManager::EEXIST 0x0002 0x0080
EventManager::EDELIVERY 0x0002 0x0081
EventManager::EFORWARDING 0x0002 0x0082
EventManager::ENOT_FOUND 0x0002 0x0083
Registry::ELOCATION 0x0003 0x0080
Registry::EATTRIBUTE_NAME 0x0003 0x0081
Registry::EIDENTIFIER 0x0003 0x0082
Registry::ENETWORK 0x0003 0x0083
Dcm::ENO_PROT 0x0004 0x0080
Dcm::ENO_ADDR 0x0004 0x0081
Dcm::ENOT_SUPPORTED 0x0004 0x0082
Dcm::ENOT_POSS 0x0004 0x0083
Dcm::ENOT_SET 0x0004 0x0084
Dcm::ENO_CONT 0x0004 0x0085
Dcm::ECOMMANDS 0x0004 0x0086
Dcm::ECONNECTIONS 0x0004 0x0087
Dcm::ENONE 0x0004 0x0088
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Dcm::ESCHED_OVERLAP 0x0004 0x0089
Dcm::ENOT_RUN 0x0004 0x008a
Dcm::ENO_COMMAND 0x0004 0x008b
Dcm::ESINK_FCM 0x0004 0x008c
Dcm::ESINK_PLUG 0x0004 0x008d
Dcm::ENO_CONNECTION 0x0004 0x008e
Dcm::EINSUFF_BANDWIDTH 0x0004 0x008f
Dcm::EINSUFF_CHANNEL 0x0004 0x0090
Dcm::EDEV_BUSY 0x0004 0x0091
Dcm::ENO_ATTACH 0x0004 0x0092
Fcm::ENO_NOT 0x0005 0x0080
Fcm::ENO_PROT 0x0005 0x0081
Fcm::ENO_ADDR 0x0005 0x0082
Fcm::ENOT_SET 0x0005 0x0083
Fcm::EWAS_WINKING 0x0005 0x0084
Fcm::EWAS_NOT_WINKING 0x0005 0x0085
Fcm::ENOT_SUPPORTED 0x0005 0x0086
Fcm::ENO_RESERVE 0x0005 0x0087
Fcm::ENO_RELEASE 0x0005 0x0088
Fcm::ENO_COMMAND 0x0005 0x0089
Fcm::EATTACH 0x0005 0x008a
Fcm::ENOT_POSS 0x0005 0x008b
DcmManager::EFAIL 0x0007 0x0080
DcmManager::EVOLATILE 0x0007 0x0081
StreamManager::ECONN_ID 0x0008 0x0080
StreamManager::ESOURCE_FCM 0x0008 0x0081
StreamManager::ESINK_FCM 0x0008 0x0082
StreamManager::ESOURCE_PLUG 0x0008 0x0083
StreamManager::ESINK_PLUG 0x0008 0x0084
StreamManager::EUNSUP_TRANSPORT 0x0008 0x0085
StreamManager::EUNSUP_STREAM 0x0008 0x0086
StreamManager::ENO_MATCH_STREAM 0x0008 0x0087
StreamManager::ENO_MATCH_FMT 0x0008 0x0088
StreamManager::ENO_MATCH_TRANSPORT 0x0008 0x0089
StreamManager::ENO_MATCH_DIR 0x0008 0x008a
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StreamManager::ESOURCE_BUSY 0x0008 0x008b
StreamManager::ESINK_BUSY 0x0008 0x008c
StreamManager::EDEV_BUSY 0x0008 0x008d
StreamManager::EINSUFF_BANDWIDTH 0x0008 0x008e
StreamManager::EINSUFF_CHANNEL 0x0008 0x008f
StreamManager::EACCESS_VIOLATION 0x0008 0x0090
StreamManager::ENETWORK 0x0008 0x0091
StreamManager::EINVALID_CHANNEL 0x0008 0x0092
StreamManager::ENO_MATCH_BW 0x0008 0x0093
StreamManager::ENO_MATCH_SPEED 0x0008 0x0094
StreamManager::EINVALID_FMT 0x0008 0x0095
StreamManager::ECHANNEL_BUSY 0x0008 0x0096
StreamManager::EASYNC_CHANNEL 0x0008 0x0097
StreamManager::ESTATICBW 0x0008 0x0098
StreamManager::EBROADCAST 0x0008 0x0099
StreamManager::ERESERVED_SOURCE 0x0008 0x009a
StreamManager::ERESERVED_SINK 0x0008 0x009b
StreamManager::EDEV_CONN 0x0008 0x009c
StreamManager::ESHARE 0x0008 0x009d
StreamManager::EANY_CHANNEL 0x0008 0x009e
ResourceManager::ECOMM_CHECK 0x0009 0x0080
ResourceManager::ECONT_SEID 0x0009 0x0081
ResourceManager::ETIME 0x0009 0x0082
ResourceManager::EINV_PLUG 0x0009 0x0083
ResourceManager::EINSUFF_BANDWIDTH 0x0009 0x0084
ResourceManager::EINV_INDEX 0x0009 0x0085
ResourceManager::EMISSING_RES 0x0009 0x0086
ResourceManager::ENOT_SUPPORTED 0x0009 0x0087
ResourceManager::EREJECTED 0x0009 0x0088
ResourceManager::ESCHED _OVERLAP 0x0009 0x0089
ResourceManager::ETRIGG_SEID 0x0009 0x008a
ResourceManager::ERESERVE_FAILED 0x0009 0x008b
DdiTarget::ENO_DEI 0x000a 0x0080
DdiTarget::ENO_SUB 0x000a 0x0081
DdiTarget::ENO_PANEL 0x000a 0x0082
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DdiTarget::ENO_GROUP 0x000a 0x0083
DdiTarget::ENOT_CUR 0x000a 0x0084
Tuner::ELIST 0x000d 0x0080
Tuner::ELOCATOR 0x000d 0x0081
Tuner::EUNAVAILABLE 0x000d 0x0082
Tuner::EPERIOD 0x000d 0x0083
Tuner::EPLUG 0x000d 0x0084
Tuner::EREMOVE 0x000d 0x0085
Tuner::ENOT_COMPAT 0x000d 0x0086
Tuner::ELIST_TYPE 0x000d 0x0087
Tuner::ESERVICE 0x000d 0x0088
Ver::EREJECTED 0x000e 0x0080
Vcer::ENOT_SUPPORTED 0x000e 0x0081
Clock::EUNSET 0x000f 0x0080
Clock::ESET 0x000f 0x0081
Clock::EZONE 0x000f 0x0082
Clock::EAUTO_DST 0x000f 0x0083
Clock::ENO_FREE 0x000f 0x0084
Clock::ETIMER 0x000f 0x0085
Clock::ENOT_OWNER 0x000f 0x0086
Camera::EREJECTED 0x0011 0x0080
AvDisc::EREJECTED 0x0012 0x0080
AvDisc::ENOT_SUPPORTED 0x0012 0x0081
Modem::ENETWORK 0x0015 0x0080
Modem::EBUSY 0x0015 0x0081
Modem::ESETUP 0x0015 0x0082
Modem::EINVALID_MODE 0x0015 0x0083
Modem::ENUM_CONN 0x0015 0x0084
Modem::EFORBIDDEN 0x0015 0x0085
Modem::EINVALID_PLUG 0x0015 0x0086
Modem::ESIZE 0x0015 0x0087
Modem::EFAILED 0x0015 0x0088
Modem::ECID 0x0015 0x0089
Modem::ECONN 0x0015 0x008a
WebProxy::EPROTOCOL 0x0016 0x0080
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WebProxy::ESIZE 0x0016 0x0081
WebProxy::EFAILED 0x0016 0x0082
WebProxy::ECID 0x0016 0x0083
WebProxy::ENUM_CONN 0x0016 0x0084
WebProxy::ENETWORK 0x0016 0x0085
WebProxy::EADDRESS 0x0016 0x0086
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11.8 HAVI FCM Attribute Indicators

The FCM noatification mechanism is based on the use of 16-bit “attribute indicators’ which refer to
state variables. Each FCM must specify the attribute indicatorsit supports and the bit syntax of the

corresponding attribute value.

HAVi reserves the attribute indicator values from 0x0 to Ox7fff. Va ues above this may be used by
application developers and device vendors to create vendor extensions based on the Vendor | d, as

stored in the Regigtry, of the FCM providing the attribute.

FCM API FCM Attribute FCM FCM Attribute
Name Attribute Value Syntax
Indicator
Vcer current State 0x0001 Vcr Current St ate
Ver recor di nghode 0x0002 Vcr Recor di nghbde
Vvcer count er Set 0x0003 bool ean
Vvcer condensati on 0x0004 bool ean
Clock dat eTi ne 0x0001 Dat eTi me
Clock ti mezone 0x0002 Ti mezone
Clock DSTEnabl ed 0x0003 bool ean
Camera videoState 0x0001 bool ean
Camera zoom 0x0002 ZoomOper at i on
Camera pan 0x0003 PanQper at i on
Camera tilt 0x0004 TiltOperation
AvDisc current State 0x0001 AvDi scCurrent St at e
Amplifier vol une 0x0001 oct et
Amplifier nute 0x0002 bool ean
Amplifier bal ance 0x0003 oct et
Amplifier | oudness 0x0004 bool ean
Amplifier equal i zer 0x0005 sequence<oct et >
Display  contrast 0x0101 oct et
Display tint 0x0102 oct et
Display  col or 0x0103 oct et
Display bri ght ness 0x0104 oct et
Display shar pness 0x0105 oct et
Display = screenMbde 0x0106 Scr eenMbde
Display wi ndowivbde 0x0107 W ndowivbde
Display acti veW ndow 0x0108 oct et
Display pr eset Mode 0x0109 Di spl ayPr eset Mode
Display wi ndowRect angl e 0x010a W ndowRect angl e
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Modem di sconnection 0x0001 ModenDi sconnecti on
Modem cal | Accept 0x0002 Modental | Accept
WebProxy di sconnecti on 0x0001 WebPr oxyDi sconnecti on
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11.9 HAVI System Event Types

An event type is associated with an Event | d. For system events (Event | d isaSyst enEvent | d)
events areidentified by a 16-bit base event number. The following table lists the base event number
for al system event types used by HAVi software elements.

HAVi System Event Type Posted By Distribution Base Event
Number
NewDevices Communication Media local 0x0001
Manager
GoneDevices Communication Media local 0x0002
Manager
NetworkReset Communication Media local 0x0003
Manager
SystemReady Messaging System global 0x0004
MsglLeave Messaging System global 0x0005
MsgTimeout Messaging System global 0x0006
MsgError trusted global 0x0007
NewSoftwareElement Registry global 0x0008
GoneSoftwareElement Registry global 0x0009
UserPreferredNameChanged DCMs global 0x000a
PowerStateChanged DCMs, FCMs global 0x000b
PowerFailurelmminent DCMs, FCMs global 0x000c
DeviceConnectionAdded DCMs global 0x000d
DeviceConnectionDropped DCMs global 0x000e
DeviceConnectionChanged DCMs global 0x000f
TransmissionFormatChanged DCMs global 0x0010
BandwidthRequirementChan DCMs global 0x0011
ged
ContentListChanged DCMs global 0x0012
StreamTypeChanged DCMs global 0x0013
Reservelndication FCMs global 0x0014
Releaselndication FCMs global 0x0015
PlugSharingChanged FCMs global 0x0016
Dcminstallindication DCM Manager global 0x0017
DcmuUninstallindication DCM Manager global 0x0018
ConnectionDropped Stream Manager global 0x0019
ConnectionAdded Stream Manager global 0x001a
ConnectionChanged Stream Manager global 0x001b
InvalidScheduledAction DCM, Resource Manager global 0x001c
AbortedScheduledAction Resource Manager global 0x001d
ErroneousScheduledAction Resource Manager global 0x001e
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TunerServiceChanged Tuner global 0x001f
VcrStateChanged VCR global 0x0020
CameraVideoStateChanged Camera global 0x0021
AvDiscltemListChanged AV Disc global 0x0022
AvDiscStateChanged AV Disc global 0x0023
GuidListReady Communication Media local 0x0024

Manager
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11.10 HAVI Media Formats

A media format is associated with a 64-bit Medi aFor mat | d. For media formats specified by
HAVI, only the least 40 bits are available, the remaining are set to 0. The following table ligts the
value of the 40 bits used by HAVi media formats, these are divided into one 8-bit field, format
category, and two 16-bit fields, major type and minor type. Format category is a broad
classfication — examples are tape or disc. A mgor type identifies a particular family within a
format category, the CD family or the MD family for example. A minor type then identifies a
particular format within afamily, CD-DA and Video CD would be examplesfor the CD family.

HAVi Media Format Category Major Type Minor Type
NO_MEDIA_PRESENT Oxff Oxffff Oxffff
UNKNOWN_FORMAT 0x00 0x0000 0x0000
TAPE__NO_MEDIA_PRESENT 0x01 Oxffff Oxffff
TAPE__UNKNOWN_FORMAT 0x01 0x0000 0x0000
TAPE__DV 0x01 0x0001 0x0001
TAPE__DV__SMALL 0x01 0x0001 0x0002
TAPE__VHS 0x01 0x0002 0x0001
TAPE__VHS S VHS 0x01 0x0002 0x0002
TAPE__VHS__D_VHS 0x01 0x0002 0x0003
TAPE__VHSC 0x01 0x0003 0x0001
TAPE__VIDEOS8 0x01 0x0004 0x0001
TAPE__HI8 0x01 0x0005 0x0001
DISC__NO_MEDIA_PRESENT 0x02 Oxffff Oxffff
DISC__UNKNOWN_FORMAT 0x02 0x0000 0x0000
DISC__CD__DA 0x02 0x0001 0x0001
DISC__CD__VIDEO 0x02 0x0001 0x0002
DISC__CD__PHOTO 0x02 0x0001 0x0003
DISC__ CD__ROM 0x02 0x0001 0x0004
DISC_CD_R 0x02 0x0001 0x0005
DISC__MD__AUDIO 0x02 0x0002 0x0001
DISC__MD__PICTURE 0x02 0x0002 0x0002
DISC__DvVD 0x02 0x0003 0x0001
DISC_ DVD__ R 0x02 0x0003 0x0002
DISC__DVD_ RAM 0x02 0x0003 0x0003
DISC__DVD__RW 0x02 0x0003 0x0004

DISC__HDD 0x02 0x0004 0x0001
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11.11 HAViI Stream Types

A stream type is associated with a St r eanilypel d, which isa struct containing a Vendor | d field
and at ypeNo field. For stream types specified by HAVi, the Vendor | d field is set to dl zeros.
The 16 hits of thet ypeNo field are divided into amajor type number and minor type number each
of 8 bits. The following table lists the value of the mgjor type and minor type for the HAVi stream

types.

HAVi Stream Type Major Minor Description
Type Type
UNKNOWN_STREAM 0x00  0x00
CABLE_STREAM 0x01 0x00
NO_SIGNAL 0x02  0x00

DIGITAL_AUDIO__UNKNOWN_STREAM 0x04 0x00

DIGITAL_AUDIO__CD_PCM 0x04  0x01
DIGITAL_AUDIO__DVC_NLPCM 0x04  0x02
DIGITAL_AUDIO__DVD_PCM 0x04  0x03
DIGITAL_AUDIO__DSS_PCM 0x04  0x04
DIGITAL_AUDIO__MD_ATRAC 0x04  0x05
DIGITAL_AUDIO__MPEG1_LAYER_II 0x04  0x06
DIGITAL_AUDIO__MPEG1_LAYER_III 0x04  0x07
DIGITAL_AUDIO__MPEG2 0x04  0x08
DIGITAL_AUDIO__AC3 0x04  0x09
DIGITAL_AUDIO__DTS 0x04  Ox0a

DIGITAL_VIDEO__UNKNOWN_STREAM 0x05 0x00

DIGITAL_VIDEO__YUV_422 0x05 0x01 SDI/CCIR 601
DIGITAL_VIDEO__MPEG1 0x05 0x02
DIGITAL_VIDEO__MPEG2_MP_ML 0x05 0x03
DIGITAL_VIDEO__MPEG2_MP_HL 0x05 0x04
DIGITAL_VIDEO__DVC 0x05 0x05

DATA_STREAM__UNKNOWN_STREAM 0x06 0x00

DATA_STREAM__DVB 0x06 0x01

DATA_STREAM__DSS 0x06 0x02

DATA_STREAM__DVD 0x06 0x03

DATA_STREAM__ATSC 0x06 0x04

DATA_STREAM__DAB 0x06 0x05

MULTIPLEX__UNKNOWN_STREAM 0x07 0x00

MULTIPLEX__MPEG2_TS 0x07 0x01 MPEG2 transport stream as defined in
MPEG-2 Systems (ISO/IEC 13818-1)

MULTIPLEX__MPEG2_PS 0x07 0x02 MPEG2 program stream as defined in
MPEG-2 Systems (ISO/IEC 13818-1)

MULTIPLEX__DVB 0x07 0x03 complete DVB multiplex
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MULTIPLEX__DVB_PTS 0x07 0x04 partial DVB multiplex as defined in
EN 300 468 V1.3.1
MULTIPLEX__DSS 0x07 0x05
MULTIPLEX__DVD 0x07 0x06
MULTIPLEX__ATSC 0x07 0x07 complete ATSC multiplex
MULTIPLEX__ATSC_SPTS 0x07 0x08 ATSC single program transport stream
as defined in EIA-775
MULTIPLEX__DAB 0x07 0x09
MULTIPLEX__DVC 0x07 0x0a
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11.12 HAViI CABLE Transmission Formats

CABLE transmission formats are identified by 16-bit values. The following table lists the CABLE
transmission formats used by HAVi.

HAViI CABLE Transmission Format Value

CABLE_FORMAT 0x0000

495



HAVi SPECIFICATION Version 1.1

11.13 HAViImage Types

Animagetypeisassociated with a40-bit | mageTypel d. For image types specified by HAVi, only
the 16 least significant bits are available, the remaining are set to 0. The following table lists the
value of the 16 bits used for the HAVi image types.

HAVi Image Type Value
UNKNOWN_IMAGE 0x0000
HAVIRAW 0x0001
PNG 0x0002
GIF87 0x0003
GIF89 0x0004
JPEG 0x0005
TIFF 0x0006
DIB 0x0007

11.14 HAVI Transport Types

Trangport types have a 16-hit identifier. The following table gives the value of these identifiers for
the three transport types used by HAVi.

HAVi Transport Type Value
CABLE 0x0001
INTERNAL 0x0002

IEC61883 0x0003
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11.15 HAViI DDI Element Types

DDI dement types have a 16-bit identifier. HAVi reserves the element type values from 0x0 to
Ox7fff. DDI element type values above Ox7fff may be used by application developers and device
vendors. The following table gives the value of these identifiers for the DDI element types used by
HAVi.

DdiElementType Value
DDI_PANEL 0x0001
DDI_HELP_PANEL 0x0002
DDI_ALERT_PANEL 0x0003
DDI_GROUP 0x0004
DDI_PANELLINK 0x0005
DDI_BUTTON 0x0006
DDI_BASICBUTTON 0x0007
DDI_TOGGLE 0x0008
DDI_ANIMATION 0x0009
DDI_SHOWRANGE 0x000a
DDI_SETRANGE 0x000b
DDI_ENTRY 0x000c
DDI_CHOICE 0x000d
DDI_TEXT 0x000e
DDI_STATUS 0x000f

DDI_ICON 0x0010
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11.16 HAVi DDI Optional Attributes

DDI optiona attribute types have a 16-bit identifier. HAVi reserves the optiona attribute type
values from 0x0 to Ox7fff. Optional attribute values above Ox7fff may be used by application
devel opers and device vendors. The following table gives the value of these identifiersfor the DDI
optional attributes used by HAVi.

OptionalAttribute Value
POSITION 0x0000
SAFETY_AREA_POSITION 0x0001
BACKGROUND_COLOR 0x0002
BACKGROUND_PATTERN 0x0003
BACKGROUND_PICTURE_LINK 0x0004
AUDIO_VIDEO 0x0005
AUDIO 0x0006
DEVICE_ICON_BITMAP 0x0007
CONTENT_ICON_BITMAP 0x0008
PRESSED_BITMAP_LINK 0x0009
RELEASED_BITMAP_LINK 0x000a
HOTLINK 0x000b
FOCUS_NAVIGATION 0x000c
INITIAL_FOCUS 0x000d
SHOW_WITH_PARENT 0x000e
TITLE 0x000f
FONTSIZE 0x0010
VALUE_OFFSET 0x0011
VALUE_POWER10 0x0012
MAX_LABEL 0x0013
MIN_LABEL 0x0014
CENTER_LABEL 0x0015
UNIT_LABEL 0x0016
FOCUS_SOUND_LINK 0x0017
PRESSED_SOUND_LINK 0x0018
RELEASED_SOUND_LINK 0x0019
SELECT_SOUND_LINK 0x001a
HELP_PANEL_LINK 0x001b
PLAYBACK_DURATION 0x001c
RECORDED_DATETIME 0x001d

BROADCAST_DATETIME 0x001e
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11.17 HAViI Comparison Operators

Both the Registry and FCMs support a mechanism for comparing attribute values. Severa
comparison operators may be used, each identified by a 16-bit quantity as specified below. The
most significant bit indicates whether the comparison operator acts on byte rows or sequences.

Comparator Value Meaning
ANY 0x0000 any value
EQU 0x0001 equal
NEQU 0x0002 not equal
GT 0x0003 greater than
GE 0x0004 greater than or equal
LT 0x0005 less than
LE 0x0006 less than or equal
BWA 0x0007 bitwise AND
BWO 0x0008 bitwise OR
SEQU 0x8001 equal on sequences
SNEQU 0x8002 not equal on sequences
SGT 0x8003 greater than on sequences
SGE 0x8004 greater than or equal on sequences
SLT 0x8005 less than on sequences
SLE 0x8006 less than or equal on sequences
SBWA 0x8007 bitwise AND on sequences
SBWO 0x8008 bitwise OR on sequences
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