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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

ISO or

IEC participate in the development of International Standards through technical committees

establish
technica
and non
technolo
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The mai
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rights. IS

ISO/IEC

Subcomimittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

ISO/IEC

Middleware:

—  Part

—  Part

—  Part

—  Part

—  Part

—  Part

—  Part

led by the respeciive organization to deal with particular fields of technical activity. 1ISO and JE
committees collaborate in fields of mutual interest. Other international organizations, governmental
governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
gy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
h task of the joint technical committee is to prepare International Standards. |Praft International
s adopted by the joint technical committee are circulated to national bodies for.voting. Publication gs

ational Standard requires approval by at least 75 % of the national bodies casting a vote.

is drawn to the possibility that some of the elements of this documentimay be the subject of patent
O and IEC shall not be held responsible for identifying any or all such-patent rights.

23004-1 was prepared by Joint Technical Committee ISONEC JTC 1, Information technolog)

23004 consists of the following parts, under the general title Information technology — Multimedia

1: Architecture

2: Multimedia application programming interface
3: Component model

4: Resource and quality management

5: Component download

6: Fault management

7: System integtity management
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2007(E)

MPEG, ISO/IEC JTC 1/SC 29/WG 11, has produced many important standards (MPEG-1, MPEG-2, MPEG-4,

MPEG-7, and MPEG-21). MPEG feels that it is important to standardize an application programming

interface

(API) for Multimedia Middleware (M3W) that complies with the requirements found in the annex to the

ultimedia Middleware (M3W) Requirements Document Version 2.0 (ISO/TEC JTC1/5C 29/WG 11N

he objectives of MPEG Multimedia Middleware (M3W) are to allow application software to
ultimedia functions with a minimum knowledge of the inner workings of the multimedia middlewar
llow the triggering of updates to the multimedia middleware to extend the API. The first goal can be
y standardizing the API that the multimedia middleware offers. The second goal is much more cha
s it requires mechanisms to manage the multimedia middleware components, @nd to ensure th
pdates can be integrated in a controlled and dependable manner.

C 0 O

—

his part of ISO/IEC 23004 provides the following:

— a vision for a multimedia middleware AP| framework that enables

— application software to control and extend multimedia middleware in a standardized manner;
— multimedia software to be easily developed for, and deployed across, a variety of platforms;

— the transparent and augmented use of multimedia resources across a wide range of netw
devices, to optimize the perceived quality fer.users;

- a method to facilitate the integration of ARIs’to software components and services in order to h
technologies for the creation, management, manipulation, transport, distribution and consun
content;

- a strategy for achieving a multimedia APl framework by the development of specifications and §
based on well-defined functional requirements through collaboration with other bodies.

6981).

execute
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Information technology — Multimedia Middleware —

Part 1:
Architecture

1 Scope

—

his part of ISO/IEC 23004 defines the architecture of the MPEG Multimedia Middleware (M3W) tech

4 Organization of this document

Tlhe remainder of this part of ISO/IEC 23004 is structured as follows. Clause 3 gives an overvig
references that are indispensable for the application of this part of JSO/IEC 23004. Clause 4 gives an
of the terms and definitions used in this part of ISO/IEC 23004.

Clause 5 describes the high level architecture of a complete-M3W system. The M3W middleware is f
M3W system, and ISO/IEC 23004-2 specifies the application programming interface (API) of M3W a
e realization technology. Subclause 5.2 contains a description of the context of M3W (an M3W syst¢

nology.

w of the
pverview

art of an
s well as
em). This

bclause also introduces the distinction between M3W API specification and realization ¢f M3W.

ubclause 5.3 gives an overview of the M3W API specification. Subclause 5.4 gives an overview of
realization technology that is specified~\in ISO/IEC 23004-3, ISO/IEC 23004-4, ISO/IEC
IBO/IEC 23004-6 and ISO/IEC 23004-7.«Subclause 5.5 briefly discusses realization of the M
gmphasizes that developers can differentiate their software by producing different realizations.

his part of ISO/IEC 23004 has the'following annexes.

Annex A, API specifications reader’s guide, explains how the functional and the support parts of thg
pecified.

Annex B, Basic types and constants, gives an overview of the basic types and constants that are us
API specification and\the realization technology.

Annex C, APl evelution rules, lists the rules for the evolution of API specifications.

he M3W

23004-5,

BW, and

APl are

ed in the

Annex D,"Naming conventions, lists the naming conventions used in the API specifications and the r¢alization
technologies.

Annex F, Error handling, describes the default error handling mechanism in M3W.

Annex G, Notification, describes the default notification mechanism in M3W.

Annex H, Get set patterns, describes the default way of dealing with ‘get set’ patterns in M3W.
Annex |, Handling variation, explains how to deal with variation in M3W systems.

Annex J, API qualifiers, contains a table that lists all of the qualifiers that are used in the API specifica

© ISO/IEC 2007 — All rights reserved
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Annex K,

Name abbreviations guide, gives an alphabetical list of words and their abbreviations commonly

used in names.

Annex L,

IDL, describes the two variations of IDL used in ISO/IEC 23004. One variation is used for the

specification of the M3W API, the other one is used in the realization technology. This annex explains how the

IDL used

to specify the M3W API can be translated into the IDL used in the realization technology.

3 Normative references

The follg

referencgs, only the edition cited applies. For undated references, the latest edition of the reference

documer
ISO/IEC
ISO/IEC

ISO/IEC
manage

ISO/IEC
ISO/IEC

ISO/IEC
manage

4 Ter

For the ¢

41 Sy

411
API spes
M3W AR
streamin

41.2
interfac
collectio

41.3
logical o
coherent

wing referenced documents are indispensable for the application of this document. For date

[eNNoN

t (including any amendments) applies.
23004-2, Information technology — Multimedia Middleware — Part 2: Multimedia API
23004-3, Information technology — Multimedia Middleware — Part 3: Component.madel

23004-4, Information technology — Multimedia Middleware — Part 4., Resource and qualily

nent

23004-5, Information technology — Multimedia Middleware — Part 5:-C6mponent download 1)
23004-6, Information technology — Multimedia Middleware — Part'6: Fault management 1)

23004-7, Information technology — Multimedia Middleware — Part7: System integrity
nent 1)

ms and definitions

urposes of this document, the following terms‘and definitions apply.

ecification terms and definitions

ification
Pl specification, which defines a collection of software interfaces providing access to coherent
g-related functionality

suite
of mutually related interfaces providing access to coherent functionality

omponent
unitof functionality that interacts with its environment through explicit interfaces only

414
role

abstract class, i.e. a class without implementation defining behavior only

41.5
role inst

ance

object playing a role, i.e. an object displaying the behavior defined by the role

1) To be published.

© ISO/IEC 2007 — All rights reserved
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4.1.6
attribute
instance variable associated with a role

NOTE Attributes are used to associate state information with roles.

41.7
signature
definition of the syntactic structure of a specification item such as a type, interface or function in IDL

NOTE For C functions, signature 1s equivalent to prototype.

3.1.8
pecification item
gntity defined in a specification

NOTE Data type, role, attribute, interface and function are examples of specification items.

Interface Definition Language

.1.10
ualifier
redefined keyword representing a property or constraint imposéd on a specification item

restriction that applies to a specification item

.1.12
ecution constraint
nstraint on multi-threaded behavior

.11.13
odel type
ta type used for specification {modeling) purposes only

OTE Set, map and entity,arfe examples of model types.

.1.14
odel constant
nstant used for specification (modeling) purposes only

.1.15

num element type
numerated type whose values can be used to construct sets (bit vectors) of at most 32 values Qyy logical
r-ing

41.16
enum set type
32-bit integer data type representing sets of enumerated values

4117
set type
data type whose values are mathematical sets of values of a specific type

NOTE Unlike enum sets, these sets may be infinite.

© ISO/IEC 2007 — All rights reserved 3
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4.1.18

map type
data type whose values are tables mapping values of one type (the domain type) to values of another type

(the rang

NOTE

e type)

Maps are a kind of generalized array. Unlike arrays, the domain and range types may be arbitrary, and

possibly infinite types.

41.19

entity type

class of

4.1.20

interface-role model

extendeq
compone

4.1.21
logical o
incarnati
compone

4.1.22

provides interface

interface

4.1.23

requires interface

interface

4.1.24
speciali
behavior|
definition

NOTE
specific b

4.1.25
diversity
set of al
during th

4.1.26
mandatg
provides

4.1.27

bbjects that may have attributes associated with them

Unified Modeling Language class diagram showing the roles and interfaces associatedwith a logical
nt, and their mutual relations

omponent instance
bn of a logical component: a configuration of objects displaying the behavior’defined by the logical
nt

that is provided by a role or role instance

that is used by a role or role instance

ration
bl inheritance
, by a role, of behavior which implies the-behavior defined by another role

A role S specializes a role R if the behavior defined by S implies the behavior defined by R, i.e. if S has more
bhavior than R.

parameters that canybe set at instantiation time of a logical component and that will not chang
e lifetime of the lagical component

D

pry interface
interfagexof a role that should be implemented by each instance of the role

optional
provides

4.1.28

Hinterface
interface of a role that need not be implemented by each instance of the role

configurable item
parameter that can be set at instantiation time of a logical component, usually represented by a role attribute

4.1.29

diversity attribute
role attribute that represents a configurable item

© ISO/IEC 2007 — All rights reserved
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4.1.30
instantiation
process of creating an instance (an incarnation) of a role or logical component

4.1.31
initial state
state of a role instance or logical component instance immediately after its instantiation

4.1.32
observable behavior

2007(E)

havior that can be observed at the external software and streaming interfaces of a logical compone

.1.33
function behavior
havior of the functions in the provides interfaces of a role

.1.34
reaming behavior
imput-output behavior of the streams associated with a role

.1.35
ctive behavior
utonomous behavior that is visible at the provides and requires interfaces of a role

.1.36
instantiation behavior
havior of a role at instantiation time of a logical component

.1.37
independent attribute
tribute whose value may be defined or changedindependently of other attributes and entities

.1.38

ependent attribute

tribute whose value is a function of the values of other attributes or entities
.1.39

invariant

sertion about a role or logical component that is always true from an external observer’s point of vie

OTE In reality, the assertion may temporarily be violated.

imterface provided by a client of a logical component whose functions are called by the logical compor

OTE A notification interface is an example of this, but there may be other call-back interfaces as

W

ent

well, e.g.

sociated with plug-ins.

4.1.41
callback-compliance

general constraint that the functions in a callback interface should not interfere with the behavior of the caller

in an undesirable way, such as by blocking the caller or by delaying it too long
4.1.42

event notification
act of reporting the occurrence of events to ‘interested’ objects

© ISO/IEC 2007 — All rights reserved
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4.1.43

event subscription
act of recording the types of event that should be notified to objects

4.1.44
cookie

special integer value that is used to identify an event subscription

NOTE

Clients pass cookies to a logical component when subscribing to events. Logical components pass cookies

back to clients when notifying the occurrence of the events.

4.1.45
event-ag
table ass
NOTE

4.1.46

non-stanpdard event notification

event ng
compone

4.1.47

tion table
ociating events that can occur to actions that will be performed in reaction to the events

This is used to specify event-driven behavior.

tification that is accompanied by other actions (such as state changes. of the notifying logical
nt)

client r

role modeling the users of a logical component

4.1.48

actor ro
role (usu
constrair

4.1.49

control interface

interface
a client

4.1.50

notification interface

interface
occurren

4.1.51
specializ
interface

4.1.52

precondition

e

e
ally a client role) whose active behavior consists of\calling functions in interfaces without any a prior
ts on when these calls will occur

provided by a logical component that allows the logical component’s functionality to be controlled by

provided by a client of(a,logical component that is used by the logical component to report th
ce of events to the client

[¢)

red interface
of a role R that'is inherited from another role and is further constrained by R

assertiorn

that should be true immediately before a function is called

4.1.53

action clause

part of a
function

NOTE
function.

4.1.54
out-call

n extended precondition and postcondition specification defining the abstract action performed by a

The abstract action usually defines which variables are modified and/or which out-calls are made by the

out-going function call of an object on an interface of another object

© ISO/IEC 2007 — All rights reserved
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4.1.55
postcondition
assertion that will be true immediately after a function has been called

4.1.56
asynchronous function
function with a delayed effect

NOTE The effect of the function will occur some time after returning from the function call.

.2 Realization terms and definitions

roduct as seen by the customer, consisting of the device, an operating system (OS); compongnts and

nit of trading that conforms to the M3W component model

OTE In the M3W component model, components are containérs for models.

ecification of what constitutes a component, . defining inter alia the interaction mechanisms |between
mponents and between components and their.eavironment

hysical part of the appliance, sometimés also used to denote an identifiable element of that applianc

11

.2.6
ecutable component
odel that is executable op.a platform

OTE The executable component is a container for services.

ateywhen an M3W system is fulfilling its required functions for a period of time

4.2.9
platform
operating system (OS) and hardware that executes the OS

4.2.10

system

combination of a platform, a set of executable components, a run-time environment and a set of applications
that can provide a user with a set of functions

NOTE A platform provides access to the underlying hardware, executable components contain services that provide
advanced domain logic, and applications use the logic in the services to provide functions to a user.

© ISO/IEC 2007 — All rights reserved 7
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5 M3W architecture

5.1 General

This clause gives an overview of the M3W software architecture. In subclause 5.2 we give an overview of the
high level software structure of an M3W system, and the separation between the specification of the M3W API
and its realization. Subclause 5.3 gives an overview of the specification of the M3W API. Subclause 5.4 gives
an overview of the realization technology that shall be used to realize M3W.

5.2 Cd

521 S
In an M3

— App
—  Midq

parts:

—  Con
outs|
API'

The laye
computin
system i

pntext

ystem overview
W system there are 3 distinct layers:
ications: The type of applications will depend on the appliance.

leware layer: This layer consists of M3W and other middleware. M3W can. be separated into twp

D.
Functional part: This provides applications and other middleware with*a-multimedia platform.

Non-functional part: This provides a means to manage lifetime, of, and interaction with, realizatio]
entities. Furthermore this enables management of non-functional properties, e.g. resourc
management, fault management and integrity management;

[Ol=]

puting platform: The platform will depend on the appliance. The API of the computing platform |s
de of the scope of M3W. Different realizations of \WM3W for different platforms will use the different
5 for these platforms.

I's mentioned above are not strict in the sensg that applications and other middleware cannot use th
g platform directly. However, the latter. isynot recommended. The software structure of an M3\
5 shown in Figure 1 — Software structure of an M3W system.

< O

The sco

Applications
M3W. ('Q pp
APl
. < | Middleware
‘g 5 M3W
%E API
“a ultimedi
M M3
API
Computing Platform

Figure 1 — Software structure of an M3W system

pe of this standard is limited to the specification of the M3W API and the specification of the

realization technology for M3W.

© ISO/IEC 2007 — All rights reserved
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5.2.2 API specification versus realization

In subclause 5.2.1 we introduced the difference between the specification of the M3W API and the realization
(technology) that provides an implementation for M3W. The specification of the M3W API provides an uniform
view for the applications and other middleware. This uniform view enables the development of applications
and other middleware independent of a specific realization of M3W.

The ability to create multiple different realizations for the M3W API enables vendors of M3W (or parts of M3W)
to differentiate themselves from competitors.

Ih order to guarantee the interoperability of multiple parts of M3W provided by different parties) the same
realization technology shall be used. Figure 2 — Specification and realization of M3W, .illustiates the
difference between:

— specification of the M3W API in terms of logical components and roles (see Annex A)yand

— realization elements.

\Vat ons and other middleware
@) 1C,

St . W functional
0L 00 O @) 00O @) E O O0O0Q !
MWL I IR » ).V AN I R B )
API [
: D REMI-P D REMI-R = Targgd I ID Terminall |D Conn Mgr |tl-Hl"_'_| |
: 1 !
i Wriator | 7 Ir ] |
| Service Manager| :
1
| ’ : Logical componentJ
| ] Role —
X Quality Manager| || Fault Management H | Realization [
: | I
I Runtime Environmeipt
API
N
Computing Platforfn
NO) ij L]
Figure 2 — Specification and realization of M3W
NOTE Figure 2 — Specification and realization of M3W, shows an example realization. Other realizgtions are

possible-as long as they comply with the M3W API specification, and the realization technology

5.3— APl specification
The specification of the M3W API gives a uniform view to an M3W system. This view is described in terms of
logical components and roles (see Annex A), and it should be noted that this view does not contain any
realization elements. The M3W API specification consists of the specification of logical components and roles.

These logical components and roles give a uniform view to the functionality independent of the realization of
this functionality. These logical components and roles can be divided as follows:

— Support:

— Runtime Environment: enables creation of realization elements;

© ISO/IEC 2007 — All rights reserved 9
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a number of connected realization elements;

Quality Manager: enables the optimization of the overall Quality of Service (QoS) perceived by the user;

storage of the M3W system;

— Termpinal, Terminal Manger, Database: enable maintaining the consistency of the configuration of M3W;

— Fun¢tional: provide multimedia functionality to the applications and other middleware.

W
U n -| f orm V-l ew— Applications and oth%’ @leware

Ve

. X T functional o Cmeee s
05000 O 00 O | ? QQQ
MW oo b aNs
API - A
: REMI-P REMI-R Targetl | Termmall l §dnn Mgrl | | | |
| T H
1 R aa80000000000 4
1 Initiatorl : : | |
: SerViCe Manager ..................
! S SRR \ :
! S eeeenenes LN " Logical component
: ) Role —
| Quality Manager
1
1
Runtime Environment
API
N
C)\ Computing Platform

The fungtional part of the M3YW) API mentioned above is specified in ISO/IEC 23004-2. The support part of th
M3W ARl mentioned above, as well as the specification of the realization technology, are specified |

Figure 3 — Specification of the M3W API

ISO/IEC [23004-3, ISOAEC 23004-4, ISO/IEC 23004-5, ISO/IEC 23004-6 and ISO/IEC 23004-7.

5.4 Raqalization.technology

5.41 Qverview

Service Manager: enables creation of a realization for a logical component. This realization can consist of

REMI-P and REMI R: gives a uniform approach to interaction between entities on different M3W systems;

Target, Initiator, Repository, Decider, and Locator: enable the transfer of new components to permanent

> O

This subclause gives an overview of the realization technology that shall be used to realize M3W. The core of
M3W is the component model and core framework, and this can be extended with a number of optional

frameworks:

— Resource Management: manage the perceived Quality of Service;

— Download: enable transfer of new components to permanent storage of an M3W system;

— Integrity Management: maintain software consistency in M3W; and

— Fault Management: enable insertion of fault tolerance techniques.

10
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Fault Management

Integrity Management

v

2007(E)

Y L al
pDownoad

v

Resource Management

\ 4 \ 4 \ 4 ¢

Component Model and Core Framework

Figure 4 — M3W frameworks

All of these frameworks are discussed below.

54.2 Component Model and Core Framework

D

lements and the interaction between these elements. The core framework provides a number
pmponents:

Q

—+ Runtime Environment;

— Service Manager; and

- REMI-P and REMI-R.

he Runtime Environmeént-and Service Manager deal with the creation (instantiation) of realization €
he Runtime Environment enables the creation of a single realization element (instantiation of servi
escribed in ISOAEC 23004-3). The Service Manager enables the creation of (a number of cg
palization elements that realize a logical component.

o Q —

he component model specifies what constitutes a component, executable component and ser

—

BO/IEC:23004-3). Furthermore it specifies the interaction mechanisms for these entities, this includes:

Tlhe core component model and core framework ‘enable management of the life time of the re¢alization

bf logical

lements.
Ces as is
nnected)

ice (see

—+“"Binding

— Access to attributes of realization elements
— Operation invocation
— Navigation between interfaces

In short it specifies how to create realization elements and interact with them.

© ISO/IEC 2007 — All rights reserved
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REMI-P deals with giving remote access to interfaces of realization elements (services) on an M3W system to
realization elements on another M3W system. REMI-R deals with getting access to interfaces of realization
elements on another M3W system.

Figure 5 — M3W core framework, depicts the main elements of the core framework (specification as well as
realization). The core component model and core framework is specified in ISO/IEC 23004-3.

Applications and other middleware

functional

[

=]

O
(=}
3
=3

DREMI-P DREMI-R |EConnMgr| |E'I—||__I|

Service Manager

How to create an@Interact with ...

I Runtime Environment

<
\‘S\ Computing Platform
o\

Figure 5 — M3W core framework

5.4.3 Resource Management

[

An optiopal addition to the core framewark is the Resource Management Framework. This framework enable
the optin]\ization of the Quality of Service for the user of the appliance. In practice this will usually mean th
optimiza{ion of the Quality of Service delivered by the functional part.

D

D

In order {o be able to manage-the Quality of Service of the functional part the realization elements need to b
Quality Aware (see ISO/HEC’23004-4 for more details). The resource management framework can manage 4
resourcel aware entities.VThis is not limited to M3W entities, but can also be other middleware entities ¢
applicatipns.

- =

The Regource.Management Framework (specification and realization) is depicted in Figure 6 — M3W
resourcel management framework.
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Applications and other middleware

support functional

r " M TTTmmTTTmmmmmmmssomommossoommossooos

|| iConnMgrl IE—H__|I

Optimize delivered Quality, of ...

Quality Manager

I I Runtime Environment

\J

% Computing Platform
[l N

Figure 6 — M3W resource management framework

54.4 Download

Tlhe download framework is an optional additionsto the M3W core framework. This framework en
ansfer (download as well as upload) of new.components to permanent storage in the M3W sys
ownload framework consists of 5 roles:

o

-+ Target - enables receiving components
-+ Initiator - initiates and coordinates the download process

—+ Locator - responsible for_locating all the entities (realizations of the roles) that participate in a
download

—+ Decider - assesses the feasibility of a particular download.

—+ Repository’=contains components that can be downloaded.

—

hese roles’ can be deployed in a very flexible way in order to support different download an
scenarios, varying from broadcast to on demand download for a specific M3W system. The only cor]

—

bles the
em. The

particular

l upload
straint is
d.

Irat the target has to be deployed on the M3W system to which the components need to be transferrg

The download framework (specification and realization) is depicted in Figure 7 — M3W download framework.
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Applications and other middleware

support functional

How to get the desired components on.thesterminal ...

\M
‘\\% Computing Platform

Figure 7 — M3W download framework

5.4.5 Fjault Management

Fault Mgnagement framework is an optional additional framework to the M3W core framework. The Faylt
Management framework enables the transparent insertion of fault tolerance mechanisms in order to increas
the dependability of an M3W system. In this context,“transparent’ means transparent for developers of M3V
services [(ISO/IEC 23004-3) as well as for the clients-of these services.

<

The Fault Management framework enables-the automatic generation of wrappers for M3W services. Thes
wrapperg contain fault tolerance mechanisms and aim to prevent that faults lead to failures of the M3V
system. A wrapper with a fault tolerance.mechanism is called a middleman.

< O

When a flient requests a servicel(a realization entity), then a middleman for this service can be instantiated
automatigally. More details can(befound in ISO/IEC 23004-6.

The faulf management franmework is depicted in Figure 8 — M3W fault management framework.
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I I Rgmtihe Environment

\ hJ
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Figure 8 — M3W fault management framework

5.4.6 Integrity Management

tegrity Management is an optional addition tQ “the M3W core framework. The Integrity Man
flfamework enables the maintenance of a consistent software configuration for M3W. M3W systems
bility to download and remove components, and also to register and un-register executable compon
Integrity Management framework enables_the verification of the consistency of the current configur

hen necessary, it can adapt the configuration in order to make the configuration consistent.

he Integrity Management framework focuses on the software configuration. It does not address
rrors, and recovery of these errors is the scope of the Fault Management framework (see subclau
Integrity Management does_provide an escalation point for Fault Management. In the situation

nfronted with a large number of runtime errors, then it can notify Integrity Management that verif
the consistency of the software configuration is desirable.

Nlore information on'the Integrity Management framework can be found in ISO/IEC 23004-7.

I How to prevent failures in the

14

agement
have the
nts. The
ion, and

run time
15 545)
that it is
cation of
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software configuration

I I Runtime ‘Epyironment

A}

)
k\% Computing Platform

Figure 9 — M3W integrity management-framework

5.5 Raqalization
M3W specifies an APl and a realization technology. The [API is specified in terms of logical components and
roles (see Annex A). This specification gives an uniforimyview to M3W for developers of other middleware and
applicatipns. For the realization of M3W there is stilkenough implementation freedom to enable vendors tp
differentipte themselves.

A realizafion of M3W shall comply with:

— the API specification, and

— the fealization technology.

The magping from logical components and roles to realization elements is not specified in M3W. As long a

the realization adheres to.the constraints implied by the API specification and the realization technology, the
it is OK.

= 7]
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O setx() O setx()

Y X

Attribute also accessible via service specific interface

Figure 10 — Implementation freedom

m

XAMPLE The mapping from components and roles to realization‘elements is not fixed. Multiple roles of a logical
bmponent can be realized by different services, multiple inner objects of a service, or a mixture (see ISO/IEC 28004-3 for
ore information on services and inner objects).

(@]

XAMPLE The mapping from specification attributescon attributes in the realization elements is not|fixed. An
specification attribute can be mapped on an attribute of..a realization element directly (same name and type), but also
ore indirectly (different name, type, etc.).
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Annex A
(informative)

API specifications reader’s guide

A.1 The API specification

A.1.1 Introduction

The purgose of this subclause is to discuss some of the main concepts in connection with ARkspecification
and to priesent the overall structure of an API specification.

[

A.1.2 Concepts

A.1.2.1 | Interface Suites

The purpose of an API specification is to define a collection of softwarecinterfaces providing access to
coherent] chunk of functionality. Such a collection of interfaces is referred.to as an interface suite.

[\

EXAMPLIE The Analog Audio Decoding interface suite is a collection.of\interfaces providing access to Analog Aud
Decoding|functionality. Among other things, this interface suite contains an’interface uhIAnaAdec for controlling aud
decoding jand an interface uhIAnaAdecSelector for controlling audio program selection.

o O

A.1.2.2 | Interfaces versus Functionality

The proyision and use of interfaces should not be confused with the provision and use of functionalit
Functionplity is generally provided by means_of\a collection of interfaces (an interface suite). General
speaking, the interfaces in this collection are.‘provides’ as well as ‘requires’ interfaces (from the point of vie
of the provider of the functionality).

<< .

EXAMPLIE Providing Analog Audio Decoding functionality is not the same as providing the interfaces uhIAnaAdelc
and uhIAnaAdecSelector. The analog audio decoding and selection functionality is provided not only by means ¢f
the ‘proyides’ interfaces uhIAnalAdec and uhIAnaAdecSelector but also by the ‘requires’ interfade
uhIAnaidecNtf, which should be provided by the client of the functionality.

A.1.2.3 | Logical Components

From a qonceptual-point of view, the functionality associated with an interface suite can be viewed as a blagk
box that| interacts™with its environment through the software interfaces in the interface suite and othgr
interfacep suchras streaming interfaces. Specifying the behavior associated with the interfaces amounts fo
specifying the.external behavior of this black box. Because the black box is conceptual it is also referred to gs
a logical lcomponent

Since interfaces and their associated functionality are inseparable, the terms interface suite and logical
component are often used in an interchangeable way. In a narrow sense, the term logical component is
sometimes reserved for those interface suites that are direct building blocks of the M3W API and not just
building blocks of other interface suites. Examples of the latter are the rcIUnknown and Pin Objects interface
suites and the generic Notification interface suite. These interface suites never occur stand-alone but always
in combination with other interface suites.

EXAMPLE When using the terms Video Mixing logical component and Video Mixing interface suite we usually mean
the same thing. The focus in the former is on the Video Mixing functionality while the focus in the latter is on the Video
Mixing interfaces, but these two aspects are closely related.
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A.1.2.4 Logical Components and Service

The concept of a logical component should not be confused with that of a realization element. An API
specification specifies functionality and the way that this functionality can be accessed by means of interfaces.
It does not specify how this functionality should be implemented, and it does not even specify how it should
be packaged. The functionality associated with the interfaces may be implemented in a single realization
element, but could just as well be implemented in multiple realization elements, as part of one or more
realization elements.

EXAMPLE An implementation of the Video Mixing logical component is referred to as a video mixer. The video mixer
need not be a single service but could be a collection of services.

A.1.2.5 API Specifications as Contracts

here are two sides to functionality: the side of the providers and the side of the clientsxof the fungtionality.
Classically an APl is viewed as a single interface that allows a client to access functionality implemented by a
provider. The API specification can then be viewed as a bilateral contract between the provider and the client
defining the rights and obligations of both. M3W API specifications are based on a'generalized versipn of the
dassical contractual paradigm: an API specification is viewed as a multi-lateral contract defining| multiple
utually related interfaces. The concept of role is key to this generalized notion”of contract.

A.1.2.6 Roles

A role identifies a contractual party, where each role acts as a pravider of one or more interfaces, as 3 client of
dne or more interfaces, or as both. Each role has contractualrights and obligations associated with|it. When
developing code that implements or uses the API, the developer should make explicit which roles are to be
played by the code. The rights and obligations specified for these roles in the API specification then define

hich APIl-implied requirements have to be satisfied bythe code.

HXAMPLE Three roles identified in the AnalogiAudio Decoding logical component are: AnaAdec (decoder),
AnaAdecSelector (program selector) and AnaidecClient (client of the interfaces). This illustrates that in the

specification of a logical component the responsibilities for providing the overall functionality of the logical compgnent may
be divided over several roles played by the logical component.

A.1.2.7 Roles and Realization Elements

Roles should not be confused with realization elements (services) although the names of rqles may
pmetimes suggest otherwise! Roles define required/allowed behavior and do not define how that [behavior
ould be realized. The-correspondence between roles and service need not be one-to-one. For example, a
ngle role can be implemented by multiple services, and a single service class can implement multiple roles.

he UML term forya role is abstract class, i.e. a class representing behavior and having no implementation.
his implies thatroles are (abstract) classes and not objects. At run-time there may be multiple instapces of a
rple, i.e. multiple objects that play the role.

HXAMPLE In an object-oriented implementation the AnaAdecSelector role from the Analog Audio|Decoding
Iggiealr\component is typically implemented by a co-class with the same name. Because an analog audio decodé¢r/selector
hias-multiple program selectors, multiple obje of type AnaAdecSelector will be created at run-time, each of which
can be viewed as an instance of the AnaAdecSelector role.
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A.1.3 Patterns

An API specification is itself a composition of more fine-grained specifications which define specification items

such as

constants, data types, roles, interfaces and methods. For each type of specification item fixed

specification patterns are used, and these are discussed in the following subclauses. Although different, all of
these specification patterns have a common super-structure defined by a number of sections that occur in all
specification patterns (and in fixed order). Being aware of this common structure makes it easier to
understand the specifications. The common subclauses are:

1)

EXAMPL

These illu

20

Signature

Contains the IDL definition of the specification item. The text in this subclause occurs literally-in)th
IDL definition of the APl as a whole. The only exception is the Signature subclause of a model typ
or constant, which consists of pseudo-IDL that will not be contained in the IDL of the APk, Interfac
specifications do not have a Signature subclause because the contents of this sulbclause ar
essentially only the concatenation of the Signature subclauses of the methods~defined in th
interface.

[CECECEECEY]

Qualifiers

Provides a list of qualifiers which are predefined keywords that can be associated with a specificatio
item. Each qualifier represents a property or constraint that is being.imposed on the specificatio
item. The valid qualifiers for each specification item and their meaning are defined in Annex J, AR
Qualifiers. Qualifiers are similar to stereotypes in UML except that multiple qualifiers may b
associated with a specification item. They are typically used-as/abbreviations for standard executig
constraints (e.g. the qualifier single-threaded) or the specification of standard behavior (e.g. th
qualifier subscribe-function).

D ohb =290 5

E Three roles identified in the Analog Audio Decoding, logical component are:
AnaAdec (decoder),
AnaAdecSelector (program selector) and

AnaAdecClient (client of the interfaces).

strate the use of the following qualifiers:
Ana (for analog), and

Adec (for audio-decoder!

Description

Provides a shortinformal description of the specification item.
(Execution) Constraints

Defines restrictions that apply to the specification item.

Examples of these are restrictions on the set of allowed values of a data type (e.g. min-max
constraints) and execution constraints that impose multi-threading constraints on the clients of
interfaces. Note that several frequently occurring constraints (such as being single-threaded) have
been defined as qualifiers, so these constraints are specified in the Qualifiers subclause rather than
the Constraints subclause.

Remarks

Contains a list of remarks related to the specification item.
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The idea of API specifications as contracts is reflected in the structure of an API specification which consists
of the following subclauses:

1)

Concepts

This subclause introduces the concepts associated with the functionality being specified and to

define the vocabulary used in formulating the contractual rights and obligations.

—

2)

3)

4)

5)

6)

Types & Constants

This subclause defines types and constants that are used in the specification. Typical contg
include: the definitions of data types that occur in the parameter lists of interface functions
definitions of the specific error codes that can be returned by these functions.

Logical Component

This subclause defines overall aspects of the logical component sdeh~as its structure, its
and its instantiation. A central position in this subclause is taken-by the “interface-role mod
is a UML class diagram showing all roles and interfaces and their:mutual relations.

Roles

This subclause specifies the roles that represent the\functionality provided by the API. A
oriented’ style of specification is used, where attributes are used to represent state inf
associated with the roles. Interface functions operate using these attributes but roles can alg
them autonomously.

Interfaces

This subclause contains the actual interface specifications, in particular the specification
functions that occur in the interfaees. These functions define the part of role behavior tha
controlled externally from the software. The common style of specification is (extended)
postconditions.

Additional subclauses

Used to collect any relevant information that does not fit into any of the other subclauses.

he structure and contents of the above subclauses are discussed in more detail in the following subg

A.2 The~“Concepts’ subclause

A.24 'General

nt would
and the

diversity
el” which

‘model-
ormation
o0 modify

s of the
t can be
pre- and

lauses.

The Concepts subclause introduces and discusses the functionality defined in the API specification in an
informal and intuitive way. It explains the main terms and concepts that play a role, and indicates the context
in which the functionality will be used. The concepts are typically illustrated using pictures and diagrams. The

contents of this subclause are free format, and so the subclause has no predefined structure.
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A.3 Th

e ‘Types & Constants’ subclause

A.3.1 General

The Types & Constants subclause contains the specifications of all types and constants that play a role in the
API specification, and that are not already specified in one of the base documents. The subclause is divided
into two parts.

The first
the appli

part deals with the public types and constants which are the types and constants that are visible to

The second part deals with the model types and constants which are the types and constants introduced fqr

modeling

purposes only: these types and constants will not occur in the IDL of the API.

Public and model types and constants are specified in essentially the same way except that the definitions ¢f

model ty
name of
A.3.4.

Constan
name of

group co
Constan

A3.2 G

A const3
of which

1)

2)

bes and constants can use additional data types. Each type is specified in a separate’subclause; th
the type is used as the heading of this subclause. Type specifications are discussed in A.3.3 an

s are specified in groups of related constants. Each group is defined in a separate subclause; th
the group (e.g. Error Codes) is used as the heading of this subclause~In the case where a constant
hsists of a single constant, then the name of the constant is used as«the name of the constant group.
specifications are discussed in A.3.2.

onstant Specifications

nt specification defines a group of related constants and consists of the following subclauses, some
are optional:

Signature

The IDL definition of the constants. In theicase of model constants this may be pseudo-IDL.
Qualifiers

The qualifiers associated with\the constants. An example is the error-codes qualifier which state

that the constants being defined are error codes returned by functions. If there are no qualifiers the
this subclause will contain_the word; ‘none’.

= 7]

Description
A short inforomahdescription of the group of constants.

Constants_(optional)

[¢]

Contains a table providing a short informal description of each constant in the group. In case th

group of constants being defined consists of a single constant this subclause is omitted and th

D

22

informal description of the constant is contained in the Description subclause.
Remarks (optional)

Contains a list of remarks related to the constants.
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A type specification defines a data type and consists of the following subclauses, some of which are optional:

m

D

1) Signature
The IDL definition of the data type. In the case of a model type this may be pseudo-IDL.

2) Qualifiers
The qualifiers associated with the type. Examples of frequently used qualifiers are the endm
and enum-set qualifiers for enumerated data types; these are explained in A.3.4.

3) Description
A short informal description of the data type.

4) Values / Fields / Attributes
Contains a table providing a short informal description of each member of the data type. In
of an enumerated type the members are the values being enumerated. In the case of a
type the members are the fields of the structure. Entity types aré modeling types that have
as members; they are discussed in A.3.5. The heading of this subclause (if presen
dependent on the kind of data type being defined.

5) Constraints
Defines restrictions that apply to the values ofthe data type. For example, when defining a
type there could be a dependency betweén the values of the fields which can be expres
constraint.

6) Remarks (optional)

Contains a list of remarks related {0 the data type.

\.3.4 Enums and Enum Sets

numerated data types are frequently used in APIs. It is also common practice in C to use bitwise
numerated values to represent sets of enumerated values. In common programming practice no disJitnction is
ade between the ebumerated type and the set type which can lead to confusion. In API specific

distinction between’the two is explicitly made. The qualifiers enum-element and enum-set are used fo

-element

the case
structure
pttributes
t) varies

structure
sed as a

or-ing of

ions the
r this.

I{ the values.oflan enumerated type are meant to be used as elements of sets (bit vectors), the endimerated

type gets the ‘qualifier enum-element. In that case the values of the enumerated type are defined as g

owers of

d get the

usual, without usmg a qual|f|er

A.3.5 Model Types

ofined as

Besides the normal data types that can occur in IDL, such as Int32, Bool, enum{...}, struct{...}, etc., M3W API
specifications can also contain abstract data types that are used for specification purposes only. These data
types are defined in the Model Types & Constants subclause of the Types & Constants subclause. The
naming of model types is more liberal than that of public types and constants. Names of model types usually
have no prefixes and suffixes such as uh and _t.
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Model types are mainly used in the definitions of attributes associated with roles. Besides the normal IDL data
types the following three modeling types are used in API specifications:

1) Set
A set type defines (possibly infinite) mathematical sets of values of a specific type. The notation
setof{type} is used to denote the type of mathematical sets of values of type ‘type’. For sets the usual

mathematical notations are used.

2) Map

A map type defines tables that map values of one type (the domain type) to values of anothef ty%
(the range type). Values of this type, called maps, can be viewed as generalized arrays andcidentic

notation is used for these types. An array can be viewed as a map whose domain type is a‘sub rangge
of the integers starting at 0; in maps the domain and range types may be any type.

3) |Entity

An entity type defines a collection of objects that may have attributes associated with them. In UML
terms, an entity type is a class with public attributes only and no operations, and an entity is an
instance of the class, i.e. an object. The notation entity{...} is used to declare an entity type where the
attributes are declared as C-style variables inside the braces.

The notations and the specification pattern used for entities are’ similar to those used for roles (see
A.5). Similar to the specification of role attributes, the attributes of an entity type are divided info
independent attributes, whose value may in principle vary<freely, and dependent attributes, whosg
value can be defined in terms of other values. An entity.type, like a role, can also be defined as p
specialization of another entity type.

A.4 The ‘Logical Component’ subclause

A.4.1 General
The Logjcal Component subclause specifies all aspects of the API functionality that relate to the logical
compongnt as a whole, i.e. those aspects_ that are not specific to a particular role, interface or function. This
subclause consists of four subclauses:

1) [Interface-Role Model

Defines the interface-role model which can be viewed as a graphical summary of the main
contractual entities; in particular, the roles and interfaces and their mutual relations.

2) |Diversity

Defines'the parameters that can be set at instantiation time of the logical component.

3) lnstantiation

Specifies the result of instantiating a logical component: the objects that are created and their initial
state.

4) Execution Constraints
Defines concurrency-related constraints that apply to the logical component as a whole.

These subclauses are discussed in more detail below.
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A.4.2 Interface-Role Model

One of the explicit goals of the style of specification used in the API specifications is to improve the level of
precision of the API specifications without becoming too formal. Besides using a contractual approach, this
goal can be achieved by using a model-oriented style of specification based on a restricted use of UML.
Model-oriented specifications define behavior in terms of a model which can be seen as a kind of abstract
implementation. The interface-role model defined in the Interface-Role Model subclause is an enhanced UML
class diagram that acts as a graphical summary of the model used to specify the logical component. It shows
the main entities in the model such as interfaces and roles while leaving out other entities such as attributes
and _constraints. (Constraints_are dealt with _elsewhere (in_a non-graphical way)). Each API specification
defines such an interface-role model.

Tlhe interface-role model consists of the following entities:

1) The interfaces defined in the API specification possibly including interfaces_|défined in the base
documents. The interfaces are represented by ‘lollipops’.

2) The roles defined in the API specification possibly inCluding roles defined in the base dofuments.

The roles are represented as (abstract) UML classes.
3) The ‘provides’ and ‘requires’ (or use) relations."between the roles and interfaces. The ‘provides’
relation is represented by the stick of a lallipép and the ‘requires’ relation by a UML dependency
relation (a dotted arrow).

4) The specializes relation between roles, represented by the inverse UML generalization arrpw. Role
R2 specializing rele R1 implies that all contractual rights and obligations that apply to R1 a|so apply
to R2.

5) The streamns associated with the roles. Streams are represented by small squares.

[]

6) The input and output relations between roles and streams. The input relation is represented by a fat
arrow connecting a stream and a role and the output relation by a fat line connecting a role and a
stream.

7) The bounding box of the logical component represented by a grey box. What is inside the box is
considered internal to the logical component and what is outside is considered external.

Figure A.1 — Interface Role Model: Notations Used, shows an example of the use of an Interface Role Model.
It provides an overview of the UML notations used in interface-role diagrams. The small white squares are
classes representing streams. A stream may be associated with a role as an input, an output, or both, as
indicated by the fat lines and arrows. The small white squares outside the grey box represent the external
input and output streams and those inside the grey box represent internal streams introduced for modeling
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purposes only. In practice, the small white squares representing the streams are sometimes omitted and only
the fat lines and arrows are shown. Note that the specialization relation, although shown as a relation between
two client roles, will most often occur as a relation between the roles inside the grey box.

-------- specializes relation

requires relation -------- | === requires relation

interface ------- é é ——————— interface

provides relation -------- R optionalprovides relation

» Role S { ]-- stream

[%2]
@
Q
3
Y
<2
(0]
Py
L]

input relation output relation

logical component

Figure A.1 — Interface Role,;Model: Notations Used

[©]

Roles, interfaces and streams defined in base documents are not normally shown in the interface-rol
diagram |[except when they relate to roles thatlare specialized by roles defined in the API specification. Th
roles and interfaces defined in the rclUnknown and Notification API specifications are exceptions in that the
are not normally shown in the diagram even when being specialized.

< O

Note thaf the interface-role model provides information on the navigability between the interfaces of the logic
componegnt. If two interfaces are.provided (directly or indirectly) by the same role, the Querylnterface functi
of rclunknown can be used to-navigate from one interface to another. If two interfaces are provided by t
different foles this is not possible.

A.4.3 Diversity

The Divdrsity subelause gives a survey of the diversity associated with the logical component being definedl.
The diversity of 'a logical component consists of all parameters that can be set at instantiation time of th
logical cpmponent and that will not change during the lifetime of the logical component. It is divided in
interface ity; T fctT i i fati i e
logical component, and configuration diversity, defining other parameters that can be set at instantiation time.
The latter are modelled by attributes of roles. The interface and configuration diversity are specified in
separate subclauses. There is a third subclause which is used for specifying constraints on the diversity
parameters.

A.4.3.1 Provided Interfaces

The Provided Interfaces subclause contains a table defining, for each interface of the API, whether that
interface is mandatory or optional. The Role column in this table, indicating the provider of an interface, is
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necessary because the same interface may occur on multiple roles, in particular when two roles specialize the
same role defined in a base document.

Note that an interface IR being mandatory on a role R means that each instance of R has the obligation to
provide IR. An interface IR being optional on a role R means that each instance of R has the right to provide
IR but not the obligation. Note that if IR is optional on R, it could be mandatory on a role S that specializes R
but not the other way around. At runtime the presence or absence of an interface can be checked by means of
the QueryInterface function of the omnipresent rcIUnknown.

he Configurable Items subclause contains a table defining the configuration parameters that canbe et when
the logical component is instantiated. The parameters are modeled as role attributes (diversity attriblites) that
re defined in the Roles subclause. Attributes referred to in this table may be constant as well as variable. If
the attribute is variable, the value that is provided at instantiation time is interpreted as-the initial value of the
tribute. So, the initial value of the attribute is the configuration parameter, and noflits"current valye (which
ay change).

ote that API specifications only specify which parameters can be set at instantiation time and not how they
re set (e.g. by compile-time variables, properties in a database, parameters\of an instantiation function, etc.).
he mechanism used to set the configuration parameters is implementation=dependent.

.4.3.3 Constraints

he Constraints subclause specifies constraints that apply te/the optional interfaces and configuralle items.
hese constraints can be viewed as the precondition of the.instantiation operation.

.4.4 Instantiation

stantiation refers to the process of creating instances of logical components. A logical component instance is
t a single object (in the object-oriented sense), but an aggregate that may consist of several obj¢cts. The
Pl specification makes no assumptions on-the mechanisms used to create a logical component insfance but
ecifies what the result of the instantiation of a logical component is. This result is specifigd in the
stantiation subclause which consjsts of two subclauses, one specifying which objects are created,|and one
ecifying the initial state of these.objects.

.4.41 Objects Created

he Objects Created. ‘subclause defines which objects are contained in a new instance of thge logical
mponent. This is-done by means of a table that specifies for each object: its type (normally a role qame); its
me; and its muliplicity. The multiplicity n of an object x indicates how many instances of the objec{ occur in
the logical component instance. If n > 1 then x is interpreted as an array of objects of size n. The individual
bjects in thearray are indicated as usual: x[0], x[1], ,,,, X[n - 1]. The entries in the Object column in|the table
ct as global names that may be referred to in the rest of the specification.

.4:4.2 Initial State

The Initial State subclause specifies properties of the objects declared in the previous subclause that are true
in the initial state of the logical component instance, i.e. immediately after the instantiation of the logical
component. Properties that follow from the diversity constraints are not repeated here, so that information
should be added, in order to get the full specification of the initial state of the logical component instance. Note
that certain aspects of the initial state may have been deliberately left unspecified, e.g. to create
implementation freedom.

A.4.5 Execution Constraints

In the Execution Constraints subclause, the execution constraints that apply to the logical component as a
whole are specified. In particular, global constraints with respect to the multi-threading aspects of the logical
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component are specified here. For example, a constraint might be that clients may not concurrently access
any function in any interface provided by any role that is part of the logical component. These constraints are
not repeated in the other subclauses that follow.

A.5 The ‘Roles’ subclause

A.5.1 General

The Rol¢s subclause speciiies the roles used In the Specification. Each role Is speciiied In a separa
that has the name of the role as its title. A role represents behavior associated with one ormorn
interfacep. Which (‘provides’ and ‘requires’) interfaces are associated with a role can be seen in the iptenfacg
role model.

Roles arg a means to define the observable behavior of the logical component, i.e. the behavior that can b
observed at the external software and streaming interfaces of the logical component. Whatris-oebservable an
what is not, are defined by the boundaries of the logical component box in the interface-role diagram.

Q. D

The behavior associated with a role can be divided into four aspects:
1) |Function behavior: the behavior of the functions in the interfaces providéd by the role.
2) |[Streaming behavior: the input-output behavior of the streams asgociated with the role.

3) |Active behavior: autonomous behavior that is visible at“the ‘provides’ and ‘requires’ interfacgs
associated with the role.

4) |Instantiation behavior: behavior displayed at instantiation time of the logical component.
Only thg streaming and active behavior are specified, in the Roles subclause. Instantiation behavior s

specified in the Logical Component subclause and function behavior is specified in the Interfaces subclausg;
see Figufe A.2 — Role Behavior and the Subclauses Where it is Specified.

provides O requires
function behavior: interface ? interface active behavior:
the effect of calls i observable actions
to functions inthe [T~ e triggered by
provides interfaces | () Tl [ e 7 internal events
Interfaces Sub Clause = e
role .
- call event _|--"]
legical component -----1 et
input i output
U > {]
transform ~.C_|
instantiation behavior: | A T~ streaming behavior:
the'effect of creating el the transformation
a logical component of input stream(s)
fTstarce instantiate tooutputstreant(s)
Logical Ccolmponent Sub Roles Sub Clause
ause

Figure A.2 — Role Behavior and the Subclauses Where it is Specified

NOTE Roles are pure specification artefacts. When implementing a logical component the only requirement is that
the observable behavior of the logical component is consistent with the observable role behavior.
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Role behavior is realized dynamically by instances of the role, i.e. by objects playing the role. So a role should
not itself be viewed as an object, but rather as a class that may have several instances at run-time. From a contractual
point of view, the specification of the role can be viewed as the set of rights and obligations to be satisfied by the code of
that class.

A.5.2 Role Specifications

A role specification consists of the following subclauses, some of which are optional:

1) Signature
The pseudo-IDL definition of the role which defines the attributes associated with the role. Attributes
can be viewed as variables representing the abstract state of a role instance. They play an fessential
role in the model-oriented style of specification used in the API specifications.

2) Qualifiers
The qualifiers associated with the role.

3) Description
A short informal description of the role.

4) Independent Attributes
Contains a table providing a short informal description of each independent attribute. An ind¢pendent
attribute is an attribute whose value may in prin¢iple vary freely.

5) Dependent Attributes
Contains a table providing a short inférmal description of each dependent attribute. A d¢pendent
attribute is an attribute whose value ‘can be expressed in terms of other entities, in particular the
values of independent attributes."The description of the dependent attribute includes a definition of
the value of the attribute.

6) Invariants
Provides a list of invariants. An invariant is an assertion about the role that is always true|[from the
external observeris/point of view. The assertion is typically formulated in terms of the attribufes of the
role. In reality,\the assertion may temporarily be violated.

7) Instantiation
Provides a description of how instances of the role are created. Usually instances of a|role are
created at instantiation time of a logical component only. In some cases instances of a role|can also
be created dynamically after the instantiation of the logical component, in particular py using
interface functions that act as “constructors” of the role. In that case a list of the names|of these
constructors is provided.

8) Streaming Behavior
A description of the streaming behavior of the role, i.e. the input-output behavior of the streams
associated with the role.

9) Active Behavior

A description of the active behavior of the role, i.e. autonomous behavior that is visible at the

interfaces associated with the role.

© ISO/IEC 2007 — All rights reserved

29


https://standardsiso.com/api/?name=0f2f5158da574c6626178fba9c1213c5

ISO/IEC 23004-1:2007(E)

10) Execution Constraints
Defines concurrency-related constraints that apply to the role, in particular to the collection of
interfaces associated with the role. These constraints are not repeated in the specifications of these
interfaces.

11) Remarks (optional)

Contains a list of remarks related to the role.

A.5.3 Role Signatures

The role[signature can be viewed as the IDL of the role. It defines the structure of a role in the same 'way that
IDL defines the structure of an interface. More specifically, the role signature defines which ‘roles a
specialized by the role and which attributes are associated with the role. From a contractual point of view
role S specializing a role R amounts to S inheriting all rights and obligations specified for R; including
attributeg of R.

Attribute$ can be viewed as variables representing the abstract state of a role instance. The behavior of th
logical component (see Figure A.2 — Role Behavior and the Subclauses Where tis Specified) is specified i
terms of [this abstract state. Typically, external calls of interface functions will change the values of attributegs
and thergby influence the streaming and active behavior of a role. Conversely, the values of attributes m
change T/utonomously as a consequence of the streaming and active bghavior, which in turn may influen
the behalvior of other roles.

Attribute$ are introduced for modeling purposes only and should not be confused with implementatio
variabled. They correspond to UML attributes but are not indicated in the interface-role model (which is
extended UML class diagram).

Note that attributes inherited from base roles (roles defined in base documents) are not re-declared in th
signature. The optional const keyword indicates that the-value of an attribute is constant during the lifetime ¢f
a role ingtance. It does not imply that the value of the, attribute is the same for different role instances.

A.5.4 Independent and Dependent Attributes

The attriputes associated with a role tare divided into two types: those whose value may be defined
changed| independently of all otheratiributes, and those whose value is a function of the values of othgr
attributeg. These two types are réferred to as independent and dependent attributes. The difference makes
sense bgcause when specifying-state transitions, only the changes to the values of the independent attribut
have to he specified; the values of the dependent attributes follow automatically.

Independent attributes-Can be viewed as variables whose value can be modified. The independent attributdgs
are listed in a table containing the name of each independent attribute and a short description of the meanin
of the atfribute.

The valde of a dependent attribute can be expressed in terms of other entities, in particular the values ¢f
independent, attributes. Dependent attributes can be viewed as parameterless functions whose value can b
computed:

Dependent attributes are listed in a separate table similar to the dependent attributes. The difference is that
the table also defines the value of each attribute (as part of the description of the attribute).

Sometimes it is known that an attribute is dependent on other entities without knowing what the exact
dependencies are. This happens particularly with attributes that model signal properties; their value depends
on the contents of the signal. In these cases the value of the attribute is only defined informally.

Dependent attributes are sometimes called auxiliary or convenience attributes. We can, in principle, do
without them by repeating the expression defining the value of a dependent attribute every time we have to
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refer to that value, but the appropriate use of dependent attributes has a positive effect on both the size and
the maintainability of an API specification.

A.5.5 Streaming Behavior

API specifications are meant to specify software interfaces, i.e. interfaces that can be used by software
developers to develop applications on top of a platform. Many of the M3W API interfaces are streaming-
related; they are used to control or provide information about streaming functionality. There is no way such
interfaces can be defined without referring to streaming functionality. On the other hand, it is not the purpose
i i i itseli—The-ARl-spegifications
define software interfaces that are common to all platform instances. In a concrete platform instan¢e, these

pecifications are augmented with additional information concerning performance, resource usage), gtreaming
dlgorithms used, etc.

of-the-M3IWARLspecifications-to-provide-detailed-specifications-of-the-streaming

he purpose of the Streaming Behavior subclause is to define the streaming behavior associated with the role
gt a level of abstraction that is sufficiently concrete to define the effect of the functions-in the interfdces, and
that is sufficiently abstract to make the interface generally applicable to different platiorm instances. |n certain
pecial cases this may mean that streaming behavior is specified in detail, (but“in most cases streaming
behavior is modeled abstractly with a reference to standards for further details, The description of gtreaming
behavior starts in the interface-role model diagram where the input and output streams are indicated,|together
ith possible internal streams. The input and output streams are weakly-typed. The description of how an
imput stream is transformed into an output stream is generally informal\where role attributes may b¢ used to
represent stream content.

A.5.6 Active Behavior

Hesides autonomously performing streaming functions,“instances of roles may also autonomously perform
poftware functions. A typical case is the notification of-events detected in input streams. Autonomous [behavior
i$ often specified in terms of an event-action table, that connects events that may occur to actions performed
by a role instance. The events can be streaming-related events but also software-related events sucH as timer
gvents. The actions can be calls to functions in*requires’ interfaces or modifications of attributes. Roles which
ave no active behavior are passive; they dojnot actively influence the behavior of other roles.

ote that even though event notification is conceptually part of the active behavior associated with a role,
ost event notifications supported(by a role are not listed in the event-action table. The reason if that the
ost common form of event bghavior, an event leading to a notification of all subscribers of the [event, is
diready specified in the generalnoatification specification. This behavior is not repeated for every single event
im the event-action table. Fhe-description of the event and the conditions under which the event is raised are
described in the specification of the corresponding callback function. Some events are special in that fhey may
ave additional effects\besides notifying clients. Only these non-standard event notifications, together with
gther autonomous behavior of role instances, are specified in the Active Behavior subclause.

A.5.7 Actor Roles

In the interface-role model of a logical component, roles are introduced not only for the objects thalt provide
the functionality of the logical component, but also for the objects that use the functionality, i.e. the flients of
theZlegical component. The reason is that, from the contractual point of view, not only the providers| but also
theoserso etogicacompone ay ravetosatisfy certaimobtigations: ctatterobtigatio arepart of the
contract, and are associated with client roles that model the users of the logical component. Examples of
client obligations are that a client has to provide a notification interface, or that it should not call certain
functions under certain conditions.

From the specification point of view, client roles are usually much simpler than the provider roles of a logical
component. A client role is typically characterized by having no attributes and no streaming behavior while its
active behavior consists of providing stimuli only, i.e. of calling functions in interfaces of the logical component
(as indicated in the interface-role model), without any a priori assumptions on when these calls occur. The
qualifier actor is used to indicate this type of role and the streaming and active behavior as well as the
attribute subclauses are omitted in the specification. Furthermore, no assumptions are made on how
instances of an actor role are created.
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A.6 The ‘Interfaces’ subclause

A.6.1 General

The Interfaces subclause contains specifications of all interfaces that are part of the API. The bulk of the
specification of an interface consists of the specifications of the individual functions that constitute the
interface. Each interface is specified in a separate subclause that has the name of the interface as its title. The
structure and contents of an interface specification are discussed in A.6.2.

Each functiomi i i ifred i iffcation: e
and contents of a function specification are discussed in A.6.3. The style of specification used is extendedprg
and posttonditions which is further explained in A.6.4.

two types of interfaces: control interfaces and notification interfaces, which are dealt with slight
at the specification level. The differences between these two types of interface spégcifications ar
in A.6.5.

O <

quently occurring types of functions are dealt with in a special way. This includes some standarnd
functionq relating to event subscription (discussed in A.6.6) and asynchronous functiohs (discussed in A.6.7).
Finally, in A.6.8 we explain the “bullet notation” that is frequently used in function specifications.

A.6.2 Interface Specifications

An interface specification defines either a new interface or an intefface that is specialized by the logic
compongnt. In the case of a new interface, the name of the subclause defining the interface is equal to t
unqualified interface name, e.g. uhIAnaAdec. In the case of a.specialized interface, the name of the rol
providing the interface is added as a prefix to the interface pame, using “::” as a separator. For example,
“AnaAdelc: :uhIPinObjects” can be read as “the interface uhIPinObjects as specialized by the rol
AnaAdeq”. The reason for this convention is that theresmay be multiple roles that specialize the samje

interface| Each of these specializations is described in;aseparate subclause.

[¢)

An interface specification consists of the following 'subclauses, some of which are optional (which?).

1) |Qualifiers

P

The qualifiers associated with\the interface. An example of a frequently used qualifier is callbag
which marks the interfacelas a callback interface; the typical example of a callback interface is
notification interface.

V)

2) |Description
A short informal*description of the interface.
3) [InterfacelD

The globally unique identifier associated with the interface.

4) Execution Constraints

Defines concurrency-related constraints that apply to the interface, in particular to the collection of
functions in the interface. These constraints are not repeated in the specifications of these functions.

5) Remarks

Contains a list of remarks related to the interface.
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Function specifications

Specifications of the individual functions in the interface, each in a separate subclause. The
functions inherited from the rcIUnknown interface (QueryInterface, AddRef and Rele
omitted.

2007(E)

standard
ase) are

There is no separate subclause defining the signature (IDL representation) of the interface, because the
signature can be generated automatically from the name of the interface, the interface ID and the signatures
of the functions in the interface.

he above template is used for new as well as specialized interfaces. The only difference for/s

imterfaces is that there are no specifications for those functions that are inherited as is from the base interface.

:iecialized
tion that

[he style
nction is

me extra
meters.

example,
pcute the

table. In
tification
b table is

Only those functions whose specification has changed by the specialization get a separate specific
gverrides the old specification.
A.6.3 Function Specifications
Hxcept for one detail (explained in A.6.4), the structure of a function specificationis fairly standard.
gf specification can be characterized as extended pre- and postconditions..The specification of a fy
subdivided into the following subclauses, some of which are optional (which?):
1) Signature
The IDL definition of the function. This is essentially the'C prototype of the function with so
information, e.g. indicating which parameters are in-parameters and which ones are out-para
2) Qualifiers
The qualifiers associated with the function. These qualifiers are often execution-related. For
the “single-threaded” qualifier indicates-that the number of threads that may concurrently ex
method is at most one.
3) Description
A short informal description_of the function.
4) Parameters
Short informal,descriptions of the parameters of the function, arranged in a table.
5) Return values
Shartinformal descriptions of the values that can be returned by the function, arranged in g
M3W API control interfaces the return values are almost always error codes; functions in nd
functions do not normally return values. If the function returns only standard error codes, th
omitted and the keyword “Standard” is used instead.
C) PI CUVUI Id;t;ul 1
Defines an assertion that should be true immediately before execution of the function starts.
Contractually speaking, it is the obligation of the caller of the function to make sure this is the case.
7) Action

Describes the “abstract action” performed by the callee when the function is called. Th

is action

typically indicates which role attributes are modified by the function and/or which out-calls are

performed by the function.
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8)

Postcondition

Defines an assertion that is true immediately after execution of the function finishes. Contractually
speaking, it is the obligation of the callee to make sure this is the case.

Remarks (optional)

Contains a list of remarks related to the function.

more co

A typical
above).
state var|

plex behavior as well, such as out-calls and synchronization.

construct used in formulating abstract actions is Maodifyyx, where x is some attribute (see the exampl
Modify x should be interpreted as “change the staterof the logical component in such a way that npp
able other than x is modified”. The new value of-x'is typically specified in the postcondition, where

do not have to specify that other variables have not been’ modified. In order to refer to the old value of x in thie

postcond
been us
BlankO
modify th

Each ex|
between

Extended Pre- and Postcondition Specifications.

ition, the notation x’ is used. So, in the example above, when the notation mixer.blanked’ would have
d in the postcondition, it would refer to the value of mixer.blanked immediately before the call of the
tput function. The Modify clause for. @n out-parameter of a function is omitted because the right fo
e value of the parameter is implicif in‘the [out] attribute associated with the parameter.

tended pre- and postcondition*specification of a function can be interpreted as a mini-contra¢t
the caller and callee of-the function, as indicated in Figure A.3 — Contractual Interpretation o¢f

Signature fl...); Contractual Interpretation
»-+ if the caller guarantees condition P
Precondition P ] is true immediately before the call
+ then the callee
Action A »+ will perform action A and

|+ guarantees that condition Q Is

Postcondition Q —] true immediately after the call

Figure A.3 — Contractual Interpretation of Extended Pre- and Postcondition Specifications
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A.6.5 Control and Notification Interfaces

Generally speaking, a logical component provides two types of functionality: (streaming) control and (event)
notification. The control functionality is provided by means of one or more control interfaces that are provided
by the logical component and that allow a client to influence the behavior of the logical component by calling
functions. The notification functionality is provided by one or more notification interfaces that are provided by
the client and that allow the logical component to notify the occurrence of events to the client by calling
functions.

bie called, i.e. which event will cause the function to be called by the logical component:

Notification interfaces can be recognized by their name ending in Nt £. Typically, 'the name of a n¢tification
imterface is equal to the name of the corresponding control interface extendeddwith Nt £.

A.6.6 Subscribe, Unsubscribe and OnSubscriptionChanged

order to make a logical component notify the occurrence ofsan-event to a client, the client shpuld first
bscribe to the event. Each notification interface therefore hasyan associated control interface that among
her functions contains two standard functions Subscribe‘@nd Unsubscribe. There is also one |standard
flinction onsubscriptionChanged in each notification interface which is used to notify the client that its
bscription has changed (because subscription is asynchronous). Because the specifications of thg¢se three
flnctions have a standard pattern, their specificationscare abbreviated using special qualifiers.

.6.7 Asynchronous Functions

n asynchronous function can be viewed as“a function with a delayed effect. The behavior of such g function
n be separated into a synchronous part, i.e. the behavior between call and return of the functior], and an
ynchronous part, i.e. the behavior-after returning from the function. Completion of the asynchronops action
usually reported by means of a.ndtification allowing the caller of the function to synchronize with cgmpletion
the asynchronous effect of thefunction.

ecause asynchronous fungtions occur frequently, a special extension of the pre-action-post format is used
for specifying them. The)synchronous part of an asynchronous function is specified in the same Wway as a
nchronous function(except for the qualifier asynchronous). The asynchronous part is specified by means of
n additional action*postcondition pair specifying the effect of the asynchronous action performed by the
féinction.

he following notation is used in the Asynchronous Action clause to indicate the (asynchronoug) act of
tifying all subscribers to a specific event:

otdfy OnEvent (*,...)

The asterisk refers to the observer-specific cookie and the ellipses to the event-specific data that is being
passed.

The absence of the synchronous Action and Postcondition clauses in an asynchronous function specification
are equivalent to the synchronous action being None and the synchronous postcondition being True. In this
case the function does not have an immediate effect, but a delayed effect only.

The asynchronous action that is the consequence of calling an asynchronous function is part of the active
behavior of the logical component. Because this action is already specified in the asynchronous function
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specification, its specification is not repeated in the specification of the active behavior of the role that provides
the function.

A.6.8 Bullet Notation

Throughout the API specification bullets and indentation are used to structure possibly complex assertions
and expressions and restrict the number of parentheses as much as possible. The items in a bullet list that
represents an assertion (such as an invariant, precondition or postcondition) are conceptually connected by
logical AND operators. The items in a bullet list that represents an action are conceptually connected by

sequenti
opening

A precor]

Precon

Assert]

dition such as:

lition

onl

If( Asgertion2 )

Assert]l

Assertl

is equiva

Precon

Assertl

Likewise

Action

Actionl

Action]

Modify

Variabl

Variabl

on3

on4

lent to:

iition

onl && If( Assertion2 )

an action clause such as:

el

e2

| composition-onerators (semicolons—in C tarms) Start and end of indentation-loaicalbhintraduce.
eH P OoSHHOR-0PB8aHOFS{S8RHGOORS A t F—tEAahRe-8Ra-oHRG8RaHeR1ogicay—+HRHoad

bnd closing bracket, respectively.

{ Assertion3 “V'&& Assertiond }

is equivalent to

Action

Actionl; Action2; Modify { Variablel, Variable2 }
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Annex B
(normative)

Basic types and constants

.1 Introduction

—

he data types that play a role in the M3W API can be subdivided into three categories:

1) Data types that are specific to an interface suite. These data types are|defined in|the API
specification of the interface suite.

2) Data types that pertain to a group of functionally related interface suites, such as “video types” and
“audio types”. These data types are specified in separate API specifications for each functiopal group.

3) Data types that are common to all interface suites. These data-types, referred to as basic types, are
defined in this API specification.

defining the data types we will not use C data types such as i1i¢, 1ong, float, etc. since the intefpretation
these types, and in particular their size, may be implementation-dependent. Instead we use the names
low to indicate implementation-independent types; these names (enclosed by angle brackets) |are self-
planatory:

<n-bit signed integer> (n=8, 16, 32)

<n-bit unsigned integer> (n =8, 16732)

.2 Public Types & Constants

.21 Int8
ignature

vpedef <8-bit ‘€igned integer> Int8, *pints;

8-bit signed integer values.

B.2.2 Int16

Signature

typedef <1l6-bit signed integer> Intl6, *pIntlé6;
Qualifiers

None.
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Description

16-bit signed integer values.

B.2.3 Int32
Signature

typedef <32-bit signed integer> Int32, *pInt32;

Qualifiefs
None.
Description

32-bit signed integer values.

B.2.4 UInt8
Signature
typedef <8-bit unsigned integer> UInt8, *pUIntS§;
Qualifiefs
None.
Description

8-bit uns|gned integer values.

B.2.5 Uint16
Signature
typedef <16-bit unsigned integer> UIntl6, *pUIntlé6;
Qualifiers

None.

Description

16-bit unsigned’integer values.

B.2.6 UInt32

Signature

typedef <32-bit unsigned integer> UInt32, *pUInt32;
Qualifiers

None.
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Description

32-bit unsigned integer values.
B.2.7 Double
Signature

typedef <64-bit double precision floating point> Double, *Double

2007(E)

ompliant with IEEE standard:
he IEEE double precision floating point standard representation requires<a 64 bit word, which

represented as numbered from 0 to 63, left to right. The first bit is the sigh bit, S, the next eleven bit
ponent bits, 'E', and the final 52 bits are the fraction 'F'

.2.8 Float
ignature

vpedef <32-bit single precision floating,point> Float, *Float

ompliant with IEEE standard:

he IEEE single precision (floating point standard representation requires a 32 bit word, which

vpedef <8-bit character> Char, *Char

may be
5 are the

may be
5 are the

None
Description

8 bit character

© ISO/IEC 2007 — All rights reserved
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B.2.10 Void

Signature

typedef void Void, *pVoid;
Qualifiers

None.

Descrip‘ion

The voif type has no values: it is used to indicate the absence of a return value or parameter list in functions.
The pvolid type represents untyped pointer values.

B.2.11 Bool
Signature
typedef <32-bit unsigned integer> Bool, *pBool;
Qualifiefs
— subdtype

Description

The Boolean values (True and False).
Constra|nts

For each Bool b

b ==10]|]] b ==1

B.2.12 Boolean Values

Signature

const Bool True = 1L;

const Bool False="0;

Qualifiers

None.

Description

These constants define the values contained in the data type Bool.
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Constants
Table B.1
Name Description
True The value representing the “true” condition.
False The value representing the “false” condition.
B.2.13 String
Signature

gypedef <8-bit signed integer> *String, **pString;
Qualifiers

None.

Description

Null-terminated strings of 8-bit characters.

B.2.14 UUID

Signature

gypedef <128-bit unique identifierx\UUID, *pUUID;
Qualifiers

None.

Description

-

28-bit unique identifier,-compliant with the COM specification [13].

B.2.15 plUnknown

(¢)]

ignature

gypedef <interface instance> *pIUnknown;

Qualifiers

None
Description

Interface reference

© ISO/IEC 2007 — All rights reserved 41


https://standardsiso.com/api/?name=0f2f5158da574c6626178fba9c1213c5

ISO/IEC 23004-1:2007(E)

B.2.16 rcResult

Signature

typedef UInt32 rcResult, *prcResult;
Qualifiers

None.

Descrip‘ion

Error codes as returned by most M3W API functions except notification functions.

B.2.17 Error Codes
Signature
const FcResult RC_OK = 0;
Qualifiefs
— errof-codes
Description

These c@nstants define common error codes returned by M3W_API functions.

Constants
TableB.2
Name Description
RC_OK Indicates successful execution of a function.
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Annex C
(normative)

API evolution rules

.1 Introduction

n API Specification document contains a number of API elements. It contains specifications-of data types
nd constants. These data types and constants are used in the functions of interface specifications. Instances
these interfaces are provided by roles. A logical component specification again consists of a npmber of
roles.

he purpose of this document is to describe the evolution rules of these API elements. These rules dre based
n existing rules where applicable, e.g. the COM evolution rule [13]. Additional rules are needed since
ditional concepts like Logical Components and Roles are used.

.2 Requirements

3W contains a large set of interface and logical component specifications, which have to be managed and
aintained. This API is used by a number of parties, both' for providing server implementationd and for
uilding client applications on top of the API. In general,‘it\is not known which party depends on whi¢h part of
the API.

he API will never be complete; it will evolve over‘time to support new features. This requires, for gxample,
w interface specifications. Consequently, new’releases of the API will be needed over time. The| different
rties using the API will have different demands towards the evolution of the API, e.g. different timings of
releases.

Im general, it must be possible to €valve the API (adding new functionality, removing obsolete funcfionality),
hilst limiting the impact on the, clients and the servers. Below, the main requirements are listed that{form the
bundation for the evolution rules'described in this document:

= <

—+ It must be possible-toradd a new function/feature to the API without affecting the existing clienfs that do
not need that feature. A client should not have to be recompiled, but recompilation against the|new API
should also be-no-problem. This will help to limit the porting effort for the clients.

—+ It must be“possible to introduce new functionality gradually. Since almost all services in the| API are
provided(by the servers, adding new functionality will result in an implementation effort for thel servers.
They should have a reasonable time window for adding the new functionality to the implemenitation, to
avoid lock-step evolution (i.e. the servers do not have to change at the same time the API chandes). This
also holds for the clients in case of notification interfaces.

— It must be possible to remove obsolete functionality from the API. Removing functionality means for a
server that part of the implementation can be removed. Removing functionality means for a client that the
depending code has to be rewritten. The clients should have a reasonable time to do that, to avoid lock-
step evolution.

— Not only must it be possible to combine an old client (software above the API requiring an older version of
the API) with a new server (software below the API providing a newer version of the API), it must also be
possible to combine a new client with an old server. The latter combination, for example, rules out
changing an interface specification by adding a function: the call to that function by the new client would
fail for the old server. When the new client requires functionality that is not yet available on the old server,
the client must be able to detect this and possible degrade its functionality.
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— It must be possible to touch a logical component specification document to do small fixes that do not
directly influence the clients (syntax nor semantics). It should be immediately clear on the document that
the change is not relevant for the code depending on that logical component.

C.3 Lifecycle

In this clause, the lifecycles of logical component specifications, interface specifications and documents are
described.

C.3.1 Ljfecycle of Logical Component Specification

A logicall component specification has a lifecycle containing a number of phases (see Figure C.1)—'Logical
compongnt specification lifecycle). Changes on the logical component specification are handled differently
depending on the phase it is in.

Inception
date Foundation
date Publish
date
Obsolete
date Fermination
date
| L&
232 242 252 552 652
| 3
Definition T
phase Testing
phase Published
phase Obsolete
phase

Figure C.1 =—'Logical component specification lifecycle

The Change Control Board decides on whether a new logical component specification is needed (based on
commergial requirementsc¢/.féatures). A logical component specification will be defined and founded at ja
certain date (Foundation date). After that, the logical component specification will be used and tested in e.g.
one lead (product)_ project that requested the new feature to be exposed by the logical component
specification. The reason for having this Testing phase is that practice has proven that a logical componemnt
specification is typically not correct until implemented and used. During this phase, the logical component

perceive|the. logical component specification already as final, this specification is not part of an UHAPI releasge.
Change inthe specification are decided upon by the parties involved After g3 logical component specificatio
is “proven” usable, it is published and is put under change control (Published phase). A change requires a CR
that is agreed upon by the controlling CCB. From this point in time, multiple projects can use the logical
component specification.

At a certain point in time, a logical component specification becomes obsolete (Obsolete date). Since multiple
parties (with their own development lifecycles) can depend on that logical component specification, there will
be a time window in which the logical component specification is to be phased out (typically it will be replaced
by a new one). An obsolete logical component specification will be marked in the documentation as being
obsolete. No maintenance will be accepted on an obsolete logical component specification. The lifetime of an
obsolete logical component is typically between 0.5 and 1.5 years. The decision about the exact time will be
taken case by case depending on impact of the change to the various involved parties.
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C.3.2 Lifecycle of Interface Specification

The state of the logical component specification is related to the state of the interface specifications it contains.
Initially, both the logical component specification and its owned interface specifications will follow the same
phases as illustrated in Figure C.1 — Logical component specification lifecycle. For a logical component
specification in phase Published, it may be decided to experiment with an additional interface for the logical
component. As a consequence, a new version of this logical component specification goes back to the Testing
phase. This version of the logical component specification will however not be part of a release of the API,
since it is in the Testing phase. Instead, the previous (published) version of the logical component is part of
the API release. When the additional interface specification becomes published, there will be a new published
version of the logical component specification, replacing the previous published version.

I{ an interface specification becomes obsolete, this state will be clearly marked on the (interfage in the
document of the logical component specification. This way, the users of the API are warned\that this|interface
specification will be removed from the logical component specification within a certaintime window. The
lifetime of an obsolete interface is similar to that of an obsolete logical component (between 0.5 and 1.5 years).

¢.3.3 Document Lifecycle

>

logical component specification document has a number of states. These states can be related to the logical
omponent specification lifecycle as follows:

Q

Table C.1 — Document states and logical component specification states

Document state Logical component specification state
Draft Definition’phase

Accepted Tes?i;mg phase

Approved Nl Published phase

n addition to these states,(‘Proposed’ is also used. This state indicates that the document is ready for a
review to move from Draft(toyAccepted.

A document also has-a)version number. This version number is increased in case of an evolution st¢ps. How
this number is increased is explained in subclause C.4.4 on the evolution of logical components.

When evolving: the document, several steps can be made to update it, e.g. for various reviewg. These
mtermediate)steps should not increase the version number. To still be able to identify a certain document, an
gdditional-revision number is used that is increased for each intermediate step.
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C.4 Evolution of API Elements

In this clause, we first describe the general evolution rules, followed by how this impacts the various elements
of the API.

C.4.1 General Evolution Rules

Ideally, changes in the APl do not affect the existing clients and servers. This means, for example, that the
clients and servers can be compiled against a new version of the APIl. A change should support binary
Compahll.lilty Uf b“cl Itb dlld SCIVCIS. ill au'u'itiun, ti 1< bUllIdIIt;bb bilUuid IIUt b;ldllyu. FultilUllllUlU, ﬁIUIG bi 10U i
be no objigation to implement new functionality. This leads to the following evolution rule:

Conservative Extension Rule
An extension of an API element should not break the existing contract towards the clients and servers.

When agplying only this rule, it is for example not possible to remove API elements that are replaced by othg
API elements and are not needed anymore. Furthermore, there can be no obligation to implement ne
functionglity, e.g. via a new mandatory interface instance. However, this is not realistic; new functionality ha
to be intjoduced, and obsolete functionality has to be removed. To allow this, we(have the following evolutio
rule:

D 00 < S

Announged Change Rule

If the contract needs to be broken to improve the API, then this change should be announced well ahead fo
allow forfa time window in which porting can take place.

[oX

A changge according to this second rule will not be binary~Cempatible in general. In addition, clients an
servers may not compile anymore against the new API. By-offering this time window, all parties are time
aware of{the coming change. In principle, all parties should have no problem at the time of change, making it
kind of cpnservative change.

QO <

These eyolution rules limit the changes that can/be made to API elements. A change according to these rule
leads to p new version of the API element, i.e~l€ave the name unchanged and increase a version number. If
change ip not possible, but evolution is needed, a new API element can be created that replaces the curre
API elenjent, i.e. a new variant is introduced, which has a new name. Usually, it is less costly to introduce
new version than to introduce a new:variant, e.g. a new version does not break compilation (except fqr
announced change). For logicalccomponents, both versions and variants can be applied. However, fqr
interfacep and types & constant\only variants are allowed. According to the COM evolution rule (see clau

[

— Q9

IName.

specmca ion
of a new interface specification, also the time window for porting is illustrated. API Release A only contains
interface IName. Release B contains both IName and IName2; new users only should use interface IName2.
Release C only contains IName2; all existing users should have ported their code to IName2. So, the change
from A to B is an conservative extension, from B to C an announced change.
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232 242 252 552 652

IName

2007(E)

IName2

Foundation
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|
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|
|
|
|
|
|
|
|
|
|
I date
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1 1 I
Release 4 Release B Release C

Figure C.2 — Introduction of a new interface specification

n Figure C.3 — Compiling against the API, it is illustrated how a client can be compiled against the

vertical arrows show the ‘normal’ situations; the diagéhal arrows are a result of an evolution §
gvolution step indicated by ‘a’ represents a transitioncfor the old client from the old API to the ne
principle without breaking the old code (if the announced change rule is not applied). The transition
by ‘b’ means compiling a new client based on the.new API against a previous API, which can work if
does not depend on newly added API elementsithat are not present in the old API. This discussion
diso holds for servers.

Client? Client2

(old) (new)

- ] is compiled
>< iwith
API1 API2
(old) (new)

Figure C.3 — Compiling against the API

In Figure €4'— Binary compatibility, four combinations are given for combining clients and servers
and 4 represent the normal case in which a client and server based on the same API release are c
lines¢2¢vand 3 represent two cases where the client and server are based on different API releg

API. The
tep. The
v API, in
ndicated
the client
n clients

Lines 1
bmbined;
ses. For
ver. This

client client

(old) (new)

1. >< 4. icombination
2. 3

server server

(old) (new)

Figure C.4 — Binary compatibility
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In the subsequent subclauses, it is discussed in more detail which changes of APl elements are allowed
according to the two evolution rules and what the naming and versioning conventions are related to these
changes. As indicated in the Introduction, a hierarchy of APl elements exists, e.g. specified data types are
used in functions that are part of interface specifications. Evolution of a lower API element can affect a higher
element, e.g. adding a field to a structure will result in new functions in which the data type is used, to new
interface specifications containing the new functions, and a new version of the logical component specification.
In subclauses C.4.2 and C.4.3 the evolution of data types, constants and interface specifications is discussed.
Subclause C.4.4 deals with the logical component specification in which these APl elements are contained,
and subclause C.4.5 deals with the complete API that consists of logical component specifications.

NOTE As already indicated in subclause C.3, the evolution rules in this clause apply to specifications that are inth
state Published.

[

C.4.2 Types & Constants

It is not|allowed to change public type or constant specifications. The reason is that changing a type d
constant|can affect the existing clients and servers, and is thus not in line with the twoevolution rules. If
change is needed, a new type or constant needs to be specified. If the new API element'is introduced as
replacement of the old one, the old API element can go to state Obsolete.

00O S

When a hew type or constant is introduced that is related to an existing type or.censtant, the same name is
used, with an increased sequence number behind it, e.g. Type becomes, Type2. The old type becomds
obsolete|can be removed after a while, as is explained in subclause C.4.4.(This is illustrated in Figure C.5 -
Adding & field to a struct. In subclause C.4.3 on interfaces we will-discuss a special case of changin
(extending) an enumeration.

Q

When a hew type or constant is introduced that is related to ancexisting type or constant, the same name
used, with an increased sequence number behind it, e.g. Type becomes Type2. The old type become
obsolete[can be removed after a while, as is explained in subclause C.4.4. This is illustrated in Figure C.5 S
Adding & field to a struct. In subclause C.4.3 on interfaces we will discuss a special case of changin
(extending) an enumeration.

(o]

// pld type

typpdef struct _uhShortName_Example_t {

UInt32 x;

UInt32 y;

} uhShortName_Example_t, «¥puhShortName_Example_t;

// hew type:
typpdef struct _uhShortName_Example2_t ({ // added an sequenck
numper
UInt32 x;
UInt32 vy;
Uint32 23 // added an interestinfg
fielld

} uhShoxtName_Example2_t, *puhShortName_Examplel2_t;

Figure C.5 — Adding a field to a struct

Next to the public types, also model types are specified in a logical component specification. These types are
used for describing the behavior of the logical component. As long as this external behavior of the logical
component does not change, the model types may be changed. This does of course imply that the logical
component document has to be changed.

NOTE Data type and constant specifications are usually changed in combination with interface specifications.
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C.4.3 Interfaces

:2007(E)

For interface specifications, the evolution rule as COM [13] prescribes is applied. This interface evolution rule

states that any of the following properties of a specification may not be changed:
— number of functions in the interface specification

— order of functions in an interface specification

n-a functian-

-+ number of parameters

—+ types of the parameters / possible set of values of a parameter

— order of the parameters

-+ type of the return value / set of possible return values

—+ semantics of the function

-+ semantics of one of the parameters

—+ semantics of the return value

-+ name of the parameters

Tlo understand the importance of this rule, consider:the following example. Suppose that a client ba
certain release of the API should also function on.a server based on a previous release of the API

with degraded functionality). In this case, theclient will first use the GUID of the new interfag
d

ueryInterface. If this new interface is not'yet supported, the user must use the previous GUID f
e interface. In this situation, the newly added functionality cannot be used. If now the same interfg

0, an approved interface spegcification cannot be changed anymore; no new versions are allowed.
br evolution, evolving an interface specification can be achieved by making a variant of the interfa
ew name and new GUID),/and making the old interface specification obsolete. The actual rules fq

sed on a
possible
e in the
o ask for
ce name
-existing

To allow
Ce (i.e. a
r adding

interface

removal
ive (and

interface

aking this

NameEx.

Furthermore, the ‘EX’ |nd|cates for the user of the interface that the eX|st|ng functlons have the same syntax
and semantics, limiting the porting effort to name changes (using search-replace or via a #define).

Furthermore, the provider of the interface can link the vtable of the old interface to the vtable of
interface. In Figure C.6, a number of evolution steps for an interface are depicted.
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Client P Client P Client P Client P
IName IName INameEx IName INameEx INameEx
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vTabQ [vtable}—#vtableex‘ [vtable}—’[ Vtableex‘ mlbleex
LogComp LogComp LogComp LogComp

There a

removing

— Whe

1)

2)

In th
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sem

users, resulting in interface INameEx as a replacement of interface IName. Otherwise, the nam
becq

Figure C.6 — Evolution of an interface in a conservative way

e three interface specification evolution scenarios: adding a function, changingya function, and
a function.

n one or more functions need to be added, two options exist:

specify a new interface with the old functions and the new functions at\thé end

specify an additional interface containing the new functions

e first option, the new interface specification will replacesthe old one. When the new functions ar

e
ed at the end, the vtable entries of the existing functions are not affected. When furthermore the
antics of the existing functions do not change, we consider this a conservative extension towards the
e
t

mes IName?2. In the second option, a new interface with a new name is introduced, and the curre

intenface remains valid.

— When a function needs to be changed, it,isvsuggested to specify a new interface with the chang
fungtion as addition and the rest of the functions unchanged. When the contract towards the user of th
intefface is not broken, the interface name will be INameEx, since it is a conservative extension (binany
compatible) for them, otherwise it will be IName2. For a conservative extension, the semantics of t
exisfing part of the contract may‘not change. This is, for example, the case when adding a mode to a
enummeration without affecting-the’/existing modes. An old user will not use the new mode as input for th
fungtion, but new users can“use the new mode. An example is given in Figure C.7 — Extending a
intefface by extending ap-enumeration. It must be noted that when the new mode can also be returned

the
new,

ser (via return value-or out parameter), the change is not conservative since the user then observ
behavior.
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// old type
typedef enum _uhShortName_EncodingType_t {
uhShortName_Cvbs = 0x00000001,
uhShortName_Yc = 0x00000002
} uhShortName_EncodingType_t, *puhShortName_EncodingType_t;

// old interface, uuid(2DB99AE0-4BDB-11D2-BDC8-00A024B67072)
Interface uhIShortName {
uhErrorCode_t SetMode ([in] uhShortName_EncodingType_t encodingType) ;
}

/ new type:
typedef enum _uhShortName_EncodingTypeEx_t {

uhShortName_Cvbs = 0x00000001,
uhShortName_Yc = 0x00000002,
uhShortName_YpbPr = 0x00000004 // the new mode )introducgd

} uhShortName_EncodingTypeEx_t, *puhShortName_EncodingTypeEx-~t; // thd new
type names

/ redefinition of old type for use in obsolete interface
typedef uhShortName_EncodingTypeEx_t uhShortName_EncodingType_t,
*puhShortName_EncodingType_t;

/ new interface, uuid(CC27F8A2-3955-45CA-AD1E-12C687F6DE62) // the new GUID
Interface uhIShortNameEx { // _€he new interface name
uhErrorCode_t SetModeEx ([in] uhShortNameEncodingTypeEx_t encodingTyp¢) ;

/ extended function
Y

Figure C.7 — Extending an interface by extending an enumeration

When extending an enumeration type; ‘@ new enumeration type must be created. However, sincg there is
no scoping on the modes of an enumeration type, the existing modes will be defined twice| (the old
enumeration is still needed as long-as the related obsolete interface exists). This problem could e solved
by adding Ex or 2 behind all moedes of the new type. This will negatively impact the readability of|the code
and require additional porting ‘effort. As a solution, the new enumeration will contain the modgs names
from the previous enumeration, and the old enumeration type will be typedef-ed as being|the new
enumeration type (situation below the line in Figure C.7 — Extending an interface by extepding an
enumeration). As a consequence, the old enumeration type also contains the new mode, buf it is not
allowed to use this)new mode in the old context.

-+ When a function needs to be removed, one option exists, namely specifying a new interface| with the
functions,of the old interface, except the function to be removed. Since this change is not a congervative
extension for the user, the new interface will get an increased sequence number, e.g. IName2 pecomes
IName3.

NOTE When an old interface is replaced by a new one, this may have an impact on other interfaces ag well. For
example, when a nofification interface has evolved, the Subscribe function for this interface must be updated, since this
function contains the interface type of the old interface (as a result of strong typing). Updating the Subscribe function again
requires the introduction of a new interface. Similarly, functions that are used to navigate between roles also have
interface types in their signature. A change in such an interface type affects the navigation function, and the interface in
which this function is contained.

C.4.4 Logical Components

A logical component specification contains types & constants, interfaces, and one or more roles for describing
the behavior and interaction between interfaces. In this subclause, it is described what changes are allowed in
logical component specifications. When evolving a logical component specification, a new version or variant
can be made. In the first part of this subclause, the focus is on versions; the second part focuses on variants.
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When m
number.

— the

aking a new version of a logical component specification, the change will be reflected in the version
The version number of a logical component specification has the format major.minor:

minor field is increased in case of a conservative extension, or a change is made that is not

observable on the interfaces of the logical component, e.g. improving the explanation in the text

— the major field is increased in case of an announced change

The rules for adding/removing type & constant specifications are listed in Table C.2 — Adding/removing types

& constapis
Table C.2 — Adding/removing types & constants

action change type
adding a type specification conservative extension
removing a type specification announced change -
adding a constant specification conservative extension' 2
removing a constant specification announced changf;

Rationa

— AdIng a type or constant specification is a conservative extension since this does not affect the

curr

— Renmoving a type or constant specification mustibe announced (i.e. move to state Obsolete), since

exis

The rule
Interface]
interface
evolution
compone
semantid
added. /
instance

bnt users of the API, and there are no changes or additions needed in the code.

ing clients and servers may depend on it.

s for adding/removing interface instances are listed in Table C.3 — Adding/removing interfaces.
instances are provided by the roles(in the role-model of the logical component specification. An
instance can be provided by a server or a client; no differentiation is made in the context of the
rules (all interfaces, except the notification interfaces, are provided by the server). The logical
nt specification also contains,*the specification of these interfaces describing their syntax and
s. When a new interface.ihstance is added, also the corresponding interface specification must be
\ similar relationship between instances and specifications exists for the removal of an interface

Table C.3 — Adding/removing interfaces

52

action change type

adding a mandatory interface instance [not allowed]

adding an optional interface instance conservative extension
removing a mandatory interface instance announced change
removing an optional interface instance announced change

changing an interface instance from optional to mandatory announced change

changing an interface instance from mandatory to optional announced change
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Adding a mandatory interface instance has an impact on the parties that have to implement this

functionality, since it is mandatory. Such a change must be done in two steps. The first s
introduce the interface instance as optional. The second step is to change the interface insta

tep is to
nce from

optional to mandatory. These two steps are also presented in Table C.3 — Adding/removing interfaces.

Adding an optional interface instance does not affect the clients and the servers; the provider is not

obliged to implement it, and the user may not assume the presence of this interface instance.

Qo = M

logical component specification also contains roles. Each role provides and/or requires interface i
xternally, the user is aware of the roles, since calling‘QueryInterface on the TUnknown interfag
b a role can only return interface instances that are provided by that role. This means that chan
orders of the roles within a logical componentimpacts the users. The rules are listed in Tab
hanging/adding/removing roles.

Removing a mandatory interface instance affects the users of the interface instance. A time wing
be defined to allow for the porting effort.

Removing an optional interface instance affects the users of the interface instance. Alth
interface is optional, a user may depend on its presence in a certain configuration. Such a user m
time to remove its dependency to this interface, and possibly step over to a repla€ing interface. Ir
providers that are currently providing this interface are affected. So, a time window must be prg
this evolution step.

Changing an interface instance from optional to mandatory means'that the providers of the
are now obliged to implement a certain interface. This is only allowed;if a time window is reserveg
step.

Changing an interface instance from mandatory to optional must be announced, since cert
may be dependent on the presence of this interface instance:

Table C.4—Changing/adding/removing roles

ow must

bugh the
ust have

addition,
vided for

interface
d for this

Bin users

stances.
e related
ging the
le C.4 —

action change type
moving an interface instance from one role to another [not allowed]

moving tha;: q:alifier ‘root role’ from one role to another [not allowed]
coml:;in-ing two roles into one role [not allowed]
;pl-itting one role into two roles [not allowed]

adding a role conservative change
removing a role announced change

(Some of the changes that are not allowed in this table can be realized in a number of steps as defined in this
subclause. For example, moving an interface instance from one role to another can be realized by removing
an interface instance and adding an interface instance. If a change cannot be (easily) supported by the
introduction of a new version, a new variant of the logical component should be introduced, as discussed at
the end of this subclause.)
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Rational

e:

— Moving an interface instance from one role to another is not allowed since existing users cannot find
this interface anymore using QueryInterface.

— Moving the qualifier ‘root role’ from one role to another is not allowed since existing users now get an
interface pointer of another role from the Connection Manager.

— Combining two roles into one role is not allowed. Although for the users all interface instances of both

role
inte

— Spli
usin

— Adding a role is allowed. Adding a role as such has no effect. It has to provide one or:more interfaces.

This
role

aces can be found via QueryInterface.

ting one role into two roles is not allowed since existing users cannot find all interfaces-anymorg
D QueryInterface.

-

is considered a conservative change. It must be noted that adding a role also requires that anothe
provide a navigation function.

— Re
Thi

must also be removed. Removing a root role is not allowed.

In this cl
to a new
when a1
of the sa

Up to nd
version ¢
on how

compone
changes
anew lo
CCB. Fo

NOTE
a change
introduce

C.4.5 API

The tota
logical ¢
compone
compone

oving a role is allowed. The interfaces provided by this role are then(also not available anymorg.
is considered an announced change. It must be noted that the navigation function to get to this role

use, the possible changes of a logical component specification were discussed. These changes lead
version of the logical component. All items will be part of one specification document. For examplg,
ew interface is introduced as replacement of an old interface, both interface specifications will be paft
me document until the old one is terminated.

w, the rules are discussed for making a new version of a logical component specification. A neyw
f a logical component specification can be made-in case of small changes that have a limited impa¢t
fo use and provide the interfaces of the logical component. In other cases, a variant of a logic
nt specification should be made, for example, when the model of the logical component specificatio
substantially. In that case, a sequence.number behind the logical component name is increased, i.¢.
pical component is introduced, e.g..LiogComp is replaced by LogComp2. This is to be decided by th
 a new logical component a new specification document is needed.

D

The short name of a logical component is part of each interface name within the logical component. Thereforg
in this name (increasing theé sequence number) affects all interface instances of the logical component. Th
5 porting costs for the client code, even if the client only uses interfaces that are not changed.

[

bmponent specifications plays a role. Unlike interfaces that can be optional or mandatory, all logic
nts withih the APl are optional, meaning that the provider of a server can decide which logic
ntsdocrealize and which not. A server will always be based on logical components of one API relea

API consists‘of a collection of logical component specifications. At this level, adding and removing
I
I

The cliern

tust inspect the server specification to check which logical components are supported.

The rules for adding/removing logical component specifications are listed below in Table C.5 —
Adding/removing logical component specifications.
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Table C.5 — Adding/removing logical component specifications

action change type
adding a logical component conservative
specification extension

removing a logical component

o announced change
specification

Rationale:

—+ Adding a logical component specification is allowed, since it does not affect the clients of the|platform.
In addition, the servers are not obliged to provide an implementation for it.

-+ Removing a logical component specification is only allowed when the.termination date of|a logical
component is reached. This way all parties can anticipate the removal. Usually, either:

— the functionality provided by this logical component specification is.not required anymore, or
— the functionality is now also provided by one or more other logical component specifications.
Vhen a new logical component specification is introduced as-teplacement of an existing one, the server may

ecide to support the new one, or the old one, or both. This decision should be based on the ne¢d of the
ients of that server.

Q QO <

C¢.5 Evolution of a Specification

—

his clause describes how the various evolution steps should be handled in a specification dociiment. A
umber of scenarios are described in the following subclauses. For certain evolution steps several §cenarios
ust be considered together, e.g. replacing an old interface with a new interface requires adding a new
imterface and making an existing interface obsolete.

-}

.5.1 Creating a Variant'togical Component Specification

reating a logical component specification as variant of an existing specification is almost similar to dreating a
Ipgical component spegification from scratch. In the change history, it should be mentioned on whigh logical
mponent specification the new specification is based. The version number should re-start (not cpntinuing
here the previous specification left off).

.5.2 Making a Logical Component Specification Obsolete

heh, a logical component specification has become obsolete, this is marked in the title of|the API

pegification clause by adding ‘(Obsolete)’ to it. This title is repeated in the headers throughout the dpcument.
The actual termination data is not listed in the document (to avoid different versions of the document as a
result of a shifting termination date). A list of the actual termination dates for obsolete logical component
specifications is kept in a separate document.

C.5.3 Adding an Interface Instance and Specification

Adding an interface to a logical component specification affects amongst others clause 3 and clause 5 of a
logical component specification. In clause 3, a new interface instance is added to one of the roles, and in
clause 5, the specification of the interface must be given. In C.4.3 it is already described that a new interface
based on interface IName can have INameEx or IName?2.
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A particular case that needs to be considered is the introduction of an interface instance in C.4 that has to
become mandatory. In the ‘Interface-Role Model’ figure, the interface must be indicated as optional. In the
‘Provided Interfaces’ table of the ‘Diversity’ subclause, the interface must also be indicated as optional, with a
footnote that this interface is to become mandatory. In case of replacing an old interface with a new interface,
this footnote can also state that the change from optional to mandatory is linked to the termination of the old
interface. Also, the ‘Constraints’ part of the ‘Diversity’ subclause must state that a user must either use the old
interface or the new interface, and not both interfaces at the same time.

C.5.4 Making an Interface Instance and Specification Obsolete

Making an interface instance and specification obsolete affects clauses 3 and 5 of the specification clausé! |
clause 3| ‘(obsolete)’ has to be added in the ‘Interface-Role Model’ figure and in the ‘Provided Interfacesi\tabl
of the ‘Diversity’ subclause. The actual termination date is listed in a separate document. In case the'absole
interfacelis being replaced by a new interface, the ‘Constraints’ part of the ‘Diversity’ subclause muststate that
a user must either use the old interface or the new interface (not both).

D

In clausg 5, the interface must be marked as Obsolete. This is done by adding ‘(Obsolete)’ to the claus
heading pf the interface specification. This will then also return in the headers on the pages of that interface.

When the termination date is reached, all text related to the interface must be removed, and the ‘Interfacq
Role Modlel’ figure must be updated.

C.5.5 Adding a Type Specification

D

When adding a type specification, usually also an interface specification is added. In clause 2, the new typ
can be ppecified in a new subclause. No specific things need.to be done, except when adding a ne
enumerdgtion type that is a modification of an existing enumeration-type.

<

As alreafly explained in C.4.3, there is that problem that\modes contained in the old and new type will be
defined fwice, since there is no scoping on the modes of an enumeration type. In this case, the neyw
enumerdgtion type has to be specified as it should be;\and the old enumeration type must be specified based
on this new type. This can mean that the old enumeration type now contains additional modes. In a comment
it should|be added that these modes are not allowed for the old type.

C.5.6 Making a Type Specification Obsolete

When making a type specification( obsolete, ‘(Obsolete)’ must added after the name of the type in th
subclauge heading. The termination/date is kept in a separate document.

D

When the termination date is feached, all text related to the type must be removed.

C.5.7 Adding and Removing a Constant

Adding and removing a constant is similar to adding and removing a type specification.

C.5.8 qhanging the Model

When evolving an interface, it may be needed to make small updates to the model of the logical component
(for larger changes, a new variant of the logical component must be created). Elements related to this model
can be found in ‘Model Types & Constants’ of clause 2, and in clauses 3 and 4. Changes here should be
handled in a pragmatic way. For example, when an attribute of a role changes because of the evolution of an
interface, then not a new role with a new name must be introduced. Instead, a construction like #ifdef can
be used to differentiate between the situation for the old interface and the situation for the new interface. This
is illustrated below.
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role Layer {

#ifdef uhIVmixLayer

const PanoramaScaleRange panoramaMidScaleRange;
#endif

#ifdef uhIVmixLayer?2

const PanoramaMidScaleRatioRange panoramaMidScaleRatioRange;
#endif

When the obsolete interface (in this example uhIvmixLayer) is removed from the spegcification doqument at
the termination date, these #ifdef constructions also have to be removed.
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Annex D
(informative)

Naming conventions

D.1 Infroduction

This document gives an overview of the naming conventions used within M3W interface suite specification$.
These ngaming conventions will help to ensure consistency with respect to naming.

Please npte that:

— This

“language” used for implementation.

— This
For

D.2 Ge

This clau

informatipn with respect to naming based on the information.in'this clause.

D.21 B

Names {

used shpuld be US-English. The characters>that may be used within names are a..z, A.Z and 0..§
Underscpres are never to be used in names;except for special purposes as explicitly indicated within th
remainder of this document.

If a nam¢ contains multiple words, each subsequent word should start with an uppercase character to improv

readabili
used in 3

1)

2)

Names 1

document describes the naming conventions for the interface suite specifications and not the

document does not describe explicit naming conventions that result from interface evolution rules.
hat information, the reader is referred to C.5.

neral Naming Conventions

se introduces the general naming conventions used in\interface suites. D.3 provides more detailed

asic name construction

hould be descriptive and will consist of one’but most likely more concatenated words. The languag

— O

D

> O

y. Subsequent uppercase characters in a name are not allowed (i.e. MPEG should be Mpeg whe
name). There are twa éxceptions to this rule:

Interfaces names-always start with an uppercase “I” followed by the rest of the name starting with an
uppercase character.

Names forerror code constants are entirely in uppercase using underscores as separators between
words.

epresenting parameters of a function, members of a structure or attributes of a role should always

start with

a lowercase characier. Names of roles and names of Interface functions should always start with an

uppercase character.

A name should be descriptive, should be as short as possible (without becoming meaningless) and needs to
be unique within its namespace. Annex K gives an overview of abbreviations that should be used to
abbreviate words within names when needed.
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D.2.2 Usage of Pre- and Postfixes

With the exception of basic types, M3W defines its own private name space by prefixing all names of
externally visible types it defines with a prefix. This prefix indicates the defining scope of the type and

separates types defined by a party from those defined by others.

Basic types used within M3W are considered to have a wider scope and as such are not prefixed with and use

commonly used names and conventions. Integer types indicate the size of the type and whether
signed or unsigned (i.e. Int8, Int16, Int32, UInt8, UIntl6, UInt32).

they are

ames that are defined for modeling purposes only (i.e. role names, role attribute names, model\t
nstants) are not externally visible and should not be prefixed.

ames of externally visible types reflect the scope in which they are defined. Names of types defin
n interface suite should contain the abbreviated name of the interface suite unless thextype is co
ultiple interface suites and as such has a wider scope such as basic types and global types.
xamples given in the Table D.1 — Example of naming based on scope.

D

Table D.1 — Example of naming based on scopée

Defining suite Example Scope

, UInt32 M3W
Basic types

rcIService M3W core component framework
Core framework types

UHAPI types uhcolor t Multiple UHAPI interface suites

UHAPI Video Mixing interface suite,
short name “vmix”

Video Mixing uhVmix_Layer t

Tlo improve readability the following conventions are to be used:

uln

- Names representing interfaces are prefixed with

- Names representingtypes have the postfix “_t”.
General postfixing scheme for types:

TypeName>/ t

— INames representing type tags have are prefixed with an underscore:

pes and

ed within
mmon to
See the

General nrefixina-scheme-fortvne-taas:
Refra+-preHxig RS rtype+ags-

<TypeName>_t

— Names representing pointer types and names that are pointers have a prefix starting with “p” or “pp” in
case of an output parameter returning an interface pointer. If required, an indirection or dereferencing

operator “*” should be placed in front of the prefix.
General prefixing scheme for types and names representing pointers:

*p<TypeName>_t
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p<ParameterName>
*p<InterfaceName>

**pp<InterfaceName>

D.3 Detailed Naming Conventions

ThlS Cla'. cao-nronvddac datallad tnforoaatians st oo t iao naomaina bhaoaocad an tha Ao ara L namino-caonvan o
ST PTOVICC S OCTTan T O o T atoTrT it T TPttt ar g oasST U o thic—gorcrar rar g coOrTveTrtorno

described in D.2.

D.3.1 Naming Error Codes

The names of error codes are in uppercase only using underscores as separators between words. All names
of error godes should start with the prefix “<SCOPE_PREFIX>_ERR” followed by the abbreviated name of thie
defining nterface suite, followed by the rest of the name that should clearly describe the cause of the errof.
The parf of the name describing the cause of the error should use the same vocabulary as the interfage
reporting the error

General haming scheme for an error code:

<SCOPE | PREFIX>_ERR_<ABBREVIATED_SUITE_NAME>_<ERROR_CAUSE>

D.3.2 Naming Types and Constants

The names of externally visible types and constants of an interface suite consist of two main parts using al
underscqre as separation. The first part of the name represents the defining scope. The second part of th
name shpuld start with an uppercase character, be descriptive and clearly reflect what the type or constant
about. Hor example, if a type represents a set of valuésdhe descriptive part of the name should end with “Se
in order fo explicitly indicate that the type represents.a set of values.

»n & S

General haming scheme for an externally visible,type:
<Prefix><AbbreviatedSuiteName>_‘<TypeName>_t
General haming scheme for an externally visible constant:

<Prefix><AbbreviatedSud\iteName>_ <ConstantName>

D

If a type|or constant is only’used for modeling purposes, the first part of the name including the underscor
should bg omitted in ofder to explicitly indicate that the type or constant is not externally visible.

=h

Names Used for members of a structure should not repeat the name of the structure they belong to as part
their nanpe. Names used for enumerated values of an enumerated type do not have to repeat the name of t
enumerq‘ied type in their names unless required to do so in order to be unique.

Names of enumerated values used to subscribe for event notifications should clearly indicate the nature of the
event they represent (i.e. by ending with a past sense verb). Some examples:

— If the event indicates a change, the name of the event should end with “Changed”. Example:
“SubscriptionChanged’.

— If the event indicates a detection, the name of the event should end with “Detected”. Example:
“DataRateDetected”.
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— If the event indicates the arrival of data, the name of the event should end with “Arrived”. Example:
“DataArrived”.

— A name of a constant or enumerated value used to indicate that something could not be determined (i.e.
by a detection process) should end with “Unknown”. The name of a constant or enumerated value
representing a value used to indicate that something is temporarily unavailable should end with
“Invalid’.

D.3.3 Naming Interface Suites and Logical Components

Tlhe name of an UHAPI interface suite specification should describe what the suite is about and‘whenever
possible describe this as an action (i.e. Video Mixing, Tuning, RF Amplification, Scan Rate Gonversjon). The
name of a logical component of an interface suite should be based on the name of the interface $uite and
preferably be a noun that describes the entity that performs the action.

Table D.2 — Example Interface Suite and Logical Component nhames

Interface Suite name Logical Component name

. . Video Mi
Video Mixing taeo Fixer

Tuning Tuner

terface suite and logical component names are only used within the specifications and do not end up in code
ed for implementation. To reference an interface suite in the code used for implementation, an abbreviated
me for the interface suite is defined that should-start with an uppercase character (i.e. vmix for the Video
ixing interface suite).

.3.4 Naming Roles

he name of a role should be a nounstarting with an uppercase character. The name of the role neg¢ds to be
scriptive and clearly indicate what the role is about. A name for a role representing the client of anlinterface
ite (client role) should end-with “Client”. The name of a client role should be based on the name of the
imterface suite and not on~a-role of the logical component. For example: the name of the client rdle of the
ideo Mixing interface should be “VvideoMixingClient” and not “VideoMixerClient”.

.3.5 Naming Interfaces

Interface names are prefixed and start with a capital “I” followed by the rest of the name of the |interface
arting with) ‘an uppercase character. This is an exception to the general rule, not allowing subsequent
ppercase characters in a name. Following the capital “I” an interface name should start with the abbreviated
meé. of the interface suite defining the interface followed by the descriptive part of the name that should
early indicate the aspect the interface is about. In cases where this would only add redundant infoprmation,
the redundant part of the name should be omitted (i.e. uhIvmix should be used instead of uhIvmixMixer).

General naming scheme for an interface:

uhI<AbbreviatedSuiteName><DescriptiveName>

All names for notification interfaces should end with “Ntf”. If a control interface is related to a single notification
interface, the name of the notification interface should repeat the name of the control interface extended with

“‘Ntf” (see Table C.3.). In some exceptional cases, a control interface may be related to multiple notification
interfaces. In such a case, the name of a natification interface needs to be extended (after repeating the name
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of the control interface) with an additional word that clearly indicates the discriminating aspect of that particular
notification interface with respect to the others.

Table D.3 — Example names of control and notification interface pairs.

D.3.6 N

Control interface name Notification interface name
uhIvmix UhIVmixNtf
uhIVmixLayer uhIVmixLayerNtf
uhIvmixvidLayer uhIvmixvidLayerNtf
uhIVvmixGfxLayer UhIVmixGfxLayerNtf

aming Interface Functions

Names ¢f interface functions and their parameters should have no prefixCand the abbreviated suite nam

since the
with an
lowercas
of param

D.3.6.1

Function
already

y are already scoped by the interface they belong to. Interface<dunction names should always staft
uppercase character. Names of parameters of an interfacefunction should always start with
e character. Parameter names should be descriptive and clearly indicate what they represent. Namegs

eters representing a pointer should start with a “p”.

Naming Control Functions

names of control interfaces are preferably\verbs and should not contain redundant informati
provided by the name of the interface itsélf. For instance: the function of the uhIcti interface

enable the CTI (Color Transient Improvement)feature is called Enable instead of EnableCti (unless this

results in
instance
“Get” re

the name¢ of the interface.

Annex H
used for

D.3.6.2

The fung

ambiguity). The name of an interface-function should clearly reflect what the interface is about. For
interface function names for setting’ and getting the value of an attribute should start with “set” a
spectively and clearly and uniquely indicate the attribute concerned when not already obvious fro

describes patterns for Get/Set-functions and related functions and the naming conventions to be
these functions.

Naming Notification Functions

tion nanles defined by a notification interface should always start with “on” followed by the actu

name of
event (s
(see als

the event repeating the name of the enumerated value used to subscribe for the notification of th
e Table C.4.). The name of the function should clearly indicate the nature of the event it represents
the naming conventions for enumerations used to subscribe for the notification of events i

paragraph 2.2).

General naming scheme for a Notification function:

On<EnumeratedValueName> (Example: “OnSubscriptionChanged”).
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Table D.4 — Example notification function names repeating enumerated value names.

2007(E)

Enamerated value name Notification function name
SubscriptionChanged OnSubscriptionChanged
DataRateDetected OnDataRateDetected
DataArrived OnDataArrived
D.3.7 Naming Interface Function Macros
Interfaces are expected to be implemented using C or C++. To implement inteffgces when using the C
language, it is convenient to use preprocessor macros for interface functions. This/clause describe$ naming
conventions for these macros to improve portability of implementations.
Hor readability, interface function macros should look like normal C.‘functions. To achieve thi$ and to
duarantee the uniqueness of the macro names they are synthesized frem/the interface name and thg function
name separated by an underscore.
Since names need to be unique within the global name space,.it helps to keep their maximum length |imited to
31 characters. Please note that the macro length (since it.is<the concatenation of the interface and function
name) restricts the length of the actual interface and its function names.
General naming scheme for an interface function maero:
InterfaceName>_ <FunctionName>
Tlhe parameters of the interface function macro should use the same names and be in the same ordgr as the
parameters of the actual interface function-represented by the macro.
uhIVmixLayer->GetBgColor{ pBgColor );
uhIVmixLayer_ GetBgColor ( intf, pBgColor );
Tlhe first parameter of thelinterface macro should be added as the first parameter to every interfacq function
rIacro. This parametef represents a pointer to a (C++ Vtable like) function table representing the actual
interface.
NOTE since, every interface inherits from rcIUnknown the function table and the interface function macros for
every interface-must include the QueryInterface, AddRef and Release as it first three functions in the gjven order.
uhfVmixLayer QueryInterface( intf, iid, ppUnk );
thivmixLayer AddRef ( intf );
whIVmixLayer_ Release( intf );
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Annex E
(informative)

Constraints on execution architecture

E.1 Infroduction

This clafse describes the specification of the framework execution architecture of the API. The idea’is f

specify (
specify it

The aim
rationale

E.2 Cd

This clauy

E.2.1 Middleware requirements

In order
stacks re
single-th
complete

Based o
but to ¢
requirem

E.22 T

There ar
compone
(that is th

When dg
competin
single-th

The API

[@)

part of) the execution architecture for the APl independent of a particular API instance)\that is, t
on the API framework level.

O

of this clause is to guide those people who are involved in the definition of the APl‘and to capture th
that led to the decisions taken.

D

nstraints

se describes the decisions that were taken about the execution architecture.

o specify an execution architecture for the API, it is imperative to know what the various middlewar
quire. These requirements are found to vary wildly~*For example, some middleware requires on
readed access to the complete streaming API. On\the other end of the spectrum, other stacks requin
thread-safe access to the complete streamingAPI.

O O

n these observations it was decided not to_study the requirements of all middleware stacks in detalil,
rovide an execution architecture soldtion that can handle the complete range of middlewar
ents. In some cases, an adaptation.layer needs to solve mismatches.

[¢)

hread-safe versus single-threaded

e several "levels" on which/one can specify thread-safeness or single-threadedness: platform, logic
nt, role, interface, and function. The scope of the threading model can be a single instance or a cla
e scope is all instances of the class).

ciding whethen.an entity as mentioned above should be thread-safe or single-threaded, there are t
g forces. Qpe is ease of implementation and ease of testing, which asks for the interface to
readed. The other is ease of use, which asks for the interface to be thread-safe.

tries. to find the right balance between the two. Note that the client can often solve synchronizati

problems

cheaper and better above the API| because the client has more knowledge about its exagt

synchronization requirements than the API implementation. Performance is also an issue in this context,

although

sometimes single-threadedness is better for performance (no synchronization overhead) and

sometimes thread-safeness (allow concurrent access). These considerations result in the following guideline:

API

design guideline:

A logical component instance is single-threaded. This means that the overall number of threads that
may concurrently execute methods of all public interfaces of a logical component instance is at most one.
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This guideline is the default rule for a logical component. With good reasons, one can deviate from this rule.

In general, it should be relatively easy to implement a logical component instance in such a way that each
instance is single-threaded, while different instances may be accessed concurrently. One reason that it is
relatively easy is that component instances are expected to share only little state and resources (except
possibly when they share a single physical component).

At the same time, the guideline does not couple different parts of client code too much threading wise. If it
were chosen that a greater domain than a single logical component instance was single-threaded, then the
likelihood that different parts of client code - which are expected to typically control disjunct sets of logical
mponents - need to synchronize with each other increases significantly. This requirement for fhe client
ftware to synchronize is not desired in general.

ome streaming API implementations require the client to use a specific thread (or synchronize jwith that
thread) to do down calls. This is because the APl implementation internally only uses a $irgle threaq and the
ient must use the same thread. In the M3W context (where the API implementation-and its clients pre often
veloped by different organizations) this execution architecture coupling of the APl iniplementation and client
undesired, and therefore M3W will have no such restrictions.

.2.3 What if the middleware requires thread-safe behavior?

I{ the middleware running on top of the API requires thread-safe behavior, then the adaptation layg¢r for the
iddleware must use a synchronization mechanism to comply with.the single-threaded behavior off the API.
or instance, the adaptation layer can use the monitor mechanism (typically one monitor per singledthreaded
main) for this. It is expected that this will not cause major¢problems, as such adaptation layers have been
ade before.

E.2.4 "Get"-functions are thread-safe

=

laking "Get"-functions thread-safe is relatively easy. The implementation can just use small critical| sections
p protect the underlying data. A disable/enable interrupts implementation or a disable/enable prgemption
mplementation (less dangerous on data nob shared by ISRs) are also cheap. At the same time thread-safe
"(Set"-functions are attractive to a client,\because typically one part of the client controls a specific furictionality,
while multiple parts of the client may-be“interested in the state of that functionality. This leads to the [following
duideline, which is an exception to the guideline that the logical component instance is single-threaded:

= — o+

API design guideline:
"Get"-functions are thread-safe, irrespective of whether the interface of which it is part is threag-safe.

ote that it is explieitly not proposed to make "Set"-functions thread-safe, even though the changing of the
ttribute must bé. thread-safe because of the above-mentioned rule. The reason for this is that "Set"-functions
pically do mofe than just changing an attribute, they typically also do actions that effectuate the new value of
e attributey It may be more expensive or less trivial to make those actions thread-safe as well. It glso does
t make-=sense to invoke a set function with multiple uncontrolled threads since the semantics yould be
ndefinéd anyway (race condition).

—~ ~+ Q) —>

E.2.5 Impact of a multi-process context

Operating systems like Linux or WinCE support processes with their own threads and address space. This as
opposed to for example pSOS that has no concept of processes. A multi-process context does not pose
fundamental new requirements to the execution architecture of the API.

If the API implementation is used in a multi process context, then it can be put in a shared library (DLL), which
is mapped into the address spaces of all processes that require it. There is of course an impact for the
memory architecture. Buffers passing the APl boundary must be mapped in a part of the address space that is
common (known) to the client and the APl implementation. The memory architecture is out of scope for this
document though.
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Although there is no fundamental new requirement for the execution architecture of the API, there is a
practical one for the clients in the different processes. Synchronization between threads in different processes
is more difficult than synchronization between threads in a single process, because the synchronization
primitives like semaphores have to cross a process boundary. As a consequence, the execution architecture
of the API should ideally be such that no synchronization between different client processes is needed. In
particular, there is an example (Microsoft's TV software running on WinCE) where broadcast reception control
and graphics are in different processes. The API needs thus be such that broadcast reception control and
graphics are not related with respect to threading. This is easy to do except possibly where graphics and
broadcast reception control come together (i.e., in the video mixer). The video mixer is however likely to have
a non-default threading model to cope with the threading requirements. Concluding, the multi-process issue
does notlhave impact on the chosen execution architecture of the API.

E.2.6 Notification functions and down calls

=

Allowing|a client implementation of a notification function to wait for a synchronization primitive, may result i
deadlocH and priority inversion problems. Different client notification functions can be called”on a shared
platform fthread. This results in the following guideline:

APl|design guideline:
Imp|ementations of notification functions may never wait for synchronization primitives that can

cause scheduling (blocking) and notification functions must return<in‘a defined and bound time.
sholld be a goal for the client to have notification functions return(as soon as possible.

-

Because] typically API platform calls are not defined to be non-blockingy'no calls to the API functions may b
done dufing a notification call. If needed though, the client has toxdecouple the event and do the processing
on a thregad of its own.

[¢]

It would have been possible to specify on the API that all the notification calls are always decoupled by th
platform | This would result in too many task switches beGause some notifications can be handled directly o
the thredd of the platform implementation. It is only the‘client that knows what will be done in the notificatio
function gind the decision to decouple is thus left upo the client.

- 25 O

The “Ge}’- functions, to just get an attributeCof the platform, are very simple to make thread-safe. The
typically pnly need a very short critical section that can be implemented by e.g. disabling the interrupts for
short mgment. This does not induce the problems described above. Allowing these down calls will reduce th
number ¢f task switches of the system:

QO <

[©]

The argyments in the paragraphs above result in the following guideline:

APl|design guideline:

-

From within a notification function no down call to an API function is allowed, either directly g
indifectly, except to thread-safe "Get"-functions.

D

In special cases, the APl may deviate from the rule mentioned above. Typically, this is because th
notificatipn-function is intended to trigger a very specific action that is timing sensitive, from the client. Fq
each suth-deviation, it shall be specified explicitly that it is a deviation from the general rule Also th
documentation must explicitly state which API functions are allowed to be called from within notification
functions. These API functions may then be called from within any notification function.

-

Note that in some situations that require direct timing sensitive actions there is an alternative to deviating from
the above rule. We did not choose this alternative. This alternative is to use output parameters of the
notification function to indicate the actions that must be taken. For instance, if a buffer must sometimes be
freed, then the notification function can have an output parameter freeBuffer. We did not choose this
alternative because notification functions with no output parameters or return values have a great benefit.
Such notifications can be handled completely asynchronously from the code that generated them. Having
exceptions to this benefit is considered less attractive than having exceptions to the above-mentioned rule.
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Although the rule forbids down calls (except the “get’-functions) in a notification function, the client often wants
to perform a down call to control the platform triggered by a call to a notification function. In the notification
function, the client can however send a message to one of its own threads, and perform the down call on that
thread.

From a performance viewpoint, it is essential to reduce the number of task switches and inter processor
communications as much as possible. This results in the following guideline:

API design guideline:

Design a notification function such that it provides all the information a client typically needs
about the event as parameters of the function.

-

or example, having an OnvolumeChanged () without any parameter requires the client 10 get|the new
plume setting itself (a down call). It is better to add a parameter newvolume to the notjfication functipn.

<

—

his also solves a race condition in case the client is notified of a change and calls’the Get functign on the
hanged attribute. It is possible that the value that the Get function returns is amnewer one than the Value that
figgered the notification.

= 0

.2.7 Serialization of callbacks

pecifying rules for how the implementation must perform callbacks threads-wise helps simplifying cllent code.
Vithout any rules, a client must implement all notification inteffaces thread-safe, which may be ng¢edlessly
pmplex or expensive. Therefore, the APl implementation must guarantee the following:

Q < (N

Allowed client assumption:

For each individual subscription (that is, a subscriber, cookie pair), the APl guaranteeg that all
notifications will be serialized, that is the-next notification function will not be called bdfore the
previous one has returned.

Note that this guarantee does not applylacross different subscriptions, even not to different subscriptions of
the same subscriber that uses different’cookies. The reason for this is that the client does not bengfit much
ffom it probably because it is likely\to use a different set of variables for each individual subscription. On the
agther hand, a stricter guaranteewould reduce API implementation freedom.

I{ is also important to specify;something about the order of events:
Allowed client assumption:

For each individual subscription, the order of notifications of events is the same as the|order in
which thedvents are detected.

ote that-this (minimum) guarantee must only be given as far as the client can deduct the detected order of
vents\/related events). Enlarging the scope of this guarantee across different interfaces (or|different
stances of interfaces) is very difficult. This will always depend on the actual scheduling of the|different

-in-the—clientcode i ntiat—ad nt-sotutior—mustb et (e.g. the

use of time stamps).
Note also that this guarantee excludes “prioritized” events in a single notification interface.

An API client should take notice that they cannot draw conclusions about the order of notifications to different
subscribers based on the order of subscriptions.
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E.2.8 Asynchronous callbacks

Allowing

a server implementation of the API to perform callbacks on the load of the caller of an API function is

in principle dangerous. It can easily result in deadlocks if the client code waits on synchronization primitives in

the notifi

ication functions. Although good client programming can avoid deadlocks, it is better to prevent them

in the first place. The implementation costs of asynchronous (decoupled) callbacks are minimal. Therefore, it
is advised for the implementation to adhere to the following guideline.

Gui

Do

NOTE

Furthermore, if the notification in question is ever executed autonomously (e.g. as a result of(an interrup|
there negds to be a synchronization between the platform thread doing that notification and the\elient thread. ||
is then pfobably just as easy not to use the client thread for the notification.

A platforin can impose limitations on what may be done on the load of an interrupt s€rvice routine. The client
can be spre that such limitations do not apply to callbacks.

Ca

There is
subscrib

Imp

The

On the API framework level, we explicitly do not want to prescribe how many threads to use for callbacks, ¢
even whlich callbacks share the same callback thread(s). Choices for this depend too much on the AR

instance

68

AIIo[:/ed client assumption:
|

deline:

mot perform callbacks on the load of the client thread.

this should become a rule if we allow a client to wait on synchronization primitives.

— ~—

acks will not be performed on the load of an interrupt seryvice routine.

ho guarantee that always the same thread performs the callbacks for a particular subscription (that i,
br, cookie pair):

ementation freedom:

APl implementation can use a different thread for each individual callback.

—_— =

The API instance document though may specify these issues.
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Annex F
(informative)

Error handling

.1 Introduction

n error can be defined as a condition that, if not handled, can cause a system to crash or malfunctipn. Many

rrors can be avoided by using appropriate development and verification techniques, but it is a’fact-o
ost systems contain errors. When these errors manifest themselves at execution time, they should §

be handled to avoid the system to crash or malfunction.

Tlhis clause describes the kind of errors are visible on the M3W API. The-M3W API| supports
domains/products that use different error handling strategies. This clause lists~the M3W API error
strategy.

F.2 Error Handling Strategy

H.2.1 Error Handling Goals
Returning errors has one or more of the following goals;

-+ G1. Indicate that a postcondition of a certain method is not met. Otherwise, the client of the sery
make WRONG ASSUMPTIONS.

—+ G2. Indicate WHAT went wrong in order’to help the caller to RECOVER from the situation.

—+ G3. Communicate an exceptional:functional result. This is in fact part of the functional control
(e.g. tan(Pi/2) results Not ANumbér).

=

Vhen debugging a client or a server, returning error values is not the best tool.

=

Vhile defining error codes, one obviously has to know which goal(s) one is trying to achieve. An ex
the wrong usage aceofding to these goals that is often found is returning a detailed implementation e
n an interface (e.goreturning 12C write error on SetVolume). This by no means complies with G3 (
flinctional result.of setvVolume). It does not comply with G2; a volume control client (e.g. Ul) canng
flom an 12C Write problem. So, apparently it is there for G1 (or for debugging purposes). For that purg
returning-a.global "error" would have been enough and it will result in a more robust interface (less
n exeeptional situation should be handled as an exceptional case (e.g. exception handler). Ex
ses. typically are not and cannot be handled by the general functional client. The exception handle

f-life that
omehow

different
handling

er would

interface

ample of
fror code
tis not a
[ recover
ose, just
specific).
Ceptional
r can be

edfor reporting that the postcondition is not met. This will be discussed in subclause F.2.4.

F.2.2 Error Value Requirements
From the goals in the previous subclause the following requirements can be deducted:
— R1. The error value returned shall be such that the client of the interface is capable of handling

condition. For example, a “volume controller” cannot handle an 12C error but “maximum volume
can be considered a functional return value of an “increase volume” function.
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Thus, the following induced requirements hold:

— R2. The error value on an interface should indicate as precisely as possible what the problem is.

However,

— RS3. The error value on an interface should be in the "vocabulary" of the interface. Again, returning 12C
write error is not part of the vocabulary of the volume controller, it only knows about volume up or down,

etc., it does not understand 12C. It even does not know that I12C is used in the implementation, as the
interface should be platform independent

Furthermore,

— RA4.|The error should not have been predictable. If it were predictable, it should have been cdaught b
megns of a different scheme (e.g. assert). Furthermore, the client will never have code te anticipate o
someething that could have been predicted. Note that sometimes this is considered acceptable because ¢
programming convenience. For example, reading a file may result in EOF being returned although on|
could have known the size of the file.

D =<

— RS5. [t should be possible to log non-functional errors. This makes it possible~(for e.g. service-engineerg)
to determine what went wrong.

Error vallies for M3W API shall meet the requirements above.

F.2.3 Brror Categories
In generdl, the following categories of errors can be identified:

— E1. |Programming errors

[oN

Programming errors are trapped with assertions-during the debug phase. They are typically not checke]
in the retail build. No clean up is attempted«in’ the case of programming errors. Program execution
halted immediately. In the retail build, programming errors are likely to result in undefined behavior, as th
errof conditions are simply not checked-inthis case. Programming errors fall into two basic categories:

O o

[72]

— |Caller errors are a result of ndt.complying with preconditions of the method being called. Example
are supplying a wrong input'parameter or not complying with the proper calling sequence. These ca
(and should) be checked(with asserts at debug time. Strong typing helps to avoid type problems.

-

— |Callee errors can have several causes:

— Out of beunds, divide by 0, etc. These can be checked with a tool e.g. BoundsChecker at debug
time.

— \Wreng resource assumption. For example, the amount of resources available/left. These can be
checked with asserts at debug time.

— Worong resource usage. For example, not releasing memory, a semaphore, any other resource.
These can be checked with a tool e.g. BoundsChecker at debug time. Acquiring a wrong
resource type for a particular service. This might be countered (to some extend) with strong

typing.

— Other errors resulting in the postcondition not being met. This is to be found by means of proper
test applications.
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E2. Functional errors

These errors are supposed to be handled by the client. The server component reporting the error is in a
normal state and can continue its task as specified. An example is an “increase volume” function that
returns a “maximum volume reached” error code. Errors of this type are part of the “protocol” associated
with an interface and specified within the interface. Failing to handle such an error in the appropriate way
is considered a programming error.

E3. Exceptional errors

Q T

D T

.2.4 Error Handling Mechanisms

These are errors that are detected by a server component but that are explicitly not resoled by that
component (e.g. because of too much effort, too high cost, too low benefit). Fatal errors areione|group of
exceptional errors. The fundamental difference with a functional error is that the server compongnt is not
in a normal state anymore. In order to handle these fatal errors the platform provides special fungtionality,
referred to as the fatal error handler. Fatal errors that occur in the platform are reported by the fatal error
handler to the client that typically aborts normal program execution. The other group’of exceptional errors
consists of non-fatal errors. These are also system-wide errors, but the system’is able to contihue after
their occurrence. Non-fatal errors are also reported via the fatal error handler’via a separate [|nterface.
Whether an exceptional error is fatal or non-fatal is specified by the platform-instance.

or the programming errors, no error handling mechanism is described except for the proposed psage of
ssertions during development time.

or the other two error categories, there are several mechanisms to inform the client of the occurrence of an
rror. These mechanisms are:

Return code of a function. Every function .defined within M3W (except notification functipns) has
rcResult_t as return type and returns at least-RC_OK. Whenever a functional error is detected during the
execution of a function call, the caller is informed via the return code of the function. This return fode has
to be specified as part of the behavion of the function, since it is part of the functional behgavior. An
example is given below:

Return values of the function:

Table F.1
Name Description
RC QX The function call succeeded. All
output parameters contain valid
values.

specified channel. The content of
the output parameters is undefined.

Error notification function of a logical component. Some errors detected by a logical component are not
directly related to a function call, however they have a meaning in the domain of the logical component.
These errors are usually related to the quality of an audio or video stream. Examples of such errors are:
‘parity error’ or ‘sync lost’. These errors should in principle not occur, but the client of the logical
component is able to handle the error, i.e. it tries to recover or goes to a defined state. These are also
functional errors. To inform the client of these errors, the logical component defines a notification to which
the client can subscribe.
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— Non-fatal error handler of the platform instance. The platform instance as a whole provides a handler for
non-fatal errors. These errors are non-fatal in the sense that the system can continue after their

occu
they
exce

rrence. It is not useful to notify these errors in the context of a specific logical component because
are of no use to the client of such a logical component. An example of such an error can be
eding the maximum delay between input and output of the entire system. The reason to notify these

events is not directly to impact the functional behavior of the client, but to allow the client to log these
events for testing or servicing purposes.

— Fatal error handler of the platform instance. The platform instance as a whole provides a handler for fatal

errors. All fatal errors must be notified via this handler. A client should install a client handler that is

stat
by &

F.2.5 BError Numbering Conventions

F.2.5.1

Functionpl errors are defined using a 32-bit error code. The high bit of a functional errer code is never set (1

indicate

One glok

in the rapge 0x00000001 to Ox7FFFFFFF is returned. The lowest 12 bits,are defined by M3W and represemt
the actugl error code, ranging from 0x00000001 to OxO0000FFF. The yemaining 19 bits can be used in ja
platform [specific way, e.g. for debugging purposes. When no error has occurred, these 19 bits also have to b
zero. This makes the check on RC_OK straightforward. The structure of the functional error code is given in

Figure F

F.2.5.2

The erro

a platforin specific way.

capible of handling a notified fatal error. A fatal error typically leads to bringing the system in a defined

again via a reset (the reset space depends on the system context). These errors must be handled
client error handler, which determines how the program is actually terminated.

Functional Errors

O

he difference with exceptional errors).

al functional error is defined: RC_OK (0x00000000). In case a functional error has occurred, a valuge

1 — Functional error code.

31 30 12 11 0 bit
0 platform specific M3W defined

FigureF:3 — Functional error code

Exceptional Errors

's are indicated by errgrcodes in the range 0x80000000 to OxFFFFFFFF. These codes are defined in

31,30 0 bit
1 platform specific

Figure F.2 — Exceptional error code
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F.3 General Interface Rationale

If we would expose all detailed implementation errors on an interface, we would have the following problems:

The interface changes every day: since we don't know what the client is going to do with whi
we have to expose all internal errors on the APl interface. So, whenever the new implementation

ch error,
interface

changes (it can report a new error condition) the actual platform interface has to change to allow for
propagation of the errors. Thus, it is not acceptable to have the detailed error conditions on the control

API.

—

O 0 (N

azy Programming
ometimes it can be very convenient if one*could stop a device twice without getting the error: “devic

topped” as a result of the second:¢all. Allowing this, however, will destroy a potential means
rogramming errors. So, this should only be used when it significantly increases programming conver

K.4 Context of Errors

pturned on the volume control interface, but it can definitely be returned on the 12C communication
n the latter.intefface, it becomes a functional error condition (E2).

Compatibility: if we are going to return error conditions based on the input parameter checking

(and the

client is going to rely on this), it is no longer allowed to change (enlarge) the possiblerdomain of an

interface of the server. Suppose that the client requires an interface to take the square root o
numbers. If that method would return an error if the client tries to calculate the square root of a
number, then it is not possible to upgrade the server so that it can also take the square root of
numbers and bind it to the same client (while in principle it could do the job as_itlis“a true supe

positive
negative
complex
set). For

this reason, specifying on an interface that input parameters will be checked and’appropriate erfor codes

are returned is not acceptable. Note however that a certain implementation (platform insts
complies with the interfaces) may check input parameters and clip them(incase of problems in
recover from the problem. Clients should, however, never depend on this.

Footprint: actually checking parameters increases the footprint®as the code in the server
parameters has to be written. Furthermore, the client code that.actually checks these paramete
be written as well, and it is very unlikely that this will be useful code. The error scheme should
clean client implementations that do not have to deal witherror return codes for every call.

Testing: all the additional code to check parameters has to be tested which makes it more diffig
a good coverage. The error scheme should allow/for clean server implementations that do no
deal with error return codes for every call.

nce that
order to

fo check
I's has to
allow for

ult to get
have to

b already
to catch
ience.

Tlhe context in which(acertain error takes place obviously determines whether or not it should be refurned as
dn error value onCan interface. Again, consider the 12C example. Such an error condition shoul
r
d

d not be
nterface.
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Before Release or After Release

The picty
errors of
of them

graceful

however
don't wa
rate). So|

On the o
result in
messags
So any €
client mu

All errors
ofa
complete
product

A) 99% of the errors
are caught during
development. They
should be caught as

soon as possible. =>

- ASSERT
- Strong typing
- etc.

B) 1% is not caught
before release
?7?

Figure F.3 — Who is going to debug, the integrator or the)end customer?

re above tries to depict the contradiction in requirements\with reference to the handling of errors. Thie
class A are found during development. Obviously, wechave to do everything we can to catch as many
AS we can as soon as possible (e.g. assert when the precondition is not met). There is no need fgr
degradation; it is even undesired (it can only hide-the problem). After the product has been release
this is not that obvious anymore and we still\Rave e.g. 1 % of the errors present in the system.
ht customers of a complete product to actually debug the product (we want to reduce the field cqll
in that case, one does want to have graceful degradation if possible (hide the error).

ther hand, postponing the handlingof the error condition (e.g. by ignoring the problem) can obvious
more severe problems. In that case; it might have been better not to ignore the "small" problem. T

is, that it depends a lot on the context (type of product, etc.) what to do with a certain error conditio
xception scheme has to allow for local decisions to be made on recovery, abort, or do nothing. Th
st be able to determine the/granularity of error checking, recovery/handling.

D -

End User System integrator
Application
NV builder

AP|

74

AA
/ \ \ Platform
builder

Figure F.4 — Different Stakeholders
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System Integrator or Application Builder

For the application builder, it is very convenient that the minimum amount of errors is returned and

2007(E)

that they

can obviously be understood/handled by the application builder. The system integrator, however, wants to find

out about any error during testing, and he probably understands every error. Next to this, he
minimize the final product field call rate.

wants to

Since we are providing a platform, we cannot make too many assumptions about the different clients of the

platform or the products that will be built with this platform. This is a very similar situation to operating
The safest solution is to provide means to communicate all error codes to the client of the platform.

systems.

Are we building the product or a part of the product?

I{ we are building the entire product (horizontal market/set builder), we can make decisions what t
ertain fatal error condition within the platform. This allows you to have methods on an ARJkthat have
alue at all. This makes the platform very convenient to program. If we are just providing a platform
ertical market), it is often the third party middleware stack that demands to.'be”in control in
xceptional error conditions. In such a situation, we have to provide means for-letting the applicatig
hat to do in case of an exceptional error.

S 0 < < O

b do in a
no return
(like in a
case of
n decide
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Annex G
(informative)

Notification

G.1 Infroduction

In this A
This API

“interface pattern” that can be “instantiated” in a concrete interface suite. This is due to the MI3W platfor

having fu
this suite
the typed

An insta
interface
defined i
interface
notificati

G.2 Cg

G.21 H

The M3V}
by the p

events that occur in the platform. Examples ofievents are autonomous state changes, detection of sign

changes
supporte

In the “p
functions
this mod
the platf
notificati
the more

The M3
notificati

Pl specification we define the event notification mechanism as uniformly supported by M3W platforn.

specification is special in the sense that it does not define a single collection of interfaces”but ;I:
nctional notification interfaces (one dedicated callback interface per set of events). Fhe interfaces i
are therefore dependent on the “event signature” defining the names of the events to-be notified an
of their parameters.

[© N

htiation of the interface pattern defined by the notification interface suite\ eonsists of a notificatio

a subscription interface and a collection of special types and constants. These three entities an
h this specification with the event signature acting as a parameter of\the specification. Most UHAR
suites support event notifications and are therefore “based on” ene or more instantiations of th
bn interface suite defined in this API specification.

O =0 5

ncepts

vent Notification

[oN

V provides “control interfaces” that allow a cliént of the M3W platform to control functionality provide]
atform. Besides controlling functionality,.Clients usually also wish to perform actions in reaction f

=0

completion of asynchronous actions;-etc. There are two different ways this event handling can
d by an API, often characterized as.the “pull” and the “push” models.

LII” model the API provides-functions to inspect the status of the platform. The client can use the
to “poll” the platform for statds changes and thus detect the occurrence of events and take action. |
el the responsibility for-detecting the occurrence of events is put with the client. In the “push” modg¢l
brm takes the responsibility for this and notifies the client when events occur. On receiving th
bn the client can take immediate action. Since the platform generates the events itself this is usual
efficient solutienin terms of overall performance as well as event handling latency.

IV supports,the “push” model of event handling. This approach requires the client to provide
bn interface containing functions that will be called by the platform on the occurrence of events. The

notificati
the func
structur

bn interfaces are functional interfaces, implying that there is a one-to-one correspondence betwe
ions in a notification interface and the (types of) events being notified through the interface. T

interface <prefix>IXYNtf : rcIUnknown

{

76

Void OnEventl( ... );
Void OnEvent2( ... );
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The variable parts are the X and Y parts of the natification interface name and the names of the events Event1,
Event2, etc. X is the short name of the interface suite that the interface is part of (the “suite prefix”) and Y
derives from the control interface that the notification interface is associated with (see below).

The grouping of notification functions in notification interfaces is typically based on the fact that the functions
notify events related to the same role. These events usually originate from the “streaming behavior” and/or the
“active behavior” of the role. Some events may be specific to an interface of a role, in particular events that
report completion of asynchronous actions initiated by calls to functions in the interface.

of a Notification

he value of an attribute may change autonomously (e.g. because of an interrupt), or via a Set-functfon. In all
gases, these changes are notified via a notification function. Even when the Set function is ‘called tivo times
ith the same value, the client will receive two notifications. So, each autonomous change orassignnjent via a
Jet-function is notified.

Hy notifying assignments via Set-functions next to autonomous changes, no dependency is created|between
the part of the client software that actually controls an attribute and possibly another part of that softyvare that
dctually observes the attribute. Furthermore, a model where only autonomgus changes are signalg¢d to the

iddleware can be emulated on top of this model. The rule that two invoeations of Set with the sa4ne value

I¢ads to two notifications enables a simpler implementation in the platform.(less error-prone), and sugports the
eparation of the controlling part (that decided to make two invocations)and observing part for the aftribute in

the client software.

G.2.1.2 Notification Call provides Changed Data

A notification call passes the changed data by value or by reference. Attribute values are passed by yalue, by
placing them on the stack. For large blocks of changed data, a reference to the data is pasded. This
referenced notified data is guaranteed to be valid until'the notification function returns. Therefore, if tHe data is
eeded later on by the client after the notification function returns, it has to be copied. If two cllents are
bscribed to the same attribute, then both clients are notified with the same value, even if there is an attribute
change in between both notifications.

I{ the data would not be included in the'notification and the client performs a down call to obtain the data (Get-
fiinction), it is possible that the datajalready has been overwritten with a new value, as discussed|in 1.4.1.
Hurthermore, providing the changed data in the notification function reduces the execution time (gspecially

hen passing a processor boundary), since no Get-functions have to be used to obtain this data.

5.2.2 Event Subscription

Hor reasons of effieiency it is not desirable that clients receive notifications of all events. Clients need some
ay to indicate-that they wish to receive notifications of certain events only. The mechanism that achieves this
i$ commonly-réferred to as event subscription. By subscribing to an event a client indicates that it wishes to
receive notifications of the event and by unsubscribing it indicates that it no longer wishes tq receive
otifications of the event.

he-M3W way of event notification and subscription complies with the “observer pattern” as describgd in [14].

VE WIITUSE the Same terminoliogy a r AT 1O refer 10 the obje generating and notutying ever ,aIIedthe
subject, and the object receiving notifications of events, called the observer. In M3W the providers of control
interfaces act as subjects and the API clients act as observers.

Event subscription functionality is provided as part of the control interface(s) of a subject rather than being
provided by a separate interface. For example, if a subject provides a control interface <prefix>IXY (where
X is the suite prefix) and generates events that are notified to an observer, then <prefix>IXY will contain
two standard functions Subscribe and Unsubscribe that allow the observer to selectively switch notifications
on and off:
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interface <prefix>IXY : rcIUnknown

{

}

rcResult_t Subscribe( ... );
rcResult_t Unsubscribe( ... );
Functionl;

Function2;

The Subscribe and Unsubscribe functions allow a set of notifications to be switched on and off in a single call.

The set is specified as a parameter of these functions and the set values are constructed by logical “OR-ing”
of valueq that represent the various types of event notifications. The typical structure of the data type definition
that definjes these values is indicated below:
typpdef enum _<prefix>X_YNtf_t {
uhX_YEventl = 0x00000001,
uhX_YEvent2 = 0x00000002,
uhX_YEvent3 = 0x00000004,
uhX_YEvent4d = 0x00000008,
} <prefix>X_ YNtf_t, *p<prefix>X YNtf_t;
NOTE the underscore between the X and Y parts of the type name.
Subscription and unsubscription works in an additive way. For example, if an observer subsequently
subscribges to the sets of events {Event1,Event2} and {Event2,Event3} it will be subscribed o
{Event1,Event2,Event3}. If it then unsubscribes to {Event1,Event2}itwill still be subscribed to Event3.
The subgcription and notification scheme as used in the UHAPI is schematically indicated in Figure G.1 +
Single Spbject and Single Observer, which shows a single subject and a single observer. As indicated in this
figure, the following naming convention is used: if the name of the control interface is uhlXY, then the name ¢f
the corresponding notification interface is <prefix>IXYNtf.
observer
bbserver calls Subscribe/Unsubseribe b id tificati
flinctions and specifies the set of\event ---------ceceeeui | cmmmmommee 0 sefrverlpro:cn es ahno ncation
notifications to be enabled/disabled unction for each event
g? <prefix> X YNtf
<prefix>1XY a)
subjeet\provides Subscribe/ on occurrence of a subscribed event
Wnsubscribe functions and keeps track ------=--cceceec|  § cmmmcmmcccmanen the subject calls the corresponding
of the subscribed events notification function
subject
Figure G.1 — Single Subject and Single Observer
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G.2.3 Multiplicity Issues

A subject supports notifications to multiple observers. Each observer that provides the notification

interface

<prefix>IXYNtf associated with the subject can subscribe to notifications of events by the subject. In

order for the subject to know which functions to call on occurrence of an event each observer should

pass the

pointer to its <prefix>IXYNtf interface when subscribing, as indicated in Figure G.2 — Single Subject and
Multiple Observers. At the subject side these interface pointers act as identifications of the subscribed

observers.

observer, observer, observer,

on (un)subscribing an observer
passes a pointertoits 9\) prefix XYNtf g? prefixI X YNtf. g?prefixlx YNtf

prefixIXYNTtf interface to identify
itself

prefixIXY 85

subject uses the prefixI XYNtf interface
pointers to tell the observers apart
and notify them selectively

subject

Figure G.2 — Single Subject and Multiple Observers

n observer with notification interface <prefix>IXYNtf may subscribe to events from multiple subje
plies that the same notification function in <prefix>IXYNtf may be called from different subject
e question how the observer can.determine from which subject a notification came. The problem
y allowing the observer to pass_a-special value to the subject when subscribing to a set of events.
vent occurs in the subject and:the observer is subscribed to the event, this so-called cookie is pas
b the observer as a parameter of the notification function; see Figure G.3 — Multiple Subjects arn
bserver.

O 0 ot = >

cts. This
5, raising
s solved
When an
sed back
d Single
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on (un)subscribing, the observer
passes a cookie that is unique

observer for the subject

N SIS

i E E on notifying the observer the subject

i prefixIXYNtf ! passes the cookie back so the observer
: H H canidantifi; thg natifuina crihiant

: : : : J ) J J J N

prefixIXY i prefixIXY prefixIXY ,/’/
. R
subject, subject, subject,

Figure G.3 — Multiple Subjects and Single Observer

As follow
subscrib

s from the above discussion, the following three parameters have to be passed by an observer whe
ng to event notifications:

The set of events that the observer wants to subscribe to.
The pointer to the notification interface of‘the observer.

The cookie that should be passedby the subject when notifying an event.

Since an t

happens

observer may subscribe multiple times to events from the same subject the question arises wh
if different cookies are used in these subscriptions. For example, if the observer subscribes

{EventA,
will happ
if EventH

The ans

FventB} using cookie1 and then to {EventB,EventC} using cookie2 (where cookie1 # cookie2) what
en when EventA occurs? Will the subject pass cookie? or cookie2 when notifying EventA? And what
occurs?

subscrip
subject

wer is that 4hé” subject treats each pair (observer,cookie) as the identification of a separa
ion. Each_pair*(observer,cookie) has its own set of subscribed events. So, in the above example, th
ill maintain two separate subscriptions for cookie1 and cookie2. The first is a subscription

{EventA,EventB}. and the second is a subscription to {EventB,EventC}. When EventA occurs a sing|
notificatipn_centaining cookie1 will be sent to the observer. When EventB occurs two notifications will be semt
to the opseérver (in unspecified order), one containing cookie1 and the other containing cookie2. This
indicated in the sequence diagram in Figure G.4 — Single Subject, Single Observer, Multiple Cookies.

When unsubscribing to events the same types of parameters are used as with subscribing except that the
specified event notifications are interpreted differently. Unsubscribe will remove events from a subscription
identified by a (observer,cookie) pair, rather than add events, as illustrated by Figure G.4 — Single Subject,
Single Observer, Multiple Cookies. In order to completely cancel a subscription identified by a cookie, the set
of all notifications should be used as parameter of the Unsubscribe function. For this purpose, and the
purpose of enabling all notifications in a subscription, the special constant <prefix>X_YA11Ntfs is provided.
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prefixIXY
4O< ...................................................
subject prefixIXYNtf observer
___________________________________________________ >Oi
Subscribe( pIXYNIf, cookie,, ( prefixX_YEvent, | prefixX_YEvent, ) )
OnSubscriptionChanged( cookie, notifs, ) ... >
Subscribe( pIXYNIf, cookie,, ( prefixX_YEvent, | prefixX_YEvent, ) )
OnSubscriptionChanged( cookiey MotSy) e K
Event,
_Onbvent(cookiey ) A >
Event,
_OnEventy{ cookiey ) (O >
_OnEventy Cookiey &)\ e >
Unsubscribe( pIXYNIf, cookie.prefixX_YEvent, ) )
OnSubscriptionChanged( cookie;, notSs) e >
Event,
_QuEventf cookiey ) e >

Figure G.4 — Single Subject, Single Observer, Multiple Cookies

G.2.4 Execution Aspects

In order to allow for efficient implementations of the subscription and notification mechanism, in particular
when subjects and observers reside in different process or processor domains, event subscrigtion and
otification is orgapized in a largely asynchronous way. More precisely:

-}

— The subseribe and Unsubscribe functions are specified as asynchronous functions. This implies that
obseryers do not have to wait until the actual (un)subscription has been performed. In order |to let an
observer synchronize with completion of the subscribe/unsubscribe action by the subject, the olserver is
given the opportunity to subscribe to a special SubscriptionChanged event. When subscribgd to this
event the subject will send a notification to the observer reporting the completion. The name of the
uuffcopunding notifieationfunctionisonSubscriptionthemgedand-thas—two parameters: tHe cookie
associated with the subscription and the new value of the subscription. The SubscriptionChanged
event is dealt with in the same way as the application-specific events Event1, Event2, ... As a matter of
fact, it is always the first in this list, i.e. Event! == SubscriptionChanged. The first function in a
notification interface is therefore always the OnSubscriptionChanged function. Figure G.5 — Single
Subject and Multiple Observers with OnSubscriptionChanged Notifications illustrates the use of
OnSubscriptionChanged in the case of a subject with two observers.
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Event,(1)
—

prefixIXY ﬁ} prefixLXYNtf ?4— PIXYNIf, prefix XYNtf ?4— PIXYNIf,

subject observer, observer,

Subscribe( pIXYNIf,, cookie,, ( prefixX_YSubscriptionChanged | prefixX_YEvent,

OnSubscriptionChanged( cookie,, notifs, )

Event,(2)
4 OnEvent,( cookie,, 2')

Subscribe( p/XYNIf,, cookie,, ( prefixX_YSubscriptionChanged | prefixX_YEvent,

OnSubscriptionChanged( cookie,, notifs, )

Eveny(® > OnEvent,( cookie,, 3 )
OnEvent,( cookie,, 3 )
Unsubscribe( pIXYNIf,, cookie,, prefixX_YEvent, )
Event® OnEvent,( cookie,, 4)
OnSubscriptionChanged( cookie,, notifs, )
Event,(5)

OnEvent,( cookie,, 4)

OnEvent,( cookie,, 5 )

Unsubscribe( pIXYNf,, cookie,, ( prefixX_YSubscriptionChanged | prefixX_YEvent, ) )

Event,(6) _
OnEvent,( cookie,, 6 )
Event,(7)
> Unsubscribe( pIXYNIf,, cookie,, prefixX_YSubscriptionChanged )
Event,(8) -

Figu

Figure G
things:

— Whe
onsS
obs
uns

— OnS
Wh¢
but
OonsS

— Whe

e G.5 — Single Subject and Multiple Observers withiOhSubscriptionChanged Notifications

5 — Single Subject and Multiple Observers with:-OnSubscriptionChanged Notificationsshows sever

n an observer subscribes to «(SubscriptionChanged events it will receive
LbscriptionChanged notificationswhen the subscription has been completed, but when g
rver unsubscribes to SubscriptionChanged events it will not receive a notification when th
bscription has been completed.

LbscriptionChanged hofifications are treated in a special way compared to the other notifications.
n a subscription is changed this event is not notified to all subscribers to OnSubscriptionChange
pnly to the observérjassociated with the changed subscription (provided that it is subscribed
LibscriptionChanged).

n subscribifig-to an event, an occurrence of the event after completing the call of Subscribe will ngt

necgssarily \S\be notified but if the event occurs after receiving the correspondin

OonsS

L bscrilptionChanged notification it will be notified.

— Whe

n_unsubscribing to an event, the event can still be notified after completing the call of Unsubscribl

but not after receiving the corresponding OnSubscriptionChanged notification.

NOTE
from bein

that the Subscribe and Unsubscribe functions being specified as asynchronous does not prevent them
g implemented as synchronous functions. The information whether or not Subscribe and Unsubscribe

have been implemented as synchronous functions is typically found in a platform instance API specification.

— No synchronicity properties are specified for notification functions implying that observers are free to
define/implement them as synchronous as well as asynchronous functions. The synchronicity information
is irrelevant to the subject because the subject always considers a notification completed when it returns
from the call of the notification function.
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Notification functions have to satisfy a number of constraints:

No return values or callbacks are expected by the subject, hence notification functions should return no

result and have in-parameters only. This is also important to allow for efficient remote implement
the notification mechanism (see below).

ations of

Since notification functions can be called “any time” they normally have precondition True. If not True,

the precondition should be a condition that is (provably) true in all situations that the subject
notification function.

w o =z

O DO D o< < QO >

OTE that, similar to the Subscribe and Unsubscribe functions, the notification functions be
synchronously by the subject does notyimply that a particular implementation cannot choose to call these
ynchronously.

s can be inferred from the ‘above, each in-call of a subscribe/unsubscribe function will (conceptually
“pending” subscribe/unsubscribe action in the subject. Similarly, each occurrence of an event in th
ill (conceptually) result in a “pending” out-call to a notification function. There are no guarantees wh
ith respect to the order of execution of these pending actions and calls by the subject. As an exam
otification of twe-different events, Figure G.6 — Asynchronous Events shows a stream of processin
ach with an event that is based on the contents of a stream. If a property changes in the stream, ¢
xpect that the-client first receives the onaChanged event followed by the onBChanged event. This
f eventsis however not guaranteed, since the two events are not related to the same subscription.

calls the

Notification functions should be “well-behaved” in the sense that they do not interfere with the’bghavior of

the subject in an undesirable way. This general constraint is referred to as callback-compliance.

t implies

among other things that notification functions should be non-blocking and short, and |that they may
perform “down-calls” (calls of platform functions) under certain strict conditions only. These conditions are

part of the M3W execution architecture and not further discussed here.

Apart from callback-compliance the behavior of a notification function is ccompletely definedd by the

observer, which is reflected in the pre- and post-condition specification of atypical notification fun
Precondition True

Action Any callback-compliant action.

Postcondition True

A specific observer can fill in the “action” and strengthen.the postcondition.

The fact that the subject calls notification functiohs asynchronously implies that the executiq

ction:

n of the

notification functions can be decoupled from_the “normal” behavior of the subject. In particulpr, when
subject and observer are in different processtor processor domains the calls of the notification functions
can be performed by a separate thread_that is part of the proxy-stub code in the observer process or

processor domain.

»O

ng called
functions

) lead to
b subject
atsoever
ble of the
g blocks,
ne could
ordering

O
OnAChanged 4 OnBChanged 4

A/V stream

Figure G.6 — Asynchronous Events
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The reason for not guaranteeing the ordering of different events is that the client does not benefit much from it
probably, because it is likely to use a different set of variables for each individual subscription. Furthermore, a
stricter guarantee would reduce APl implementation freedom. If such a guarantee is essential, a different
solution must be used (e.g. the use of time stamps).

There are two exceptions to the above:

— Subscribe/unsubscribe actions relating to the same subscription (observer-cookie pair) are
processed in first-in-first-out order, i.e. in the order the Subscribe/Unsubscribe functions were called.

— Call$ to notification functions relating to the same subscription (observer-cookie pair) are processed in
firstfin-first-out order, i.e. in the order of detecting the occurrences of the event.

—. -~

events fqr different observer-cookie pairs are not necessarily notified in the exact order they oceur since mo
events dre inherently asynchronous. The second rule implies, among other things, that different observe
subscribed to the same set of events will receive the notifications of the events in the same order (but ng
necessafily at the same time).

This is sghematically indicated in Figure G.7 — Asynchronous Event Subscription and Notification."Note th};

—

observer

prefixIXY
.......... SRS
pending : . - l:' pending
(un)subscribe -1-4--# - 3 ¢ : event
actions : N o }'ﬁ : notifications
subscription, subscription,, subscription,
subject

Figure G.7 — Asynchronous Event Subscription and Notification

Observers may concurrently call the Subscribe and Unsubscribe functions. However, in order to allow for
efficient implementations of the above ordering properties the following constraint is imposed on the use of the
Subscribe and Unsubscribe functions: no two calls of (any combination of) the Subscribe and
Unsubscribe functions may be in progress that operate on the same subscription (observer-cookie pair). In
practice this is not a real constraint because concurrent access to the same subscription is something to be
avoided anyway due to the inherent race conditions.
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G.2.4.1 Relation between Notification and Get-function

When an attribute is changed, a notification is issued (passing its new value). Calling Get for an attribute
might return a different value than the one passed in the notification, because the value might have changed
again. (Note: Since the attribute value is also passed as an argument of the notification function, it is normally
not required to do another Get of the same attribute.). So, calling a Get-function may return a value that has
not been notified yet.

In Figure G.8 — Order of Actions, the order of actions is depicted in case of a change of an attribute:

1) An autonomous change of the value related to attribute A is occurring (left picture), or a Set function
is being called to change the attribute (right picture).

2) The value of attribute A is updated.

3) The change of attribute A is notified to the client software.

client software client software
GetA SetA \ GetA
€ X / [3]0nAChanged [1]5e \‘ 2 & / [3]0nAChanged
platform software platform software
[21 A=A [2] A=A

2

Figure G.8 — Order of Actions

—

herefore, calling GetAa after step(2,but before step 3 returns already the new value A’ that has pot been
otified yet. In addition, subsequent calls of Geta can result in different values. So, an expregsion like
X*Geta + Y*GetA’ will restilhin an unpredictable result, since two different values of A may be used.

-

—

his notification behavior, has been adopted because the multimedia domain is inherently multi-threpded. An
pproach in which arsubsequent Get-function returns the same value as the last preceding notiflcation is
ifficult to implement\in such an environment, e.g. the last notified value would have to be cached pnd care
ust be taken ©iot"to lose attribute changes that have not been notified yet. For clients the ngtification
havior described in this subclause is also suitable, since they obtain the new value as argument of the
tification-function; no calling of a Get-function for the attribute is needed. This behavior is also bengficial for
ients that'apply polling, since this way they always obtain the most recent value via a Get-function.|lt is also
felt thatthis notification behavior is less error-prone and easier to explain.

Q Q

G.2.5 Parameters of the Notification Interface Suite

The notification interface suite defined in this API specification is special in the sense that it does not define a
single collection of interfaces but an “interface pattern” that can be “instantiated” in a concrete interface suite.
This is due to M3W having functional notification interfaces (one dedicated callback interface per set of
events). The interfaces in this suite are therefore dependent on the “event signature”, i.e. the names of the
events to be notified and the names and types of their parameters.
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The event signature can be identified with the signature of the corresponding notification interface which has
the following structure:

interface <prefix>IXYNtf : rcIUnknown

{

Void OnSubscriptionChanged (

[in] UInt32 cookie,

[in] <prefix>X_YNtfSet_t notifs );
Void OnEvent2( [in] UInt32 cookie, ... );
Void OnEvent3( [in] UInt32 cookie, ... );

The part]
means o

By provi
can be ¢
the value
roles ang
because

A specig
interface
notificati
the subs
provided

Void OnEventn( [in] UInt32 cookie, ... );

5 that are variable per instantiation of the notification interface suite are indicated initalics and by
f ellipses. They are:

The interface suite prefix X.

The name Y deriving from the name <prefix>IXY of the control intefface corresponding to th
notification interface.

D

The number n indicating the number of events, where 1 < n < 32,
The names Event2, Event3, ..., Eventn of the application-specific events being notified.

The types, IDL attributes and names of the event parameters being passed in the notification
functions. These are supposed to occur at the ellipsescin the function parameter lists.

jing concrete values for these parameters a_concrete instantiation of the notification interface sui
reated. In the specification we will use the above parameters (indicated in italics) as placeholders fgr
s used in a concrete application of the notification interface suite. Strictly speaking, the names of th

attributes used in this specification areg also parameters of the instantiation but we ignore them he
they are not visible to the user of the API.

I complication is that in the M3W event subscription/unsubscription is not provided by separa
5 but by including the subscribe/unsubscribe functions in control interfaces. In the specification of t
bn interface suite we will/nevertheless introduce a separate interface <prefix>IXYSubscribe for
cription/unsubscription~functionality, which can be viewed as an auxiliary interface that is never
on its own. It is @used in specifications of interface suites that are “based on” one or mo

instantiafions of the notification interface suite to indicate that a control interface supports event subscription.

That is, t

int

{

he <prefix>I&YSubscribe interface is defined by:
erface gprefix>IXYSubscribe : rcIUnknown

rcResult_t Subscribe( ... );
rcResult_t Unsubscribe( ... );

}

and a control interface <prefix>IXY that provides the Subscribe and Unsubscribe functions is defined by:

interface uhIXY : uhIXYSubscribe

{

86

Functionl;
Function2;
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G.2.6 Instantiating the Notification Interface Suite

Most M3W interface suites support event notifications and are therefore “based on” the notification interface
suite defined in this API specification. They include one or more instantiations of the notification interface suite.
The actual parameters of the instantiations are usually not made explicit; instead (the IDL of) the concrete
notification interfaces and associated data types and constants are given from which the actual parameters
can be derived.

A concrete instantation of the notification interface suite with parameters consists of the following items:

1) The subscription interface <prefix>IXYSubscribe.
2) The notification interface <prefix>IXYNtf.
3) The data type <prefix>x_YNtf_t defining values representing the individuaknétification functions.

4) The data type <prefix>X_YNtfSet_t representing sets (bit veCtors) of values |of type
<prefix>X_ YNtf_t.

5) The constant <prefix>X_YAI11Ntfs.

imstantiations of the notification suite used in the other M3W specifications. These rights and obligatipns need
erefore not be repeated; only additional requirements with respect to the notification interfaces hgve to be
ecified.

Tlhese items are specified in this API specification. The rights and obligations associated with them apply to all
[
t

.3 Types & Constants

G.3.1 Public Types & Constants

G.3.1.1  Error Codes

None.

G.3.1.2 <prefix>X_YNtf_t

(7))

ignature

typedef enum _<prefix>X_YNtf_t {

<prefix>X_YSubscriptionChanged = 0x00000001,
<prefix>X_ YEvent2 = 0x00000002,
<prefix>X_YEvent3 = 0x00000004,
Xprefix>X_ YEvent4 = 0x00000008,

} <prefix>X_¥YNtf_t, *p<prefix>X_ ¥YNtf_ t;

Qualifiers

— enum-element

Description

Values of this type represent notification functions. That is, there is a one-to-one correspondence between

these values and the functions in the notification interface <prefix>IXYNtf. The first value is always
<prefix>X_YSubscriptionChanged.
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Values
Table G.1
Name Description
<prefix>X_YSubscriptionChanged Represents OnSubscriptionChanged.
<prefix>X_YEvent, Represents OnEvent2.
<prefix>X_YEvent; Represents OnEvent3.
<prefix>X_YEvent, Represents OnEvent4.

etc.

G.3.1.3 | <prefix>X_YNtfSet_t
Signature
typedef Int32 uhX YNtfSet_t, *puhX_YNtfSet_t;

Qualifiers

— enu]n-set
Description
Values of this type represent sets of notification,functions which are typically constructed by logical OR-ing ¢

values of type <prefix>X_YNtf_t. Thesg€ values are used in the Subscribe and Unsubscribe function
to specify the event notifications to be enabled or disabled.

0 =

Constra|nts

— Non

[

G.3.1.4 | <prefix>X_YAlINtfs
Signature

const WhX</YNtfSet_t uhX_YAlINtfs =

( thx—yvsubscriptionchanged i UNX_YEvVentz | ... | UNX_YEVEerti )

Qualifiers
None.
Description

Defines the set of all values of type <prefix>x_YNtf_t. This constant can be used in calls of the Subscribe
and Unsubscribe functions to enable or disable all event notifications, respectively.
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G.3.2 Model Types & Constants

None.

G.4 Logical Component

G.4.1 Interface-Role Model

Observer

prefixIXYNtf

prefixIXYSubscrib

Subject

Figure G.9 — Interface-Role Model

Tlhe interface-role model (of,the notification interface suite reflects the general structure of the ‘fobserver
pattern” [14]. The Subject -role represents objects that can send notifications of internal events to interested
dbjects. The Observéryrole represents the objects interested in receiving these notifications. Eaclp subject
provides facilities Ct@* subscribe/unsubscribe to event notifications through its <prefix>IXYSubscribe
imterface. Each-observer provides a <prefix>IXYNtf interface containing functions that can be cdlled by a
bject to notify. events.

4.2 Diversity

Table G.2
Role Interface Presence
Subject <prefix>IXySubscribe mandatory
Observer <prefix>IXYNtf mandatory
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Note that even though the interface <prefix>IXYNtf is a mandatory interface of Observer, a concrete role
R in an API specification can have it as an optional interface. The interpretation is that the role of Observer
played by R is optional. If R plays the role of Observer it should provide the interface <prefix>IXYNtf,
otherwise it should not.

G.4.2.2 Configurable Items

There are no configurable items, i.e. items that can be customized at instantiation time of a subject.

G.4.2.3 [Constraints
None.
G.4.3 Instantiation

G.4.3.1 | Objects Created

The following objects are created when the logical component is instantiated:

Table G.3
Type Object Multiplicity
Subject subject 1

G.4.3.2 | Initial State
The following constraints apply to the initial state of(a logical component instance:
— For pach Observer x and UInt32 c

subject.subscription([x,c] == }

G.4.4 BExecution Constraints

None.

G.5 Rqles

G.5.1 Subject

Signature
role Subject { uhX_YNtfSet_t subscription[Observer,UInt32]; }
Qualifiers

None.
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Description

An instance of the role Subject, called a subject, represents a provider of event notification functionality. A
subject provides facilities to observers to subscribe/unsubscribe to notifications of a number of events.
Whenever one of these events occurs it will notify all observers subscribed to the event.

Independent Attributes
Table G.4
Name Description
subscription[x,c] The set of event notifications subscribed to by observer [x with
associated cookie c. Only events corresponding to the. notifications in
this set will be notified. Initially this set is empty-for each obsgerver x
and cookie c.
Dependent Attributes
None.
Invariants
—+ None.

Instantiation

0

ee G.4.3.

(¢)]

treaming Behavior

None.

Active Behavior

Tlhe active behavior of a subject conceptually consists of two activities (see also G.2.4):
- Executing pendipgsubscribe/unsubscribe actions, i.e. actions that are a consequence of in-cajls to the
asynchronous~Subscribe and Unsubscribe functions. No execution order is specified for these
actions except for the subscribe/unsubscribe actions that relate to the same subscription (observer-cookie

pair): they-"are serialized and executed in first-in-first-out order, i.e. in the onder the
Subsgxibe/Unsubscribe functions were called.

—+ Executing asynchronous (i.e. potentially delayed) calls to the onEvent notification functions (jncluding
OonSubscriptionChanged) in reaction to the occurrence of events. No execution order is spdcified for
these caltsexceptfor the cattsthat Tetatetothe—same—subscriptionm(observer-cookiepair)—they are
serialized and executed in first-in-first-out order, i.e. in the order of detecting the events.

The active behavior associated with the subscribe/unsubscribe actions is defined by the specifications of the
asynchronous Subscribe and Unsubscribe functions; see G.6.1.1 and G.6.1.2. The active behavior
associated with the calls to notification functions is specified in the event-action table below. The implicit
assumption in all this is that the order of executing the subscribe/unsubscribe actions and the notifications is
consistent with the two first-in-first-out rules described above.
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Remarks$

Table G.5

Event Action

The subject has completed the If uhX_YSubscriptionChanged in subscriptionl[x,c],
execution of a pending the subject performs the following asynchronous function call:
subscribe/unsubscribe action x.0nSubscriptionChanged (c,s)

on subscription[x,cl],i.e.
the subscription identified by

observer x and cookie ¢ where

No ¢
wou

The
OnE
conq

Notd

notifications. When a subscription -is changed this event is not notified to all subscribers f

venti notification functions should be specified in the M3W specifications that are “based on

s is the value of subscription[x,c] immediately after
completion of the subscribe/unsubscribe action.

The subject detects the For each observer x and cookie ¢ such that
occurrence of Eventi, where

iin{2,....n}. uhX_YEventi In subscription([x,c]

the subject performs the following asynchronous function call:
x.0OnEventi(c,di,1,di,2,...)

where

di,1, d4i,2, ...isthe data associated with the event.

=

rder is specified for the asynchronous calls to notification functions when an event occurs. This orde
d be meaningless anyway because the calls are asynchronous.

D

meaning of the Eventi events and the event\data that is passed in the asynchronous calls of th

rete instantiations of the notification interface suite.

=

that the onSubscriptionChanged notifications are treated in a special way compared to the othg

O

OnSpbscriptionChanged but-Only to the observer associated with the changed subscription (provided
that|it is subscribed to OnSubgcriptionChanged, of course).

— Notg¢ that the speéification of the active behavior of the subject implies that np
OnSpbscriptionChanged notification is sent when an observer unsubscribes the
OnSphbscriptionChanged notification even if the observer was subscribed to this notification at the
time] of unsubscribing.

G.5.2 Qbserver

Signatute

role Observer {}

Qualifiers

92

actor
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Description

2007(E)

An instance of role Observer, called an observer, represents a client of event notification functionality as

provided by a subject.

G.6 Interfaces

G.6.1 <prefix>IXYSubscribe

Qualifiers

- model-interface

Description

O

efines the functionality to subscribe and unsubscribe to notifications of the events Subscription(
fvent2, ..., Eventn. This is a model-interface because it is not used as an“M3W interface by i
inctions in this interface are always part of other interfaces, in particular control interfaces.

=M

Interface ID
Not applicable because this is a model-interface.

Bxecution Constraints

— No two calls of (any combination of) the Subscrgbe and Unsubscribe functions may be in
that operate on the same subscription (obsetver-cookie pair). In other words, access to 3

enforced by the clients of the interface (thecobservers). Subscribe and Unsubscribe calls g
different subscriptions may be fully coneurrent. Note that this constraint applies to the calls of Su}
and Unsubscribe only and not to therasynchronous actions associated with them.

Remarks

these functions that relate’ to the same subscription (identified by an observer-cookie pair) are p

by the subject providing this interface in first-in-first-out order, i.e. in the order the functions we
See the Active Behavior of Subject for more details.

G.6.1.1 Subscribe

()]

ignature

rcResult_t Subscribe (

Changed,
[self; the

progress
specific

subscription through Subscribe and Unsubscribe is single-threaded. This constraint should be

ccessing
bscribe

—+ All functions provided by this interface are asynchronous. The asynchronous actions associated with

rocessed
e called.

[in] <prefix>IXYNtf *pINotify,

S Frt32—cookTe;

[in] <prefix>X_YNtfSet_t notifs );
Qualifiers

* asynchronous

Description

Adds a set of event notifications to a subscription of an observer.
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Parameters
Table G.6

Name Description

pINotify The pointer to the notification interface of the observer.

cookie The cookie that identifies the subscription of the observer and that is passed to

The observer by the subject when notitying an event.

notifs The set of event notifications that the observer wants to add to its subscription.
Return Values
Standard.

Precondition

True

Asynchionous Action

— Let

— Mod

Asynchifonous Postcondition

bbserver be the provider of interface *pINotify

ify subscription[observer,cookie]

subscrilption[observer, cookie] ==

subscription’ [observer, cookie] wWnotifs

Remarks

NOTE that the value of subscription’[observer,cookie] in the postcondition is always defined because eadh
subscriptipn is initially empty.

If the observer is subscribed to OnSubscriptionChanged notifications for the specified cookie, the
completipn of the asynehronous action will be notified to the observer together with the new value of the
subscription. The observer may receive this notification before or after returning from the call to Subscribg.
See the Active Behavior of Subject for more details.

If the | obseérver is not subscribed to OnSubscriptionChanged and it subscribes fo
OnSubs¢riptionChanged, it will still receive an oOnSubscriptionChanged notification when the
subscription action is completed. This is because the observer indicated to be interested in receiving these

notifications. See the Active Behavior of Subject.

Returning from a call to Subscribe does not guarantee that the observer will immediately receive the
notifications in notifs relating to cookie. This guarantee can only be given after the matching
OnSubscriptionChanged notification has been received by the observer, provided that the observer
subscribed to this notification.

94
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G.6.1.2 Unsubscribe
Signature

rcResult_t Unsubscribe (

[in] <prefix>IXYNtf *pINotify,
[in] UInt32 cookie,

[in] <prefix>X_YNtfSet_t notifs );

Qualifiers

— asynchronous
Description

Removes a set of event notifications from a subscription of an observer.

HRarameters
Table G.7
Name Description
pINotify The pointer to the notific;ti;)n interface of the observer.
cookie The cookie that ider_f;ifies the subscription of the observer and that is
passed to theobserver by the subject when notifying an event
notifs The set.of évent notifications that the observer wants to remopye from

its subscription.

Return Values

(@)

tandard.

Rrecondition

True

>

ilsynchronous Action

— Letwobserver be the provider of interface *pINotify

-C~Modify subscription[observer,cookie]

Asynchronous Postcondition
subscription[observer, cookie] ==
subscription’ [observer, cookie] \ notifs
Remarks

NOTE that the value of subscription’ [observer, cookie] in the postcondition is always defined because
each subscription is initially empty.
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— If the observer is subscribed to onSubscriptionChanged notifications for the specified cookie, the
completion of the asynchronous action will be notified to the observer together with the new value of the
subscription. (There is one exception to this rule discussed in the next point.) The observer may receive
this notification before or after returning from the call to Subscribe. See the Active Behavior of Subject
for more details.

— If the observer is subscribed to OnSubscriptionChanged notifications and unsubscribes the
OnSubscriptionChanged notifications, it will not receive an onSubscriptionChanged notification
when the unsubscr|pt|on actlon is completed ThIS |s because the observer indicated no longer to be

— Retu

notifications in notifs relating to cookie. This guarantee can only be given after the matching
OnShbscriptionChanged notification has been received by the observer, provided that,the observe

subq

G.6.2 <

Qualifie

— callh

Description

This inte
each typ

Interface ID

Defined

G.6.2.1
Signatu

Voi

Qualifie

None.

Description

[¢)

rning from a call to Unsubscribe does not guarantee that the observer will no longer receive’th

=

cribed to this notification.
prefix>IXYNtf
S

ack

=

rface is the notification interface as provided by an observer. It contains a notification function fq
b of event that the subject can notify.

n the API specification where the notification interface suite is instantiated.

OnSubscriptionChanged
e
H OnSubscriptionChangeds (

[in] UInt32 cookie
[in] <prefix>X_¥NtfSet_t notifs );

S

of a call of the Subscrlbe or Unsubscrlbe function by the observer

96

© ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=0f2f5158da574c6626178fba9c1213c5

ISO/IEC 23004-1:2007(E)

Parameters
Table G.8
Name Description
cookie The cookie identifying the updated subscription.
notifs The set of enabled event notifications immediately after completion of
the Siibscribe or IInsubscribe function ie the value of the
updated subscription.
Return Values
None.
Arecondition
True
Action
—+ Any callback-compliant action.
Rostcondition
TYrue
Remarks
—+ See the Active Behavior of Subject fora detailed specification of the conditions under which thig function
is called.
—+ For the definition of what is,meant by a “callback-compliant action” see G.2.4.
G.6.2.2 OnEventi (i = 2,7..51n)
Signature
Void OnEventi UInt32 cookie, ... );
Qualifiers
None.
Description
This function is called by a subject when it detects an occurrence of event Eventi.
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Parameters
Table G.9
Name Description
cookie The cookie identifying the subscription that enabled this notification.

The parameters representing the data associated with the event.

Return Values
None.
Precondition
True
Action
— Any|callback-compliant action.
Postcondition

True
Remarks

— See|the Active Behavior of Subject for a detailed.specification of the conditions under which this function
is cglled.

— For the definition of what is meant by a “caliback-compliant action” see G.2.4.

— As discussed in G.2.4 all parameters of this function should be in-parameters.
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Annex H
(informative)

Get set patterns

.1 Introduction

his document gives an overview of the patterns related to Get and Set functions used withimM3W

interface

ite specifications. These patterns will help to ensure consistency with respect to handling attributes in the

Pl specifications. It can be noted that for certain cases, not just one single pattern should,be used, b
ore patterns should be combined.

—

otification.

=

H.2 General Get/Set Rules

H.2.1 General Rules

A set of Get and Set functions has in general the following syntax (example for the VolumeLevel attrib
rcResult_t SetVolumeLevel ( [in] UInt32 level );
rcResult_t GetVolumeLevel ( [out] pUInt32 pLevel );

Below, general rules are given that apply to(Get/Set functions:

— If there is a Set-function there is-always a Get-function.

Rationale: The implementation of the platform is very likely to record the actual value set. Pr
Furthermore, both spécifying and implementing a Get-function is extremely simple. Making the
complete helps to make it less likely for the interface to change. In addition, a Get-function is des

a testing point ofview.

—+ Each signahdependent observable attribute — in principle — needs to have an ‘Unknown’ v
indicates-that ‘the data is available, yet it could not be determined’ and an ‘Invalid’ value that

enumeration modes, otherwise an additional attribute is introduced.

Rationale: There are cases in which the client needs to know the status of the measurement in

ut two or

he Get/Set functions can also be related to notifications, e.g. setting a new attribute value may r¢sult in a

ute):

bviding a

symmetrical Get-functionyavoids the necessity of the middleware to also record the specific value.

interface
red from

blue that
ndicates

that ‘the‘data is temporarily not available’. In case of an enumeration, these values are addg¢d to the

case no

valid value can be returned.
— We do not define a step size for a Set-function (in case of a continuous value).

Rationale: Since the constants are not part of the client code, we can vary the maximum

and the

minimum values for every platform instance without breaking client code. Therefore, it is not necessary to

have a step size. So, SetXxx (n) never equals Setxxx (n + 1) if both n and n + 1 are within th
boundaries. (Note that one might say that this implicitly defines a step size of 1.)
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H.2.2 Boolean Attributes

For Get/Bet functions that deal with a Boolean value, EnableXxx and GetXxxEnabled are used instead ¢f
SetXxx pnd GetXxx. The following example illustrates this:

The following decisions have been taken:

if

100

In certain cases, two or more attributes are related, e.g. a client always wants to have all values before
taking action. In that case, the Get functions for these attributes can be combined into one function. The
same holds for closely related attributes that can be modified via a Set function. In that case, there is one
Set function for these attributes. When there is one Set or Get function for multiple attributes, then the
corresponding notification function should also report the attributes together.

Rationale: Since the individual Get functions would always be called after each other, combining these
calls into one function saves performance. Furthermore, combining related attributes in one function
avoids race conditions, which may occur when separate functions are used.

[

It islnot allowed to define an attribute that can be changed by both the client and the platform. If-th
behavior is needed, then two related attributes must be defined. For example, if the client can mute
signpl and the platform can mute a signal autonomously, then two independent attributes clientMute an
systemMute could be defined. Actual muting happens if either clientMute or systemMute is True.

[oRE)

Ratipnale: When two actors work on the same attribute, the behavior becomes complicated and race
condlitions can occur. To separate the actions of two actors, two attributes should be used instead.

Sone attributes are related to physical units like decibel (dB). However, the attributes on the API are not
dire¢tly expressed in physical units. The platform instance documentation may*provide the mapping o
physical units, though.

Ratipnale: If attributes would be expressed in physical units, it, would put an (almost) unfeasib
reqdirement on platform implementers to match the specification-pfoperly. Also, if the specification
tailofed too much to match the specification a specific chip for instance, then it does often not match th
spegification of other chips.

DO »n O

rcResult_t EnableAfc ( [in] Boolhlenable );
rcResult_t GetAfcEnabled ( [out} pBool pEnable );

An Enable function does not have a mode parameter, but a Boolean.

Ratipnale: We want 0. use simple parameters as much as possible. It makes the interface more
accgssible since you~de’'not have to look for the defined mode parameter and its related semantics.

GetlEnabled will\be used instead of IsEnabled to query for certain Boolean aspects that can be enabled ¢
disapled.

=

Ratipnale: Given the fact that we cannot use the return value to return functional values (functions alway
retutn uhFrrorCode t) it is not passible to use

[

(IsEnabled() ..)
Therefore, we treat these functions as any other Get-function.

There is a single Enable function with a Boolean parameter instead of separate Enable and Disable
functions.

Rationale: Enable can be seen as “SetEnable”, and there is normally also a single Set-function.
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Get/Set functions can be used in different ways in API specifications. In this clause we give an overview of the
various patterns that can be used. We have grouped these patterns in the following categories:

Discrete or continuous values

—

Getvosel TUNCUons can work on dn attribute withn a discrete or Contnuous value. In case Ol a dISCr
the used type can either be a ‘normal’ enumerator (H.4), or an enumerator of which the value
used in a set (H.5). In case of an attribute with a continuous value, usually a range of allowed
defined (H.6).

Attribute change

An attribute can change for the following reasons:

Change via Set function (client action)

In this case, the patterns as introduced above can be applied.

Autonomous change by the platform.

te value,
5 can be
values is

In case an attribute can only be changed by the platform, no Set function is present. An affribute is

usually changed by the platform as a result of a change in the signal. The platform can con
monitor the signal, with as a special case that thg, monitoring can be enabled or disabled (H.7
once upon request (H.8).

Change via Set and autonomous change

In some cases, a property can be both-influenced by a Set function and an autonomous chang
platform. In this case, two attributes'should be used, as illustrated in 0.

Handling diversity
The previous patterns_focus on attributes that contain a functional value. There are also attrib

represent the presence’ of functionality. In this category, there are two get/set patterns, one
diversity (H.10) and one for dynamic diversity (H.11).

or one attribute,~séveral patterns can be applied at the same time.

|.3.2 Structure of the Patterns

he patterns described in the subsequent clauses all follow the same structure:

tinuously
) or only

e by the

utes that
for static

, . doscribes the intention-oft _

2) Applicability; describes when the pattern should be applied.

3) Specification; describes the elements in an API specification that belong to this pattern.

4) Specification Example; describes an example where this pattern is applied. In this subclause, the

example code is put on a grey background.
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H.4 Attribute with Discrete Values

H.4.1 Intent

This pattern describes how to specify types and access functions to control a public attribute that has discrete
values (using an enumeration).

H.4.2 Applicability

This patflern must be applied in all specifications with an attribute with discrete values that are not used.in fa
set. If the values should be usable in a set, use the pattern described in H.5.

H.4.3 Specification
For this pattern, the following holds:

— In tHe Types & Constants clause, define an enumerator (Qualifier: None) describing all discrete values.
The|used values are typically 0, 1, 2, 3, etc.

— In the Roles clause, define the attribute <AttributeName>.
— In the Logical Component clause, properly initialize <AttributeName>:

— In |[the Interfaces clause, specify the functions { Set<attributeName> (<params>)|,
GetkAttributeName> (<params>) in the order listed.

H.4.4 Specification Example
This example uses the following substitutions :

*+ <AtfkributeName> becomes NoiseGenCharrand the attribute prefix is current.

In the Types & Constants cluse , uhAnoiseGen_Chanlindex_t is defined.

Sighature

typpdef enum _uhAnoiseGern_ChanIndex_t
uhAnoiseGen_None =0,
uhAnoiseGen_Left =1,
uhAnoiseGeni Life = 10

} upAnoiseGen¥ChanIndex_t, *puhAnoiseGen_ChanIndex_t;

Qualifiers

None.
In the Roles clause, currentNoiseGenChan is defined.
Signature

role AnoiseGenerator {
uhAnoiseGen_ChanIndex_t currentNoiseGenChan;

}

In the Logical Component clause, attribute currentNoiseGenChan is initialized.
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ang.currentNoiseGenChan
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== uhAnoiseGen_None

In the Interfaces clause, functions SetNoise and GetNoise are defined.

Table H.1
Subsection Specification example SetNoise
Signature UhErrorCode_t SetNoise (
[ in] uhAnoiseGen_Chanindex_t chan);
Qualifiers single-threaded

Return values

Pre-condition

Action

Post-condition

Standard

Modify ang . currentNoiseGenChan

ang.currentNoiseGenChan == chan

Table H.2

Subsection Specification example GetNoise
Signature uhEvrorCode_t GetNoise (
[out] puhAnoiseGen_ChanIndex_t pChan) ;

Qualifiers thread-safe
Return values Standard
Pre-condition True
Action None
Post-condition

*pChan == ang.currentNoiseGenChan
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H.5 Attribute with Discrete Values used in a Set

H.5.1 Intent

This pattern describes how to specify types and access functions to control a public attribute that has discrete
values (using an enumeration) used in a set.

H.5.2 Applicability

This pattern resembles the previous pattern. This pattern must be applied in all specifications with an attripute

with disgrete values that are used in a set. Typically, this is needed when a logical component instancé only
supports|a subset of the discrete values; in this case the set of supported values can be obtained in¢the’ formn
of an OR-ed bit vector.

H.5.3 Specification

For this pattern the following holds:

Note:

104

In the Types & Constants subclause, define an enumerator (Qualifier; enum=element) describing 4l
discfete values and an enumerator set (a type to represent one or more values; Qualifier: enum-set) fq
the type of the attribute. The used values are typically 0x00000001, 0x30000002, 0x00000004, etc.

=

In | the Roles subclause, define the attributes (Supported<attributesName>s @r
supp<AttributeName>s for shortness (representing the set ‘of supported attribute values) and
<AtfkributeName>. Typically, the supported attribute values.do not change during the lifetime of a role
and [thus supp<AttributeName>s can be defined as a const. An invariant can be used to express that
<AtfkributeName> should have a value out of supported<AttributesName>s (plus possibly the
additional initial value ).

[O)

In the Logical Component subclause, define supp<attributeName>s as configurable item, define
congtraint that Invalid and Unknown are not\part of supp<AttributeName>s, if applicable. Proper
initiglize <AttributeName>, e.g. with <prefix>_<AttributeName>Unknown.

<

In the Interfaces subclause, specify the functions GetSupp<AttributeName>s (<params>]),
SetkAttributeName> (<params>'), Get<AttributeName> (<params>) in the order listed.

Makie sure the precondition, 0f the Set<AttributeName> (<params>) function states that the value
that|is set is an element of \stpp<AttributeName>s.

Getpupp<AtfributeName>s cannot be used in all cases. If it is very unlikely that the number of
individual modes will ever exceed 32, this vector solution is the proper solution. In other case$,
GetgkxxMddeSupp ([in] <prefix>XxxMode_t xxxMode, [out] pBool pSupported) should
be yseéd. This second mechanlsms can be |mplemented easny and eff|C|entIy on top of the first one; th

of supported modes, the use of the first mechamsm is a cheaper solution.

In (almost) all cases, the fact whether a mode of an enumeration is supported or not is static. However, it
might be possible for a certain attribute that the set of allowed modes changes dynamically, e.g. based on
the signal. In that case, we use the term available instead of supported (see also the relation between the
patterns in H.10 and H.11 on static and dynamic diversity). In such a case, a GetAvailableModes
function is needed to check which modes can be used (possibly a corresponding notification function can
be added where needed). A Set function for an attribute with a dynamically changing set of available
modes will always return an error when an attribute is set to value that is currently not available for the
current input signal. A strong precondition for such a Set function is not possible, because of race
conditions. Since this pattern is currently not used, it is not explained in a separate clause.
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H.5.4 Specification Example

The example below illustrates the case of discrete values that can be used in a set. It uses the following
substitutions:

— <prefix> becomes uhChanDec.
— <AttributeName> becomes TxMode, and the attribute prefix is set.

In the Types & Constants subclause, uhChanDec TxMode t and uhChanDec TxModeSet t are defined.

Signature

typedef enum _uhChanDec_TxMode_t {
uhChanDec_TxModeInvalid = 0x80000000,

uhChanDec_TxModeUnknown = 0x40000000,
uhChanDec_TxModeAuto = 0x00000001,
uhChanDec_TxMode2k = 0x00000002,
uhChanDec_TxMode8k = 0x00000004

} uhChanDec_TxMode_t, *puhChanDec_TxMode_t;
Qualifiers

— enum-element

(¢)]

ignature

typedef Int32 uhChanDec_TxModeSet_t,
*puhChanDec_TxModeSety 't

Qualifiers

- enum-set

Description

—

his type defines the set-type for'uhChanDec_TxMode _t.

Im the Roles subclause, suppTxModes and setTxMode are defined.

Signature

role Chanbéc {
const) uwhChanDec_TxModeSet_t suppTxModes;
uhChanDec_TxMode_t setTxMode;

o

}

Invariants

(setTxMode in suppTxModes)

|| (setTxMode == uhChanDec_TxModeUnknown)

In the Logical Component subclause, suppTxModes is defined as configurable item, and attribute
setTxMode is initialized.
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Configurable Items

Table H.3
Role Attribute
ChanDec suppTxModes

Constra|nts

Initial State

suppTxModes does not contain uhChanDec_TxModeInvalid

suppTxModes does not contain uhChanDec_TxModeUnknown

chd.sefTxMode == uhChanDec_TxModeUnknown

In the Inferfaces subclause, functions GetSuppTxModes, SetTxModeand GetTxMode are defined.

Table H.4

Subsection

Signature

Qualifiers
Return values
Pre-condition
Action

Post-condition

Specification example GetSuppTxModes
uhErrorCode_t GetSuppTxModes (

[out] puhChanDee, TxModeSet_t pModes );
thread-safe
Standard
True
Nene

¥*pModes chd. suppTxModes

Table H.5
Subsection Specification example SetTxMode
Signature UhErrorCode_t SetTxMode (
[in] uhChanDec TxMode t mode ):
Qualifiers single-threaded

Return values
Pre-condition
Action

Post-condition

Standard
mode in chd. suppTxModes

Modify chd. setTxMode

chd. setTxMode mode

106
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Table H.6
Subsection Specification example GetTxMode
Signature uhErrorCode_t GetTxMode (

[out] puhChanDec_TxMode_t pMode ) ;

Qualifiers thread-safe

Return values Standard

D HH LIAEZSE
FTC=CUTNMTUTiornI Rl

Action None

Post-condition *pMode == chd.setTxMode

H.6 Attribute with Range of Continuous Values

H.6.1 Intent

—

his pattern describes how to specify access functions to controléa “public attribute with values [out of a
pntinuous range.

Q

H.6.2 Applicability

—

his pattern must be applied in all specifications with an attribute with a continuous value. The valug of such
n attribute typically lies within a certain range.

Q

H.6.3 Specification
Hor this pattern, the following holds:

—+ In the Roles subclause, define*the attributes min<AttributeName>, max<AttributeNape> and
<AttributeName>. Typically, the minimum and maximum values do not change during the lifgtime of a
role, and min<AttributeName> and max<AttributeName> can be defined as a const.

—+ In the Logical Component subclause, define min<AttributeName> and max<AttributeName> as
configurable items;-add a constraint that the min value is smaller than (or equal to) the max value, and
properly initialize: <AttributeName> to for example the minimum value in range, or a valye that is
known to bé.always in range.

—+ In the))‘Interfaces subclause, specify the functions Get<AttributeName>Range (<pgrams>),
SefTAttributeName> (<params>), Get<AttributeName> (<params>) in the order listed.

—+“Make sure the precondition of the Set<AttributeName> (<params>) function states that the value
that is set is within the range min<AttributeName> and max<AttributeName>.

NOTE 1 One function Get<AttributeName>Range is used to query for the minimum and maximum value instead
of GetMin<AttributeName> and GetMax<AttributeName>. Since we cannot use the function return value for
the minimum and maximum value anyway, it seems best to combine both the upper and the lower boundary into one
function. This gives a small efficiency gain (as the client most probably needs both the minimum and maximum value) and
reduces the specification effort.

NOTE 2 The reason to define the domain of a Set-function via a Get function (Get<AttributeName>Range) and
not via constants is as follows. A constant may not be defined in an include file since a ‘new’ component delivered in a
binary form should not per se lead to recompilation of the client. Apart from this, we do want to have the freedom of
different platform implementations to have different domains for certain functions.
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H.6.4 Specification Example

This example uses the following substitutions:

— <AttributeName> becomes Level.

In the Roles subclause, the minLevel, maxLevel, and level attributes are defined.

Signature

rolp ColorTransientImprover {
tonst UInt32 minLevel;

const UInt32 maxLevel;
JInt32 level;

Invariants

— minfLevel <= level <= maxLeve

In the Uogical Component subclause, minLevel and maxLevel are defined as configurable item,

constrairt is added, and attribute level is initialized.

Configufable Items

Table H.7
Role Attribute
ColorTransientImprover minLevel
maxLevel

ColorTransientImprover

Constra|nts

minLevél <= maxLevel

Initial State

cti.leyel == cti.minLevel

In the |n+ Acac caithalanien fiinatiane ~ L7 1R o T 1 and oot 1 A
lEeratCooSuptraust runcnbns o c e ve o e, ot oevVearntoecoeve
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Table H.8
Subsection Specification example GetLevelRange
Signature UhErrorCode_t GetLevelRange (
[out] pUInt32 pMinLevel,
[out] pUInt32 pMaxLevel );
Qualifiers thread-safe

Return values

Pre-condition

Action

Post-condition

Standard

True

None

*pMinLevel == cti.minLevel

*pMaxLevel == cti.maxLevel

Table H.9

Subsection
Signature
Qualifiers
Return values

Pre-condition

Specification example Setkevel

UhErrorCode_t Setlievel ( [in] UInt32 level );
single-threaded

Standard

cti.minlLevel <= level <= ctimaxLevel

Action Modify cti.level
Post-condition c¢ti.level == level
Table H.10

Subsection
Signature

Qualifiers

Specification example GetLevel
UhErrorCode_t GetLevel ( [out] pUInt32 pLevel

thread-safe

)

Return values

Pre-condition

Action

Post-condition

Standard

True

None

*pLevel == cti.level
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H.7 Continuous Measurement with Enable

H.7.1 Intent

This pattern describes how to specify access functions to control a continuous measurement that can be in
state enabled or disabled.

H.7.2 Applicability

—h

This patfern must be applied in all specifications with a continuous measurement that can be enabled (¢
disabled

H.7.3 Specification

For this pattern, the following holds:

— In thie Roles subclause, define the attributes <AspectName> Enabled and <AttributeName>.
— In the Logical Component subclause, properly initialize <aspectName>Enabled, usually to False.

— In |[the |Interfaces subclause, specify the functions Enable<AspectName> (<params>],
GetkAspectName>Enabled (<params>), Get<AttributeNamex¥ (<params>), in the order listed .

— It miist be specified what the behavior is when the function is not‘enabled and Get<AttributeName> s
callgd. An option is to return the last measured value or Unknown.

H.7.4 Specification Example
The example uses the following substitutions:
— <AtfkributeName> becomes level.

In the Rqles subclause, the enabled and level attributes are defined.

Sighature

rolp NoiseMeter {
Bool enableds
UInt32 level ;

Streaming Behavior

[...] When _the' NoiseMeter is disabled, the stream at the input is passed to the output without any
measurement being done (level is not updated).

In the Logical Component subclause, initialize attribute enabled and level.
Initial State

* nm.enabled == False

* nm.level ==undefined

In the Interfaces subclause, functions Enable, GetEnabled and GetLevel are defined.
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Table H.11

Subsection
Signature
Qualifiers

Return values

Specification example Enable
UhErrorCode_t Enable ( [in] Bool enable );
single-threaded

Standard

Pre-condition

Action Modify nm. enabled
Post-condition nm.enabled == enable
Table H.12

Subsection
Signature
Qualifiers
Return values

Pre-condition

Action

Post-condition

Specification example GetEnabled
UhErrorCode_t GetEnabled, ((Jout] pBool pEnabled) ;
thread-safe

Standard

True

None

*pEnabled == nm.enabled

Table H.13
Subsection Specification example GetLevel
Signature UhErrorCode_t GetLevel ( [out] pUInt32 pLevel);
Qualifiers thread-safe
Return values Standard
Pre-condition True
Action None
Post-condition *pLevel == nm.level
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H.8 One-shot Measurement

H.8.1 Intent

This pattern describes how to specify access functions to control a one-shot measurement.

H.8.2 Applicability

This pattern is seldom used. This pattern can be used when a logical component supports a measurement
that is gderformed on request, e.g. because a constant measurement of that property affects the signal
(intrusivag).

H.8.3 Slpecification

For this pattern, the following holds:

— In the Roles subclause, define the attribute <AttributeName>.
— In the Interfaces subclause, specify the functions Measure (<params>]),

GetkAttributeName> (<params>), in the order listed. The Get<AttributeName> function ca
indigate via a Boolean whether a measurement is in progress or not.

=)

NOTE A notification function should be defined to indicate when the measurement is completed.

H.8.4 Specification Example

The example uses the following substitutions:

— <AtfkributeName> becomes SigStrength.

In the Rqles subclause, the sigStrength attribute’is defined.

Signature

rolp Measurer {
UInt32 sigStrength;

}
In the Inferfaces subclause; functions Measure and GetSigStrength are defined.

Table H.14
Subsection Specification example Measure
Signature UhErrorCode_t Measure ();
Qualifiers Qingln-thrpadnd’ :mynr‘hrnnnnc

Return values Standard
Pre-condition
Action
Post-condition
Asynchronous
action notify onMeasReady

Asynchronous
post-condition
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Table H.15
Subsection Specification example GetSigStrength
Signature uhErrorCode_t GetSigStrength (
[out] pBool pMeasOngoing,
[out] pUInt32 pSigStrength );
Qualifiers thread-safe
Parameters pMeasOngoing Output parameter indicating if measurement |is still
ongoing (True) or not (False).
pSigStrength
Return values Standard
Pre-condition True
Action None
Post-condition
*pSigStrength == meas.g®gStrength
H.9 Autonomous Changing Attribute
H.9.1 Intent
Tlhis pattern describes how to specify.types and access functions that control a property that can be [changed
by both the client and the platform.
H.9.2 Applicability
his pattern is useful when a customer sets a preference, but the platform indicates what is actually possible.

==

o deal with two actors that can change the value, this pattern introduces two independent attribd
value determined.bythe platform instance is the one that is actually used in the logical component.

H.9.3 Specification

-

or thisypattern, the following holds:

tes. The

—-L_“n the Roles QIIh{"|QIIQn, define the attributes set<attributeName (Pnnfnining the value as

et by the

Set<AttributeName> function) and actual<AttributeName> (containing the actual attribute value

as set by the platform instance).

— In the Interfaces subclause, specify the functions Set<AttributeName> (<params>),

Get<AttributeName> (<params>), GetActual<AttributeName> (<params>)
GetAct<AttributeName> for shortness), in the order listed.
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— To indicate the difference between Get and GetActual, also GetPref can be used instead of just Get.
The same holds for set.

NOTE The behavior of the Get-function is that it returns the value of the last call of the related Set-function. Since the
value that is actually used by the platform implementation may differ, a GetActual exists to retrieve the actual value used
by the platform implementation.

NOTE In case of a discrete attribute, an enumeration (describing the individual modes) must be defined in the
Types & Constants subclause. The enum may contain a prefix_<Attribute>Auto value that indicates that the
platform must determine the appropriate mode. When this is the case, the actual attribute becomes
<prefix>_ <Attribute>Unknown untl the new mode is determined by the platform.

>

NOTE Since two attributes are used in this pattern, also two notification functions are needed to notify changes
these attrputes, e.g. OnActModeChanged, and OnPrefModeChanged (if required).

H.9.4 Specification Example
This example deals with a continuous attribute. It uses the following substitution:

— <AtfkributeName> becomes Freq.

In the Roles subclause, the setFreq and actualFreq attributes are defined: (Changing the setFreqg w|l
result in an action to change the actualFreqg to match the set value as closely as possible)

Signature
rolp Tuner ({

UInt32 setFreq;
UInt32 actualFreqg;

In the Inferfaces subclause, functions SetFreg; GetFreq and GetActualFreq are defined.
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Table H.16
Subsection Specification example SetFreq
Signature UhErrorCode_t SetFreq (
[in] UInt32 freq,
- )
Qualifiers single-threaded, asynchronous

Return values
Pre-condition

Action

Post-condition

Asynchronous
action?)

Asynchronous
post-condition

Standard

Modify tuner.setFreq

tuner.setFreq == freq

Modify tuner.actFreq

Table H.17

Subsection Specification example GetFreq  Specification example
GetActualFreq

Signature UhErrorCode_t GetFreq ( UhErrorCode_t GetActualfreq (
[out] pUInt32 pFreq, s
L) [out] pUInt32 pFreq);

Qualifiers thread-safe thread-safe

Return values Standard Standard

Pre-condition True True

Action None None

Post-condition *pFreq == tuner.setFreq *pFreq == tuner.actualFreqg

2) In this example, the “actual attribute” is changed as part of the asynchronous action. The “autonomous changing
attribute” pattern, however, does not prescribe this. For instance, it is also possible that changes in the “actual attribute”
are triggered by a role’s active behavior.
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H.10 Static Diversity on Function Level

H.10.1 Intent

This pattern describes how to specify functions that indicate whether certain functionality is supported or not.
Whether this functionality is supported is determined at the creation time of a logical component instance.

H.10.2 Applicability

[oN

This patfern should be avoided when possible. Instead of this pattern, factor out the optionally supporte
functionglity in a separate interface and use QueryInterface to determine whether certain functionality
supported. Sometimes this is not possible, for example because it would result in too many very-sm4g|
interfacep; in that case, we use this pattern to query if something is supported.

= 0

H.10.3 $pecification
For this pattern, the following holds:
— In the Roles subclause, define the attribute <AttributeName>SupportedOn<AttributeName>Supp

for ghortness (indicating whether the functionality is supported). Typically, <AttributeName>Sup
doe$ not change during the lifetime of a role, and can thus be defined as*a const (configurable item).

'O

— In the Logical Component subclause, define <AttributeNamesSupp as configurable item. No initigl
state is given, since this is platform instance specific.

— In [the Interfaces subclause, specify the functions® Get<aAttributeName>Supp(<params>
SetkAttributeName> (<params>), Get¥AttributeName> (<params>) (q
GetkAttributeName>Supp (<params>), Enable<AttributeName> (<params>
GetkAttributeName>Enabled (<params>) ) inthe order listed.

=

— |Make sure the precondition of the Set<AttributeName>(<params>) and
Get<AttributeName> (<params>)(functions states that the attribute is supported.

H.10.4 $pecification Example

The example uses the following substitutions:

— <AtfkributeName> becdemes bg (Color).

In the Rqles subclause;the bgSupp attribute is defined.
Signature

rolp FKayer

uhColor_t bgColor;
const Bool bgSupp;

In the Logical Component subclause, bgSupp is defined as configurable item.
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Configurable Items

Table H.18
Role Attribute
Layer bgSupp

In the Interfaces subclause, function GetBgSupp, SetBgColor, and GetBgColor are defined.

Table H.19

Subsection Specification example GetBgSupp

Signature UhErrorCode_t GetBgSupp ( [outl]~pBool pBgSupp ) ;

Qualifiers thread-safe

Return values Standard

Pre-condition True

Action None

Post-condition *pBgSupp == layer.bgSupp
Table H.20

Subsection Specification example SetBgColor

Signature UhErrorCode_t SetBgColor ( [in] uhColor_t bgColor )|;

Qualifiets single-threaded

Return values Standard

Pre-condition layer.bgSupp == True

Action Modify layer.bgColor.

Post-condition layer.bgColor == bgColor
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