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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
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
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Introduction

This part of ISO/IEC 23001 defines the methods capable of describing codec configurations in the so-called
reconfigurable video coding (RVC) framework. The objective of RVC is to offer a framework that is capable of
configuring and specifying video codecs as a collection of “higher level” modules by using video coding tools.
The video coding tools are defined in video tool library. Part 4 of ISO/IEC 23002 defines the MPEG video tool
library. The RVC framework principle could also support non-MPEG tool libraries, provided that their
develppers have taken care to obey the appropriate rules of operation.

For ttle purpose of framework deployment, an appropriate description is needed to describe’ corjfigurations of
decoders composed of or instantiated from a subset of video tools from either oneyor morg libraries. As
illustrated in Figure 1, the configuration information consists of:

— bjitstream syntax description, and

— network of functional units (FUs) description (also referred to as the decoder configuration)
that tggether constitute the entire decoder description (DD).

comppsed of various coding tools. Therefore, RVC includes support for bitstream syntax descriptions as well

as vidleo coding tools. As depicted in Figure 1, a typicalN\RVC decoder requires two types of information,
namely the decoder description and the encoded media.(€.g. video bitstreams) data.

BitstrEams of existing MPEG standards are specified by, specific syntax structures and d¢lecoders are

1. Bitstream syntax
2. Decader configuration

Decoder Description e
Encoder Decoder

Encoded Video Data

Figure 1 — Conceptual diagram of RVC

Figure 2 illustrates a more detailed description of the RVC decoder.

the decoder
descrlptlon is reqwred for the configuration of a RVC decoder. The Bltstream Syntax Descrlptlon (BSD) and
FU Network Description (FND) (which compose the Decoder Description) are used to configure or compose
an abstract decoder model (ADM) which is instantiated through the selection of FUs from tool libraries
optionally with proper parameter assignment. Such an ADM constitutes the behavioral reference model used
in setting up a decoding solution under the RVC framework. The process of yielding a decoding solution may
vary depending on the technologies used for the desired implementations. Examples of the instantiation of an
abstract decoder model and generation of proprietary decoding solutions are given in Annex E.

© ISO/IEC 2011 — All rights reserved Vv
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ISO/IEC 23001-4 MPEG-B ISO/IEC 23002-4 MPEG-C

FU Network

Description
Decoder {FNEJ Model Instantiation:
g > - Selection of FUs and
Heschiption eI Parameter Assignment

Description
(RVC-BSDL)

MPEG

Tool Library
(RVC-CAL FUs)

NORMATIVE

Abstract Decoder Model
(FNL + RVC-CAL)

Decoder
Implementation

MPEG
Tool Library
Implémentation

INFORMATIVE

Endoded Video Data >—b Decoding Solution —P Decoded Video Data >

RVC Decoder implementation

Figure 2 — Graphical representation of the instantiation process or decoder composition mechaphism
for the RVC|normative ADM and for the non-normative proprietary compliant decoder implementation

Within the RYC framework, the decoder description describes a particular decoder configuration and copsists
of the FND apd the BSD. The FND describes the connectivity of the network of FUs used to form a dgcoder
whereas the| parsing process for the“bitstream syntax is implicitly described by the BSD. Thesg¢ two
descriptions are specified using two standard XML-based languages or dialects:

— Functionpl Unit Network Language (FNL) is a language that describes the FND, known also as “network
of FUs”. [The FNL specified normatively within the scope of the RVC framework is provided in this part of
ISO/IEC [23001;

— Bitstreanmp Syntax-.Description Language (BSDL), standardized in ISO/IEC 23001-5 (MPEG-B Part 5),
describef the bjtstream syntax and the parsing rules. A pertinent subset of this BSDL named RVC-BSDL
is definegd W|th|n the scope of the current RVC framework This RVC BSDL also mcludes pOSS|b|I|t| s for
further e :

specified normatrvely wrthm the scope of the RVC framework is provrded in th|s part of ISO/IEC 23001

The decoder configuration specified using FNL, together with the specification of the bitstream syntax using
RVC-BSDL fully specifies the ADM and provides an “executable” model of the RVC decoder description.

The instantiated ADM includes the information about the selected FUs and how they should be connected. As
already mentioned, the FND with the network connection information is expressed by using FNL. Furthermore,
the RVC framework specifies and uses a dataflow-oriented language called RVC-CAL for describing FUs'
behavior. The normative specification of RVC-CAL is provided in this part of ISO/IEC 23001. The ADM is the
behavioral model that should be referred to in order to implement any RVC conformant decoder. Any RVC
compliant decoding solution/implementation can be achieved by using proprietary non-normative tools and
mechanisms that yield decoders that behave equivalent to the RVC ADM.

vi © ISO/IEC 2011 — All rights reserved
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The decoder description, the MPEG video tool library, and the associated instantiation of an ADM are
normative. More precisely, the ADM is intended to be normative in terms of a behavioral model. In other words
what is normative is the input/output behavior of the complete ADM as well as the input/output behavior of all
the FUs that are included in the ADM.
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RNATIONAL STANDARD ISO/IEC 23001-4:2011(E)

Information technology — MPEG systems technologies —

Part 4:
Codec configuration representation

1

cope

This |part of ISO/IEC 23001 defines the methods and general principles capable of desq
configurations in the so-called reconfigurable video coding (RVC) framework. It primari
reconfigurable video aspects and will only focus on the description of representation for
configurations within the RVC framework.

Withi

the scope of the RVC framework, two languages, namely )FNL and RVC-BSDL,

normatively. FNL is a language that describes the FND, also knowh as “network of FUs”. RV
pertinent subset of BSDL defined in ISO/IEC 23001-5. This RVC-BSDL also includes possibilit
extengions, which are necessary to provide complete descriptionof video bitstreams.

2

The 1
refere
docur
ISO/I

1ISO/I
Desc

ISO/I

3 1

For th

ormative references

ollowing referenced documents are indiSpensable for the application of this documer
nces, only the edition cited applies. For undated references, the latest edition of th
hent, including any amendments, applies.

FC 14496-2:2004, Information techhology — Coding of audio-visual objects — Part 2: Visug

FC 23001-5:2008, Information’ technology — MPEG systems technologies — Part 5: Bits
iption Language (BSDL)

EC 23002-4, Information technology — MPEG video technologies — Part 4: Video tool libra

[erms and-definitions

e purposes of this document, the following terms and definitions apply.

ribing codec
y addresses
video codec

are specified
C-BSDL is a
es for further

t. For dated
e referenced

/

fream Syntax

ry

3.1
ADM

abstract decoder model
conceptual model of the instantiation of the functional units (3.8) from the video tool library (3.16) and their
connection according to the FU network description (3.9)

3.2
BSD

bitstream syntax description
description containing the bitstream syntax, its implicit parsing rules, and possibly tables [e.g. VLD tables if not
already existing in the reconfigurable video coding (3.13) video tool library] to define the parser
functional unit (3.8)

NOTE

The BSD is expressed using reconfigurable video coding-bitstream syntax description language (3.14).

© ISO/IEC 2011 — All rights reserved
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33
BSDL
bitstream sy

ntax description language

description of the bitstream syntax and the parsing rules

NOTE

3.4
connection

Bitstream syntax description language (BSDL) is standardized by ISO/IEC 23001-5.

link from an output port to an input port of a functional unit (3.8) that enables token exchange between FUs

3.5

decoder cor‘figuration

conceptual cq

NOTE 1
cases.

Us

A decodin

A new de

A new de
MPEG vid

A new de

NOTE2 In
specification o
implicit specifi
video coding-
decoder mod

provided in terins of I/O behavior by the MPEG video tool library/(3.12) specified in ISO/IEC 23002-4.

3.6
DD
decoder des
description o
and bitstrear|

3.7
decoding s
implementati

3.8
FU

functional ufit

modular tool

cription

nfiguration of a decoding solution

ng the MPEG video tool library (3.12), decoder configuration can be designed as onejof the fol

g solution of an existing MPEG standard at a specific profile and level.
Coding solution built from tools of an existing MPEG standard.

coding solution built from tools of an existing MPEG standard and somexnew MPEG tools included
eo tool library.

coding solution that is composed of new MPEG tools included in the'"MPEG video tool library.

summary, an RVC decoder description essentially consists‘ef a list of functional units (3.8) and
the FU connections [FU network description (3.9) expressed in FU network language (3.10)] p
ation of the parser in terms of bitstream syntax descrtiption (3.2) [BSD expressed in reconfig

bl (3.1)] an RVC decoder description (3.6) needsto make reference to the behavior of each FU

a particular decoder configuration, which consists of two parts: FU network description
h syntax description (3.2)

ution
n of the abstract decoder model (3.1)

which_c¢onsists of a processing unit characterized by the input/output behavior

owing

in the

of the
us the
irable

bitstream syntax description language (3.14)]. In order to be a complete behavioral model [i.e. abstract

that is

(3.9)

3.9
FND

FU network description
FU (3.8) connections used in forming a decoder which are modeled using FU network language (3.10)

3.10
FNL

FU network language
language that describes the FU network description (3.9), known also as a “network of FUs”
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3.11

model instantiation

building of the abstract decoder model (3.1) from the decoder description (3.6) [consisting of the
bitstream syntax description (3.2) and the FU network description (3.9)] and from functional units (3.8)
from the video tool library (3.16)

NOTE During the model instantiation, the parser FU is reconfigured according to the BSD or loaded from VTL.

3.12
MPEG video tool library
MPEG VTL

from existing

teroperability

recorfigurable video coding-bitstream syntax description language
pertinent subset of bitstream syntax description language (3.3),“which is defined within the|scope of the
current reconfigurable video coding (3.13) framework

3.15
toker
data ¢ntity exchanged between input and output ameong functional units (3.8)

3.16
VTL

videq tool library
collegtion of functional units (3.8)

4 KRunctional unit network description

4.1 |Introduction

The HUs in MPEG.RVC are specified by:

The textual description in ISO/IEC 23002-4.

The RVC-CAL reference software. The RVC-CAL language is formally specified in Annex D.

The Functional Unit Network Language (FNL) is formally specified in this Clause and is used to describe
networks of FUs. FNL is derived from Extensible Markup Language (XML) which was in turn derived from
SGML (ISO 8879). The ADM consists of a number of FUs with input and output ports, and the connections
between those ports. In addition, the ADM may have input and output ports, which may be connected to the
ports of FUs or to each other.

A decoder can be described as a network of a number of FUs or even only one FU (e.g. Figure 3).

© ISO/IEC 2011 — All rights reserved 3
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Decoder

Bits YUV

FUA

Figure 3 — FU network of one FU

A network of FUs is described in FND. An FND includes the list of the selected FUs to form the decoder and

the three ty
inputs and FL

o of caonnactiance that ara ~connactinne hatwaoan Ellc (fvna AN
OO GO CCHoS oo C— o e oo PCTwWw CoTTT ooty P75

connactione—hbhabtwoaon d
SoOrmectorns—PCTtweer—o

) inputs (type B), and connections between FU outputs and decoder outputs (type C), whid

coder
h are

illustrated in figure 4.
The list of thg selected FUs (Figure 4) is described in FND according to the following table. When selecting
FUs from VTL, the IDs and names of FUs defined in ISO/IEC 23002-4 shall be used\in the FND,. The
parameter assignments in the listed FUs are supported in the FND, but optional.
<Instance 3jd = "FU A">
<Class |name = "Algo Examplel" />
</Instance>
<Instance idq = "FU B">
<Class |name = "Algo Example2" />
</Instance>
The connections (type A, type B, and type C shown in Figure 4).are described in FND as shown |n the
following tablg.
T A Connection src = "FU A" src-port =\"B" dst = "FU B" dst-port = "D"|/>
ype Connection src = "FU A" src-porgs* "C" dst = "FU B" dst-port = "E"|/>
Type B input src = "FU A" src-port =\"A" />
Type C output src = "FU B" src-port = "F" />
Decoder

= => TypeA
—> TypeB
....... > Type C

4 1
WUIR

Another example of FU networks with four FUs is illustrated in Figure 5. The textual description of Figure 5 in
FND is described as follows.

<XDF name="Decoder">

<Instance id

= "Syntax parser">

<Class name = "syntax parser">
</Instance>
<Instance id = "FU A">

<Class name = "Algo ExamFU A">
</Instance>
<Instance id = "FU B">

<Class name = "Algo ExamFU B">

</Instance>

© ISO/IEC 2011 — All rights reserved
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<Instance id = "FU C">
<Class name = "Algo ExamFU C">
</Instance>
<Input src = "Syntax Parser" src-port = "A" />
<Output src = "FU C" src-port = "R" />
<Connection src = "Syntax Parser" src-port = "B" dst = "FU A" dst-port = "E" />
<Connection src = "Syntax Parser" src-port = "C" dst = "FU A" dst-port = "F" />
<Connection src = "Syntax Parser" src-port = "D" dst = "FU B" dst-port = "K" />
<Connection src = "FU A" src-port = "H" dst = "FU C" dst-port = "0” />
<Connection src = "FU B" src-port = "L" dst = "FU C" dst-port = "P" />
<Connection src = "FU B" src-port = "M" dst = "FU C" dst-port = "Q" />
</XDF>
Figure 5 — Another example of FU networks
4.2 |[The specification of an FU network
The XML structures with names of elements, such as Déecl, Network, Package, Expr, etc. are degcribed in the

specification of FNL in Annex A. In addition, attributes.*that direct an individual element’s feat
introduced there. Attribute names will be prefixed with “@”. For instance common attribute na
@name, or @kind. In cases where an elementmame may be qualified by the value of an att
brackgts are used. For instance, in order to express the notion of an Expr element whose @ki
the stfing “literal”, Expr[@kind="literal"] is written.

By uging the RVC-CAL model, FNLxalso allows FU networks and individual FUs to be para
particular, it is possible to pass bounded values for specific parameters into FU and FU net
valueg are represented by Exprand Decl syntax. Expr and Decl are the syntactical constructs
compptation, which may, itselfybe dependent upon the values of parameters which are either ¢
varialles.

5 Bitstream syntax description

PEG video tool Iibrary contains FUs that specify MPEG decoding tools. A new decoder

The

res are also

es are @id,
ibute, square
hd attribute is

meterized. In
works. These
describing a
lobal or local

configuration
ing BSDL as
nthesis tools

standardizes

a version of BSDL called RVC- BSDL speC|f|ed by |nclud|ng new RVC speC|f|c extenS|ons and usage
restrictions of standard BSDL in ISO/IEC 23001-5. Such extensions and restrictions versus the MPEG

standard BSDL are defined in Annex C of this document. RVC-BSDL contains all information

necessary to

parse any bitstream compliant with such syntax. The procedure to instantiate the parser capable of parsing
and decoding any bitstream compliant with the syntax specified by the RVC-BSDL schema is not normative.

Examples of such non-normative procedures are provided in Annex E.
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6 Model instantiation

This Clause describes the model instantiation process which consists of the selection of Functional Units
(FUs) from the video tool library and instantiation of the FUs with the proper parameter assignments. The
instantiation process requires the following information:

e The video tool library
e The FU network description
e The bitstream syntax description

The instantiation process consists of attaching the source code corresponding to the FUs identified in the FND
in order to buj i . i i i i of all
FUs standardlized in ISO/IEC 23002-4. The FND contains only the references (names of the FUs):\fo the
pieces of codg in the VTL. The process outputs the ADM. Figure 6 illustrates the model instantiation“progess.

FND
Input:
FND+BYD Connections Name + parameters
BSD [ name |

A Video Tool Library

Model
Instantiatjon BSDL2CAL Attach )e—| Code(FU1| |Code FU2| ..... Code FUN
Proces$

/ Name FU2
»

Output: w
ADM

i
i i i

Name FU-N

Figure 6 — Description of the model instantiation process

The FU Network Description’(FND) provides the structure of the decoder by giving the names of th¢ FUs
composing the decoder and:their respective connections among them. The name of the instance of the[FU in
the ADM is cpntained/inthe tag <instance id="..">. The tag <class name=".."> indicates the name of
the FU (in the¢ video-tool library) from which the FU of the ADM must be instantiated. The tag <paramdter>
provides the yalues jof the parameters, which must be used for the instantiation of the FU in the ADM.

The Bitstream Syntax Description (BSD) provides the structure of the bitstream. The parser is generated
automatically from the BSD. Informative examples are provided in Annex E for building the parser. The syntax
parser FU of the ADM might use other FUs to parse the bitstream. Thus, a clear link between identifiers inside
the BSD and the FND must be established. The tag <rvc port=".."> indicates the name of the instance of
the FU into the ADM to which this element of syntax is sent.

6 © ISO/IEC 2011 — All rights reserved
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Annex A
(normative)

Functional unit network description

A.1 Elements of a functional unit network

XDF +— An FU network is identified by the root element called XDF that marks the beginning:a

XML

jescription of the network.

network. Assumed to be “1.0” if absent.

optional children: Package, Decl, Port, Instance, Connection.

nd end of the

optional attribute: @name, the name of the network. @version, the version number ¢f the current

<XDF]

</XD

name="mpeg4SP">

">

Package — This element contains a structured representation,'of a qualified identifier (QID)
iers that are used to specify a locus in a hierarchical namespace). That QID provides the dontext for the
ne attributed of the enclosing Network element: thatiname is intended to be valid within|the specified

identi

@nar

name;

Space, or package.

required child: QID, the qualified identifier.

(i.e. a list of

<Pac]

</Pa

kage>

DID>

<ID id="mpeg4d"/>
QID>

ckage>

Decl[

[@kind="Param"] — Represents the declaration of a parameter of the network.
required attributeS@name, the name of the parameter.

optional child: Type, the declared type of the parameter.

| <Ded

I kind="/Param" name="FOURMV"/>

Decl[
to co

[@kind="Var"] — This element represents a variable declaration. Variables are used withi
mpute parameter values for actors instantiated within the network and within expressj;

compute the values of other variables.

required attribute: @name, containing the name of the declared variable.

expressions
ons used to

required child: Expr, representing the expression defining the value of this variable, possibly referring

the values of other variables and parameters.

optional child: Type, the declared type of the variable.

<Dec

</De

1 kind="Variable" name="MOTION">
<Expr kind="Literal" literal-kind="Integer" value="8"/>
cl>

© IS0/

IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=c3506756b127225eec1a6b2035efee9d

ISO/IEC 23001-4:2011(E)

Port — Represents the declaration of a port of the network. Ports are directed, i.e. they serve as either input
or output of tokens.

e required attributes: @name, the name of the port. @kind, either “Input” or “Output”.

e optional children: Type, the declared type of the port.

<Port kind="Input" name="signed"/>
<Port kind="Output" name="out"/>

Instance — This element represents instantiations of FUs (i.e. actors). Essentially, an instantiation consists of
two parts: (1 a Qpnr‘ifir‘nﬁnn of the class of the FIU_and (’)) alist of parameter values, clr_\nr‘ifying eXpressions

for computing the actual parameter for each formal parameter of the FU class.

e requifed attribute: @id, the unique identifier of this FU instance in the network. No.two Ingtance
elements may have the same value for this attribute.

e requifed child: Class, identifying the FU class to be instantiated.
e optiopal children: Parameter, each of these is assigning a formal parameter of the FU class|to an

exprgssion defining the actual parameter value for this instance. Attribute{ additional named attr|butes
for thjs instance.

<Instance ip="MPEG4 algo PR">
<Class npme="MPEG4 algo Add"/>
<Parametpr name="LAYOUT">
<Expr| kind="Literal" literal-kind="Integer" value="1"/%
</Paramefer>
</Instance>

<Instance ip="Algo IDCT2D MPEGCPartlCompliant">
<Class npme="Algo IDCT2D MPEGCPartlComplianf”"/>
</Instance>

Connection |— Represents a directed conhéction between two ports within the network. The source ¢f that
connection can be either an input port of the network or an output port of an FU instance. Conversely, the
destination of that connection is either an output port of the network or the input port of an FU instance.

e requifed attributes: @skc, the id of the source FU of this connection. If “’, the connection origingtes at
a netork input port. @src-port, the name of the source port. @dst, the id of the destination FU pf this
conngction. If “,_the*connection ends at a network output port. @dst-port, the destination port pf the
conngction.

e optiopal children: Attribute, additionally named attributes of this connection.

<Connection OST="MPEGZ algo_Add GSC-POTrC="TE TC="AIJo IDCTZD MPEGCPartiCompliant =
port="out"/>

A.2 Expressions

All Expr elements represent expressions. Expressions are used to compute values that are in turn passed as
parameters when instantiating FUs. Expressions can refer to variables by name. Those variables may be
declared local variables of a network, declared network parameters, or global variables. There are a number
of different kinds of expressions, all represented as Expr elements. They are distinguished by the @kind
attribute.
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Expr[@kind="Literal"] — These expressions represent literals, which are essentially atomic expressions that
denote constants, and which do not refer to any variables. There are a number of different kinds of literals,

distinguished by the @literal-kind attribute.
Expr[@kind="Literal"][@literal-kind="Boolean"] — These literals are Boolean values.

e required attribute: @value, either “1” for true or “0” for false.

| <Expr kind="Literal" literal-kind="Boolean" value="1"/>

Expr[@kind="Literal"][@literal-kind="Integer"] — These literals represent arbitrary-sized integral numbers.

required attribute: @value, the decimal representation of the number.

| <Expfr kind="Literal" literal-kind="Integer" value="64"/>

Expr[@kind="Literal"][@literal-kind="Real"] — These are numbers with fractional,parts.

required attribute: value, the decimal representation of the number, optionally in scientifig
an exponent separated from the mantissa by the character ‘E’ or ‘e'.

notation with

| <Expfr kind="Literal" literal-kind="Real" value="32e-2"/>

Exprl@kind="Literal"][@literal-kind="String"] — String literals;

required attribute: @value, the string value.

| <Expfr kind="Literal" literal-kind="String" value=YForemanQCIF"/>

Exprl@kind="Literal"][@literal-kind="Character"] — Character literals.

required attribute: @value, the character value.

| <Expfr kind="Literal" literal-kind=YCharacter" value="s"/>

Expr{@kind="List"] — This expression is a list.

| <Expr|kind="List"/>

Exprl@kind="Var"] ~/This expression is a variable reference.

required attributes: @name, the name of the variable referred to.

| <Expfr kindg"Var" name="INTER"/>

Expr[@kind="Application"T— This Kind of expression represents the application of a function
of arguments.

to a number

e required children: Expr, the expression representing the function. Args, an element containing the

arguments.

<Expr kind="Application">
<Expr kind="Var" name="log"/>
<Args>
<Expr kind="Literal" literal-kind="Integer" value="2"/>
</Args>
</Expr>
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Expr[@kind="UnaryOp"] — This expression represents the application of a unary operator to a single
operand.

e required children: Op, the operator. Expr, an expression representing the operand.

<Expr kind="UnaryOp">

<Op name="!"/>

<Expr kind="Literal" literal-kind="Boolean" value="1"/>
</Expr>

Expr[@kind="BinOpSeq"] — These expressions represent the use of binary operators on a number of
operands. The associativity remains unspecified, and will have to be decided based on the operators involved.
The children[are operands and operators. There has to0 be at least one operator, and exacily one|more
operands thgn operators. The operators are placed between the operands in document order —_the first
operator between the first and second operand, the second operator between the second and third operand
and so forth. [The relative position of operators and operands is of no importance.

e requifed children: Op, the operators. Expr, the operands.

<Expr kind=['BinOpSeqg">
<Expr kipd="Literal" literal-kind="Integer" value="3"/>
<Op namef"+"/>
<Expr kipd="Literal” literal-kind="Integer" value="2"/>
</Expr>

A.3 Auxiliary elements
Args — This|element contains the arguments of a function application.
e requifed children: Expr, the argument expressions:
Op — This element represents a unary or binary operator, depending on context.

e requifed attribute: @name, the operatarname.

<Expr kind=['Application">
<Expr kiphd="Var" name="myfunctibny/>
<Args>
<Expr| kind="BinOpSeg">
<Ekpr kind="Literal®sM\iteral-kind="Integer" value="3"/>
<Op name="+"/>
<Ekpr kind="Literal" literal-kind="Integer" value="2"/>
</Expf>
</Args>
</Expr>

A.4 Types

Types, represented by Type elements, occur in the declarations of variables and ports. They are used to
specify the data types of objects bound to those variables or communicated via those ports. They are
identified by a name, and may also comprise parameters, which are bound to either other types, or
expressions (which are resulting in values).
Type — The description of a data type.

e required attribute: @name, the name of the type.

e optional children: Entry, entries binding a concrete object (either a value or another type) to a named
parameter.
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<Type name="mytype">

</Type>

Entry[@kind="Expr"] — A value parameter of a type.
e required attribute: @name, the name of the parameter.

e required child: Expr, the expression used to compute the attribute value.

<Type name="mytype">
<Entry kind="Expr" name="size">
EXPL Kind="Literal" literal-Kind="lnteger" value="10
<VEntry>
</Type>

Entry[@kind="Type"] — A type parameter of a type.

required attribute: @name, the name of the parameter.

required child: Type, the type bound to the parameter.

<Type name="list">

<Entry kind="Type" name="type">

<Type name="bool"/>

<VEntry>

Fntry kind="Expr" name="size">

<Expr kind="Literal" literal-kind="Integer" valueX'32"/>
<VEntry>

</Type>

A

A.5 Miscellaneous elements

Attrihute — The instances and connections of a network can be tagged with attributes. An |attribute is a
named element that contains additional information about the instance or connection. We distinguish four
kinds|of attributes: flags, string attributes, value attributes, and custom attributes. A flag is an|attribute that
does |not contain ANY information_except its name. A string attribute is one that contains a sfring, a value
attribyite contains an expressian (represented by an Expr element), and a custom attribute confains any kind
of infgrmation.

optional attribute:@value, the string value of a string attribute.

optional ehildren: Expr, the value expression of a value attribute. An Attribute may|instead also
contaimany other element.

<Conphection dst="sink" dst-port="bits" src="source" src-port="bits">

<Pttribute kind="Value" name="bufferSize">

Exor kind="Titgralh litgral-Lkind=VIntoger! yaluyg=uln
</Attribute>

</Connection>

QID — An element representing a qualified identifier, which is a list of simple identifiers. That list may be of
any length, including zero.

e optional children: ID, a simple identifier.

<QID>

<ID id="mpeg4"/>

<ID id="SP"/>

<ID id="myversion"/>
</QID
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FUID — A simple identifier.

e required attribute: @id, the identifier.

[ <FUID id="0001012"/> |

Class — This element identifies an FU class by name. If the FU class name is to be interpreted within a
specific namespace, that QID of that namespace may be contained within the Class element.

e required attribute: @name, the name of the class.

o optiopatthitd— QD the Qibdentifying the packagefmamespace for thetrassmame:

| <class name|"MPEG4_algo VLDTableB8"/>

Parameter — This element specifies a value expression for a given, named parameter.
e requifed attribute: @name, the parameter name.

e requifed child: Expr, the expression whose evaluation will yield the value for.the specified parameter.

<Parameter hame="ROW">
<Expr kipd="Literal” literal-kind="Integer" value="1"/>
</Parameter

NOTE This element is special in two respects: (1) It may occur anywhere in the network description. (2) Its fofmat is
entirely unspegified. The Note element can be used to add annotations)and additional information to any element|in the
Network speciffcation. It is common practice to use the @kind attributé\fo'identify the type of the note.

Examples of gescription of networks of FUs using the FNL(specified above are given in Annex B.
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Annex B
(informative)

Examples of FU network description

Introduction

This Annex provides some examples of how a RVC decoder configuration can be specified
netwqrk of RVC FUs, including a 1-D IDCT, 2-D IDCT (Figure B.1), and the flatten MPEG-4.SP
A flatten decoder configuration is described in terms of networks of FUs from| the

ISO/IEC 23002-4 composed of MPEG-4 SP FUs.

B.2

Figure B.1 illustrates the network composed by 5 FUs taken from the MPEG RVC toolbox, thg

betwgen FU and between the network and the outside world.

The t¢xtual specification of the network:in Figure B.1 is specified below. The network implements

GEN 124 algo Idctid r
X ¥

GEN _algo. Transpose 0
e i

algo_Idetid ¢
: ¥

GEN algo Transpose 1
X Y

Figure B.1 — Example of:networks of FU expressed using RVC FNL

Example of specification of a network of FUs implementing a 1D-IDCT ;

n terms of a
decoder FUs.
RVC toolbox

hlgorithm

connections

a 1-D IDCT.

<?xmll version="1.0" encoding="™UTF-8"7?><XDF name="idct2d">

<Jpackage>
<QID>
<ID id="mpeg4y/>
</QID>
Package>

A

<Port kind="Input" name="in"/>
<Port Kimd="Input" name="signed"/>
<PPorti kind="Output" name="out"/>
<peed skind="Variable" name="INP Sz">
Expr kind="Titeral" literal-kind="TInteqger" valpe="12"
</Decl>

<Decl kind="Variable" name="PIX_ SZ">

<Expr kind="Literal" literal-kind="Integer" value="9"/>
</Decl>
<Decl kind="Variable" name="OUT SZzZ">

<Expr kind="Literal" literal-kind="Integer" value="10"/>
</Decl>
<Decl kind="Variable" name="MEM SZ">

<Expr kind="Literal" literal-kind="Integer" value="16"/>
</Decl>
<Instance i1d="GEN_124 algo Idctld r">

<Class name="GEN 124 algo Idctld"/>

<Parameter name="ROW">

<Expr kind="Literal" literal-kind="Integer" value="1"/>

</Parameter>

</Instance>

© ISO/IEC 2011 — All rights reserved

13


https://iecnorm.com/api/?name=c3506756b127225eec1a6b2035efee9d

ISO/IEC 23001-4:2011(E)

<Instance id="GEN_algo Transpose 0">
<Class name="GEN algo Transpose"/>

</Instance>

<Instance id="GEN_124 algo_Idctld c">
<Class name="GEN_124 algo_Idctld"/>
<Parameter name="ROW">

<Expr kind="Literal” literal-kind="Integer" value="0"/>

</Parameter>
</Instance>
<Instance id="GEN algo Transpose 1">
<Class name="GEN algo Transpose"/>
</Instance>
<Instance i1d="GEN algo Clip">
<Class name="GEN algo Clip"/>
<Parameter name="isz">

<Ekpr kind="Var" name="OUT Sz"/>
</Parpmeter>
<Parapeter name="osz">

<Ekpr kind="Var" name="PIX Sz"/>
</Parpmeter>

</Instanpe>

<Connectfion dst="GEN_124 algo_Idctld r" dst-port="X" src="" src-port="in"/>
<Connectfion dst="GEN algo Clip" dst-port="SIGNED" src="" src-port="signed"/>
<Connectfion dst="" dst-port="out" src="GEN algo Clip" src-port="0"/>

<Connectfion dst="GEN algo Transpose 0" dst-port="X" src="GEN 124 algo Idgtld/r" src-port="Y"{>
<Connectfion dst="GEN_124 algo_Idctld_c" dst-port="X" src="GEN_algo Trapspose 0" src-port="Y"{>
<Connectfion dst="GEN algo Transpose 1" dst-port="X" src="GEN 124 algoa¥étld c" src-port="Y"{>

<Connectfion dst="GEN algo Clip" dst-port="I" src="GEN algo Transposez\" src-port="Y"/>

</XDF>

B.3 FNL of the testbed

FUN_MPEG4SP_DEGODER W
Ho bi r‘—.

Q<> VID

<?xml versipn="1.0" encoding="UTF-8"?><XDE~name="testbed">

<Instancp id="FUN MPEG4SP DECODER">
<Clasp name="decoder"/>
</Instanfke>
<Instancp id="fread">
<Clasp name="fread"/>
<Parajneter name="fname">

142

<Ekpr kind="Literalf"\Mteral-kind="String" value="data/foreman gcif 30.bit"/>

</Parpmeter>

</Instanfke>

<Instancp 1d="DispYUW'\>
<Clasp name="Disp¥UV"/>
<Parafneter names="title">

<Ekpr kimds"Literal" literal-kind="String" value="Foreman QCIF"/>

</Parpmetery»
<Parane€€r name="height">

<Ekph 'kind="Literal" literal-kind="Integer"

value="144"/>

</Parameter>
<Parameter name="file">

<Expr kind="Literal" literal-kind="String" value="data/foreman gcif 30.yuv"/>

</Parameter>
<Parameter name="width">

<Expr kind="Literal" literal-kind="Integer" value="176"/>

</Parameter>
<Parameter name="doCompare">

<Expr kind="Literal" literal-kind="Integer" value="1"/>

</Parameter>
</Instance>

<Connection dst="FUN MPEG4SP DECODER" dst-port="bits" src="fread" src-port="0"/>
<Connection dst="DispYUV" dst-port="B" src="FUN MPEG4SP DECODER" src-port="VID"/>

</XDF>

14
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Annex C
(normative)

Specification of RVC-BSDL

C.1 Introduction

This JAnnex describes the subset and the extensions of ISO/IEC 23001-5 BSDL that regnstitutes the
specification of RVC-BSDL. The objective of specifying a new standard from BSDL (ISOHAEC 23001-5:2008)
into al smaller subset (RVC-BSDL), is to be able to support a simple and efficient methodology for describing
video|bitstreams syntaxes in the scope of RVC, as well as to facilitate the development 'of supporting tools (i.e.
direct|synthesis of parsers from RVC-BSDL descriptions).

The fpllowing Clauses describe the specificity of the subset and the extensions,of BSDL standardl as specified

in ISQ/IEC 23001-5:2008, which are needed to obtain the RVC-BSDL used-in this Part of ISO/IHC 23001 (i.e.
the RVC framework).

C.2 Use of prefixes in RVC-BSDL schema
Prefixes and the corresponding namespaces are specifieddmRVC BSDL schema.

Table C.1 — Mapping of prefixes to corresponding namespaces in RVC-BSDL sche¢mas

Prefix Corrésponding Namespace

xsd http://www.w3.0rg/2001/XMLSchema

bs0 urn:mpeg:mpeg21:2003:01-DIA-BSDLO-NS
bs1 urA:mpeg:mpeg21:2003:01-DIA-BSDL1-NS
bs2 urn:mpeg:mpeg21:2003:01-DIA-BSDL2-NS
rve urn:mpeg:2006:01-RVC-NS

C.3 [Constructs' of RVC-BSDL

C.3.1 Introduction

This Bubelause describes which BSDL constructs are supported in RVC-BSDL in the RVC framework. It
includes data types, atiribuies and elements. The aim of the subset definition Is to provide a restricted way of
representing well-defined bitstreams. Thus, the processes including the validations of the bitstreams and the
generation of efficient implementations capable of parsing the bitstreams — described using RVC-BSDL —
become simpler. The specification of the BSDL constructs listed below can be found in
ISO/IEC 23001-5:2008.

C.3.2 Supported data types

C.3.2.1 Built-in data types
This Subclause describes the data types which are supported by RVC-BSDL. The supported data types

already defined in common XML schema is shown in Table C.2. The BSDL built-in data types supported by
RVC-BSDL are reported in Table C.3.
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Table C.2 — List of XML Schema data types supported or not supported by RVC-BSDL

Data Type Supported by RVC-BSDL?
xsd:hexBinary Yes
xsd:long Yes
xsd:int Yes
xsd:short Yes
xsd:byte Yes
xsd:unsignedLong Yes
xsd:unsignedIint Yes
xsd:unsignedShort Yes
xsd:unsignedByte Yes
xsd:string No
xsd:normalizedString No
xsd:float No
xsd:double No
xsd:base64Binary No

p C.3 — List of BSDL built-in data types supported or not supported by RVC-BSDL

Data Type Supported.by RVC-BSDL?
bs1:byteRange Yes
bs1:align32 Yes
bs1:align16 Yes
bs1:align8 Yés
bs1:b1 - bs1:b32 Yes
bs1:bitstreamSegment No
bs1:stringUTF16NT No
bs1:stringUTF8 No
bs1:stringUTF16BENT No
bs1:stringUTF16LENT No
bs1:stringUTF8NT No
bs1istringUTF16 No
bs1:stringUTF16BE No
bs1:stringUTF16LE No
bs1:longLE No
bs1:intLE No
bs1:shortLE No
bs1:unsignedLongLE No
bs1:unsignedIntLE No
bs1:unsignedShortLE No
bs1:unsignedExpGolomb No
bs1:signedExpGolomb No
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It may happen that processing tasks associated to the parsing of a segment of the bitstream are not described
in the RVC-BSDL schema. This is the case for bitstream segments for which VLD, CAVLD or CABAC
decoding algorithms need to be applied. Specific functional units available in the RVC toolbox can be used to
decode such portions of the bitstream before continuing the parsing. The data type rvc:ext indicates a
portion of bitstream that needs to be decoded by an external Functional Unit. A communication scheme
(described in E.1.2) is set up to make the link with this external Functional Unit. The rvc:port attribute helps
in making this link by specifying the name of the ports used to connect the parser and the Functional Unit. An
example of Variable Length Decoding is provided below:

B

:element name="DCTCoefficient" type="rvc:ext" rvc:port= "MPEG4 parf2 B16"/>

Conngctions with an external FU are necessary to decode the DCT coefficients, which' are Vdriable Length
Codes. These coefficients shall be decoded using ISO/IEC 14496-2:2004, Table B.16 (the VLC {able). Thus a
connection is established between the parser and the corresponding Functional Unit te decode this element of

syntak. Example of such a communication protocol is shown in details in E.1.2 (Imptementing V3

Decogling). The rvc:ext type can be only applied to an xsd:element element.

riable-Length

C.3.3 Supported elements

This $ubclause describes which BSDL facets are supported in RVC-BSDL within the RVC frgmework. The
allowed BSDL-2 elements are described in Table C.4. The allowed BSDL-1 elements are|described in

Table]C.5. The allowed XML built-in elements are reported in“Table C.6.

Element name

Supported by RVC-BSDL?

bs2:length

Yes (see C.4.3.11)

bs2:bitLength

Yes (see C.4.3.10)

bs2:startCodé

Yes (see C.4.3.12)

bs2:endCode No
bs2:escape No
bs2:cdata No
bs2:log2() No
bs2:ifUnion Yes (see C.4.3.14)
bs2:parameter No
bs2:xpathScript No

bs2:variable

Yes (see C.4.3.5)

Table C.4 — The BSDL-2 elements supported or not supported by RVC-BSDL

Table C.5 — The BSDL-1 elements supported or not supported by RVC-BSDL

Element name

Supported by RVC-BSDL?

bs1:script

Yes

© ISO/IEC 2011 — All rights reserved
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Table C.6 — The XML standard elements supported or not supported by RVC-BSDL

Element name

Supported by RVC-BSDL?

xsd:sequence

Yes (see C.4.3.3)

xsd:choice Yes (see C.4.3.4)
xsd:all No

xsd:group Yes (see C.4.3.2)
xsd:element Yes (see C.4.3.1)

xsd:simpleType

Yes (see C.4.3.6)

xsd:complexType

No

xsd:maxExclusive

No

xsd:fixed

No

xsd:annotation

Yes (see C.4.3.7)

xsd:appinfo Yes (see C.4.3.8)
xsd:MinOccurs No
xsd:MaxOccurs No

xsd:default No

xsd:union Yes (see C.4.3.13)
xsd:length Yes (see C.4.3,1)

C.3.4 Supplorted attributes

C.3.4.1 Buljlt-in attributes

This Subclad
allowed BSDO
Table C.8. THh

Table C.7 — The BSDL-1 attributes supported or not supported by RVC-BSDL

se describes which attributes, ate supported by RVC-BSDL within the RVC frameworK. The
L-1 attributes are describedin Table C.7. The allowed BSDL-2 attributes are descrided in
e allowed built-in XML attributes are described in Table C.9.

18

Attribute name Supported by RVC-BSDL?
bs4:bitstreamURI No
bs1:ignore No
bs1:addressUnit No
bsT:codec No
bs1:requiredExtensions No
bs1:insertEmPrevByte No
bs1:bsdlVersion No
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Attribute name Supported by RVC-BSDL?
bs2:nOccurs Yes
bs2:if Yes
bs2:ifNext Yes
bs2:rootElement Yes
bs2:ifNextMask No
bs2:ifNextSkip No
bs2:removeEmPrevByte No
bs2:layerLength No
bs2:assignPre No
bs2:assignPost No
bs2:bsdIVersion No
bs2:requiredExtensions No
bs2:startContext No
bs2:stopContext No
bs2:redefineMarker No
bs2:position Yes

Table C.9 — The XML attributes supported’or not supported by RVC-BSDL
Supported by the RVC

Attribute name

framework?
minOccurs No
maxQOccurs No
fixed Yes

C.3.4|2 Additional attribute

The parsers built from RVC decoder configurations generate data tokens on different putput ports.
Consequently, a mechanism specifying the correspondence between the tokens, correspgnding to the
differg¢nt elements of syntax and the output ports on which they have to be sent as output tokens| is necessary
to fully specify a deCeder configuration. A special attribute has been added in order to define the jport on which
the data is sent.<Such attribute is:

rvc:ports

The txe:port affribute is used to indicate that the corresponding element of syntax mustl be available
outside the parser for further processing operated by the network of FUs. This attribute is applied to
xsd:element only. An example is given below:

I|<xsd:element name="video object layer width" type="bsl:bl3" rvc:port="width"/>

Thus, the element “video object layer width” is available as a token on the port “width” of the parser.
Obviously, the connections of the parser to the network of FUs are reported in the description of the RVC
decoder configuration connected to the port “width.” It is available in the specification of the FU Network
Description (FND), which is given as an input of the whole framework (see Figure 2). In the above example,
the corresponding FND must contain the description of a link connecting the output port “width” of the parser
and an input port of an FU.
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C.4 Syntax of RVC-BSDL

C.4.1 Introduction

This Subclause fully specifies the syntax of RVC-BSDL used in the context of the RVC framework. The
allowed combinations of the elements, data types and attributes are reported in this Subclause. It defines the

subset RVC-BSDL.

C.4.2 Conventions
C.4.21 To define-the-syntax-of-the-elements
e The attributes or children elements, which are shown in italic, are optional.

The

C422 To

We use a for
and delimiter
A is written g
alternative od

We often use
stand for a q
terminal, we
As—>A{'A

In the examp
assumed, ev{
specific implg
different man

C.4.3 Syntax for elements and attributes

This Subclau

C.4.3.1 xsd

This element

The {a,b,c} construction means that one can build a list of several elements among a, b or c.

A | b | ¢) construction means that one can choose only one element among a, b.orC.

define the syntax of the expressions

m of BNF to describe the syntax rules. Literal elements are put in‘quotes (in the case of sy
), or set in boldface (in the case of keywords). An optional ocetrrence of a sequence of sy

currence of either A or Bis expressed as A|B.
plural forms of non-terminal symbols without introducing them explicitly. These are suppo

omma-separated sequence of at least an instance of the non-terminal. E.g. if A is thg
might use As in some production, and’ we implicity assume the following defi
}

les reported here, the usual interpretation of expression literals and mathematical operat
en though strictly speaking these ‘are not part of the language and depend on the environm
mentation of RVC-CAL may nbt have these operators, or interpret them on the other han
her.

e describes the'syntax of the element and its associated attributes.

:element

is used to define an element of syntax.

s [A], while any numbers of consecutive occurrences (including none) are written as {A}.

mbols
mbols
The

sed to
non-
hition:

ors is
ent. A
din a

name

type
| user-de

bs2:if
"hexadeci

>
Children:
</xsd:ele

bsO:variable
bs2:ifNext = "Expression"

rvc:port

<xsd:element

"string"

"(bsl:bl - bsl:b32 |
fined type)"

"( true |
= "Expression"

rvc:ext | bsl:align8 | bsl:alignlé

false)"

bs2:nOccurs = "Expression"fixed
malValue"
"portName"

xsd:annotation
ment>

| bsl:align32
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The attribute rvc:port specifies the name of the output port to which the FU is connected. For

more information about the communication between the parser and the FU, see E.1.2.

The rvc:port attribute is compulsory when dealing with an element of the type rvc:ext.

The user-defined type must be defined using a xsd:simpleType element.

C.4.3.2 xsd:group

The X
bitstrg
call.

sd:group element is used to define a set of elements of syntax. This element allows having
am description. There are two ways of using the xsd:group element: the definition of 'the

Definition of the group:

a hierarchical
group and its

<xs

Chi
</x

[ : group
ame = "string"

ldren: xsd:sequence
5d : group>

Call of the group:

<x

0

1
H
H
H
>

Chi
</x

0 : group

ef = "string"

s2:1f = "Expression"
s2:1fNext = "Expression"
s2:n0Occurs = "Expression"

ldren: none
5d : group>

InaB
in RV
bitstre
meet;s

SDL schema, there are several ways of accessing different levels of hierarchy in the bitstre
C-BSDL, only the xsd:group element shall be used to express different levels of hierd
am. The example below shows how to use the xsd:group element. In the bitstream, wh
this element:

lam. However
rchy into the
en the parser

s

H:group ¢&f="GroupOfVideoObjectPlane" />

The p

arsef refers to the definition of the group, which is:

<xsd:group name="GroupOfVideoObjectPlane">
<xsd:sequence>

<xsd:element name="group of vop start code" type="bsl:b32"/>
<xsd:element name="time code" type="bsl:bl8"/>

<xsd:element name="closed gov" type="bsl:bl"/>

<xsd:element name="broken link" type="bsl:bl"/>

<xsd:element name="next start code" type="bsl:align8"/>
<xsd:group ref="user data" bs2:ifNext="1B2"/>

</xsd:sequence>
</xsd:group>

The above example shows a way to express a hierarchy in the bitstream. The xsd:group element can be

used

© IS0/

hierarchically.
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C.4.3.3 xsd:sequence

According to the parent element in which this element is called, there are several possibilities:

element):

If the top parent element is a xsd:group element (in the case of the definition of the xsd:group

<xsd:sequ

</xsd:seq

Children:

ence>
{sequence,
uence>

group, element}

e If thgd top parent element is an xsd:sequence element, the xsd:sequence element isuged to
gathagr a list of consecutive elements of syntax which have conditions in common.
<xsd:sequence
bs2:if|= "Expression"
bs2:iflfext = "Expression"
bs2:n0O¢curs = "Expression"
>
Children: {sequence, group, element}
</xsd:sequence>
Remark: ong can use a single or several attributes on the same xsdisequence element but defining no
attribute is me¢aningless.
Example: thg elements requested upstream message type and newpred segment type exists only
if the variablg newpred enable equals to “1”.
<xsd:sequence bs2:if="S$myns:newpred enalble = 1">
<xsd:element name="requested upstream message type" type="bsl:b2"/>
<xsd:lelement name="newpred segment type" type="bsl:bl"/>
</xsd:sequence>
C.4.3.4 xsd:choice
This elementlis used to make a choice between two or several elements of syntax.
<xsd:choijce>
Children:| {xsd:group, xsd:element}
</xsd:chdice>
Remark: the| xsdsgroup and xsd:element elements must have a bs2:if or bs2:ifNext attribute in
order to be gble*to decide which element must be chosen. The condition on each element must be defined
such as only one choice must be possible, like in the example below:
Example:
<xsd:choice>
<xsd:element name="next sc" type="bsl:align8" bs2:if="$myns:vop coded = 0"/>
<xsd:group ref="VOPData" bs2:if="Smyns:vop coded != 0"/>
</xsd:choice>

22
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C.4.3.5 bs2:variable

It is common to keep in a temporary memory some elements of the bitstream syntax, according to which other
elements of syntax are decoded. It is also possible to define “local” variables to keep track of some
information while parsing the bitstream, This can be done using the bs2:variable element and the
bs0:variable attribute.

<bs2:variable
name = "string"
value = "Expression"
>
Chifdaren: none
</bp2:variable>

Examples: The bs2:variable element defines a new variable, independent from\the element of syntax
being|decoded. The bs2:variable element applies only on an xsd:element element. Whern a variable is
set uging this attribute, one must follow the following syntax for reading the variable;~”$myvariable.

<xs@l:element name="mcbpc" type ="rvc:ext"
rvcgport="Algo VLDtableB7 MPEG4part2">
<xsd:annotation> <xsd:appinfo>
<bs2x:variable name = "mb type" value = 'eitand(./text(),7)"/>
</xsd:appinfo> </xsd:annotation>
</xpd:element>

<xsfl:group ref="motion vector" bs2:nOccurs="4" bs2:if="Smb type=2"/>

C.4.3|/6 xsd:simpleType

This ¢lement is used to define a new type of xsd:element element. The cases in which a new|type must be
defingd are when:

o[ The type of the current elemenbis conditioned by a variable assigned during the parsing process. In
this case, the xsd:union ghildren element is used.

o[ The length in bits of thé current element is defined by a variable assigned during the paising process.
In this case, the children elements xsd:restriction and (xsd:length or xsd:bittlength) are
used.

e| To test the value ... with an xsd: startcode element, see C.4.3.12.

<xsfl:simplelype
namg= "stxing"
>
Chilld¥en: (xsd:union | xsd:restriction)
</xStrsTmptretype

Remark: to see different examples of definition of a new type, refer to C.4.3.10, C.4.3.11, C.4.3.12 and
C.4.3.14.

C.4.3.7 xsd:annotation

BSDL-2 introduces a set of new facets to specify constraints on BSDL and XML Schema data types. Since
XML Schema does not allow a user to add his own facets, they are declared as BSDL-2 components added to
the xsd:restriction component via the annotation mechanism, i.e. the
xsd:annotation/xsd:appinfo combination. Thus, the BSDL-2 elements (Table C.4) must be placed as
the child of an xsd:annotation/xsd:appinfo combination.
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<xsd:annotation>

Children:

xsd:appinfo

</xsd:annotation>

C.4.3.8 xsd:appinfo

According to the parent element in which this element is called, there are several possibilities:

If the top parent element is an xsd: simpleType element, one can choose to define this new type by

using one of the following elements: bs2:bitLength, bs2:ifUnion, bs2:startcode, or
bs2 :Fergth-
<xsd:appinfo>
Childr¢n: (bs2:bitLength | bs2:ifUnion | bs2:startcode | bs2:length)
</xsd:appinfo>
e If thd top parent element is an xsd:element element of any type except vvc:ext, the ynique
element which can be used is the bs2:variable element, used to save variables.
<xsd:appinfo>
Childr¢n: bs2:variable
</xsd:appinfo>
e |If the| top parent element is an xsd:element element,ofitype rvc:ext, the bsl:script elégment
must|appear to define which algorithm is used to decode‘the segment of bitstream. It can be possible
also {o save a variable using the bs2 : variable element.
<xsd:appinfo>
Children: {bsl:script, bs2:variable}
</xsd:apginfo>
C.4.3.9 xsd:restriction
This element|is used to specify data accUracy.
<xsd:restjriction
base =|" (xsd:unsigrnedshort | bsl:bl - bsl:b32 | bsl:byteRange)"
>
Children:| xsd:ammotation
</xsd:redtrictiomn>
Remark: the ps): byteRange data type is only allowed when it is used with the bs2:startcode element.

C.4.3.10 bs2:bitLength

This element specifies the size in bits of the current element, which has been defined as a new type using the
xsd:simpleType construct. The size in bits of the current element can be stored in a variable, which has
been assigned during the parsing process.

<bs2:bitLength

value
>
Children:

"Expression"

none

</bs2:bitLength>

24
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Example: the VOPTimeIncrementType type instantiates elements of size defined in the variable
vopTimeIncrementBits.

<xsd:simpleType name="VOPTimeIncrementType">
<xsd:restriction base="xsd:unsignedShort">
<xsd:annotation><xsd:appinfo>
<bs2:bitLength value="S$vopTimeIncrementBits"/>
</xsd:appinfo></xsd:annotation>
</xsd:restriction>
</xsd:simpleType>

C.4.3{11 bs2:length

This g¢lement specifies the size in byte of the current element which has been defined as‘a new type using the
xsd:pimpleType construct.

<bsp:length

Value = "Integer"
>
Chilldren: none
</bp2:length>

Example: the StartCodeType type instantiates elements of size'equals to 4 bytes.

<xsfl:simpleType name="StartCodeType">

<xsd:restriction base="xsd:hexBinaryi>
<xsd:length value="4"/>

</xsd:restriction>

<fxsd:simpleType>

C.4.3|12 bs2:startCode

This glement is used to mark the beginning of the bitstream.

<bspP:startCode

Value = "HexadecimalValue">
Chilldren: none
</bp2:startCodeX

Remark: the ¥s1: byteRange data type is only allowed when it is used with the bs2: startCode element.

Example:‘the type rbspType instantiates ....

<xsd:simpleType name="rbspType">
<xsd:restriction base="bsl:byteRange">
<xsd:annotation> <xsd:appinfo>
<bs2:startCode value="00000001"/>
</xsd:appinfo> </xsd:annotation>
</xsd:restriction>
</xsd:simpleType>

C.4.3.13 xsd:union

This element allows users to choose the type of an element among a list of member types according to some
conditions defined in the bs2:ifUnion element.
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<xsd:unio

memberTypes

>
Children:
</xsd:uni

n

{bsl:bl - bsl:b32}

xsd:annotation
on>

Remark: see

C.4.3.14 for an example of application.

C.4.3.14 bs2:ifUnion

This elemen

specifies the conditions under which the corresponding type is chosen. The num

er of

bs2:ifUnion ¢
xsd:union ele

lements that must appear is equal to the number of member types defined in the
ment.

bbove

<bs2:1fUn
value= "H
>

Children:
</bs2:1fU

ion
xpression"

none
nion>

Example: th
chosen if th
“SvolVersi

b type SpriteType instantiates elements of type bsl:bl _or bsl:b2. The type bsl
e condition “Svolversion 17 is true. The type bsl+b2 is chosen if the con
17 is false.

D1

bl is
dition

<xsd:simpg
<xsd:un
<xsd:

<bs

<bs

</xsd
</xsd:U
</xsd:sin

leType name="SpriteType">
ion memberTypes="bsl:bl bsl:b2">
annotation><xsd:appinfo>

2:1fUnion value="S$volVersion = 1"¢U/»
2:1fUnion value="$volVersion !=N"/>
:appinfo></xsd:annotation>

nion>

oleType>

C.4.4 Syntax of the expressions

This Subclau
Expression

e describes the syntax of the expressions used in the attributes.

1+ PrimaryExpression {Operator PrimaryExpression}

PrimaryExprg¢ssion — /max('Expression',’ Expression')'

[ 'min('Expression’,' Expression')'
| 'numbits('Expression')’
| 'bitand('Expression','Expression’)’

26

| 'bitor('Expression’,'Expression')’
| 'bitnot('Expression')’

| 'rshift('"Expression')’

| 'Ishift('Expression’)'

| ".text( )’

| ExpressionLiteral

| ifExpression
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ExpressionLiteral — '| IntegerLiteral |true | false
ifExpression — if Expression then Expression else Expression end
Operator _) (l — 1 || < 1 | l>l | L} >: 1 | l<:l | l! :l | Iandl | lorl ||n0t| | % l| I/l | l+l | l_ L} | |Al | ldivl | lmodl )

C.4.5 Syntax of the data types

This Subclause describes the syntax of the data types.

IntegerLiteral — 'IntegerDigit {IntegerDigit}
IntegerDigit —» '0'|'1"|'2"|'3"|'4"|'5'|'6"|'7"|'8"|'9'

Hexa
Hexa

Portn

The |
ISO/I

C5

The §
betwe
illustr:

HecimalValue — HexadecimalDigit {HexadecimalDigit}
decimaIDigit % IOI | l1l | l2l | I3l | l4l | |5l| l6| | l7l | l8l | l9l | |Al | IBI | ICI | IDI | IEl | IFI)

ame — NormativeFUName

NormativeFUName is the name of the Functional Unit. The naming conyention rule is
FC 23002-4.

Connections between the syntax parser and the FU network
byntax Parser and the network of FU must be connected together. Thus, a communic

en the syntax parser and Functional Unit is necessary< The following code shows an exa
hting the connection of the Syntax parser to an FU.

described in

htion scheme
mple of BSD,

<xs

l:element name="horizontal mv data' ‘bsO:variable=“true“ type="rvc:e;
tport="Algo mv_reconstruction--myin"/>

kt"

The €
The |
destin
name
order

Wher

lement name “horizontal mv data’ is decoded by an FU: it is indicated by the data ty
FU which will decode this element of syntax is specified in the rvc:port attribute. Th
ation FU to which this element. of syntax will be sent is specified also in the rvc:port
in the rvc:port attribute’must correspond to the normative name of the FU to which it is
to know how to make the‘eonnections between the syntax parser and the FU network.

ever a connectiontea Functional Unit is establish, the induced ports of the parser are:
Status feedback port: an input port which name is value of the rvc:port attribute fo
suffix *&"(e.g. algo_mv_f£). This port is always created. It is used to acknowledge thg

FU each time the parser sends data.

Value feedback port: an input port which name is value of the rvc:port attribute fo

pe rvc:ext.
e port of the
attribute. The
connected in

lowed by the
status of the

lowed by the

ol ol 11 2 _[ ) el s, b ('l L Il ) ) b
SUIMMRA - —data (€.4. algo_ MV _daltd). TS PUItIs CIedicu Uiy WISTT U1e attrioutc bsus

variable is set

to “true” in the current element. It is used to return the decoded value to the parser, which can use

this value to continue its parsing process.

General output port: an output port which name is value of the rvc:port attribute (e.g. algo_mv).

This port is always created. It is used to send the data to the FU.

In order to know if the parser can go to the next element of syntax or not, a communication protocol between
the syntax parser and the FU has been defined:

1

) The parser sends data on the port algo mv

2) The FU receives the data and warns the parser (though the algo mv_f port)
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i) if it needs an other data (value of the data to return to the parser = false), goto 1

i) orifit has finished (value of the data to return to the parser = true), goto 3
3) The parser can continue parsing the other elements of syntax.

The example of VLD decoding process using such communication scheme is shown in Annex E.
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Annex D
(normative)

Specification of RVC-CAL language

D.1 Generalities

The (
projeq
Dece
used

that 4
conve

RVC-

config
There

CAL is a textual language that is used to define the functionality of dataflow components or
“actors” that in the MPEG RVC framework are the FUs composing the RVC video tool library. FU

AL language is a dataflow-oriented language that has been developed as a subproject\of the Ptolemy
t at the University of California at Berkeley. The final CAL language specification has _begn released in

n the MPEG RVC framework. The sub-set has been defined so as to keep all data types
re necessary in the RVC framework scope, excluding data types and operators that can
rted to software or hardware implementations.

ured into decoders using an XML based specification language\(the RVC FU language
fore, to build the RVC framework two normative elements aremneeessary:

The RVC-CAL used to specify the behavior of the FUs that constitute the RVC video tool
The FNL used to specify RVC decoder configurations{using FUs from the RVC video too

mber 2003. The specification provided in this annex is the sub-set of CAL language’ called RVC-CAL

nd operators
not be easily

ginally called

5 can then be

called FNL).

library
library

The X be edited and

simul

ML based specification of “network of Actors” orbetter in RVC “Configuration of FUs” can
hted by tools available in the RVC reference software.

IPEG RVC is
her actor has
tion between
d and receive
d controllable
it facilitates
hnd easier to

Itis W
calleg
acceg

orth remarking that what in RVC-CAL is_called an “actor” exactly corresponds to what in N
an FU. In fact, an actor is a modular.component that encapsulates its own state, no ot
s to it, and nothing other actors can.do to modify the state of an actor. The only interag
actorg is through FIFO channels conneeting “output ports” to “input ports,” which are used to sen
“tokems.” This strong encapsulation Jeads to loosely coupled systems with very manageable an
actor | interfaces. The modularity_,of an actor assembly fosters concurrent development,
maintginability and understandability and makes systems constructed this way more robust
modify. All these features correspond to what is required by the MPEG RVC framework.

A “token” is a unit of data (of potentially arbitrary size and complexity) that is sent and receivgd atomically.
Each|actor input is_associated with a queue of tokens waiting in front of it. When a token is sent it is
concegptually placéd-in the queue of each input connected to the output the token originates from. Eventually,
the rgceiving FUs will read it, and thereby consume it, i.e. remove it from the input queue.
Every FU executes in a (possibly unbounded, i.e. non-terminating) sequence of steps, also called “transitions.”
During«€ach such step, an FU may do any of the following three things:

¢ Read and consume input tokens.

o Modify its internal state.

e Produce output tokens.

At any point in time, an FU is either disabled, i.e. it is not able to make a step, or it can perform a number of
different steps.
The specification of an FU in RVC-CAL is structured into “actions.” Each action defines a kind of transition the
FU can perform under some conditions. These conditions may include:

[ ]

the availability of input tokens,

e the value of input tokens,
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e the (internal) state of the FU,

e the priority of that action (see below).

An FU may contain any number of actions. Its execution follows a simple cycle:
1) Determine, for each action, whether it is enabled, by testing all the conditions specified in that action.
2) If one or more actions are enabled, pick one of them to be fired next.

3) Execute that action, i.e. make the transition defined by it.

4) Gotp Step 1.

Steps 1 and |2 are called “action selection.” For many complex FUs, such as the parser of anflMPEG4 SP
decoder, defihing the logic of how an action is chosen is the core of the implementation of the.procesging in
FU form. RVC-CAL provides a number of language constructs for structuring the description” of how aftions
are to be selgcted for firing. These include:

e action guards: conditions on the values of input tokens and/or the values of EU state variables that
need|to be true for an action to be enabled;

¢ finite[state machine: the action selection process can be governed by.afinite state machine, with the
exectition of an action causing a transition from one state to the next;

e action priorities: actions may be related to each other by a partial‘priority order, such that an actipn will
only ¢xecute if no higher-priority action can execute.

In this way, the process of action selection is specified in a declarative manner in each RVC FU. As a fesult,
the FU speciffcation becomes more compact and easier to understand.

Once selectgd, an action is executed. The code describing an action itself is for the most part ordinary
imperative cgde, as can be found in languages such ‘as Pascal, Ada, or C — there are loops, brarjches,
assignments etc. Only the token input/output of an action is specified separately and in a declarative manner.

In other wordp, the RVC-CAL language providés naturally the appropriate constructs that have been identified
by RVC requjrement work as essential elements for building the MPEG RVC framework with the capagity of

“encapsulating” coding tools functionalities-in a very natural manner without needing any particular restfiction
or specific cofling style on the usage of.the language construct.

D.2 Introduction

This Annex describes RVC-CAL, a profile of the CAL actor language to be used by the MPEG Reconfiglirable
Video Coding Framework.

Actors The oncept of actor as an entity that is composed with other actors to form a concurrent syste m has

an actor is a description of a computation on sequences of tokens (atomic pieces of data) that produces other
sequences of tokens as a result. It has input port(s) for receiving its input tokens, and it produces its output
tokens on its output port(s)?.

The computation performed by an actor proceeds as a sequence of atomic steps called rings. Each ring
happens in some actor state, consumes a (possibly empty) prefix of each input token sequence, yields a new
actor state, and produces a finite token sequence on each output port.

1 The notion of actor and firing is based on the one presented in [10], extended by a notion of state in [7].

30 © ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=c3506756b127225eec1a6b2035efee9d

ISO/IEC 23001-4:2011(E)

Several actors are usually composed into a network, a graph-like structure (often referred to as a model) in
which output ports of actors are connected to input ports of the same or other actors, indicating that tokens
produced at those output ports are to be sent to the corresponding input ports. Such actor networks are of
course essential to the construction of complex systems, but we will not discuss this subject here, except for
the following observations:

e A connection between an output port and an input port can mean different things. It usually indicates
that tokens produced by the former are sent to the latter, but there are a variety of ways in which this
can happen: token sent to an input port may be queued in FIFO fashion, or new tokens may
‘overwrite’ older ones, or any other conceivable policy. It is important to stress that actors themselves
are oblivious to these policies: from an actor point of view, its input ports serve as abstractions of
(prefixes of) input sequences of tokens while its output ports are the destinations of output

sequences.

o| Furthermore, the connection structure between the ports of actors does not explicitly spgcify the order
in which actors are read. This order (which may be partial, i.e. actors may*fire simultaneously),
whether it is constructed at runtime or whether it can be computed from the actor netwgrk, and if and
how it relates to the exchange of tokens among the actors — all these issues arg part of the
interpretation of the actor network.

The interpretation of a network of actors determines its semantics.and it determines the [result of the
execytion, as well as how this result is computed, by regulating the flow, of data as well as the flow of control
among the actors in the network. There are many possible ways of interpreting a network of agtors, and any
specific interpretation is called a model of computation, cf. [11], [12]):"Actor composition inside thg actor model,
that QAL is based on, has been studied in [8].

As far as the design of a language for writing actors is concerned, the above definition of an actpr and its use
in thel context of a network of actors suggests that the\language should allow making some key pspects of an
actor definition explicit. These are, among others:

o| The port signature of an actor (its input’ports and output port(s), as well as the kind of tokens the actor
expects to receive from or be able to-send to).

| The code executed during acring, including possibly alternatives whose choice depgends on the
presence of tokens (and passibly their values) and/or the current state of the actor.

o| The production and consumption of tokens during a ring, which again may be different for the
alternative kinds ofirings.

¢ The modification-of state depending on the previous state and any input tokens during a fing.

D.3 Introductory remarks

D.3.1 Introduction

Throughout this part, we will present fragments of RVC-CAL syntax along with (informal) descriptions of what
these are supposed to mean. In order to avoid ambiguity, we will now introduce a few conventions as well as
the fundamental syntactic elements (lexical tokens) of the RVC-CAL language.

D.3.2 Lexical tokens
RVC-CAL has the following kinds of lexical tokens:

Keywords. Keywords are special strings that are part of the language syntax and are consequently not
available as identifiers. See D.11.3 for a list of keywords in RVC-CAL.
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Identifiers. Identifiers are any sequence of alphabetic characters of either one of the digits, the underscore
character and the dollar sign that is not a keyword. Sequences of characters that are not legal identifiers may
be turned into identifiers by delimiting them with backslash characters.

Identifiers containing the $-sign are reserved identifiers. They are intended to be used by tools that generate
RVC-CAL program code and need to produce unique names which do not conflict with names chosen by
users of the language Consequently, users are discouraged from introducing identifiers that contain the $-
sign.

Operators. See D.11.2 for a complete list of RVC-CAL operators.

Delimiters. These are used to indicate the hnginning or end of Qynfnr\‘rir*nl elements in RVVC-CAL. The
following chafacters are used as delimiters: (,), {,}, [.], : -

Comments. Comments are Java-style, i.e. single-line comments starting with “//” and multi-ling,Comments
delimited by ‘Y*” and “*/".

Numeric litefals. RVC-CAL provides two kinds of numeric literals: those representing an_integral number and
those represgnting a decimal fraction. Their syntax is as followsZ2:

Integer — DecimalLiteral | HexadecimallLiteral | OctalLiteral
Real — DecimalDigit { DecimalDigit } "' {DecimalDigit} [ Exponent ]
| '." DecimalDigit { DecimalDigit } [ Exponent ]
| DecimalDigit { DecimalDigit } Exponent
DecimalLiteral - NonZeroDecimalDigit { DecimalDigit }

HexadecimalLiteral — '0' ('X' | 'X' ) HexadecimalDigit { HexadecimalDigit }

OctalLiteral — '0' { OctalDigit }
Hxponent — ('e'|'E")['+'|'-' ] DecimalDigit.{DecimalDigit }
NonZeroDec|malDigit — '1"'|'2"|'3"|'4"|'5"|'6" | '7" |]\8"|'9'

Dec|malDigit — '0' | NonZeroDecimalDigit
QctalDigit — '0"[""['2"|'3"|'4"[5/|'6"|'7"| '8
Hexadeg¢imalDigit — DecimalDigit
['a'|'b'|'c" | 'd-\e"| 'f
['A"|'B"|'C'"|'D"|'E"|'F'

D.3.3 Typopgraphic conventions

In syntax rulgs, keywords’are shown in boldface, while all other literal symbols are enclosed in single quptes.

In examples, |RVC-CAL code is represented monospaced. Semantic entities, such as types, are set itali¢.

D.3.4 Conventions

We use a form of Backus-Naur form (BNF) to describe the syntax rules. Literal elements are put in quotes (in
the case of symbols and delimiters), or set in boldface (in the case of keywords). An optional occurrence of a
sequence of symbols A is written as [A], while any numbers of consecutive occurrences (including none) are
written as {A}. The alternative occurrence of either A or Bis expressed as A|B.

We often use plural forms of non-terminal symbols without introducing them explicitly. These are supposed to
stand for a comma-separated sequence of at least on instance of the non-terminal. E.g. if A is the non-

2 |n contrast to all other grammar rules in this report, the following rules do not allow whitespaces between tokens.
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terminal, we might use As in some production, and we implicity assume the following definition:
As >A{'A}.

In the examples reported here, the usual interpretation of expression literals and mathematical operators is
assumed, even though strictly speaking these are not part of the language and depend on the environment. A
specific implementation of RVC-CAL may not have these operators, or interpret them or the literals in a
different manner.

D.3.5 Notational idioms

Like most programming languages, RVC-CAL involves a fair number of syntactical constructs that need to be
learng¢d and understood by its users in order to use the language productively. The effort involNed in gaining
familigrity with the language can be a considerable impediment to its adoption, so it makes'sense to employ
genetal guidelines for designing the syntax of constructs, which allow users to make guesses abgut the syntax
if they are unsure about the details of a specific language construction. These guidelines, which define the
style ¢f a language, are called notational idioms.

The fopllowing is a list of notational idioms guiding the design of RVC-CAL'’s language syntax.

Keyword constructs. Many constructs in RVC-CAL are delimited by keywerds rather than by more symbolic
delim|ters — such constructs are called keyword constructs. Other constructs are delimited by symbols, or are
at leapt partially lacking delimiters (such as assignments, which begin\with a variable name, see D.8.2).

Statement head/body separator. Many statements have a similar structure as the one for exgressions. For
statements, the keywords do or begin are used as a separator:

whilgp n > 0 do k := f(k); n := n - 1; end
prockdure p (int x) begin

x| := x + 1;
end

D.4 Structure of actor descriptions
Each [actor description defines a named kind of actor.
Actor$ are the largest lexical units of specification and translation. The basic structure of an actoris this:

Actonl — actor ID '(' ActorPars ') IOSig "'
{VarDecl}

{ Action InitializationAction }

[ ActionSchedule ]

{ PriorityBlock }

end

ActorPar — Type ID [ '=' Expression ]
I0Sig — [ PortDecls ] '==>'[ PortDecls ]
PortDecl —» Type ID

The header of an actor expressed in RVC-CAL contains actor parameters, and its port signature. This is
followed by the body of the actor, containing a sequence of state variable declarations (D.6.2), actions (D.9),
initialization actions (D.9.6), priority blocks (D.10.4), and at most one action schedule (D.10.3).

By contrast, actor parameters are values, i.e. concrete objects of a certain type (although, of course, this type
may be determined by a type parameter). They are bound to identifiers, which are visible throughout the actor
definition. Conceptually, these are non-assignable and immutable, i.e. they may not be assigned to by an
actor.
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D.5 Data types

D.5.1 Introduction

RVC-CAL is fully typed, i.e. it allows and forces programmers to give each newly introduced identifier a type
(see D.6.2 for more details on declaring variables).

D.5.2 Variables and types

Each variable or parameter in RVC-CAL may be declared with a variable type. If it is, then this type remains
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A type that is just an identifier is the name of some non-parametric type or of a parametric type whose
parameters take on default values. Examples may be [String], [int]
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In the next form the ID refers to a type constructor that has named type attributes which may be bound to
either types or values. Type attributes that are bound to types are assigned using the “:” syntax, values are

bound using the “=" syntax.

D.5.4 Predefined types

Required types are the types of objects created as the result of special language constructions, usually
expressions. The following are built-in types in RVC-CAL.:

e |bool|— the truth values true and false.

of [List (type:T, size=N)|— finite lists of length of N elements with type T.

e| |int (size=N)|— signed integers with bit width N.

o[ [uint (size=N)|— unsigned integers with bit width N.

. — strings of characters.

. — floating point numbers.

D.6 \Variables

D.6.1 Introduction

Variables are placeholders for values during the execution of an actor. At any given time, they may stand for a
specific value, and they are said to be bound.teithe value that they stand for. The associatign between a
varialjle and its value is called a binding.

This Bubclause first explains how variables are declared inside RVC-CAL source code. It then proceeds to
discuss the scoping rules of the language, which govern the visibility of variables and also constrain the kinds
of deglarations that are legal in RVE+CAL.

D.6.2 Variable declarations

Each|variable (with the(exception of predefined variables) needs to be explicitly introduced before it can be
used — it needs to be declared. A declaration determines the kind of binding associated with the variable it
declafes, and potentially also it's (variable) type. Following are the following kinds of variable declarations:

explicit variable declarations (D.6.2),

acter parameters (D.4),

e input patterns (D.9.2).

The properties of a variable introduced by an explicit variable declaration depend on the form of that
declaration.

D.6.2.1 Explicit variable declarations

Syntactically, an explicit variable declaration3 looks as follows:

3 These declarations are called “explicit” to distinguish them from more “implicit” variable declarations that occur, e.g. in
generators or input patterns.
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VarDecl — [Type] ID [('='| ":=") Expression]'’;'
| FunDecl | ProcDecl

An explicit variable declaration can take one of the following two forms, where [T| is a type, [v| an identifier that
is the variable name, and [E| an expression of type :

T v

[[ v := E— declares an assignable variable of type [T] with the value of [ as its initial value.

E| — declares a non-assignable variable of type [T| with the value of [E| as its value.

nnnnnnn

Variables degt

execution of
constants.

Explicit variable declarations may occur in the following places:

actor

[ )
see I

D.6.3 Func
The general f

FormalPars -

FuncDecl —»

ProcDecl — procedure ID '(' [ FormalPars ] ')’ [ var VafDecls] begin { Statement } end

the viar block of a surrounding lexical context (with ending punctuation

a statement. Variables declared in the last way are referred to as stateless varjablg

state variables (with ending punctuation

)

or no ending puncty
ocalVarDecl in D.6.3)

tion and procedure declaration

prmat for declaring functions and procedures is as follows:

> Type ID {' Type ID}

function ID '(' [ FormalPars ')’ '-- > ' Type [ var\VarDecls ] "' Expression end

y the
bs, or

ation,

LocalVarDecls should follow a special rule: 1) if a\l@calVarDecl is the last one or the only one, there shall be
no any ending punctuation; 2) if a LocalVarDecl is not the last one, there shall be a comma “,” as the gnding
punctuation (pr separator between it and the“next LocalVarDecl). For instance, a function declaration would
look like this:

| function tipestwo (int x)--> int < 2 * x end |
D.6.4 Name scoping

The scope ofla name, whether that of a variable or that of a function or procedure, is the lexical constru¢t that

introduces it -
binding or the
the same narn

— all expressions and assignments using the name inside this construct will refer to that va
assoeiated function or procedure, unless they occur inside some other construct that intro
e again, in which case the inner name shadows the outer one.

riable
Huces

In particular, this includes the initialization expressions that are used to compute the initial values of the
variables in variable declarations. Consider e.g. the following group of variable declarations inside the same

construct, i.e.

with the same scope:

n + k
k

m

’

’
*

~ o

n

This set of declarations (of, in this case, non-assignable variables, although this does not have a bearing on
the rules for initialization expression dependency) would lead to ] being set to [6], o] to [7], and [ to [42].
Initialization expressions may not depend on each other in a circular manner — e.g. the following list of
variable declarations would not be well formed:
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n
k
m

1+ k,

m - 36,

k * n

More precisely, a variable may not be in its own dependency set. Intuitively, this set contains all variables that
need to be known in order to compute the initialization expression. These are usually the free variables of the
expression itself, plus any free variables used to compute them and so on — e.g. in the last example,

depended on [, because [ is free in m - 36|, and since [ in turn depends on [k] and [n}, and [n] on [, the
dependency set of [ is which does contain [ itself and is therefore an error.

D.7

D.7.1
Expre

assig
evalu

The f

Expre
Expre

Singl

The f

D.7.2
Exprg

Exprg

Expressions

Introduction
ssions evaluate to a value and are side-effect-free, i.e. they do not changeihe state o
n or modify any other variable. Thus, the meaning of an expression can be-described by

hting to.
bllowing is an overview of the kinds of expressions and expression syntaxes provided in RV

ssion — Expression {"',' Expression }
ssion — BinaryExpression
| SimpleExpression

bExpression — Operator Expression
| ListComprehension

| ifExpression

| LetExpression

| '(" Expression ")’

| IndexerExpr

| ID'(" Expressions™)'

| ID

| ExpressionLiteral

bllowing Subclause discusses the individual kinds of expressions in more detail.
Literals

ssion literals are constants of various types in the language. They look as follows:

sSionLiteral — IntegerLiteral | DecimalFractionLiteral

the actor or
he value it is

C-CAL.

[StringLiteral
| true | false

The type of true and false is bool.

D.7.3 Variable references

The expression used to refer to the value bound to a variable at any given point during the execution is simply
the name of the variable itself, i.e. an identifier.
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D.7.4 Function application

An expression of the form
F(E1, ...,En)

is the application of a function to n parameters, possibly none. F is the name of a function which must be
visible at the point of this expression, and E; are expressions of types matching the types of the parameters
declared in the declaration of F.

D.7.5 Indexing

An indexing gxpression selects an object from a list. The general format is
IndexerExpr [ ID [ Expression]' { '[' Expressions ' }

The expressipns within the brackets are called “indices”. There must be at least one_such index. If thefe are
more than ong, the list expression must be a list of appropriate dimensionality, i.e. it must contain other lists as
elements and so forth.

D.7.6 Operators

There are two kinds of operators in RVC-CAL: unary prefix operator§)and binary infix operators. A binary
operator is characterized by its associativity and its precedence. In, RYC-CAL, all binary operators associate to
the left, while their precedence is defined by the platform, and\have fixed predefined values for RQuilt-in
operators (wliich are used to work on instances of built-in types). Unary operators always take preceflence
over binary operators.

is alwpys [(a+b) +d.

#a + Dblis alyays|(#a) + D

e+ b * disla + (b * c)|if* has a higher'precedence than +, which is usually the case.

Operators arg just syntactical elementss — they represent ordinary unary or binary functions, so the only
special rules for operators are syntactical.

D.7.7 Conditional expressions

The simple conditional expression has the following form:

IfExpression | if (Expression then Expression else Expression end

The first subexXpressiom mustbe of type poo 1| and the vatue of the entire expression s the vatue of the
second sub term if the first evaluated to true, and the value of the third sub term otherwise.

The type of the conditional expression is the most specific supertype (least upper bound) of both, the second
and the third sub expression. It is undefined (i.e. an error) if this does not exist.

D.7.8 List comprehensions

List comprehensions are expressions, which construct lists. There are two variants of list comprehensions,
those with and those without generators. We will first focus on comprehensions without generators, also called
enumerations, and then turn to the more general comprehensions with generators. The reason for this order
of presentation is that the meaning of comprehensions with generators will be defined by reducing them to
enumerations.
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D.7.8.1 Enumerations: list comprehensions without generators

The most basic form of list comprehension just enumerates the elements. Its syntax is as follows:

Simp

Exam

leListComprehension — ' [ Expressions ]

ple. If is the number 10, then the simple set expression

| In,

n*n, n-5, n/2]

evaluates to the list[[10, 100, 5, 5]|

D.7.8

Simpl
of the

2 List comprehensions with generators

e comprehension expressions only allow the construction of a list whose size is correlated
expression. In order to facilitate the construction of large or variable-sized! lists, RVC-

genetators to be used inside an expression constructing them. The syntax looks as,follows:

ListC
Gens
Gensg

The g

bmprehension — [ [ Expressions [ ;' Generators ] [ '|' Expression ] ] ]
rators — Generator {',' Generator }
rator —» for Type ID in Expression

enerators, which begin with the keyword, for, introduce new variables, and successively ins

with t
gene

ne elements of the proper list after the keyword, in. Th€ expression computing that list me
tor variables defined to the left of the generator it belengs to.

The gptional expressions following the collection expression in a generator are called filters — th

type

ool}, and only variable bindings for which these expressions evaluate to true are used to

colled

Exan

tion.

with the size
CAL provides

tantiate them
y refer to the

ey must be of
construct the

list of the first three natural numbers. The list

a : for int a in . [\%w 2 ,3]]

ns the values®, 4, and 6, while the list

;] for intf &y4n [1, 2, 3], a > 1]

descr

bes'(somewhat redundantly) the set containing 2 and 3. Finally, the list

[ [a *

b : for int a in [1, 2, 3], for int b in [4, 5, 6], b > 2 * a]

contains the elements 4, 5, 6, 10, and 12.

Writin

g the above as

[ [a *

b : for int a in [1, 2 ,3], b > 2 * a, for int b in [4, 5, 6]]

is illegal (unless @ is a defined variable in the context of this expression, in which case it is merely very
confusing!), because the filter expression occurs before the generator that introduces [o|.

If the generator collection is a set rather than a list, the order in which elements are extracted from it will be
unspecified. This may affect the result in the case of a list comprehension.
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D.8 Statements

D.8.1 Introduction

The execution of an action (as well as actor initialization) happens as the execution of a (possibly empty)
sequence of statements. The only observable effect of a statement is a change of the variable assignments in
its environment. Consequently, the meaning of a statement is defined by how the variables in its scope

change due to its execution. RVC-CAL provides the following kinds of statements:

Statement — AssignmentStmt

| CallStmt

| BlockStmt

[ [IfStmt

| WhileStmt

|[ForeachStmt
D.8.2 Assignment
Assigning a new value to a variable is the fundamental form of changing the state’ of-an actor. The syntax is as
follows:
Assignment3tmt — ID [ Index ] ":=' Expression ";'
Index — T [[Expression]' {'[' Expression ']'}
An assignmept without an index or a field reference is a simple @ssignment while one with a field referepce is
a field assignment, and one with an index is called an indexed:assignment.
D.8.2.1 Simple assignment
In a simple apsignment, the left-hand side is a variable name. A variable by that name must be visible |n this
scope, and it[must be assignable.
The expressipn on the right-hand side must-evaluate to an object of a value compatible with the variable (i.e.
its type must be assignable to the declared type of the variable, if any — see D.5.2). The effect ¢f the
assignment ig of course that the variable’value is changed to the value of the expression. The original value is
thereby overwritten.
D.8.2.2 Assignment with indices
If a variable i$ of a typelthat is indexed, and if it is mutable, assignments may also selectively assign to ¢ne of
its indexed logations;rather than only to the variable itself.
In RVC-CAL,|afnvindexed location inside an object is specified by a sequence of objects called indices, which
are written afte—the-identifierrepresenting-the-variable—and-which-is-enclosed-in-square-brackets:

D.8.3 Procedure call

Calling a procedure is written as follows:

CallStmt — ProcedureSymbol '(' [ Expressions ] ')

ProcedureSymbol — ID

The procedure symbol must be defined in the current context, and the number and types of the argument
expressions must match the procedure definition. The result of this statement is the execution of the
procedure, with its formal parameters bound position-wise to the corresponding arguments.
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D.8.4 Statement blocks (begin ... end)

Statement blocks are grouping a sequence of statements within their own nested scope, permitting the
declaration of local variables valid in that scope only.

BlockStmt — begin [ var LocalVarDecls do ] { Statement } end

The form

| begin var <decls> do <stmts> end |

definds the variables in <decls> and execules the statemenis in <simis> with the resulfing varigble bindings.
The vjariable bindings are only visible to these statements.

D.8.5 If-statement
The ifrstatement is the simplest control-flow construct

IfStmf — if Expression then { Statement } [ else { Statement } ] end

As is o be expected, the statements following the then are executed only if the expression evalpates to true,
otheryvise the statements following the else are executed, if present-The expression must be of type fpool].

D.8.4 While-statement

Iteration constructs are used to repeatedly execute .a_sequence of statements. A while-congtruct repeats
execytion of the statements as long as a condition spegified by a expression is true.

WhilgStmt — while Expression [ var VarDecls| do [ Statements ] end
It is ah error for the while-statement to not\terminate.

D.8.71 Foreach-statement

The fpreach-construct allows iterating over collections and successively binds variables to the elements of the
exprelssion with the execution of a sequence of statements for each such binding.

ForedchStmt —» ForeachGenerator {',' ForeachGenerator }
[ var VarDecls }:.do [ Statements ] end
ForegchGenerator —» foreach Type ID in Expression

The pasicstructure and execution mechanics of the foreach-statement is not unlike| that of the
comprehensions with generators discussed in D.7.8.2. However, where in the case of comprehensions a
collection was constructed piecewise through a number of steps specified by the generators, a foreach
statement executes a sequence of statements for each complete binding of its generator variables.

Example. The following code fragment

s := 0;

foreach int a in [1, 2], foreach int b in [1, 2] do
s := s + a*b;

end

results in [s| containing the number 9.
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D.9 Actions

D.9.1 Introduction

An action in RVC-CAL represents a (often large or even infinite) number of transition of the actor transition
system described in D.10. A RVC-CAL actor description can contain any number of actions, including none.
The definition of an action includes the following information:

e jtsou

its input tokens,

tput tokens,

the s

addit

In any given

represented By actions in the actor description.

The syntax o

Action > [ A
ActionTag —
ActionHead -

[guard E

Actions are d
of identifiers
for more thar
action priority

The head of an action contains a description of-the kind of inputs this action applies to, as well as the ou

produces. Th
for local varia

Input pattern
kinds of asso

ate change of the actor,

onal firing conditions.

state, an actor may take one of a number of transitions (or none at all), and these transitions are

an action definition is as follows:

ctionTag "' ] action ActionHead [ do Statements ] end
ID{"'ID}

> InputPatterns '==>' OutputExpressions

pressions ] [ var VarDecls ]

ptionally preceded by action tags which come“in’the form of qualified identifiers (i.e. sequ
separated by dots), see D.10.2. These tags fieed not be unique, i.e. the same tag may be
one action. Action tags are used to referto actions or sets of actions, in action schedule
orders — see D.10 for details.

e body of the action is a sequenee of statements that can change the state, or compute
bles that can be used inside the output expressions.

5 and output expressions are associated with ports either by position or by name. Thes
Ciations cannot be mixed. So if the actor’s port signature is

bnces
used
s and

tput it
alues

e two

| Inputl, Inp

ht2 ==> ...

an input patts

rn may lpok like this:

[ 1al, b, <l

(binding @ to the first token coming in on [Input1], and binding [o] and |c] to the first two tokens from [Input2)).
It may also look like this:

| Input2: [c]

but never like this:

I [d] Input2:

[e]

This mechani
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sm is the same for input patterns and output expressions.
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The following Subclauses elaborate on the structure of the input patterns and output expressions describing
the input and output behavior of an action, as well as the way the action is selected from the set of all actions
of an actor.

In discussing the meaning of actions and their parts it is important to keep in mind that the interpretation of
actions is left to the model of computation, and is not a property of the actor itself. It is therefore best to think
of an action as a declarative description of how input tokens, output tokens, and state transitions are related to

each other. See also D.9.5.

D.9.2 Input patterns, and variable declarations

Input
input
may ¢
varial
is as

Inp
Repel

The s
port,

A pat
binds
numb
as thd

Exanm

naturgl numbers starting at 1, i.e.

atterns, togetherwith varrabie dectarations andguards, perfornT two rmaim fonctions () 1t
tokens required by an action to fire, i.e. they give the basic conditions for the action to™Y
epend on the value and number of input tokens and on the actor state, and (2) they-declarg
les which can be used in the remainder of the action to refer to the input tokens themselve
ollows:

LtPattern — [ID '] T IDs T [ RepeatClause ]
atClause — repeat Expression

put also on whether the input pattern contains a repeat-clause,

ern without a repeat-expression is just a number of variable'names inside square brackets
each of the variable names to one token, reading as\fmany tokens as there are variablg
er of variable names is also referred to as the pattermength. The static type of the variable
token type of the corresponding port.

ple. (Input pattern without repeat-clause). Assume the sequence of tokens on the input @

ey define the
e fired which
e a number of
5. The syntax

tatic type of the variables declared in an input pattern depends,on'the token type declared on the input

. The pattern
names. The
s is the same

hannel is the

[1, 2

The ipput pattern{[a, b, c]|results inthe following bindings:

| a

If a p

patteqn length is L the-number of tokens read by this input pattern and bound to the L pattern vz

Since
varial]
varial]

bttern contains a repeat-clause, that expression must evaluate to a non-negative integer,
in general there-are more tokens to be bound than variables to bind them to (N times m

le contains‘the tokens numbered k, L +k, 2L +k, ..., (N-1)L + k . The static type of thes

[List

[T ]|, Where [T] is the token type of the port.

Exam

say N. If the
riables is NL.
ore, exactly),

les are bound'to lists of tokens, each list being of length N. In the pattern, the list bound to the k-th

e variables is

N it ) : : I ,

input pattern is

lJuence. If the

| [a, b, c] repeat 2

it will produce the following bindings:
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D.9.3 Scoping of action variables

The scope of the variables inside the input patterns, as well as the explicitly declared variables in the var-
clause of an action is the entire action — as a consequence, these variables can depend on each other. The
general scoping rules from D.6 need to be adapted in order to properly handle this situation.

In particular, input pattern variables do not have any initialization expression that would make them depend
explicitly on any other variable. However, their values clearly depend on the expressions in the repeat-clause
(if present). For this reason, for any input pattern variable v we define the set of free variables of its
initialization expression F, to be the union of the free variables of the corresponding expressions in the
repeat-clause.

The permissible dependencies then follow from the rules in D.6.

Example. (A attern

variables and

ttion variable scope). The following action skeleton contains dependencies between input p
explicitly declared variables

[n],
var

m
do ...

[k], [p] repeat m * n ==> ...

k *
end

S

These declargtions are well formed, because the variables can be evaluated in-the order [, [, [, [

By contrast, the following action heads create circular dependencies:

. do ... end

[a]
[a]

n
e .o

repeat
repeat
£ (b)
end

D.9.4 Outplt expressions

r, but
ist of

Output expre
rather than
expressions t

ssions are conceptually the dual_netion to input pattern — they are syntactically similg
fontaining a list of variable names which get bound to input tokens they contain a
hat computes the output tokens; the so-called token expressions.

OutputExpre
RepeatC

s5sion — [ ID '] T Expressions ' [ RepeatClause ]
ause — repeat Expression

The repeat-c
patterns, it cg

ause works not unlike in the case of input patterns, but with one crucial difference. For
ntrols the egonstruction of a data structure that was assembled from input tokens and then

the pattern v
themselves

priables.(Ihthe case of output expressions, the values computed by the token expressior

input
bound
s are

ese datastructures, and they are disassembled according to the repeat-clause, if it is pres¢nt.

t
In output eeressions without repeat-clause, the token expressions represent the output tokens directly, and
the number of oufput Tokens produced is equal to the number of Token expressions. Tt an oufput expression
does have a repeat-clause, the token expressions must evaluate to lists of tokens, and the number of tokens
produced is the product of the number of token expressions and the value of the repeat-expression. In
addition, the value of the repeat-expression is the minimum number of tokens each of the lists must contain.

Example. (Output expressions). The output expression

| ... ==> [1, 2, 3]

produces the output tokens 1, 2, 3.
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