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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-gover

nmental, in

liaison with |
established a

International

The main tas
adopted by t
Standard req

ISO/IEC 1597
Subcommitte

ISO/IEC 1593
description in

Part 1: S
Part 2: D
Part 3: V
Part 4: A
Part 5: M
Part 6: R
Part7: G
Part 8: H

Annexes A tg

50 and IEC, also take part in the work. In the field of information technology, ISO and
joint technical committee, ISO/IEC JTC 1.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Part 3.
k of the joint technical committee is to prepare International Standards. Draft-International
e joint technical committee are circulated to national bodies for voting. Rublication as an In

iires approval by at least 75 % of the national bodies casting a vote.

8-1 was prepared by Joint Technical Committee ISO/IECJTC 1, Information f

e SC 29, Coding of audio, picture, multimedia and hypermedia-ihformation.

8 consists of the following parts, under the general title Information technology — Multime
ferface:

ystems

escription definition language

jsual

udio

ultimedia description schemes

eference software

lonformance testing

xtraction andiuse of MPEG-7 descriptions

C of this'part of ISO/IEC 15938 are for information only.
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Introduction

This standard, also known as "Multimedia Content Description Interface," provides a standardized set of
technologies for describing multimedia content. The standard addresses a broad spectrum of multimedia
applications and requirements by providing a metadata system for describing the features of multimedia content.

The following are specified in this standard:

o Description Schemes (DS) describe entities or relationships pertaining to multimedia centenf. Description
Schenles specify the structure and semantics of their components, which may be Descriptibn Schemes,
Descriptors, or datatypes.

e Descriptors (D) describe features, attributes, or groups of attributes of multimedial¢ontent.

o Datatypes are the basic reusable datatypes employed by Description Schemes and Descriptors.

o Description Definition Language (DDL) defines Description Schemes, Descriptors, and Datatypes by
specifying their syntax, and allows their extension.

e Systems tools support delivery of descriptions, multiplexing’ of descriptions with multimgdia content,
synchrpnization, file format, and so forth.

This standard is subdivided into eight parts:

Part 1 — Systems: specifies the tools for preparing .descriptions for efficient transport and storage,| compressing
descriptions, and allowing synchronization between,content and descriptions.

Part 2 — Description definition language: specifies the language for defining the standard set of degcription tools
(DSs, Ds, &nd datatypes) and for defining new description tools.

Part 3 — Visual: specifies the description’tools pertaining to visual content.

Part 4 — Aldio: specifies the description tools pertaining to audio content.

Part 5 — Multimedia description schemes: specifies the generic description tools pertaining tp multimedia
including audio and visual.content.

Part 6 — Reference software: provides a software implementation of the standard.

Part 7 — Conformance testing: specifies the guidelines and procedures for testing conformance of
implementations of the standard.

Part 8 — Extraction and use of MPEG-7 descriptions: provides guidelines and examples of the extraction and
use of descriptions.

© ISO/IEC 2002 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO/IEC 15938-1:2002(E)

Information technology — Multimedia content description
interface —

Part 1:

Systems

1 Scope

This International Standard defines a Multimedia Content Description Interface, specifying a series
from system to application level to allow disparate systems to interchange information about multime
describes the architecture for systems, a language for extensions and specific. applications, descriptiq

audio and yisual domains, as well as tools that are not specific to audio-visual domains.

of interfaces
Hia content. It
n tools in the

This part ¢f ISO/IEC 15938 specifies system level functionalities for the communication of multimedia content

descriptions. ISO/IEC 15938-1 provides a specification which will:

— enablg development of ISO/IEC 15938 receiving sub-systems, called ISO/IEC 15938 Terminal,
short, to receive and assemble possibly partitioned and.compressed multimedia content descripti
— provide rules for the preparation of multimedia content descriptions consisting of the tools specifi
4 and p of ISO/IEC 15938 for efficient transport and storage.

The decodjng process within the ISO/IEC 15938 Terminal is normative. The rules mentioned provide
the preparation and encoding of multimedia content descriptions without leading to a unig
representation of such descriptions.
This part of the MPEG-7 Standard is intended to be implemented in conjunction with other parts of th
particular,
its normati
and descri
defined in

e syntactic definitions of Descriptors and Description Schemes, as well as in the processi
btions. The methods/for obtaining the descriptions to which the encoding techniques in this
Parts 3, 4, and.5'of ISO/IEC 15938.

MPEG-7 i
Schemes
instantiate

5 an extensible standard. The standard method of extending the standard beyond th

descriptions. Further details are available in Part 2.

r Terminal in
ns

ed in Parts 3,

guidance for
ue encoded

b standard. In

MPEG-7 Part 1: Systems assumes some knowledge of Part 2: Description Definition Langdage (DDL) in

ng of schema
part refer are

b Description

rovidediin the standard is to define new ones in the DDL, and to make those DSs as accg¢ssible as the

|
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2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO/IEC 15938. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this part of ISO/IEC 15938 are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards. The Telecommunication Standardization Bureau
maintains a list of currently valid ITU-T Recommendations.

NOTE Th

NOTE Th

ISO/IEC 10646-1:2000, Information technology — Universal Multiple-Octet Coded Character Set (UCS) —

. Joid 4 (M=) W RN TH H LD
Paf't 1. A”CIIILUULUIG arrd DasIC vrdianrigudar r-iaric

XML, Ext
<http://wy

XML Sch
XML Sch
XML Sch
XML Sch

XPath, Xi
<http://wy

Namespa
<http://w\

RFC 239

IEEE Sta

http://stapdards.ieee.org/reading/ieee/std_public/description/busarch/754-1985 desc.html

e UTF-8 encoding scheme is described in Annex D of ISO/IEC 10646-1:2000.

ensible Markup Language (XML) 1.0, 6 October 2000
vw.w3.0rg/TR/2000/REC-xmI-20001006>

ema, W3C Recommendation, 2 May 2001 <http://www.w3.org/XML/Schema>
ema Part 0: Primer, W3C Recommendation, 2 May 2001 <http://mwywaw-w3.org/TR/xmlschemp-0/>

ema Part 1: Structures, W3C Recommendation, 2 May 2001 <hitp://www.w3.org/TR/xmlIscHema-1/>
ema Part 2: Datatypes, W3C Recommendation, 2 May 2001 <http://www.w3.org/TR/xmlschema-2/>

VIL Path Language, W3C Recommendation, 16 November 1999
yw.w3.0rg/TR/1999/REC-xpath-19991116>

ces in XML, W3C Recommendation, 14 January 1999
yw.w3.0rg/TR/1999/REC-xml-names-19990114>

bse documents are maintained by the W3C (http://www.w3.0rg).
b, Uniform Resource Identifiers-(URI): Generic Syntax.

ndard for Binary Floating-Point Arithmetic, Std 754-1985 Reaffirmed1990,

© ISO/IEC 2002 — All rights reserved
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3 Terms and definitions
3.1 Conventions

3.1.1 Naming convention

In order to specify data types, Descriptors and Description Schemes, this part of ISO/IEC 15938 uses constructs
specified in ISO/IEC 15938-2, such as "element", "attribute", "simpleType" and "complexType". The names
associated with these constructs are created on the basis of the following conventions:

If the name_is compaosed of various words, the first letter of each word is capitalized. The rule for the capitalization
of the first word depends on the type of construct and is described below.

— Elemént naming: the first letter of the first word is capitalized (e.g. TimePoint element of TimeType).

— Attribute naming: the first letter of the first word is not capitalized (e.g) timeUnit| attribute of
IncrDyrationType).

— complexType naming: the first letter of the first word is capitalized, the suffix "Type" is used at the end of the
name,

— simpleType naming: the first letter of the first word is not capitalized;the suffix "Type" may be uged at the end
of the hame.

3.1.2 Dogumentation convention

3.1.21 [FTextual syntax

The syntay of each XML schema item is specified using the constructs specified in ISO/IEC 15938-21t is depicted
in this docliment using a specific font and background, as shown in the example below:

<complexType name="ExampleType">

<sequyence>
<glement name="Elementl') type="string"/>

</sedquence>

<att#ibute name="attributel" type="string" default="attrvaluel"/>
</complexType>

Non-normative XML examples are included in separate subclauses. They are depicted in this document using a
separate fgnt and background than the normative syntax specifications, as shown in the example below:

<Example] attributel="example attribute value">
<Elenentl>example element content</Elementl>
</Example>

3.1.2.2 Binary syntax

3.1.2.21 Overview

The binary description stream retrieved by the decoder is specified in Clause 7 and Clause 8. Each data item in the
binary description stream is printed in bold type. It is described by its name, its length in bits, and by a mnemonic
for its type and order of transmission. The construct “N+” in the length field indicates that the length of the element
is an integer multiple of N.

© ISO/IEC 2002 — All rights reserved 3
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The action caused by a decoded data element in a bitstream depends on the value of the data element and on data
elements that have been previously decoded. The following constructs are used to express the conditions when
data elements are present:

while ( condition ) {
data_element

}

condition is not true.

If the condition is true, then the group of data elements
occurs next in the data stream. This repeats until the

do {

data_element

The data element always occurs at least once.

} while ( cond

tion ) The data element is repeated until the condition is not true.
if ( condition ) { If the condition is true, then the first group of data
data_element elements occurs next in the data stream.

} else {

If the condition is not true, then the second group of data

data_element elements occurs next in the data stream.
}
for(i=m;iqgn;it+) { The group of data elements occurs((n-m) times. Conditional
data_elemernt constructs within the group of data elements may depend
. on the value of the loop control variable i, which is set to
} m for the first occurrence, incremented by one for
the second occurrence; and so forth.
[* comment [/ Explanatory comment that may be deleted entirely without

in any way altering the syntax.

This syntax u
to a condition
false.

Use of funct

In some synt
decoding par|
e.g. C progrdg

ses the 'C-code' convention.that a variable or expression evaluating to a non-zero value is
that is true and a variable por expression evaluating to a zero value is equivalent to a cond

on-like constructs‘in syntax tables

bx tables, function-like constructs are used in order to pass the value of a certain syntax
bmeter down'to a further syntax table. In that table, the syntax part is then defined like a
m language, specifying in brackets the type and name of the passed syntax element o

parameter, and the«etlrned syntax element type, as shown in the following example:

equivalent
tion that is

element or
function in
I decoding

datatype Fungtion(datatype parameter _name) { Number of bits | Mhemonic
if (parameter_name == ...) {
OtherFunction(parameter_name)
}elseif .....
}else {
}
Return return_value
}
4 © ISO/IEC 2002 — All rights reserved
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Here, the syntax table describing the syntax part called “Function” receives the parameter “parameter_name” which
is of datatype “datatype”. The parameter “parameter_name” is used within this syntax part, and it can also be
passed further to other syntax parts, in the table above e.g. to the syntax part “OtherFunction”.

The parsing of the binary syntax is expressed in procedural terms. However, it should not be assumed that Clause
7 and 8 implement a complete decoding procedure. In particular, the binary syntax parsing in this specification
assumes a correct and error-free binary description stream. Handling of erroneous binary description streams is left
to individual implementations.

Syntax elements and data elements are depicted in this document using a specific font such as the following
example: FragmentUpdatePayload.

boolean

In some gyntax tables, the “true” and “false” constructs are used. If present in the stream “tfue” shall be
represented with a single bit of value "1" and "false" shall be represented with a single bit of value "0".

3.1.2.2.2 | Arrays

Arrays of ¢lata elements are represented according to the C-syntax as described below. It should pe noted that
each indeX of an array starts with the value “0”.

data_element[n] is the n+1th element of an array of data.
data_element[m][n] is the m+1, n+1th element of a two-diménsional array of data.

data_element[l][m][n] is the I1+1, m+1, n+1th element of a‘three-dimensional array of data.
3.1.2.2.3 | Functions

3.1.2.2.31 nextByteBoundary()

The functipn “nextByteBoundary()” reads_and consumes bits from the binary description stream|until but not
including the next byte-aligned position in the binary description stream.

3.1.2.2.4 | Reserved values and forbidden values
The terms ['reserved" and "forbidden" are used in the description of some values of several code and index tables.

The term 'reserved" indicates that the value shall not occur in a binary description stream. It may be used in the
future for IBO/IEC defined extensions.

The term "forbidden” indicates a value that shall not occur in a binary description stream.

3.1.2.2.5 L Reservedbits and stuffing bits

ReservedBits: a binary syntax element whose length is indicated in the syntax table. The value of each bit of this
element shall be “1”. These bits may be used in the future for ISO/IEC defined extensions.

Stuffing bits: bits inserted to align the binary description stream, for example to a byte boundary. The value of
each of these bits in the binary description stream shall be “1”.

3.1.2.3 Textual and binary semantics

The semantics of each schema or binary syntax component, is specified using a table format, where each row
contains the name and a definition of that schema or binary syntax component:

© ISO/IEC 2002 — All rights reserved 5
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Name Definition
ExampleType Specifies an ...
element1 Describes the ...
attribute1 Describes the ...
3.2 Definitions

3.21

access unit

An entity with
access unit is

3.2.2
application

in a description stream that is atomic in time, i.e., to which a composition time Can be attached. An

composed of one or more fragment update units.

An abstractiop of any entity that makes use of the decoded description stream.

3.23

binary access unit
An access unit in binary format as specified in Clause 7 and 8.

3.24

binary descrjiption stream

A concatenat

3.25

on of binary access units as specified in Clause\7-and 8.

binary formdt description tree

The internal &

3.2.6
byte-aligned

A bitin a binx

description s

3.2.7
composition
The pointin t

3.2.8
content part
A particle is g

inary decoder model.

eam.

time

me when a.specific access unit becomes known to the application.

cle

térm in the XML Schema grammar for element content, consisting of eith

FaVil ul oSV

ry description stream is byte-aligned if its position is a multiple of 8-bits from the first bit in

an element de

the binary

Claration, a

wildcard or a

3.29

(P 4 41 el ik Rt PR Ve 5o
MOUTT yroupy, WWyTuiIcT Witlt OUCUTTTTIVE LUTTSU AlNTLS. TNTITTS WU TOUNEW TJJI

context mode
Information in the fragment update context specifying how to interpret the subsequent context path information.

3.2.10

context node
The context node is specified by the context path of the current fragment update context. It is the parent of the

operand node

o
L.

© ISO/IEC 2002 — All rights reserved
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3.2.11
context path
Information that identifies and locates the context node and the operand node in the current description tree.

3.212
current context node
The starting node for the context path in case of relative addressing.

3.213
current description
The description that is conveyed by the initial description and all access units up to a given composition time.

3.214
current dgscription tree
The description tree that represents the current description.

3.215
DDL parser
An application that is capable of validating description schemes (content and strueture) and descripfor data types
against thgir schema definition.

3.2.16
delivery Igyer
An abstraction of any underlying transport or storage functionality.

3.217
derived type
A type defined by the derivation of an other type.

3.218
described|time
A point in|time or range of time, embedded in-the description, that is related to the media desg¢ribed by the
description. Note that there is no intrinsic relation between the described time and the composition time of an
access unit. This information is e.g. carried by instances of the MediaTimeType defined in ISO/IEC 15p38-5.

3.219
description
Short term|for multimedia content description.

3.2.20
description composer
An entity that reconstitutes the current description tree from the fragment update units.

3.2.21

description fragment

A contiguous'part of a description attached at a single node. Using the representation model of a depcription tree,
the descripti i = ipti

3.2.22

description stream
The ordered concatenation of either binary or textual access units conveying a single, possibly time-variant,
multimedia content description.

3.2.23

description tree

A model that is used throughout this specification in order to represent descriptions. A description tree consists of
nodes, which represent elements or attributes of a description. Each node may have zero, one or more child nodes.
Simple content are considered as child nodes in Clause 7 of the specification.

© ISO/IEC 2002 — All rights reserved 7
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3.2.24

effective content particle
The particle of a complexType used for the validation process.

3.2.25

fragment update command
A command within a fragment update unit expressing the type of modification to be applied to the part of the
current description tree that is identified by the associated fragment update context.

3.2.26

fragment update component extractor

An entity that
fragment upd

3.2.27
fragment up

de-multinlexes a fraament undate unit _resultina in the unit's components: fraament undate
™ b4 g Y B4 L I~ ™

ate context, and fragment update payload.

Hate context

Information in a fragment update unit that specifies on which node in the current description tree th

update comn
element encg

3.2.28
fragment up

ded in the subsequent fragment update payload.

fHate payload

Information in a fragment update unit that conveys the information whichzis“added to the current de

which replace

3.2.29
fragment up
The entity thg

3.2.30
fragment up

s a part of the current description.

Hate payload decoder
t decodes the fragment update payload information of the fragment update.

Hate unit

command,

b fragment

nand shall be executed. Additionally, the fragment update context specifies the data type of the

Ecription or

Information ip an access unit, conveying a description or a portion thereof. Fragment update units provide the

means to mo
update conte

3.2.31

fragment up
Configuration
decoding pro

3.2.32

initial descri
A description
description is

3.2.33

dify the current description. They are weminally composed of a fragment update command,
xt and a fragment update payload.

Hate decoder parameters
parameters conveyed' in the DecoderInit (see 6.2 and 7.2) that are required to
cess of the fragmentwpdate decoder.

ption
that initialises the current description tree without conveying it to the application (see 5.3)
part ofthe’ DecoderInit (see 6.2 and 7.2).

initialisation

a fragment

specify the

The initial

extractor

An entity that de-multiplexes the DecoderInit (see 6.2 and 7.2), resulting in its components initial description,
fragment update decoder parameters and schema URI.

3.2.34

multimedia content description
The description of audiovisual data content in multimedia environments using the tools and elements provided by

the parts 2, 3

,4 and 5 of ISO/IEC 15938.
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3.2.35

operand node

The node in the binary format description tree that is either added, deleted or replaced according to the current
fragment update command and fragment update payload. The operand node is always a child node of the context
node.

3.2.36

schema

A schema is represented in XML by one or more "schema documents”, that is, one or more "<schema>" element
information items. A "schema document" contains representations for a collection of schema components, e.g. type
definitions and element declaratlons WhICh have a common target namespace. A schema document which has

schema rgsolver
An entity that is capable of resolving the schema identification provided in the DecodexInit (see|6.2 and 7.2),
and to possibly retrieve the specified schemas.

3.2.38
schema URI
A URI that|uniquely identifies a schema.

3.2.39
schema valid
A descriptipn that is schema valid satisfies the constraints embadied in the Schema to which it should jconform.

3.2.40
selector npde
The parent node of the topmost node of a descriptioniree. It artificially extends the description tre¢ to allow the
addressing of the topmost node.

3.2.41
super type
The paren{ of a type in its type hierarchy.

3.242
systems layer
An abstraction of the tools andprocesses specified by this part of ISO/IEC 15938.

3.243
terminal
The entity that makes‘use of a coded representation of a multimedia content description.

3.2.44
textual acgess unit
An access unitimtextuat formatas specifiedim Ctause 6.

3.2.45
textual description stream
A concatenation of textual access units as specified in Clause 6.

3.2.46

topmost node

The node specified by the first element in the description, instantiating one of the global elements declared in the
schema.

© ISO/IEC 2002 — All rights reserved 9
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3.2.47

type hierarchy
The hierarchy of type derivations.

3.3.48
validation

The process of parsing an XML document to determine whether it satisfies the constraints embodied in the Schema
to which it should conform.

4 Symbols and abbreviated terms

4.1 Abbrelliations

AU
BiM

D
DDL
DL
DS
FU
FUU
FSAD
MPC
SBC
SPC
TBC
TeM
URI
URL
UTF
XML
XPath

Access Unit

Binary format for multimedia description streams
Descriptor

Description Definition Language

Delivery Layer

Description Scheme

Fragment Update

Fragment Update Unit

Finite State Automaton Decoder

Multiple element Position Code

Schema Branch Code

Single element Position Code

Tree Branch Code

Textual format for multimedia description streams
Uniform Resource Identifier

Uniform Resource Locator

Universal Character Set Transformation Formats
Extensible Markup Language

XML Path Language

4.2 Mathematical operators

The mathemptical~Operators used to describe this part of ISO/IEC 15938 are similar to those usef in the C
programming| language. However, integer divisions with truncation and rounding are specifically defined.
Numbering and counting loops generally begin from zero.

4.2.1 Arithmetic operators

+

++

10

Addition.
Subtraction (as a binary operator) or negation (as a unary operator).
Increment. i.e. x++ is equivalentto x = x + 1

Decrement. i.e. x-- is equivalent to x = x - 1
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Multiplication.

A Power.

() sign@=]
sign sign(x) =

? & -1 x<0
abs( ) abs(x) = x - sign(x)

log2(..) log2(x) =log. (x)

ISO/IEC 15938-1:2002(E)

. ) int(x)+1 x>0
ceil(..) ceil(x) =1
int(x) x<0
int(..) truncation of the argument to its integer value, e.g. 1.3 is truncated to 1 and—3.7 is truncated to -3.

i<b

Z f(i)
4.2.2 Logical operators
I Logical OR.
&& Logical AND.

! Logical NOT.

4.2.3 Relational operators

> Greater than.

>= Greater than or equal to.
< Less than.

<= Less than or €qual to.
== Equal tof

1= Not-equal to.

max (, ...,) L_the maximum value in the argument list

the summation of the f(i) with i taking integral values from a up-t0,"but not including b.

min (, ... ,) the minimum value in the argument list.

4.2.4 Assignment

= Assignment operator.

4.2.5 Character string comparison

Many phases of the fragment encoding rely on a string comparison method. This method is based on the Unicode
value of each character in the strings. The following defines the notion of lexicographic ordering:

© ISO/IEC 2002 — All rights reserved
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re different if they have different characters at some index that is a valid index for both strings, or if

their lengths are different, or both.

If they have different characters at one or more index positions, let k be the smallest such index; then the string
whose character at position k has the smaller value, as determined by using the < operator, lexicographically
precedes the other string.

If there is no index position at which they differ, then the shorter string lexicographically precedes the longer string.

This string comparison is described by each method that is functionally equivalent to the following procedure:

4.3 Mnem

comoat strings (ot v1nol ostring2)
™ T T=7 T=7

L
T

lenl

length (stringl) ;

len?2 length (string2) ;

min(lenl, len2);

0;

0;

while (n-- !'= 0) {

cl stringl [i++];

c2 string2 [Jj++];

if (¢l !'= c2) {

return cl - c2;
}

}

return 1lénl” - len2;

lonics

eriba

noamaniec-are

The following

Name

Definition

bslbf

Bit string, left bit first, where "left" is the order in which bit strings are written in this part of
ISO/IEC 15938. Bit strings are generally written as a string of 1s and Os within single quote
marks, e.g. 1000 0001'. Blanks within a bit string are for ease of reading and have no
significance. For convenience large strings are occasionally written in hexadecimal, in this case
conversion to a binary in the conventional manner will yield the value of the bit string. Thus the
left most hexadecimal digit is first and in each hexadecimal digit the most significant of the four
bits is first.

12
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uimsbf

Unsigned integer, most significant bit first.

viclbf

Variable length code, left bit first, where "left" refers to the order in which the VLC codes are

written. The byte order of multibyte words is most significant byte first.

vluimsbf8

Variable length code unsigned integer, most significant bit first. The size of viuimsbf8 is a
multiple of one byte. The first bit (Ext) of each byte specifies if set to 1 that another byte is
present for this viuimsbf8 code word. The unsigned integer is encoded by the concatenation of

the seven least significant bits of each byte belonging to this viuimsbf8 code word

An example for this type is shown in Figure 1.

viuimsbf5

Variable length code unsigned integer, most significant bit first. The first n bits~(Ex
except of the n-th bit which is 0, indicate that the integer is encoded by n times4 4

An example for this type is shown in Figure 2.

its.

f) which are 1

Ext

7 most significant bits of a 14 bit integer Ext 7 least significant bits of a 14 bit integer

A

. .
> L |

A

1
MSB |2.Bit | 3.Bit | 4Bit | 5.Bit| 6.Bit | 7.Bit |,

0
ol

|
|
o0 |
D |
e
o !
w1
1;:
=N
b @
:u—r
| o=
| B!
—
‘-Nl
=
[
et
T |

Figure 1 — Informative examplefor the viuimsbf8 data type

Ext bits unsigned integer represented by 12 bits
+—> «¢ >
1 1 0 IrMSB Bit 1 *Bit 2 Bit3: IrBit4 Bit5 Bit6 Bit7: Ir Bit8 Bit9 Bit10 Bitl
e oo o e e - e e e o ] e oo o e e e e e o e e o e o

Figure.2 — Informative example for the viuimsbf5 data type
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5 System architecture

5.1 Terminal architecture

ISO/IEC 15938 provides the means to represent coded multimedia content descriptions. The entity that makes use
of such coded representations of the multimedia content description is generically referred to as the “ISO/IEC
15938 terminal” or just “terminal” in short. This terminal may correspond to a standalone application or be part of an
application system.

This and the following three subclauses provide the description of an ISO/IEC 15938 terminal, its components, and
their operation. The architecture of such a terminal is depicted in Figure 3. The following subclauses introduce the

tools specifiefl in this part of the specification.

In Figure 3, there are three main layers outlined: the application, the normative systems layer;yand t
15938-1 is not concerned with any storage and/or transmission media (whese”beha

This specification does make specific assumptions about the delivery layer, and those assumptions are
subclause 5.5.4. The systems layer, which is the subject of this part of ISO/IEC 15938;,defines a decg
architecture ip described here to provide an overview and to establish common terms of reference. A
decoder needl not implement the constituent parts as visualised in Figure 3, but.shall implement the
decoding progess specified in Clauses 6 through 8.

5.2 Genergl characteristics of the decoder

5.2.1 General characteristics of description streams
An ISO/IEC 15938 terminal consumes description streams and outputs a — potentially dynamic — repred
the descriptign called the current description tree. Description’streams shall consist of a sequence of o
individually apcessible portions of data named access_units. An Access Unit (AU) is the smallest da
which “terminal-oriented” (as opposed to “described-media oriented”) timing information can be attrit
timing information is called the “composition” time, meaning the point in time when the resulting current
tree correspdnding to a specific access unit becomes known to the application. The timing informatig

he delivery
viours and

are abstracted by the delivery layer) or the way the application processes the current dlescription.

outlined in
der whose
compliant
normative

entation of
ne or more
a entity to
uted. This
description
n shall be

carried by the delivery layer (see subclause~5.5.4). The current description tree shall be schematvalid after

processing each access unit.

y a textual
5 termed a
and 8). A
at for the
ose listed

A description
decoder (se€

consisting of textual accéss units is termed a textual description stream and is processed K
subclause 5.2.2 and, clause 6). A description stream consisting of binary access units i
binary description stream and isiprocessed by a binary decoder (see subclause 5.2.3 and Clauses 7
mixture of bgth formats in asingle stream is not permitted. The choice of either binary or textual forln
description stream is application dependent. Any valid ISO/IEC 15938 description, with the exception of th
in 5.6.4, may|be conveyedtin either format.

5.2.2 Princ|ples.-of-the textual decoder (informative)

The ISO/IEQ 15938-1 method for textual encoding, called TeM, enables the dynamic and/or progressive
transmission of descriptions using only text. The original description, in the form of an XML document, is partitioned
into fragments (see 5.5.1) that are wrapped in further XML code so that these resulting AUs can be individually
transported (e.g. streamed or sent progressively). The decoding process for these AUs does not require any
schema knowledge. The resulting current description tree may be byte-equivalent to the original description if
desired by the encoder, but it may also exhibit dynamic characteristics such that certain parts of the description are
present at the decoder only at chosen times, are never present at all, or appear in a different part of the tree.

5.2.3 Principles of the binary decoder (informative)

Using the ISO/IEC 15938-1 generic method for binary encoding, called BiM, a description (nominally in a textual
XML form) can be compressed, partitioned, streamed, and reconstructed at terminal side. The reconstructed XML
description will not be byte-equivalent to the original description. Namely, the binary encoding method does not

14 © ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=e9f3e99cd489d2467fd0423be59d9910

ISO/IEC 15938-1:2002(E)

preserve processing instructions, attribute order, comments, or non-significant whitespace. However, the encoding
process ensures that XML element order is preserved.

The BiM, in order to gain its compression efficiency, relies on a schema analysis phase. During this phase, internal
tables are computed to associate binary code to XML elements, types and attributes. This principle mandates the

full knowledge of the same schema by the decoder and the encoder for maximum interoperability.

As with the textual decoder, the resulting current description tree may be topologically equivalent to the original
description if desired by the encoder, but it may also exhibit dynamic characteristics such that certain parts of the
description are present at the decoder only at chosen times, are never present at all, or appear in a different part of

the tree.

5.3 SeqLence of events during decoder initialisation

The decod
in 6.2 and
specificatid
access uni
access ur
Decoder]
is also rect
54.

Er set-up is signalled by the initialisation extractor receiving a textual or binary DecoderIn
7.2). The signalling of the use of either binary or textual encoding is outside the
n. However, if the DecoderInit is binary, then the following description stream shall cor
Es. Similarly, if the DecoderInit is textual, then the following descriptionistream shall con
its. The DecoderInit shall be received by the systems layer from the deliver
nit will typically be conveyed by a separate delivery channel compared to the description
bived from the delivery layer. The component parts of the descripfion’stream are discussed

it (specified
scope of this
sist of binary
sist of textual

layer. The
stream, which
in subclause

Application
Schema Current DescriptiomTree
[ N\ ]
| description | Systems Layer
i composer i
| i
i S i
Update Context Description
Command Fragment
FU payload FU decoder
decoder
. * ]
Schema Context
[N \ ]
i schema | FU command FU context
|
! kesbolver | decoder decoder
S |
tFu tru FU
Command Context Payload
Séhema I;U Decc:der‘ y!
URIs arameters FU component extractor
initialisation £
extractor Initial }
Description b
A
Decoderlnit Description
Stream|(concatenation of Access Units)

Delivery Layer
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Figure 3 — Terminal Architecture
Dashed boxes in the systems layer are non-normative. FU is an abbreviation for Fragment Update.
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The DecoderInit contains a list of URIs that identifies schemas, miscellaneous parameters to configure the
decoder (FU Decoder Parameters, in Figure 3), and an initial description. There shall be only one DecoderInit
per description stream. The list of URIs (Schema URIs, in Figure 3) is passed to a schema resolver that associates
the URIs with schemas to be passed into the fragment update decoder (see subclauses 6.2 and 7.2). The schema
resolver is non-normative and may, for example, retrieve schema documents from a network or refer to pre-stored
schemas. The resulting schemas are used by the binary decoder specified in Clauses 7 and 8 and by any textual
DDL parser that may be used for schema validation. If a given Schema URI is unknown to the schema resolver, the
corresponding data types in a description stream shall be ignored (i.e., “skipped” and not processed).

The initial description has the same general syntax and semantics as an access unit, but with restrictions, as
described in subclauses 6.2 and 7.2. The |n|t|aI descrrptron initialises the current descrrptron tree wrthout conveying
it to the appligs , description
stream. The initial descnptlon may be empty, since a schema- valld current descr|pt|on tree for consumption by the
application ng¢ed only be generated after the first access unit is decoded.

5.4 Decoder behaviour

The descriptipn stream shall be processed only after the decoder is initialised. The behaviour of the degoder when
access units pre received before the decoder is initialised is non-normative. Specifically, there is no reqliirement to
buffer such “garly AUs.”

An access urlit is composed of any number of fragment update units, each of\which is extracted in sequgnce by the
fragment updpte component extractor. Each fragment update unit consists.of:

— a fragmgnt update command that specifies the type of update -to be executed (i.e., add, replac¢ or delete
content qr a node, or reset the current description tree);

— a fragmgnt update context that identifies the data type in ‘agiven schema document, and points to the location
in the cufrent description tree where the fragment update command applies; and

— afragment update payload conveying the coded description fragment to be added or replaced.

A fragment update extractor splits the fragment update units from the access units and emits the above fomponent
parts to the rgst of the decoder. The fragmentupdate command decoder generally consists of a simple table lookup
for the updae command to be passed, ontto the description composer. The decoded fragment update context
information (lcontext’ in Figure 3) is passed along to both the description composer and the fragmgent update
payload decdder. The fragment update-payload decoder embodies the BiM Payload decoder (Clause §) or, in the
case of the TEM, a DDL parser, which decodes a fragment update payload (aided by context informatior}) to yield a
description fragment (see Figuré 3).

The corresponding update.command and context are processed by the non-normative description compgser, which
either places|the description fragment received from the fragment update payload decoder at the appropriate node
of the current description tree at composition time, or sends a reconstruction event containing this information to
the applicatipn. Fhe actual reconstruction of the current description tree by the description cdmposer is
implementatipn<specific, i.e., the application may direct the description composer to prune or ignorel unwanted
elements as desired There is no requirement on the format of this current description tree e g it maly remain a

binary representation.

5.5 Issues in encoding descriptions

5.5.1 Fragmenting descriptions

A description stream serves to convey a multimedia content description, as available from a (non-normative)
sender or encoder, to the receiving terminal, possibly by incremental transmission in multiple access units. Any
number of decompositions of the source description may be possible and it is out of scope of this specification to
define such decompositions. Figure 4 illustrates an example of a description, consisting of a number of nodes, that
is broken into two description fragments.
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If multiple description fragments corresponding to a specific node of the description are sent (e.g., a node is
replaced) then the previous data within the nodes of the description represented by that description fragment
become unavailable to the terminal. Replacing a single node of the description shall effectively overwrite all

children of

NOTE

that node.

If an application wishes to retain such updated node information, it may do so. However, access to

portions of the description is outside the scope of this specification.

such outdated

5.5.2 Def

With both
description
deferred 1
unambigug
application|
steps.

The typica
of the tree
current de
deferred n
internally i

Figure 4 — Decomposition of a description into two description fragments

erred nodes and their use

he TeM and the BiM, there exists the possibility forthe encoder to indicate that a node
tree is “Deferred.” A deferred node shall not contaif content, but shall have a type associg
ode is addressable on the current description"tree (there is a fragment update
usly points to it), but it shall not be passed ofito any further processing steps, such as 3
. In other words, a deferred node is a placeholder that is rendered “invisible” to subseque

use of deferred nodes by the encoder’is to establish a desired tree topology without senc
Nodes to be sent later are marked as “deferred” and are therefore hidden from a pars¢g
scription tree minus any deferred” nodes must be schema-valid at the end of each acc

n the current
ted with it. A
context that
parser or an
ht processing

ing all nodes
r. Hence, the
pss unit. The

bdes may then be replaced.in"any subsequent access unit without changing the tree topology maintained

n the decoder. However, (there is no guarantee that a deferred node will ever be filled by

A subsequent

fragment update unit within the description stream.

5.5.3 Mahaging schema-version compatibility with ISO/IEC 15938-1
bnceivable that'a given schema will be updated during its lifetime. Therefore, ISO/IEC 1593
constraints, interoperability between different versions of ISO/IEC 15938 schema definition
ige of-all. schema versions being required.

8-1 provides,
s, without the

It is very c
with some
full knowle

Two differgnt’forms of compatibility between different versions of schema are distinguished. In both cases, it is
assumed that the updated version of a schema imports the previous version of that schema. Backward
compatibility means that a decoder aware of an updated version of a schema is able to decode a description
conformant to a previous version of that schema. Forward compatibility means that a decoder only aware of a
previous version of a schema is able to partially decode a description conformant to an updated version of that
schema.

With both the textual and binary format, backward compatibility is provided by the unique reference of the used
schema in the DecoderInit using its Schema URI as its namespace identifier.

When using the binary format, forward compatibility is ensured by a specific syntax defined in Clause 7 and 8. Its
main principle is to use the namespace of the schema, i.e., the Schema URI, as a unique version identifier. The
binary format allows one to keep parts of a description related to different schema in separate chunks of the binary
description stream, so that parts related to unknown schema may be skipped by the decoder. In order for this
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approach to work, an updated schema should not be defined using the ISO/IEC 15938-2 “redefine” construct but
should be defined in a new namespace. The Decoder Initialisation identifies schema versions with which
compatibility is preserved by listing their Schema URIs. A decoder that knows at least one of the Schema URIs will
be able to decode at least part of the binary description stream.

5.5.4 Reference consistency (informative)

The standard itself cannot guarantee reference (link) consistency in all cases. In particular, XPath-style references
cannot be guaranteed to point to the correct node, especially when the topology of the tree changes in a dynamic
or progressive transmission environment. With ID/IDRef, the system itself cannot guarantee that the ID element will
be present, but during the validation phase, all such links are checked, and thus their presence falls under the

directive thatmmmWypically to
iments, and should be understood not to be under control by the referrer (and-ith

external doc refore not
guaranteed).
5.6 Differences between the TeM and BiM

5.6.1 Introg
BiM and TeM
methods allg
differences in

5.6.2 Use gf schema knowledge

The TeM ddg

identifying the¢ operand node on which the fragment update command is applied is generated with refer

current desc
operates on
instantiated n
validation to |

The BiM relig
all potential e
received in

compression
tree as avail
schema can

instantiation ¢f the addressed-nede is noted. The current description tree is built by the set of all of the i

nodes. One 1
“sticky”: oncel
context, the g

5.6.3 Upda

uction

are two similar methods to fragment and convey descriptions as_a. description stream.
W one to convey arbitrary descriptions conformant to Parts 3-x“5 of this specification
the TeM- and BiM-encoded representation of the description as*well as in the decoding prg

es not require schema knowledge to reconstittedescriptions; hence, the context

iption tree as available to the decoder before-processing the current fragment update
an instantiation-based model: one begins.‘with a blank slate (a single selector node)
odes as they are presented to the terminal: Schema knowledge is, of course, necessary
e performed.

s upon schema knowledge, i.e., the FU decoder implicitly knows about the existence and
ements as defined by the schema, no matter whether the corresponding elements have ac
the instantiated description.. This shared knowledge between encoder and decoder
of the context information and makes the context information independent from the current
hble to the decoder. JThe BiM operates on a schema-based model: all possibilities defi

on-obvious censequence of this BiM model is that numbering in the internal binary decod
an elementistinstantiated and thus assigned an address in the internal binary decoder n
ddress igunaffected by operations on any other nodes.

e command semantics

\While both
structural
cess exist.

nformation
bnce to the
The TeM
and adds
or schema

position of
fually been

improves
description
hed by the

be unambiguouslytaddressed using the context information, and as a payload is @dded, the

hstantiated
Br model is
odel by its

The commands in TeM and BiM are named differently to reflect the fact that the commands operate on different
models and have different semantics. The TeM commands have the suffix “node” because the TeM operates
(nearly) directly on the current description tree, and thus the removal of a node completely removes it from the tree.
The BiM commands have the suffix “content” because the addressing on the current description tree is by
indirection, through an internal binary decoder model. Removal of an address, from the point of view of the
application, removes the node and its content (sub-elements and attributes) from the current description tree,
however the addressed node is still present in the internal decoder model (binary format description tree).

In the TeM, the commands are AddNode, ReplaceNode, and DeleteNode. The AddNode is effectively an “append”
command, adding an element among the existing children of the target node. Insertion between two already-
received, consecutive children of a node is not possible. One must replace a previously deferred node. By
performing a DeleteNode on a node on the current description tree, the addressable indices of its siblings change
appropriately.
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In the BiM, the commands are AddContent, ReplaceContent and DeleteContent. The AddContent conveys the
node data for a node whose path within the description tree is predetermined from the schema evaluation as
described in 5.6.2. Hence, internally to the BiM decoder, the paths to (or addresses of) non-empty sibling nodes
may be non-contiguous, e.g., the second and fourth occurrence of an element may be present. The “hole” in the
numbering is not visible in the current description tree generated by the description composer. Hence, if the third
occurrence of said element is added (using AddContent) in a subsequent access unit, it appears to any further
processing steps as an “inserted” element in the current description tree, while it simply fills the existing “hole” with
respect to the internal numbering of the BiM decoder. Similarly, DeleteContent does delete the node data, but does
not change the context path to this node. ReplaceContent replaces node data and does not change the context

path to this

For both

node either.

DecoderI

5.6.4 Restrictions on descriptions that may be encoded

The TeM
the replac
addressed

Wildcards
schema th

5.6.5 Naj

When navi

ypes of decoders_the “Reset” command reverts the dpe(‘rilnfinn to_the initial desc

nit.

as limited capability to update mixed content models (defined in ISO/IEC _15938-2). Althg
ment of the entire element, or the replacement of child elements, the mixed content its|
or modified.

hnd mixed content models (defined in ISO/IEC 15938-2) are not supported at all by the BiM
ht uses these mechanisms cannot be supported by the binary fofmat.

yigation

pating through a TeM description, at each step the different possible path is given by the e

iption in the

ugh it allows
elf cannot be

. Therefore a

ement name,

an index, gnd, possibly, a type identifier. The concatenation.of‘that information is expressed (in a redliced form) by
XPath.

In BiM, eagh step down the tree hierarchy is given by a tree branch code (TBC), whose binary cod|ng is derived
from the sghema. The concatenation of all TBCs censtitutes the context path information.

Both mecHanisms in TeM and BiM allow for ‘absolute and relative addressing of a node, starting efther from the
topmost nqde of the description or a context:node known from the previous decoding steps.

5.6.6 Multiple payloads

With the B
implicitly o

5.7 Characteristics of the delivery layer

The delive
description
the describ

M, for compression«gefficiency, there may be multiple payloads within a single fragment up
perate on subsequent nodes of the same type. This feature does not exist in the TeM.

y layer-is an abstraction that includes functionalities for the synchronization, framing and n
streams with other data streams. Description streams may be delivered independently or

date unit that

hultiplexing of
together with
8.

ed 'multimedia content. No specific delivery layer is specified or mandated by ISO/IEC 1593

Provisions

for two different modes of delivery are supported by this specification:

Synchronous delivery — each access unit shall be associated with a unique time that indicates when the

description fragment conveyed within this access unit becomes available to the terminal. This point in time is
termed “composition time.”

— Asynchronous delivery — the point in time when an access unit is conveyed to the terminal is not known to the
producer of this description stream nor is it relevant for the usage of the reconstructed description. The
composition time is understood to be “best effort,” and the order of decoding AUs, if prescribed by the producer
of the description, shall be preserved. Note, however, that this in no way precludes time related information
(“described time”) to be present within the multimedia content description.

© ISO/IEC 2002 — All rights reserved
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A delivery layer (DL) suitable for conveying ISO/IEC 15938 description streams shall have the following properties:

— The DL shall provide a mechanism to communicate a description stream from its producer to the terminal.

— The DL shall provide a mechanism by which at least one entry point to the description stream can be identified.
This may correspond to a special case of a random access point, typically at the beginning of the stream.

— For applications requiring random access to description streams, the DL shall provide a suitable random
access mechanism.

— The DL shall provide delineation of the access units within the description stream, i.e., AU boundaries shall be

preserve

— The DL
stream h

— The DL s
— The DL
terminal
informati
— The DL s
— In synch
correspo

respectiv

— If an app|
to provid

Companion r

Fermd=to-end:

bhall preserve the order of access units on delivery to the terminal, if the producer-of the
as established such an order.

shall provide a means to deliver the DecoderInit information (see.subclauses 6.2 and
before any access unit decoding occurs and signal the coding“format (textual/bina
bn.

hall provide signalling of the association of a description stream’to one or more media streg
hding to the composition time (see section on synehranous delivery earlier in this subcla
e access unit.

b that functionality transparently to the systems layer.

bquirements exist in order to establish’ the link between the multimedia content descripti

description

hall provide either error-free access units to the terminal or an indication that‘amerror occufred.

7.2) to the
y) of said

ms.

ronous delivery mode, the DL shall provide time stamping of access units, with the tifne stamps

Lise) of the

ication requires access units to be of equal ar,restricted lengths, it shall be the responsibility of the DL

bn and the

described conmtent itself. These requirements, however, may apply to the delivery layer of the description stream or

to the deliver

— The DL f
content n

— The DL f
describe

layer of the described content streams, depending on the application context:

pr the description stream(or\the described content shall provide the mapping information b
eferences within the description stream and the described streams.

pr the description 'stream or the described content shall provide the mapping information b
] time and the time of the described content.

btween the

btween the
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6 Textual Format-TeM

6.1 Ove

rview

The following subclauses specify the syntax elements and associated semantics of the textual format for ISO/IEC
15938 descriptions, abbreviated TeM. The textual DecoderInit (6.2), the textual AccessUnit (6.3), and the
textual fragment update unit (6.4), with its constituent parts: the textual fragment update command (6.5), textual

fragment update context (6.6) and textual fragment update payload (6.7).
The following schema wrapper shall be applied to the syntax defined in Clause 6.
<schema [gkmlns="http://www.w3.0rg/2001/XMLSchema"
xplns:mpeg7s="urn:mpeg:mpeg’/:systems:2001"
thrgetNamespace="urn:mpeg:mpeg7:systems:2001"
elementFormDefault="qualified"
attributeFormDefault="unqualified">
<V -- here clause 6 schema definition -->
</schemal>
6.2 Textual Decoderlnit
6.2.1 Syntax
<U—— S HFHSF S F A S >
<!-- Deflinition of DecoderInit ==>
<U—— S HSF S F A R S >
<complexType name="mpeg7/s:DecoderInitType">
<seqyence>
<g¢lement name="SchemaReference" type="mpeg’/s:SchemaReferenceType"
maxOccurs="unkbounded" />
<g¢lement name="InitialDescription" type="mpeg7/s:AccessUnitType"
minOccurs="0"/>
</sedquence>
<attgfibute name="slystemsProfilelevelIndication" type="decimal"
uses"required"/>
</complexType>
<complexType name="SchemaReferenceType'">
<att#ibutes name="name" type="anyURI" use="required"/>
<attyibute name="locationHint" type="anyURI" use="optional"/>
</complekDyvpes

6.2.2 Semantics

The DecoderInit is used to initialise configuration parameters required for the decoding of the textual access

units.
Name Definition
SchemaReference A list of references to the schemas used by the description. Each reference

consists of a schema URI and a location hint URI. The URI identifies the
namespace associated with the schema, as specified in ISO/IEC 15938-2. The
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locationHint is a valid and up-to-date URI that is guaranteed to provide open
access to the schema. It shall be present in every case except when it is precisely
identical to the corresponding URI.

NOTE A terminal need not use the locationHint to locate the schema and may
access the schema definition associated with the schema URI using other implementation-
defined means. In fact, some terminals may not be capable of retrieving or parsing new
schemas.

InitialDescription

This optional element conveys portions of a description using the same syntax and
semantics as an access unit (see 6.3). The following restrictions on

InitislDoscrintion comparedtoareaular fraament undate unit an Iy'
T Y g ) ] = ePRlY-

— For all fragment update units within the InitialDescription; FUCommand
shall take the value "addNode".

— The FUContext of the first fragment update’ unit within the
InitialDescription shall have the value of !/ “referring to the instance
document's root element.

The FUPayload(s) shall contain the instance ‘data for the initial description. This
instance data provides an initial state of the current description tree.

Decoding the InitialDescription plus any subsequent AU or AUs|shall lead,
after composition, to a schema-valid<urrent description tree that may bg passed to
the application.

systemsProfi

eLevellndication

Used to indicate which Systems profile and level is being used, as defingd in Table
1. This table, defined in Clause 7, provides the code associated with edch defined
Systems profile and level

NOTE Th
therefore, the ¢

6.3 Textual Access Unit

6.3.1 Syntax

bt the system layer is not required fo-output a current description tree after decoding the initial desgription and,

ecoded instance data need not result in a schema-valid description.

SR 8 i 6 o i i AR
<!-- Definition( of AccessUnitType ==>
<U—— HE#AHFH AR H A A A AR A AR F R H AR F AR HHE ——>

<complexTypavname="AccessUnitType">

<sequence>
<element name="FragmentUpdateUnit" type="mpeg7s:FragmentUpdateUnitType"
maxOccurs="unbounded" />

</sequence>
</complexType>

6.3.2 Semantics

An AU is composed of a sequence of fragment update unit(s). Multiple fragment update units in an access unit are
ordered and shall be processed by the terminal such that the result of applying the commands is equivalent to
having executed them sequentially by the description composer in the order specified within the access unit. The

22
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current description tree resulting after composition must be schema valid after all fragment update units have been
processed, but intermediate results need not be schema valid.

Name Definition

FragmentUpdateUnit  See 6.4.

6.4 Textual Fragment Update Unit

6.4.1 Sy|||tax

SR 8 i i i A
<!-- Degfinition of FragmentUpdateUnitType ==>

<= H##fHAEE S F A AR RS R AR R R A A >

<complexType name="FragmentUpdateUnitType">
<sequepnce>
<elgment name="FUCommand" type="mpeg7s:FragmentUpdateSommandType"/>
<elgment name="FUContext" type="mpeg/s:FragmentUpdateContextType"
minOccurs="0"/>
<elgment name="FUPayload" type="mpeg/s:FragmentUpdatePayloadType"
minOccurs="0" />
</sequlence>
</complexType>

6.4.2 Semantics

A fragment update unit is the container for a fragment update and consists of a fragment update ¢ommand, an
optional frggment update context and optional fragment update payload.

Name Definition
FUComm4gnd Specifies the type of update command to be executed (see 6.5).
FUContext Establishes the context node for updating the description. The FUContext| shall not be

present when the "reset" command is specified, but shall be present in every other case.

FUPayloag Provides the update value for "addNode" and "replaceNode" commands. Thg FUPayload
shall not be present when either a "reset" or "deleteNode" command is used| but shall be
present in every other case.

6.5 Textual Fragment Update Command

6.5.1 Syntax

<U—— #H4#4#H44H#4HHFHHHHF AR H A FHF AR H A S AR HHSH RS AR ERSE ——>
<!-- Definition of FragmentUpdateCommandType ==>
<U—— #H4#4#HHH#4HFHHHHF AR HAHFHF AR H S AR FHSH RS AR ERSE ——>

<simpleType name="FragmentUpdateCommandType">
<union>

© ISO/IEC 2002 — All rights reserved 23



https://iecnorm.com/api/?name=e9f3e99cd489d2467fd0423be59d9910

ISO/IEC 15938-1:2002(E)

<simpleType>

<restriction base="string">

<enumeration value="addNode"/>
<enumeration value="deleteNode"/>
<enumeration value="replaceNode"/>
<enumeration value="reset"/>
</restriction>
</simpleType>
<simpleType>
<restriction base="string"/>
</simpleType>
</uniom
</simpleType>

6.5.2 Semantics

Name

Definition

addNode

Adds the node conveyed within the FUPayload to the context node as the last
context node.

child of the

replaceNode

Replaces the context node by the node(s) conveyed within the FUPayload.

deleteNode

Deletes the context node and the nodes thatare children of the context node. Th
the context node becomes the new context' node. A fragment update unit with a ¢
command shall not contain a FUPayload element.

b parent of
eleteNode

reset

Resets the current description tree~to’ the initial description specified in Decoder]l
initial description is not schema valid on its own, the AU containing the "reset’
shall also contain at least one>other fragment update unit such that the description
valid when the decoding of ‘the access unit containing the “reset’” command is
Such an AU (i.e. containing a reset, possibly followed by one or more addNode ¢
would normally be marked as a sync point. A fragment update unit with a reset
shall neither containia FUContext nor a FUPayload element.

nit. If the
command
is schema
complete.
ommands)
command

NOTE De
XPath, of all fo

leting a node that(has siblings of the same name implicitly causes the position index numbers, as spe
lowing sibling.nodes of the same name to decrease by one.

6.6 Textual Fragment Update Context

cified by the

6.6.1 Syntqx
SRR 8 E R i i i ==>
<!-- Definition of FragmentUpdateContextType ==>
SRR 3 E R R R i i i ==>
<simpleType name="FUContextType">
<restriction base="string">
<pattern value =
"2 CONG OV T CCONEINe* ) 2NANe*) (NINA+NT) 2)) (/ CON) TN T CC(NEINe*:) 2\i\e*) (N [\d+\])
?))) * (/@ (\i\c*:) 2\i\c*) ?) | (€ (\i\c*:) 2\i\c*)"
/>
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</restriction>
</simpleType>

6.6.2 Semantics

The FUContextType specifies the navigation path to the context node using the subset of the XPath language.
The regular expression specified in the pattern facet specifies this subset. For clarity purpose, this subset is also
presented in Annex B. The fragment update context shall be constructed based on the current description tree as
composed prior to decoding the current fragment update unit. A relative XPath is interpreted as starting from the
‘current context node’. The current context node in TeM is the parent node of the context noderin| the previous
FragmentfUpdateUnit, except in the case of 'AddNode,' where the current context node is the-contéxt node from
the previoys FragmentUpdateUnit.

Name Definition

FUContex{Type Specifies the navigation path to the context node. The representation is based pn the subset
of XPath expressions. Inside the XPath expression, qualified elements and aftributes shall
be used when an element or attribute's name is qualified.

6.6.3 Examples

In the following, examples of the instances of the FUContext datatype are shown:

<FUContext>/mpeg7:MPEG7 [1] /mpeg7:ContentDescription[1l] /mpeg7:AudioVisualConftent[1]/mp
eg7:Video[1]</FUContext>

<FUContext>../mpeg7:Video[2]</FUConteéxt>

<FUContext>/mpeg7:MPEG7 [1] /@mpeghiitype</FUContext>

6.7 Textual Fragment Update Payload

6.7.1 Synptax

<U—— H4#FHHFHFHHFFRHAF AR H A FHF AR HHF AR H SRS AR RS ——>
<!-- Definitien) of FragmentUpdatePayloadType ==>
ST o i i A

<complex|Tvpe name="FragmentUpdatePayloadType'">
<sequence>
<any processContents="skip" minOccurs="0"/>
</sequence>

<attribute name="hasDeferredNodes" type="boolean"
use="required" default="false"/>
<anyAttribute namespace="##other" processContents="skip" use="optional"/>
</complexType>
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6.7.2 Semantics

Specifies an update value for a fragment update command.

Name Definition

hasDeferredNodes  if this attribute is true it signals that all elements of the fragment that have empty content and
no attributes shall be interpreted as deferred nodes. Such deferred nodes shall be removed
from the current description tree before handing it over to the application or before
performing schema validation.

NOTE The processContents directive indicates that the fragment payload itself shall not be subject to'schenja validation

when validating individual AUs. This is required since the fragment payload is related to the schema lof the|transported

description rat

26

er than the schema for the TeM, identified by urn:mpeg:mpeg7:systems:2001.
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7 Binary format - BiM

7.1 Overview

The following subclauses specify the syntax elements and associated semantics of the binary format for ISO/IEC
15938 descriptions, abbreviated BiM. The binary Decoderlnit (7.2), the binary access unit (7.3), the binary fragment
update unit (7.4) and its constituent parts, the binary fragment update command (7.5) and binary fragment update
context (7.6) are covered by Clause 7. The specification of the binary fragment update payload follows in Clause 8.

7.2 Binary Decoderlnit

7.21 Overview
The binary]DecoderInit specified in this subclause is used to configure parameters required‘forthe decoding of
the binary access units. There is only one DecoderInit associated with one description stream.
Main components of the DecoderInit are an indication of the profile and level of the associatdd description
stream, a |ist of schema URIs and optimised type codecs associated to certain data-types as well as the initial
description.
An optimiged type codec specifies an encoding for a data type not using‘the generic mechanism specified in
Clause 8 hut optimised with full knowledge of the properties of that data.type. Some optimised type codecs are
specified in Part 3 of this specification.
7.2.2 Synptax
Decoderlntt () { Number of bits Mnemonic
SystemsProfileLevelindication 8+ viuimsbf8
UnitSizeCode 3 bslbf
ResgrvedBits 5
NunpberOfSchemas 8+ vluimsbf8
for (k=0; k< NumberOfSchemas; k++)-{
SchemaURI_Length[k] 8+ viuimsbf8
SchemaURI[k] 8* SchemaURI_Length[K] bslbf
LocationHint_Length[k] 8+ viuimsbf8
LocationHint[k] 8* LocationHint_Length[k] bslbf
NumberOfTypeCodecs[k] 8+ viuimsbf8
far (i=0; i<(NumberOfTypeCodecs[k]; i++) {
TypeCodecURI_Length[k][i] 8+ viuimsbf8
TypeCodecURI[K][i] 8* bslbf
Tvwmalo ol L anathllc1li]
T yr}U\JUUUU\JI AL _I_UI IHI.I Ill\JllJ
NumberOfTypes[K][i] 8+ vluimsbf8
for (j=0; j< NumberOfTypes[K][i]; j++) {
TypeldentificationCode[K][i][j] 8+ vluimsbf8
}
}
}
InitialDescription_Length 8+ vluimsbf8
InitialDescription()
}
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7.2.3 Semantics

Name Definition

SystemsProfileLevellndication Indicates the profile and level as defined in ISO/IEC 15938-1 to which the
description stream conforms. Table 1 lists the indices and the corresponding

profile and level.

UnitSizeCode This is a coded representation of UnitSize, as specified in Table 2. UnitSize is
used for the decoding of the binary fragment update payload as specified in
Clause 8.

NumberOfSchemas Indicates the number of schemas on which the description stream li$ based. A
zero-value is forbidden.

SchemaURI_[Length[K] Indicates the size in bytes of the SchemaURTI [k]. A value of-zero is forlpidden.

SchemaURI[k] This is the UTF-8 representation of the URI to unambiguously referencg one of the

schemas that are needed for the decoder to decode the description s
SchemaURI identifies the schema that declarés-this SchemaURI a

ream. The
5 being its

targetNamespace. The identified schema is\thé one composed of all schema

components defined in its targetNamespacge‘and all schema componen
from other namespaces.

To support forward compatibility, multiple SchemaURTs are also used
imported schemas. Decoders that\are aware of any of these schemas
to process at least the corresponding parts of the description. The Schg

s imported

to identify
will be able
malD (see

7.6.3 and 8.4.4) as well asiSchemaIDOfSubstitution (see 8.4.3) fefer to the

entries with the corresponding indices in this SchemaURT list.

The SchemaURTI [03* shall be assigned to the schema which impg
namespaces that\are identified by a SchemaURI [k] with an index k
SchemaURTI [0 identifies the targetNamespace of the description.

NOTE In order to maximize forward compatibility, it is recommended
SchemaWRI for as many imported namespaces as practical.

rts all the
> 1. Thus

to list the

LocationHint |

Length[k]

Indicates the size in bytes of the LocationHint [k] syntax element.

LocationHint[

]

This is the UTF-8 representation of the URI referencing the location of t
with index k. The LocationHint [k] shall be present except if the cor
SchemaURI [k] already provides the location reference. In that case
omitted by setting the corresponding LocationHint Length[k] td
“0”.

he schema
responding
it may be
the value

NumberOfTypeCodecs[K] Indicates the number of optimised data type codecs that are subsequently

associated with data types contained in the schema referred to by the index k.

TypeCodecURI[K][i] This is the UTF-8 representation of a URI referencing an optimised binary data

type codec. This codec shall be used for all data types listed subsequently.

NumberOfTypes[k][i] Indicates the number of data types which shall be coded with the optimised data

type codec referenced by TypeCodecURI [k] [1].

TypeldentificationCodel[k][i][j] = Selects one data type from the set of all data types contained in the schema with
index k. This data type shall be coded with the optimised data type codec

referenced by TypeCodecURI [k] [1] for all instantiations of this data type in the
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description stream. The syntax and semantics of
TypeldentificationCodel[k] [1] [J] is the same as of the type identification
code defined in subclause 7.6.5.4 except that here it is represented using
vluimsbf8. The TypeIdentificationCode[k] [i] [j] assumes the “anyType”
as base type. There shall not be more than one data type codec associated to the
same data type.

NOTE In order to maximise forward compatibility the value of the index k should refer
to the targetNamespace in which the data type is defined.

InitialDescription_Length

Indicates the size in bytes of the TnitialDescription.

InitialDesctiption()

]
This conveys portions of a description using the same syntax and-sefnantics as an

— For all fragment update units within the InitialDescription|

— The first fragment update unit within' the initial description

access unit (see 7.3). The InitialDescription provides af initig
binary format description tree (see 7.4) before decoding any lsubse
units. The following restrictions on InitialDescriptien; compare
access unit apply:

update command shall take the value "AddContent".

“absolute addressing mode”, i.e.,CemmandModeCode equal to ‘0

| state for the
[quent access
d to a regular

the fragment

shall use an
D1’ or “110’.

The 1InitialDescription_f/may be indicated | by setting

InitialDescription Length to zero.

empty,

NOTE That the systemlayer is not required to produce an output aftdr decoding the
InitialDescription @nd, therefore, the decoded instance data need |not result in a
schema-valid description. However, decoding the InitialDescriptjon plus any
subsequent AU or AUs shall lead, after composition, to a schema-valid curient description
tree that may be_passed to the application.

Table 1 —)jIndex Table for SystemsProfileLevellndication

Index Systems Profile and Level
0 no profile specified
1-127 Reserved for ISO Use

Table 2 — Code Table for UnitSize

© ISO/IEC 2002 — All rights reserved

Unit Size Code Unit Size
000 default
001 1
010 8
011 16
100 32
101 64
110 128
111 reserved
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7.3 Binary Access Unit

7.31

Overview

A binary access unit is composed of one or more binary fragment update units that represent one or more
description fragments. Therefore, an access unit may convey updates for several distinct parts of a description
simultaneously. Syntax and semantics of a fragment update unit are described in subclause 7.4.

7.3.2 Syntax
AccessUnit ()4 Number of bits Mnemonic
NumberQfFUU 8+ viuimsbf8
for (i=0; i< NumberOfFUU ; i++) {
FragmentUpdateUnit()

7.3.3 Semantics

Name Definition

NumberOfFUU Indicates the number of fragment.update units in this access unit.
7.4 Binary Fragment Update Unit

7.41 Overyiew

For the speci
hierarchically,
the descriptio

The topmost
elements de
artificially ext

ication of the syntax and semantics of a binary fragment update unit it is recalled that desc
defined, and therefore, they.€an be interpreted as a description tree. The elements and g
n tree can generically be‘also referred to as "nodes”.

hode is the node corresponding to the first element in the description. It instantiates one o
lared in the schema. The selector node is defined to be the parent node of the top
ending the hietrarchy at the top. Figure 5 shows an example description tree.

Q

Selector node

fiptions are
ttributes in

the global
most node

1
[}
]
5 Tonmost node
-opHOStHHoGe
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Figure 5 — Example for the tree representation of a description
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Two different notions of description trees are used in this Clause: the “current description tree” (see Clause 5) and
the “binary format description tree”.

The binary format description tree is used for addressing the nodes. The addressing relies upon schema
knowledge, i.e. the shared knowledge of encoder and decoder about the existence and position of
potential/allowed elements within the schema. The address information specifies a node within the binary format
description tree built from all these possible - and not necessarily instantiated - elements as defined in the schema.
Moreover, each node has a specific and fixed address which allows an unambiguous identification not depending
on the current description as present at the decoder. Note that it is possible to address nodes which do not
correspond to an instantiated element. Nodes corresponding to instantiated elements are called “instantiated
nodes”. Deferred nodes shall be considered as instantiated nodes.

The current description tree is defined, immediately after the decoding of any AU, as the set of instaptiated nodes
in the binary format description tree.

Each binary fragment update unit consists of 3 sections:

— the fr@agment update command defining which kind of operation shall be performed on the pinary format
description tree, i.e. if a description fragment shall be added, replaced or deleted or if the complete binary
forma{ description tree shall be reset;

— the frggment update context signals on which node in the binary format description tree the fragment update
commpnd shall be executed. Fragment update context is presentCunless the fragment update] command is
"reset];

— the frggment update payload containing a description fragment. fragment update payload is presént unless the
fragment update command is "DeleteContent” or "Reset!,/A”special mode called “MultiplePayloadMode” also
allows| there to be multiple instances of fragment update payloads of the same type within one fragment update
unit.

Additionally, each fragment update unit carries the information about its length in bytes, which allows|a decoder to
skip. This [mechanism may be used in case the;decoder does not know the corresponding schema required to
decode thig fragment update unit.

7.4.2 Synptax

FragmentUpdateUnit () { Number of bits Mnemonic
FUU_|l ength 8+ vluimsbf8
FragmentUpdateConmimand 4 bslbf

if (FragmentUpdateCommand != ‘0100’) {
/%0100’ gorresponds to “Reset” */

FragmentUpdateContext()

if (FragmentUpdateCommand != ‘0011’) {
/*'0011° corresponds to “DeleteContent” */

for (i=0;i<NumberOfFragmentPayloads;i++) {

FragmentUpdatePayload(startType)

}

nextByteBoundary()
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7.4.3 Semantics

Name

Definition

FUU_Length

Indicates the length in bytes of the remainder of this fragment update unit
(excluding the FUU Length syntax element).

FragmentUpdateCommand

Signals the operation that shall be executed on the binary format description tree as
specified in 7.5.

FragmentUpdateContext()

See 7.6.

startType

This internal variable indicates the effective data type of the first €lerent that is
conveyed in the fragment update payload. The startType variable|is of type
SchemaComponent as specified in 8.3.1. Its value ishderived | from the
Operand_TBC in the FragmentUpdateContext as specifi€d/in 7.6.

NumberOfFrggmentPayloads The value of this internal variable is derived from FragmentUpdateCpntext as

specified in 7.6.

FragmentUpdatePayload()

See 8.3.1.

7.5 Binary Fragment Update Command

The FragmentUpdateCommand code word specifies the commmand that shall be executed on the bijary format

description tr¢e. Table 3 defines the code words and the segmantics of the fragment update command.

Table 3 — Code Table-of fragment update commands

Code Word

Command Name Specification

0000

- Reserved

0001

A%

AddContent Add the description fragment contained in th
fragment update payload at the node indicated by
the operand node (see 7.6).

w

The operand node shall not be an instantiated nod
but it turns into an instantiated node afte
processing this fragment update unit. Additionally
all nodes which are part of the context pat
specified in the fragment update context turn int
instantiated nodes after processing this fragmer

=

S ™ I ey

update unit—if these had not—beenm instantiate
nodes before.

NOTE In the current description tree this is
equivalent to either appending or inserting the
corresponding nodes.

0010

ReplaceContent Replace the description fragment at the node
indicated by the operand node with description
fragment contained in the fragment update
payload.

The operand node shall be an instantiated node.
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This command is equivalent to the command
sequence of “DeleteContent” and “AddContent”.

NOTE In the current description tree this is
equivalent to replacing the corresponding node.

0011 DeleteContent Delete the description fragment at the node that is
indicated by the operand node. The respective
node and all its child nodes are reverted to “not
instantiated”.

NOTE In the current description free this is
equivalent to deleting the corresponding node.

0100 Reset Reset the complete binary format description tfee,
i.e. revert all nodes in the binary format description
tree to “not instantiated”. and/ydecode |the
InitialDescription conveyed in the
DecoderInit.

NOTE This is equivalent™to deleting the complete
current description tree,

0101 — 1111 Reserved

7.6 Binary Fragment Update Context

7.6.1 Ov

The fragm
command

erview

bnt update context specifies on which.node of the binary format description tree the fragment update
shall be executed. This node is called the “operand node”. Additionally, the fragment update context

specifies the data type of the node encoded jin the subsequent fragment update payload(s).

The opera

Nd node is addressed by building a path (called "Context Path") through the binary formpt description

tree. The gontext path consists of @ sequence of local navigation information called Tree Branch Cpde (TBC). A

TBC repre
6).

5ents tree branch information from a node to a child node on the path to the operand node (see Figure

A set of TBCs associated to.the same complexType is called a TBC table. A TBC table is composed of one TBC for

each poss
as well as,

ble child node\of the complexType. Child nodes are defined as the attribute nodes of the complex type
either the.eontained element nodes or a dedicated node representing a simple content. Fgr the selector

node therd is a speecial TBC table containing TBCs corresponding to the global elements defined in the schema.
Other TB(s aré added to the TBC tables for specific purposes as described below. The algorithm for generating

the TBC ta

Fles is described in 7.6.5.

A TBC is composed of four parts:

1) a

7.

2) a
el

3) a
is

Schema Branch Code (SBC) by which one node among the possible child nodes is selected (see
6.5.2),

Substitution Code which is used if the element declaration addressed by the SBC is a reference to an
ement which is the head of a substitution group (see 7.6.5.3),

Path Type Code which is used if the type of the element identified by the SBC and the Substitution Code
the base type of other named derived types (see 7.6.5.4), and

© ISO/IEC 2002 — All rights reserved 33


https://iecnorm.com/api/?name=e9f3e99cd489d2467fd0423be59d9910

ISO/IEC 15938-1:2002(E)

4) a Position Code which is used if multiple occurrences of the element addressed by the SBC are possible
(see 7.6.5.5).

The TBCs for the selector node have no Substitution Code and no Position Code.

NOTE In the syntax definition of the context path this concatenation of TBCs is partly reordered (i.e. the Position Codes
from all TBCs are shifted to the end of the context path as described further below).

Two types of Context Path exist. In both cases the Context Path is built from concatenated TBCs and leads to the

operand node. In case of an absolute Context Path, the Context Path starts from the selector node. In case of a
relative Context Path, the Context Path starts from a “current context node”. The current context node in BiM is

defined by tﬁMwwwmmm_wM@mshows the
principle of albsolute and relative addressing.

Selector Node O Selector Node

TBC[0]

Topmost node Tdpmest node

TBC[1]

TBC[2]

TBC[3]

TBC[0]

O Current context node{rior to processing the
Fragment Update Context information

Figure 6 — Absolute-(left) and relative context path example

A ContextMpdeCode (7.6.4) allows selecting between absolute and relative addressing modes. Additjonally, the
ContextModeCode may signal the instantiation of multiple fragment update payloads of the same type within a
single fragmgnt update unit as specified in 7.6.4 and 7.6.5.6.

There are two different TBC tables associated to each complexType: The ContextTBC table conptains only
references td the child elements of complexType and additionally one code word to signal the termingtion of the
path (Path TerminationCode). The ContextTBC table contains also one TBC to refer to the parent node. It allows
relative navigation within the binary format description tree and move upwards to the parent hode. The
OperandTBC] table ~additionally contains also the references to the attributes and either to the elements of
simpleType dr to-a-simple content, but does not contain the Path Termination Code nor the reference to the parent
node. Furtheimare_in the OperandTBC table one TBC is reserved for User Data Extension as defined in section
7.6.5.2. Example TBC tables are shown in Table 4 and Table 5.

The Context Path coding is done as follows: For all but the last TBC in the Context Path the ContextTBC tables
shall be used while, for the last TBC in the Context Path the OperandTBC tables shall be used. The path
termination code shall be used to signal that the immediately following TBC is the OperandTBC which is the last
TBC in the Context Path. The following definitions apply:

— The “context node” is defined as the node specified by the Context Path except the final TBC and the path
termination code. The context node becomes the “current context node” for the Context Path of the
subsequent fragment update unit.

— The “operand node” is defined to be the node addressed by the final TBC (from the OperandTBC table). This
is the node on which the fragment update command is executed.

34 © ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=e9f3e99cd489d2467fd0423be59d9910

ISO/IEC 1593

This is illustrated in Figure 7.

Selector Node

Selector Nod

?

Q Selector Node
|
|
|

2) 3)

8-1:2002(E)

e

Current context node before processing the FUU ; 6 :

Execution of an 'add' command on the operand node

dbb

Context node specified by the context path

:":: Operand node specified by the context

Figure

The ContektTBC and OperandTBC tables are generated automatically from the-schema as specified
hence, do[not appear in this specification. Table 4 and Table 5 show examples”of a ContextTBC t
OperandTBC table for a complexType with 8 children (6 elements and.-2\ attributes) where 4 el¢e

Current context node for the{subsequent JUU

— Example of Context node and operand node during the execution of afragment update unit

in 7.6.5 and,
bble and of a
ments are of

complexType.
Table 4 — Example of a ContextTBC Table
Tree Branch Code Tree Branch
bBC Substitution Type Code Position
Context Code Code
000 -- -- - Reference to parent
00 [Subst. Code] |[Type Code] |[Pos.Code]|Reference to first child of complexType
010 [Subst. Code] |[TypesCode] |[Pos.Code]|Reference to second child of complexType
01 [Subst. Code] | [Type Code] |[Pos.Code] | Reference to third child of complexType
100 [Subst. Code] |[Type Code] |[Pos.Code] | Reference to fourth child of complexType
101 - 110 = -- -- Forbidden
11 -- -- -- Path Termination Code
Table 5 — Example of a Operand TBC Table
Tree Branch Code Tree Branch
SBC _ Substitution Type Code Position
Operand Code Code
0000 -- -- [Pos.Code] | User Data Extension Code
0001 [Subst. Code] |[Type Code] |[Pos.Code] | Reference to first child

© ISO/IEC 2002 — All rights reserved
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0010 [Subst. Code] |[Type Code] |[Pos.Code] |Reference to second child (element)
0011 [Subst. Code] |[Type Code] |[Pos.Code] |Reference to third child (element)
0100 [Subst. Code] |[Type Code] |[Pos.Code] |Reference to fourth child (element)
0101 [Subst. Code] |[Type Code] |[Pos.Code] |Reference to fifth child (element)
0110 [Subst. Code] |[Type Code] |[Pos.Code] |Reference to sixth child (element)
0111 -- -- -- Reference to seventh child (attribute)
1000 -- -- -- Reference to eighth child (attribute)
1001 (1111 - - - Forbidden

As every ContextTBC table contains a code word for the reference to the parent node; it is also possib
upwards in the binary format description tree when using a relative addressing mode:

In order to sypport efficient searching and filtering the description stream is-ordered in a way that first a
of Schema Branch Codes including their corresponding Substitution Code-and Type Code are preser
then all Position Codes of the context path follow as shown in Figure 8.

le to move

| instances
t and only

SBCs, Substitution Codes & Type Codes Position Codes
£
©
S
~ N é ) 3 c
() () T o S c Qo
98 |98 [t1[E85.8 |=38 [--]
O+~ | XO«N X(ONe | X O c N
gec o | L, o\ 4| Q¢ © c o — N c c
dfoc|cl s cO5| €8 0L o o) » o) o)
d506| Q%50 Q53| & 259 3T |8 8 |38
=0 |00 O=0 |0 c o =0 Q Q Q Qo
1% o % o % o = % o O O O &)
o a| Qoo OO0 a|OE O g9 g » » » 0
S | msS > m S | 0o m S > o o] o o
dqonr|noni~ NDF| D+ n oK o a o o
Figure 8 — Example of the structure of a Context Path
7.6.2 Syntqx
FragmentUpdateContext () { Number of bits Mnemonic
SchemalD ceil( log2( uimsbf
NumberOfSchemas ) )
ContextModeCode 3 bslbf
ContextPath()
}
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ContextPath () { Number of bits Mnemonic

TBC_Counter =0

NumberOfFragmentPayloads = 1

do {

if ( ( ContextModeCode == ‘001’ ||
ContextModeCode == ‘011’ ) &&

TBC_Counter ==0) {
/* absolute addressing mode and first TBC of the context path */

SBC_Context Selector ceil( log2( number of bslbf
global elements +1))

PathTypeCode()
}
else {

SBC_Context ceil( log2( number, 6f bslbf
child elements of.
complexType+,2))

SubstitutionCode()

PathTypeCode()

}

TBC_ Counter ++

} whilg ( (SBC_Context_Selector != “Path Termination
Code”) &&
(SBC_Context != “Path Termination Code”))

if (SBC_Context_Selector == “Path Termination Cede”) ){

SBC_Operand_Selector ceil( log2( number of bslbf
global elements ))

PathTypeCode()
}
else {
SBC_Operand ceil( log2( number of bslbf
child elements +
number of attributes +
has_simpleContent +
1)
SpbstitutionCode()
PathTypeCode()
}

TBC_Counter ++

for (i=0; i < TBC_Counter; i++) {

PositionCode()

}

if ((ContextModeCode == ‘011") ||
(ContextModeCode == “100")) {
/* multiple fragment update payload mode™/

do {

IncrementalPositionCode ceil( log2( bslbf
NumberOfMultiOccurren
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celLayer+2))
if (IncrementalPositionCode != “Skip_Indication®) {
NumberOfFragmentPayloads++
}
else {
IncrementalPositionCode ceil (log2( . bslbf
/* indicating the skipped position */ SEZiiZigZiS C)))C e
}

} whjle (IncrementalPositionCode !=
“IncrementalPositionCodeTermination”)

NumberQfFragmentPayloads--

/* there i$ no fragment update payload corresponding to the
IncrementalPpsitionCode Termination */

}

7.6.3 Semantics

Name Definition

SchemalD Identifies the schema (from the list of schemaURIs transmitled in the
DecoderInit) which i&used as basis for the fragment update context coding.
The SchemalID codésword is built by sequentially addressing [the list of
SchemaURI contained in the DecoderInit. The length of this field is
determined by: “ceil( log2( NumberOfSchemas))”.

The value ©f this code word is the same as the variable "k" in the definition of
the SchiemaURT [k] syntax element as specified in 7.2.3. The |SchemalID
syntax-élement is also used for the decoding of the fragment upddte payload
as\déescribed in subclause 8.4.4.

If the ContextModeCode selects a relative addressing modeg then the
SchemaID shall have the same value as in the previous fragment ugdate unit.

ContextModeCode Signals the addressing mode for the Context Path as specified in 7.6.4.
ContextPath( See 7.6.5.

Name Definition

TBC_Counter This internal variable represents the number of TBCs in the context path.
SBC_Context_Selector Selects one global element of the schema referenced by SchemaID using the

ContextTBC table as specified in 7.6.5.2.3.

PathTypeCode() See 7.6.5.4.

38 © ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=e9f3e99cd489d2467fd0423be59d9910

ISO/IEC 15938-1:2002(E)

SBC_Context

Selects one child node using the ContextTBC table as specified in 7.6.5.2.2.

SubstitutionCode()

See 7.6.5.3.

SBC_Operand_Selector

Selects one global element of the schema referenced by SchemaID using the

table OperandTBC table as specified in 7.6.5.2.3.

SBC_Operand

Selects one child node using the OperandTBC table as specified in 7.6.5.2.2.

PositionCode()

See 7.6.5.5.

NumberOffragmentPayloads

This internal variable represents the number of fragment up
syntax elements present in this fragment update unit as specified

Hate payload
n7.6.5.6.

NumberOfMultiOccurrencelLayer

This internal variable represents the number of TBCs lin the co
which a Position Code is present. Its use is specified in-7.6.5.6.

ntext path for

IncrementglPositionCode

See 7.6.5.6.

7.6.4 Context Mode

The contekt mode specifies the addressing mode for the context\path. The code word for the ¢

selection hias a fixed bit length of 3 bits and its semantics are speeified in Table 6.

Table 6 — Code Table of Context Mode

ontext mode

Code Context Mode

000 Reserved

001 Navigat€) in “Absolute addressing mode” from the
selector node to the node specified by the Context
Path:

010 Navigate in “Relative addressing mode” from the
context node set by the previous fragment update unit
to the node specified by the Context Path in

011 Navigate in “Absolute addressing mode” from the
selector node to the nodes specified by the Context
Path and use the mechanism for multiple payload as
specified in 7.6.5.6.

100 Navigate in “Relative addressing mode” from the
context node set by the previous fragment update unit
to the nodes specified by the Context Path and use the
mechanism for multiple payload as specified in 7.6.5.6.

101-111 | Reserved

The following restriction applies on the usage of these Context Modes:

© ISO/IEC 2002 — All rights reserved
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— The first fragment update unit of the first access unit of a description stream shall use an absolute addressing
mode (i.e. code ‘001’ or ‘011°). In addition, the first fragment update unit of the initial description shall use an
absolute addressing mode.

7.6.5 Context Path

7.6.5.1 Overview

The Context Path specifies on which node in the binary fragment description tree the fragment update command
shall be executed and specifies the data type of the operand node. This data type of the operand node is required
for the decoding of the fragment update payload and is internally conveyed in the variable startType. A Context
Path is comppsed of a sequence of Tree Branch Codes (TBC). Each TBC is composed of a Schema Branch Code,
a Substitution Code, a Path Type Code and a Position Code. The following subclauses describe’fthe syntax
elements tha{ are used to build the TBCs.

7.6.5.2 Schema Branch Codes

7.6.5.2.1 Qverview
A Schema Branch Code (SBC) is used to select a node as branch for the{navigation in the binary format
description tree. The SBCs in the ContextTBC table and in the OperandTBC ¢able differ (as described in subclause
7.6.1 and shg@wn in Table 5). The SBCs are assigned as specified in 7.6.52:2. For the special case of the selector
node the SB(s are assigned as specified in 7.6.5.2.3.

7.6.5.2.2 S§BC_Context and SBC_Operand
— The length of the Schema Branch Code words is derivedfrom the schema and it is determined by the number
of differept child nodes of the complexType as follows:

— For the table for ContextTBCs: ceil( log2( number of child elements of complexType + 2)).

— For |the table for OperandTBCs: ceil(* log2( number of child elements + number of aftributes +
has |simpleContent + 1)), where the\variable “has_simpleContent” takes the value 1 if the complexType
has gimple content and the value Ootherwise.

— In the taple for ContextTBCs the all-zero Schema Branch code is always assigned to the refergnce to the
parent npde. This SBC shall enly be used if the Context Mode Code selects a relative addressing mode.

— In the talple for ContextTBCs the all-one Schema Branch Code is always used for the Path Terminatjng Code

— In the table for OperandTBCs the all-zero SBC is always assigned to the User Data Extension Codg. This can

be used [to insert.any user data. A decoder not capable to decode the user data shall skip the usgr data and
continue|decoding from the subsequent fragment update unit.

NOTE User-data of schemas.

However, it is recommended to use the mechanisms provided by ISO/IE.C 15938-2 for such extensions.

— All other Schema Branch Codes are assigned to the children nodes of the complexType. The children are
defined as the attributes of the complex type as well as, either the contained elements or a dedicated child
representing a simple content. If there are two or more element declarations with the same name in the
complexType definition then each shall be assigned a different SBC.

— A referenced attribute or referenced model group is not considered as a child. Instead the attributes of the
referenced attribute group and the content of the referenced group are considered as children.
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— If data types are derived then the SBCs for all children of the base data type are assigned first. In the case of
derivation by restriction the SBCs of the base data type are kept. Following this rule the children of the base
data type have the same SBCs also in the derived data type.

— In the table for ContextTBCs the SBCs are assigned only to child elements that are of complexType while in
the table for OperandTBCs the SBCs are assigned to all child elements and attributes and to the simple
content.

— The SBCs for child elements and simple content are assigned first, the SBCs for attributes are assigned last.
The attributes are ordered lexicographically for the assignment of the Schema Branch Codes.

— In ord

following rules applied in the following order:

if

C

— el

— el

if

After t

7.6.5.2.3

For the spgcial case of the selector node the following rules apply:

— The l6
referrg

— S

— S

— The S
Lexicd

— No co
Termi

~ ’

c;tntent is added to the content of the outer “choice” group. This rule is applied until there

orfdered lexicographically with respect to their signature as defined in 8.5.2.2.4.

oliter group by its content. This rule is applied until there@re no more groups contained in oth

a “choice” group is declared within a “choice” group then the inner “choice” group’is de¢
oice groups contained in other choice group.

ement declarations and “sequence” group declarations declared within ‘a.“choice” or an

ement declarations and model group declarations in “sequence® groups are not reordered.

SBC_Context_Selector and SBC_Operand_Selector

ngth in bits of these SBCs is determined by the number of global elements declared ir
d by the SchemaID as follows;

BC_Context_Selector: ceil( log2( number of global elements + 1)).

BC_Operand_Selector: ceil( log2( number of global elements)).

graphical erdering is performed before the assignment.

hation-Code, however, is present in the ContextTBC table.

7.6.5.3

7.6.5.3.1

Substitution Codes

Overview

dered by the

leted and its
are no more

all” group are

A group is declared within another group then the inner group is replaced at the respective position in the
er groups.

his ordering the SBCs are assigned sequentially to the elements order in the remaining grodip.

the schema

BCs are assigned sequentially to the global elements defined in the schema referred by the Schema1D.

Hes afe-assigned for a reference to the parent node nor for the User Data Extension Code. The Path

In case a TBC represents a reference to an elements that is the head of a substitution group there is an additional
code for addressing that substitution group. This code is called SubstitutionSelect. It identifies the selected
element in the set of all elements members of this substitution groups. The presence of a substitution and
consequently the presence of the SubstitutionSelect code word is signalled by the SubstitutionFlag.
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7.6.5.3.2 Syntax
SubstitutionCode () { Number of bits Mnemonic
if (substitution_possible == 1) {
SubstitutionFlag 1 bslbf
if (SubstitutionFlag == 1) {
SubstitutionSelect ceil( log2( bslbf

number_of possible_substitutes))

7.6.5.3.3 Semantics

Name

Definition

substitution_possible

This is in internal flag which is derived from )schema evaluation as §
7.6.5.3.1 indicating whether an element is a-head element of a substitutig

is always” false for the following TB

User Data Extension Code”, “Reference to Parent”.

substitution possible

"«

Termination Code”,

pecified in
n group.

Cs: “Path

SubstitutionF|ag Signals whether a substitutionis present for the element (SubstitutiopFlag=1).

SubstitutionSglect This code is used as address within a substitution group where each [element is
assigned a SubstitutionSelect code. The SubstitutionSelgct codes
referring to the elements are assigned sequentially starting from |zero after
lexicographical ordering of the element using their expanded names as| defined in
subclause 82 The length of this field is determined by “¢eil( log2(
number_of-possible_substitutes))”.

7.6.5.4 Type Code in the Context Path (Path_Type_Code)

7.6.5.41 Qverview

The PathTypeCodeis used within the Context Path to indicate the element type in case of a type cadt using the

xsi:type attrib)

ute’, This type is called the effective type.

The PathTypeCode is only present if a type cast can occur for the element, i.e. if in the schema referenced by the
SchemalID there is at least one named type derived from the respective element type. The presence of a type cast
(i.e. the presence of the xsi:type attribute in the description) is signalled by the TypeCodeFlag. This flag is also
present in the case of an abstract type definition. If a type cast is signalled then a TypeIdentificationCode is
present which selects the effective type from the set of possible types.

42
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7.6.5.4.2 Syntax
PathTypeCode () { Number of bits Mnemonic
if (type_cast_possible == 1) {
TypeCodeFlag 1 bslbf
if (TypeCodeFlag == 1) {
TypeldentificationCode ceil( log2( number bslbf

of derived types))

}
}

}

7.6.5.4.3 | Semantics

Name Definition

type_cast_|possible This internal flag which is derived from schemia evaluation as specifigd in 7.6.5.4.1
indicates whether a type can be subject to type casting.
type cast possible is always false for the following TBCs: “Patlh Termination
Code”, “User Data Extension Code”, “Reference to Parent”.

TypeCodefFlag This flag indicates whether a type'cast is present or not.

TypeldentificationCode Identifies a type by a code word.

The Type Identification Code is generated for a given type (si
complexType) frem*the set of all derived types (itself being not inclug

abstract types.\defined in the schema referenced by Schemall).

Identification._Codes are assigned in a depth-first manner with rg
hierarchy.lof types which forms a tree as shown in an example in

types.which are siblings within the type hierarchy the code words are
lexicographical order based on their expanded names. The Type
Gode identifies the derived type which is used for the type cast. The
code word for the Type Identification Code is equal to “ceil( log2( hum
types in the schema))”.

mpleType or
ed) including
The Type
spect to the
Figure 9. For
assigned in a
Identification
length of the
per of derived

| Depth first wrt
| type hierarchy

Lexicographical

ordering
»

Figure 9 — Example for the Type ldentification Code assignment for the types derived from A
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7.6.5.5

7.6.5.5.1

Position Codes

Overview

Within a TBC a Position Code shall uniquely identify the position of a node among its sibling nodes in the binary
description tree. It is present only if multiple occurrences are possible for the element referenced by the SBC or for
any model group declared in the corresponding complexType definition. Position Codes are distinguished in
Multiple element Position Codes (MPC) and Single element Position Codes (SPC) for efficiency reasons. The
presence of the Position Code and the decision whether SPC or MPC are used is determined by the complexType

definition.

There is no
“Reference t

NOTE Si
possible to ha

maxOccurs >

The position
the element 3

7.6.5.5.3

element rela
Positions are
MPC for a Cg

The length in

Parent”. Additionally, in the TBCs for the selector node there is no Position Code.

ce the Context Path consists of several TBCs (each of which has either no Position Code, a $SPC or
e SPCs and MPCs within the same Context Path.

ingle Element Position Codes

, if a Position Code is present according to 7.6.5.5.1 and if the corresponding complexTyp
I groups with maxOccurs > 1. The SPC is only present if the\SBC addresses an el
1. The SPC indicates the position of the node among the nodes addressed by the same S

s represented as integer value. The length in bits of the SPC is the equal to “ceil( log2( mg
ddressed by the SBC))”. If this length exceeds 4 bits then viuimsbf5 is used for coding the §

Nlultiple Element Position Codes

In case of co
nodes repre

plexTypes with complex content which contain'model groups with maxOccurs > 1, the pog
nting child elements declared in this complexType are encoded using the MPC. The po
ive to its sibling nodes is defined by _its index among all children nodes that represent
the same for ContextTBCs and OperandTBCs, i.e. elements of simpleType are also cou
ntextTBC.

bits of the MPC is determined-by the following method which uses the ‘max occurs’ proj

effective content particles of the type definition.

The maximum number of elements‘that a particle can instantiate is called MPA. It is computed accor

following rule

For

44

D.

 sequence particle

if an‘index ‘i’ exists such that MPA; = 'unbounded' or Mggquence = 'unbounded'

" or to the

a MPC) it is

e does not
ment with
C.

xOccurs of
SPC.

itions of all
Sition of an
elements.
hted in the

erty of the

ding to the

MNMPA LN

VT~ T\Xsequence =4t

nb_of children
MPAsequence = Msequence * Zl MPA

where

“MPA;” is equal to the maximum number of elements that the i

sequence can instantiate

“Msequence 1S €qual to the 'max occurs' property of the sequence particle
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— For a choice particle
if an index ‘' exists such that MPA ; = 'unbounded' or mgpeice = 'unbounded’
MPAhoice = 'unbounded’
else
MPAchoice = Mehoice * Max (MPA;)

where

“MPA;” is equal to the maximum number of elements that the i™ childref darticle of the
choice can instantiate

“Menoice” 1S €qual to the 'max occurs' attribute of the choice particle
— For an all particle
if my='unbounded'
MPA,; = 'unbounded'
else
MPA, = my * max (MPA))
where

“MPA;” is equal to the maximum-number of elements that the i™ children pariicle of the all
can instantiate

“ma” is equal to the 'maxioccurs' property of the all particle
— For an element declaration particle
MPAgiement = Mejement
where
“Meiement iS €qual to the 'max occurs' property of the element declaration particle

Combining|these rules, the maximum number of elements that can be present in an instance of the cgmplexType is
equal to the MPAof its effective content particle. The MPC is decoded according to the following rules

—  if (MPA <= 65535)

— the MPC is coded as a uimsbf field of “ceil( log2(MPA))” bits
— if (M >65535) or (M = 'unbounded')
— the MPC is coded as a vluimsbf5.

7.6.5.5.4 Implicit Assighment of Position

If an instantiated element was conveyed as part of a fragment update payload then the corresponding node has not
been explicitly assigned a position in the binary format description tree. In this case, the following implicit positions
are assigned to each added node for which a position code is expected in the TBC addressing this node:

© ISO/IEC 2002 — All rights reserved 45


https://iecnorm.com/api/?name=e9f3e99cd489d2467fd0423be59d9910

ISO/IEC 15938-1:2002(E)

— inthe case a MPC is expected: a position is assigned incrementally (starting from zero) to the added elements.

— in the case a SPC is expected: a position is assigned incrementally (starting from zero) to the added elements
corresponding to the same SBC.

7.6.5.6  Multiple Payload Mode

A fragment update unit can contain multiple fragment update payloads of the same type if the context paths of
those fragment update payloads are identical except for their position codes. The position codes for the first
fragment update payload are coded in the same way as in the case of a single payload, while the position codes for
the other fragment update payloads within this fragment update unit are indicated in the context path by
“Incremental Position Codes™as shown in Figure 10.

SBCs$, Substitution Codes & Type Codes Position Codes
Incremental
'

~ N c ‘..C_‘ c

[0 [0} - O|c o [0}
- gl 3 ¢ 88 | = B8
% 9% © % Olg0 |8 © "
o d| & ¢ o c|o c 8 ||« R4 R ~ S c
© [© c o = O [+ o D o -— -— - (o)
[—— = c Sl€ = [OR—— O © Q o= c c =
S H[([O 5 Q 5|9 % Q 5| o| o DNVO | § oy oy =
O H|lO = O £ |O c O E| QR Q| Kle £ £ c
[ [ N = I Z2|O| O OlOo|§ S S =
m SJ|mo S m S|Og m S| oo ol o|¢@ o o )
n Nln n n 0|0+~ w n|lo|la o|la|s £ £ =

Figure 10 — Example of the structure ofia Context Path (multiple fragment update payloads)

The length in| bits of each Incremental Position Code is equal to “ceil( log2( NumberOfMultiOccurrencel ayer+2))”,
where NumbdrOfMultiOccurrencelLayer denotes the number of TBCs in the Context Path for which a Position
Code is presgnt. A “multiple-occurrence ‘node” is defined as a node which is addressed in the contex path by a
TBC that has|a position code. An example is shown in Figure 11.

A
e element A
B[O
[ ]' element B ¢ [0>®)
€[0
) element C ¢ [0>®) .
Nodes in tie
DO} ,.D[1 context path
[ ]' [ ] element D g [0: ) having TpR S
J with position
E[O]" E[1 E[ clement E & [0-©) codes
F F F element F
Gﬂl v G G element G element H
Binary format description tree Context Path

Figure 11 — Example for multiple-occurrence nodes in a context path
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The set of multiple-occurrence nodes is indexed beginning from the starting node of the context path. An
Incremental Position Code indicates the index of the multiple-occurrence node in the context path for which the
position code shall be incremented by 1. The position code for all multiple-occurrence nodes with a higher index is

set to “0”.

In order to skip positions for which no fragment update payload is present in this fragment update unit a specific
incremental position code called “Skip_Indication” is used. This signals that the position specified by the
subsequent incremental position code has no payload. In order to indicate that no further incremental position code

is present, a specific incremental position code called “IncrementalPositionCodeTermination® is used.

The codes for the indices of the multiple-occurrence nodes are assigned as follows:

— the “al
— theco
— the “al
Example

An exampl

Table 7 sH
multiple-og

zeros” code word is reserved for “Skip_Indication”
He words are then assigned sequentially to the indices of the multiple-occurrence nodes

ones” code word is reserved for “IncrementalPositionCodeTermination”

e for the multiple fragment update payload mode is given below:

ows the case that the NumberOfMultiOccurrencelLayer<is equal to 4 (i.e. shown b
currence nodes are indexed by 0 to 3.

Table 7 — Example for the assignment-of.incremental position codes

Code

Position Codes

000

“Skip_Indication®

Indicates that the next position is skipped, i.e. there is no
payload -corresponding to the position indicated by the
subsequent Incremental Position Code.

001

Inerement the Position Code of the multiple-occurrence
node with index 0. Set the Position Code of the multiple-
occurrence nodes with indices > 0 to "0”.

010

Increment the Position Code of the multiple-occurrence
node with index 1. Set the Position Code of the multiple-
occurrence nodes with indices > 1 to "0”.

011

Increment the Position Code of the multiple-occurrence

node with index 2. Set the Position Code of the multiple-
occurrence nodes with indices > 2 to ”Q”

100

Increment the Position Code of the multiple-occurrence
node with index 3. Set the Position Code of the multiple-
occurrence nodes with indices > 3 to "0”.

101-110

Forbidden.

© ISO/IEC 2002 — All rights reserved
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111 “IncrementalPositionCodeTermination”

Indicates to terminate the increments of Position Codes,
i.e. the preceding Incremental Position Code indicates
the last position for which a fragment update payload is
present in this fragment update unit.

Examples of updating the position codes by incremental position codes are shown in Figure 12, in which “Incr Pos

Code” denotes th
The left side ¢

The code 10
code '011' dg
the position

multiple-occu
indices 2 and
code '000' is
that there is n

&

Incr P
Pos C

D' denotes that the multiple-occurrence node with index 3 is updated as shown in Figure
notes that the multiple-occurrence node with index 2 is updated as shown in Figure-12 (4

e incremental position code and “Pos Codes” denote the position codes before/after the updating;

2 (a). The
), in which

code of the multiple-occurrence node with index 3 is set to “0”. The code '010' denotés that the

frence node with index 1 is updated shown as Figure 12 (c), in which multiple=6ccurrencs
3 are set to “0”. The code 111" indicates the termination of the incremental-position codes
received, the position obtained by the next incremental position code is indicated as skippe
o payload corresponding that position.

Ind|
[0,0) -9
0, © -
W [ ) 1
[0,0) -2
?1] [0]
[0,0) ---3
[0] [0]
W N2y
Context
Path
(@ (b)) (©
s Code = “100” Incr Pos Codé = “011” Incr Pos Code = “010”

des = (0,0,0,0) > (0,0,0,1)  Pos Codeg= (0,0,0,1) > (0,0,1,0)  Pos Codes = (0,0,2,0) > (0,1,0,0)

Figure 12 —\Indicated Positions using Incremental Position Codes

node with
When the
d meaning
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8 Binary Fragment Update Payload

8.1 Ove

rview

ISO/IEC 15938-1:2002(E)

The binary fragment update payload syntax (FUPayload) is specified in subclause 8.3. It is composed of flags
which define some decoding modes and a payload content which is either an element or a simple value
(simpleType). The syntax of a binary element is specified in subclause 8.4. The element content (attributes,
complex content or simple content) is decoded by the decoding processes specified in subclause 8.5. In particular,
a complexType with complex content is decoded by a Finite State Automaton Decoder (short FSAD). FSADs are
generated from the complex types definitions in the schema. Their main objective is to model a decoding process
which uses_the schema knowledge to efficiently compress structural information (element nesting, element and

attribute ngmes). They trigger the decoding of their children elements which in return can use FSA

their conte
of an elen
decoders &

8.2 Defi

The synta
schema cd

The followi

ssociated to simple types.

nitions

ht. As a consequence, the payload decoder manages a stack of FSADs each one modéling
ent with complex content. The leaves of the binary format description tree are decoded

and semantics of some decoding steps rely on "SchemaComponhent" variables. They
mponent as defined in XMLSchema — Part 1, Chapter 3.15.2.

ng methods accept "SchemaComponent" parameters.

Ds to decode
the decoding
by dedicated

represent a

Name

Definition

boolean
isSimy

leType(SchemaComponent theType)

Returns "true" if the SchemaComponent obj
is asimpleType (XMLSchema — Part 2, Chap

ect "theType"
ter 4.1.1).

boolean
restricted

Type(SchemaComponent baseType,
SchemaComponent extended Type)

Returns "true" if the type “extendedType” is 4
the type “baseType” i.e. if the two types are
the type hierarchy only by derivations by rg
XMLSchema — Part 1, Chapter 2.2.1.1). In ¢
returns "false".

restriction of
separated in
striction (see
ther cases, it

boolean

hasSimpleContent(SchemaComponent theType)

Returns “true” if “theType” is a complex type and has

SimpleContent.

SchemaCd
getSimpl

mponent
pContentType(SchemaComponent theType)

Returns the simple type associated to the s
of the type “theType” i.e. the simple type cor

mple content
responding to

the ‘content type’ property of the type "theType" (see

XMLSchema — Part 1, Chapter 3.4.1).

boolean Returns true if the type "theType" has ngmed derived
hasNgmeédSubtypes(SchemaComponent theType) types, i.e. anonymous derived types are not ¢onsidered.
SchemaComponent Returns the SchemaComponent associated to the derived

getDerivedType(SchemaComponent theType,

integer derivedTypeCode)

type of the "theType"

type

whose type code

is

"derivedTypeCode" as specified in subclause 7.6.5.4.

SchemaComponent expanded name

In order to unambiguously identifies a named schema component we define its “expanded name”;

An schema component expanded name is a character string composed of the namespace URI of the component,
followed by "', followed by the name of the component.

© ISO/IEC 2002 — All rights reserved
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8.3 Fragment Update Payload syntax and semantics

8.3.1 FragmentUpdatePayload

8.3.1.1  Syntax

FragmentUpdatePayload (SchemaComponent startType) { Number of bits

Mnemonic

if (isSimpleType(startType) ) {

SimpleType(startType)

}else {

DecpdingModes()

Element(“hot®, startType)

8.3.1.2 Semantics

The FragmeptUpdatePayload syntax element is the main wrapper of the,binary fragment update pa

composed of|either a SimpleType or a DecodingMode and an Element.

yload. It is

Name Definition

startType The type of the element to decode. This type is transmittgd to the
FragmentUpdatePayload by the FragmentUpdateContext (See|7.6).

SimpleType( See 8.4.7.

DecodingModes() See 8.3.2.

Element()

See 8.4-1: The “hot” value and its semantics are defined in 8.4.1.

8.3.2 Decogling Modes

8.3.21  Syntax

DecodingModes ()¢ Number of bits Mnemonic
lengthCodingMode 2 bslbf
hasDeferredNodes 1 bslbf
hasTypeCasting 1 bslbf
ReservedBits 4 bslbf

8.3.2.2 Semantics

A BiM fragment payload starts with a 8-bit header which initialises some decoder modes.

50
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Name

Definition

lengthCodingMode

A code which specifies if elements length coding is present in a mandatory or
optional mode or if it is not present at all according to Table 8.

hasDeferredNodes A flag which specifies if the FragmentUpdatePayload contains deferred nodes.
This 1-bit flag can have the following values:
— 0:hasDeferredNodes is equal to false,
— 1 :hasDeferredNodes is equal to true.

hasTypeCasting A flag which specifies if in this fragment update payload one~or)miore elements

explicitly assert their type using the attribute xsi : type. This 1¢bit'flag|can have the
following values:

— 0-hasTypeCasting is equal to false,

— 1-hasTypeCasting is equal to true.

ReservedBits

Reserved for future extensions.

8.4 Element syntax and sémantics

8.4.1 Element

8.4.1.1 Syntax

Table 8 — lengthCodingMode definition

Code Word Skipping mode
00 kength not coded
01 Length optionally coded
10 Length always coded
11 reserved

Element (Hnumeration SchemaModeStatus, SchemaComponent theType) { Number of bits || Mnemonic

if (NurrberOfSehemas—1

if (SchemaModeStatus == "hot") {

SchemaModeUpdate 1-3 viclbf

}

if (ElementContentDecodingMode == "mono"){

Mono-VersionElementContent(ChildrenSchemaMode, theType )

}else {

Multiple-VersionElementContent(ChildrenSchemaMode, theType )

}else {

© ISO/IEC 2002 — All rights reserved
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Mono-VersionElementContent(“mono”, theType)

"Mono-Version mode" or in "MultiplesVersion mode". The SchemaMo
code word indicates the following; according to Table 9:

mono-version decoding mode as specified in subclause
schema used for the decoding process of the element content i
as the one used\for the element itself.

"multi_notdrozen" - The decoding of the element is perfor|
multiple-version decoding mode as specified in subclause

schemas used for the decoding of the element content are spec
SchemalD field of each ElementContentChunk as specified i

"mono_frozen" - The decoding of the element is performed
mono-version decoding mode as specified in subclause
schema used for the decoding process of the element content i
as the one used for the element itself. The SchemaModeS
children element is set to “frozen”.

}
}
8.4.1.2 Semantics
Name Definition
NumberOfSchemas The number of schema conveyed in the DecoderInit as specified in 7.2.
SchemaModgStatus The status of the schema mode value associated to the currently decoded
element. This enumerated variable can have the following values:
— “hot” - the schema used for the decoding of the element comptent might
change (see 8.4.3)
“frozen” - the schema used for the decoding of the element cgntent shall
remain the same as the schema used for the element itself.
SchemaModg¢Update A variable which determines if the decoding of the element content i$ done with
the same schema as the element itself.-The content of the element |s coded in

deUpdate

"mono_not_frozen" - The decoding of the element is performed using the

B.4.2. The
5 the same

Mmed using
8.4.3. The
fied by the
h 8.4.4.

using the
B.4.2. The
5 the same
atus of its

"multi_children_frozen" - The decoding of the element is perfo
the multiple-version decoding mode as specified in subclause
one of its children elements is decoded using the mono-versio

med using
4.3. Each
decoding
decoding

process are specified by the SchemaID of each ElementContentChunk

as specified in 8.4.4.

ElementContentDecodingMode

decoding performed. It can have the following values:
— “mono” - The decoding of the element is performed using
version decoding mode as specified in subclause 8.4.2.

— “multi” - The decoding of the element is performed using th
version decoding mode as specified in subclause 8.4.3.

An enumerated variable which determines in which mode is the element

the mono-

e multiple-
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Its value is deduced from the SchemaModeStatus and the

SchemaModeUpdate according to rules defined in Table 10.

ChildrenSchemaMode

The schema mode associated to the element content. Its value is deduced
from the SchemaModeStatus and the SchemaModeUpdate according to
rules defined in Table 10.

Mono-VersionElementContent()

See 8.4.2.

Multiple-VersionElementContent()

See 8.4.3.

Table 9 — Schema Mode Update

Code Word Schema Mode Update
0 mono_not_frozen
10 multi_not_frozen

110

mono_frozen

111

multi_children_frozen

Table 10 — ChildrenSchemaMode and ElementContentDecodingMode values

SchemaMode Q&l\emaMode Children ElementCqgntent
Update ) Status SchemaMode | DecodingMode
mono_not_frozen hot hot mong
multi_not_frozen hot hot multi
mono_frozen hot frozen mong
multi_children_frozén hot frozen multi
- frozen frozen mong
8.4.2 Mopho-version element content
8.4.2.1 Syntax
Mono-VerdionElementContent (Enumeration ChildrenSchemaMode, Number of bits Mnemc1nic
SchemaComponent theType) {
if (lengthCodingMode == "Length optionally coded") {
LengthFlag 1 bslbf
if (LengthFlag == 1) {
TheLength 5+ vluimsbf5
}
}
else if (lengthCodingMode == "Length always coded") {
TheLength 5+ vluimsbf5
}

© ISO/IEC 2002 — All rights reserved
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If ({PayloadTopLevelElement()) {

SubstitutionCode()

effectiveType = PayloadTypeCode(theType, false)

}else {

effectiveType=theType

}

if (effectiveType != “deferred” && effectiveType !="nil"){

if (useOptimisedDecoder(effectiveType)) {

FER T ! £ kb, o T \
UPUITTIISCULCLUUCT(CTICULUVE T yPT)

} els

e {

Attributes(effectiveType)

Content(ChildrenSchemaMode, effectiveType)

}
}
}
8.42.2 Semantics
Name Definition
LengthFlag This flag specifies whether.the length of this Mono-VersionElemen{Content is
coded.
TheLength The length in bits\of the remainder of this Mono-VersionElemgntContent,

excluding the Length*function.

ChildrenSchegmaMode The SchemaModeStatus to be propagated to the children elements.

theType The default element type i.e. the type associated to this element in the|schema or
the type passed by the context path if the element is the first element being
decoded in the FUPayload.

PayloadTopLevelElement () Returns “true” if the element being decoded is the first one of the paylpad. In this
case there is no need to decode the substitution code and the type fode since
they have already been decoded by the FUContextPath.

SubstitutionCode () Indicates the substitution information as specified in 7.6.5.3.

PayloadTypeCodeT) Irdicates thetype informationmas specifiedimsubctause 84°5:

effectiveType The effective type of the element. effectiveType shall be equal to the value of

the xsi:type attribute, in case of a type cast, or else effectiveType shall be

the default type.

useOptimisedDecoder()

Returns "true" if the type effectiveType is associated to an optimised type

decoder as conveyed in the DecoderInit (refer to subclause 7.2).

optimisedDecoder ()

Triggers the optimised type decoder associated to the type effectiveType as

conveyed in the DecoderInit (refer to subclause 7.2).
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Attributes() Decodes element attributes as specified in subclause 8.5.3.

Content()

Decodes element content as specified in subclause 8.4.6.

8.4.3 Multiple-version element content

8.4.3.1

In this cas

All elemen|
before ead

Decoder]
allowing th

NOTE

Overview

e decoder to skip ElementContentChunks related to unknown schema.

The decoder keeps track of a SchemaModeStatus. It is used to improve coding efficiency. Th

e, the element is coded in several version-consistent bitstream chunks i.e. ElementContentChunks.
ts in an ElementContentChunk are decoded using a single schema. A schema identiﬁer is present
h ElementContentChunk. These identifiers are generated on the basis of URIs:corjveyed in the
nit (see 7.2). A Length is present when the element is coded in several ElementContentChunks,

decoder can

"freeze" thel schema needed to decode the description. In this case no overhead is induced-by the multiple-version element

coding for the elements contained in the element being decoded, i.e. the entire sub-tree.

8.4.3.2

Each XML

Multiple version encoding of an element (informative)

element is associated to a type which defines its content model. Derived types are defined

by restriction

or extensign of existing types. When managing different versions of’a schema, a version 2 type mijght extend a

version 1

ype as shown in Figure 13. In this case, a multiplesversion coding can be used to prov

de a forward

compatiblg coding of this element. For example, the type T2.6{¢an be coded in two ElementContenfiChunks. The
first ElemgntContentChunk could encode those parts of\T2.6 which were derived from T1.4 (see Figure 13).

Encoding
difference
content an

d skip the second part using the Length information.

Schema 1

Schema 2

Type of the element
to be decoded

vould be done exactly as if it were type T1.4.."“The second ElementContentChunk thern encodes the
between types T1.4 and T2.6. A “Schema-f-decoder” will be able to decode the first part df the element

Figure 13 — Example of a type hierarchy defined across versions

Length S1 [T14 2 | T26

Figure 14 — Example of a forward compatible encoding
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Length S2 T2.6

Figure 15 — Example of a non forward compatible encoding

8.4.3.3 Syntax

Multiple-VersionElementContent (Enumeration ChildrenSchemaMode, Number of bits Mnemonic
SchemaComponent defaultType) {

Length 5+ vluimsbf5

SubstitytionFlag 1 hslhf

if (substiiutionFIag) {
SchemalDOfSubstitution ceil( log2( bslyf

NumberOfSchemas))

SubptituteElementCode 5+ vluimsbf5

}

nextTypg = defaultType

do {

nextilype = ElementContentChunk (ChildrenSchemaMode,

nextType)

} while (IendOfElement())

8.4.3.4 Semantics

Name Definition

Length The length .imybits of the remainder of this Multiple-VersionElemegntContent,
excluding the L.ength field.

SubstitutionF|ag A flag_which specifies whether the element is substituted by another element

which is a member of its substitution group (see XMLSchema — Part |1, Chapter
2:2.2.2).

SchemalDOfBubstitution

The version identifier which refers to the schema where the substitute|element is
defined. Its value is the index of the URI in the SchemaURT array definefd in 7.2.

SubstituteElementCode

defined in 7.6.5.3 using the schema identified by SchemaIDOfSubstitution.

The code of the substitute element. The code is computed foIIowin} the rules
SubstituteFlementCode shall bhe ignnrpd if the schema idéntified by

SchemaIDOfSubstitution is unknown to the decoder.

ElementContentChunk ()

A version-consistent chunk of the element related to a single schema as specified
in subclause 8.4.4.

EndOfElement ()

Returns “true” if the content of the element is decoded completely, i.e. the number
of decoded bits is identical to the number of bits coded in the Length field.
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SchemaComponent Number of bits Mnemonic
ElementContentChunk (Enumeration ChildrenSchemaMode,
SchemaComponent currentType) {
SchemalD ceil( log2( bslbf
NumberOfSchemas))

nextType = PayloadTypeCode(currentType, true)

If(firstElementContentChunk() ) {

Aftributes(nextType)

Cpntent(ChildrenSchemaMode, nextType)

} else |f ('restrictedType(currentType, nextType)) {

AttributesDelta(currentType, nextType)

CpntentDelta(ChildrenSchemaMode,
currentType, nextType)

}

return|nextType

8.4.4.2 Semantics

An ElementContentChunk defines the decoding of one schema-consistent part of a multiple vergion encoded

element.
Name Definition
SchemalD Identifies the schema which is needed to decode this ElementCoftentChunk.

Its valuesis the index of the URI in the SchemaURTI array defined in 7.p.

PayloadTypeCode ()

Decodes type information as specified in subclause 8.4.5. The set of|types among
which the type codes are assigned is the set of all types derived from the current
type defined in the schema identified by SchemaID.

The payload type code is progressively refined as the decoding of the element
progresses. The last decoded type code defines the xsi:type aftribute of the
resulting current description tree.

firstElementContentChunk ()

Returns true if the ElementContentChunk being decoded is the fifst one of the

Multiple-VersionElementContent

Attributes ()

Decodes element attributes as specified in subclause 8.5.3 using the element type
nextType.

Content ()

Decodes element content as specified in subclause 8.4.6 using the element type
nextType.

AttributesDelta ()

Decodes the attributes added to the currentType by the derived nextType. If
more than one type separates the two types in the type hierarchy, all the attributes
added are gathered. The decoding process of these added attributes is done
according to rules defined in subclause 8.5.3.

© ISO/IEC 2002 — All rights reserved
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ContentDelta () Decodes the part of the complex content added to the currentType type by the
derived nextType. If more than one type separates the two types in the type
hierarchy, all the extensions are gathered. The decoding process is done
according to rules defined in subclause 8.4.6.

8.4.5 PayloadTypeCode

8.4.51 Syntax

SchemaComponent Number of bits Mhemonic
Payload[ypeCode(SchemaComponent defaultType, boolean multi) {
if (multi) {
PayloadTypeldentificationCode ceil( log2( number of bglbf

possible subtypes of
defaultType+
sizeln€rease))

effective[lype = getDerivedType(defaultType,
PayloadTypeldentificationCode)

lelse if ( (hgsTypeCasting && hasNamedSubtypes(defaultType) ) ||
hgsDeferredNodes ||
elementNillable() ) {

PayloadTypeCastFlag 1 bsIbf

if (PayloadTypeCastFlag == 1) {

PaylgadTypeldentificationCode ceil( log2( number of bsIbf
possible subtypes of
defaultType +
sizelncrease))

effecliveType = getDerivedType(defaultType,
PayloadTypeldentificationCode)

}

}else {

effectivellype = defaultType

}

return effecfiveType

8.4.5.2 Semantics

The Payload Type Code is used within the BiM Payload to indicate that a type cast occurred using the xsi:type
attribute. It is also used to indicate if the element being decoded is a deferred element or a nil element.

Name Definition

multi A Boolean indicating whether the element is decoded in multiple version or
mono version mode.
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PayloadTypeldentificationCode

The Type Identification Code is generated for a specific type (simpleType or
complexType) from the set of all named derived types (itself being not
included) of the default type in the current schema as specified in 7.6.5.4.

The set of possible derived types is extended by the following r

ules:

— If the element is not nillable and deferred elements are allowed, a
"deferred" type is inserted at the first position in the set of all derived

types i.e. its code is equal to 0, all other type codes are in
due to the sizeIncrease value.

— If the element is nillable and deferred elements are not al

code is equal to O, all other type codes are increased. by
sizeIncrease value.

creased by 1

lowed, a "nil"
types i.e. its
1 due to the

— If the element is nillable and deferred elements ar¢ allowed, a
"deferred" type is inserted at the first position-in the set |of all derived
types i.e. its code is equal to 0 and a ¢nil” type is added at the first

position in the set of all derived types i.exits code is equal
type codes are increased by 2 dueto the sizeIncrease

to 1, all other
value.

PayloadTypeCastFlag

Indicates if a PayloadTypeIdentifiicationCode is defined.

sizelncrease

Handles the increase in size~of the set of possible subtypg
presence of "nil" and "defetred" types. Its value is set by the fo

— If the element is_not nillable and deferred elements are
sizeIncreagse)field is set to 1.

— If the element is nillable and deferred elements are nof
sizeIncrease field is set to 1.

s due to the
lowing rules:

allowed, the

allowed, the

— | the element is nillable and deferred elements are |allowed, the
sizeIncrease field is set to 2.
elementNillable() Returns true if the element being decoded is nillable i.e.| its "nillable"

property is equal to true (see XML Schema — Part 1, Chapter 3

3.1).

effectiveType

A SchemaComponent object representing the derived type of
decoded.

he type to be

8.4.6 Content

8.4.6.1 Syntax

Content(Enumeration ChildrenSchemaMode,
SchemaComponent theType) {

Number of bits | Mnemonic

if (hasSimpleContent(theType)) {

SimpleType(getSimpleContentType(theType))

}else {

ComplexContent(ChildrenSchemaMode, theType)

© ISO/IEC 2002 — All rights reserved
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8.4.6.2 Semantics

Name Definition
SimpleType See 84.7.
ComplexContent Refers to the decoding process specified in subclause 8.5.2.

8.4.7 SimpleType

8.4.71 Syntax

SimpleType($chemaComponent theType) { Number of bits | Mhemonic

if (useOptimisedDecoder(theType)) {

optithisedDecoder(theType)

}else {

defajultDecoder(theType)

8.4.7.2 Semantics

Name Definition

useOptimisedDecoder() Returns "true" if the type effectiveType is associated to arn optimised
type decader as conveyed in the DecoderInit (refer to subclduse 7.2).

optimisedDeqoder () Triggers the optimised type decoder associated to |[the type
effectiveType as conveyed in the DecoderInit (refer to| subclause
7.2).

defaultDecodgr () Triggers the default decoder associated to the type "theType" gs specified

in subclause 8.5.4.1.

8.5 Elemjnt Content decoding process

8.5.1 Overview

The element content decoder relies on schema analysis. The schema analysis generates a "finite state automaton
decoder" that model the decoding of a complex content. The use and construction of finite state automaton
decoders is defined in subclause 8.5.2.

NOTE In this subclause, the automata-based approach replaces the usual C-like tables to specify syntax. The automata-
based method is generic and its goal is to dynamically emulate such syntax tables rather than to statically define them. This
specification does not mandate the decoder to be effectively implemented using automata.
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8.5.2 Complex content decoding process

8.5.2.1 Finite state automaton decoders

The decod
decoder is
a receptag
indicates t
through trg
finite state
ContentD
reaches th

Fragment Binar Binary
Update synt a¥( format
Payload Y descriptior

parser subtree

Figure 16 — The complex content decoding process

composed of “states” and “transitions”. A transition is a unidirectional link between two sta
le for a token. There is only one token used during the decoding process. The location|

nsitions. For each finite state automatofttdecoder there is one “start state” and one “final s
automaton decoder is triggered bysthe Content syntax element defined in subclause

e1ta syntax element defined in subclause 8.4.4, the token is placed in the “start state”. W
b “final state” the decoding of the*complex content is finished.

State

e O N

8-1:2002(E)

ing of every complex content is modeled by a finite' state automaton decoder. A finite state automaton

es. A state is
of the token

he current state of the automaton. The token can navigate from the current state to another state only

ate”. When a
8.4.6 or the
nen the token

[ OO

Start State
Transition

Figure 17 — Example of an automaton

A transition is “crossed” when a token moves from one state to another state through it. A state is “activated” when
a token enters it. A behavior is associated to some transitions or states. This behavior is triggered when the
transition is crossed or when the state is activated. There are different types of state and transition:

— Element transitions: Element transitions, when crossed, specifies to the decoder which element is present in

the de

scription.
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— Type states: Type states, when activated, trigger type decoders.

— Loop transitions: Loop transitions are used to model the decoding of one or more element or group of
elements. There are three different types of “Loop transitions”: the "loop start transition", the "loop end
transition" and the "loop continue transition". These three loop transitions are always used together in an
automaton.

— Loop start transitions: Loop start transitions are crossed when there are many occurrences of some
elements or groups of elements to be decoded.

— Loop continue transitions: Loop continue transitions are crossed when there is at least one more element

or groupof etementstobedecoded:

— Loor:r end transitions: Loop end transitions are crossed when there are no more elements ¢

ele

— Code trg
crossed
deduced

— Shu
alwsg

— Simple t
used to S

The construc
finite state au
transitions ar

8.5.2.2 Finite state automaton decoder construction

8.5.221 (¢
This subclaus
of a comple
subclauses.
— Phase 1
element
— Phase 2
content.

ents to be decoded.

from their signature.

nt transitions: Shunt transitions are a special kind of code transitions. Their binary cog
ys equal to 0.

ansitions and simple states: simple transitions and simple-states have no specific behavid
tructure the automaton.

ion of finite state automaton decoders is specifiedin subclause 8.5.2.2. The decoding prg

tomaton decoders is specified in subclause 8.5.2.3. The behaviors of the above mentioned
b specified in subclause 8.5.2.4.

Jverview
be specifies the process whi¢h constructs a finite state automaton decoder from the comp|

type. The construction_process is composed of 4 phases that are detailed in the 3
- Type content realization - This phase flattens complex type derivation. It realizes group

references.

— Genefation of the type syntax tree - This phase produces a syntax tree for the type
This syntax tree is transformed in order to improve compression ratio.

r group of

nsitions: Code transitions are associated to a binary code and a signature,”Code transitions are
when their associated binary code is read from the binary description siream. Their bingry code is

e value is

r, they are

cess using
states and

ex content
ubsequent

eferences,

s complex

— Phase 3

- Nermalization of the type syntax tree - This phase normalizes the complex content’s syn{ax tree i.e.

it associates a unique signature to every node of the syntax tree. These signatures are used in the following

phase to

generate binary codes used during the decoding process.

— Phase 4 - Finite State Automaton Decoder generation - This final phase produces the finite state automaton

decoder

used to decode the type’s complex content.

8.5.2.2.2 Phase 1 - Type content realization

During this phase, the type definition is analyzed in order to produce a realized type definition. A realized type is a
“compiled” version of the type definition:
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The “effective content particle” of the type is the particle (see XML Schema — Part 1, Chapter 2.2.3.2) of the

content type property generated for the type. It is specified in (see XML Schema — Part 1, Chapter 3.4.2). It is
generated given the two following rules:

w

ithin a sequence group, to the effective content particle of its super type,

its content,

If the type is derived by extension from another type, the effective content particle of the type is appended,

If the type is derived by restriction from another type, the effective content particle of the type is equals to

The “reference-free effective content particle” of the type is equal to its “effective content particle” where every

eleme

Each
replac

8.5.2.2.3

8.5.2.2.3.1

Ii ICfCICI ICC al Il.lI ygroup ICfCICI 1L ib IUpidbCUI ll.)y Iib ICfUI [} |u::u' Ulb'fil IiiiUl Iy

blement and type name of the “reference-free effective content particle” is expandedyie.
ed by their expanded name (as defined in subclause 8.2)

Phase 2 - Syntax tree generation

Syntax tree definition

A syntax tijee associated to the complex type is generated based on the ‘reference-free effective co

generated
declaratior
its type. Th
a composi
occurrence
and contai

The synta
defined in
in a non @
figures, od
"sequence
between b

8.5.2.2.3.2

This rule a
is equal to

ion group (sequence, choice or all) and are derivedfrom group particles. A group node
nodes. Occurrence nodes are derived from the ‘mih/occurs’ and ‘max occurs’ property
N group nodes or element declaration nodes.

estructive way i.e. the level of validation is not decreased by these transformations. In
currence nodes are represented by<"[minOccurs, maxOccurs]", group nodes by the

U]
’

ackets e.g. “anElementName {theElementType}".
Group simplification

bplies to every group:that contains only one syntax tree node (element or other group) who

multiplied as shown in Figure 18.

v
[ns, my]

l

in phase 1. The syntax tree associated to the type is composed-of different syntax tree ng
nodes, group nodes and occurrence nodes. Element declaration nodes associate an element name to
ey are leaves of the syntax tree and are derived from element declaration particles. Group

tree is reduced to improve the compression efficiency of the binary format by the tra
subclauses 8.5.2.2.3.2, 8.5.2.2.3.3 and 8.5:2.2.3.4. These transformations simplify the con

choice" or "all" and element declaration nodes by the element name followed by its as

0 or 1. In that case,-the group is replaced by its content. Occurrences associated to the grg

their name is

ntent particle”
des: element

nodes define
contains only
bf the particle

nsformations
tent definition
the following
jroup names
sociated type

5e minOccurs
up nodes are

v

|
|
v
[nx * ns, my * my]
v
sequence, choice or X

—
[nx, my]

L withne=0 or 1

X

Figure 18 — Group simplification rule
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8.5.2.2.3.3 Empty choice simplification

This rule applies to a choice when it contains at least one item (group or element) whose minOccurs equals 0. The
minOccurs associated to the contained item is replaced by 1 and the minOccurs associated to the choice by 0.

[ncfc] ™. [0, fd
choice choice

ST o LN

[nx1,mei [0, mg]  [Dxn, Mxn] [nx1, ma]  [1, mxi]
Lo Voo
X1 Xi Xn X1 Xi

Figure 19 — Empty choice simplification rule

8.5.2.2.3.4 Choice Simplification

This rule apglies when a choice contains another choice whose occurrence equals to 1. The child ng

inner choice dre inserted in the outer choice.

choice

e lll\

/l\} |}

[nc1, ma1 [Ny, myi] ([kn, mxn]’ X1 Xi
X1 Xi Xn

Figure 20 — Choice simplification rule

8.5.2.2.4 Hhase3 - Syntax tree normalization

choice

[1,1] .
choice h |:>
3 [nx1, mx1] [N, myi]

[nxn, n’lxn]

|

Xn

[0xn, mxn

|

Xn

des of the

Syntax tree normalization gives a unique name to every element declaration node and group node of the syntax
tree. It allows to order the sibling nodes and assign a binary code to them. This code is used during the automata

construction phase.

A signature is generated for every node of the syntax tree by the following rules:

— A group node signature is equal to concatenation of the character "', the group key word (sequence, choice,
all) and the "children signature" in that order. The "children signature" is defined by the concatenation of the
signatures of the child nodes of the group node separated by the "white space" character. A "white space”
character separates the group key word and the first child signature. In case of a "choice" or a "all", the
children signatures are alphabetically sorted and then appended. In case of a "sequence", the children

signatures are appended in the order of their definition in the schema,
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— An occurrence node signature is equal to the signature of its child,

— Element declaration node signatures are equal to the expanded name of the element.

Example

Given the following complexType defined in the "http://www.mpeg7.org/example" namespace :

ISO/IEC 15938-1:2002(E)

<complexType name="CoordinateMapping">
<sequence maxOccurs="unbounded">
<element name="pixel" type="IntegerVectorType"/>

<fhoice

<

<element name="coordPoint" type="FloatVectorType"/>
<element name="srcpixel" type="IntegerVectorType"/>
choice>

</sequence>

<elen

ent name="mappingFunct" type="mappingFunct"
minOccurs="0" maxOccurs="unbounded"/>

</complexType>

The corresponding syntax tree is :

B e - Occurrence Node
sequence < ----------- Group Node
(1.7 [0,%] Element declaration

I |

.
sequence b

/ \ MappingFunct {mappingFunctType}

[1,1] [1,1]

v v

Pixel {integerVector} choice

N

[1,1] [1,1]

;

CoordPoint {floatVector} SrcPixel {integerVector}

I:ig_u;e 21

In this example:

— The signature of the choice is:

:choice http://www.mpeg7.org/example:CoordPoint http://www.mpeg7.org/example:Srcpixel

— The signature of the lower sequence is

:sequence http://www.mpeg7.org/example:Pixel :choice http://www.mpeg7.org/example:CoorPoint

http://www.mpeg7.org/example:Srcpixel
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— The signature of the upper sequence is

:sequence :sequence http://www.mpeg7.org/example:Pixel :choice
http://www.mpeg7.org/example:CoorPoint http://www.mpeg7.org/example:Srcpixel
http://www.mpeg7.org/example:MappingFunct

8.5.2.2.5 Phase 4 - Finite state automaton generation

8.5.2.2.5.1

Main Automaton Construction Procedure

A complex content automaton is recursively defined by the following rules. These rules are applied starting from the

leaf nodes of

— Eve

— The
root

— Eve

the syntax tree up to the root node of the syntax tree:
y node of the content model syntax tree produces an automaton, short “node automaten”,

complex content automaton of the complex type to decode is the node autoftaton produ
node of its syntax tree,

y node automaton is generated by the merging of its child automata. The nature of the

depéndent of the nature of the node as specified in 8.5.2.2.5.2,

— At t
tran

8.5.2.2.5.2

Element dec|

An automato
transition bet
definition. Th
associated. T|
node is assoq

ne end of the process, automata are realized in order to~associate binary codes to
itions” (refers to subclause 8.5.2.1).

Phase 4.a - Automata construction

aration node automaton

N for an element declaration node is composed of two states, a start state and a final s
ween them. It is used to specify the “element name” / “type” association declared in the co|
b transition is an "element transition" o which the element name of the element declarat
he target state of the transition is a-‘type state" to which the element type of the element
iated.

Type state

|
]
Element transition \
1
1

| v

mappingFunct

mappingFunctType

ced by the

merging is

the "code

ate, and a
mplex type
on node is
Heclaration

Figure 22 — Example of an element declaration node automaton

Occurrence node automaton

An occurrence node automaton is generated by adding loop transitions and states to its child node automaton. The
transformation applied to the occurrence node child automaton depends on the minOccurs and maxOccurs values
of the occurrence node:

— case a: if minOccurs = 1, maxOccurs = 1

— nhocC

hange to the child node automaton.

— case b: if minOccurs = 0, maxOccurs = 1
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— two states are added to the child node automaton : a new start state and a new final state,
— a"Shunt transition" is added between the new start state and the new final state,

— a "Code transition" is added between the new start state and the old one, its signature is equal to the
signature of the child node of this occurrence node,

— a simple transition is added between the old final state and the new one.

— case c: if maxOccurs > 1

— two states are added 1o the child node automaton : a new start state and a new final siat

D

— An intermediate simple state is added to the child node automaton. A "Code{ransitjon" is added
between the new start state and the intermediate state. The signature of this “cod€ transition” is equal
to the signature of the child node of the occurrence node. A “Loop start transition” is added between
the intermediate state and the old start state,

— a "Loop end transition" is added between the old final state and the.new one,

—t a "Loop continue transition" is added between the old final state and the old start state.

— céase c-2: if minOccurs =0

— a "Shunt transition" is added between the new start-state and the new final state.

Simple state Shunt transition
f |
' 1
| A%
QJ ’
|
O ! Loop continue transition
1
= e
Vv v

Code transitionsignature = A
mappingFunct

A

5

» mappingFunct
Code transition
mappingFunctType

Loop start transition !
Loop end transition

Figure 23 — Example of an occurrence node automaton

Choice node automaton
A choice automaton is built by the parallel merging of its child automata:
— Two new states are created : a new start state and a new final state,

— Code transitions are added between the new start state and every start state of its child nodes automata. The
signatures of these code transitions are equal to the signature of their corresponding child node,

— Simple transitions are added between every final state of its children and its new final state.
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