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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. |

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.

Hor the purpose of framework deployment, an appropriate description is needed te, fescribe
donfigurations of decoders composed of or instantiated from a subset of video tools from €ither one or
more libraries. As illustrated in Figure 1, the configuration information consists of

- bitstream syntax description, and

- network of functional units (FUs) description (also referred to as the decoder’configuration)

—

hat together constitute the entire decoder description (DD).

itstreams of existing MPEG standards are specified by specific syntax structures and decofers are
omposed of various coding tools. Therefore, RVC includes supportfor bitstream syntax descfiptions,
s well as video coding tools. As depicted in Figure 1, a typical RVC decoder requires two ftypes of
hformation, namely the decoder description and the encoded' media (e.g. video bitstreams) data.

= o

1. Bitstream syntax \QV
2. Decoder conflg}k‘gtlon

Decoder Description

Encoder Decoder

Figure 1 — Conceptual diagram of RVC

ol

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

o>y

more detailed description of the RVC decoder is shown in Figure 2, where the decoder degcription
b required for the configuration of an RVC decoder. The Bitstream Syntax Description (BSD] and FU
etwork Description (FND) (which compose the Decoder Description) are used to configure or ompose
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.

—

=z
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Decoder (FNL) Model Instantiation:
inti : Selection of FUs and
Sescription P el Parameter Assignment

Description
(RVC-BSDL)

MPEG

Tool Library

IRV CAL ELL
t 5}

NORMATIVE

Abstract Decoder Model
(FNL + RVC-CAL)

Decoder
Implementation

MPEG
Tool Library
Implementation

INFORMATIVE

m

V/
hcoded Video Data >-——b Decoding Solution — Decoded Video Data >

RVC Decoder Implementation

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

Within the RVC framework, the decoder description describes a particular decoder configuration an
consists| of the FND and the BSDJ) The FND describes the connectivity of the network of FUs used t|
form a decoder whereas the.parsing process for the bitstream syntax is implicitly described by the BSI).
These two descriptions are specified using two standard XML-based languages or dialects:

oW

=}

— Funrtional UnitNetwork Language (FNL) is a language that describes the FND, known also 4
“netfwork of FUs**The FNL specified normatively within the scope of the RVC framework is provide
in this docuinent;

jo ")

— Bitsftreant Syntax Description Language (BSDL), standardized in ISO/IEC 23001-5 (MPEG-B Part
5), diésoribes the bitstream syntax and the parsing rules. A pertinent subset of this BSDL namefd
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 hehaviour of all the FllIs that are included in the ADM

This document also includes informative technical descriptions to facilitate implementatioL of the
HVC framework. In Annex G, allocation of the decoder configuration data within MP# fil¢ format
i$ introduced. In Annex H, carriage of the decoder configuration over RTP is described. Finally, in
Annex ], technical relation between the codec configuration representation and thes\MPEG multimedia
middleware (M3W) is described.

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

Part 4:
Codec configuration representation

1 Scope

his document defines the methods and general principles capable of describing codéec config

spects and will only focus on the description of representation for video codec¢enfiguration
he RVC framework.

— 0 = 3

Vithin the scope of the RVC framework, two languages, namely FNL/and RVC-BSDL, are 3
ormatively. FNL is a language that describes the FND, also known as\“network of FUs". RVC
pertinent subset of BSDL defined in ISO/IEC 23001-5. This RVC-BSDL also includes possibi
irther extensions, which are necessary to provide complete description of video bitstreams.

;) s

Normative references

[ NS]

—

he following documents are referred to in the text.in'such a way that some or all of their
onstitutes requirements of this document. For dated references, only the edition cited app
ndated references, the latest edition of the refereniced document (including any amendments)

(el @)

]

50/IEC 14496-2:2004, Information technology,~— Coding of audio-visual objects — Part 2: Visual

50/1EC 14496-12, Information technology — Coding of audio-visual objects — Part 12: 1SO ba
le format

—_ N —

BO/IEC 23001-5, Information techrniology — MPEG systems technologies — Part 5: Bitstrean
escription Language (BSDL)

—

50/1EC 23002-4, Information technology — MPEG video technologies — Part 4: Video tool librar)
IETF RFC 1889, RTP.A\Transport Protocol for Real-Time Applications, H. Schulzrinne, et. al,, Janua
IETF RFC 2327, SDPP: Session Description Protocol, M. Handley, April 1998

3 Terms'and definitions

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

urations

W the reconfigurable video coding (RVC) framework. It primarily addresses réeonfigurable video

s within

pecified
-BSDL is
ities for

content
lies. For
applies.

be media

n Syntax

ry 1996

b ol & : 1 : ldotsob £, 3 £ A A3 3 £+ 3 dd
IIIralritarlil Il llllllUlUsl\,al UdildidostTo TULI USU 11T StdlludivuiZativull dt L1IT 1TUIITU VY 1115 auul

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

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

3.1
abstract decoder model
ADM

esses:

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
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3.2

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 pars

er functional unit (3.8)

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

3.3
bitstred
BSDL
descript

Note 1 to

3.4
connect
link fro

between FUs

3.5
decodel
concept

Note 1 td
following

— ade
— ane

— ane
the |

— ane

Note 2 t
and of th
(3.10)] p
in reconf]
model [i
behavioy
ISO/IEC ]

3.6
decodel
DD
descript]

m syntax description language

ion of the bitstream syntax and the parsing rules
entry: Bitstream syntax description language (BSDL) is standardized by ISO/IEC 230015

ion
m an output port to an input port of a functional unit (3.8) that énables token exchang

" configuration
hal configuration of a decoding solution

entry: Using the MPEG video tool library (3.12), decoder configuration can be designed as one of th
cases:

Foding solution of an existing MPEG standard at a spegific profile and level;
v decoding solution built from tools of an existing MPEG standard;

v decoding solution built from tools of an eXisting MPEG standard and some new MPEG tools included i
MPEG video tool library;

v decoding solution that is composed)of new MPEG tools included in the MPEG video tool library.

entry: In summary, an RVC decoder description essentially consists of a list of functional units (3.9
e specification of the FU connections [FU network description (3.9) expressed in FU network languag
us the implicit specification’ of the parser in terms of bitstream syntax description (3.2) [BSD expresse
lgurable video coding-bitstream syntax description language (3.14)]. In order to be a complete behaviour:
e. abstract decodermodel (3.1)] an RVC decoder description (3.6) needs to make reference to th

£3002-4.

" description

r of each FU thatisprovided in terms of I/0 behaviour by the MPEG video tool library (3.12) specified in

[¢’)

=

— L O —

[¢)

iomof a particular decoder configuration, which consists of two parts: FU network descriptio

~

(3.9) and bitstreant 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

© ISO/IEC 2017 - All rights reserve
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3.9
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"

A1

hodel instantiation

uilding of the abstract decoder model (3.1) from the decoder description (3.6) [cofiSistin
itstream syntax description (3.2) and the FU network description (3.9)] and from functional ur
Fom the video tool library (3.16)

e O e

- =z

ote 1 to entry: During the model instantiation, the parser FU is reconfigured according to the BSD
fom VTL.

312

PEG video tool library

PEG VTL

ideo tool library (3.16) that contains functional units (3.8) defined,by MPEG, that is, drawn from
PEG International Standards

13

configurable video coding

vC

framework defined by MPEG to promote ¢dding standards at tool-level while mai
interoperability between solutions from different implementers

14

configurable video coding-bitstream’syntax description language

VC-BSDL

ertinent subset of bitstream syntax.description language (3.3), which is defined within the sco
rrent reconfigurable video coding’(3.13) framework

15
tpken
ata entity exchanged between input and output among functional units (3.8)

16

ideo tool library

TL

llection(of functional units (3.8)

o of the

=

its (3.8)

r loaded

existing

ntaining

be of the

Functional unit network description

4.1 General
The 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

Bits YLV
Al FUA >

Figure 3 — FU network of one FU

jom

A netwdrk of FUs is described in FND. An FND includes the list of selected FUs to form the decoder an
the threp types of connections: connections between FUs (type A), eaninections between decoder input
and FU fnputs (type B), and connections between FU outputs and decoder outputs (type C), which ar
illustrated in Figure 4.

D wn

The listof selected FUs (Figure 4) is described in FND according to Table 1. When selecting FUs froy
VTL, the¢ IDs and names of FUs defined in ISO/IEC 23002-4 shall be used in the FND. The paramete
assignmients in the listed FUs are supported in the FNB; but optional.

=]

<Inst@nce id="FU A">

<Class name="Algo Examplel"/>
</Instance>

<Instgnce id="FU B">

<Class name="AlgogExample2"/>
</Instance>

The conjnections (type A, type B, and type C shown in Figure 4) are described in FND as shown ip
Table 1.

Table 1 — Connection types

Type A <Conmégtion src="FU A" src-port="B" dst="FU B" dst-port="D"/>
<Com#ection src="FU A" src-port="C" dst="FU B" dst-port="E"/>

Type B <ifput src="FU A" src-port="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
--=3a]l FUA FURB SRR
E
- =3 TypeA
— Clype B

ceseee - Type C

Figure 4 — Three types of connections in an FU network

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

XDF name="Decoder">
Instance id="Syntax parser">
<Class name="syntax parser">
/Instance>
Instance id="FU A">
<Class name="Algo ExamFU A">
/Instance>
Instance id="FU B">
<Class name="Algo ExamFU_B">
/Instance>
Instance id="FU C">
<Class name="Algo ExamFU C">
/Instance>
Input src="Syntax Parser" src-pekt="A"/>
Output src="FU C" src-port="R"/ >
Connection src="Syntax Parsér)™ src-port="B" dst="FU A" dst-port="E"/>
Connection src="Syntax Parser" src-port="C" dst="FU A" dst-port="F"/>
Connection src="Syntax Rahser" src-port="D" dst="FU B" dst-port="K"/>
Connection src="FU A" (sh¢-port="H" dst="FU C" dst-port="0"/>
Connection src="FU B(" Src-port="L" dst="FU C" dst-port="P"/>
Connection src="FUP~BY src-port="M" dst="FU C" dst-port="Q"/>
/XDE>

YLV

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.

either global or local variables.

5 Bitstream syntax description

The MPEG video tool library contains FUs that specify MPEG decoding tools. A new decoder configuratioh
implies new bitstream syntax. The description of the bitstream syntax in RVC.is provided using BSDL ds
specifieql in ISO/IEC 23001-5 and the BSDL schema. However, to facilitate the'developments of synthesis
tools that are able to generate parsers directly from a BSD (i.e. a BSDL schema), the RVC framework
standar(lizes a version of BSDL called RVC-BSDL specified by including new RVC specific extensions and
usage rgstrictions of standard BSDL in ISO/IEC 23001-5. Such extensions and restrictions versus thie
MPEG stfandard BSDL are defined in Annex C. RVC-BSDL contains@lMnformation necessary to parse anly
bitstream compliant with such syntax. The procedure to instahtiate the parser capable of parsing anfd
decodinf any bitstream compliant with the syntax specified*by the RVC-BSDL schema is not normativg.
Examplgs of such non-normative procedures are provided in Annex I.

6 Model instantiation

[72)

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

— vid4go tool library;

— FU petwork description;
— bitsfream syntax description.

The instlantiation process consists of attaching the source code corresponding to the FUs identified i
the FND|in order tq.biiild a complete model that can be simulated. The video tool library is a library
source dode of al' EUs standardized in ISO/IEC 23002-4. The FND contains only the references (name
of the Ffis) to the'pieces of code in the VTL. The process outputs the ADM. Figure 6 illustrates the modg¢
instantifition process.

==

—

6 © ISO/IEC 2017 - All rights reserved
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\ / AVideo Toal Library
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Instantiation BSDL2CAL Attach ,'( Code FU1 | |Code FUZ| ..... |Code FU |'~.I\I

Frocess T ‘-T \-n_._..f“"_"‘“‘ — — A
\ / ;

[Mame parser |

Output: :‘:‘j‘_"j
ADM

[ Mama FLIZ |

Coda FUZ

Code FUM

Figure 6 — Description of the model instantiation process

The FU Network Description (FND) provides the structure of the decoder by giving the nam
HUs composing the decoder and their respective connections among them. The name of the
df the FU in the ADM is contained in the tag <instance id="..">. For instance, the attriby
gort (See C.4.4.5) indicates the name of the instance of the FU into the ADM to which this el
slyntax is sent. The tag <parameter> provides the values of the parameters, which shall be
the instantiation of the FU in the ADM.

he Bitstream Syntax Description (BSD) provides the structure of the bitstream. The p

arser. The syntax parser FU of'the ADM might use other FUs to parse the bitstream. Thus
nk between identifiers inside.the BSD and the FND shall be established. The tag <rvc por

=z

OTE The FND cotild- include instances of FUs that represent input and output to/from the
hformative technical(descriptions for the input/output FUs can be found in Annex F.

f—

T

generated automatically from the-BSD. Informative examples are provided in Annex I for building the
B

1

i

indicates the name of the instance of the FU into the ADM to which this element of syntax is seint.

bs of the
nstance
te rvc:
bment of
used for

arser is

, a clear
=" ">

network.
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A1l Eiements of a functional unit network

A1l1

An FU network is identified by the root element called XDF, which marks the beginning @nd end of thie
XML deqcription of the network.

— Opt

netyork (assumed to be "1.0" if absent).

— Opt

XDF

Annex A
(normative)

Functional unit network description

+

onal attribute: @name, the name of the network; @version, the version mumber of the currer

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

</XDF

<XDF name="mpeg4SP">

A.1.2

This ele
that are

name aftributed of the enclosing Network element: that name is intended to be valid within the

specifie

— Req

Package

ment contains a structured representation of a qualified identifier (QID), i.e. a list of identifier]s
used to specify a locus in a hierarchical namespace. The QID provides the context for the @

l namespace or package.

<Package>

</Package>

pired child: QID, the qualified identifier.
QID>
<ID id="mpegi"y/>
/QID>

A.1.3
This ele

— Req

Decl[@kind="Param"]

ment represents the declaration of a parameter of the network.

iréd‘attribute: @name, the name of the parameter.

— Optiomatchitd-Type; thedectared typeof 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 valu

— Req

es of other variables.

uired attribute: @name, containing the name of the declared variable.
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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>

A5 Port

This element represents the declaration of a port of the network. Ports are directed, i.e.they [serve as
ither input or output of tokens.

D

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

— Optional children: Type, the declared type of the port.

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

A.1.6 Instance

This element represents instantiations of FUs (i.e. actors). EsSentially, an instantiation consisfs of two
arts: (1) a specification of the class of the FU, and (2) a lisbof parameter values, specifying expressions
br computing the actual parameter for each formal parameter of the FU class.

else}

+ Required attribute: @id, the unique identifier ¢f;this FU instance in the network. No two [nstance
elements may have the same value for this attribute.

—+ Required child: Class, identifying the FU.class to be instantiated.

-+ Optional children: Parameter, each«of these is assigning a formal parameter of the FU clgss to an
expression defining the actual parameter value for this instance. Attribute, additiona] named
attributes for this instance.

Instance i1d="MPEG4_salgo PR">
<Class name=!MPEG4 algo Add"/>
<Parameter name="LAYOUT">
<Exprikind="Literal" literal-kind="Integer" value="1"/>
</Parameter>
/Instance

Ins®ance id="Algo IDCT2D MPEGCPartlCompliant">
<Class name="Algo IDCT2D MPEGCPartlCompliant"/>

T CCTtiT

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

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

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

A.2 Expressions

A.2.1 (eneral

All Exprlelements represent expressions. Expressions are used to compute values that are in turn passed
as parameters when instantiating FUs. Expressions can refer to variables by name. Those variables maly
be declared local variables of a network, declared network parameters, or global variables. There are p
number|of different kinds of expressions, all represented as Expr elements. They are distinguished by
the @kind attribute.

A.2.2 Expr[@kind="Literal"]

These expressions represent literals, which are essentially atomic expressions that denote constants
and whirh do not refer to any variables. There are a number of differentkinds of literals, distinguishe
by the @literal-kind attribute.

[@FIRg

A.2.3 Expr[@kind="Literal"][@literal-kind="Boolean"}
These liferals are Boolean values.

— Reqpired attribute: @value, either "1" for true or-"0" for false.

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

A.2.4 Expr[@kind="Literal"][@literal-kind="Integer"]
These literals represent arbitrary-sized integral numbers.

— requred attribute: @value, the/decimal representation of the number.

|<Expr kind="Literal™“Viteral-kind="Integer" value="64"/>

A.2.5 Expr[@kind="Literal"][@literal-kind="Real"]

These are numbers'with fractional parts.

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

— req;Fired attribute: value, the decimal representation of the number, optionally in scientific notatiop

|<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 © ISO/IEC 2017 - All rights reserved
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A.2.7 Expr[@kind="Literal"][@literal-kind="Character”]
This expression represents character literals.

— Required attribute: @value, the character value.

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

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

This expression is a list.

| Expr kind="List"/>

Y

.2.9 Expr[@Kkind="Var"]

—

his expression is a variable reference.

—+ Required attributes: @name, the name of the variable referred to.

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

oY

.2.10 Expr[@kind="Application"]

o |

his expression represents the application of a function tg)anumber of arguments.

- Required children: Expr, the expression representing the function. Args, an element containing the
arguments.

Expr kind="Application">
<Expr kind="Var" name="logW/>
<Args>
<Expr kind="Litergl™ literal-kind="Integer" value="2"/>
</Args>
/ExXpr>

la Y

.2.11 Expr[@Kkind="UnparyOp"]

—

his expression represents the application of a unary operator to a single operand.

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

Expr kind="UnaryOp">

<@p,{name="1"/>

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

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 11
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<Expr

</ExXp

kind="BinOpSeqg">
<Expr kind="Literal" literal-kind="Integer" value="3"/>
<Op name="+"/>
<Expr kind="Literal" literal-kind="Integer" value="2"/>
r>

A.3 Auxiliary elements

A3.1

This element contains the arguments of a function application.

— Reqpired children: Expr, the argument expressions.

A.3.2

This ele

— Reqpired attribute: @name, the operator name.

ATES

Dp

nent represents a unary or binary operator, depending on context.

<Expr

</ExXpr

<Exgr kind="Var" name="myfunction"/>
<Args>

</Aygs>

ind="Application">

<Expr kind="BinOpSeqg">
<Expr kind="Literal" literal-kind="Integex"“value="3"/>
<Op name="+"/>
<Expr kind="Literal" literal-kind="Integer" value="2"/>
</Expr>

A.4 Types

A4.1

Types, represented by Type elements;occur in the declarations of variables and ports. They are usefd
to specify the data types of objects bound to those variables or communicated via those ports. The
are identified by a name, and may'also comprise parameters, which are bound to either other types, 9

express

A.4.2

Type is the description of a data type.

— Reqpired-attribute: @name, the name of the type.

— Opt

General

- <<

ons (which are resulting in values).

[ype

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

Y]

named parameter.

<Type

</Type>

name="mytype">

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

A value parameter of a type.

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

12
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— 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.

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

- Required child: Type, the type bound to the parameter.

Type name="list">
<Entry kind="Type" name="type">
<Type name="bool"/>
</Entry>
<Entry kind="Expr" name="size">
<Expr kind="Literal" literal-kind="Integer" valu&=)32"/>
</Entry>
/Type>

NS

.5 Miscellaneous elements

la Y

.5.1 Attribute

he instances and connections of a network-¢an be tagged with attributes. An attribute is § named
lement that contains additional informatief about the instance or connection. We distinguish four
inds of attributes: flags, string attributes, value attributes, and custom attributes. A flag is an gttribute
hat does not contain ANY information except its name. A string attribute is one that containsfa string,
value attribute contains an expression (represented by an Expr element), and a custom 3ttribute
ontains any kind of information(

Q QO ot = D -

— Optional attribute: @valug; the string value of a string attribute.

— Optional children: Expr, the value expression of a value attribute. An Attribute may instead also
contain any otherielement.

Connection dst€="sink" dst-port="bits" src="source" src-port="bits">
<Attriphute€ kind="Value" name="bufferSize">
<Expr kind="Literal" literal-kind="Integer" value="1"/>
</AMtBHribute>
/Conne€tion>

A52° 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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A5.3

FUID

A simple identifier.

— Required attribute: @id, the identifier.

|<FUID

id="0001012"/> |

A.5.4

This ele
namesp

— Reqpired attribute: @name, the name of the class.

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

Class

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

|<Clas~ name="MPEG4 algo VLDTableB8"/>

A.5.5
This ele

— Reqtired attribute: @name, the parameter name.

— Req
parameter.

Parameter

ment specifies a value expression for a given, named parameter.

o

ired child: Expr, the expression whose evaluation will”yield the value for the specifie

<Parameter name="ROW">

</Parj@meter>

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

NOTE

format i entirely unspecified. The Note element/can be used to add annotations and additional information f
any elemgnt in the Network specification. It isicornmon practice to use the @kind attribute to identify the type

the note.

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

14

%)

This element is special in two respects:s(1) It may occur anywhere in the network description. (2) It

—. O
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Annex B
(informative)

Examples of FU network description

==

3.1 Overview

his annex provides some examples of how an RVC decoder configuration can be specified in
network of RVC FUs, including a 1-D IDCT, 2-D IDCT (Figure B.1) and the flatten MPEG-4 SP
Us. A flatten decoder configuration is described in terms of networks of FUs frem the RMQ
50/1EC 23002-4 composed of MPEG-4 SP FUs.

— 0

]

3.2 Example of specification of a network of FUs implemeénting a 1D-IDCT
Igorithm

QO

wwl

onnections between FU and between the network and the outside world.

J GEN_124 algo_Idctld r GEN_algo_Transpose_0 GEN_1 24_a|go_@c GEN_algo_Transpose_1 f/_ Gen_algo_Clip
/\; X Y X Y X @ Y X Y r I 0}
gt QO
in
+ SIGNED

signed

Q

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

terms of
decoder
toolbox

igure B.1 illustrates the network composed by five FUs takén from the MPEG RMC toolpox, the

© ISO/IEC 2017 - All rights reserved
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The textual specification of the network in Figure B.1 is specified below. The network implements a
1-D IDCT.

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

<Package>
<QID>
<ID id="mpeg4"/>
</QID>
</Package>

<Port |
<Port |
<Decl §
<Ex
</Decl
<Decl |
<Ex
</Decl
<Decl |
<Ex
</Decl
<Decl §
<Ex
</Decl
<Insta
<Clg
<Pa

<
</Pard
</Inst
<Insta
<Class
</Inst
<Insta
<Class
<Paraf
<Ex
</P
</Inst
<Insta
<Clg
</Inst
<Insta
<Cl4
<Pa

<

</P
<Pa

<

</P
</Inst
<Conn
<Conn

<Port k

ind="Input" name="in"/>

find="Input" name="signed"/>

kind="Output" name="out"/>

kind="Variable" name="INP_SZ">

br kind="Literal" literal-kind="Integer" value="12"/>
>

kind="Variable" name="PIX_SZ">

br kind="Literal" literal-kind="Integer" value="9"/>
>

kind="Variable" name="OUT_SZ">

br kind="Literal" literal-kind="Integer" value="10"/>
>

kind="Variable" name="MEM_SZ">

br kind="Literal" literal-kind="Integer" value="16"/>
>

hce id="GEN_124_algo_Idctld_r">

ss name="GEN_124_algo_Idct1d"/>

ameter name="ROW">

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

hnce>

hce id="GEN_algo_Transpose_0">
name="GEN_algo_Transpose"/>

hnce>

hce id="GEN_124_algo_Idctld_c">
name="GEN_124_algo_Idct1d"/>

heter name="ROW">

br kind="Literal" literal-kind="Integer" value="0"/>
rameter>

hnce>

hce id="GEN_algo_Transpose_1">

ss name="GEN_algo_Transpose’/*
hnce>

hce id="GEN_algo_Clip">

ss name="GEN_algo_Clip{/>
ameter name="isz">

Expr kind="Var" name="OUT_SZ"/>

rameter>

ameter name='0sz">

Expr kind="Var*name="PIX_SZ"/>

rameters

hnce>

bctioh dst="GEN_124_algo_Idctld_r" dst-port="X" src="" src-port="in"/>

pation dst="GEN_algo_Clip" dst-port="SIGNED" src="" src-port="signed"/>

ction det=""dct nnri——"nni—" sre="CEN ')]rvr\ f‘hn" Sre nnvi——"n"/

<Connk

</XDF>

<Connection dst="GEN algo _Transpose_0" dst—port "X" src= "GEN 124 _algo_ldctld_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

d FUN_MPEG4SP_DECODER ispYUV
) ' VID

Figure B.2 — FNL of the testbed

£?xml version="1.0" encoding="UTF-8"?><XDF name="testbed">
<Instance id="FUN_MPEG4SP_DECODER">
<Class name="decoder"/>
</Instance>
<Instance id="fread">
<Class name="fread"/>
<Parameter name="fname">
<Expr kind="Literal" literal-kind="String" value="data/foreman {qeif_30.bit"/>
</Parameter>
</Instance>
<Instance id="DispYUV">
<Class name="DispYUV"/>
<Parameter name="title">
<Expr kind="Literal" literal-kind="String" value="Fereman QCIF"/>
</Parameter>
<Parameter name="height">
<Expr kind="Literal" literal-kind="Integer"value="144"/>
</Parameter>
<Parameter name="file">
<Expr kind="Literal" literal-kind="String" value="data/foreman_qcif_30.yuv"/>
</Parameter>
<Parameter name="width">
<Expr kind="Literal" literaltkkind="Integer" value="176"/>
</Parameter>
<Parameter name="doCempare">
<Expr kind="Literal" }iteral-kind="Integer" value="1"/>
</Parameter>
</Instance>
<Connection dst="FUN_MPEG4SP_DECODER" dst-port="bits" src="fread" src-port="0"/>
<Connection dst={'DispYUV" dst-port="B" src="FUN_MPEG4SP_DECODER" src-port="VID"/>
£/ XDF>

© ISO/IEC 2017 - All rights reserved 17
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Annex C
(normative)

Specification of RVC-BSDL

Ci1 O

This an
specific
5) into

describi
support

The follpwing subclauses describe the specificity of the subset and the extensigns of BSDL standard as

specifie

RVC fraework).

C2 U

Prefixes

the nargespaces corresponding to each XML prefix. Becausé only a subset of XML or BSDL construct

is supp
RVC-BSI
informa

Tqble C.1 — Mapping of prefixes to corrésponding namespaces in RVC-BSDL schemas

verview

nex describes the subset and the extensions of ISO/IEC 23001-5 BSDL that constitutes the
ition of RVC-BSDL. The objective of specifying a new standard from BSDL (ISO/IEC 23001
i smaller subset (RVC-BSDL), is to be able to support a simple and efficient methodology fqr
hg video bitstreams syntaxes in the scope of RVC, as well as to facilitate the'development af
ng tools (i.e. direct synthesis of parsers from RVC-BSDL descriptions).

 in ISO/IEC 23001-5, which are needed to obtain the RVC-BSDL used-in this document (i.e. thie

s5e of prefixes in RVC-BSDL schema

and the corresponding namespaces are specified in<the RVC BSDL schema. Table C.1 show

rted in RVC-BSDL, normative namespaces to definesthe construct subset are newly defined fo
L. The namespaces of original standards are still:compatible for RVC-BSDL description but ar
Live only for the backward compatibility.

® = »n n

. Corresponding Namespace Compatible Namespace
Prefix . .
(Normative) (Informative)
xsd urn:mpeg:mpegB:201x:RVC‘BSDL-XSD-NS http://www.w3.0org/2001/XMLSchema
bs1 urn:mpeg:mpegB:201x:RVG-BSDL-BS1-NS urn:mpeg:mpeg21:2003:01-DIA-BSDL1-NS
bs2 urn:mpeg:mpegB:201x:RVC-BSDL-BS2-NS urn:mpeg:mpeg21:2003:01-DIA-BSDL2-NS
rvc urn:mpeg:mpegBt201x:RVC-BSDL-RVC-NS urn:mpeg:mpegB:2013:RVC-BSDL-RVC-NS

C.3 Constructs.of RVC-BSDL

C3.1

Dverview

This su
framew

pclause describes which XML or BSDL constructs are supported in RVC-BSDL in the RV[C
TR Itinciudes dataty pes, attributes and etements. 1 e ainm of the SubsSet defimition 15 to provide

arestricted way of representing well-defined bitstreams. Thus, the processes including the validations

of the b

itstreams 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 to be supported in the RVC-BSDL syntax.

18
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C.3.2 Supported data types

C

.3.2.1 Built-in data types

017(E)

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

b

y RVC-BSDL are reported in Table C.3.

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

=

(
T

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

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

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

Data Type Described in
rvc:ext C4.3.2.1

.3.3 Supported elements

His)subclause describes which BSDL facets are supported in RVC-BSDL within the RVC framey

vork. No

B

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)

C.3.3.1
Table C.

C3.4

C34.1

This suk
BSDL-1 4
The allo

Xsd:simplelype

Yes (see C.4.3.7)

xsd:annotation

Yes (see C.4.3.8)

xsd:appinfo

Yes (see C.4.3.8)

xsd:union

Yes (see C.4.3.12)

Additional elements

f shows the additional data type in RVC-BSDL.

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

Element name

Described in

rvc:allocation

C.4.3.13

supported attributes

Built-in attributes

clause describes which attributes are supported by RVC-BSDL within the RVC framework. Np
ittributes are supported in RVC-BSDL. Theallowed BSDL-2 attributes are described in Table C.8.
ived built-in XML attributes are described in Table C.9.

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

Attribute.name

Supported by RVC-BSDL?

bs2:nOccurs

Yes (See C.4.4.2)

bs2:if

Yes (See C.4.4.1)

bs2:pdgition

Yes (See C.4.4.3)

bg2ypartContext

Yes (See C.4.3.6)

¥sS2 :bsdlVersion

Yes (See C.4.3.1)

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

Attribute name

Supported by the RVC-BSDL?

fixed Yes
name Yes
value Yes

C.3.4.2 Additional attribute

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

20
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Table C.10 — List of additional attributes in RVC-BSDL

017(E)

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
rvc:isArray C44.7
rvc:dimension C4.4.7

(.4 Syntax of RVC-BSDL

(.4.1 Overview

This subclause fully specifies the syntax of RVC-BSDL used in the context of the RVC framew
dllowed combinations of the elements, data types and attributes-are reported in this subd
defines the subset RVC-BSDL.

(.4.2 Conventions

(.4.2.1 To define the syntax of the elements

— The attributes or children elements, which ai€'shown in italic, are optional.

— The (a| b | c) construction means that ong,can choose only one element among a, b or c.

(.4.2.2 To define the syntax ofthe expressions

=

Ve use a form of BNF to deséribe the syntax rules. Literal elements are put in quotes (in th¢
ymbols and delimiters), 0tyset in boldface (in the case of keywords). An optional occurre
equence of symbols A istwritten as [A], while any numbers of consecutive occurrences (includi
re written as {A}. Thé alternative occurrence of either 4 or B is expressed as A | B.

wn_wn

e often use plural forms of non-terminal symbols without introducing them explicitly. T
sjupposed to stand for a comma-separated sequence of at least an instance of the non-termin
is the nonsterminal, we might use As in some production, and we implicitly assume the f
efinitiol As > A{A}.

the\eéxamples reported here, the usual interpretation of expression literals and math
perators is assumed, even though strictly speaking these are not part of the language and
OT The environment. A Specific implementation o may 1o €S€ Operators, or i
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.

© ISO/IEC 2017 - All rights reserved
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Syntax:

<xsd:schema
bs2:bsdlVersion="ISO/IEC 23001-4:2014"
rvc:rootGroup="string"
>
Children: {xsd:group, xsd:simpleType, xsd:annotation}
</xsd:schema>

Semantics:
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, which is a BSDL-2 attribute to designate the top-level bitstream hierarchy, i not applicab
SDL. As a replacement, RVC-BSDL defines rvc:rootGroup to designate the top level of

™o

bitstream syntax. The bitstream syntax parser FU instantiated from the given BSD should start itfs
bitstream parsing process from the top-level hierarchy group. When the rvesxootGroup attribute is
not defiped, the xsd: group element that first appears on the RVC-BSDL schema should be considerefd

as the tdp-level hierarchy.

—

For comfpatibility and authoring purposes, attributes specified in-the XML schema recommendatio
(e.g. XML namespace designation) can be used within an xsd: seghema element.

Examplg:

The example below shows a typical RVC-BSDL schema déclaration using xsd: schema.

<xsd:sdhema xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlrls:xsd="urn:mpeg:mpegB:2014:RVC-BSDL-%SD-NS"
xmlrs:bsl="urn:mpeg:mpegB:2014:RVC-BSRLIBSDL1-NS"
xmlils:bs2="urn:mpeg:mpegB:2014:RVC-BSDL-BSDL2-NS"
xmlrs:rve="urn:mpeg:mpegB:2014:RVCABSDL-NS"
xmlrs:md4v="urn:mpeg:mpegd:profild:yisual:simple"
xsiJschemaLocation="

rn:mpeg:mpegB:2013:RVC-BSDL-XSD-NS ./n_xsd/MPEGB-RVC-BSDL-XSD. xsd

rn:mpeg:mpegB:2013:RVCFBSDL-BSDL1-NS ./n_ xsd/MPEGB-RVC-BSDL-BS1.xsd

rn:mpeg:mpegB:2013:RYCyFBSDL-BSDL2-NS ./n xsd/MPEGB-RVC-BSDL-BS2.xsd

rn:mpeg:mpegB:2013+RVC-BSDL-NS ./n_xsd/MPEGB-RVC-BSDL-RVC.xsd

bs24bsdlVersion="ISOALEC 23001-4:2014"

rvc{rootGroup="bitgbream">

C.4.3.2 | xsd:elementelement

This element isused to define an element of syntax. A syntax element defined by this element can be
one of the following cases:

— afix o
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:nOccurs=" (Expression | unbounded)"

rvc:iterator="Expression"
rvc:iteratorInit="Expression"
value="Expression"
fixed="Expression"
rvc:port="string"
rvc:extName="string"
rvc:extParams="Expression">
hildren: xsd:annotation
/xsd:element>

emantics:

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

he type attribute defines the type; in other words, the length of the syntax element. The b

efined, no data is read nor parsed from the bitstream:

hen the type attribute is set to rvc: ext, the’syntax element shall be parsed by an externa
lug-in function. See C.4.3.2.1 for the details.

he value attribute can be used to define post-processing of the value read from the bitstrean
the expression, the 1ast () function (see:€.4.5.1) is used to represent the value read from the bi

the bitstream.

he fixed attribute forces a specific value to the given syntax element. When the value re
the bitstream is different(fpom the value defined by the fixed attribute, the syntax parser
nsider this as an erroriThis functionality can be used to define syntax element with predefin|
.g. marker bit).

he rvc:portattribute defines the name of the output port where the data is parsed from the
syntax element te be exported.

If the bsZ:partContext attribute is set to "true", the parsed data should be stored in an
ariablécby the syntax parser FU. Additionally, if the bs2:position attribute is set, the
ariable should be an array-typed variable, and the array index is given by the bs2:po

he name attribute defines the name of the syntax element. When the bs2 :partContext attfribute is

5 stored.

tstream

arser FU should perform bitstream parsing according tg)the given type of the syntax element. Use of
ser-defined type defined by xsd: simpleType elemént'is also allowed. If the type attribulte is not

| FU or a

. Within
[stream.

his attribute can conveniently be used to describe syntax elements which value is not encoded as-is in

ad from
FU may
ed value

current

internal
internal
sition

tribute. See C.4.4.3 for the syntax of the bs2 : position attribute.

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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23


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

ISO/IEC 23001-4:2017(E)

Example:

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:ellement name="sps seq parameter set id" type="rvc:ext"
rvc:gxtName="EF EXP GOLOMB U" bs2:partContext="true">
<xsdjannotation><xsd:appinfo>
<bq2:variable name="sps id" value="sps seq parameter set id"/>
</xsd:appinfo></xsd:annotation>
</xsd:dlement>

[..]

<xsd:ellement name="sps chroma format idc" type="rvc:ext"
rvc:gxtName="EF EXP GOLOMB U" bs2:partContext="true" bs2:position=%3ps id"/>

The example below shows a placeholder syntax element. This element is de¢lared to describe variable
control 4nd port output behaviour without reading bitstream.

<xsd:ellement name="init token">

<xsd:gdnnotation>
<xdqd:appinfo>

<bs2:variable value="vop quant" rvc:port="P QRUL}>

<bs2:variable name="ac coded" value="CBP[blgegk‘'id] == 1"

rvc:port="P ACCODED"/>

<bs2:variable value="ac pred flag" rvc:poxt="P ACPRED"/>

<bs2:variable value="fourmv" rvc:port=“PAFOURMV"/>

<bs2:variable value="0" rvc:port="P MOTION" bs2:if="btype intra"/>

<bs2:variable value="2" rvc:port="PLBTYPE" Dbs2:if="btype intra"/>

<bs2:variable value="1" rvc:port="RZMOTION" bs2:if="not btype intra"/>

<bs2:variable value="1" rvc:ports'P BTYPE" bs2:if="not btype intra"/>
</Hsd:appinfo>

</xsdjannotation>

</xsd:gqlement>

The example below shows a usage of value post-processing using the value attribute. The syntalx
element|is encoded as vps max-sub layers minusl in the bitstream. The inline post-processinig
expresslon described in thesvalue attribute recovers the actual semantic value, vps max sub
layerg, by simple addition: Such operation can be performed without declaring a bs2:variabl
element

[

<xsd:e|lement greme="vps max sub layers" type="bsl:b3" bsZ:partContext="true"
value=&dast () +1"/>

C.4.3.2.1 “yvc: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 Functio
The rvc:extName and rvc:extParams attributes help in making this link by specifying the
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

nal Unit.
name of

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 [.3.1.

Hor parser plug-in function:

p—

h the case of the bitstream syntax element decoded by a predefined function in the to-be-inst
Bitstream parser FU, rvc:ext can be used to designate the function and to,provide n
fdarameters to the function. The name of plug-in function should be defined in‘the rvc:e
attribute and rvc:extParams attribute should be used to deliver necessary parameter
flinction. The detailed interaction mechanism is described in 1.3.2.

o

4.3.3 xsd:group element

The xsd:group element is used to define a set of elements of syntax. This element allows
Hierarchical bitstream description. In a BSDL schema, there are* several ways of accessing
l¢vels of hierarchy in the bitstream. However, in RVC-BSDL, only the xsd: group element shall
tp express different levels of hierarchy into the bitstreamy

Syntax:

When declaring an xsd: group:

antiated
pcessary
< tName
5 to the

having a
Hifferent
be used

xsd:group
name="string"

hildren: {xsd:sequence, xsd:chodce?
/xsd:group>

el

Vhen calling an xsd: group:

xsd:group
ref="string!
bs2:if="Expression"
bs2:1fNext="NumericLiteral (, NumericLiteral)"
bs2:n@c¢turs=" (Expression | unbounded)"
rvc:%terator="Expression"
ryofiteratorInit="Expression"

Chiddren: none

{sd:group>

© ISO/IEC 2017 - All rights reserved
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Semant

ics:

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 xsdl: group element can be used hierarchically, that is, a called xsd:group element may call
other x4d: group element again.

When c3lling a group, conditional and loop statements can be used. For attributes describing conditionz

stateme
Exampl

The exa

this elerhent:

—_—

hts, see C.4.4.1 and C.4.4.2 for their syntax and semantics.

H

[72)

mple below shows how to use the xsd : group element. In the bitstreamgwhen the parser meet

|<xsd: jroup ref="GroupOfVideoObjectPlane" />
The parser refers to the definition of the group, which is:
<xsd:gjroup name="GroupOfVideoObjectPlane">
<xsd:lsequence>
<xsfd:element name="group of vop start code'Pjtype="bsl:b32"/>
<xsfd:element name="time code" type="bsl:bl8"/>
<xs(d:element name="closed gov" type="bs¥:bl"/>
<xsfd:element name="broken link" type=®sl:bl"/>
<xs(d:element name="next start code" type="bsl:align8"/>
<xsfd:group ref="user data" bs2:ifNext="1B2"/>
</xsd|: sequence>
</xsd:group>
The aboye example shows a way to express a hierarchy in the bitstream. The xsd: group element cap

be used jhierarchically.
Examplg:
The example below showshow to use the xsd: group element. During the bitstream parsing process,
when the parser meetsthis element:
|<xsd: roup pref="GroupOfVideoObjectPlane"/>
The parser refers to the definition of the group, which is:
<xsd: gectp—rame=lCroupofiiidecobiectPlanell

<xsd:sequence>

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

<xSs
<xXs
<xXs
<xXSs
<xSs

</xsd:

</xsd:sequence>

d:element name="time code" type="bsl:bl8"/>
d:element name="closed gov" type="bsl:bl"/>
d:element name="broken link" type="bsl:bl"/>
d:element name="next start code" type="bsl:align8"/>
d:group ref="user data" bs2:ifNext="1B2"/>

group>

The above example shows a way to express a hierarchy in the bitstream.

26
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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"

o et CAT e II DT Q_—ge L 1L AL 4 —ge das bl
OSzZ-—TTx = F5) Lo 113 e e e e g e e o e ) L3114 e e e e o e o

bs2:n0Occurs=" (Expression | unbounded)"
rvc:iterator="Expression"
rvc:iteratorInit="Expression"

hildren: {xsd:sequence, xsd:choice, xsd:group, xsd:element}
/xsd:sequence>

emantics:

he xsd:sequence element can be used hierarchically within the scop€ of other xsd:sefguence
ement to gather a list of consecutive elements of syntax which have eenditions in common.

SDL attributes for conditional statements, such as bs2:if or ks?¥nOccurs, can be used t¢ apply a
sjpecific condition to a block of elements. For attributes describing conditional statements, sege C.4.4.1
nd C.4.4.2 for their syntax and semantics.

Hxample:

The elements requested upstream message A ype and newpred segment type exi§t only if
he variable newpred enable equalsto "1"

—

xsd:sequence bs2:if="newpred enable=1{"2
<xsd:element name="requested upstream message type" type="bsl:b2"/>
<xsd:element name="newpred segmefi type" type="bsl:bl"/>
/xsd:sequence>

(.4.3.5 xsd:choice element
The xsd:choice elementisused to make a choice between two or several elements of syntax
NOTE The xsd: choice element can be used to implement if-else or switch-case structure on BSD

Syntax:

xsd:choice
bs2/4f="Expression"
bsRN¥fNext="NumericLiteral (, NumericLiteral)"
koY :nOccurs=" (Expression | unbounded)"
r¥vc:iterator="Expression"
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 "default” case in switch-case structure.

Example:

This example describes a simple if-else structure. The first child element of xsd:choice, next sc,
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:cH
<xsd
<x3d
</xsd:d

oice>

:element name="next sc" type="bsl:align8" bs2:if="vop coded=0"/>
:group ref="VOPData"/>

hoice>

C4.3.6

The dat
syntax |
The bs?
process

the bitstiream, the bs2 : variable element can assign arbitrary value into variable using mathematics

or logicd

Syntax:

bs2:variable element

h parsed from the bitstream may need to be stored in the internal varjable managed by thie
arser FU in order to control the further parsing process or to perform\port output behaviouy.
:variable element allows access to the internal variables withjn\during the syntax parsing

While the xsd:element element with bs2:partContext attribute stores data read fromn

1

| expressions.

<bs2:y

5

]

hame="string"

rariable

ralue="Expression{, Expression}"
s2:position="Expression{, Expre&sion})"
fvc:port="string"

s2:if="Expression"

>

Children: none

</bs2{variable>

Semantjcs:

In RVC-BSDL, the use of name) value and rvc:port attributes under the bs2:variable element

is optiomal. The combinatiow of these attributes should be translated to the various bitstream parsdgr

actions as follows:

— nanjle + valwe: The value defined in the value attribute is assigned to the internal memorly
whifh nameis/defined in the name attribute. If the variable is not yet defined, try to define it.

— nanj
thrd

e A ‘port: The value in the memory which name is defined in the name attribute is exportefd

ugh the output port of the syntax parser FU which name is designated in rvc: port attributg.

— wvalue + 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 (","). Also, batch assignment into

28
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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"
Fvc:extName="Algo VLDtableB7 MPEG4part2">
<xsd:annotation><xsd:appinfo>
<bs2:variable name="mb type" value="bitand(last(),7)"/>
</xsd:appinfo></xsd:annotation>
/xsd:element>

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

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

bs2:variable name="sps sl" bs2:position="sps id, sps_size™f#l, sps matrix id, k"
Yalue="sps sl dc[sps id] [sps_size id][sps matrix id-delt&] [k]"/>

]

n the following example, an array-typed variable, default{scaling list inter, is dedared by
Hatch assignment for array.

bs2:variable name="default scaling list inter®=walue="16, 16, 16, 16, 17, ..., 71 91"/>
/ default scaling list inter[4]=17

(.4.3.7 xsd:simpleType element
This element is used to define a new typeof xsd:element element.

Jyntax:

xsd:simpleType
name="string"

Children: (xsd:gnion | xsd:restriction)
/xsd:simpleType>

Semantics:
The casesin\which a new type shall be defined are when

1 thetype of the current element is conditioned by a variable assigned during the parsing prpcess; in
this 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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xsd:annotation and xsd:appinfo element

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 child

Syntax

ren elements of the xsd:annotation/xsd:appinfo combination.

The syntax of an xsd:annotation elementis:

<xsd:

</xsd

annotation>
[hildren: xsd:appinfo
annotation>

The synfax of an xsd: appinfo element when it is used within the scope of an xsd: schema element is:

<xsd:

</xsd

dppinfo>
'hildren: {rvc:allocation}
appinfo>

The synfax of an xsd: appinfo element when it is used within the scope of'ant xsd:element element i$:

<xsd:

</xsd

dppinfo>
[hildren: {bs2:variable}
appinfo>

The synfax of an xsd: appinfo element when it is used within the scope of an xsd:union element i:

<xsd:

</xsd

dppinfo>
hildren: {bs2:ifUnion}
appinfo>

The synfax of an xsd:appinfo element:when it is used within the scope of an xsd:restrictio
elementfis:

)

<xsd:

</xsd

dppinfo>
[hildren: (bs2:bitLength | bs2:startcode)
appinfo>

Semantjcs:

According to the patént element in which this element is called, there are several possibilities in the
semantifs of xsd+annotation/xsd:appinfo combination.

— Ift

dec

aration and initialization of internal variables in the parser FU. See C.4.3.13.

Te parent element is an xsd:schema element, the annotation mechanism is used for the

— Ifthe parentelementisan xsd:element element,thebs2:variable element can be used to save

var

iables. 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:

xsd:restriction
base=" (bsl:b32 | bsl:byteRange)"

Children: xsd:annotation
/xsd:restriction>

Yemantics:

he base type should correspond with the data type restriction method declared within the xsd:
estriction element. The base type shall be bs1:132 when thechild element is bs2:bitlLength,
Uhile the bs1 :byteRange data type should be used when,the child element is a bs2:stajrtcode
lement.

Qo < = o=

vl

xample:

—

he usage of an xsd: restriction elementis shown in C.4.3.9 and C.4.3.10.

(.4.3.10 bs2:bitLength element

—

his element specifies the size in bits of.the current element, which has been defined as a new type
sing the xsd: simpleType construct.

o

Syntax:

bs2:bitLength
value="Expregsion"

Children: none
/bs2:bitLengtir>

Yemantics:

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

Hxample:

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
or more

coding formats, a data segment is read until a start code is found. A start code consists of one
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 (w
process

Syntax:

LI | L 1. 1 £l 1 ANLA L _LL LI W < n k| 3 el 1 L 1
HIUIT TITUICALES LI SUAdI'U U6 LIIC SUDSCUUCIIU INAL UIIIL). TTHHE D52 . 5Ladl LLOUCS CICHICIIU IS USCU U
such a data segment.

<bs2:{

5

btartCode
ralue="HexadecimalValue">

Childfren: none
</bs2}startCode>
Semantjcs:

The valye defined in the value attribute should be interpreted as the starting bits of the next synta

element
The bs1
Exampl

The typ
start co
bit start
startd

>

Look-ahead parsing should be used to test the following bits.
:byteRange data type is only allowed when it is used with the bs2: startCode element.
<H

e rbspType allows bitstream parser FU to pag$e bitstream continuously until it finds a ney
de starting with "00000001" bit. The following bitstream syntax element could be a 32
code since the bitstream reading pointer.will not be moved when the bits defined in bs2|:
ode element is tested.

<xsd:{
<xsd
<X

</>3
</xs
</xsd

impleType name="rbspType!C
restriction base="bsl:KyteRange">
td:annotation><xsd:appinfo>
bs2:startCode valuex"00000001"/>
tsd:appinfo></xsdrannotation>

l: restriction>

simpleType>

C.4.3.12

The com
types ad

xsd:union element and bs2:ifUnion element

bination{of these elements allows users to choose the type of an element among a list of membdr
cording to some conditions defined in the bs2:ifUnion element.

32
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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 of abs2:1fUnion elementis:

bs2:ifUnion
Value="Expression"

Children: none
/bs2:ifUnion>

Semantics:

rumber of bs2:1fUnion elements that shall appear is equal tocthe number of member types
h the above xsd:union element.

—e

HExample:

Q =

\volVersion=1"is "false".

Thebs2:1fUnion element specifies the conditions under which the.cerresponding type is chgsen. The

defined

he type SpriteType instantiates elements of type bsl:bl or bsl:b2. The type bsfl:bl is
hosen if the condition "volVersion=1" is "true". The type bsl:b2 is chosen if the cpndition

xsd:simpleType name="SpriteType®>
<xsd:union memberTypes="bsl:hl bsl:b2">
<xsd:annotation><xsd:appdinfo>
<bs2:1ifUnion value="¥0lVersion=1"/>
<bs2:ifUnion value&'"ywolVersion != 1"/>
</xsd:appinfo></xsd:annotation>
</xsd:union>
/xsd:simpleType>

(J.4.3.13 rvc:allocation element

The rvc:allocation element in RVC-BSDL allows description of the list of internal variablés which
are necessary’in controlling the bitstream parsing process. Information described in this elerhent can
He used By )the parser instantiation mechanism or the bitstream parser itself to estimate the size of
variabléimemory. Especially, this element is useful when using array-typed variables of multiple
diménsions.
ntax:

<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 thin one depth, separated by a comma [, J, can be described to declare a multidimensional arraly
variable

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

Examplg:

The example below declares an array-typed internal variable, which is four-dimemnSional.

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

C.4.4 jyntax of the attributes
This sulclause 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 BSDI|

is as desfribed in the respective standards. This subclause only describes new functionalities on the existinjg
attributes and new attributes defined by RVC-BSDL.

—

C.4.4.1 | bs2:if attribute

The bs}:1if attribute specifies a conditional test to determine a syntax element is to be parsed g
not. Different from BSDL-2, the bs2: i fiattribute in RVC-BSDL schema is described in a simplifie
expressjon syntax, which is defined in Ci4.5. Also, it should be noted that the bs2 : i f attribute is newly
allowed|for the bs2:variable element in RVC-BSDL.

= =

Syntax:
This attfibute is allowed for-the following elements:

— syntax element bloeks'(xsd: sequence and xsd: choice);

— Dbitsfream syntaxelements (xsd:element, xsd: group of the group calling case);

— variable mranipulation (bs2:variable).

Semantjcs:

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 elementis negated.
<xsd:element name="dquant" type="bsl:b2" bs2:if="btype isQ == 1" bs2:partContext="true">

<xsd:annotation><xsd:appinfo>
<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" bs2:3if="1> vop guant"

/xsd:appinfo></xsd:annotation>

/xsd:element>

o

4.4.2 bs2:nOccurs, rvc:iterator and rvc:iteratorlnit attribute

S0 oo o

wn

yntax:

—

his attribute is allowed for the following elements:

- syntax element blocks (xsd: sequence and xsd:choice);

- bitstream syntax elements (xsd:element, xsd»group of the group calling case);
-+ variable manipulation (bs2:variable).
Semantics:

h RVC-BSDL, when the value of a b52:nOccurs attribute is set to "unbounded", thij

ondition for the loop. The combination of "bs2:nOccurs="unbounded"" and a bs2:1f 3
hould be interpreted that this syntax element (or this block of elements) should repeatedly b
Uhile the expression given iftthe bs2 : i f attribute is evaluated as "true". The condition des
s2:1if should be tested-before each repetition, like a typical "while" statement.

o n o o —

he rvc:iteratox attribute can be used along with a bs2 : nOccurs attribute to designate
nternal variable as.an incremental iterator. The initial value of the iterator variable can be g
vc:iteratorinit attribute; otherwise, the initial value is zero (0) by default. The iterator
/ill be increased by one for every loop evoked by a bs2 : nOccurs attribute. The loop will be
hen the valte iterator variable equals to the value assigned in a bs2 : nOccurs attribute.

< < o= e

he bs2:nOccurs attribute specifies the number of occurrences of a single syntax element of a block
f syntax elements. The value of this attribute may be a number or an expression. In either ¢ase, the
valuated number signifies the number of repetition. Different from BSDL-2;a 5s2 : i £ attribut¢ in RVC-
SDL schema is described in a simplified expression syntax, which is defingd in C.4.5. Also, it should be
oted thatabs2 :nOccurs attribute is newly allowed for the bs2 : yaxriable element in RV(-BSDL.

should

e interpreted as an infinite loop.. In;this case, a bs2:1if attribute can be used to define the break

ttribute
b parsed
ribed in

specific
et by an
variable
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 follpwing example shows more complicated control flow that exploits both rvc:iteratomand
rvc:iteratorInit attributes.

<xsd:sdqquence rvc:iterator="i"

rvc:itdratorInit="pcRPS[STRPS sps id] [STRPS idx] [0]"

bs2:n0dcurs="pcRPS[STRPS sps_ id] [STRPS idx][2]">

<xsd:ellement name="delta poc sl minusl" type="rvc:ext"
rvcjextName="EF EXP GOLOMB U" bs2:partContext="true">

<xsd:arnotation><xsd:appinfo>

<bs2:vgriable name="tl" value="3+i"/>

<bs2:vqriable name="prev" value="delta poc sl minusl-1"/>

<bs2:vgriable name="pcRPS" bs2:position="STRPS sps_id, STRPS_ idx 21"

value="prev"/>
</xdqd:appinfo></xsd:annotation>

</xsd:qglement>

<xsd:ellement name="used by curr pic sl flag" type="bsl:bl}
bs2 {partContext="true">
<xsd:annotation><xsd:appinfo>

bs2:variable name="tl1" value="67+1i"/>

bs2:variable name="pcRPS" bs2:position="STRES) sps_id, STRPS idx, tl1"

value="used by curr pic sl flag"/>

</xdd:appinfo></xsd:annotation>

</xsd:qdlement>

</xsd:dequence>

C.4.4.3 | bs2:position attribute

The bs3:position attribute specifiesaccess to array-typed internal variable (i.e. "node-set" ip
BSDL).

Syntax:
This attribute is allowed foFan xsd:element elementand abs2:variable element.
Semantjcs:

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

— The| use of*the bs2:position attribute is newly allowed for the xsd:element element tp
facilitate.data management during the bitstream parsing process. See C.4.3.2 for more informatiorll.

— 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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Example:

The usage of the bs2 :position attribute can be found in C.4.3.2 (xsd:element) and C.4.3.6 (bs2:
variable).

C.4.4.4 rvc:extName and rvc:extParams attribute

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

yntax:
hese attributes are only allowed for the xsd:element element witha "rvc:ext" type.
emantics:

he rvc:extName and rvc:extParams attributes are used to describg.the bitstrean] syntax
ements that should be parsed by externally defined algorithms. These elements only can bg used in
n xsd:element element which type is set to "rvc:ext", and the définition of a rvc:extName
tribute is compulsory in this case.

The rvc:extName attribute indicates the unique name or identifier of an external algorithm. The
rlame may represent the name of an externally defined FU or thé identifier of plug-in parsing function
within the bitstream parser FU. The rvc:extParams attribute’can be used to define paramegters for
the external algorithm. Multiple parameters should be separated with a comma (",").

NOTE See L.3 for the further details on the communicdtion scheme between the syntax parser F{J and the
eikternal algorithms.

Hxample:

An example of these attributes can be found.jw C.4.3.2.1 (rvc:ext).

(.4.4.5 rvc:port attribute
This attribute specifies the token(output from the syntax parser FU.
Syntax:

This attribute is allowedfor an xsd:element elementand abs2:variable element.

emantics:

he parsers built Trom RVC decoder configurations generate data tokens on different outpyit ports.

onsequently;ia mechanism specifying the correspondence between the tokens, corresponding to the

ifferent €lements of syntax and the output ports on which they have to be sent as output tpkens, is

ecessary-to fully specify a decoder configuration. A special attribute has been added in order to define
the porton which the data is sent. The rvc:port attribute is used to indicate that the corregponding

ément of syntax shall be available outside the parser for further processing operated by the petwork
of FUS. This attribute 1S applied to Xsd:element (C4.3.2)and bsZ:variable (CA.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 pvamp]n the r‘nrrncpnndinc END shall contain the dpcr‘ripfinn of alink r‘r‘mnpr‘fing the outpyt
’ (=]

port "width" of the parser and an input port of an FU.

C.4.4.6 | rvc:rootGroup attribute

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

C.4.4.7 | rvc:isArray and rvc:dimension attribute

These atitributes are only allowed for rvc:allocation element: see C.4.3.13 fortHeir syntax and usage.

C.4.5 SPyntax of the expressions
This sulclause describes the syntax of the expressions used in the attributes.

Expressjon — PrimaryExpression
| UnaryOperator PrimaryExpression
| PrimaryExpression Operator PrimaryExpression

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

| ‘min(‘Expression’,Expression?’

| ‘numbits(‘Expression’)’

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

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

| ‘last()’

| ExpressionLiteral

ExpressjonLiteral = NumeéricLiteral | VariableExpression | true | false
VariablgExpression »,VariableName{Arraylndex}

Arraylnflex — ‘[‘Expression’] {Arraylndex}

UnaryOperatoi== (‘not’)

Operatorﬁ(‘z' llt!|(lter|l>r|1>=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
Hecause the use of the less-than symbol ("<") within an attribute value is not allowed in the XML
grammar. When describing mathematical expressions, these operators should be replaced with literals
(I''t" and "lte") or bypassed by exchanging the order of operands. (e.g. from "x<5" to "G>x").

(.4.5.1 last() function

—

he last () function is a predefined function that returns the value of the latest bitstreanp syntax
lement parsed, regardless of whether the syntax element is marked with®s2 : partContex[ or not.
he following example shows a use case of the 1ast () function.

= @

xsd:element name="vop time increment resolution" typeyr"bsl:ble">
xsd:annotation>
<xsd:appinfo>
<bs2:variable name="vopTimeIncrementBits!¥alue="numbits (last())"/>
</xsd:appinfo>
/xsd:annotation>
/xsd:element>

et

h this example, thebs2:variable canuse the value read by the xsd:element "vop_time_indrement_
esoltion” even though the element is not specified as a named variable by bs2:partContext=
true".

—

(e

4.5.2 log2() function

he 1092 () function returns the&base 2 logarithm of the given value. The decimal points are trpuncated.
his function can be used to, calculate the minimum number of bits to represent the given [value in
nsigned binary integer (i,efas a "numbits" function). For instance, 10g2 (14) returns 4, as 1419 is
110;3.

[ S el |

0o

4.6 Syntax of the-data types

—

his subclausedescribes the syntax of the data types.

umericLitéral — IntegerLiteral | ‘0Ox’HexadecimalValue
htegerLiteral — IntegerDigit{IntegerDigit}

FltegerDigitﬁ (IO) | l1l | IZI | l3l | l4' | l5! | 16) | l7l | l8l | 19’)
exadecimalValue — HexadecimalDigit{HexadecimalDigit}

szad il Nicit AL LA I IR S0 RN IS X2 LY/ KA N w2 LY/<C 2 Lo 220 WK o XA K@ LA LA A » LN VAR NS n LA NS AN A nIA
CAaUCCTIITAaT DT TC CO9 [ £ Z 9 T[99 7 1T9O71 7 1iIxI oS 1 0L 11Tt
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-

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 follclywing code shows an example of BSD, illustrating the connection of the Syntax parser to an'\FlJ
with feedback ports generated by the element with rvc:ext datatype.

<xsd:ellement name="mcbpc" type="rvc:ext" rvc:extName="EF VLD"
rvc:ext]Params="16" bs2:partContext="true"/>

The elefnent name "mcbpc" is decoded by an external algorithm, which is indicdteéd by the datp
type rvc:ext. The name of the external algorithm, "EF VLD", is designated by thé rvc:extNamg
attribute. When the external algorithm "EF VLD" is not available as a plug4n function within thie
instantipted parser FU, communication should be established between the-syntax parser FU and ah
external FU.

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

S

— Bitstream output port: an output port which name is valuefofithe rvc:extName attribute, e.
mcHpc. This port is always created. It is used to send the hitstream to be parsed to the FU.

b

— Parameter output port: an output port which name is value of the rvc:extParams attributg,
e.g.|L 6. This port is created only when the rvc:exgParams attribute is set. It is used to send the
nec¢ssary parameters to the FU.

— Statjus feedback port: an input port which name'is value of the rvc: port attribute followed by th
suffix " f" (e.g. algo mv_f£). This portis@lways created. It is used to acknowledge the status g
the FU each time the parser sends data.

- (D

— Valye feedback port: an input port'which name is value of the rvc:port attribute followed bly
the |suffix " data" (e.g. algownv_data). This port is created only when the attribute bs2}:
partContext issetto "true™in the current element. Itis used to return the decoded value to thie
parser, which can use this valiré to continue its parsing process.

—_—

In order] to know if the parser’can go to the next element of syntax or not, a communication protocq
betweer] the syntax parserand the FU has been defined.

a) The|parser send§/ddta on the port EF_ VLD and parameters on the port EF_ VLD p.
b) The[FU receives the data and warns the parser (though the EF VLD f port):

1) [if itnéeds more data (value of the data to return to the parser=false), go to a), or

2) 1fit has finished (value of the data to return to the parser=truej, go to cJ.

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

017(E)

I|).1 Generalities

he CAL language is a dataflow-oriented language that was developed as a subproject of the
roject at the University of California, Berkeley. The final CAL language specification’was rel
ecember 2003. The specification provided in this annex is the subset of the CALdanguage cal
AL used in the MPEG RVC framework. The subset has been defined so as to-keep all data ty
perators that are necessary in the RVC framework scope, excluding data ‘types and operat
annot be easily converted to software or hardware implementations.

QO O =

VC-CAL is a textual language that is used to define the functionality gf'dataflow components o
alled "actors", which in the MPEG RVC framework are the FUs composing the RVC video too
Us can then be configured into decoders using an XML-based specification language (the
inguage called FNL). Therefore, to build the RVC framework,twe normative elements are nece

valios ey

—+ RVC-CAL used to specify the behaviour of the FUs thabcenstitute the RVC video tool librar

— FNL used to specify RVC decoder configurations using FUs from the RVC video tool library,

—

he XML-based specification of "network of actérs" or better in RVC "Configuration of FUs
dited and simulated by tools available in the RVC reference software.

aQ

[ is worth remarking that what in RVC-CAL is called an "actor" exactly corresponds to what
VC is called an FU. In fact, an actor is amodular component that encapsulates its own state,
ctor has access to it, and nothing otheractors can do to modify the state of an actor. The only int]
etween actors is through FIFO channels connecting "output ports" to "input ports," which
b send and receive "tokens." This strong encapsulation leads to loosely coupled systems w

evelopment, it facilitatesmaintainability and understandability and makes systems constru

< o 5 ot o =y —

VC framework.

oy

"token" is a umnit of data (of potentially arbitrary size and complexity) that is sent and

omically. Eachhactor input is associated with a queue of tokens waiting in front of it. When a
sent it is conceptually placed in the queue of each input connected to the output the token originaf
ventually, the receiving FUs will read it, and thereby consume it, i.e. remove it from the input qu

very FU executes in a (possibly unbounded, i.e. non-terminating) sequence of steps, alg

Ptolemy
cased in
led RVC-
pes and
ors that

riginally

library.
RVC FU
ssary:

Vs

' can be

n MPEG
ho other
eraction
hire used
ith very

hanageable and controllable.actor interfaces. The modularity of an actor assembly fosters cofcurrent

rted this

ay more robust and easier to modify. All these features correspond to what is required by the MPEG

received
token is
es from.
eue.

o called

ransitions.” 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.

An FU may perform a number of different transitions and can be disabled at any point when i
perform any further transitions.
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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 nay contain any number of actions. Its execution follows a simple cycle.
1) Detg¢rmine, for each action, whether it is enabled, by testing all the conditions specified in thataction.
2) Ifore or more actions are enabled, pick one of them to be fired next.
3) Exefute that action, i.e. make the transition defined by it.

4) Goto Step 1.

Steps 1 and 2 are called "action selection.” For many complex FUs, such as the,parser of an MPEG-4 SP
decoder| defining the logic of how an action is chosen is the core of the implementation of the processinig
in FU form. RVC-CAL provides a number of language constructs for structuring the description of hoyv
actions are to be selected for firing. These include:

(s

— actipn guards: conditions on the values of input tokens and /ar the values of FU state variables tha
neefl to be true for an action to be enabled;

— finife state machine: the action selection process can bé&’governed by a finite state machine, with the
exe¢ution of an action causing a transition from one‘state to the next;

-

— actipn priorities: actions may be related to each.other by a partial priority order, such that an actio
willfonly execute if no higher-priority action-can execute.

In this Way, the process of action selectionds specified in a declarative manner in each RVC FU. As
result, the FU specification becomes more gompact and easier to understand.

ot

Once sdlected, an action is executed. The code describing an action itself is for the most par
ordinary imperative code, as cafi be found in languages such as Pascal, Ada or C, there are loops,
branches, assignments, etc. Onlyithe token input/output of an action is specified separately and in
declaraflive manner.

[s9)

In other] words, the RVC-CAL language provides naturally the appropriate constructs that have bee
identifidd by RVC reguirement work as essential elements for building the MPEG RVC framework wit
the capdcity of "encapsulating” coding tools functionalities in a very natural manner without needing
any particular réstriction or specific coding style on the usage of the language construct.

- =

D.2 Oyeérview

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 dis¢uss this
subject here, except for the following observations:

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

-+ Furthermore, the connection structure between the ports of actors does not explicitly specify the
order in which actors are read. This order (which may be partigl, i.e. actors may fire simultaneously),
whether it is constructed at runtime or whether it can.be computed from the actor netwjrk, and
if and how it relates to the exchange of tokens amopng\the actors, all these issues are paft of the
interpretation of the actor network.

he interpretation of a network of actors determines its semantics and it determines the resylt of the
xecution, as well as how this result is computed{.by regulating the flow of data as well as th¢ flow of
ontrol among the actors in the network. There are many possible ways of interpreting a nefwork of
ctors, and any specific interpretation is called a model of computation, see References [11] dnd [12].
ctor composition inside the actor model, where CAL is based on, has been studied in Referenck [8].

s far as the design of a language for'writing actors is concerned, the above definition of an agtor and
s use in the context of a network ef actors suggests that the language should allow making spme key
spects of an actor definition expliCit. These are, among others:

SRt > 9 o @ o

-+ the port signature of afjactor (its input ports and output port(s), as well as the kind of tokens the
actor expects to recéive from or be able to send to);

+ the code executed during a ring, including possibly alternatives whose choice depends$ on the
presence of tokens (and possibly their values) and/or the current state of the actor;

-+ the production and consumption of tokens during a ring, which again may be different for the
alternative kinds of rings;

-+ themodification of state depending on the previous state and any input tokens during a ring.

-2-3—Ynits
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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D.3 Introductory 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-CA

Keywor
availabl

Identifi
undersc
legal idé

Identifie
generate

chosen By users of the language Consequently, users are discouraged fromintroducing identifiers th4

contain

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

Delimit

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

Comme
commer]

Numeri
number

T

NonZefoDecimalDigit— ‘1’ | 2|3’ | ‘4’| ‘5’| ‘6’| 7' | ‘8’| ‘9’

L has the following kinds of lexical tokens:

[

ds. Keywords are special strings that are part of the language syntax and are consequéntly nd
b as identifiers. See D.12.3 for a list of keywords in RVC-CAL.

prs. Identifiers are any sequence of alphabetic characters of either one of(the digits, thie
pre character and the dollar sign that is not a keyword. Sequences of characters that are nqt
ntifiers may be turned into identifiers by delimiting them with backslash characters.

[

rs containing the $-sign are reserved identifiers. They are intended.to be used by tools thg
RVC-CAL program code and need to produce unique names which.de not conflict with namg

-+ \n

the $-sign.

prs. These are used to indicate the beginning or end of syntactical elements in RVC-CAL. Thie

nts. Comments are Java-style, i.e. single-line comments starting with "//" and multi-line
ts delimited by "/*" and "*/".

—_—

c literals. RVC-CAL provides two kinds of numeric literals: those representing an integrs
and those representing a decimal fragtion. Their syntax is as follows:2)

Integer— DecimalLiteral’| HexadecimalLiteral | OctaLiteral
Real— DecimalDigit { DecimalDigit } *’ { DecimalDigit } [ Exponent ]
| " DecimalDigit { DecimalDigit } [ Exponent ]
| DetimalDigit { DecimalDigit } Exponent
DecimalLiteral=,NonZeroDecimalDigit { DecimalDigit }
exadecimalBigit— ‘0’ (‘x’ | ‘X’ ) HexadecimalDigit { HexadecimalDigit }
OctaLiteralDigit— ‘0’ { OctalDigit }
Exponent— (‘e’| ‘E’) [+’ | ~" ] DecimalDigit { DecimalDigit ]

DecimalDigit— ‘0’ | NonZeroDecimalDigit
OCtalDigit% 10' | lll | 12! | 13! | l4l | 151 | 167 | l7’ I l8’

HexadecimalDigit— DecimalDigit

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

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

tokens.

44
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D.3.3 Typographic conventions

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
uotes (in the case of symbols and delimiters), or set in boldface (in the case of keywords). An‘t)ptional
ccurrence of a sequence of symbols 4 is written as [4], while any numbers of consecutive occiirrences
(Including none) are written as {A}. The alternative occurrence of either A or Bis expressed'as 4 | B.

e often use plural forms of non-terminal symbols without introducing them explicitly. These are
sjupposed to stand for a comma-separated sequence of at least on instance of the-non-terminpl; e.g. if
is the non-terminal, we might use As in some production, and we implicitly)yassume the fpllowing
efinition: As> A {A}.

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

.3.5 Notational idioms

ike most programming languages, RVC-CAL involves-afair number of syntactical constructs that need
tp be learned and understood by its users in order tojuse the language productively. The effort jnvolved
gaining familiarity with the language can be aigonsiderable impediment to its adoption, so |t makes
sense to employ general guidelines for designing the syntax of constructs, which allow users [to make
uesses about the syntax if they are unsure.about the details of a specific language construction. These
uidelines, which define the style of a language, are called notational idioms.

he following is a list of notational idioms guiding the design of RVC-CAL's language syntax.

eyword constructs. Many constructs in RVC-CAL are delimited by keywords rather than py more
slymbolic delimiters. Such constructs are called keyword constructs. Other constructs are delimited by
slymbols, or are at least partially lacking delimiters (such as assignments, which begin with a|variable
ame; see D.9.2).

tatement head/body separator. Many statements have a similar structure as the one for expfessions.
Hor statements,the& keywords do or begin are used as a separator:

yhile n>U60" do k:=f(k); n:=n - 1; end
procedure p (int x) begin

XS + 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 *’
{VarDecl}
{Action | InitializationAction}
[ActionSchedule]
{PriorityBlock}
‘'end’

ActorPar— Type ID [‘=" Expression]
[(Sig— [PortDecls] ‘==>" [PortDecls]
PortDecl— {Annotation} Type ID

The heafler of an actor expressed in RVC-CAL contains actor parameters and its port signature. This i
followed by the body of the actor, containing a sequence of state variable declarations\(D.7.2), action
(D.10), initialization actions (D.10.6), priority blocks (D.11.4) and, at most, one action schedule (D.11.3).

wn wn

By contfast, actor parameters are values, i.e. concrete objects of a certain type (although, of coursg,
this type may be determined by a type parameter). They are bound to identifiers, which are visible
throughput the actor definition. Conceptually, these are non-assignable afid-immutable, i.e. they maly
not be agsigned to by an actor.

D.4.2 Unit description

A unit can declare functions, procedures, and constants (D.7);A.unit can import units. However, a unjt
cannot import units that lead to a cyclic dependency.

Unif:— (‘package’ QualifiedName ;’)?
{Import}

"unit’ ID *’

(FunDecl | ProcDecl | ConstantVarDecl)*
‘'end’

D.5 Qpalified names and imports

D.5.1 Qualified names
A qualifijed name is represented with the following rule:
QuallifiedName: ID(/ID)*
A qualiffed nameWjith a possible wildcard is allowed only in imports and is defined by:

QualifiedNameWithWildCard: QualifiedName ‘*’?

D.5.2 Declaratiomofamentity

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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D.5.4 Reference to unit elements

An actor or unit may reference a variable or function declared in a unit by its qualified na
qualified name of a variable or function is the name of the variable or function prefixed by the
the unititis declared in and a dot, e.g. MyUnit.. myVar.

017(E)

me. The
name of

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
their qualified name, as in

them by

import MyUnit.myVar;

]

mporting all variables or functions declared by a unit is done by using a wildcard

import MyUnit.*;

0

imple name of a variable, this variable can be shadowed by another declaratigp-of a variable.

ID.6 Data types

).6.1 Overview

RVC-CAL is fully typed, i.e. it allows and forces programmers\to give each newly introduced id¢
type (see D.7.2 for more details on declaring variables).

D.6.2 Variables and types

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

remains the same for the variable or parameter in the entire scope of the corresponding dec

Variable types may be related to each other\by a subtype relation, <, which is a partial order o

df all variable types. When for two variable types ¢, t' we have t < t’, then we say that t is a subt

jnd t'is a supertype of t. Furthermorej-t may be used anywhere t’ can be used, i.e. variables of s
re substitutable for those of supertypes.

(0}

xhaustive partition on the-objects, i.e. for any object type t we can uniquely determine the "o
ype t".

—

Ihside an entity, you can use either the qualified name or the simple name of the'variable. If youy use the

ntifier a

his type
laration.
h the set
ype of t',
ubtypes

If is important that each object has precisely one object type. As a consequence, object types ifiduce an

bjects of

MPLEMENTATION-NOTE.

time, i.e. that’thére is something like run-time type information associated with each object. Iy
fases, particularly when efficiency is critical, the type of an object is a compile-time construct
main uses for establishing the notion of assignability, i.e. for checking whether the result of a
pression may legally be stored in a variable. In these scenarios, type information is removed f7
'untime representation of data objects.

btating that eachyebject has an object type does not imply that this type can be determined at 1

un
| many
whose
h ex-

om the

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:

’ ’
ty >ty Aty <ty =1, <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 Type formats
Types ate specified as follows:
Type — ID
| ID (‘[ TypeAttr { TypeAttr}]‘)
TypeAtty — ID ' Type
| ID ‘=" Expression
A type that is just an identifier is the name of some non-parametric type oxof a parametric type whose
parameters take on default values. Examples may be String, int.
In the ngxt form, the ID refers to a type constructor that has named\type attributes which may be bound
to either types or values. Type attributes that are bound to types are assigned using the ":" syntax,
while values are bound using the "=" syntax.
D.6.4 Predefined types
Requirefl types are the types of objects created asthe result of special language constructions, usually
expressjons. The following are built-in types in RVC-CAL:
— bodl — the truth values true and false;
— Lidt (type:T, size=N) — finitedists of length of N elements with type T;
— 1inY(size=N) — signed integers with bit width N;
— uint (size=N) — unsignedintegers with bit width N;
— String — strings of chdaracters;
— flogt — floatingpoint numbers.
D.6.5 Typingtrules
D.6.5.1 | General

This subclause 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 © ISO/IEC 2017 - All rights reserved
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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))

1).6.5.2 Least upper bound (lub)

—

he least upper bound (lub) of n types is the smallest type that is compatible with the bigge
diven n types. lub(tl, t2, ..., tn) is defined as lub(...lub(lub(t1, t2), t3), ..., tn).

st of the

bool, bool bool
float, float float
btring, String String

|nt(size=51), int(size=S2)

int(size=max(S1¢S2))

{lint(size=51), uint(size=S2)

uint(size=max(S1, S2))

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

int(size=S1)

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

int(size=SU + 1)

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

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

iny other combinations

invalid

—

D.6.5.3 Greatest lower bound (glb)

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

The greatest lower bound (glb) of n types is the greatest type that is compatible with the smallgst of the
given n types.
bool, bool bool
{loat, float float
btring, String String

|nt(size=51), int(size=S2)

int(size=min(S1, S2))

{Hnt(size:Sl), uint(size=S2)

uint(size=min(S1, S2))

Int(size=SI),iit(size=SU) with SI > SU

int(size=SU + 1)

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

int(size=SI)

iny other combinations

Invalid

NOTE

The greatest lower bound has not been defined for List because it is not needed as a typing r

1le.

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 {V20:>V+]} w

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
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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 for~eywitlreof type T-{imtorwitt) T

not e with e of type bool bool

-e with g of type T (int or float) T

-e with p of type uint(size=s) int(size=s + 1)
#e with e of type List(type:T, size=S) S

float_of Jint(e) with e of type T (int or uint) float

int_of_flbat(e, sz) with e of type float and sz of type
int or uipt

int(size=sz)

uint_of_float(e,sz) with e of type float and sz of type
int or uipt

uint(size=sz)

Where float_of_int, int_of_float and uint_of_float are built-ins functipns-for float to int/uint conversio
and vicg versa. The conversion to int/uint from float is the truncation conversion towards zero as use

in C99 (1.e. int_of_float(5.3, 32) returns 5, and int_of_float(-5.3, 32) returns -5).

D.6.5.6 | Type of binary expressions

jo )

Expression

Type of result

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

String

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

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

el + e2 With el of type T1 (int or uint)
e2 of typge T2 (int or uint)

lub(T1, T2) + 1

el — e2 with el of type T1 (int or uint)
e2 of type T2 (int or uint)

lub(T1, T2) +1

el * e2 with el of type int(size=S1) or uint(size=S1)
e2 of type int(size=S2) oruint(size=S2)

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

el << e2|with el of typeint(size=S1) or uint(size=S1)
e2 of type int(siz€=S2) or uint(size=S2)

S1+(1<<S2)-1

lub(T1, T2) exists

el & e2,with grof type T1 (int or uint) and e2 of type |glb(T1, T2)
T2 (int dr mint)

el | e2, withetoftype TH{intoruintandeZoftype tab (512
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

o

ther has type int, uint, or float, is float. In other words, operands with type int or uintare autor
dromoted to float.

D.6.5.7 Type of an indexing expression

|

he type of an indexing expression list[i1][i2]...[in] with a list of~type List(type:List(typ
ist(type:T, size=SN), size=SN_1), ..., size=S1) is T if the type of i1 is-hot larger than the type
dbtained with sizeof(S1)), i2 is not larger than sizeof(S2), etc.

—

]

.7 Variables, functions and procedures

.7.1 Overview

ariables are placeholders for values durifigthe execution of an actor. At any given time, t
stand for a specific value, and they are said to be bound to the value that they stand for. The asg
etween a variable and its value is calleda binding.

his subclause first explains hew~variables are declared inside an RVC-CAL source code
roceeds to discuss the scoping rtules of the language, which govern the visibility of variables
nstrain the kinds of declarations that are legal in RVC-CAL.

.7.2 Variable declarations

ach variable (withthe exception of predefined variables) needs to be explicitly introduce
it can be used.dtneeds to be declared. A declaration determines the kind of binding associa
the variable if’déclares, and potentially also it’s (variable) type. Following are the following
ariable declarations:

explicit variable declarations (D.7.2),

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
FT ™ €2 with el of type float and €2 of type float float
b1 / e2 with el of type float and e2 of type float float
The type of binary expressions whose operator is +, -, *, /, and where one operand has typé float} and the

hatically

e...type:
bf S1 (as

Fonly a subset of indexes is given, say i, then the type of the expression is the type of the i-th infer type.

hey may
ociation

It then
and also

l before
ted with
kinds of

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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VarDecl — TypelD{‘[‘Expression’]’} [("="|":=") Expression]

An actor may contain state variable declarations:

StateVarDecl — VarDecl

A unit m

ay contain constant variable declarations:

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

For List

eclaration amare compact rpprpcpnquinn is available with an array cfy]p

T myVg
size=N

An explilfit variable declaration can take one of the following two forms, where T is a type, vian identifig

thatist
— T v
— T v

Variable
executid
constan

Explicit
— actd

— the
see

D.7.3
The gen

FunDecl

[l

ProcDed

1l

LocalVa
shall be

as the ending punctmation (or separator between it and the next LocalVarDecl). For instance, a functioh

declarat

r[N1] [N2]...[Nn] isequivalentto List (type: List(type: ... List(type:\T}
n), ..., size=N2), size=N1) myVar where the typeis T.

—

e variable name and E an expression of type T.
:=E — declares an assignable variable of type T with the value of E as its initial value.
=E — declares a non-assignable variable of type T with the value of E asits value.

s declared in the first method are called stateful variables becausé-they may be changed by the
n of a statement. Variables declared in the last method are referred to as stateless variables, dr
(S,

variable declarations may occur in the following places:

r state variables (with ending punctuation ";");

nn

yar block of a surrounding lexical context (with etiding punctuation ", or no ending punctuation;
[.ocalVarDecl in D.7.3)

Function and procedure declaration
bral format for declaring functions and procedures is as follows:

- ‘function’ ID’(* [ FormalPars ] )" -- > ‘“Type
var’ VarDecls | " Expressien]¥end’

| - ‘procedure’ ID’(‘ [ FermalPars | ‘)’
var’ VarDecls | ‘begin*{-Statement }] ‘end’

D

‘Decls should fellow a special rule: 1) if a LocalVarDecl is the last one or the only one, ther
no any ending'punctuation; 2) if a LocalVarDecl is not the last one, there shall be a comma "

ion would look like this:

|funct_

lon\timestwo (int x)--> int: 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 + k,
k=6,

m=k * n

This set of declarations (nf inthiscase nnn-nccignqh]p variables n]fhmlgh this does not have

bearing

vlariable declarations would not be well formed:

dn the rules for initialization expression dependency) would lead to k being set to 6, n to 7 aid/m to 42.
[hitialization expressions may not depend on each other in a circular manner, e.g. the following list of

h=1 + k,
k=m — 360,

n=k * n

Nlore precisely, a variable may not be in its own dependency set/ Intuitively, this set con
ariables that need to be known in order to compute the initializatiomexpression. These are us
Fee variables of the expression itself, plus any free variables used'to compute them and so o

B <

I).8 Expressions

).8.1 Overview

Hxpressions evaluate to a value and are sidé-effect free, i.e. they do not change the state of the
ssign or modify any other variable. Thus) the meaning of an expression can be described by t
is evaluating to.

—- ay

—

he following is an overview of the)kinds of expressions and expression syntaxes provided in R

Hxpression — Expression {5 Expression }
xpression — BinaryExpression
| SimpleExpression

wul

SingleExpression(=* OperatorExpression
| ListComprehension
| ifExpression

| LetExpression

| ‘(“ Expression ‘)’

| IndexerExpr

fains all
hally the
n. In the

st example, k depended on m because mis freeinm - 36, and since m in turn depends on k and n, and
on k, the dependency set of k is {m, k, n} which does confain k itself and is therefore an errgr.

actor or
he value

VC-CAL.

| 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

© ISO/IEC 2017 - All rights reserved
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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'(F'L . F'“) isthe :\pp]ir:\finn of a functionton parameters, pnccihly none

is the ngme of a function which shall be visible at the point of this expression, and E; are expressions qf
types mptching the types of the parameters declared in the declaration of F.

D.8.5 Indexing
An indexing expression selects an object from a list. The general format is
Ind¢xerExpr — ID ‘[* Expression ‘]’ {‘[ Expressions |’}

The expressions within the brackets are called "indices". There shall be at least 'ohe such index. If ther
are mork than one, the list expression shall be a list of appropriate dimensienality, i.e. it shall contai
other ligts as elements and so forth.

-

D.8.6 Operators

There are two Kkinds of operators in RVC-CAL: unary prefix Qperators and binary infix operators.
binary operator is characterized by its associativity and its pfécedence. In RVC-CAL, all binary operatoy
associate to the left, while their precedence is defined by théplatform, and have fixed predefined valug
for builttin operators (which are used to work on instances of built-in types). Unary operators alwayj
take pregcedence over binary operators.

»n »n n =

a + b |+ cisalways (a + b) + c.
#a + Hisalways (#a) + b.
a + b|* cisa + (b * c) if*has a higher precedence than +, which is usually the case.

Operatofs are just syntactical elemrents. They represent ordinary unary or binary functions, so the onlly
special ffules for operators are syntactical.

D.8.7 (Conditional expressions
The simple conditionalexpression has the following form:

IfE¥pression='if Expression then Expression else Expression end

The first subtexpression shall be of type bool. When the first sub-expression is evaluated to true,

the valup of the second sub-expression is selected as the value of the entire expression. Otherwise, t

bl K+ d ol Ay 3 3 ] £ad
Value Of et SHo—€XPTressiofisS Sereetet:

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]

valuates tothe tist 10— 005,51
3.8.8.2 List comprehensions with generators

imple comprehension expressions only allow the construction of a list whose size is.correlated with the
ize of the expression. In order to facilitate the construction of large- or variable-sized lists, RVC-CAL
rovides generators to be used inside an expression constructing them. The syfitax looks as follows:

istComprehension — ‘[ [ Expressions [ " Generators | [ /|" Expression ]] ]
enerators — Generator {  Generator }
enerator — for TypelD in Expression

[on W on N unl s Bl %)

|

he generators, which begin with the keyword, for, introduce new variables, and sucqessively
hstantiate them with the elements of the proper list after thé keyword, in. The expression computing
hat list may refer to the generator variables defined to th@left of the generator it belongs to.

-+ —-

—

he optional expressions following the collection expression in a generator are called filters. They shall
e of type bool, and only variable bindings for which these expressions evaluate to true arg used to
onstruct the collection.

Q o

Hxample:

[1, 2, 3] |

i$ the list of the first three naturatniimbers. The list

[[2 * a: for int a indd 2, 3]] |

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

|[a: for int aitn [1, 2, 3] a > 1] |

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

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

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

) 4] 1
U g LT dUUVE dsS

|[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.
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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:

Statemept——AssigprmentStmt
| CallStmt

| BlockStmt

| IfStmt

| WhileStmt

| ForeachStmt

D.9.2 Assignment

Assigning a new value to a variable is the fundamental form of changing the state-of an actor. The synta
is as follpws:

<

AssignnmentStmt — ID [ Index | =’ Expression ‘;’
Index =|[* [ Expression | ‘] {'[* Expression |’}

An assignment without an index or a field reference is a simple assignment, while one with a field
referende is a field assignment, and one with an index is calléd-an indexed assignment.

D.9.2.1 | Simple assignment

-

In a simple assignment, the left-hand side is a variable name. A variable by that name shall be visible i
this scope, and it shall be assignable.

The expression on the right-hand side shall:evaluate to an object of a value compatible with the variab
[i.e. its type shall be assignable to the declared type of the variable, if any (see D.6.2)]. The effect of t
assignmient is of course that the variable value is changed to the value of the expression. The origingl
value is fhereby overwritten.

D.9.2.2 | Assignment with indices

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

=}

In RVC-€AL, an indexed location inside an object is specified by a sequence of objects called indices,
which are written after the identifier representing the variable, and which is enclosed in squar
bracketg.

[

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

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

lonleN

1).9.5 If-statement

—

he if-statement is the simplest control-flow construct

[fStmt — if Expression then { Statement } [ else { Statement } | end

jary

s is to be expected, the statements following the then are executed only if the expression evaluates to
Fue, otherwise, the statements following the else are executed, if-present. The expression shall be of
ype bool.

=+

I0.9.6 While-statement

[feration constructs are used to repeatedly execute a seqlience of statements. A while-construc{repeats
gxecution of the statements as long as a condition specified by a bool expression is true.

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

Itis an error for the while-statement to not términate.

1D.9.7 Foreach-statement

|

he foreach-construct allows itetating over collections and successively binds variables to the ¢lements
f the expression with the execttion of a sequence of statements for each such binding.

o

HoreachStmt — ForeachGenerator { °/ ForeachGenerator }
[ var VarDecls ] do-|, Statements | end
HoreachGenerator +~fereach TypelD in Expression

he basic structure and execution mechanics of the foreach-statement is not unlike that of the
omprehensions with generators discussed in D.8.8.2. However, where in the case of comprehgnsions a
pollectioniwas constructed piecewise through a number of steps specified by the generators, 4 foreach
tateméntexecutes a sequence of statements for each complete binding of its generator variables.

W o o —

sl

xample:

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.10Actions

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 none. The definition of an action includes the following information:

— input tokens;

— outﬂ)ut tokens;
— statp change of the actor;
— add]tional firing conditions.

In any given state, an actor may take one of a number of transitions (or none at all), andrthese transitionls
are represented by actions in the actor description.

The syntax of an action definition is as follows:

ActionTag — [ ActionTag '] action ActionHead [ do Statements | end
ActionTag - ID {"ID }
ActionHead — InputPatterns ‘==>" QutputExpressions

[ guand Expressions | [ var VarDecls |

Actions |are optionally preceded by action tags which come in the form of qualified identifierfs
[i.e. sequences of identifiers separated by dots (see D.11.2)],These tags need not be unique, i.e. the samle
tag may|be used for more than one action. Action tags are used to refer to actions or sets of actions, ih
action s¢hedules and action priority orders; see D.11 fox details.

The heafl of an action contains a description of the kind of inputs this action applies to, as well as thie
output if produces. The body of the action isa.sequence of statements that can change the state, dr
computg values for local variables that can betused inside the output expressions.

Input pdtterns and output expressions are associated with ports either by position or by name. These
two kindls of associations cannot be mixed. So if the actor’s port signature is

|Input_,, Input2 ==> ... |

an input pattern may look likethis:

l[al, [b, cI |

(binding a to thefifst token coming in on Inputl, and binding b and c to the first two tokens from
Input?2). It may=also look like this:

|Inputh:[c] |

but never like 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

tpkensthemselves-The syntaxisasfollows:

et

hputPattern — [ID %'] [*IDs ‘]’ [ RepeatClause |
epeatClause — repeat Expression

owl

—

he static type of the variables declared in an input pattern depends on the tokemn type declargd on the
hput port, but also on whether the input pattern contains a repeat-clause.

—

pattern without a repeat-expression is just a number of variable names(inside square bracKkets. The
attern binds each of the variable names to one token, reading as many tokens as there are [variable
ames. The number of variable names is also referred to as the patfern length. The static type of the
ariables is the same as the token type of the corresponding port.

< S0

vl

xample (Input pattern without repeat-clause):

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

I, 2, 3, 4, 5, ... |

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

h=1, b=2, c=3 |

[a pattern contains a repeat-clause, thatexpression shall evaluate to a non-negative integer, say N. [f the
attern length is L the number of tokens read by this input pattern and bound to the L pattern yjariables
b VL. Since in general there are more tokens to be bound than variables to bind them to (N timgs more,
xactly), variables are bound to'lists of tokens, each list being of length N. In the pattern, the list bound
b the k-th variable containsthe tokens numbered k, L + k, 2L + k, ..., (N - 1)L + k. The static type| of these
ariables is List [T], where T is the token type of the port.

<t D = —

lwel

xample (Input pattern with repeat-clause):

o>y

ssume again theatural numbers as input sequence. If the input pattern is

|[a, b, cP~repeat 2 |

—

will produce the following bindings:

|85P1,4]1, 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 dé¢clarations are well formed, because the variables can be evaluated in the order k, m, nsa:

By contifast, the following action heads create circular dependencies:

[a] repeat a[0] + 1 ==> ... do ... end
[a] re¢peat n ==> ... var

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

D.10.4 Dutput expressions

Output ¢xpressions are conceptually the dual notion to input pattérn. They are syntactically simila
but rather than containing a list of variable names which get bound’to input tokens, they contain a lis
of exprefsions that computes the output tokens, the so-called tokeén expressions.

- <>

OutputHxpression — [ID '] ‘[ Expressions ‘]’ [ RepeatClausg ]
RepgatClause — repeat Expression

The repgat-clause works not unlike in the case of\input patterns, but with one crucial difference. Far
input pdtterns, it controls the construction of a(data structure that was assembled from input tokenfs
and thep bound the pattern variables. In the.case of output expressions, the values computed by t
token expressions are themselves these data structures, and they are disassembled according to t
repeat-dlause, if it is present.

In outplit expressions without repeat-clause, the token expressions represent the output tokens
directly)and the number of outputtokens produced is equal to the number of token expressions. If ap
output gxpression does have arepeat-clause, the token expressions shall evaluate to lists of tokens, anfd
the numpber of tokens prodaieed is the product of the number of token expressions and the value of thie
repeat-egxpression. In addition, the value of the repeat-expression is the minimum number of tokens
each of the lists shall centain.

Example (Outputexpressions):

The output eXpression

—4£>91 2 237
L= 14 J

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

017(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 whether its

activation conditions have all been met. The minimal conditions are as follows:

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);

g thereare sufficientinput tokens avaitabte to bimd the nput patterm vartabtes to appropriat

d) given such a binding, all guard expressions (which shall be Boolean expressions) evaluate {

1D.10.6 Initialization actions

—

egular actions, with two important differences.

d) Sincethe assumptionisthatatthe beginning of an actor execution n@iriputis available, initi
actions have no input patterns; however, they may produce output:

h) With the exception of initialization expressions in variable.declarations, an initializatio
contains the first code to be executed inside the actor. Anjstate invariants in the actor
hold, and instead have to be established by the initialization action.

The syntax of initialization actions is as follows:

[hitializationAction — [ActionTag “’]

initialize InitializerHead [ do Statements | end
IhitializerHead — ‘==>" OuputExpressions

[ guard Expressions | [ var VarDecls |

The activation conditions for actions apply also to initialization action, of course, since there is 1
he conditions concerning input tokens become vacuously true.

—

F an actor should have more.than one initialization action, and if more than one is activate
eginning of an actor execution, one of them is chosen arbitrarily.

5 —

.11 Action-level eontrol structures

.11.1 Overview

Ih RVC-CALxan action expresses a relation between the state of an actor and input tokens,
successenstate of the actor and output tokens. In general, RVC-CAL actors may contain any ny
ctions;and in a given situation, any subset of those may be ready to be executed. For examj
ctients of the following actor may be able to execute, if there is a token available on either inpu

e values;

o true.

hitialization actions are executed at the beginning of an actor’s life cycle. They are very similar to

hlization

n action
may not

no input,

d at the

and the
imber of
ble, both
L port:

Example (Nondeterministic Merge):

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

end

It is important to emphasize that the policy used to choose between the two actions above is
of the actor specification. This flexibility may be desired, but sometimes the actor writer may

not part
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;
9 lld
gdction B:[x] ==> [x]
uard s=2
e}
s:=1;
énd
end

This way of specifying action choice has two key drawbacks. First, it is very cumhbBersome to write and
maintaif, and it does not scale very well even for modest numbers of actions and states. Furthermorg,
this wayf of specifying action choice essentially obfuscates the "real" logicbehind guards, state variable
and assignments, so that it becomes harder to extract the intent from-the actor description, both fdr
tools angl for human readers.

[72)

These ate the key motivations for using action schedules, i.e. stri¢tured descriptions of possible order
in which actions may fire. Before we can discuss action schedules in D.11.3, we need to take a closg
look at How actions are referred to inside of them.

—

D.11.2 Action tags

Actions pre optionally prefixed with action tags (see'D.10.1), which are qualified identifiers:
ActionTag — QuallD
Qual[)ID - ID{ "’ ID}

The sanje tag may be used for more-than one action. In the following, we write the set of all action

tagged By atag tas t , and the tagef some action a as t,. The empty tag is written as ¢, and the set of a
untagged actions is therefore-¢ .

—

Action thgs are ordered bya’prefix ordering: We say that t — t’, i.e. tis a prefix of t’, if t” starts with
all the iflentifiers in t{inthe same order, followed by any number of additional identifiers, includinjg
none. For instance, . d®c < a.b.c.x and a.b c a.b,but a.b ¢ a.c. We call t’ an extension of ¢.

When u$ed insidéaction schedules and priority orderings, a tag denotes the set of actions, which are
labelled|with tags that are extensions of it. For any tag t this set is called ¢ and is defined as follows:

E_ Lol £
Tdef Mt ="%q S

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}}

h other words, (b)) is the subsequence in (a;) with non-empty tags. If (b)) is empty, then (a7) is a legal
ction sequence.

Q) =

]

[ (bj) is not empty, then (a;) is a legal action sequence, if and only if, there exists a sequence of| tags (t;)
41..m, such that the following holds:

.

- forall je {1...m},bj € fj;

— there existsa w € L such that (tj) cw.

A consequence of this definition is that untagged actions may oceur-at any point in the schedule —
onversely, schedules do not constrain untagged actions in any way.

Q

—]

he following paragraph describes a tag language based on finite state machines.

oy

finite state machine schedule defines a number of transitions between states (and an initigl state)
hat are each labelled with one or more action tags.

—

ScheduleFSM — schedule [fsm] ID 4’
{ StateTransition ;" }
end

StateTransition — ID ‘(‘ ActionTag ‘)’ -- >’'AD

The state before the colon is the initial state, and all states are accepting. The tag language is the set of
dll sequences of tags that label trardsitions leading from the initial state to any other state of the finite
state machine.

(@s)]

everal transitions startingfrom the same state may be written as separated by the ‘|’ charagter. The
bllowing illustrates the use of a finite state machine action schedule to express the FairMerfe actor
spmewhat more concisely.

)

lwl

xample (FairMerge, with FSM schedule):

hctor PalrMergel () A, B ==> C:

TRA: action A:[x] ==> [x] end
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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prioritie

s 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:

PriorityOrder — priority{ Prioritylnequality ‘;’} end

Prig
The prid
a binary

(11/

via

The prid
i.e. it is

reflexiv
the follo

ritylnequality — ActionTag ‘>’ ActionTag { ‘>’ ActionTag }

rity inequalities are specified over tags, i.e. they have the form t1 > t7. These inequalitieslindude
relation on the actions are follows:

a, 3t ,t,:t; >t, Aa; €ty Ana,et,
L 1a, >a; Aag >a,

rity inequalities are valid if the induced relation on the actions is in-hon-reflexive partial ordef,
hsymmetric and transitive. Transitivity follows from the definition, but asymmetry and non
ty do not. In fact they do not even follow if the relation on-the tags is a partial order. Conside
wing example:

—

A.B >

X > A

This is @
the indu

With priorities, we can express a Merge actor that prefers one input over the other like this:

bviously a proper order on the tags. However, if. we have two actions labelled X and A. B, thep
ced relation is clearly not asymmetric, hence the system of priority inequalities is invalid.

Example (BiasedMerge):
actor|BiasedMerge () A, B ==>"C:
InA: action A:[x] ==> XJ end
InB: action B:[x] ==X JXx] end
priority
InA > InB;
endl
end
Perhaps|more interestingly, we can express a merge actor that is fair, in the sense that it will consumle

equal arff
tokens ¢

=)

hounts-of tokens from both inputs as long as they are available, but will not halt due to lack ¢
n-o0nly one of its input ports. It is also non-deterministic, i.e. it does not specify the order i

-

which it

outputs the tokens

64
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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

E =T |
DOULIL VIS,

end

ID.12 Basic runtime infrastructure

).12.1 Overview

o =

hcluded in this subclause.

—e

I).12.2 Operator symbols

1).12.2.1 Unary operator symbols

his subclause describes the basic runtime infrastructure, i.e. the kinds 6f objects and operations on
hem, that implementations shall provide in order to implement RVC-CAL. A list of keywords is also

The following table summarizes the predefined unaryoperator symbols in RVC-CAL.
Operator |Operand type(s) Meaning
not|bool logical negation
#|List() number of elements
- number arithmetic negation

1).12.2.2 Binary operator symbols

=]

fdrecedence binds stronger.

he following table lists thé'predefined binary operator symbols in the RVC-CAL language. They are
brted by increasing bindihg strength. Their binding strength is given by a precedence figure P, higher

P Operator Operand 1 Operand 2 Meaning

1 and bool bool logical conjunction
or bool bool logical disjunction
= any any equality
I= any any inequality

= < 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 | actor and begin div do else end false for
foreach| fsm function or guard  if initialize mod not
priority| procedure 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

HE.1 Overview

—]

his annex describes conditions used to classify FUs, so that programmers and RVC eodec implegmenters
dan make sure that an FU is classified correctly by analysis and translation tools:

H.2 Basic terms

H.2.1 Token rates

An FU consists of any number of actions of the form

hction A:[al, a2], B:[b]
==> X:[s + al, s + a2, s], Y:[aluat+ b]

juard P (b) do
s:=s + Db;

bnd

The constructs preceding the ==> are'called input patterns, and establish how many tokens the action
requires in order to be enabled on gach port, which is also the number of tokens it will consumme when
it fires. For instance, the construct A: [al, a2] specifies that the action requires two tokens on port A in
drder to fire. The constructsfellowing the ==> are called output expressions, and they specify haw many
tpkens are being produced:on each output port when the action fires (as well as their values, of{course).
Hor instance, the expression X: [s + al, s + a2, s] implies that three tokens will be produced on qutput X,
sfince that is the number of comma-separated expressions between the square brackets.

Together, inputpatterns and output expressions define the token rates of an action, which is thelnumber
df tokens produced and consumed whenever that action fires. In the example above, the action will
donsume two tokens on input port A, one on input port B, and it will produce three tokens oh output
gdort X and-one on output port Y. If the FU has no any other ports besides these four, the rate |of token
donsuimption or production on those ports for this action is zero.

=) iapidiac
| MYy -y S L IUL IUITOS

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 D?"
AR > A4;

end

For all dctions to be totally ordered within an FU, each tag uniquely identifies one action, ile.’no twp
actions may be tagged by the same name.

E.2.3 C(Cyclic scheduler

A scheduiling finite state machine is considered to be a cyclic scheduler if there is‘@ sequence of states sy,
..., Sp sugh that

— 51 idthe initial state of the scheduler, and
— therje are exactly n transitions, viz. s; to s;+1 for all i from 1 to n=Iyand s, to s7.

The length of the cycle is n. If there is no scheduler, the absent.scheduler is considered to be (trivially
cyclic wjth cycle length 1. For instance, the following scheduler;is cyclic, with cycle length 2:

Nt

s¢hedule fsm sO:
sO (A) ——> sl;
sl (B) ——> sO0;

end

By contffast, the next scheduler is not cyclic:

s¢hedule fsm sO0:
sO (A) ——> sl;

sO0 (B) ——> s2;
sl (C) ——> s03
s2 (C) ——> =04

end

E.3 FU classesand taxonomy

In the following, four specialized classes of FUs can be distinguished in order of specialization: nor
determihistic FUs [following Dataflow Process Network semantic (DPN)], prefix-monotonic FUs [alsp
known ds Kahn Process Netwaork semantic (KPN)], Cyclo-static dataflow (CSDF) Flls and synchronouls
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.

) The above two actions have guards that are not mutually exclusive.

Hxample:

hctor BiasedMergeTimeDependent () int A, int B ==> int X:

CopyA: action A:[Vv] => X:[v] end
CopyB: action B:[v] ==> X:[v] end

priority CopyA > CopyB; end
end

—

he following ClipTimeDependent FU is described with a time-dependent behaviour.

HExample:

hctor ClipTimeDependent () int I, bookNSIGNED ==> int O:
int count:=-1;

read signed: action SIGNED: [s] ==>
guard count < 0
do
count:=63;
end

limit: action I:[i]y==> O:[f clip(X)]
do

count:=count & ,I;
end

—

he ClipTimeDependent FU can have no time-dependent behaviour as described in the following Clip FU.

Example:

hctore=8Yip () int I, bool SIGNED ==> int O:
in¥ count:=-1;

Tead signed: actionm SIGNEDT (5] ==
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 Split () int A ==> int X, int Y:

action A:[v] ==> X:[v] end
actlon A:[v] ==> Y:[v] end
end

E.3.2 DPeterministic FUs

E.3.2.1 | Kahn process FUs — Prefix-monotonicity

Rule: A FU is prefix-monotonic (also known as a Kahn process) if it is determjnistic and is not time
dependgnt.

Examplg:

actor|PingPongMerge () int A, int B ==> int X:

CopyA: action A:[v]
CopyB: action B: [Vv]
s¢hedule fsm s0:

sO (CopyA) ——> sl;
sl (CopyB) —-—> sO0;

=> X:[v] end
=> X:[v] end

end
end

This FU|is deterministic because the scheduler-guarantees that only one action is eligible in each state]

Examplp:

actor|Foo () int A ==> int X:

H1l: action A:[v](=> X:[Vv]
guard v > _Q7Zeénd
Lp: action A, w] ==> X:[v + w] end

priority B4 > Lo; end
end

-

Here, the higher priority action reads one token from the input port, while the lower priority actio
requireq two.

E.3.2.2 Cyclo-static dataflow (CSDF) FUs

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:

CopyA: action A:[V]
CopyB: action B: [Vv]

=> X:[v] end
=> X:[v] end

schedule fsm sO0:
sO0 (CopyA) —-—-> sl;
st+—CopyBy AT
end

end

]

h this FU, only one of the two actions is eligible in each state, so the condition of all*eligiblg actions
aving the same token rates is trivially fulfilled.

=

HExample:

hctor Bar () int A, int B ==> int X:

Al: action A:[v] ==> X:[Vv]
guard v >= 0 end

A2: action A:[v] ==> X

A3: action B:[v] ==> X:|[v

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 have |dentical
bken rates, which makes the FUs prefix-monotonic and at the same time a cyclo-static dataflow FUs.

—

(ounterexample:

hctor Foo () int )A ==> int X:

Hi: actdon A:[v] ==> X:[Vv]
gdayd v > 0 end
Lo:_®etion A:[v, w] ==> X:[v + w] end

piority Hi > Lo; end

bnd

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 fonsumes two tokens on A, one on B, and produces two tokens on both C and D each time jtfires.

Examplp:

actor|PingPongPick () A, B ==> X:
CopyA: action A:[v], B:[w] ==> X:[v] end
CopyB: action A:[v], B:[w] ==> X:[w] end

s¢hedule fsm s0:

sO0 (CopyA) —-—> sl;
sl (CopyB) —-—> s0;
end

end

This example shows that SDF FUs may have schedules with ¢yeles longer than 1.

Counterexample:

actor|PingPongMerge () A, B ==> X:
CopyA: action A:[v] ==> X: [yl éend
CopyB: action B:[v] ==> X:{¥] end

s¢hedule fsm sO:

sO (CopyA) ——> giv
sl (CopyB) ——>(3507
end

end

The twolactions in this.CSDF FU have different token rates; therefore, it is not an SDF FU.
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