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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 technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

This document defines the methods capable of describing codec configurations in the 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 the video tool library. ISO/IEC 23002-4 defines the MPEG
video tool library. The RVC framework principle could also support non-MPEG tool libraries, provided
that their developers have taken care to obey the appropriate rules of operation.

For the purpose of framework deployment, an appropriate description is needed to describe
configurations of decoders rnmpncpd of orinstantiated from a subset of video tools from either one or

more|libraries. As illustrated in Figure 1, the configuration information consists of

— Bitstream syntax description, and
— nretwork of functional units (FUs) description (also referred to as the decoder configurjation)
that fogether constitute the entire decoder description (DD).

Bitstreams of existing MPEG standards are specified by specific syntax structures and dlecoders are
composed of various coding tools. Therefore, RVC includes support.fof bitstream syntax ¢lescriptions,
as w¢ll as video coding tools. As depicted in Figure 1, a typicdl RVC decoder requires two types of
information, namely the decoder description and the encodedredia (e.g. video bitstreams) data.

1. Bitstream syntax <
2. Decoder configﬁation

Encoder e N T T e . De¢oder

Figure 1 — Conceptual diagram of RVC

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

A mojre\detailed description of the RVC decoder is shown in Figure 2, where the decoder description
is re%W@WWHWMWMBSD) 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 behavioural 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 I.
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ISO/IEC 23001-4 MPEG-B ISO/IEC 23002-4 MPEG-C
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De:t?ript?;n > Bitstream Syntax piifnﬁggifsz;i;gt

Description

(RVC-BSDL) MPEG

Tool Library
(RVC-CAL FUs)

NORMATIVE

Abstract Decoder Model
[FNCF RVC-CAL]

Decoder
Implementation

MPEG
Tool Library
Implementation

INFORMATIVE

Encoded Video Data >-——b Decoding Solution —— VA i Decoded Video Data >

RVC Decoder Implementation

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

Within the RVC framework, the decoder description describes a particular decoder configuratioh and
consists of the FND and the BSB."The FND describes the connectivity of the network of FUs uded to
form a decoder whereas the-parsing process for the bitstream syntax is implicitly described by thg BSD.
These two dgscriptions are specified using two standard XML-based languages or dialects:

— Functiopal Unit/Nétwork Language (FNL) is a language that describes the FND, known also as

of FUs%The FNL specified normatively within the scope of the RVC framework is proyided

> = -B Part
5), describes the bitstream syntax and the parsing rules. A pertinent subset of this BSDL named
RVC-BSDL is defined within the scope of the current RVC framework. This RVC-BSDL also includes
possibilities for further extensions, which are necessary to provide complete description of video
bitstreams. RVC-BSDL specified normatively within the scope of the RVC framework is provided in
this document.

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

vi © ISO/IEC 2017 - All rights reserved
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RVC-CAL for describing FUs’ behaviour. The normative specification of RVC-CAL is provided in this
document. The ADM is the behavioural 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.

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 behavioural model. In
other words, what is normative is the input/output behaviour of the complete ADM, as well as the
input/output behaviour of all the FUs that are included in the ADM.

This document also includes informative technical r‘ncrvipfinnc to facilitate imp]nmnn ation of the

RVC framework. In Annex G, allocation of the decoder configuration data within MP4 file format
is infroduced. In Annex H, carriage of the decoder configuration over RTP is describefl. Finally, in
Annef ], technical relation between the codec configuration representation and the/MPE( multimedia
middJeware (M3W) is described.

© ISO/IEC 2017 - All rights reserved vii
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Information technology — MPEG systems technologies —

Part 4:
Codec configuration representation

This focument defines the methods and general principles capable of describing codec configurations
in the reconfigurable video coding (RVC) framework. It primarily addresses rédonfiglirable video
aspedts and will only focus on the description of representation for video codec ¢onfigurdtions within

Within the scope of the RVC framework, two languages, namely FNLcand RVC-BSDL, gre specified
normfatively. FNL is a language that describes the FND, also known as 'network of FUs". RVC-BSDL is
a perftinent subset of BSDL defined in ISO/IEC 23001-5. This RVC-BSDL also includes pogsibilities for
furthler extensions, which are necessary to provide complete deseription of video bitstrearns.

heir content
applies. For
nts) applies.

sual

) base media

ream Syntax

prary

nuary 1996

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31

abstract decoder model

ADM

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

© ISO/IEC 2017 - All rights reserved 1
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bitstream syntax description

BSD

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 (3.16)] to define
the parser functional unit (3.8)

Note 1 to entry: The BSD is expressed using reconfigurable video coding-bitstream syntax description
language (3.14).

3.3

bitstream syntax description language

BSDL

description ¢f the bitstream syntax and the parsing rules

Note 1 to enty

3.4
connection
link from a

between FU$

3.5

decoder configuration

conceptual g

Note 1 to ent]
following cas

anew de

anew de
the MPE

anew de

Note 2 to ent|
and of the sp

(3.10)] plus the implicit specification of the parser in terms of bitstream syntax description (3.2) [BSD expj

in reconfigurd
model [i.e. a
behaviour of
ISO/IEC 2300

3.6
decoder des

a decoding solution of an existing MPEG standard at a spécific profile and level;

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

h output port to an input port of a functional unit (3.8) that,enables token excl

b

onfiguration of a decoding solution

Iy: Using the MPEG video tool library (3.12), decoderconfiguration can be designed as one
5

coding solution built from tools of an existing MPEG standard;

toding solution built from tools of an eXisting MPEG standard and some new MPEG tools inclu
[ video tool library;

Foding solution that is composed.of new MPEG tools included in the MPEG video tool library.

ry: In summary, an RVC decoder description essentially consists of a list of functional units
pcification of the FU connections [FU network description (3.9) expressed in FU network lan

ble video coding-bitstream syntax description language (3.14)]. In order to be a complete behav
pstract decoder model (3.1)] an RVC decoder description (3.6) needs to make reference {
bach FU thatis-provided in terms of I/O behaviour by the MPEG video tool library (3.12) speci
P-4

cription

DD

jange

of the

Hed in

(3.8)
guage
essed
ioural
o the
ied in

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

3.7

decoding solution
implementation of the abstract decoder model (3.1)

3.8

functional unit

FU

modular tool which consists of a processing unit characterized by the input/output behaviour
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FU network description
FND
FU (3.8) connections used in forming a decoder which are modelled using FU network language (3.10)

3.10
FU network language

FNL

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

3.11

modeldnstantiation

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

Note

-4:2017(E)

from VTL.

3.12

MPEG video tool library

MPEG VTL

video|tool library (3.16) that contains functional units (3.8) definedby MPEG, that is, drawn f]
MPEG International Standards

3.13

reconfigurable video coding

RVC

frameéwork defined by MPEG to promote ¢oding standards at tool-level while
interpperability between solutions from different implementers

3.14

reconfigurable video coding-bitstream’syntax description language

RVC

-BSDL

pertihent subset of bitstream syntax-description language (3.3), which is defined within thg
currgnt reconfigurable video coding (3.13) framework

3.15
token

data entity exchanged(between input and output among functional units (3.8)

3.16

video tool library

VTL

colleg¢tionof-functional units (3.8)

4

4.1
The

sting of the
nl units (3.8)

| to entry: During the model instantiation, the parser FU is reconfigured accerding to the BSD or loaded

rom existing

maintaining

scope of the

Functional unit network description

General
FUs in MPEG RVC are specified by
the textual description in ISO/IEC 23002-4, and

the RVC-CAL reference software.

The RVC-CAL language is formally specified in Annex D, and the classification of FUs according to the
dataflow computation model of RVC-CAL is informatively described in Annex E.

© ISO/IEC 2017 - All rights reserved
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The Functional Unit Network Language (FNL) is specified in this subclause 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).

Decoder

its YOV
Al FUA >

Figure 3 — FU network of one FU

A network of FUs is described in FND. An FND includes the list of sele¢ted FUs to form the decodgr and
the three types of connections: connections between FUs (type A), connections between decoder ihputs
and FU inputs (type B), and connections between FU outputs and decoder outputs (type C), whigh are
illustrated in Figure 4.

The list of s¢lected FUs (Figure 4) is described in FND aceording to Table 1. When selecting FUs|from
VTL, the ID4 and names of FUs defined in ISO/IEC 23002-4 shall be used in the FND. The parameter
assignmentqin the listed FUs are supported in the ENDybut optional.

<Instancg id="FU A">

<Class name="Algo Exampiel"/>
</Instang¢e>

<Instancg¢ id="FU B">

<Class name="Algo-\BXample2"/>
</Instan¢e>

The connectiions (type A, typeyB, and type C shown in Figure 4) are described in FND as shoyn in
Table 1.

Table 1 — Connection types

Type A <fonpegotion src="FU A" src-port="B" dst="FU B" dst-port="D"/>
<fofingction src="FU A" src-port="C" dst="FU B" dst-port="E"/>

TypeB <mmrt—rc—"rAt—rcport="a"

Type C <output src="FU B" src-port="F"/>

4 © ISO/IEC 2017 - All rights reserved
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Decoder

Bits D YLV
—_——— A FU A FU B CCCEPERTTYS =
E N
- =3 TypeA
=====HF__T?FHEIE

censenP  Type C

Figure 4 — Three types of connections in an FU network

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

<XDF| name="Decoder">

<Insfkance id="Syntax parser">

<Flass name="syntax parser">

</Inptance>

<Insfkance id="FU A">

<Flass name="Algo ExamFU A">

</Inptance>

<Insfance id="FU B">

<flass name="Algo ExamFU B">

</Inptance>

<Insfkance id="FU C">

<flass name="Algo ExamFU C">

</Inktance>

<Inppt src="Syntax Parser" src-port="A"/>

<Output src="FU C" src-port="R%&(>

<Conhection src="Syntax Parset" src-port="B" dst="FU A" dst-port="E"/>
<Conhection src="Syntax Pagger" src-port="C" dst="FU A" dst-port="F"/>
<Conhection src="Syntax Bayser" src-port="D" dst="FU B" dst-port="K"/>
<Conhection src="FU A" src-port="H" dst="FU C" dst-port="0"/>
<Conhection src="FU B"\\src-port="L" dst="FU C" dst-port="P"/>
<Conhection src="FU B™ src-port="M" dst="FU C" dst-port="Q"/>

</XDf>

YLV
! ...------Ii}

Figure 5 — Another example of FU networks

© ISO/IEC 2017 - All rights reserved 5
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4.2 Specification of an FU network

The XML structures with names of elements, such as Decl, Network, Package, Expr, etc. are described in
the specification of FNL in Annex A. In addition, attributes that direct an individual element’s features
are also introduced there. Attribute names will be prefixed with "@". For instance, common attribute
names are @id, @name or @kind. In cases where an element name may be qualified by the value of
an attribute, square brackets are used. For instance, in order to express the notion of an Expr element
whose @kind attribute is the string "literal”, Expr[@kind="literal"] is written.

By using the RVC-CAL model, FNL also allows FU networks and individual FUs to be parameterized.
In particular, it is possible to pass bounded values for specific parameters into FU and FU networks.

] acl oxa +

These values

describing a
either global

5 Bitstre

The MPEG vi
implies new
specified in

tools that af
standardize
usage restri
MPEG stand
bitstream cq
decoding an
Examples of
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computation, which may, itself, be dependent upon the values of parameters whig
or local variables.

am syntax description

Heo tool library contains FUs that specify MPEG decoding tools. A newdecoder configur
bitstream syntax. The description of the bitstream syntax in RVC{s provided using BS
SO/IEC 23001-5 and the BSDL schema. However, to facilitate thedevelopments of synt
e able to generate parsers directly from a BSD (i.e. a BSDL schema), the RVC framg
b a version of BSDL called RVC-BSDL specified by includingirew RVC specific extension
ctions of standard BSDL in ISO/IEC 23001-5. Such exténsions and restrictions versy
hird BSDL are defined in Annex C. RVC-BSDL containg-alMinformation necessary to pars
mpliant with such syntax. The procedure to instantiate the parser capable of parsin
I bitstream compliant with the syntax specified\by the RVC-BSDL schema is not norm
such non-normative procedures are providediinh Annex I.

instantiation

escribes the model instantiation pir0Cess which consists of the selection of Functional

htion process requires the following information:
pl library;

ork description;

n syntax description.

htion process consists of attaching the source code corresponding to the FUs identif

of all- FUs standardized in ISO/IEC 23002-4. The FND contains only the references (n

of the FUs) t
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FMD
Input: ! " ¥
FHD+BSD
Connactions Marme + paramelers
BsD TIEMHE
\ / AVideo Toal Library
Model
Instantiation BSDL2CAL Attach Code FU1 | |Code FUZ| «.... |Code FUN
Procasc -
5 i i
Yy I
[Hame parser | [ Mama FLIZ |
ADM

Code FUM

Figure 6 — Description of the model instantiation process

The U Network Description (FND) provides the structure of the decoder by giving the names of the

FUs domposing the decoder and their respective conhections among them. The name of
of th¢ FU in the ADM is contained in the tag <inskance id="..">. For instance, the at{
pory (See C.4.4.5) indicates the name of the instance of the FU into the ADM to which th
syntgx is sent. The tag <parameter> provides the values of the parameters, which shal

the ifjstantiation of the FU in the ADM.

The Bitstream Syntax Description (BSD) provides the structure of the bitstream. T
generated automatically from the BSD. Informative examples are provided in Annex I for
parsgr. The syntax parser FU of the ADM might use other FUs to parse the bitstream. ]
link hetween identifiers inside,the BSD and the FND shall be established. The tag <rvc
indicates the name of the instance of the FU into the ADM to which this element of syntax i

NOTE

The FND cotld ‘include instances of FUs that represent input and output to/from

Inforinative technical descriptions for the input/output FUs can be found in Annex F.

the instance
ribute rvc:
s element of
| be used for

le parser is
building the
[hus, a clear
port="..">
5 sent.

the network.
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Annex A
(normative)

Functional unit network description

A.1 Elements of a functional unit network

A.1.1 XDHR

An FU netw
XML descri

Optiona
network

rk is identified by the root element called XDF, which marks the beginning and end
ion of the network.

(assumed to be "1.0" if absent).

attribute: @name, the name of the network; @version, the version mumber of the cu

bf the

rrent

— Optiona] children: Package, Decl, Port, Instance, Connection.
<XDF nam¢="mpeg4SP">
</XDF>

A.1.2 Package

This elemen
that are use
name attrib
specified na

uted of the enclosing Network element: that name is intended to be valid withi
mespace or package.

[ contains a structured representation of a,qualified identifier (QID), i.e. a list of ident
d to specify a locus in a hierarchical naimespace. The QID provides the context for t

ifiers
he @
n the

— Requiref child: QID, the qualified identifier.
<Package
<QID>
<ID id="mpegdly >
</Q1D>
</Packagg>
A.1.3 Dec][@kind="Param"]

This elemen

represents the declaration of a parameter of the network.

Require

PR | 4+ P +1 £ 4
U4t TOULT. I ATITC, TIIT ITIdTITC UT TIIrice P dl a1Irctcl.

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

|<Decl kind="Param" name="FOURMV"/>

A.1.4 Decl[@kind="Var"]

This element represents a variable declaration. Variables are used within expressions to compute
parameter values for actors instantiated within the network and within expressions used to compute
the values of other variables.

— Required attribute: @name, containing the name of the declared variable.

© ISO/IEC 2017 - All rights re
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— 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.

<Decl kind="Variable" name="MOTION">

<Expr kind="Literal" literal-kind="Integer" value="8"/>
</Decl>

A.1.5 Port

This plememntTepresentsthedectaratiomrof aportof the retwork—Portsaredirected; e they serve as
either input or output of tokens.

— Hequired attributes: @name, the name of the port. @kind, either "Input” or "Qutput".

— (ptional children: Type, the declared type of the port.

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

A.1.6 Instance

This plement represents instantiations of FUs (i.e. actors). Essentially, an instantiation copsists of two
parts: (1) a specification of the class of the FU, and (2) a list of parameter values, specifying expressions
for cqmputing the actual parameter for each formal patameter of the FU class.

— Hequired attribute: @id, the unique identifier ®f.this FU instance in the network. No fwo Instance
lements may have the same value for this attribute.

(0]

— Hequired child: Class, identifying the FU*class to be instantiated.

— (ptional children: Parameter, each:of these is assigning a formal parameter of the Fl class to an
expression defining the actual parameter value for this instance. Attribute, additjonal named
attributes for this instance.

<Ingtance id="MPEG4 algo PR">
<Class name="MPEG4 algo Add"/>
<Parameter mame="LAYOUT">
<Expr ;kKind="Literal" literal-kind="Integer" value="1"/
</Parameger>
</Ihstance

<Ingtahce id="Algo IDCT2D MPEGCPartlCompliant">
<Class name="Algo IDCT2D MPEGCPartlCompliant"/>
</Instance>

A.1.7 Connection

This element represents a directed connection between two ports within the network. The source of the
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.

— Required attributes: @src, the id of the source FU of this connection. If it is not defined or set as
a blank string (" "), the connection originates at a network input port. @src-port, the name of the
source port. @dst, the id of the destination FU of this connection. If it is not defined or set as a blank

© ISO/IEC 2017 - All rights reserved 9
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connection.

Optional children: Attribute, additionally named attributes of this connection.

), the connection ends at a network output port. @dst-port, the destination port of the

<Connection dst="MPEG4 algo Add V" dst-port="TEX"
src="Algo IDCT2D MPEGCPartlCompliant V" src-port="out"/>

A.2 Expressions

A.2.1 Gen

ral

1Al

All Expr elements represent expressions. Expressions are used to compute values thatare in tatrn p

as paramete
be declared
number of d
the @kind at

A.2.2 Exp

These expre|
and which d
by the @lite

A.2.3 Exp

These literal

Require

's when instantiating FUs. Expressions can refer to variables by name. Those variable
ocal variables of a network, declared network parameters, or global variables. There
fferent kinds of expressions, all represented as Expr elements. They are distinguish|
tribute.

rf[@kind="Literal"]

5sions represent literals, which are essentially atomic expressions that denote cons
al-kind attribute.

"[@kind="Literal"][@literal-kind="Boolean}]

s are Boolean values.

1 attribute: @value, either "1" for true op~9" for false.

hssed
5 may
are a
ed by

Fants,

b not refer to any variables. There are a number of differentkinds of literals, distingulished

<Expr kif

1d="Literal" literal-kind=sYBoolean" value="1"/>

A.2.4 Exp

These literal

required

"[@kind="Literal"][@literal-kind="Integer"]
s represent arbitrary-sized.integral numbers.

| attribute: @value, the-decimal representation of the number.

|<Expr kig

i d="Literall” ;¥iteral-kind="Integer" value="64"/>

A.2.5 Exp

These are nu

F[@kind<"Literal"][@literal-kind="Real"]

mberSwith fractional parts.

required

| attribute: value, the decimal representation of the number, optionally in scientific not

ation

with an exponent separated from the mantissa by the character ‘E’ or ‘e’.

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

A.2.6 Expr[@kind="Literal"][@literal-kind="String"]

This expression represents are string literals.

— required attribute: @value, the string value.

<Expr kind="Literal" literal-kind="String" value="ForemanQCIF"/>

10
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A.2.7 Expr[@kind="Literal"][@literal-kind="Character”]

This expression represents character literals.

Required attribute: @value, the character value.

-4:2017(E)

|<Expr kind="Literal" literal-kind="Character" value="s"/>

A.2.8 Expr[@kind="List"]

This expression is a list.

|<Expr kind="List"/>

A.2.9 Expr[@Kkind="Var"]

This

bxpression is a variable reference.

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

|<Expr kind="Var" name="INTER"/>

A.2.10 Expr[@kind="Application"]

This

bxpression represents the application of a function te anumber of arguments.

Hequired children: Expr, the expression representing the function. Args, an element ca
drguments.

ntaining the

<Expr kind="Application">

<Expr kind="Var" name="1log"¥>
<Args>

<Expr kind="Literd\ literal-kind="Integer" value="2"/
</Args>

</Expr>

A.2.11 Expr[@Kind="UnaryOp"]

This

pxpression represents the application of a unary operator to a single operand.

owl

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

<Expr kind="UnaryOp">

<@p~name="1!"/>
<ExXpr kind="Literal" literal-kind="Boolean" value="1"/>

</Ekpx

A.2.12 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 to be at least one operator, and exactly one more operands than
operators. The operators are placed between the operands in document order, with 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.

Required children: Op, the operators. Expr, the operands.

© ISO/IEC 2017 - All rights reserved
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<Op

</Expr>

<Expr kind="BinOpSeqg">
<Expr kind="Literal" literal-kind="Integer" value="3"/>

name="+"/>

<Expr kind="Literal" literal-kind="Integer" value="2"/>

A.3 Auxiliary elements

A.3.1 Args

This elemen

Require

A.3.2 Op
This elemen

Require

contains the arguments of a function application.

1 children: Expr, the argument expressions.

represents a unary or binary operator, depending on context.

1 attribute: @name, the operator name.

<Expr kind3
<Expr k

<Args>
<EjJ

</1
</Args>
</ExXpr>

F"Application">
I nd="Var" name="myfunction"/>

kpr kind="BinOpSeqg">

<Expr kind="Literal" literal-kind="Integer®value="3"/>
<Op name="+"/>

<Expr kind="Literal" literal-kind="Integé€r" value="2"/>
LXpr>

A.4 Type

A.4.1 Gen

Types, repre
to specify th
are identifie
expressions

A4.2 Typ

Vi

eral

sented by Type elemenfs;occur in the declarations of variables and ports. They are|
e data types of objects bound to those variables or communicated via those ports.
by a name, and niay also comprise parameters, which are bound to either other typ
(which are resulting in values).

S

Type is the description of a data type.

Require

used
They
es, or

attribute: @name, the name of the type.

named parameter.

Optional children: Entry, entries binding a concrete object (either a value or another type) to a

</Type>

<Type name="mytype">

A.4.3 Entry[@Kkind="Expr"]

A value para

12

meter of a type.

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

© ISO/IEC 2017 - All rights reserved


https://iecnorm.com/api/?name=32e70d9fa243443910b193d36c4db566

ISO/IEC 23001-4:2017(E)

— Required child: Expr, the expression used to compute the attribute value.

<Type name="mytype">
<Entry kind="Expr" name="size">
<Expr kind="Literal" literal-kind="Integer" value="10"/>
</Entry>
</Type>

A.4.4 Entry[@Kkind="Type"]

A type parameter of a type.

— Hequired attribute: @name, the name of the parameter.

— Hequired child: Type, the type bound to the parameter.

<Type name="list">
<Entry kind="Type" name="type">
<Type name="bool"/>
</Entry>
<Entry kind="Expr" name="size">
<Expr kind="Literal" literal-kind="Integer" values¥32"/>
</Entry>
</Type>

A.5 |Miscellaneous elements

A.5.1 Attribute

The instances and connections of a network-¢an be tagged with attributes. An attribut¢ is a named
elemg¢nt that contains additional information' about the instance or connection. We distfinguish four
kindd of attributes: flags, string attributes;value attributes, and custom attributes. A flag i an attribute
that dloes not contain ANY information'except its name. A string attribute is one that contqins a string,
a valpe attribute contains an expression (represented by an Expr element), and a custpm attribute
contdins any kind of information;

— (Optional attribute: @value) the string value of a string attribute.

— (Optional children; Expr, the value expression of a value attribute. An Attribute may|instead also
dontain any other element.

<Conhection dst="sink" dst-port="bits" src="source" src-port="bits">
<Attripmbe kind="Value" name="bufferSize">

SBxpr kind="Literal" literal-kind="Integer" value="1"/>
</KEt¥xibute>
</Cohng&etion>

A5.2 QID

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

— Optional children: ID, a simple identifier.

<QID>

<ID id="mpegd"/>

<ID id="Sp"/>

<ID id="myversion"/>
</QID

© ISO/IEC 2017 - All rights reserved 13
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A.5.3 FUID

A simple identifier.

Required attribute: @id, the identifier.

|[<FUID id=

"0001012"/>

A.5.4 C(Class

This element identifies an FU class by name. If the FU class name is to be interpreted within a specific

namespace,

Require

Optiona

Trore T -oTtricrerrorrrre o pore

i attribute: @name, the name of the class.

child: QID, the QID identifying the package/namespace for the class name.

|<Class na

yme="MPEG4 algo VLDTableB8"/>

A.5.5 Pard

This elemen

imeter

specifies a value expression for a given, named parameter.

— Requiref attribute: @name, the parameter name.
— Requirefl child: Expr, the expression whose evaluation will yield the value for the spetified
paramefer.
<Parameter name="ROW">
<Expr kind="Literal" literal-kinds!Integer" value="1"/>
</Parameter>
NOTE THis element is special in two respects: (1) It may occur anywhere in the network description. [2) Its
format is entirely unspecified. The Note element tan be used to add annotations and additional informatjion to
any element i the Network specification. It is ‘corhmon practice to use the @kind attribute to identify the type of

the note.

Examples of

description of networks.of FUs using the FNL specified above are given in Annex B.

14
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Annex B
(informative)

Examples of FU network description

B.1 Overview

This pnnex provides some examples of how an RVC decoder configuration can be spegifiefl in terms of
a netfvork of RVC FUs, including a 1-D IDCT, 2-D IDCT (Figure B.1) and the flatten MPEG-4 SP decoder
FUs. A flatten decoder configuration is described in terms of networks of FUs from'the RMC toolbox
ISO/IEC 23002-4 composed of MPEG-4 SP FUs.

B.2 |Example of specification of a network of FUs implemeénting a 1D-IDCT
algorithm

Figune B.1 illustrates the network composed by five FUs takén)from the MPEG RMC [toolbox, the
conngctions between FU and between the network and the outside world.

GEN_124 algo_Idctld r GEN_algo_Transpose_0 GEN_124 _algo | d_c GEN_algo_Transpose_1 f/_ Gen_algo_Clip
M e s e b A
in out

signed

Figure B.1 — Example of networks of FU expressed using RVC FNL
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The textual specification of the network in Figure B.1 is specified below. The network implements a

1-D IDCT.

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

<?xml version="1.0" encoding="UTF-8"?><XDF name="idct2d">

mpeg4"/>

</Package>

<Port kind="Input" name="in"/>
<Port kind="Input" name="signed"/>

<Port kind5
<Decl kind=
<Expr kif
</Decl>
<Decl kindH
<Expr kif
</Decl>
<Decl kind5
<Expr ki
</Decl>
<Decl kind5
<Expr kif
</Decl>
<Instance ig

<Parame
<Expr
</Parametg
</Instance3
<Instance iqg
<Class nam
</Instance3
<Instance iqg
<Class nam
<Parameter
<Expr kif
</Param
</Instance3
<Instance id

</Instancej
<Instance iqg

<Parame
<Expr
</Param
<Parame
<Expr
</Param
</Instance3

'Output” name="out"/>
'Variable" name="INP_SZ">
d="Literal" literal-kind="Integer" value="12"/>

"Variable" name="PIX_SZ">
d="Literal" literal-kind="Integer" value="9"/>

"Variable" name="OUT_SZ">
d="Literal" literal-kind="Integer" value="10"/>

'Variable" name="MEM_SZ">
d="Literal" literal-kind="Integer" value="16"/>

="GEN_124_algo_Idctld_r">

<Class ngme="GEN_124_algo_Idct1d"/>

er name="ROW">
kind="Literal" literal-kind="Integer" value="1"/>
r>

="GEN_algo_Transpose_0">
p="GEN_algo_Transpose"/>

="GEN_124_algo_Idctld_c">

p="GEN_124 _algo_Idct1d"/>

name="ROW">

d="Literal" literal-kind="Integer" value="0"/>
pter>

="GEN_algo_Transpose_1">

<Class ngme="GEN_algo_Transpose"/>

="GEN_algo_Clip">

<Class ngme="GEN_algo_Clip"/>

er name="isz">
kind="Var" name="OUT_SZ"/>
bter>

er name= 0$z2">
kind="Var' name="PIX_SZ"/>
bter>

b det—"CEN 124 lgn Tdet1d " Aot o b MY om0 o e M1/
H St et At 50 1a et & € 5F

<Connectio

</XDF>

27—t P+t

p = = = 7
<Connection dst="GEN_algo_Clip" dst-port="SIGNED" src="" src-port="signed"/>
<Connection dst=""dst-port="out" src="GEN_algo_Clip" src-port="0"/>
<Connection dst="GEN_algo_Transpose_0" dst-port="X" src="GEN_124_algo_Idct1d_r" src-port="Y"/>
<Connection dst="GEN_124 _algo_Idct1ld_c" dst-port="X" src="GEN_algo_Transpose_0" src-port="Y"/>
<Connection dst="GEN_algo_Transpose_1" dst-port="X" src="GEN_124_algo_Idctld_c" src-port="Y"/>
<Connection dst="GEN_algo_Clip" dst-port="1" src="GEN_algo_Transpose_1" src-port="Y"/>

16
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B.3 FNL of the testbed

MPEG4SP_DECODER 5P
VID ]

Figure B.2 — FNL of the testbed )

b‘.

N
<?xm| version="1.0" encoding="UTF-8"?><XDF name="testbed"> Q\)
<Instance id="FUN_MPEG4SP_DECODER"> (b
4Class name="decoder"/> (1/

</Instance>
<Instance id="fread"> \Q/
+Class name="fread"/> O\
$Parameter name="fname">
<Expr kind="Literal" literal-kind="String" value= "data/foreman;& ~30.bit"/>
¢/Parameter>
</Instance> Q
<Instance id="DispYUV"> Q
1Class name= "DispYUV Q
{Parameter name="title">
<Expr kind="Literal" literal-kind="String" value="' @man QCIF"/>
4/Parameter>
+Parameter name="height">
<Expr kind="Literal" literal-kind= "Integer$ﬁﬁe "144"/>
+/Parameter>
$Parameter name="file">
<Expr kind="Literal" literal-kind= "@mg value="data/foreman_qcif_30.yuv"
¢/Parameter>
+Parameter name="width">
<Expr kind="Literal" liter:t}hgd "Integer” value="176"/>
¢/Parameter>
+Parameter name="doC pare ">
<Expr kind="Liter© ral-kind="Integer" value="1"/>
4/Parameter>
</Instance> Q
<C¢nnection dst="FUN_MPEG4SP_DECODER" dst-port="bits" src="fread" src-port="0"/>
<Connection d@i ispYUV" dst-port="B" src="FUN_MPEG4SP_DECODER" src-port="VID"/>
</XDF>

<</C)
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Annex C
(normative)

Specification of RVC-BSDL

C.1 Overview

This annex

specification
5) into a sm
describing v
supporting t

The following subclauses describe the specificity of the subset and the extensions'of BSDL standg

specified in
RVC framew

C.2 Usead

Prefixes and
the namesp3
is supported

describes the subset and the extensions of ISO/IEC 23001-5 BSDL that constitute

of RVC-BSDL. The objective of specifying a new standard from BSDL (ISO/AIEC 2
aller subset (RVC-BSDL), is to be able to support a simple and efficient methedolog
ideo bitstreams syntaxes in the scope of RVC, as well as to facilitate the dévelopm
pols (i.e. direct synthesis of parsers from RVC-BSDL descriptions).

SO/IEC 23001-5, which are needed to obtain the RVC-BSDL used\in this document (i,
prk).

f prefixes in RVC-BSDL schema

the corresponding namespaces are specified in/tlte RVC BSDL schema. Table C.1 §
ces corresponding to each XML prefix. Becausé otily a subset of XML or BSDL const
in RVC-BSDL, normative namespaces to define'the construct subset are newly defing

s the
3001-
1y for
ent of

rd as
e. the

hows
ructs
bd for

RVC-BSDL. Tlhe namespaces of original standards are still'‘compatible for RVC-BSDL description biit are
informative pnly for the backward compatibility.

Table|C.1 — Mapping of prefixes to corresponding namespaces in RVC-BSDL schemas

. Corresponding Namespace Compatible Namespace

Prefix . -
(Normative) (Informative)

xsd ufn:mpeg:mpegB:201x:RVG-BSDL-XSD-NS http://www.w3.0org/2001/XMLSchema
bs1 ufn:mpeg:mpegB:201x:RVC-BSDL-BS1-NS urn:mpeg:mpeg21:2003:01-DIA-BSDL1-NS
bs2 ufn:mpeg:mpegB:201x:RVC-BSDL-BS2-NS urn:mpeg:mpeg21:2003:01-DIA-BSDL2-NS
rvc ufn:mpeg:mpegB:201x:RVC-BSDL-RVC-NS urn:mpeg:mpegB:2013:RVC-BSDL-RVC-NS
C.3 Constructs of RVC-BSDL
C.3.1 Overview

This subclause describes which XML or BSDL constructs are supported in RVC-BSDL in the RVC
framework. It includes data types, attributes and elements. The aim of the subset definition is to provide
arestricted 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. The constructs that are not described in this subclause should not be

considered t

18

o be supported in the RVC-BSDL syntax.
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Supported data types

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.

Table C.2 — List of XML Schema data types supported by RVC-BSDL

C.3.2
Table

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:unsignedInt Yes
xsd:unsignedShort Yes
xsd:unsignedByte Yes

Table C.3 — List of BSDL built-in data types supported by RVC-BSDL

Data Type Supported by RVC-BSDL
bsl:byteRange Yes
bsl:align32 Yes
bsl:alignl6 Yes
bsl:align8 Yes
bsl:bl-bsl:b32 Yes

2 Additional data types
C.4 shows the additional data type in RVC-BSDL.

C.3.3

Table C.4 — List of additional data type in RVC-BSDL

Data Type Described in
rvc:ext C4.3.2.1

Supported elements

This subclause describes which BSDL facets are supported in RVC-BSDL within the RVC framework. No
BSDL-1 elements are supported in RVC-BSDL. The allowed BSDL-2 elements are described in Table C.5.
The allowed XML built-in elements are reported in Table C.6.

Table C.5 — BSDL-2 elements supported by RVC-BSDL

Element name Supported by RVC-BSDL?
bs2:bitLength Yes (see C.4.3.10)
bs2:startCode Yes (see C.4.3.11)
bs2:ifUnion Yes (see C.4.3.12)
bs2:variable Yes (see C.4.3.6)

© ISO/IEC 2017 - All rights reserved
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Table C.6 — XML standard elements supported by RVC-BSDL

Element name

Supported by RVC-BSDL?

xsd:schema

Yes (see C.4.3.1)

xsd:sequence

Yes (see C.4.3.4)

xsd:choice

Yes (see C.4.3.5)

xsd:group

Yes (see C.4.3.3)

xsd:element

Yes (see C.4.3.2)

xsd:simpleType

Yes (see C.4.3.7)

sde.-annotation

Yes (sea C4382)
S ooy

xsd:appinfo

Yes (see C.4.3.8)

xsd:union

Yes (see C.4.3.12)

C.3.3.1 Additional elements

Table C.7 shq

C3.4 Sup

ws the additional data type in RVC-BSDL.

Table C.7 — List of additional data type in RVC-BSDL

Element name

Described in

rvc:allocation

C.4.3.13

ported attributes

C.3.4.1 Buiilt-in attributes

This subclay
BSDL-1 attri
The allowed

se describes which attributes are supported by RVC-BSDL within the RVC framework. No
butes are supported in RVC-BSDL. Thetallowed BSDL-2 attributes are described in Table C.8.
built-in XML attributes are describé&d in Table C.9.

Table C.8 — BSDL:-2 attributes supported by RVC-BSDL

Attribute name

Supported by RVC-BSDL?

bs2:nOccuns

Yes (See C.4.4.2)

bs2:if

Yes (See C.4.4.1)

bs2:pogition

Yes (See C.4.4.3)

bg2partContext

Yes (See C.4.3.6)

bs2:bsdlVersion

Yes (See C.4.3.1)

Table C.9 — XML attributes supported by RVC-BSDL

C3.4.2 Ad

Table C.10 shows the additional attributes in RVC-BSDL.

20

Attribute name

Supported by the RVC-BSDL?

fixed Yes
name Yes
value Yes

ditional attribute
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Table C.10 — List of additional attributes in RVC-BSDL

Attribute name Described in
rvc:iterator C4.4.2
rvc:iteratorInit C4.4.2
rvc:extName C4.4.4
rvc:extParams C4.4.4
rvc:port C.4.4.5
rvc:rootGroup C.4.4.6
rucishrray C447
rvc:dimension C4.4.7

C.4 |Syntax of RVC-BSDL

C.4.1 Overview

This pubclause fully specifies the syntax of RVC-BSDL used in the context of the RVC framework. The
allowmed combinations of the elements, data types and attributessare reported in this pubclause. It
definps the subset RVC-BSDL.

C.4.2 Conventions

C.4.2{1 To define the syntax of the elements

— The attributes or children elements, which ate.shown in italic, are optional.

|
=

he (a | b | ¢) construction means that oné can choose only one element among a, b or g.

— The {a, b, c} construction means thatione can build a list of several elements among a, Ij or c.

C.4.2{2 To define the syntax of the expressions

We upe a form of BNF to describe the syntax rules. Literal elements are put in quotes (i the case of
symbols and delimiters), or Set in boldface (in the case of keywords). An optional occpirrence of a
sequégnce of symbols A isswritten as [4], while any numbers of consecutive occurrences (indluding none)
are written as {4}. The.alternative occurrence of either A or Bis expressed as 4 | B.

We offten use plural forms of non-terminal symbols without introducing them explicitly. These are
suppgsed to stafid for a comma-separated sequence of at least an instance of the non-terjminal; e.g. if
A is the nonsterminal, we might use As in some production, and we implicitly assume the following
definjtiom: As > A {A}.

In thle—examples—reported-here—the usual-interpretation—of expressionliterals—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 on the other hand in a different manner.

C.4.3 Syntax of the elements

This subclause describes the syntax of the XML elements within the RVC-BSDL grammar.

C.4.3.1 xsd:schema element

This element is the top level element of RVC-BSDL schema description.
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Syntax:

>
Children:

<xsd:schema
bs2:bsdlVersion="ISO/IEC 23001-4:2014"
rvc:rootGroup="string"

{xsd:group, xsd:simpleType, xsd:annotation}
</xsd:schema>

Semantics:

The bs2:bsdlVersion attribute shall be annotated to specify the version of RVC-BSDL used for the

. B a2l o dlxr AL n-rn =n¥a) ’)’Jf\f\‘l Vil
I

current BSD

The rvc: rd
level bitstre
xsd:elemeg

attribute, which is a BSDL-2 attribute to designate the top-level bitstream hierarchy;is not appl
in RVC-BSDI.

bitstream sy
bitstream p3
not defined,
as the top-le

For compati
(e.g. XML na

Example:

The examplg

Thao filb o abteibora ol ool
1IIIcC VCI U\, Ul LIIC O s MOUL LV Lo L Ulldlilliouulce OllUUl\J v A=)

otGroup attribute can be used to specify an xsd: group element that describes'th
hm hierarchy group within the given BSD. Different from BSDL, RVC-BSDL does not
nt as a top-level construct of the bitstream syntax. Therefore, a bs2:ndotEle

As a replacement, RVC-BSDL defines rvc:rootGroup to designatethe top leve
'mtax. The bitstream syntax parser FU instantiated from the given BSD should st3
rsing process from the top-level hierarchy group. When the rvc( sootGroup attrib
the xsd:group element that first appears on the RVC-BSDL schiema should be consi
vel hierarchy.

bility and authoring purposes, attributes specified inthe XML schema recommend
mespace designation) can be used within an xsd: sghema element.

below shows a typical RVC-BSDL schema deglaration using xsd: schema.

’)f\‘l 4"

e top-
allow
ment
cable
| of a
rt its
ute is
lered

ation

<xsd:schemg xmlns:xsi="http://www.w3.0rg/200»/XMLSchema-instance"
xmlns:xgd="urn:mpeg:mpegB:2014:RVC-BSDLXSD-NS"
xmlns:b$l="urn:mpeg:mpegB:2014:RVC-BSRLSBSDL1-NS"
xmlns:b$2="urn:mpeg:mpegB:2014:RVC-BSDL-BSDL2-NS"
xmlns:ryc="urn:mpeg:mpegB:2014:RVCABSDL-NS"
xmlns:mfv="urn:mpeg:mpegd:profilejvisual :simple"
xsi:sch¢maLocation="
urn:fpeg:mpegB:2013:RVC-BSDL-XSD-NS ./n_xsd/MPEGB-RVC-BSDL-XSD. xsd
urn:fipeg:mpegB:2013:RVC-BSDL-BSDL1-NS ./n_ xsd/MPEGB-RVC-BSDL-BS1.xsd
urn:ppeg:mpegB:2013:RVEsBSDL-BSDL2-NS ./n xsd/MPEGB-RVC-BSDL-BS2.xsd
urn:hpeg:mpegB: 201 3¢RVC-BSDL-NS ./n_xsd/MPEGB-RVC-BSDL-RVC.xsd
bs2:bsd]lVersion="ISO/IE€ 23001-4:2014"
rvc:roofGroup="bitsgr&am">
C.4.3.2 xsd:elemernt element

This elemen
one of the fo

[ is ised to define an element of syntax. A syntax element defined by this element c

hn be

lowing cases:

a fixed-length bitstream syntax element that is one of the fixed-length bit types derived from BSDL-
1 (e.g.bs1:b8);

avariable-length bitstream syntax element that is one of the user-defined types declared within the
same BSD using the xsd: simpletype element (see C.4.3.7);

a variable-length bitstream syntax element that is defined as rvc:ext and to be parsed by an
external FU or a plug-in function in the parser (see C.4.3.2.1);

a placeholder syntax element that is not actually derived from the bitstream. Placeholder syntax
elements without type attribute can be used to contain bs2:variable elements to define
necessary data calculation process or port output behaviours during the bitstream parsing process
(see C.4.3.6).
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Syntax:

<xsd:element
name="string"

type=" (bsl:bl - bsl:b32 | rvc:ext | bsl:align8 | bsl:alignl6 | bsl:align32
| user-defined type)"

bs2:partContext=" (true | false)"

bs2:position="Expression{, Expression}"

bs2:if="Expression"

bs2:ifNext="NumericLiteral (, NumericLiteral)"

bs2:n0Occurs=" (Expression | unbounded)"

rvc:iterator="Expression"

rvc:iteratorInit="Expression"

value="Expression"
fixed="Expression"
rvc:port="string"
rvc:extName="string"
rvc:extParams="Expression">
Hren: xsd:annotation
:element>

Chil
</xs

Semgdntics:

The 1

true, the name attribute is also used as the name of an internal vatiable where the parsed d

The 1
parsg
user-
defin|

ype attribute defines the type; in other words, the lefigth of the syntax element. T
r FU should perform bitstream parsing according to the given type of the syntax ele
defined type defined by xsd:simpleType elemént is also allowed. If the type att
ed, no data is read nor parsed from the bitstream.

When the type attribute is set to rvc:ext, the’syntax element shall be parsed by an extg
plug-In function. See C.4.3.2.1 for the details.

The |
the e}
This
theb

alue attribute can be used to definepost-processing of the value read from the bitsti

httribute can conveniently be used to describe syntax elements which value is not eng
tstream.

The fixed attribute forces d specific value to the given syntax element. When the valu
the bjitstream is different from the value defined by the fixed attribute, the syntax pa
consider this as an errofiThis functionality can be used to define syntax element with pred
(e.g. marker bit).

ame attribute defines the name of the syntax element. When thébs2 : partContex

- attribute is
hta is stored.

he bitstream
ment. Use of
ribute is not

brnal FU or a

eam. Within

xpression, the last () function (see’€.4.5.1) is used to represent the value read from the bitstream.

oded as-is in

e read from
rser FU may
efined value

The gvc:port attribute defines the name of the output port where the data is parsed from the current

syntgx element.to be exported.

If thgbsZ:partContext attribute is set to "true", the parsed data should be stored ij
variaple/by the syntax parser FU. Additionally, if the bs2:position attribute is set,
varia i ; i is—gi
attribute. See C.4.4.3 for the syntax of the bs2 : position attribute.

h an internal
the internal
:position

About the attributes describing conditional statements, see C.4.4.1 (bs2:if) and C.4.4.2 (bs2:

nOccurs, rvc:iterator,and rvc:iteratorInit) for their syntax and semantics.
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The example below shows some typical xsd:element declarations.

[..]

<xsd:element name="sps video parameter set id" type="bsl:b4"/>

<xsd:element name="sps max sub layers minusl" type="bsl:b3"
bs2:partContext="true"/>

<xsd:element name="sps temporal id nesting flag" type="bsl:bl"/>

<xsd:element name="sps seq parameter set id" type="rvc:ext"
rvc:extName="EF EXP GOLOMB U"

bs2:partContext="true">

<xsd:ann

<bs2:v
</xsd:apj
</xsd:elemd

[..]

<xsd:eleme]

tation><xsd:appinfo>

riable name="sps id" value="sps seq parameter set id"/>
info></xsd:annotation>

bnt>

pt name="sps chroma format idc" type="rvc:ext"

rvc:extName="EF EXP GOLOMB U" bs2:partContext="true" bs2:position="sps id"/>
The examplg below shows a placeholder syntax element. This element is de€lared to describe variable
control and port output behaviour without reading bitstream.
<xsd:elemept name="init token">
<xsd:annofation>
<xsd:appinfo>
<bs}:variable value="vop quant" rvc:port="P QF) N
<bs}:variable name="ac coded" value="CBP[blggk*id] == 1"
ryc:port="P ACCODED"/>
<bs?:variable value="ac pred flag" rvc:pozt="P ACPRED"/>
<bs}:variable value="fourmv" rvc:port=YR-FOURMV"/>
<bs}:variable value="0" rvc:port="P MOTION" bs2:if="btype intra"/>
<bs}:variable value="2" rvc:port="P;BTYPE" Dbs2:if="btype intra"/>
<bs}:variable value="1" rvc:port={"4“MOTION" bs2:if="not btype intra"/>
<bs?:variable value="1" rvc:port="P BTYPE" bs2:if="not btype intra"/>
</xsd:gppinfo>
</xsd:ann¢tation>
</xsd:elem¢nt>
The exampl¢ below shows a usage of value post-processing using the value attribute. The syntax

element is e

expression glescribed in the ,value attribute recovers the actual semantic value, vps max |

layers, by
element.

ncoded as vps maX*sub layers minusl in the bitstream. The inline post-proce

simple addjtien. Such operation can be performed without declaring a bs2:vari

ssing
sub
bble

<xsd:elem
valu

ent mame="vps max sub layers" type="bsl:b3" bsZ:partContext="true"
b= Tast () +1" />

C4.3.2.1

rvc:ext data type

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. The data type rvc:ext indicates a portion of
bitstream that needs to be decoded by an externally defined algorithm. The rvc:ext can be used to
define the following cases of externally defined algorithm: (1) specific FUs available in the RMC toolbox,
and (2) predefined functions that can be integrated within the bitstream parser FU during the parser
instantiation process. The rvc: ext type can be only applied to an xsd: element element. An example
of Variable Length Decoding is provided below:

<xsd:element name="DCTCoefficient" type="rvc:ext" rvc:extName="VLD"
rvc:extParams="MV_START_INDEX"/>
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For external Functional Unit:

A communication scheme (described in L.3) is set up to make the link with this external Functional Unit.
The rvc:extName and rvc: extParams attributes help in making this link by specifying the name of
the ports used to connect the parser and the Functional Unit.

Connections with an external FU are necessary to decode the DCT coefficients, which are Variable
Length Codes. These coefficients shall be decoded using ISO/IEC 14496-2:2004, Table B.16 (the VLC
table). Thus, a connection is established between the parser and the corresponding Functional Unit to
decode this element of syntax. Example of such a communication protocol is detailed in 1.3.1.

For parser plug-in function:

In th¢ case of the bitstream syntax element decoded by a predefined function in the to*be{instantiated
bitstfeam parser FU, rvc:ext can be used to designate the function and tocprovide necessary
paragneters to the function. The name of plug-in function should be defined ih.the rvic:extName
attribute and rvc:extParams attribute should be used to deliver necessary paramgeters to the
function. The detailed interaction mechanism is described in 1.3.2.

C.4.3|3 xsd:group element

The xsd:group element is used to define a set of elements of syntax. This element allgws having a
hierafrchical bitstream description. In a BSDL schema, there are“several ways of accessjng different
levelg of hierarchy in the bitstream. However, in RVC-BSDL, anly the xsd: group element $hall be used
to express different levels of hierarchy into the bitstreams.

SyntIx:

When declaring an xsd : group:

<xsd|:group
name="string"
>
ChilHren: {xsd:sequence, xsd:choieg}
</xsp:group>

Wher calling an xsd: group:

<xs@l:group

ref="string"

bs2:if="E&pression"
bs2:1fNext="NumericLiteral (, NumericLiteral)"
bs2:n@¢curs=" (Expression | unbounded)"
rvciiterator="Expression"
ryciiteratorInit="Expression"

>
Child¥xen: none

</xsd:group>
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The xsd:group element can be used in two different cases, the declaration case and the calling case.

An xsd:group element that appears directly under the xsd : schema element is considered as a group
declaration. A group may represent a specific bitstream hierarchy and may contain several syntax

elements.

An xsd:group element under the xsd: sequence or xsd: choice element is considered as a group
calling. The ref attribute is used to designate the name of the xsd: group to be called.

The xsd:group element can be used hierarchically, that is, a called xsd:group element may call

other xsd:d

When calling
statements,

Example:

The exampld
this element

roup element again.

y a group, conditional and loop statements can be used. For attributes describing.condif
bee C.4.4.1 and C.4.4.2 for their syntax and semantics.

ional

below shows how to use the xsd : group element. In the bitstream,fwhen the parser meets

<xsd:grol
I

p ref="GroupOfVideoObjectPlane" />

The parser 1

efers to the definition of the group, which is:

<xsd:grouf
<xsd:seq
<xsd:e
<xsd
<xsd
<xsd
<xsd
<xsd:g
</xsd:se
</xsd:gro

e
e
e
S(<]

b name="GroupOfVideoObjectPlane">

hence>

lement name="group of vop start codel\type="bsl:b32"/>
lement name="time code" type="bsl:b{8"/>

lement name="closed gov" type="bsl&bl"/>

lement name="broken link" type="bsl:bl"/>

lement name="next start code"-ype="bsl:align8"/>

roup ref="user data" bs2:ifN&kt="1B2"/>

luence>

ho>

The above e}
be used hier

Example:

The examplg
when the pa

xample shows a way to express a hierarchy in the bitstream. The xsd: group elemer
hrchically.

'ser meets’this element:

It can

below show&how to use the xsd: group element. During the bitstream parsing process,

|<xsd:gr01

p ref="GroupOfVideoObjectPlane" />

The parser

efersS 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:b18"/>
<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.
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C.4.3.4 xsd:sequence element
The xsd: sequence element constructs a block of sequentially arranged syntax elements.
NOTE The xsd: sequence element can be used to implement if, for, or while statement on BSD.

Syntax:

<xsd:sequence
bs2:if="Expression"
bs2:ifNext="NumericLiteral (, NumericLiteral)"
bs2:n0Occurs=" (Expression | unbounded)"

e + =" L

=S =t s=es o= ErEPE =S+

rvc:iteratorInit="Expression"

>
ChilHren: {xsd:sequence, xsd:choice, xsd:group, xsd:element}
</xsHp:sequence>

Semgdntics:

The xsd:sequence element can be used hierarchically within the scope of other xsd[: sequence
elem¢nt to gather a list of consecutive elements of syntax which have donditions in commop.

BSDL attributes for conditional statements, such as bs2:1f or rs2inOccurs, can be usg¢d to apply a
specific condition to a block of elements. For attributes describifig conditional statements, see C.4.4.1
and (.4.4.2 for their syntax and semantics.

Example:

The glements requested upstream messagestype and newpred segment type|exist only if
the variable newpred enable equalsto "1"

<xsd|: sequence bs2:if="newpred enable=1"3

<ksd:element name="requested upstream message type" type="bsl:b2"/>
<ksd:element name="newpred segme@gt type" type="bsl:bl"/>
</xsP:sequence>

C.4.3}5 xsd:choice element
The s{sd:choice elementis Used to make a choice between two or several elements of syptax.
NOTH The xsd: ch¢ice element can be used to implement if-else or switch-case structure on|BSD.

Syntax:

<xsdf: choice

bs2 . 5f="Expression"

bg2A: dfNext="NumericLiteral (, NumericLiteral)"
B82:nOccurs=" (Expression | unbounded)"

TVC T ItErator=—"EXpPIresSSIOmn
rvc:iteratorInit="Expression"

>
Children: {xsd:sequence, xsd:choice, xsd:group, xsd:element}
</xsd:choice>

Semantics:

The children elements of xsd:choice should have a bs2:if or bs2:1ifNext attribute in order to
be able to decide which element shall be chosen. The condition on each element shall be defined such
as only one choice shall be possible. The evaluation of conditions of the children elements shall be done
in consecutive order. Once a child element is chosen, condition evaluation for the remaining children
elements will be ignored.
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A child element without conditional statement means that the condition is always true; in other words,
the child element will always be chosen when no other child element is chosen before. Therefore, an
xsd:group or an xsd:element without condition can be used like an "else" statement in the if-else

structure or
Example:

This exampl

"default" case in switch-case structure.

e describes a simple if-else structure. The first child element of xsd:choice,

next sgc,

is only parsed when vop coded equals to 0. On the other hand, the second child element, VOPdata

group, is only

called when the above element is not processed.

<xsd:choic
<xsd:eld
<xsd:gr

</xsd:choi

kment name="next sc" type="bsl:align8" bs2:if="vop coded=0"/>
up ref="VOPData"/>
be>

C.4.3.6 bsZ2:variable element
The data pafsed from the bitstream may need to be stored in the internal variable managed Hy the
syntax pars¢r FU in order to control the further parsing process or to perfogym port output behayiour.
The bs2:vgriable element allows access to the internal variables withid . during the syntax parsing
process. While the xsd:element element with bs2:partContext attribute stores data read|from
the bitstream, the bs2 : variable element can assign arbitrary valuednto variable using mathemptical
or logical expressions.
Syntax:
<bs2:varjable

namg="string"

valye="Expression{, Expression}"

bs2]position="Expression{, Expression})"

rvc{port="string"

bs2]if="Expression"
>
Children] none
</bs2:vatiable>
Semantics:
In RVC-BSDII, the use of name,/value and rvc:port attributes under the bs2:variable elgment

is optional. ]
actions as fo

name
which n

nhame

[he combinationof these attributes should be translated to the various bitstream p
|lows:

vadle® The value defined in the value attribute is assigned to the internal me
hmelis)defined in the name attribute. If the variable is not yet defined, try to define it.

arser

mory

1 1 : 41 Jos ol - q o L2 o 41 dedeoal 4 -
POL L THT VAIUT T UIT HTITHIUL Yy WITIUID HAHIT IS UTTHITU I LT T4 AL TOULC 15 TA D

rted

through the output port of the syntax parser FU which name is designated in rvc : port attribute.

value + port: The value defined in value attribute is exported through the output port of the

parser FU designated in rvc : port attribute. The value will not be saved in the internal memory in
this case.

name + value + port:The value defined in value attribute is assigned to the memory which

name is defined in name attribute, and then is exported through the output port of the parser FU
designated in rvc:port attribute.

If the bs2:position attribute is defined, the variable should be considered as an array-type. The
array index is defined by the value of the bs2 : position attribute. Access to a multidimensional array

is allowed by describing more than one index separated by a comma (

28

nn
)

). Also, batch assignmen

© ISO/IEC 2017 - All rights re

t into

served


https://iecnorm.com/api/?name=32e70d9fa243443910b193d36c4db566

ISO/IEC 23001-4:2017(E)

an array-typed variable can be described by declaring more than one expression separated by a comma
(",") in the value attribute. See C.4.4.3 for the syntax of the bs2 : position attribute.

Conditional variable assignment can be described by adding the bs2:if attribute. See C.4.4.1 for its
syntax and semantics.

Example:

The following use case of a bs2:variable element defines a new memory location, mb_type, and
store a value that is derived from the element of a syntax being decoded.

<xsd:element name="mcbpc" type="rvc:ext"
rvc:pxtName="Algo VLDtableB7 MPEG4part2">
<ksd:annotation><xsd:appinfo>

<bs2:variable name="mb type" value="bitand(last(),7)"/>
<[ xsd:appinfo></xsd:annotation>

</xsP:element>

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

In th¢ following case, an array-typed variable, sps_s1, is being updated.

<bs2f:variable name="sps sl" bs2:position="sps id, sps size\\®, sps matrix id,

valup="sps sl dc[sps id] [sps_size id][sps matrix id-deltal)k]"/>

In the following example, an array-typed variable, defaulfi scaling list inter, i declared by
batcH assignment for array.

<bs2|:variable name="default scaling list inter%¥ value="16, 16, 16, 16, 17, ..., 71, 91"/>
// dpfault scaling list inter[4]=17

C.4.3}7 xsd:simpleType element
This element is used to define a new typeof xsd:element element.

Syntax:

<xsfl:simpleType
name="string"
>
Chi]ldren: (xsd:dnyon | xsd:restriction)
</xpd:simpleType>

Semgdntics:

The dases-iftwhich a new type shall be defined are when

—

he By pe of the current element is conditioned by a variable assigned during the parsing process; in
his case, the xsd:union child element is used,

-

— thelength in bits of the current element is defined by a variable assigned during the parsing process;
in this case, the children elements xsd:restriction and (xsd:length or xsd:bitlength)
are used, and

— testing the bitstream through look-ahead parsing with an xsd: startcode element (see C.4.3.11).
Example:

To see different examples of definition of a new type, refer to C.4.3.9 to C.4.3.12.
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C.4.3.8 xsd:annotation and xsd:appinfo element

BSDL-2 and RVC-BSDL introduces a set of new XML elements to specify the bitstream parsing process in
detail. Since XML schema does not allow a user to add his own facets, such new elements shall be used
through the annotation mechanism of the XML schema. Therefore, the new elements shall be described
as children elements of the xsd:annotation/xsd:appinfo combination.

Syntax:

The syntax of an xsd:annotation elementis:

<xsd:annqQtation
Children: xsd:appinfo
</xsd:anfotation>

The syntax df an xsd: appinfo element when it is used within the scope of an xsd: schema elemént is:

<xsd:appinfo>
Children: {rvc:allocation}
</xsd:apgpinfo>

The syntax df an xsd: appinfo element when it is used within the scope pfian xsd:element element is:

<xsd:appinfo>
Children: {bs2:variable}
</xsd:apgpinfo>

The syntax df an xsd: appinfo element when it is used within the scope of an xsd:union elemgnt is:

<xsd:appinfo>
Children: {bs2:1ifUnion}
</xsd:appinfo>

The syntax ¢f an xsd:appinfo elementwhen it is used within the scope of an xsd:restricftion
element is:

<xsd:appinfo>
Children: (bs2:bithength | bs2:startcode)
</xsd:apgpinfo>

Semantics:

According tg the patent element in which this element is called, there are several possibilities in the
semantics off xsd<@nnotation/xsd:appinfo combination.

— If the pprént element is an xsd:schema element, the annotation mechanism is used fdr the
declaration and initialization of internal variables in the parser FU. See C.4.3.13.

— Ifthe parentelementisan xsd:element element,thebs2:variable element can be used to save
variables. See C.4.3.6.

— If the parent element is an xsd: simpleType element that is defined with xsd:union, the bs2:
ifUnion elements can be used to define a new user-defined type. See C.4.3.12.

— If the parent element is an xsd:simpleType element that is defined with xsd:restriction,
one of the following elements can be used to define a new user-defined type: bs2:bitLength or
bs2:startcode.See C.4.39 to C.4.3.12.
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Example:

The example usage of xsd:annotation and xsd:appinfo is found in C.4.3.2, C.4.3.6, C.4.3.10,
C4.3.11,C4.312,C.4.4.1,and C.4.4.2.

C.4.3.9 xsd:restriction element

This element is used to specify data accuracy. The actual child element of xsd:restriction are
bs2:bitLengthorbs2:startcode.

Syntax:

<xs@l:restriction

base=" (bsl:b32 | bsl:byteRange)"
>
Children: xsd:annotation
</x$d:restriction>

Semantics:

The lase type should correspond with the data type restriction.fmethod declared withfin the xsd:
resfriction element. The base type shall be bs1:b32 when the\child elementis bs2:bitLength,
whilg the bs1:byteRange data type should be used when the child element is a bs2:|startcode
elemgnt.

Example:

The ysage of an xsd: restriction elementis shewn in C.4.3.9 and C.4.3.10.

C.4.3{10 bs2:bitLength element

This plement specifies the size in bits of;the current element, which has been defined ag a new type
using the xsd: simpleType construct,

Syntax:

<bs?:bitLength
value="Expression"
>

Children: none
</b$2:bitLendth>

Semantics:

The valué attribute defines the length of the syntax element. The size in bits of the current element can
be stpredin a variable, which has been assigned during the parsing process.

Example:

The VOPTimeIncrementType type instantiates elements of size defined in the variable
vopTimeIncrementBits.

<xsd:simpleType name="VOPTimeIncrementType">
<xsd:restriction base="bsl:b32">
<xsd:annotation><xsd:appinfo>
<bs2:bitLength value="vopTimeIncrementBits" />
</xsd:appinfo></xsd:annotation>
</xsd:restriction>
</xsd:simpleType>
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This type can be used by an xsd:element declaration as the following example:

|<xsd:element name="VOPTimeIncrement" type="VOPTimeIncrementType"/>

C.4.3.11 bs2:startCode element

In some coding formats, a data segment is read until a start code is found. A start code consists of one
or more byte-sequences that indicate the start of a new data segment. For example in ISO/IEC 1449-
10 (Advanced Video Coding), the content of a NALUnit is read until the start code 0x00000001 is
seen (which indicates the start of the subsequent NAL Unit). The bs2: startCode element is used to
process such a data segment.

Syntax:

<bs2:staf

vali
Children
</bs2:sta

rtCode
e="HexadecimalValue">
none

b rtCode>

Semantics:

The value d¢
element. Lod

The bs1:by
Example:

The type ry
start code s
bit start cod
startCode

pfined in the value attribute should be interpreted as the starting bits of the next s
k-ahead parsing should be used to test the following bits:

teRange data type is only allowed when it is used with the bs2: startCode eleme

spType allows bitstream parser FU to pafse’bitstream continuously until it finds
tarting with "00000001" bit. The following bitstream syntax element could be
e since the bitstream reading pointer*will not be moved when the bits defined in
element is tested.

yntax

nt.

| new
a 32-
bs2:

<xsd:simy
<xsd:rej
<xsd:3
<bs]
</xsd
</xsd:r{
</xsd:sin

leType name="rbspType!'S
triction base="bsl:bizteRange">
innotation><xsd:appirfo>
:startCode value=200000001"/>
appinfo></xsd:anhotation>
bstriction>

pleType>

C.4.3.12 xsd

The combing
types accord

:union element and bs2:ifUnion element

tion‘ofthese elements allows users to choose the type of an element among a list of me
irig’to some conditions defined in the bs2: ifUnion element.

mber
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Syntax:

The syntax of an xsd:union elementis:

<xsd:union

memberTypes="{bsl:bl - bsl:b32 | bsl:align8 | user-defined type}"
>

Children: xsd:annotation
</xsd:union>

The syntax ofabs2:1fUnion elementis:

<bs?:ifUnion

valfie="Expression"
>
Children: none
</b$2:1ifUnion>

Semgdntics:

Thelds2:1fUnion element specifies the conditions under which théCorresponding type ig chosen. The
number of bs2: 1 fUnion elements that shall appear is equal to(the number of member types defined
in the above xsd:union element.

Example:

The type SpriteType instantiates elements of type bsl:bl or bsl:b2. The typg bsl:bl is
chosgn if the condition "volVersion=1" is "txue". The type bs1:b2 is chosen if the condition
"volfversion=1"is"false".

<xs@l:simpleType name="SpriteType¥>
<xgd:union memberTypes="bsl:H1 bsl:b2">
xsd:annotation><xsd:appinfo>
<bs2:1fUnion value="wolVersion=1"/>
<bs2:ifUnion valuestvolVersion != 1"/>
/xsd:appinfo></xsdsdnnotation>
</%ksd:union>

</xpd:simpleType>

C.4.3|13 rvc:allocation element

The fvc:alldcation element in RVC-BSDL allows description of the list of internal varfiables which
are necessary-in controlling the bitstream parsing process. Information described in this|element can
be uded Iy the parser instantiation mechanism or the bitstream parser itself to estimate the size of
variaple/memory. Especially, this element is useful when using array-typed variableq of multiple
dimetrsToTTS:

Syntax:

<rvc:allocation
name="Expression"
rvc:isArray=" (true | false)"
rvc:dimension="NumericLiteral {, NumericLiterall}"
value="Expression{, Expression}">

Children: none

</rvc:allocation>
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Semantics:

A single rvc:allocation element represents a single internal variable. The name attribute defines
the name of the variable, which can be used as identifier in the xsd:element and bs2:variable
element. The value of the name attribute should be unique among all rvc:allocation declarations.

The rvc:isArray attribute defines whether the given variable is an array-type one or not. The
variable should be considered as an array when this attribute is set to "true".

The rvc:dimension attribute defines the dimension and the depth per dimension for the variable.

More than one depth, separated by a comma (","), can be described to declare a multidimensional array
variable.

The value attribute can be used to define initial value(s) to the allocated variable. The syntax |s the
same with that of the bs2 :variable element.

Example:

The examplg below declares an array-typed internal variable, which is four-dimensional.

<rvc:allgcation name="sps sl" rvc:isArray="true"
rvc:dimenpsion="15,4,6,64"/>

C.4.4 Syntax of the attributes
This subclayse describes the syntax of the attributes used with the schema elements.

NOTE THe syntax of the attributes that are derived from the‘existing standards (e.g. XML schema or BSDL)
is as describgd in the respective standards. This subclause only describes new functionalities on the existing
attributes andl new attributes defined by RVC-BSDL.

C.4.4.1 Dbs2:if attribute

The bs2: i1 attribute specifies a conditionalitest to determine a syntax element is to be parsed or
not. Different from BSDL-2, the bs2:1f «dttribute in RVC-BSDL schema is described in a simglified
expression syntax, which is defined in Ci4:5. Also, it should be noted that the bs2 : i f attribute is pewly
allowed for the bs2:variable elementin RVC-BSDL.

Syntax:
This attribute is allowed forthe following elements:

— syntax dlement bloegks (xsd: sequence and xsd:choice);

— Dbitstream syntax-¢elements (xsd:element, xsd: group of the group calling case);

— variable{nfanipulation (bs2:variable).

Semantics:

If the bs2:1f attribute is defined for an xsd:element element that contains bs2:variable
elements as children, all contained bs2:variable elements are also affected by the bs2:if
condition of their parent element. Meanwhile, if the bs2:if attribute is defined for a single bs2:
variable element, the conditional test only affects the single element.

Example:

The following example shows an xsd:element that contains several bs2:variable calculations.
If the bs2:1if condition of an xsd:element element ("btype isQ==1")is evaluated as "false",
the two-bit-length bitstream syntax element ("dquant") is not read from the bitstream, and all bs2:
variable elements contained within the element is also negated. On the other hand, if the bs2:
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condition of bs2:variable element (e.g. "dquant==0") is evaluated as "false", only a single

bs2:

variable element is negated.

<xsd
<xsd

:element name="dquant" type="bsl:b2" bs2:if="btype isQ
:annotation><xsd:appinfo>

== 1" bs2:partContext="true">

<bs2:variable name="vop quant" value="vop quant-1" bs2:if="dquant==0"/>

<bs2:variable name="vop quant" value="vop quant-2" bs2:if="dquant==1"/>

<bs2:variable name="vop quant" value="vop quant+l" bs2:if="dquant==2"/>

<bs2:variable name="vop quant" value="vop quant+2" bs2:if="dquant==3"/>

<bs2:variable name="vop quant" value="31" bs2:if="vop quant> 31"/>

<bs2:variable name="vop quant" value="1" bs2:if="1> vop quant"/>
</xsd:appinfo></xsd:annotation>
</xsd:element>
C.4.4|2 bs2:nOccurs, rvc:iterator and rvc:iteratorlnit attribute
The Bs2 :nOccurs attribute specifies the number of occurrences of a single syntax elemgnt or a block
of syhtax elements. The value of this attribute may be a number or an expression. In either case, the

evalu

ated number signifies the number of repetition. Different from BSDL-2,'a%s2 : i f attr

BSDl schema is described in a simplified expression syntax, which is defined in C.4.5. Also
noted thatabs2:nOccurs attribute is newly allowed for the bs2 : vaniable element irn
Syntax:

This attribute is allowed for the following elements:

— syntax element blocks (xsd: sequence and xsd:chaice);

— Hitstream syntax elements (xsd:element, xsd ¥group of the group calling case);

— variable manipulation (bs2:variable).

Semdntics:

In RYC-BSDL, when the value of a b§2:nOccurs attribute is set to "unbounded",
be inkerpreted as an infinite loop._Iny this case, a bs2:1if attribute can be used to defii
condition for the loop. The combination of "bs2:nOccurs="unbounded"" and a bs2:

should be interpreted that thissyntax element (or this block of elements) should repeated

while
bs2:

The 1
inter
rvc:
will I
when

the expression given inthe bs2 : 1 f attribute is evaluated as "true". The condition
if should be testedtbefore each repetition, like a typical "while" statement.

vc:iteratop-attribute can be used along with a bs2 : nOccurs attribute to desig
nal variable as an incremental iterator. The initial value of the iterator variable can
iteratopliit attribute; otherwise, the initial value is zero (0) by default. The iter
e incredsed by one for every loop evoked by a bs2 : nOccurs attribute. The loop wi
the yvalue iterator variable equals to the value assigned in abs2 : nOccurs attribute

bute in RVC-
it should be
RVC-BSDL.

this should
ne the break
if attribute
ly be parsed
described in

nate specific
be set by an
htor variable
1 be stopped
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Example:

The following example shows a usage of bs2:nOccurs with rvc:iterator. The iterator variable
("i") contributes to the control flow within the conditional loop defined using xsd: sequence.

<xsd:sequence rvc:iterator="i" bs2:nOccurs="vps num hrd parameters">
<xsd:element name="hrd layer set idx" type="rvc:ext"
rvc:extName="EF EXP GOLOMB U"/>

<xsd:element name="cprms present flag" bs2:if="i == 0"/>
</xsd:sequence>

The following example shows more complicated control flow that exploits both rvc:iterator and
rvc:iteraltorInit attributes.

<xsd:sequepce rvc:iterator="i"
rvc:iteratdrInit="pcRPS[STRPS sps id] [STRPS idx][0]"
bs2:nOccur$="pcRPS[STRPS sps id] [STRPS idx][2]">
<xsd:elemept name="delta poc sl minusl" type="rvc:ext"
rvc:extfame="EF EXP GOLOMB U" bs2:partContext="true">
<xsd:annotgtion><xsd:appinfo>
<bs2:varialple name="tl1" value="3+i"/>
<bs2:varialple name="prev" value="delta poc sl minusl-1"/>
<bs2:varialple name="pcRPS" bs2:position="STRPS sps id, STRPS idx)\\1"
value="prev"/>
</xsd:appinfo></xsd:annotation>
</xsd:elem¢nt>
<xsd:elemept name="used by curr pic sl flag" type="bsl:bl)
bs2:parfContext="true">
<xsd:anfotation><xsd:appinfo>
<bs2}fvariable name="tl1l" value="67+i"/>
<bs2}fvariable name="pcRPS" bs2:position="STRRS*'sps id, STRPS idx, t1"
value="used by curr pic sl flag"/>
</xsd:appinfo></xsd:annotation>
</xsd:elem¢nt>
</xsd:sequ¢nce>

C.4.4.3 bs2:position attribute

The bs2:pgsition attribute specifi€s)access to array-typed internal variable (i.e. "node-seft" in
BSDL).

Syntax:

This attribute is allowed foran xsd:element elementand abs2:variable element.

Semantics:

The semantics ofthis attribute is changed from its original form in BSDL-2 as follows:

— The usq of“the bs2:position attribute is newly allowed for the xsd:element elemdnt to
facilitate data management during the bitstream parsing process. See C.4.3.2 for more information.

— The value of a bs2:position attribute should be described in a simplified expression syntax,
which is defined in C.4.5.

— Notation of multiple dimension array index is allowed. Each array index should be separated by
comma (",") with each other.
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The usage of the bs2 :position attribute can be found in C.4.3.2 (xsd:element) and C.4.3.6 (bs2:
variable).

C4.4.

4 rvc:extName and rvc:extParams attribute

These attributes describe the communication scheme with external functions or other FUs during the
bitstream parsing process.

Syntax:

These¢ attributes are only allowed for the xsd:element element witha "rvc:ext" type
Semgdntics:

The [vc:extName and rvc:extParams attributes are used to describe. the bitsty

elemsg
an x
attril

The t

namg

within the bitstream parser FU. The rvc:extParams attribute’can be used to define pa

the e

NOTE
exter

Example:

An ex

C.4.4
This

Syntax:

This

Semq

$d:element element which type is set to "rvc:ext", and the définition of a rv

ents that should be parsed by externally defined algorithms. These elemeénts only ca

ute is compulsory in this case.

vc:extName attribute indicates the unique name or identifier of an external alg
may represent the name of an externally defined FU or the_identifier of plug-in pars

tternal algorithm. Multiple parameters should be separated with a comma (",").

See L.3 for the further details on the communicdtioh scheme between the syntax pars
hal algorithms.

ample of these attributes can be found'inr C.4.3.2.1 (rvc:ext).

5 rvc:port attribute

nttribute specifies the token.gutput from the syntax parser FU.

httribute is allowedfor an xsd:element elementand abs2:variable element.

ntics:

The |
Cons
diffe
neces

parsers buidtfrom RVC decoder configurations generate data tokens on different d
pquently,.a mechanism specifying the correspondence between the tokens, correspo
ent elements of syntax and the output ports on which they have to be sent as outp

eam syntax
n be used in
Cc:extName

orithm. The
ing function
rameters for

er FU and the

utput ports.
nding to the
ut tokens, is
der to define

sary to fully spec1fy a decoder conflguratlon A spec1a1 attrlbute has been added in or

orresponding

element of syntax shall be avallable out51de the parser for further processmg operated by the network

of FU

s. This attribute is applied to xsd:element (C.4.3.2) and bs2:variable (C.4.3.6).
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Example:

<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 shall contain the description of a link connecting the output
port "width" of the parser and an input port of an FU.

C.4.4.6 rvdrrootGroup attribute

This attribute is only allowed for xsd:schema element: see C.4.3.1 for its syntax and usage.

C.4.4.7 rvqisArray and rvc:dimension attribute

These attribuites are only allowed for rvc:allocation element: see C.4.3.13 for tHeir syntax and ysage.

C.4.5 Syntax of the expressions
This subclaulse describes the syntax of the expressions used in the attributes.

Expression » PrimaryExpression
| UnaryOperator PrimaryExpression
| PrimaryExpression Operator PrimaryExpression

PrimaryExpression = ‘max(‘Expression’,Expression’)’

| ‘min(‘Expression’,Expression’y

| ‘numbits(‘Expression’)’

| ‘bitand(‘Expression’, Expression’)’
| ‘bitor(‘Expression’,Expression’)’
| ‘bitnot(‘Expression’)’

| ‘rshift(‘Expressien’,/Expression’)’
| ‘Ishift(‘Expression’,Expression’)’
| ‘log2(‘Expression’)’

| ‘last()’

| ExpréssionLiteral

ExpressionLjiteral = NumericLiteral | VariableExpression | true | false
VariableExpression =VariableName{Arraylndex}

Arraylndex p ‘[‘Expression’] {Arraylndex}

UnaryOperafoiz= (‘not’)

Operator—>(‘=' llt!|(lter|l>r|(>=l|¢!=i|4andr|lori|4*n|4/i|l+i|l_i|l/\n|lmodi)

The VariableName is the name of an element that appears on the current BSD or the name of a variable
defined by a bs2:variable element. Accordingly, it should be a qualified name for an XML element.
RVC-BSDL does not use an XPath model to designate a specific element or variable. All elements and
variables are considered global in the parser FU and, therefore, are accessible from any expression
syntax without a path designation. See the following example:

<xsd:sequence bs2:if="video object layer shape != 2 and vop coding type=1">
<xsd:element name="vop rounding type" type="bsl:bl"/>
</xsd:sequence>
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A variable can be considered as an array type if it is followed by a square bracket.

|<b32:variable name="CBP[4]" value="bitand (rshift (cbpc,4),1)"/>

Multiple dimensions are allowed for the array notation.

<bs2:variable name="pcRPS" bs2:position="sps id, tl, i"
value="pcRPS[sps_id] [short term ref pic set idx][i]"/>

Additionally, less-than ("<") and less-than-or-equal-to ("<=") operators are not available in RVC-BSDL
because the use of the less-than symbol ("<") within an attribute value is not allowed in the XML
grammar. When dpcrrihing mathematical expressions, these operators should be rpp]nmnd with literals

("It" and "lte") or bypassed by exchanging the order of operands. (e.g. from "x<5" to "5>K").

C.4.5{1 last() function

The last () function is a predefined function that returns the value of the\latest bitstfeam syntax
elemént parsed, regardless of whether the syntax element is marked with-bs? : partConftext or not.
The fpllowing example shows a use case of the 1ast () function.

<xsd:element name="vop time increment resolution" types"bsl:ble">
<xsd:annotation>
xsd:appinfo>

<bs2:variable name="vopTimeIncrementBits"*value="numbits (last())"|/>
/xsd:appinfo>
</xdd:annotation>
</xdqd:element>

In this example, thebs2 : variable canuse the valueread by the xsd:element "vop_timg_increment_
resoltion” even though the element is not spécified as a named variable by bs2:parftContext=
"trye".

C.4.5{2 log2() function

The Jog2 () function returns thebase 2 logarithm of the given value. The decimal points afe truncated.
This function can be used to-calculate the minimum number of bits to represent the given value in
unsigned binary integer (i.e.\as a "numbits" function). For instance, 10g2 (14) returng 4, as 1419 is
11103.

C.4.4 Syntax of the data types
This $ubclausedescribes the syntax of the data types.

NumegricLiferal — IntegerLiteral | ‘0x’HexadecimalValue

Integerkiteral — IntegerDigit{IntegerDigit}

Integerbigit —» (‘0" [ 1" [2" | 3" |4 |‘5" | ‘6" | 7’| ‘8" [ ‘9")

HexadecimalValue — HexadecimalDigit{HexadecimalDigit}

HexadecimalDigit — (‘0’| ‘1" | 2" | ‘3’| 4" |'5"| ‘6" | 7" | ‘8" | 9" |'A"| ‘B"| ‘'C’| ‘D’ | ‘E"| 'F)

C.5 Connections between the syntax parser and the FU network

The Syntax Parser and the network of FU shall be connected together. Thus, a communication scheme
between the syntax parser and Functional Unit is necessary.
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C.5.1 General output ports

For each distinguishable names designated for the rvc:port attribute in the RVC-BSDL description,
output ports shall be created for the syntax parser FU. The following code creates an output port named
"ACPRED".

|<xsd:element name="AC pred flag" type="bsl:bl" bs2:partContext="true" rvc:port="ACPRED"/> |

C.5.2 Output ports with feedback ports

The following code shows an example of BSD, illustrating the connection of the Syntax parser to an FU
with feedbagkportsgemeratedby theetenmrent with rverext—datatype-

<xsd:elemefpt name="mcbpc" type="rvc:ext" rvc:extName="EF VLD"
rvc:extPargms="16" bs2:partContext="true"/>

The element name "mcbpc" is decoded by an external algorithm, which is indieated by the data
type rvc:ekt. The name of the external algorithm, "EF VLD", is designated by{the rvc:extName
attribute. When the external algorithm "EF VLD" is not available as a plug<nfunction within the
instantiated| parser FU, communication should be established between the Syntax parser FU and an
external FU.

Whenever a connection to a Functional Unit is established, the induced’ports of the parser are:

— Bitstream output port: an output port which name is value ¢f the rvc:extName attributg, e.g.
mcbpc. [[his port is always created. It is used to send the bifstream to be parsed to the FU.

— Parameter output port: an output port which name is Value of the rvc:extParams attrjbute,
e.g. 16. This port is created only when the rvc:extParams attribute is set. It is used to serjd the
necessary parameters to the FU.

— Status fgedback port: an input port which name is value of the rvc: port attribute followed by the
suffix "[ £" (e.g. algo mv_f£). This port is@ways created. It is used to acknowledge the stafus of
the FU epch time the parser sends data.

— Value fepdback port: an input portwhich name is value of the rvc:port attribute followgd by
the suffjx " data" (e.g. algo~mv data). This port is created only when the attribute ps2:
partContext issetto "true'™inthe current element. Itis used to return the decoded value fo the
parser, Which can use this value to continue its parsing process.

In order to know if the parSer~can go to the next element of syntax or not, a communication prgtocol
between the|syntax parserand the FU has been defined.

a) The par§er send§ data on the port EF_ VLD and parameters on the port EF_ VLD p.

b) The FU feceivés the data and warns the parser (though the EF_ VLD f port):

1) if it heeds more data (vatue of the data to return to the parser=falsej, go to aj, or
2) ifit has finished (value of the data to return to the parser=true), go to c).

c) The value received via the input port EF_ VLD data is set as the value of the syntax element in
the parser.

d) The parser can continue parsing the other elements of syntax.

Note that the value returned through the value feedback port can be sent through a designated output
port if the element has rvc:port attribute. The ports used for the connection with the bitstream
parsing FUs are separated from the general output ports described in C.5.1.

The examples of VLD decoding process using such communication scheme are shown in Annex I.
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Annex D
(normative)

Specification of the RVC-CAL language

Generalities

AL language is a dataflow-oriented language that was developed as a subproject of]
ct at the University of California, Berkeley. The final CAL language specificatignywa
mber 2003. The specification provided in this annex is the subset of the CAL\languag
ised in the MPEG RVC framework. The subset has been defined so as to keép all da
tors that are necessary in the RVC framework scope, excluding data.types and o
bt be easily converted to software or hardware implementations.

|

CAL is a textual language that is used to define the functionality of dataflow componer
¢l "actors", which in the MPEG RVC framework are the FUs compo6sing the RVC video
¢an then be configured into decoders using an XML-based specification language

age called FNL). Therefore, to build the RVC framework, tWo normative elements are

{ML-based specification of "network of actors” or better in RVC "Configuration of
 and simulated by tools available in the RVC reference software.

Y
4

vorth remarking that what in RVC-CAL is called an "actor" exactly corresponds to w
s called an FU. In fact, an actor is aimodular component that encapsulates its own st
has access to it, and nothing other actors can do to modify the state of an actor. The onl
pen actors is through FIFO. channels connecting "output ports"” to "input ports,” w
hd and receive "tokens." This strong encapsulation leads to loosely coupled syste
geable and controllabl€ actor interfaces. The modularity of an actor assembly foster
AIE‘pment, it facilitates maintainability and understandability and makes systems con

i

ore robust and edsier to modify. All these features correspond to what is required
amework.

cally. Eacli’actor input is associated with a queue of tokens waiting in front of it. Wh

it is conceptually placed in the queue of each input connected to the output the token ori

NL used to specify RVC decoder configurations{sing FUs from the RVC video tool liby

ken" is a unit of data (of potentially arbitrary size and complexity) that is sent :

4:2017(E)

the Ptolemy
5 released in
b called RVC-
ta types and
erators that

Its originally
tool library.
(the RVC FU
necessary:

VC-CAL used to specify the behaviour of the FUs that constitute the RVC video tool lihrary;

ary.

FUs" can be

hat in MPEG
hte, no other
y interaction
ich are used
s with very
5 concurrent
structed this
by the MPEG

ind received
en a token is
rinates from.

"transitions." During each such step, an FU may do any of the following three things:

— read and consume input tokens;

— modify its internal state;

— produce output tokens.

t queue.

An FU may perform a number of different transitions and can be disabled at any point when it cannot
perform any further transitions.
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41


https://iecnorm.com/api/?name=32e70d9fa243443910b193d36c4db566

ISO/IEC 23001-4:2017(E)

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

the priority of that action (see below).

An FU may contain any number of actions. Its execution follows a simple cycle.

1y

2) Ifone or

3) Execute

4) Go to Stq

Steps 1 and

decoder, def
in FU form. }
actions are t

action g
need to

finite st:
executid

action p
will only

In this way,
result, the F

Once select

Determilne, for each action, whether it is enabled, by testing all the conditions specified in thata

more actions are enabled, pick one of them to be fired next.
that action, i.e. make the transition defined by it.
ep 1.

D are called "action selection.” For many complex FUs, such as the parser of an MPEG
ning the logic of how an action is chosen is the core of the impléeméntation of the proce
RVC-CAL provides a number of language constructs for structuring the description o
p be selected for firing. These include:

1ards: conditions on the values of input tokens and/or the values of FU state variable
be true for an action to be enabled;

ite machine: the action selection process can begoverned by a finite state machine, wif
n of an action causing a transition from one'state to the next;

Fiorities: actions may be related to each'other by a partial priority order, such that an 3
r execute if no higher-priority action;can execute.

the process of action selectionqs specified in a declarative manner in each RVC FU
J specification becomes more compact and easier to understand.

bd, an action is execufed: The code describing an action itself is for the most

ction.

-4 SP
ssing
f how

5 that

h the

ction

As a

part

ordinary imfperative code, as can be found in languages such as Pascal, Ada or C, there are loops,

branches, a{
declarative

In other woj
identified by
the capacity|
any particul

signments, etc. Only'the token input/output of an action is specified separately an
manner.

ds, the RVG=CAL language provides naturally the appropriate constructs that have
RVC requirement work as essential elements for building the MPEG RVC framework
of "encapsulating” coding tools functionalities in a very natural manner without ne
hr réstriction or specific coding style on the usage of the language construct.

d in a

been
with
eding

D.2 Overview

D.2.1 General

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

D.2.2 Actors

The concept of actor as an entity that is composed with other actors to form a concurrent system has
a rich and varied history. Some important milestones are found in References [3], [4], [5], [6] and [9].
A formal description of the notion of actor underlying this specification can be found in D.1, which is
based on the work in References [10] and [7]. Intuitively, an actor is a description of a computation on
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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.

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

subj

=+ e e N

(o

K
a
V
i
i

The i
execl
contr
actor]
Actotf

As fa
its us
aspec

—

d

t
¢

t

t

abstractions of (prefixes of) input sequences of tokens, while its output ports are the

dlternative kinds of rings;

£ hnrn’ nvr‘npf forthe Fn]]n‘Aring observations:

connection between an output port and an input port can mean different thing
hdicates that tokens produced by the former are sent to the latter, but there ate a vai
h which this can happen: token sent to an input port may be queued in FIFO fashion, o
hay "overwrite" older ones, or any other conceivable policy. It is important to stres
hemselves are oblivious to these policies: from an actor point of view;-its input pd

f output sequences.

urthermore, the connection structure between the ports of-actors does not explicitl
rder in which actors are read. This order (which may be partial, i.e. actors may fire simy{
Fhether it is constructed at runtime or whether it can be*computed from the actor 1
fand how it relates to the exchange of tokens among‘the actors, all these issues ar
hterpretation of the actor network.

hterpretation of a network of actors determines‘its semantics and it determines the
tion, as well as how this result is computed;by regulating the flow of data as well a
ol among the actors in the network. Theré are many possible ways of interpreting

5, and any specific interpretation is called a model of computation, see References [
composition inside the actor model,;where CAL is based on, has been studied in Refe

- as the design of a language forwriting actors is concerned, the above definition of
e in the context of a network of actors suggests that the language should allow maki
ts of an actor definition explicit. These are, among others:

he port signature of an actor (its input ports and output port(s), as well as the kind
ctor expects to receive from or be able to send to);

he code executed during a ring, including possibly alternatives whose choice dep
resence of teKehs (and possibly their values) and/or the current state of the actor;

he production and consumption of tokens during a ring, which again may be diff¢

s. It usually
iety of ways
" new tokens
5 that actors
rts serve as
destinations

y specify the
hltaneously),
etwork, and
e part of the

result of the
s the flow of
h network of
11] and [12].
Fence [8].

an actor and
ng some key
f tokens the

ends on the

brent for the

hesmodification of state depending on the previous state and any input tokens during

aring.

D.2.3 Units

Unlike an actor, a unit does not compute anything. A unit is used to declare "constants"”, "functions"
and "procedures” that can be referenced or imported into an actor. It cannot contain mutable variables
which would violate the design constraint that actors do not share state. Units help in factorizing the
code in order not to duplicate function declarations or FU constants

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

D.3.1 General

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

D.3.2 Lexical tokens

RVC-CAL has the following kinds of lexical tokens:

Keywords. |
available as

Identifiers.
underscore

legal identifiers may be turned into identifiers by delimiting them with backslash¢haracters.

Identifiers c
generate RV
chosen by uj
contain the §

Operators.

Delimiters.
following ch

Comments.
comments d

Numeric lit
number and

De

Hexaglecima]Digit— ‘0’ (‘x’ | ‘X’ ) HexadecimalDigit { HexadecimalDigit }

Oct

Keywords are special strings that are part of the language syntax and are consequent
dentifiers. See D.12.3 for a list of keywords in RVC-CAL.

Identifiers are any sequence of alphabetic characters of either one of the digit
"haracter and the dollar sign that is not a keyword. Sequences of characters that ar

pbntaining the $-sign are reserved identifiers. They are intended tp be used by tool
C-CAL program code and need to produce unique names whick\de not conflict with n
ers of the language Consequently, users are discouraged from introducing identifier
-sign.

bee D.12.2 for a complete list of RVC-CAL operators.

hracters are used as delimiters: (), {}, [.], :-

Comments are Java-style, i.e. single-line, comments starting with "//" and mult
blimited by "/*" and "*/".

erals. RVC-CAL provides two kinds of numeric literals: those representing an int
those representing a decimal fraction. Their syntax is as follows:?2)

Integer— DecimalLiteral| HexadecimalLiteral | OctaLiteral
Real— DecimalDigit { DecimalDigit } *’ { DecimalDigit } [ Exponent ]
| " DecimalDigit { DecimalDigit } [ Exponent ]
| DecimalDigit { DecimalDigit } Exponent

cimalLiteral=>*NonZeroDecimalDigit { DecimalDigit }

hLiteralDigit— ‘0’ { OctalDigit }

These are used to indicate the beginning or endyof syntactical elements in RVC-CAL.

y not

5, the
e not

b that
ames
5 that
The

i-line

egral

Exponent— (‘e’| ‘E’) [+’ | ‘'] DecimalDigit { DecimalDigit ]

NonZeroDecimalDigit— ‘1’| 2|3’ | ‘4’| ‘5’| ‘6’| 7' | ‘8’| ‘O’

DecimalDigit— ‘0’ | NonZeroDecimalDigit

OCtalDigit_) 107 | 411 | 12J | l3! | 141 | 451 | 167 | l7l I ‘8’

HexadecimalDigit— DecimalDigit

| la} | tb! | lCJ | ldi | lel | lf!
| lAJ | lBl | lcﬂ | lDl | lEJ | lFl

2)
tokens.

44

© ISO/IEC 2017 - All rights re

In contrast to all other grammar rules in this document, the following rules do not allow whitespaces between

served


https://iecnorm.com/api/?name=32e70d9fa243443910b193d36c4db566

ISO/IEC 23001

D.3.3 Typographic conventions

-4:2017(E)

In syntax rules, keywords are shown in boldface, while all other literal symbols are enclosed in single
quotes (“ ).

In examples, RVC-CAL code is represented in monospace. Semantic entities, such as types, are set in italic.

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 dellmlters) or set in boldface (in the case of keywords) An optional

OCCulFenceo

(incly

We offten use plural forms of non-terminal symbols without introducing them eXplicitl

supp
A is 1
defin

In th
oper4
on th
them|

D.3.5

Like 1
to be
in ga
Sense
guess
guide

The f

KeyW
symb
symb

nameg;

Statgment head/body separator. Many statements have a similar structure as the one for

Fors

ding none) are written as {4}. The alternatlve occurrence of eltherA or B is expresse

psed to stand for a comma-separated sequence of at least on instance of thexon-ter
he non-terminal, we might use As in some production, and we implicitly~assume t
ition: As=>A{" A}

tors is assumed, even though strictly speaking these are not_part of the language
e environment. A specific implementation of RVC-CAL may not have these operators
or the literals in a different manner.

Notational idioms

most programming languages, RVC-CAL involves a'fair number of syntactical constru
learned and understood by its users in order towuse the language productively. The ef

to employ general guidelines for designifig the syntax of constructs, which allow u
es about the syntax if they are unsure about the details of a specific language constry
lines, which define the style of a language, are called notational idioms.

ford constructs. Many constructs in RVC-CAL are delimited by keywords rather t
olic delimiters. Such constructs are called keyword constructs. Other constructs are
ols, or are at least partially lacking delimiters (such as assignments, which begin wi
see D.9.2).

atements, the keywords do or begin are used as a separator:

ning familiarity with the language can be a‘considerable impediment to its adoption|

bllowing is a list of notational idipms guiding the design of RVC-CAL's language syntay.

e,0Cccurrences
las A | B.

. These are
minal; e.g. if
he following

e examples reported here, the usual interpretation of expression literals and npathematical

and depend
or interpret

cts that need
fort involved
so it makes
bers to make
iction. These

han by more
delimited by
th a variable

expressions.

whi
pro

le n>0"do k:=f(k); n:=n -
tedure p (int x) begin

1, end

kN + 1;

end

D.4

Structure of actor/unit descriptions

D.4.1 Actor description

Each

actor description defines a named kind of actor.

Actors are the largest lexical units of specification and translation. Below is the basic structure of an actor:
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Actor— (‘package’ QualifiedName ;')?

{

Import}

‘actor’ ID ‘(‘ActorPars ‘)’ [0Sig *’

{
{

[A

{

VarDecl}

Action | InitializationAction}
ctionSchedule]
PriorityBlock}

‘end’

ActorPar— Type ID [‘=" Expression]
[0Sig— [PortDecls] ‘==>" [PortDecls]

PortDecl-

The header
followed by

> {Annotation} Type ID

f an actor expressed in RVC-CAL contains actor parameters and its port signature. T
the body of the actor, containing a sequence of state variable declarations (D.7.2), ac

(D.10), initiallization actions (D.10.6), priority blocks (D.11.4) and, at most, one actiorischedule (D.|

By contrast,

this type m3

throughout

actor parameters are values, i.e. concrete objects of a certain type (although, of cd
y be determined by a type parameter). They are bound to identifiers, which are v

not be assigied to by an actor.

D.4.2 Unit

A unit cand
cannot impo

description

pclare functions, procedures, and constants (D.7){A unit can import units. However,
rt units that lead to a cyclic dependency.

Unit:— (package’ QualifiedName ;’)?
{Import}
"unif’ ID
(FunDecl | ProcDecl | ConstantVarDecl)*
‘end’
D.5 Qualified names and imports

D.5.1 Qua
A qualified n
Qualifie
A qualified n
Qualifie

fified names
ame is represented with the following rule:
{Name: ID('1D)*

ame with a possible wildcard is allowed only in imports and is defined by:

'he actor definition. Conceptually, these are non-assignable and/immutable, i.e. they

his is
tions
11.3).

urse,
isible
may

h unit

NameWithWildCard: QualifiedName “*’?

D.5.2 Declaration of an entity

An entity (actor or unit) may begin with a package directive that declares the package where the
unit or actor resides in (similar to Java). In the absence of the package declaration, the unit or actor is
considered part of the "default” package, but as in Java this practice is discouraged. The qualified name
of an entity is its package followed by a dot and then its identifier. In case the package is not specified,
the qualified name is simply the identifier of the entity.

D.5.3 Imports
Qualified names can be imported by imports.

Import: ‘import’ QualifiedNameWithWildCard ‘;’
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An actor or unit may reference a variable or function declared in a unit by its qualified name. The
qualified name of a variable or function is the name of the variable or function prefixed by the name of

theu

nititis declared in and a dot, e.g. MyUnit.. myVar.

An actor or a unit may also import any or all of the variables or functions declared in a unit by using an
import statement. Explicit import of one or more variables or functions is done by referencing them by

their

qualified name, as in

import MyUnit.myVar;

Impo

—n

Insid
simp

D.6

D.6.1

RVC-
type

D.6.72
Each

Vari

of all
and t
are s

Itisi

fting all variables or functions declared by a unit is done by using a wildcard
mport MyUnit.*;

P an entity, you can use either the qualified name or the simple name of the variable. |

Data types

Overview

CAL is fully typed, i.e. it allows and forces programmers‘to give each newly introduce
[see D.7.2 for more details on declaring variables).

Variables and types

variable or parameter in RVC-CAL may be declared with a variable type. If it is, th

reme:lﬁ)ns the same for the variable or parameter in the entire scope of the corresponding

le types may be related to each othen\by a subtype relation, <, which is a partial ord
variable types. When for two variable types t, t’ we have t < t', then we say that t is a

is a supertype of t. Furthermore;# may be used anywhere t' can be used, i.e. variable
ibstitutable for those of supertypes.

mportant that each objecthas precisely one object type. As a consequence, object typ

exhalistive partition on the objects, i.e. for any object type t we can uniquely determine tH

type

al

f you use the

e name of a variable, this variable can be shadowed by another declaration of a variable.

1 identifier a

en this type
declaration.
er on the set
bubtype of t',
of subtypes

es induce an
e "objects of

IMPI]

Stati
time
case
mairf
pres
runt

EMENTATION'NOTE.

Ing that each object has an object type does not imply that this type can be determine
i.e. that'there is something like run-time type information associated with each obje
5, particularly when efficiency is critical, the type of an object is a compile-time const
use'is for establishing the notion of assignability, i.e. for checking whether the result

1 at run

ct. In many
ruct whose
of an ex-

bion’ may legally be stored in a variable. In these scenarios, type information is remov.

pd from the

ime representation of data objects.

For each implementation context, it is assumed that there is a set Ty of variable types and Ty of object
types. They are related to each other by an assignability relation, «c Ty x T¢, which has the following
interpretation: For any variable type ty and object type to, ty < to if an object of type t¢ is a legal value
for a variable of type ty.
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The assignability relation may or may not be related to subtyping, but at a minimum, it shall be
compatible with subtyping in the following sense: For any two variable types ty and t’y, and any object

type to:

’
tV >tV

’
Aty —ty =t <t

In other words, if an object type is assignable to a variable type, it is also assignable to any of its

supertypes.

D.6.3 Typ

Types are sp
Type — |

TypeAttr —

A type that i
parameters

In the next fg

to either types or values. Type attributes that are bound to types are assigned using the
while values

D.6.4 Predefined types

Required tyj}

expressions,
— bool —
List (4
int (si
uint (9

String

float -

D.6.5 Typ

D.6.5.1 Ge

This subclau

e formats

ecified as follows:

D

D (‘[ TypeAttr { TypeAttr}]‘)
D “’ Type

D ‘=" Expression

5 just an identifier is the name of some non-parametric type-or of a parametric type v
fake on default values. Examples may be String, int.

rm, the ID refers to a type constructor that has named®ype attributes which may be b

" sy

n_n

are bound using the "=" syntax.

bes are the types of objects created as the result of special language constructions, us
The following are built-in types in RVC-CAL:

the truth values true and false;

ype:T, size=N) — finitelists of length of N elements with type T;
ze=N) — signed integers with bit width N;

ize=N) — unsigned integers with bit width N;

— strings oficharacters;

- floatingpoint numbers.

ng rules

rhose

ound
ntax,

ually

neral

se lists the typing rules for RVC-CAL expressions.

Expression Type of result
boolean bool
floating-point number float

integer with value v type of int(v)

"xyz" String

variable var declared with type T T

unary expression: op e type of unary(op, €)

48
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Expression

Type of result

binary expression: el op e2

type of binary(el, op, e2)

if cond then el else e2 end

with cond of type bool

lub(el, e2)

list[i][j]

type of index(list, i, j)

[el,e2, .., en: forintilinL1.. H1, forinti2 in L2 .. H2,
.., forintinin LN .. HN ]

List(type: lub(el, e2, ..., en),
size=n*(H1-L1+1)*
(H2-L2+1)*..*(HN-LN + 1))

D.6.5:2

hd e 1 Al i)
reastupper voulra (1uo)

The lpast upper bound (lub) of n types is the smallest type that is compatible withcthe biiggest of the
given n types. lub(tl, t2, ..., tn) is defined as lub(...lub(lub(t1, t2), t3), ..., tn).

bool,[bool bool
float|float float
String, String String

int(size=S1), int(size=S2)

int(size=max(S1,52))

uint(pize=S1), uint(size=S2)

uint(size=max(S1, S2))

int(size=SI), uint(size=SU) with SI > SU

int(size=SI)

int(size=SI), uint(size=SU) with SU >=SI

int(size=SU + 1)

List(fype : T1, size=S1), List(type :T2, size=S2)

List(type:lub(T1, T2), size=max(S1, S2))

any dther combinations

invalid

The least upper bound is commutative: lub(t1, t2) is the same as lub(t2, t1).

D.6.5.3 Greatest lower bound (glb)

The greatest lower bound (glb) of n typées is the greatest type that is compatible with the st

given n types.

hallest of the

bool,|bool bool
float|float float
String, String String

int(size=S1), int(size=S2)

int(size=min(S1, S2))

uint(ize=S1), uint(size=S2)

uint(size=min(S1, S2))

int(size=SI), dint(size=SU) with SI > SU

int(size=SU + 1)

int(size=81);uint(size=SU) with SU >=SI

int(size=SI)

any dthércombinations

Invalid

NOTE

D.6.5.4 Type of integer

The size of an integer whose value is v is defined by Formula (D.1):

: _ v<0=-v
sizeof(v) = | log2 {V >0 v+ 1}

where |—x—| is ceil(x), which returns the smallest integer that is not less than x.

The type of an integer whose value is v, and size is s=sizeof(v), is defined as:

© ISO/IEC 2017 - All rights reserved

The greatest lower bound has not been defined for List because it is not needed as a typing rule.
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if v <0, int(size=s + 1);

if v=0, uint(size=1);

if v> 0, uint(size=s).

D.6.5.5 Type of unary expressions

Expression Type of result
bitnot e (or ~e) with e of type T (int or uint) T

not e with e of type bool bool

-e with e of lype T (int or float) T

-e with e of lype uint(size=s) int(size=s + 1)
#e with e of §ype List(type:T, size=S) S
float_of_int(d) with e of type T (int or uint) float

int_of_float(g

, sz) with e of type float and sz of type

int(size=sz)

int or uint

uint_of_float[e,sz) with e of type float and sz of type uint(size=sz)

int or uint

Where float]of_int, int_of_float and uint_of_float are built-ins functionsfor float to int/uint convdrsion

and vice ver

ta. The conversion to int/uint from float is the truncatien conversion towards zero as

in C99 (i.e. int_of_float(5.3, 32) returns 5, and int_of_float(-5.3, 32) returns -5).

used

D.6.5.6 Type of binary expressions

Expression Type of result

el + e2 with 1 of type String or e2 of type String String

el + e2 with g1 of type List(type:T1, size=S1) List(type:lub(T1, T2), size=S1+S2)

e2 of type Lis

t(type:T2, size=S2)

el + e2 with
e2 of type T2

b1 of type T1 (int or uint)

(int or uint)

lub(T1, T2) + 1

el - e2 with
e2 of type T2

b1 of type T1 (int or uint)

(int or uint)

lub(T1, T2) +1

el * e2 with ¢

e2 of type inf

1 of type int(size=51) or uint(size=S1)

(size=S2) ofuint(size=S2)

lub(T1, T2) with size=S1 + S2

el << e2 with

e2 of type inf

el of type/int(size=S1) or uint(size=S1)

(sizé=S2) or uint(size=S2)

S1+(1<<S2)-1

lub(T1, T2) exists

el & e2, with|et.of type T1 (int or uint) and e2 of type [glb(T1, T2)
T2 (int or uint)

el | e2, with el of type T1 (int or uint) and e2 of type  |lub(T1, T2)
T2 (int or uint)

el ” e2 (xor), with el of type T1 (int or uint) and e2 of |lub(T1, T2)
type T2 (int or uint)

el /e2, el >>e2,with el of type T1 (int or uint) and e2 |T1

of type T2 (int or uint)

el mod e2, with el of type T1 (int or uint) and e2 of T2

type T2 (int or uint)

el=e2, el !=e2 with el of type T1 and e2 of type T2, if |bool
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Expression Type of result

el>e2, el >=e2,el <e2, el <=e2,with el oftype T1 |bool
(int or uint or float) and e2 of type T2 (int or uint or
float), and if lub(T1, T2) exists

el && e2, el || e2, with el of type bool and e2 of bool

type bool

el + e2 with el of type float and e2 of type float float
el - e2 with el of type float and e2 of type float float
el * e2 with el of type float and e2 of type float float
el / e2 with el nFryrrm floatand e2 nFrypn float float

The type of binary expressions whose operator is +, -, *, /, and where one operand has type float, and the
other has type int, uint, or float, is float. In other words, operands with type int or uifit are automatically
prompoted to float.

D.6.5.7 Type of an indexing expression

The type of an indexing expression list[i1][i2]...[in] with a list of(type List(type:List{type:...type:
List(lype:T, size=SN), size=SN_1), ..., size=S1) is T if the type of i1 jsdot larger than the type of S1 (as
obtaiped with sizeof(S1)), i2 is not larger than sizeof(S2), etc.

If only a subset of indexes is given, say i, then the type of the eéxpression is the type of the i-th inner type.

D.7 |Variables, functions and procedures

D.7.1 Overview

Variaples are placeholders for values during-the execution of an actor. At any given tinje, they may
stand for a specific value, and they are saidito be bound to the value that they stand for. The association
betwgen a variable and its value is calleda binding.

This [subclause first explains howvariables are declared inside an RVC-CAL source dode. It then
procgeds to discuss the scoping(uiles of the language, which govern the visibility of variables and also
consfrain the kinds of declarations that are legal in RVC-CAL.

D.7.2 Variable declarations

Each|variable (with the exception of predefined variables) needs to be explicitly introquced before
it car} be used. At nieeds to be declared. A declaration determines the kind of binding asspciated with
the vpriable it'declares, and potentially also it’s (variable) type. Following are the following kinds of
variaple declarations:

— explicit variable declarations (D.7.2),

— actor parameters (D.4),
— input patterns (D.10.2).

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

D.7.2.1 Explicit variable declarations

Syntactically, an explicit variable declaration3) is 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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— TypelD{'[‘Expression’]’} [("="|:=") Expression]

An actor may contain state variable declarations:

StateVarDecl — VarDecl

A unit may contain constant variable declarations:

ConstantVarDecl — TypelD{‘[‘Expression’]’} ‘=" Expression ’

For List declaration, a more compact representation is available with an array style.

T myVar [N
size=Nn),

An explicitv
that is the v4

T v:=H

T v=E -

Variables de
execution of
constants.

Explicit vari

actor std

— thevarblock of a surrounding lexical context (with eénding punctuation

see Locd

D.7.3 Fun

The general

11 I[N21] [Nl iseauivalent to T 4 o+ (+ 570
e B N L 2w o s A e o s e o g

t
I._I.
n

<+

P

ITict (570
> AW 4 g

., size=N2), size=N1l) myVar where the typeisT.

hriable declaration can take one of the following two forms, where T is a type, vfan-idern
riable name and E an expression of type T.

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

Clared in the first method are called stateful variables because'théy may be changed t

hble declarations may occur in the following places:

)

nn
1]

]

ite variables (with ending punctuation

nn
)

orno ending punctu
IVarDecl in D.7.3)

ction and procedure declaration

format for declaring functions and procedures is as follows:

FunDecl — “flunction’ ID’(‘ [ FormalPars{/)’ ‘-- > “Type

[[ ‘var

ProcDecl —»
[[ ‘var

LocalVarDed
shall be no 3
as the endin
declaration y

VarDecls | .’ Expression])'end’

procedure’ ID’(‘ [ FormalPars | )’
VarDecls | ‘begin’ { Statement }] ‘end’

Is should follew a special rule: 1) if a LocalVarDecl is the last one or the only one,
ny ending‘punctuation; 2) if a LocalVarDecl is not the last one, there shall be a comi
b punetuation (or separator between it and the next LocalVarDecl). For instance, a fun
vould look like this:

T,

tifier

y the

a statement. Variables declared in the last method are referred to as stateless variables, or

htion;

there
na nn

)

ction

|function

timestwo (int x)--> 1nt: 2 * x end

D.7.4 Name scoping

The scope of a name, whether that of a variable or that of a function or procedure, is the lexical construct
that introduces it. All expressions and assignments using the name inside this construct will refer to
that variable binding or the associated function or procedure, unless they occur inside some other
construct that introduces the same name again, in which case the inner name shadows the outer one.
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In particular, this includes the initialization expressions that are used to compute the initial values of
the variables in variable declarations. Consider the following group of variable declarations inside the

same

construct, i.e. with the same scope:

n=1

m=k

+ k,

k=6,

¥

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 k being set to 6, n to 7 and m to 42.

Inltlwmmrmmy'ﬂmmmmrﬁm
variaple declarations would not be well formed:

owing list of

kl* n

+ k,
- 36,

More

variaples that need to be known in order to compute the initialization€xpression. These ar

free y
last ¢
non

D.8

D.8.1

Expr
assig
itis e

The f]

Expr
Expr

Singl

precisely, a variable may not be in its own dependency set: [ntuitively, this set

rariables of the expression itself, plus any free variables used to compute them and
xample, k depended on m becausemis freeinm - 36, andsince min turn depends on
k, the dependency set of k is {m, k, n} which does contain k itself and is therefore an

Expressions

Overview

bssions evaluate to a value and are side-effect free, i.e. they do not change the state o
h or modify any other variable. Thus; the meaning of an expression can be described
valuating to.

bllowing is an overview of the-kinds of expressions and expression syntaxes provided

pssion — Expression { ¢ Expression }
pssion — BinaryExpression
| SimpleExpression

bExpressions=>" OperatorExpression
| ListComprehension
| ifExpression
| LetExpression

contains all
e usually the
so on. In the
k and n, and
error.

Fthe actor or
by the value

in RVC-CAL.

| ‘(“ Expression ‘)’

HmdexerExpr

| ID ‘(“ Expressions ‘)’
|
|

ID
ExpressionLiteral

The following subclause discusses the individual kinds of expressions in more detail.

D.8.2 Literals

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

ExpressionLiteral = IntegerLiteral | DecimalFractionLiteral

| StringLiteral
| true | false
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The type of true and false is bool.

D.8.3 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.

D.8.4 Function application

An expression of the form F(E, ..., Ey) is the application of a function to n parameters, possibly none. F
is the name of a function which shall be visible at the point of this expression, and E; are expressions of

types matchf@ww?mﬁmmhmwmmmﬁ.—
D.8.5 Inde¢xing
An indexing|expression selects an object from a list. The general format is

Indexerkxpr — ID ‘[* Expression ‘]’ {‘[ Expressions I’}

The expressjons within the brackets are called "indices". There shall be at least,one such index. If there
are more than one, the list expression shall be a list of appropriate dimengionality, i.e. it shall contain
other lists a§ elements and so forth.

D.8.6 Operators

There are two Kinds of operators in RVC-CAL: unary prefixcoperators and binary infix operatgrs. A
binary operdtor is characterized by its associativity and its pfecédence. In RVC-CAL, all binary operjators
associate to the left, while their precedence is defined by the.platform, and have fixed predefined vjalues
for built-in dperators (which are used to work on instances of built-in types). Unary operators always
take precedg¢nce over binary operators.

a + b + disalways (a + b) + c.
#a + bisalways (#a) + b.
a + b * disa + (b * c) if*has.ahigher precedence than +, which is usually the case.

Operators afe just syntactical elements. They represent ordinary unary or binary functions, so th¢ only
special ruleq for operators are syhtactical.

D.8.7 Congitional expressions
The simple donditionalé€xpression has the following form:

IfExpregsion—if Expression then Expression else Expression end

The first sub-expression shall be of type bool. When the first sub-expression is evaluated to |true,
the value of the second sub-expression is selected as the value of the entire expression. Otherwise, the
value of the third sub-expression is selected.

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.8.8 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.8.8.1 Enumerations: list comprehensions without generators
The most basic form of list comprehension just enumerates the elements. Its syntax is as follows:
SimpleListComprehension — ‘[ [ Expressions | ‘]’

Example: If n is the number 10, then the simple set expression

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

evaluates to thelist (10, 100, 5, 5].

D.8.8.2 List comprehensions with generators

Simple comprehension expressions only allow the construction of a list whose size is@orrelated with the
size gf the expression. In order to facilitate the construction of large- or variablessized lists, RVC-CAL
provides generators to be used inside an expression constructing them. The syntax looks gs follows:

ListCpomprehension — ‘[ [ Expressions [ " Generators | [ ‘|’ Expression [] /'
Generators — Generator { ‘) Generator }
Generator — for TypelD in Expression

The penerators, which begin with the keyword, for, intrgduce new variables, and [successively
instaptiate them with the elements of the proper list after the keyword, in. The expression computing
that list may refer to the generator variables defined to the left of the generator it belongs fo.

The gptional expressions following the collection exptession in a generator are called filteys. They shall
be of|type boo1l, and only variable bindings for which these expressions evaluate to trug are used to
consfruct the collection.

Example:

l[1,]2, 31 |

is thd list of the first three natural numbers. The list

[[2 | a: for int a in() 2, 31]

contdins the values 2, 4 and 6, while the list

|[a: for int a ¥ [1, 2, 3] a > 1] |

descifibes (someiwhat redundantly) the set containing 2 and 3. Finally, the list

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

cont methoanlomoantc A B £ 10 o d 19
IITO LITU CICITIVIILO 1, U, U, 1 U dIlTu 1.

Writing 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 b is a defined variable in the context of this expression, in which case, it is merely very
confusing), because the filter expressionb > 2 * a occurs before the generator that introduces b.

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.

© ISO/IEC 2017 - All rights reserved 55


https://iecnorm.com/api/?name=32e70d9fa243443910b193d36c4db566

ISO/IEC 23001-4:2017(E)

D.9 Statements

D.9.1 Overview

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

D.9.2 Assignment

I BlockStmt
| IfStmt

| WhileStmt

| ForeachStmt

Assigning a nmew value to a variable is the fundamental form of changing the state of an actor. The syntax
is as follows

Assignment$tmt — ID [ Index | =’ Expression ‘;’

Index = ‘[ [ Expression | ‘] {'[* Expression |’}

An assignmént without an index or a field reference is a simple assignment, while one with g field
reference is f field assignment, and one with an index is called an indexed assignment.

D.9.2.1 Simple assignment

In a simple dssignment, the left-hand side is a variable name. A variable by that name shall be visiple in
this scope, ahd it shall be assignable.

The expressjon on the right-hand side shalkevaluate to an object of a value compatible with the vatiable
[i.e. its type phall be assignable to the declared type of the variable, if any (see D.6.2)]. The effect pf the
assignment |s of course that the variable value is changed to the value of the expression. The orjginal
value is thergby overwritten.

D.9.2.2 Assignment with indices

If a variable fis of a type that is indexed, and if it is mutable, assignments may also selectively assign to
one of its indexed locations, rather than only to the variable itself.

In RVC-CAL,{an indexed location inside an object is specified by a sequence of objects called infices,
which are written after the identifier representing the variable, and which is enclosed in square
brackets.

D.9.3 Procedure call

Calling a procedure is written as follows:

CallStmt — ProcedureSymbol ‘(* [ Expression | )’
ProcedureSymbol — ID

The procedure symbol shall be defined in the current context, and the number and types of the argument
expressions shall 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.9.4 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

defines the variables in <decls> and executes the statements in <stmts> with the resulting variable
bindings. The variable bindings are only visible to these statements.

D.9.5 If-statement
The if-statement is the simplest control-flow construct
[fStmt — if Expression then { Statement } [ else { Statement } | end

As is fo be expected, the statements following the then are executed,only if the expression|evaluates to
true,|otherwise, the statements following the else are executed, if'présent. The expressign shall be of
type pool.

D.9.6 While-statement

Iteration constructs are used to repeatedly execute a séquence of statements. A while-consfruct repeats
execytion of the statements as long as a condition spe€ified by a bool expression is true.

WhileStmt — while Expression [ var VarDecls | do [ Statements | end

Itis an error for the while-statement to notterminate.

D.9.7 Foreach-statement

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

ForegchStmt — ForeachGenerator { ‘; ForeachGenerator }
var VarDecls ] do{-Statements | end
ForeqgchGenerator —foreach TypelD in Expression

—

The pasic structure and execution mechanics of the foreach-statement is not unlike| that of the
comprehensions with generators discussed in D.8.8.2. However, where in the case of compfehensions a
colle¢tionwas constructed piecewise through a number of steps specified by the generatdrs, a foreach
statenérit 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[1l,2] do
s:=s + a*b;

end

results in s containing the number 9.
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D.10.1 Overview

An action in RVC-CAL represents a (often large or even infinite) number of transition of the actor
transition system described in D.11. An RVC-CAL actor description can contain any number of actions,

including no

output t
state ch

addition

In any given
are represer

The syntax d

ActionTag —
ActionTag —
ActionHead

[ guard Ex

Actions are
[i.e. sequenc
tag may be y

The head of

ne. The definition of an action includes the following information:

input tokens;

okens;

inge of the actor;
al firing conditions.

state, an actor may take one of a number of transitions (or none at all), and these trans
ted by actions in the actor description.

f an action definition is as follows:

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

- InputPatterns ‘==>" OutputExpressions

pressions | [ var VarDecls |

optionally preceded by action tags which ceme in the form of qualified ident
s of identifiers separated by dots (see D.11.2)}xThese tags need not be unique, i.e. the

an action contains a description of the kind of inputs this action applies to, as well ¢

tions

ifiers
same

sed for more than one action. Action tags arexsed to refer to actions or sets of actions, in
action schedules and action priority orders; see D.11 for,details.

s the

output it pr¢duces. The body of the action is:dsequence of statements that can change the state, or

compute val

Input patter
two kinds of

1es for local variables that can be Used inside the output expressions.

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

[hese

|Inputl,

Input2 ==>

an input pat

ern may look like this:

l[al, [b,

c]

(binding a t
Input?2). It

b the-first token coming in on Inputl, and binding b and c to the first two tokens
may also look like this:

from

|Input2:[c

]

but never lik

e this:

| [d] Input2:[e]

This mechanism is the same for input patterns and output expressions.

The following subclauses elaborate on the structure of the input patterns and output expressions
describing the input and output behaviour 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
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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.10.5.

D.10.2 Input patterns and variable declarations

Input patterns, together with variable declarations and guards, perform two main functions: (1) they
define the input tokens required by an action to fire, i.e. they give the basic conditions for the action
to be fired which may depend on the value and number of input tokens and on the actor state, and (2)
they declare a number of variables which can be used in the remainder of the action to refer to the input
tokens themselves. The syntax is as follows:

I D LI (2] (e T LD FWall |
npugratterir— 10 . [ [ DS | [ hepTtattraust ]

RepeptClause — repeat Expression

The dtatic type of the variables declared in an input pattern depends on the tokentype de¢lared on the
input]port, but also on whether the input pattern contains a repeat-clause.

A pattern without a repeat-expression is just a number of variable namesiinside square brackets. The
pattefrn binds each of the variable names to one token, reading as manyltokens as there|are variable
namgs. The number of variable names is also referred to as the pattern length. The statif type of the
variaples is the same as the token type of the corresponding port.

Example (Input pattern without repeat-clause):

D

Assume the sequence of tokens on the input channel is the natural numbers starting at 1, ije.:

1, &, 3, 4, 5, ... |

The ipput pattern [a, b, c] resultsin the following bindings:

a=1l} b=2, c=3
| |

If a pattern contains a repeat-clause, thatexpression shall evaluate to a non-negative integer, say N. If the
pattelrn length is L the number of tokens read by this input pattern and bound to the L patt¢rn variables
is NL]Since in general there are moré tokens to be bound than variables to bind them to (M times more,
exactlly), variables are bound to.}ists of tokens, each list being of length N. In the pattern, the list bound
to the k-th variable contains thé tokens numbered k, L + k, 2L + k, ..., (N - 1)L + k. The static fype of these
Varijfles isList [T], where T is the token type of the port.

Example (Input patters’with repeat-clause):

Assulne again thésnatural numbers as input sequence. If the input pattern is

|[a, b, eNTepeat 2 |

it wil] produce the following bindings:

la=11,4], b=[2,5], c=[3,6] |

D.10.3 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.7 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.
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The permissible dependencies then follow from the rules in D.7.
Example (Action variable scope):

The following action skeleton contains dependencies between input pattern variables and explicitly
declared variables:

[n], [k], [a] repeat m * n ==>
var

m=k * k
do ... end

These declafjations are well formed, because the variables can be evaluated in the order k, m, n/a.

By contrast, |the following action heads create circular dependencies:

[a] repeqt a[0] + 1 ==> ... do ... end
[a] repegt n ==> ... var

n=f (b}, b=sum(a)
do ... enpd

D.10.4 Output expressions

Output expressions are conceptually the dual notion to input pattérn. They are syntactically sinilar,
but rather than containing a list of variable names which get bound’to input tokens, they contain|a list
of expressiofis that computes the output tokens, the so-called token expressions.

OutputExpré¢ssion — [ID '] ‘[ Expressions ‘]’ [ RepeatClause |
Repeat(Clause — repeat Expression

The repeat-qlause works not unlike in the case of\input patterns, but with one crucial differencg. For
input patterps, it controls the construction of acdata structure that was assembled from input tpkens
and then bopind the pattern variables. In the-¢ase of output expressions, the values computed Qy the
token exprepsions are themselves these data structures, and they are disassembled according to the
repeat-clausg, if it is present.

In output ekpressions without repeat-clause, the token expressions represent the output tpkens
directly, and the number of output tokens produced is equal to the number of token expressions{ If an
output expr¢ssion does have @ tgpeat-clause, the token expressions shall evaluate to lists of token$, and
the number pf tokens prodiuced is the product of the number of token expressions and the value ¢f the
repeat-expr¢ssion. In addition, the value of the repeat-expression is the minimum number of tpkens
each of the lists shall centain.

Example (Olitput-expressions):

The output gxpréssion

==>[1,2,3]

produces the output tokens 1, 2, 3.

The output expression

==> [[1,2,3],[4,5]] repeat 2

produces the output tokens 1, 2, 4, 5.
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D.10.5 On action selection: guards and other activation conditions

-4:2017(E)

At any given point during the execution of an actor, an action may potentially fire on some input data.

Whether it is activated, i.e. whether in a given situation it actually can fire, depends on
activation conditions have all been met. The minimal conditions are as follows:

whether its

a) according to the action schedule (see Legal action sequence in D.11.3), this action may fire next;

b) no higher-priority action is activated (see D.11.4);

c) there are sufficient input tokens available to bind the input pattern variables to appropriate values;

d)

a) Sincethe assumptionis thatatthe beginning of an actor execution no inputis available,
ctions have no input patterns; however, they may produce output.
b) ith the exception of initialization expressions in variable declarations, an initializ

ntains the first code to be executed inside the actor. Any)state invariants in the a
old, and instead have to be established by the initialization action.

The gyntax of initialization actions is as follows:
InitidlizationAction — [ActionTag “’]
initialize InitializerHead [ do Statements | end

InitijlizerHead — ‘==>" QuputExpressions
[ ghard Expressions | [ var VarDecls |

The activation conditions for actions apply also to initialization action, of course, since ther
the cpnditions concerning input token’s become vacuously true.

If an|actor should have morethan one initialization action, and if more than one is acti

begifining of an actor executien, one of them is chosen arbitrarily.

D.11Action-level control structures

D.11}1 Overview

In RVC-CAL;an action expresses a relation between the state of an actor and input tok
succgssorstate of the actor and output tokens. In general, RVC-CAL actors may contain ar

ate to true.

'y similar to

nitialization

ation action
‘tor may not

e is no input,

vated at the

ens, and the
y number of

actionspand in a given situation, any subset of those may be ready to be executed. For e

xample, both

actions of the following actor may be able to execute, if there is a token available on either input port:

Example (Nondeterministic Merge):

actor NDMerge () A, B ==> C:
action A:[x] ==> [x] end
action B:[x] ==> [x] end

end

It is important to emphasize that the policy used to choose between the two actions above is not part

of the actor specification. This flexibility may be desired, but sometimes the actor writer

may want to

have more control over the choice of the action, e.g. if the Merge actor is supposed to alternate between

reading its input ports, one might use actor state to realize this behaviour:
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Example (Basic FairMerge):

actor FairMerge () A, B ==> C:
s:=1;
action A:[x] ==> [Xx]
guard s=1
do
S:=2;
end
action B:[x] ==> [x]
guafd s=2
do
s:=1;
end
end

This way of specifying action choice has two key drawbacks. First, it is very cumbBersome to write and
maintain, and it does not scale very well even for modest numbers of actions‘and states. Furthermore,
this way of specifying action choice essentially obfuscates the "real" logic hehind guards, state variable
and assignmjents, so that it becomes harder to extract the intent from thee actor description, both for
tools and forthuman readers.

These are the key motivations for using action schedules, i.e. strictured descriptions of possible orders
in which actiions may fire. Before we can discuss action schedules in D.11.3, we need to take a ¢loser
look at how gctions are referred to inside of them.

D.11.2 Actipn tags

Actions are ¢ptionally prefixed with action tags (see D.10.1), which are qualified identifiers:
ActionTqg — QuallD
QualID $ ID{ "’ ID}

The same tag may be used for more_than one action. In the following, we write the set of all aqtions

tagged by afag tas t ,and the tag.of some action a as t,. The empty tag is written as ¢, and the setfof all
untagged actions is therefore(ey:

Action tags gre ordered by.a prefix ordering: We say that t c t’, i.e. tis a prefix of t’, if t” startd with
all the identjifiers in tdh-the same order, followed by any number of additional identifiers, inclhding
none. For indtance, d.b'.c — a.b.c.x and a.b c a.b,but a.b ¢ a.c. We call t” an extension of t.

When used Inside/action schedules and priority orderings, a tag denotes the set of actions, whigh are
labelled with tags that are extensions of i aoranv tao tthissetis called £ andis defined as follows:

t ~def {alt c ta}

D.11.3 Action schedules

Action schedules are structured descriptions of possible sequences in which the actions of an actor may
be executed. A finite state machine specifies these sequences. In general, the set of possible sequences
may be finite or infinite and any specific sequence may also be finite or infinite.

An action schedule effectively describes a (regular) language L in the alphabet of action tags. This
language is used to constrain the legal sequences of action firings as follows.
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Legal action sequence. Given a tag language L, assume a finite sequence of actions (a;)i=1..n and a
sequence (bj)j=1..m with m < n and a strict monotonic function f: {1..m} - {1...n} such that the following
holds forall je {1..m} and i € {1..n}:

i TGy’
— t, #E&;
by

— t, #eVie ft [{1m}}

In other words, (b)) is the subsequence in (a;) with non-empty tags. If (b;) is empty, then (a;) is a legal
action Sseqence:

If (by) is not empty, then (a;) is a legal action sequence, if and only if, there exists a sequenge of tags (t))
j=1...m such that the following holds:

-

brall je {1...m},bj € tj;
— there existsa w € L such that (tj) cw.

A conpsequence of this definition is that untagged actions may occtir,at any point in the|schedule —
convérsely, schedules do not constrain untagged actions in any way:

The fpllowing paragraph describes a tag language based on finité state machines.

A fin]te state machine schedule defines a number of trdusitions between states (and an [initial state)
that gre each labelled with one or more action tags.

SchedluleFSM — schedule [fsm] ID 4’
{ StlateTransition ;" }
en

State[ransition — ID ‘(‘ ActionTag ‘)’ -- >’/ 4D

The gtate before the colon is the initial state, and all states are accepting. The tag languagg is the set of
all sequences of tags that label transitions leading from the initial state to any other statg of the finite
state|machine.

Severjal transitions startihg from the same state may be written as separated by the ‘|’ character. The
following illustrates thieyuse of a finite state machine action schedule to express the FairMerge actor
somewhat more concisely.

Examiple (FairMerge, with FSM schedule):

actpr PairMergel () A, B ==> C:
Nl s o0t 10on A-[ } e [ } ond
InB: action B:[x] ==> [x] end

schedule fsm WaitA:
WaitA (InA) —--—> WaitB;
WaitB (InB) —-—> WaitAh;
end
end

D.11.4 Priorities
Priorities are very different from action schedules, in that, they genuinely add to the expressiveness

of RVC-CAL. It would not be possible, in general, to reduce them to existing constructs in the way
schedules can in principle be reduced to a state variable and guards/assignments. Among other things,
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priorities allow actors to effectively test for the absence of tokens. As a consequence, actors can express
non-prefix monotonic processes, which are powerful, but at the same time can be dangerous, because
it means the results computed by an actor may depend on the way it was scheduled with respect to the

other actors

in the system.

Priorities are defined as a partial order relation over action tags, which induce a partial order relation
over the actions. An action can only fire if there is no other enabled action that is higher in this partial
order. The order is specified as follows:

Priority
Priority

The priority
a binary reld

a, >da

1 2

vEIa3 1a

The priority
i.e. it is asyn
reflexivity d
the followin

Order — priority{ Prioritylnequality ;’} end

nequality = ActionTag ‘>’ ActionTag { ‘>’ ActionTag }

tion on the actions are follows:

< dty,t,:t; >t, na; ety Aa, €L,

1>a3/\a3 >612

inequalities are valid if the induced relation on the actions isin non-reflexive partial
hmetric and transitive. Transitivity follows from the definition, but asymmetry and
p not. In fact they do not even follow if the relation on the tags is a partial order. Cor
p example:

inequalities are specified over tags, i.e. they have the form t1 > t. These inequalities i:I\duce

brder,
non-
sider

A.B > X

A

This is obvid
the induced

usly a proper order on the tags. However, ifwe have two actions labelled X and 2.B
Felation is clearly not asymmetric, hence the system of priority inequalities is invalid.

then

With prioritjes, we can express a Merge actor thatiprefers one input over the other like this:
Example (BjasedMerge):
actor BigsedMerge () A, B =='C:

InA: gction A:[x] ==> (%)} end

InB: qction B:[x] ==>'J[x] end

priority

InA > InB;

end

end

Perhaps mof

equal amounts’of tokens from both inputs as long as they are available, but will not halt due to 14

e interestingly, we can express a merge actor that is fair, in the sense that it will con

sume
ck of

tokens on only one of its input ports. It is also non-deterministic, i.e. it does not specify the order in
which it outputs the tokens.
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actor FairMerge3 () A, B ==> C:

Both: action([x], [y] ==> [x, y] end
Both: action([x], [y] ==> [y, x] end
One: action A:[x] ==> [x] end
One: action B:[x] ==> [x] end

priority
Both> One;

end

D.12 Basic runtime infrastructure

D.12/1 Overview

This pubclause describes the basic runtime infrastructure, i.e. the kinds 0fjobjects and operations on
them| that implementations shall provide in order to implement RVC-CAL. A list of keyWords is also

incluged in this subclause.

D.12/2 Operator symbols

D.12{2.1 Unary operator symbols

The fpllowing table summarizes the predefined unargy/operator symbols in RVC-CAL.

Operator |Operand type(s) Meaning
not|bool logical negation
#|List) number of elements
- |Aumber arithmetic negation

D.122.2 Binary operator symbaols

The following table lists the‘\predefined binary operator symbols in the RVC-CAL languajge. They are
sorted by increasing binding strength. Their binding strength is given by a precedence figlure P, higher

precddence binds stromger.

P Operater Operand 1 Operand 2 Meaning

1 and bool bool logical conjuncti¢n
or bool bool logical disjunctign
= any any equality
= any any irequatity

2 < number number less than
<= analogous to < less than or equal
> analogous to < greater than
>= analogous to < greater than or equal
+ number number addition

3 List[T] List[T] concatenation
- number number difference
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P Operator Operand 1 Operand 2 Meaning
div number number integral division
4 mod number number modulo
* number number multiplication
/ number number division
5 int int integral list from Operand 1 to Operand
2 (inclusive)
& int int bitwise and
| int int bitwise or
P A int int bitwise xor
~ int int bitwise not
<< int int left bit shift
>> int int right bit shift
D.12.3 Keywords
action  acfor and begin div do else end false for
foreach fsim function or guard  if in ihitialize mod not
priority prjocedure repeat schedule then true var while
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Annex E
(informative)

FU Classification according to their dataflow model of computation
of RVC-CAL

E.1 |Overview

This annex describes conditions used to classify FUs, so that programmers and RVC €odec ilnplementers
can npake sure that an FU is classified correctly by analysis and translation tools.

E.2 |Basic terms

E.2.1 Token rates

An F{J consists of any number of actions of the form

actjon A:[al, a2], B:[b]
==> X:[s + al, s + a2, s], Y:[al~\Db]

guard P (b) do
E:=s + Db;

end

The donstructs preceding the ==> are called input patterns, and establish how many tokens the action
requires in order to be enabled on_each port, which is also the number of tokens it will consume when
it firgs. For instance, the constiuct A: [al, a2] specifies that the action requires two tokeng on port A in
order to fire. The constructs following the ==> are called output expressions, and they specify how many
tokers are being produced on each output port when the action fires (as well as their valugs, of course).
For ifstance, the expression X: [s + al, s + a2, s] implies that three tokens will be produced|on output X,
since|that is the number of comma-separated expressions between the square brackets.

Together, inputppatterns and output expressions define the token rates of an action, which i$ the number
of tokens praduced and consumed whenever that action fires. In the example above, the action will
consyme two*tokens on input port A, one on input port B, and it will produce three tokens on output
port K and-one on output port Y. If the FU has no any other ports besides these four, the rate of token
consumption or production on those ports for this action is zero.

E.2.2 Priorities

Actions within an FU may be related to each other through a priority statement such as the following:

priority
Al > A2;
A2 > A3;
A2 > A4;
end

The names A1, A2, A3 and A4 are action tags, identifying one or more actions. The order among actions
is partial. Note that in the example, A3 and A4 are of lower priority then A2 (and, by implication, A1), but
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they are related to each other. Also, if the FU in the example above contains another action tagged, e.g.
A5, that action will not be related to any of the actions tagged A1, A2, A3 and A4.

A special case of priority orders is the total order, in which for any pair of two actions one of them has
a higher priority than the other. For instance, if the example above is modified as follows, the tags are
totally ordered:

priority
Al > A2;
A2 > A3;
A3 > A4;

end

For all actiops to be totally ordered within an FU, each tag uniquely identifies one action,Ge.'np two
actions may |be tagged by the same name.

E.2.3 Cyclic scheduler

A scheduling finite state machine is considered to be a cyclic scheduler if there is‘a sequence of states s1,
..., Sp such thiat

— 51 is thelinitial state of the scheduler, and
— there arf exactly n transitions, viz. s; to s;+1 for all i from 1 to n-1, and s, to s7.

The length df the cycle is n. If there is no scheduler, the absent-$cheduler is considered to be (triviially)
cyclic with clycle length 1. For instance, the following scheduleris cyclic, with cycle length 2:

schedule fsm sO:

0O (A) ——> sl;
$1 (B) ——> s0O;
end

By contrast, |the next scheduler is not cyclic:

schedule fsm s0:
$0 (A) ——> sl;

0 (B) ——> s2;
$l (C) ——> s0x
$2 (C) ——> 603

end

E.3 FU classes:and taxonomy

In the following; four specialized classes of FUs can be distinguished in order of specialization] non-
deterministic FUs [following Dataflow Process Network semantic (DPN)], prefix-monotonic FUs [also
known as Kahn Process Network semantic (KPN)], Cyclo-static dataflow (CSDF) FUs and synchronous
dataflow (SDF) FUs. Each class properly includes the subsequent classes, i.e. all prefix-monotonic FUs
are also deterministic.

The rules provided to characterize the FU classes are conservative. If an FU conforms to the rule, it is
guaranteed to belong to the corresponding class, but there may be FUs that do not conform to the rule
and still be members of the class.
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E.3.1 Non-deterministic FUs

E.3.1.1 Non-determinism caused by time dependency
Rule: Time dependency occurs when the following conditions are met.

a) When two actions are related to each other by priority order (i.e. one has a higher priority than the
other) and the input pattern of the lower priority action is a strict subset of the input pattern of the
higher priority action. The input pattern is defined in D.9.2.

b) The above two actions have guards that are not mutually exclusive.

Exanllple:

actpr BiasedMergeTimeDependent () int A, int B ==> int X:

CopyA: action A:[Vv]

=> X:[v] end
CopyB: action B:[v] ==> X:[v

[v] end

priority CopyA > CopyB; end
end

The fpllowing ClipTimeDependent FU is described with a time-dependent behaviour.

Example:

actpr ClipTimeDependent () int I, booiX/SIGNED ==> int O:
int count:=-1;

re¢ad signed: action SIGNED: [ss=>
ghard count < 0

de
count:=63;
end

Ilimit: action I:[i}s=> O:[f clip(X)]
de
count:=count \1;
end

The (lipTimeDependent FU can have no time-dependent behaviour as described in the following Clip FU.

Example:

actprC¥ip() int I, bool SIGNED ==> int O:

1htyNcount o=—1 9

read signed: action SIGNED: [s] ==>
guard count < 0
do
count:=63;
end

limit: action I:[i] ==> O:[f clip(X)]
guard count >= 0
do
count:=count - 1;
end
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E.3.1.2 Non-determinism caused by absence of priorities

Rule: An FU becomes non-deterministic when there exist actions that are eligible for firing at the same
time and where those actions are not totally ordered.

Example:

actor Spl

action A: [V]
action A:[Vv]

it () int A ==> int X, int Y:

end
end

(V]
[v]

end

E.3.2 Detc

rministic FUs

E.3.2.1 Kahn process FUs — Prefix-monotonicity

Rule: An FU
dependent.

Example:

is prefix-monotonic (also known as a Kahn process) if it is determidistic and is not

time-

actor Pin

CopvA4

sched

q

end
end

-
CopyB:

$0
$1

() int A, int B > int X:

gPongMerge

>
>

end
end

[v]
[v]

action A:[v]
action B: [Vv]
ule fsm sO0:

(CopyA) —-—-> sl;
(CopyB) ——> s0;

X:
X:

This FU is deg

Example:

terministic because the scheduler'guarantees that only one action is eligible in each s

tate.

actor Fo

Hi: &
g
]

Lo:

prioj
end

() int A ==> int X:

ction A:[v]\e=> X:[v]
uard v > 0“end
ction AsN%v, w]

> X:[v + w] end

ity <H1”> Lo; end

Here, the hi

her priority action reads one tORen (TOM te IMput port, Witile the Tower priority 2

requires two.

E.3.2.2 Cyclo-static dataflow (CSDF) FUs

ction

Rule: An FU is a cyclo-static dataflow (CSDF) FU if it is prefix-monotonic, has a cyclic scheduler, and for
each scheduler state, all eligible actions have the same token rates.
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Example:

actor PingPongMerge () int A, int B ==> int X:

=> [v] end

CopyA: action A:[V] X:[v
=> X:[v] end

CopyB: action B: [Vv]

schedule fsm sO:
sO0 (CopyA) —-—-> sl;
sl (CopyB) —--> s0;
end

end

In this FU, only one of the two actions is eligible in each state, so the condition of-all eligible actions
havirlg the same token rates is trivially fulfilled.

Example:

acter Bar () int A, int B ==> int X:

Al: action A:[v] ==> X:[Vv]
guard v >= 0 end

A2: action A:[v] ==> X:[-v] end

A3: action B:[v] ==> X:[v] end

schedule fsm sO:
sO0O (Al, A2) ——> sl;
sl (A3) ——> s0;

end

priority Al > A2; end

end

Here)two actions are eligible in state’s0, but they are totally ordered (determinism) and hpve identical
toker] rates, which makes the FUs;prefix-monotonic and at the same time a cyclo-static datpflow FUs.

Counterexample:

actpr Foo () int A ==> int X:

Hi: actdieon A:[v] ==> X:[Vv]
gaa¥d v > 0 end
Lo:<action A:[v, w] ==> X:[v + w] end

pEfority Hi > Lo; end

end

In this FU, the two actions, which are always eligible, have different token rates (they consume a
different number of tokens on port A); therefore, this FUs is not a cyclo-static dataflow FU.

E.3.2.3 Synchronous dataflow (SDF) FUs

Rule: An FU is a Synchronous Dataflow (SDF) FU if it is a cyclo-static dataflow FU and all actions have
the same token rates.

In principle, it should not be necessary to require an SDF actor to be cyclo-static, but in order to maintain
consistency with the traditional classification, CSDF is considered as a specialized form of SDF.
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Since it does not make much sense to explicitly write down cyclic schedulers with a cycle length of 1,
SDF FUs usually do not contain any schedulers. Indeed, all SDF FUs can be written as an FU with a single
action, and all single-action FUs are always SDF FUs if the action does now contain a guard.

Example:
actor E () int A, int B ==> int C, int D:
action A:[al, a2] B:[b] ==>
C:[al + a2, al - a2], D:[al + b, a2 + b] end
end
This FU congwmestwetokersonfoneonbrond producestwotokensonboth-Cand Deach-time g fires.
Example:
actor PipgPongPick () A, B ==> X:
Copyvh: action A:[v], B:[w] ==> X:[v] end
CopyB: action A:[v], B:[w] ==> X:[w] end
schedule fsm sO:
$0 (CopyA) —-—> sl;
$1 (CopyB) ——> sO0;
end
end

This exampl

e shows that SDF FUs may have schedules with ¢ycles longer than 1.

Counterexample:
actor PipgPongMerge () A, B ==> X:
Copyhd: action A:[v] ==> X:[viend
CopyB: action B:[v] ==> X:{W¥] end
schedule fsm s0:
$0 (CopyA) ——> sl;
$1 (CopyB) ——>.580;
end
end

The two acti

ons in thisS.ESDF FU have different token rates; therefore, it is not an SDF FU.
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