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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

respecti

e organization to deal with particular tields of technical activity. ISO and IEC technical com

ittees

collabordte in fields of mutual interest. Other international organizations, governmental and non-governmeital, in

liaison
establis

Internati
The mai
adopted

Standarg

ISO/IEC

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

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

by the joint technical committee are circulated to national bodies for voting. Publication as an Intern
requires approval by at least 75 % of the national bodies casting a vote.

15938-1 was prepared by Joint Technical Committee ISO/IECITC 1, Information techn

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

ISO/IEC
descripti

—  Parf
— Parf
—  Parf
— Parf
— Parf
— Parf
— Parf
— Parf

Annexes|

15938 consists of the following parts, under the general title Iaformation technology — Multimedia g
bn interface:

1: Systems

2: Description definition language

3: Visual

4: Audio

5: Multimedia description schemes

6: Reference software

7: Conformance testing

8: Extraction and-tse of MPEG-7 descriptions

A to C of this-part of ISO/IEC 15938 are for information only.

have

task of the joint technical committee is to prepare International Standards. Draft'International Stapdards

btional

ology,

ontent
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Introduction

2002(E)

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 m

ultimedia

applications and requirements by providing a metadata system for describing the features of multimedia content.

The fdllowing are specified in this standard:

o Description Schemes (DS) describe entities or relationships pertaining to multimedia content. Dg
Sg¢hemes specify the structure and semantics of their components, which may be Description S
De¢scriptors, or datatypes.

o Deéscriptors (D) describe features, attributes, or groups of attributes of multimedia content.

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

o Description Definition Language (DDL) defines Description Schemes, Descriptors, and Data
sgecifying their syntax, and allows their extension.

e Systems tools support delivery of descriptions, multiplexing’ of descriptions with multimedia
syinchronization, file format, and so forth.

This sfandard is subdivided into eight parts:

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

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

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

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

Part 5— Multimedia description schemes: specifies the generic description tools pertaining to m

Part 71— Conformance testing: specifies the guidelines and procedures for testing conform

scription
chemes,

ypes by

content,

pressing

ion tools

ultimedia

ance of
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INTERNATIONAL STANDARD ISO/IEC 15938-1:

2002(E)

Information technology — Multimedia content description
interface —

Part 1:

Systems

1 Sicope

This |

nternational Standard defines a Multimedia Content Description Interface, specifying a series of ipterfaces

from gqystem to application level to allow disparate systems to interchange information about multimedia gontent. It
descripes the architecture for systems, a language for extensions and specifie ‘applications, description topls in the

audio

This part of ISO/IEC 15938 specifies system level functionalities for’the communication of multimedid
descriptions. ISO/IEC 15938-1 provides a specification which will:

|
@

S

— P
4

The d

the pfeparation and encoding of multimedia content descriptions without leading to a unique
repregentation of such descriptions.

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

hable development of ISO/IEC 15938 receiving sub-systems, called ISO/IEC 15938 Terminal, or T¢
lhort, to receive and assemble possibly partitioned andcompressed multimedia content descriptions

ovide rules for the preparation of multimedia content descriptions consisting of the tools specified in
and 5 of ISO/IEC 15938 for efficient transport.ahd storage.

content

rminal in

Parts 3,

bcoding process within the ISO/IEC 15938 Terminal is normative. The rules mentioned provide guidance for

encoded

This part of the MPEG-7 Standard is.intended to be implemented in conjunction with other parts of the stahdard. In

particdlar, MPEG-7 Part 1: Systems assumes some knowledge of Part 2: Description Definition Language
its norfmative syntactic definitions’/of Descriptors and Description Schemes, as well as in the processing o

and d

defined in Parts 3, 4, and*5-ef ISO/IEC 15938.

MPEQ-7 is an exténsible standard. The standard method of extending the standard beyond the Dsg
Schemes provided»in the standard is to define new ones in the DDL, and to make those DSs as accessib
instantiated descriptions. Further details are available in Part 2.

gscriptions. The methods for obtaining the descriptions to which the encoding techniques in this part

(DDL) in
schema
refer are

scription
le 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

I1ISO/
Part

XML
<httd

XML
XML
XML

XML

XPath, XML Path Language, W3C Recommendation, 16 November 1999

<httg

Nam

EC 10646-1:2000, Information technology — Universal Multiple-Octet Coded Character Set (UGS) —
1: Architecture and Basic Multilingual Plane

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

Extensible Markup Language (XML) 1.0, 6 October 2000
/lwww.w3.0rg/TR/2000/REC-xm|-20001006>

Schema, W3C Recommendation, 2 May 2001 <http://www.w3.org/XML/Schema>
Schema Part 0: Primer, W3C Recommendation, 2 May 2001 <http://wWww.w3.org/TR/xmIschema-0/
Schema Part 1: Structures, W3C Recommendation, 2 May 2003 <http://www.w3.org/TR/xmIschemg-1/>

Schema Part 2: Datatypes, W3C Recommendation, 2 May 2001 <http://www.w3.org/TR/xmlschema-2/>

Iwww.w3.0rg/TR/1999/REC-xpath-19991116>

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

These documents are maintained by the-W3C (http://www.w3.0rg).
2396, Uniform Resource Identifiers{URI): Generic Syntax.

F Standard for Binary FloatingsPoint Arithmetic, Std 754-1985 Reaffirmed1990,
/standards.ieee.org/reading/ieee/std_public/description/busarch/754-1985_ desc.html

<http
NOTE
¢ RFC
o |EEH
http:
2
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3 Terms and definitions

3.1 Conventions

3141

Naming convention

2002(E)

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

associ

ated with these constructs are created on the basis of the following conventions:

If the
of the

— E

In

first word depends on the type of construct and is described below.

Jement naming: the first letter of the first word is capitalized (e.g. TimePoint element of @itmeType).
— Alttribute naming: the first letter of the first word is not capitalized (eXg)~ timeUnit att

crDurationType).

|
2

name.

— s
of

3.1.2

3.1.2.1

The s
in this

name is composed of various words, the first letter of each word is capitalized. The rule for the Cap

bmplexType naming: the first letter of the first word is capitalized, the suffix\"Type" is used at the €

the name.
Documentation convention

Textual syntax

ntax of each XML schema item is specified using the constructs specified in ISO/IEC 15938-2. It is
document using a specific font and background, as shown in the example below:

talization

ibute of

nd of the

impleType naming: the first letter of the first word is not capitalized; the suffix "Type" may be used gt the end

depicted

<comy
<

<
<
</cor

lexType name="ExampleType">
Eequence>
<element name="Elementl™type="string"/>
sequence>
bttribute name="attribptel" type="string" default="attrvaluel"/>

plexType>

Non-n

separate font and background than the normative syntax specifications, as shown in the example below:

brmative XML examples are included in separate subclauses. They are depicted in this documen

f using a

<Exan
<
</ExJ

ple attwvibutel="example attribute value">
Flementl>example element content</Elementl>
nmple>

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.

© 1S0/1

EC 2002 — All rights reserved
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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 ) { If the condition is true, then the group of data elements
data_element occurs next in the data stream. This repeats until the
ca condition is not true.
}
do {
data_eIJment The data element always occurs at least once.
} while ( gondition ) 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_elgment elements occurs next in the data stream.
} else { If the condition is not true, then the second groupof data
data_elgment elements occurs next in the data stream.
}
for(i=m;i<n;i++) { The group of data elements occurs.(n-m) times. Conditional
data_elgment 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.
/* commlent */ Explanatory comment that may be deleted entirely without
in any way.altering the syntax.

This synfax uses the 'C-code' convention-that a variable or expression evaluating to a non-zero value is equ|valent
to a condlition that is true and a variable\or expression evaluating to a zero value is equivalent to a condition|that is
false.
Use of finction-like constructs,in syntax tables
In some |syntax tables, function-like constructs are used in order to pass the value of a certain syntax element or
decodingd parameter down 1o a further syntax table. In that table, the syntax part is then defined like a fungtion in
e.g. C pfogram language; specifying in brackets the type and name of the passed syntax element or degoding
parametér, and the retdrned syntax element type, as shown in the following example:
datatype|Function(datatype parameter_name) { Number of bits | Mnempnic

if (pgrameter_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
examﬂ»le: FragmentUpdatePayload.

boolepn

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

3.1.2.2.2 Arrays

Arrayq of data elements are represented according to the C-syntax as described below. It should be npted that
each ihdex 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-dimensional 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 fiinction “nextByteBoundary()” reads. and consumes bits from the binary description stream unti| but not
including the next byte-aligned position in-the binary description stream.

3.1.2.2.4 Reserved values and forbidden values
rms "reserved" and "forbidden" are used in the description of some values of several code and inde¥ tables.

rm "reserved" indicates that the value shall not occur in a binary description stream. It may be used in the

dUIT

element shall Be “1”. These bits may be used in the future for ISO/IEC defined extensibns.

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 within a description stream that is atomic in time, i.e., to which a composition time~can be attachgd. An
access Unit is composed of one or more fragment update units.

3.2.2
applicatjon
An abstraction of any entity that makes use of the decoded description stream.

3.23
binary agcess unit
An accegs unit in binary format as specified in Clause 7 and 8.

3.24
binary description stream
A concatenation of binary access units as specified in Claus& 7 and 8.

3.25
binary format description tree
The internal binary decoder model.

3.2.6
byte-aligned
A bit in g binary description stream is.byte-aligned if its position is a multiple of 8-bits from the first bit in the [binary
descriptipn stream.

3.2.7
composjtion time
The poinf in time when a_speécific access unit becomes known to the application.

3.2.8
content particle
A particlg is a term in the XML Schema grammar for element content, consisting of either an element declargtion, a
wildcard for a\miodel group, together with occurrence constraints. Refers to ISO/IEC 15938-2.

3.29
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.

6 © 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 tinme.

3.21
current description tree
The description tree that represents the current description.

3.215
DDL parser
An application that is capable of validating description schemes (content and stru¢ture) and descriptor data types
againgt their schema definition.

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

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

3.2.18
descrjbed time
A poift in time or range of time, embedded in_the description, that is related to the media described by the
description. Note that there is no intrinsic relation between the described time and the composition tife of an

access unit. This information is e.g. carried byiinstances of the MediaTimeType defined in ISO/IEC 15938-b.

3.219
descrjption
Short ferm for multimedia content(description.

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

3.2.21
descrjption fragment
A contiguous ‘part of a description attached at a single node. Using the representation model of a description tree,
the description fragment is represented by a sub-tree of the description tree.

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 parti

3.2.25
fragmen

cle of a complexType used for the validation process.

t update command

A command within a fragment update unit expressing the type of modification to be applied to the part of the

currentd

3.2.26

escription tree that is identified by the associated fragment update context.

fragmerit update component extractor

An entity
fragment

3.2.27

that de-multiplexes a fragment update unit, resulting in the unit’s components: fragment update'com
update context, and fragment update payload.

fragmenit update context

Informati
update (¢
element

3.2.28

on in a fragment update unit that specifies on which node in the current description tree the fra
ommand shall be executed. Additionally, the fragment update context spegcifies the data type
bncoded in the subsequent fragment update payload.

fragmenit update payload

Informati
which re

3.2.29
fragme
The enti

3.2.30

pn in a fragment update unit that conveys the information which¢is*added to the current descrip
blaces a part of the current description.

update payload decoder
that decodes the fragment update payload informatien of the fragment update.

fragmentt update unit

Informati
means {q
update c

3.2.31

on in an access unit, conveying a description or a portion thereof. Fragment update units provi
modify the current description. They are*nieminally composed of a fragment update command, a frg
bntext and a fragment update payload:

fragmenit update decoder parameters

Configur
decoding

3.2.32
initial de

ption parameters conveyed in the DecoderInit (see 6.2 and 7.2) that are required to spec
process of the fragment'update decoder.

scription

A description that initialises the current description tree without conveying it to the application (see 5.3). Thed

descripti

3.2.33

bn is part ofithe DecoderInit (see 6.2 and 7.2).

initialis

tion.extractor

mand,

gment
of the

ion or

e the

gment

fy the

initial

An entity that de-multiplexes the DecoderInit (see 6.2 and 7.2), resulting in its components initial desc

iption,

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

2002(E)

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>"

information items. A "schema document" contains representations for a collection of schema components,

element
e.g. type

definitjons and element declarations, which have a common target namespace. A schema document-w
one of more "<import>" element information items corresponds to a schema with components with more
target[namespace. Refer also to ISO/IEC 15938-2.

3.2.3

schema resolver

An entity that is capable of resolving the schema identification provided in the DecodetInit (see 6.2
and tg possibly retrieve the specified schemas.

3.23
schema URI
A URI|that uniquely identifies a schema.

3.23
schema valid
A desgription that is schema valid satisfies the constraints embodied in the Schema to which it should conf

3.24

selecfor node

The pprent node of the topmost node of a description:tree. It artificially extends the description tree to
addressing of the topmost node.

3.2.41
super|type
The parent of a type in its type hierarchy;

3.2.42
systems layer
An abstraction of the tools and processes 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.

3.24
textugl access unit
An acgess.unit in textual format as specified in Clause 6.

hich has
than one

and 7.2),

Drm.

bllow the

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 declar
schema.
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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 Abhbreviations

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<Fransformation Formats
Extensible Markup Langtage

XML Path Language

4.2 Mathematicaloperators

The mat
program

Numbering-and counting loops generally begin from zero.

4.21

+

++

10

hematical“Operators used to describe this part of ISO/IEC 15938 are similar to those used in|the C
ming \lahguage. However, integer divisions with truncation and rounding are specifically défined.

Arithmetic operators
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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A Power.
] 1 x>0
sign( ) sign(x) =
-1 x<0
abs( ) abs(x) = x - sign(x)
log2(.. log2(x) =log,(x)
) 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 {o -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 equal to.
== Equal to¢

1= Notequal to.

max (J...,); \the maximum value in the argument list.

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

min (, = r—the-minimum-vatde-inthea
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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Two strings are 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:

compare strings(stringl, string2) {

lenl

length (stringl) ;

len2 = length(string2);

n = min(lenl, len2);
i=0;

J = 0;

while (n-- != 0) {

cl = stringl[i++];

c2 = string2[j++];
if (¢l !'= c2) {
return cl - c2;
}

}

return lend - len2;

4.3 Mnemonics

The followving mnemonics are defined to describe the different data types used in the coded bitstream.

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.
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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.

vluimgbf5 Variable length code unsigned integer, most significant bit first. The first n bits (Ext) which are 1
except of the n-th bit which is 0, indicate that the integer is encoded by n times-4 bits.

An example for this type is shown in Figure 2.

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

‘ »d . .
Ll | > L | >

A

T
BltI

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

0
ol
I
—
o |
o]
I
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1;:
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| =
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—
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|
=1
[
et
=y
L=t

Figure 1 — Informative example-for the viuimsbf8 data type

Ext bits unsigned integer represented by 12 bits
<+“—r <« >
1 1 0 Ir MSB Bit I\ Bit2 Bit 3: Ir Bit4 Bit5 Bit6 Bit 7: Ir Bit8 Bit9 Bit10 Bitll :
e e o e e o e e e e e o ] e e o oo e e e e e e e e o o m

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.

elivery
s and
iption.
ned in
whose
hpliant
mative

5.2 General characteristics of the decoder

5.2.1 GQGeneral characteristics of description streams

An ISO/IEC 15938 terminal consumes description streams and’outputs a — potentially dynamic — representation of
the descfiption called the current description tree. Description ‘streams shall consist of a sequence of one of more
individually accessible portions of data named access units. An Access Unit (AU) is the smallest data entity to
which “t¢rminal-oriented” (as opposed to “described-myedia oriented”) timing information can be attributed. This
timing information is called the “composition” time, meaning the point in time when the resulting current desdription
tree corresponding to a specific access unit becomes known to the application. The timing information s:l;all be
carried by the delivery layer (see subclause~5.5.4). The current description tree shall be schema-valid after
processing each access unit.

A description consisting of textual access units is termed a textual description stream and is processed by a fextual
decoder [(see subclause 5.2.2 and.clause 6). A description stream consisting of binary access units is termed a
binary déscription stream and is ‘processed by a binary decoder (see subclause 5.2.3 and Clauses 7 and 8). A
mixture ¢f both formats in a_single stream is not permitted. The choice of either binary or textual format for the
descriptipn stream is application dependent. Any valid ISO/IEC 15938 description, with the exception of thosg listed
in 5.6.4, may be conveyedin either format.

5.2.2 PFrinciples.ofithe textual decoder (informative)

The ISQ/IEC45938-1 method for textual encoding, called TeM, enables the dynamic and/or progressive
transmisgion of descriptions using only text. The original description, in the form of an XML document, is partjtioned
into fragments (see 55 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
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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

descri
the tre

5.3

The d
in 6.2
specif]
acces
acces
Decod
is alsg
54.

ption are present at the decoder only at chosen times, are never present at all, or appear in a different part of

e.

Sequence of events during decoder initialisation

bcoder set-up is signalled by the initialisation extractor receiving a textual or binary DetdderInit

and 7.2). The signalling of the use of either binary or textual encoding is outside the scop
cation. However, if the DecoderInit is binary, then the following description stfeam shall consist
5 units. Similarly, if the DecoderInit is textual, then the following description(stream shall consist
5 units. The DecoderInit shall be received by the systems layer $from the delivery la

received from the delivery layer. The component parts of the description stream are discussed in s

specified
b of this
of binary
Df textual
er. The

erInit will typically be conveyed by a separate delivery channel compared to the description stream, which
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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
describefl in subclauses 6.2 and 7.2. The initial description initialises the current description tree without conpeying
it to the application. The current description tree is then updated by the access units that comprise the-desdription
stream. The initial description may be empty, since a schema-valid current description tree for consumption [py the
applicatipn need only be generated after the first access unit is decoded.

5.4 Decoder behaviour

The desgription stream shall be processed only after the decoder is initialised. The behaviour of the decodeff when
access Units are received before the decoder is initialised is non-normative. Specifically, there is no requirenpent to
buffer such “early AUs.”

An accegs unit is composed of any number of fragment update units, each ofwhich is extracted in sequence|by the
fragmen{ update component extractor. Each fragment update unit consists of:

— a frlgment update command that specifies the type of updaté.to”be executed (i.e., add, replace or |delete
content or a node, or reset the current description tree);

— a frdggment update context that identifies the data type in-a@-given schema document, and points to the Iqcation
in thie current description tree where the fragment update’command applies; and

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

A fragmgnt update extractor splits the fragment:update units from the access units and emits the above component
parts to the rest of the decoder. The fragment.update command decoder generally consists of a simple table [ookup
for the ypdate command to be passed on-to the description composer. The decoded fragment update dontext
informatipn (‘context’ in Figure 3) is passed along to both the description composer and the fragment lipdate
payload Hecoder. The fragment update payload decoder embodies the BiM Payload decoder (Clause 8) or,|in the
case of the TeM, a DDL parser, which’ decodes a fragment update payload (aided by context information) to yield a
descriptipn fragment (see Figure 3).

The corrgsponding updateZ.eommand and context are processed by the non-normative description composer,|which
either places the description fragment received from the fragment update payload decoder at the appropriat¢ node
of the cyrrent description tree at composition time, or sends a reconstruction event containing this information to
the application. The actual reconstruction of the current description tree by the description composer is
implemeptationsspecific, i.e., the application may direct the description composer to prune or ignore unwanted
elementg asc¢desired. There is no requirement on the format of this current description tree, e.g. it may 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 that node.

NOTE If an application wishes to retain such updated node information, it may do so. However, access to such outdated
portions of the description is outside the scope of this specification.

ih o 4 A

Figure 4 — Decomposition of a description into two description fragments

5.5.2 | Deferred nodes and their use

With Roth the TeM and the BiM, there exists the possibility for.thé encoder to indicate that a node in the current
description tree is “Deferred.” A deferred node shall not contain content, but shall have a type associated with it. A
deferred node is addressable on the current description " tree (there is a fragment update confext that
unambiguously points to it), but it shall not be passed on‘to any further processing steps, such as a parger or an
application. In other words, a deferred node is a placeholder that is rendered “invisible” to subsequent processing
steps.

The typical use of deferred nodes by the encoder’is to establish a desired tree topology without sending gll nodes
of the|tree. Nodes to be sent later are marked as “deferred” and are therefore hidden from a parser. Hg¢nce, the
current description tree minus any deferred nodes must be schema-valid at the end of each access lnit. The
deferred nodes may then be replaced in any subsequent access unit without changing the tree topology mgintained
internally in the decoder. However,there is no guarantee that a deferred node will ever be filled by a subsequent
fragment update unit within the desetription stream.

5.5.3 | Managing schema-version compatibility with ISO/IEC 15938-1

It is vgry conceivable that’'a given schema will be updated during its lifetime. Therefore, ISO/IEC 15938-1 provides,
with spme constraints, interoperability between different versions of ISO/IEC 15938 schema definitions, without the
full knpwledge of al~schema versions being required.

Two different-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 dgscription
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 progr ssive transmission enviranment \\ith Inllnan’ the e\]/efnm itself cannaot gllnrnnfnn that the 1D element will
be presdnt, but during the validation phase, all such links are checked, and thus their presence falls_under the
directive|that the current description tree must always be schema-valid. URI and HREF links are~typically to
external [documents, and should be understood not to be under control by the referrer (and ‘therefore not
guaranteged).

5.6 Differences between the TeM and BiM

5.6.1 Introduction
BiM and|TeM are two similar methods to fragment and convey descriptions as'‘a’/description stream. While both

methods| allow one to convey arbitrary descriptions conformant to Parts 35 of this specification, structural
differences in the TeM- and BiM-encoded representation of the description as,well as in the decoding procesg exist.

5.6.2 Use of schema knowledge

The TeM does not require schema knowledge to reconstituter descriptions; hence, the context inforfnation
identifying the operand node on which the fragment update command is applied is generated with referenceto the
current description tree as available to the decoder before. processing the current fragment update. Th¢ TeM
operates| on an instantiation-based model: one beginstwith a blank slate (a single selector node) and adds
instantialed nodes as they are presented to the termihall Schema knowledge is, of course, necessary for schema
validatiof to be performed.

The BiM|relies upon schema knowledge, i.e., the FU decoder implicitly knows about the existence and position of
all potential elements as defined by the schéma, no matter whether the corresponding elements have actually been
received| in the instantiated description. This shared knowledge between encoder and decoder improves
comprespion of the context information.and makes the context information independent from the current desgription
tree as available to the decoder. The BiM operates on a schema-based model: all possibilities defined py the
schema [can be unambiguously‘\addressed using the context information, and as a payload is added, the
instantiafion of the addressed.fnode is noted. The current description tree is built by the set of all of the instaptiated
nodes. Qne non-obvious consequence of this BiM model is that numbering in the internal binary decoder mpdel is
“sticky”: pnce an element.jS/instantiated and thus assigned an address in the internal binary decoder mode| by its
context, the address is"unaffected by operations on any other nodes.

5.6.3 Update command semantics

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” bhecause the TeM aperates
(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 node either.

For bpth types of decoders, the “Reset” command reverts the description to the initial descfiption in the
DecoderInit.

5.6.4 | Restrictions on descriptions that may be encoded
The TeM has limited capability to update mixed content models (defined in ISO/IEC 15938-2). Although|it allows
the replacement of the entire element, or the replacement of child elements, the mixed content itself cannot be
addregsed or modified.

Wildcgrds and mixed content models (defined in ISO/IEC 15938-2) are not sdpported at all by the BiM. Therefore a
schenja that uses these mechanisms cannot be supported by the binary format.

5.6.5 | Navigation
When|navigating through a TeM description, at each step the different possible path is given by the elemgnt name,
an index, and, possibly, a type identifier. The concatenation of\that information is expressed (in a reduced|form) by
XPath

In BiM, each step down the tree hierarchy is given bya tree branch code (TBC), whose binary coding i$ derived
from the schema. 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 either|from the
topmast node of the description or a context.node known from the previous decoding steps.

5.6.6 | Multiple payloads

With the BiM, for compression ‘efficiency, there may be multiple payloads within a single fragment update] unit that
implicitly operate on subseqgient nodes of the same type. This feature does not exist in the TeM.

5.7 [Characteristics-of the delivery layer
The delivery layer\is an abstraction that includes functionalities for the synchronization, framing and multiglexing of

description streams with other data streams. Description streams may be delivered independently or togdther with
the described-multimedia content. No specific delivery layer is specified or mandated by ISO/IEC 15938.

Provisions for two different modes of delivery are supparted 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 19


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

ISO/IEC 15938-1:2002(E)

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.
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6 Textual Format-TeM

6.1 Overview

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 f IIOWINg scheima wrapper shall be applied 10 the Syntax detined in Llause o.

<schgma xmlns="http://www.w3.0rg/2001/XMLSchema"
xmlns:mpeg7s="urn:mpeg:mpeg’/:systems:2001"
targetNamespace="urn:mpeg:mpeg’:systems:2001"
elementFormDefault="qualified"
attributeFormDefault="unqualified">

<!-- here clause 6 schema definition —-->

</schema>

6.2 [Textual Decoderlnit

6.2.1 | Syntax

<V—— |###4d4#fd4 4t H S A4 A A4S A A H AP ER A AR SEHHE ——>
<!--|Definition of DecoderInit ——>
<V—— |#H##4d#fd44tH S A4 A H 4 H A A A AP HEHHE ——>

<complexType name="mpeg7/s:DecoderInitType">
<gequence>

<element name="SchemaRefercnce" type="mpeg’/s:SchemaReferenceType"
maxOccurs="unbeunded" />

<element name="InitialDescription" type="mpeg7/s:AccessUnitType"
minOccurgs%0”/>

<fsequence>

<pttribute name="gystemsProfilelLevellIndication" type="decimal"

usg=Yrequired"/>

</conplexType>

<complexType adme="SchemaReferenceType'">

<pttribute’name="name" type="anyURI" use="required"/>
<pttriluwte name="locationHint" type="anyURI" use="optional"/>
</conplexType>

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 restrictior)s on
InitialDescription, compared to a regular fragment update unit apply;
— For all fragment update units within the InitialDescription, FUCommand
shall take the value "addNode".
— The FUContext of the first fragment update wunit within the
InitialDescription shall have the value of /" referring to the ingtance
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 clrrent description tree.
Decoding the InitialDescriptionlus any subsequent AU or AUs shall lead,
after composition, to a schema-valid current description tree that may be pagsed to
the application.
systemslProfileLevellndication Used to indicate which Systems“profile and level is being used, as defined in[ Table
1. This table, defined in Clause 7, provides the code associated with each defined
Systems profile and level
NOTE That the system layer is not required\te-output a current description tree after decoding the initial description and,
therefore,[the decoded instance data need not result in a schema-valid description.
6.3 Textual Access Unit
6.3.1 Syntax
SR i i AR
<!-- DefinitionSof AccessUnitType ==>
SR & 1 o i i AR
<complg¢xType~name="AccessUnitType">
<sepuence>
element namo:"F‘ranm@n#ﬁpda#mﬁn‘i e W 1—ypo:"mpam7 . F‘rammpnfTTpdaprTni £T 7pp"
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 [rextual Fragment Update Unit
6.4.1 | Syntax
AR R i i i i A
<!--| Definition of FragmentUpdateUnitType -——>
AR B i i i
<complexType name="FragmentUpdateUnitType">
<s4 quence>
element name="FUCommand" type="mpeg7s:FragmentUpdateCommandType" />
element name="FUContext" type="mpeg’/s:FragmentUpdateContextType"
minOccurs="0"/>
element name="FUPayload" type="mpeg’/s:FragmentUpdatePayloadType"
minOccurs="0" />
</gequence>
</conplexType>
6.4.2 | Semantics
A fragment update unit is the container for a fragment update and consists of a fragment update command, an
optionpl fragment update context and optionallfragment update payload.
Name Definition
FUCommand 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.
FUPayload Provides the update value for "addNode" and "replaceNode" commands. The 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—— #4H4H44H4H4H4HAHHHHHHFHFHFHAH AR AR AR AL ——>
<!-- Definition of FragmentUpdateCommandType ==>
<U—— #EH4H44H4HHHAHAHHHEHHFHFEHHHH AR AR AR AR AL >
<simpleType name="FragmentUpdateCommandType">
<union>
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<simpleType>
<restriction base="string">
<enumeration value="addNode"/>
<enumeration value="deleteNode"/>
<enumeration value="replaceNode"/>
<enumeration value="reset"/>
</restriction>
</simpleType>
<simpleType>
<restriction base="string"/>

</simpleType>
</uphion>
</simpleType>

6.5.2 Semantics

Name Definition

addNode Adds the node conveyed within the FUPayload to the context node as the last child|of the

context node.

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

deleteNdde Deletes the context node and the nodes thatare children of the context node. The pafent of

command shall not contain a FUPayloa@element.

the context node becomes the new context\node. A fragment update unit with a deleteNode

reset Resets the current description tregto the initial description specified in DecoderInit| If the

initial description is not schema*valid on its own, the AU containing the "reset" conpmand
shall also contain at least one~other fragment update unit such that the description is sghema
valid when the decoding, of ‘the access unit containing the “reset” command is complete.
Such an AU (i.e. contaiding a reset, possibly followed by one or more addNode comnpands)
would normally be marked as a sync point. A fragment update unit with a reset conpmand
shall neither contain a FUContext nor a FUPayload element.

NOTE Deleting a node that’has’siblings of the same name implicitly causes the position index numbers, as specified by the

XPath, offall following siblingnodes of the same name to decrease by one.

6.6 Textual Fragment Update Context

6.6.1 Syntax

SRR I 52k e —=>
<!-- Definition of FragmentUpdateContextType ==>
<= HH#4HHHHH A A H A AR FH A A AR A A A E R H AR H A ==>

<simpleType name="FUContextType">
<restriction base="string">
<pattern value =

/2 CONG OV T CCONENe* ) 2N ENe*) (N INA+NT) 2)) (/ CON) T NN T CC(NINer ) 2N i\e*) (N [\d+\1)
*(

2)))* (/@ (\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

presemted In Annex B. The fragment update context shall be constructed based on the current descriptioh tree as
compg@sed prior to decoding the current fragment update unit. A relative XPath is interpreted as starting|from the
‘curremt context node’. The current context node in TeM is the parent node of the context node-injthe [previous
FragnentUpdateUnit, except in the case of 'AddNode,' where the current context node is thejcontext npde from
the prévious FragmentUpdateUnit
Name Definition
FUContextType Specifies the navigation path to the context node. The representation is based on the subset
of XPath expressions. Inside the XPath expression, qualified elements and attribytes shall
be used when an element or attribute's name is qualified;
6.6.3 | Examples
In the ffollowing, examples of the instances of the FUContext datatype are shown:
<FUC¢ntext>/mpeg7:MPEG7[1] /mpeg7:ContentDescription[1l]/mpeg7:AudioVisualContent[1]/mp
eg7:Video[1]</FUContext>
<FUCdntext>../mpeg7:Video[2]</FUContext>
<FUCg¢ntext>/mpeg7:MPEG7[1] /@mpegi/type</FUContext>
6.7 [fextual Fragment Update Payload
6.7.1 | Syntax
<U—— | #4#4#HH# 4 HEFHHF AR H A HHH AR HHF AR H S H RS AR RE ——>
<!-—] Definitiofi~of FragmentUpdatePayloadType ==>
<V—— [H###EH R A A A A S >
<compplexType name="FragmentUpdatePayloadType">
<segquence>
SRy—processContents="skip' minOccurs=10"
</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

narformina-schama validation
peHeHHRg-SeHeaYaHaaHeh-

NOTE The processContents directive indicates that the fragment payload itself shall not be subject to schema validation
when valldating individual AUs. This is required since the fragment payload is related to the schema_of the trangported
descriptiop rather 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 BinaryDecoderinit
7.2.1 | Overview
The blnary DecoderInit specified in this subclause is used to configure parameters required for the degoding of
the binary access units. There is only one DecoderInit associated with one description stream.
Main gomponents of the DecoderInit are an indication of the profile and level of'the associated description
strean, a list of schema URIs and optimised type codecs associated to certain data types as well as the initial
description.
An optimised type codec specifies an encoding for a data type not using-the generic mechanism spegcified in
Claus¢ 8 but optimised with full knowledge of the properties of that datastype. Some optimised type codecs are
specifled in Part 3 of this specification.
7.2.2 | Syntax
Decoderlnit () { Number of bits Mnemonic
SystemsProfileLevellndication 8+ viuimsbf8
UnitSizeCode 3 bslbf
ReservedBits 5
NumberOfSchemas 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
for (i=0; i<NumberOfTypeCodecs[k]; i++) {
TypeCodecURI_Length[k][i] 8+ vluimsbf8
TypeCodecURI[K][i] 8* bslbf
TypeCodecURI _Length[k][i]
|~  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
nead faor tha Aacadina ~AF tha Whinoe fraaman + ondata navdaad Ao onae H |ed in
used—for—the—deceding—of—the—birary—fragment—update—payload—as—speei
Clause 8.

NumberQfSchemas Indicates the number of schemas on which the description streamlis baged. A

zero-value is forbidden.

SchemalRI_Length[K]

Indicates the size in bytes of the SchemaURI [k]. A value ef.zero is forbiddgn.

SchemalRI[k]

This is the UTF-8 representation of the URI to unambiguoéusly reference ong of the
schemas that are needed for the decoder to decodé.the description stream. The
SchemaURI identifies the schema that declarés)this SchemaURI as bejng its
targetNamespace. The identified schema is\the one composed of all sghema
components defined in its targetNamespace:and all schema components imported
from other namespaces.

To support forward compatibility, multiple SchemaURTs are also used to ifentify
imported schemas. Decoders that\are aware of any of these schemas will be able
to process at least the corresponding parts of the description. The Schema I (see
7.6.3 and 8.4.4) as well ag{SchemaIDOfSubstitution (see 8.4.3) refer|to the
entries with the corresponding indices in this SchemaURT list.

The SchemaURI [Q]*shall be assigned to the schema which imports gll the
namespaces that\are identified by a SchemaURI [k] with an index k > 1| Thus
SchemaURTI.[ 0] identifies the targetNamespace of the description.

NOTE In order to maximize forward compatibility, it is recommended to |ist the
SchemaURI for as many imported namespaces as practical.

LocationHint_Length[k]

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

LocationHint[k]

This is the UTF-8 representation of the URI referencing the location of the s¢chema
with index k. The LocationHint [k] shall be present except if the corresppnding
SchemaURI [k] already provides the location reference. In that case it may be
omitted by setting the corresponding LocationHint Length[k] to the| value
“0”.

NumberQfTypeCodecs[k]

Indicates the number of optimised data type codecs that are subsequently

iatadl bl Aoto + ol i [ £ At b, tl H=~ |
doouulidiTU wWillt Udald 1ypTo LUIMAniCu nr uic oUlChia TTICITCU tU Uy 1T TTIUTA

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.

Initialescription_Length

Indicates the size in bytes of the TnitialDescription.

Initialescription()

This conveys portions of a description using the same syntax and,'semantjcs as an
access unit (see 7.3). The InitialDescription provides an initial stafe for the
binary format description tree (see 7.4) before decoding any_subsequert access
units. The following restrictions on InitialDescriptieon)compared to fa regular
access unit apply:

— For all fragment update units within the Tnit¥a1Description the fragment
update command shall take the value "AddContent".

— The first fragment update unit within "the initial description shall use an
“absolute addressing mode”, i.e. £ommandModeCode equal to ‘001’ gr “110’.

The 1InitialDescription, Mmay be empty, indicated by| setting
InitialDescription Length to zero.

NOTE That the system(layer is not required to produce an output after de¢oding the
InitialDescription_ and, therefore, the decoded instance data need not fesult in a
schema-valid description. However, decoding the InitialDescription [plus any
subsequent AU or AUs shall lead, after composition, to a schema-valid current description
tree that may be_ passed to the application.

Table 1= Index 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

7.3.1 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 () { Number of bits Mnemonic
NumberOfFUU 8+ vluimsbf8
for (i40; i< NumberOfFUU ; i++) {
FragmentUpdateUnit()

7.3.3 Semantics

Name Definition
NumberpfFUU Indicates the number of fragment update units in this access unit.
7.4 Bipary Fragment Update Unit
7.41 Qverview
For the gpecification of the syntax and semantics of a binary fragment update unit it is recalled that descriptions are
hierarchigally defined, and therefore, they can be interpreted as a description tree. The elements and attriblites in
the descfiption tree can generically betalso referred to as "nodes”.
The topmost node is the node corresponding to the first element in the description. It instantiates one of the|global
elementg declared in the sghema. The selector node is defined to be the parent node of the topmos{ node
artificially extending the higrarchy at the top. Figure 5 shows an example description tree.
Q Selector node
i
]
Topmost node
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 clirrent description tree is defined, immediately after the decoding of any AU, as the set of instantiat¢d nodes
in the pinary format description tree.

Each binary fragment update unit consists of 3 sections:
— the fragment update command defining which kind of operation shall be performed on the binafy format

description tree, i.e. if a description fragment shall be added, replaced or déleted or if the complete binary
fgrmat description tree shall be reset;

— the fragment update context signals on which node in the binary format-description tree the fragment update
command shall be executed. Fragment update context is present Unless the fragment update compmand is
"reset”;

— the fragment update payload containing a description fragment: fragment update payload is present uhless the
fragment update command is "DeleteContent” or "Reset' A special mode called “MultiplePayloadMgde” also
allows there to be multiple instances of fragment updatezpayloads of the same type within one fragment update
unit.

Additipnally, each fragment update unit carries the infermation about its length in bytes, which allows a d¢coder to
skip. This mechanism may be used in case the.decoder does not know the corresponding schema refjuired to
decodg this fragment update unit.

7.4.2 | Syntax

FragmentUpdateUnit () { Number of bits Mnemonic
FUU_Length 8+ vluimsbf8
FragmentUpdateCommand 4 bslbf

if (FragmentUpdaté€ommand != ‘0100’) {
/* 0100’ eorresponds to “Reset” */

FragmentUpdateContext()

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

£, VA o V-1 N | la O£ +0D L pu | HITE A W &
TUT = U, TSTNUTTTOCT U TayiiTieT i aytoaus, )y

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,element that is
conveyed in the fragment update payload. The startType variable is qf type
SchemaComponent as specified in 8.3.1. Its value is/’derived fromn the
Operand_TBC in the FragmentUpdateContext as specifiéd’in 7.6.

Number(QfFragmentPayloads The value of this internal variable is derived from FragmentUpdateContdxt as
specified in 7.6.

FragmentUpdatePayload() See 8.3.1.

7.5 Bipary Fragment Update Command

The Fra
descripti

gmentUpdateCommand code word specifies the cemimand that shall be executed on the binary
bn tree. Table 3 defines the code words and the semantics of the fragment update command.

Table 3 — Code Table of fragment update commands

Code Word

Command Name Specification

0000

- Reserved

0001

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

The operand node shall not be an instantiated node
but it turns into an instantiated node after
processing this fragment update unit. Additionally,
all nodes which are part of the context path
specified in the fragment update context turn into
instantiated nodes after processing this fragment
update unit if these had not been instantiated

format

nodes before.

32

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”.

2002(E)

7.6 Binary Fragment Update Context

7.6.1

NOTE In the current description tree this( s
equivalent to deleting the corresponding node.

0100 Reset Reset the complete binary format description tree,
i.e. revert all nodes in the binary formatidescription
tree to “not instantiated”. and~-decode the
InitialDescription conveyed in the
DecoderInit.

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

0101 — 1111 Reserved

Overview

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

specifles the data type of the node encoded inithe subsequent fragment update payload(s).

The operand node is addressed by building a path (called "Context Path") through the binary format de

tree. 1

TBC represents tree branch information from a node to a child node on the path to the operand node (s¢

6).

A set ¢of TBCs associated.ig the same complexType is called a TBC table. A TBC table is composed of ong
each Tossible child node of the complexType. Child nodes are defined as the attribute nodes of the com

as we
node

Other
the TH

A TBC

he context path consists of a‘sequence of local navigation information called Tree Branch Code

| as, either the,contained element nodes or a dedicated node representing a simple content. For the
here is a special TBC table containing TBCs corresponding to the global elements defined in the
TBCs ar€ added to the TBC tables for specific purposes as described below. The algorithm for g
C tahlés-is described in 7.6.5.

scription
TBC). A
e Figure

TBC for
blex type
selector
schema.
bnerating

is'composed of four parts:

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

2)

3)

7.6.5.2),

a Substitution Code which is used if the element declaration addressed by the SBC is a reference to an

element which is the head of a substitution group (see 7.6.5.3),

a Path Type Code which is used if the type of the element identified by the SBC and the Substitution Code

is the base type of other named derived types (see 7.6.5.4), and
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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 the previous FragmentUpdateUnit as specified in the following paragraphs. Figure 6 ShoWs the
principle|of absolute and relative addressing.

Selector Node O Selector Node

TBC[0]

Topmost node Topmost node
TBC[1]

TBC[2]

TBC[3]

TBC[0]

O Current context nodg.prior to processing the
Fragment Upddte Context information

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

A ContdxtModeCode (7.6.4) allows selecting between absolute and relative addressing modes. Additionally, the
Contexf{ModeCode may signal the-instantiation of multiple fragment update payloads of the same type wjithin a
single frggment update unit as specified in 7.6.4 and 7.6.5.6.

There afe two different TBCytables associated to each complexType: The ContextTBC table containg only
references to the child elements of complexType and additionally one code word to signal the termination|of the
path (Pafh Termination.Code). The ContextTBC table contains also one TBC to refer to the parent node. It jallows
relative pavigation within the binary format description tree and move upwards to the parent nodgq. The
Operand[TBC tableyadditionally contains also the references to the attributes and either to the elemgnts of
simpleType or te-a'Simple content, but does not contain the Path Termination Code nor the reference to the parent
node. FUrthermore, in the OperandTBC table one TBC is reserved for User Data Extension as defined in gection
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.
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This is illustrated in Figure 7.

Selector Node

2)

Q Selector Node
|
|
|

ISO/IEC 15938-1

Selector Node

?

3)

:2002(E)

30336365655 30

T535500 340

o Current context node before processing the FUU C/g%
Q Contextnode specified by the context pach Execution of an 'add' command on the operand node Current context node for thg'subSequent FUU
L Operand node specified by the context
Figure 7 — Example of Context node and operand node during the execution of a fragment update unit
The ContextTBC and OperandTBC tables are generated automatically from the 'sechema as specified in 7/6.5 and,
hence] do not appear in this specification. Table 4 and Table 5 show examples of a ContextTBC table |and of a
OperandTBC table for a complexType with 8 children (6 elements and 2 attributes) where 4 elemenis are of
complexType.
Table 4 — Example of a Context. TBC Table
Tree Branch Code Tree Branch
SBC _ Substitution Type Code Position
Context Code Code
000 -- -- 5 Reference to parent
001 [Subst. Code] |[Type Code] |[Pos.Code]|Reference to first child of complexType
010 [Subst. Code] |[Type-Code] |[Pos.Code]|Reference to second child of complexTypg¢
011 [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
111 -- -- -- Path Termination Code
Fable5 EAalll}A&Of'a'e'pefaﬂ‘d_-FB‘Ha'b'l'e—
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
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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)

g111 -- -- -- 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 nodes it is also possible to move
upwardslin the binary format description tree when using a relative addressing made.
In order o support efficient searching and filtering the description stream is ordered in a way that first all insjances
of Scherma Branch Codes including their corresponding Substitution Code“and Type Code are present anld only

then all Rosition Codes of the context path follow as shown in Figure 8:

SBCs, Substitution Codes & Type Codes

Position Codes

S
©
e
~ N é . 3 c
[ [ T 3 c ©
8 |98 [LalEB (.8 |=38 [-]
XO+ | XO«n x O .c| %X cO ¢ N
c 4| LS, LE | & S © c o — N c c
clgo| €l c)0 5| €8 0L o o) » o) o)
Q506|950 05 0| Q0T® Q5 o ° ° i) O
O=0 |0 E0 OE£0 |0 c O =0 Q Q Q Q
% o 1% o % o IE 1% o O O O &}
Oa gl Qo g OO0 a|OE O g9 g ® ® ® 0
m > > |0 S>S > m S | 0o m > > o o] o o
DA | O Ni= NOF | D+ Nnoanr o o o o
Figure 8 — Example of the structure of a Context Path
7.6.2 Syntax
FragmertUpdateContext () { Number of bits Mnemonic
SchemalD ceil( log2( uimsbf
NumberOfSchemas ) )
ContextModeCode 3 bslbf
ContextPath()
}
36
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ContextPath () { Number of bits Mnemonic
TBC_Counter =0
NumberOfFragmentPayloads = 1
do {
if ( ( ContextModeCode == ‘001’ ||
ContextModeCode == ‘011’ ) &&
TBC_Counter ==0) {
/* abseptuteaddressingmode-and-frst TBGofthe-contextpath—F
SBC_Context_Selector ceil( log2( number of bslbf
global elements +1))
PathTypeCode()
}
else {
SBC_Context ceil( log2( number-of bslbf
child elements of
complexType. %'2))
SubstitutionCode()
PathTypeCode()
}
TBC_Counter ++
} while ( (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)
Substitution€ode()
PathTypeCode()
}
TBC._Counter ++
for (IF0; 1< TBC_Counter; 1++){
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
}

} while (IncrementalPositionCode !=
“IncrementalPositionCodeTermination”)

NunmberOfFragmentPayloads--

/* there is no fragment update payload corresponding to the
IncrementalPositionCode Termination */

}

7.6.3 Semantics

Name Definition

SchemalD Identifies the schema (from the list of schemaURIs transmitted |n the
DecoderInit) which is‘used as basis for the fragment update context doding.
The SchemaID codei\word is built by sequentially addressing the [list of
SchemaURI containeéd in the DecoderInit. The length of this fleld is
determined by: “cell( log2( NumberOfSchemas))”.

The value ©f this code word is the same as the variable "k" in the definition of
the SchemaURT [k] syntax element as specified in 7.2.3. The SchgmalID
syntax.element is also used for the decoding of the fragment update ppyload
aswdescribed in subclause 8.4.4.

If the ContextModeCode selects a relative addressing mode thgn the
SchemaID shall have the same value as in the previous fragment updatg unit.

ContextNlodeCode Signals the addressing mode for the Context Path as specified in 7.6.4.
ContextRath() 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.
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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.

—

Positigt ICudc()

o VoS il
VCT 7.VU.J.J.

NumbgrOfFragmentPayloads This internal variable represents the number of fragment update| payload
syntax elements present in this fragment update unit as specified’in 7.6.5.6.
NumbgrOfMultiOccurrenceLayer  This internal variable represents the number of TBCs finythe contextl path for
which a Position Code is present. Its use is specified in.7.6.5.6.
IncrenpentalPositionCode See 7.6.5.6.
7.6.4 | Context Mode
The cpntext mode specifies the addressing mode for the context\path. The code word for the contgxt mode
selectlon has a fixed bit length of 3 bits and its semantics are specified in Table 6.
Table 6 — Code Table‘of Context Mode
Code Context Mode
000 Reserved
001 Navigaté in “Absolute addressing mode” from the
seleCtor node to the node specified by the Context
Rath.
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 h\/ the. r\rn\llr\lle fragmnnf ||nr|9+a unit
to the nodes speC|f|ed 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:
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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 Fxecutedand speciftes the data type of the operand node. This data type of the operand node 15 Tgquired
for the decoding of the fragment update payload and is internally conveyed in the variable startType.cA Qontext
Path is composed of a sequence of Tree Branch Codes (TBC). Each TBC is composed of a Schema Branch|Code,
a Substifution Code, a Path Type Code and a Position Code. The following subclauses describe” the pyntax
elementg that are used to build the TBCs.

7.6.5.2 Schema Branch Codes

7.6.5.2.1 Overview

A Schema Branch Code (SBC) is used to select a node as branch for the,navigation in the binary format
descriptipn tree. The SBCs in the ContextTBC table and in the OperandTBC ¢able differ (as described in subflause
7.6.1 andl shown in Table 5). The SBCs are assigned as specified in 7.6.5.2.2. For the special case of the s¢lector
node thel SBCs are assigned as specified in 7.6.5.2.3.

7.6.5.2.2l SBC_Context and SBC_Operand

— Thellength of the Schema Branch Code words is derived-from the schema and it is determined by the number
of different 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 attribytes +
has_simpleContent + 1)), where the\variable “has_simpleContent” takes the value 1 if the complgxType

has simple content and the value 0-etherwise.

— In the table for ContextTBCs the“all-zero Schema Branch code is always assigned to the reference [to the
pargnt node. This SBC shall anly’be used if the Context Mode Code selects a relative addressing mode.

— In thie table for ContextTBCs the all-one Schema Branch Code is always used for the Path Terminating Gode
— In the table for OperandTBCs the all-zero SBC is always assigned to the User Data Extension Code. This can
be Used to insert.any user data. A decoder not capable to decode the user data shall skip the user data and

confinue decéding from the subsequent fragment update unit.

NOTE Useri data is defined by users for their specific applications. It may in principle be used for extensions of schemas.
However, |itlisyrecommended to use the mechanisms provided by ISO/IEC 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 ardered Ipxirngraphir‘ally for the aqeignmpnf of the Schema Branch Codes

— In
fq

A

7.6.5.7

For th

— T
e

— N
T

7.6.5.1

— if a “choice” group is declared within a “choice” group then the inner “choice” greup is delete

— element declarations and “sequence” group declarations declared withii\a-“choice” or an “all” g

order to unambiguously assign SBCs to the child elements, the element declarations are orders
llowing rules applied in the following order:

content is added to the content of the outer “choice” group. This rule is applied.until there are
choice groups contained in other choice group.

ordered lexicographically with respect to their signature as defined in 85,22 .4.
- element declarations and model group declarations in “sequence’™groups are not reordered.

- if a group is declared within another group then the inner group is replaced at the respective posit
outer group by its content. This rule is applied until there are ho more groups contained in other g

ter this ordering the SBCs are assigned sequentially to the elements order in the remaining group.

2.3 SBC_Context_Selector and SBC_Operand_Selector
b special case of the selector node the following rules apply:

ne length in bits of these SBCs is determined by the number of global elements declared in the
ferred by the SchemaID as follows:

- SBC_Context_Selector: ceil(log2( number of global elements + 1)).
- SBC_Operand_Selector: ceil( log2( number of global elements)).

ne SBCs are assighed sequentially to the global elements defined in the schema referred by the sd
pxicographical erdefing is performed before the assignment.

b codes are(assigned for a reference to the parent node nor for the User Data Extension Code. ]
brminationnCode, however, is present in the ContextTBC table.

B C~ Substitution Codes

d by the

l and its
no more

roup are

on in the
oups.

schema

hemalID.

['he Path

7.6.5.3.1 Overview

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 specified in
7.6.5.3.1 indicating whether an element is,a head element of a substitution grpup.

substitution possible is always” false for the following TBCs: | “Path

"« "«

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

SubstitutjonFlag Signals whether a substitution~i$’present for the element (SubstitutionFl4g=1).

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

7.6.5.4 | Type Code in the Context Path (Path_Type_Code)

7.6.5.4.1 Overview

The PathTypeCodeXis used within the Context Path to indicate the element type in case of a type cast usihg the
xsi:type attribute.-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
Schema Fo-thereis-ateastonre-ramed-type-derivedfrorm-therespective-elementtype—Fhepresence-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.
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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_gast_possible

This internal flag which is derived from schema-evaluation as specified in
indicates whether a type can be subject to type casting.

type cast possible is always falsg for the following TBCs: “Path Te
Code”, “User Data Extension Code”)“Reference to Parent”.

7.6.5.4.1

mination

TypeQodeFlag

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

TypeldentificationCode

Identifies a type by a codeword.

The Type Identification Code is generated for a given type (simplg
complexType) frem the set of all derived types (itself being not included)
abstract types defined in the schema referenced by SchemalD. T
Identification'_Codes are assigned in a depth-first manner with respe
hierarchy_of types which forms a tree as shown in an example in Figu
types.which are siblings within the type hierarchy the code words are assi
lexicographical order based on their expanded names. The Type Ide
Code identifies the derived type which is used for the type cast. The leng
code word for the Type ldentification Code is equal to “ceil( log2( number g
types in the schema))”.

Type or
ncluding
he Type
t to the
e 9. For
ned in a
tification
th of the
f derived

| Depth first wrt
| type hierarchy
| tree

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

definitio

There is
“Referen

NOTE
possible t

7.6.5.5.2

A SPC ig
contain

no Position Code present in the TBC if the SBC is equal to the “Path Termination Code®-or
ce to Parent”. Additionally, in the TBCs for the selector node there is no Position Code.

Since the Context Path consists of several TBCs (each of which has either no Position Code,~atSPC or a MH
b have SPCs and MPCs within the same Context Path.

Single Element Position Codes

used, if a Position Code is present according to 7.6.5.5.1 and if the corresponding complexType dg

maxOcclirs > 1. The SPC indicates the position of the node among the nodes:addressed by the same SBC.

The posi
the elem

7.6.5.5.3

In case d
nodes re
element
Positiong
MPC for

The leng
effective

The maX
following

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

Multiple Element Position Codes

f complexTypes with complex content which contain‘model groups with maxOccurs > 1, the position
presenting child elements declared in this complexType are encoded using the MPC. The position

are the same for ContextTBCs and OpefandTBCs, i.e. elements of simpleType are also counted
a ContextTBC.

th in bits of the MPC is determined/by the following method which uses the ‘max occurs’ property
content particles of the type definition.

imum number of elementsithat a particle can instantiate is called MPA. It is computed according
rules:

For a sequence particle
if andndex ‘i’ exists such that MPA; = 'unbounded' or Mggquence = 'unbounded'

MPAgequence = 'unbounded'

to the

C)itis

es not

model groups with maxOccurs > 1. The SPC is only present if the-SBC addresses an element with

curs of

5 of all
of an

relative to its sibling nodes is defined by its index among all children nodes that represent elements.

in the

of the

to the

44

else
nb_of children
MPAsequence = msequence * Zl MPA

where

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

sequence can instantiate

children particle

“Msequence 1S €qual to the 'max occurs' property of the sequence particle

of the
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— For a choice particle
if an index ‘' exists such that MPA ; = 'unbounded' or mgpeice = 'unbounded’
MPAhoice = 'unbounded’
else

MPAcoice = Mchoice * Max (MPA;)

where

“MPA;” is equal to the maximum number of elements that the i™ childref partide 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:nhumber of elements that the i™ children particle pf the all
can instantiate

“ma” is equal to the 'max Occurs' property of the all particle
—+ For an element declaration particle
MPAeIement = Melement

where

“Melerfert IS €qual to the 'max occurs' property of the element declaration particle

Combjning these rules, the maximum number of elements that can be present in an instance of the complgxType is
equal fo the MPA\of its effective content particle. The MPC is decoded according to the following rules:

L it (MPA <= 65535)

— the MPCI5 coded as a uimsbf fietd of “celf{ Tog2{(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:
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— 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 posmon codes The posmon codes for the first

fragment
the othe

“Incremgntal Position Codes” as shown in Figure 10.

y cogles for
r fragment update payloads W|th|n thls fragment update unit are |nd|cated in the context' path by

5BCs, Substitution Codes & Type Codes

Position Codes

Incremental

SBC-—Context4

(Path

Termination Code)

Substitution Code 2

Substitution Code n-1

Substitution Code 1
SBC COntext 2
SBC Context n-1
SBC_Context
SBC_Operand n
Substitution Code n
Pos Code 1

Pos Code 2

Pos Code n-1

Pos Codé n

Increment 1
Increment 2
Increment m

Termination

The leng
where N
Code is
TBC that

DJ0]
[/

46

igure 10 — Example of the structure of(a Context Path (multiple fragment update payloads)

th in bits of each Incremental Position Code is equal to “ceil( log2( NumberOfMultiOccurrencelLayer+2))”,
mberOfMultiOccurrenceLayer denotes the number of TBCs in the Context Path for which a Ppsition
present. A “multiple-occurrencé node” is defined as a node which is addressed in the context path by a
has a position code. An example is shown in Figure 11.

A
e element A
BI0]
s element B ¢ [0: )
S]]
(0] element C ¢ [0>®) .
Nodes in the
D[1] 0 context path
element D ¢ [ ) having TBCs
with position
lerment B g [0, 0) codes
element F
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 cgdes for the indices of the multiple-occurrence nodes are assigned as follows:

Exam

ple

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

e “all ones” code word is reserved for “IncrementalPositionCodeTermination”

An example for the multiple fragment update payload mode is given below:

Table
multip

7 shows the case that the NumberOfMultiOccurrenceLayer 'is equal to 4 (i.e. shown by 3 |
e-occurrence 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.(corfresponding to the position indicated by the
subsequent Incremental Position Code.

001

Increment 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 "0”.

100

incrementthe—Positiom Codeof themuitipte-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.

cr Pos
Hating;

d). The
n|which
the posifion code of the multiple-occurrence node with index 3 is set to “0”. The code 010" denotes that the
multiple-pccurrence node with index 1 is updated shown as Figure 12 (c), in which multiplé-occurrence node with
indices 4 and 3 are set to “0”. The code 111" indicates the termination of the incremental position codes. When the
code '00p' is received, the position obtained by the next incremental position code isdndicated as skipped mganing
that ther¢ is no payload corresponding that position.

Index
[0.0) -
0, ©
W [ ) 1
[0.0) -2
?1] [0] [0, )
, 0 3
Pt [0] [0]
2 W7 N2
Context
Path
(@ (®) (©
ner Pos Code = “100” Incr Pos Codé.=*“011” Incr Pos Code = “010”

Pos Codes = (0,0,0,0) = (0,0,0,1)  Pos Codés 51(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
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8 Binary Fragment Update Payload

8.1 Overview
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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. I'heir main objective Is to model a decodin
which|uses the schema knowledge to efficiently compress structural information (element nesting, cel
attribute names). They trigger the decoding of their children elements which in return can use FSADSs t

their cpntent. As a consequence, the payload decoder manages a stack of FSADs each one modeling the
of an element with complex content. The leaves of the binary format description tree are decoded by d

decoders associated to simple types.

8.2 Pefinitions

The syntax and semantics of some decoding steps rely on "SchemaComponent" variables. They req
schenja component as defined in XMLSchema — Part 1, Chapter 3.15.2.

The fdllowing methods accept "SchemaComponent" parameters.

process
efhent and
decode

Hecoding
edicated

resent a

Name

Definition

boolean
isSimple Type(SchemaComponent theType)

Returns "true" if the SchemaComponent object "
is-acsimpleType (XMLSchema — Part 2, Chapter 4

theType"
A1),

boolean Returns "true" if the type “extendedType” is a resjriction of
restrjctedType(SchemaComponent baseType, the type “baseType” i.e. if the two types are sepprated in
SchemaComponent extendedType) the type hierarchy only by derivations by restriction (see
XMLSchema — Part 1, Chapter 2.2.1.1). In other|cases, it

returns "false".
boolean Returns “true” if “theType” is a complex type [and has

hasSimpleContent(SchemaCemponent theType)

SimpleContent.

SchemaComponent
getSjmpleContentType(SchemaComponent theType)

Returns the simple type associated to the simpl¢ content

of the type “theType” i.e. the simple type corresp
the ‘content type' property of the type "theTy
XMLSchema — Part 1, Chapter 3.4.1).

bnding to
pe" (see

boolegn Returns true if the type "theType" has named derived
hasNamedSubtypes(SchemaComponent theType) types, i.e. anonymous derived types are not considered.
SchemaGomponent Returns the SchemaComponent associated to th¢ derived
getDerivedTypet{SchemaComponent theTyps, type—of the—type—"theType“—whose —type code is
integer derivedTypeCode)  "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(sartType)

}else {

DecodingModes()

Element(“hot®, startType)

8.3.1.2 Semantics

The FragmentUpdatePayload syntax element is the main wrapper of the)binary fragment update payload. It is

composdd of either a SimpleType or a DecodingMode and an Element.

Name Definition

startType The type of the element’ to decode. This type is transmitted fo 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 Decoding Modes

8.3.2.1 | Syntax

DecodingModes (' { Number of bits Mnemonic
lendgthCodingMode 2 bslbf
hasDeferredNodes 1 bslbf
hasTypeCasting T bSIoT
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 jor .more
explicitly assert their type using the attribute xs1i : type. This 13hit flag can
following values:

— 0-hasTypeCasting is equal to false,

— 1-hasTypeCasting is equal to true.

Blements
have the

ReseryedBits

Reserved for future extensions.

Table 8 — lengthCodingMode definition

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

8.4 Element syntax and semantics

8.4.1 | Element

8.4.1. Syntax

Elemgnt (Enumeration SchemaModeStatus, SchemaComponent theType) { Number of bits | Mpemonic
if (NumberOfSchemas >1) {
if (SchemaModeStatus == "hot") {
SchemaModeUpdate 1-3 viclbf
}
if (ElementContentDecodingMode == "mono"){
Mono-VersionElementContent(ChildrenSchemaMode, theType )
}else {
Multiple-VersionElementContent(ChildrenSchemaMode, theType )
}
}else {
51
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Mono-VersionElementContent(“mono”, theType)

8.4.1.2 Semantics

Name

Definition

Number(fSchemas

The number of schema conveyed in the DecoderInit as specified in 7

NJ

SchemalModeStatus

The status of the schema mode value associated to the currently ds
element. This enumerated variable can have the following values:

— “hot” - the schema used for the decoding of the{element content
change (see 8.4.3)

“frozen” - the schema used for the decoding of the element conter
remain the same as the schema used for{the element itself.

coded

might

t shall

SchemalModeUpdate

A variable which determines if the decoding of the element content is dor
the same schema as the element itsglf. The content of the element is co
"Mono-Version mode" or in "Multiple-Version mode". The SchemaModeU
code word indicates the followingyaccording to Table 9:

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

mono-version decoding mode as specified in subclause 8.4.4.

schema used for.the decoding process of the element content is the
as the one used’for the element itself.

— "multi_not frozen" - The decoding of the element is performed

multiple=version decoding mode as specified in subclause 8.4.3.

schémas used for the decoding of the element content are specified
SchémalD field of each ElementContentChunk as specified in 8.4

e with
ded in
bdate

hg the
The
same

using

The
by the
4.

& " "mono_frozen" - The decoding of the element is performed using the

mono-version decoding mode as specified in subclause 8.4.4.

schema used for the decoding process of the element content is the
as the one used for the element itself. The SchemaModeStatus)
children element is set to “frozen”.

— "multi_children_frozen" - The decoding of the element is performed
the multiple-version decoding mode as specified in subclause 8.4.3
one of its children elements is decoded using the mono-version de
mode as specified in subclause 8.4.2. The schemas used for the de

The
same
of its

using
Each
coding
coding

process are specified by the SchemaID of each ElementContent

Chunk

as specified in 8.4.4.

ElementContentDecodingMode

An enumerated variable which determines in which mode is the el
decoding performed. It can have the following values:

— “mono” - The decoding of the element is performed using the
version decoding mode as specified in subclause 8.4.2.

ement

mono-

— “multi” - The decoding of the element is performed using the multiple-

version decoding mode as specified in subclause 8.4.3.

52
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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.

- - = ——Y
Multipfe=VersionEfementContent()

Q Q4o
VCC 0.4.0.

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 ,%b‘ﬁemaMode Children ElementContent
Update N Status SchemaMode DecodingMod’L
mono_not_frozen hot hot mono
multi_not_frozen hot hot multi
mono_frozen hot frozen mono
multi_children_frozen hot frozen multi
- frozen frozen mono

8.4.2 | Mono-version element content

8.4.2." Syntax

Mono4VersionEleémentContent (Enumeration ChildrenSchemaMode, Number of bits | Mnemonic
SchemaComponent theType) {
if (lehgthCodingMode == "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)) {

optimisedDecoder(effective Type)

} else {

Attributes(effectiveType)

Content(ChildrenSchemaMode, effectiveType)

8.4.2.2 Semantics

Name Definition

LengthFlag This flag specifies whether_the length of this Mono-VersionElementContent is
coded.

TheLength The length in bits \ef the remainder of this Mono-VersionElementContent,

excluding the Length function.

ChildrenchemaMode

The schemaMeodeStatus to be propagated to the children elements.

theType

The default element type i.e. the type associated to this element in the sche
thetype passed by the context path if the element is the first element
deécoded in the FUPayload.

ma or
being

PayloadTopLevelElement ()

Returns “true” if the element being decoded is the first one of the payload.
case there is no need to decode the substitution code and the type codeg
they have already been decoded by the FUContextPath.

In this
since

SubstitufjonCode()

Indicates the substitution information as specified in 7.6.5.3.

PayloadTypéCode ()

Indicates the type information as specified in subclause 8.4.5.

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).

54
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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 Overview

In thisg
All elg
beforeg
Decod

allowing the decoder to skip ElementContentChunks related to unknown schema.

NOTE
"freezdg
coding

8.4.3.1

Each

or ext
versio
compa
first £
Encod
differg
conter

case, the element is coded in several version-consistent bitstream chunks i.e. ElementContent]
ments in an ElementContentChunk are decoded using a single schema. A schema identifier is
each ElementContentChunk. These identifiers are generated on the basis of URIs. conveys
erInit (see 7.2). A Length is present when the element is coded in several EleméntfContent

The decoder keeps track of a SchemaModeStatus. It is used to improve coding efficiency. The de
" the schema needed to decode the description. In this case no overhead is induced-by the multiple-versio
for the elements contained in the element being decoded, i.e. the entire sub-tree.

P Multiple version encoding of an element (informative)

KML element is associated to a type which defines its content moadel. Derived types are defined by r
bnsion of existing types. When managing different versions“of/a schema, a version 2 type might
h 1 type as shown in Figure 13. In this case, a multiplesversion coding can be used to provide 4
tible coding of this element. For example, the type T2.6i¢can be coded in two ElementContentChuyl
lementContentChunk could encode those parts of/T2.6 which were derived from T1.4 (see Fi
ing would be done exactly as if it were type T1.4.\Fhe second ElementContentChunk then eng
nce between types T1.4 and T2.6. A “Schema-1-decoder” will be able to decode the first part of the
t and skip the second part using the Length information.

Schema 1

Schema 2

Type of the element
to be decoded O

Chunks.

present
d in the
Chunks,

coder can
h element

bstriction
extend a
forward
hks. The
jure 13).
odes 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) {

Lenpiiu 5+ vioimTsbf]

SubsstitutionFlag 1 bslbf

if (sdlbstitutionFIag) {
SchemalDOfSubstitution ceil( log2( bslbf

NumberOfSchemag))

SubstituteElementCode 5+ vluimsbfp

}

nex{Type = defaultType

do {

nextType = ElementContentChunk (ChildrenSchemaMode,

nextType)

} while (lendOfElement())

8.4.3.4 | Semantics

Name Definition

Length The length .im,;bits of the remainder of this Multiple-VersionElementContent,
excluding the*Length field.

SubstitufjonFlag 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).

SchemalDOfSubstitution 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 defined in }.2.

SubstituteElement€ode The code of the substitute element. The code is computed following thg rules
defined in 7.6.5.3 using the schema identified by SchemaIDOfSubstitytion.

SubstituteElementCode shall be ignored if the schema identifigd 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.
56 © ISO/IEC 2002 — All rights reserved
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SchemaComponent Number of bits Mnemonic
ElementContentChunk (Enumeration ChildrenSchemaMode,
SchemaComponent currentType) {
SchemalD ceil( log2( bslbf
NumberOfSchemas))
nextType = PayloadTypeCode(currentType, true)

=

firstElementContentChunk() ) {

Attributes(nextType)

Content(ChildrenSchemaMode, nextType)

[

plse if (IrestrictedType(currentType, nextType)) {

AttributesDelta(currentType, nextType)

ContentDelta(ChildrenSchemaMode,
currentType, nextType)

}
rgturn nextType
}
8.44.2 Semantics
An EllementContentChunk defines the decoding of @neé schema-consistent part of a multiple version |encoded
element.
Name Definition
SchemalD Identifies the schema which is needed to decode this ElementConter{tChunk.

Its valueis the index of the URI in the SchemaURTI array defined in 7.2.

PayloadTypeCode ()

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

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

s among
P current

element
te of the

firstElementContentChunk ()

Returns true if the ElementContentChunk being decoded is the first o
Multiple-VersionElementContent

he of the

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
according to rules defined in subclause 8.5.3.

is done

© 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

8.4.5.1 | Syntax

SchemaComponent Number of bits Mnemonic
PayloadTypeCode(SchemaComponent defaultType, boolean multi) {
if (multd) {
PayloadTypeldentificationCode ceil( log2( number of bslbf

possible subtypes of
defaultType +
sizelnerease))

effeftiveType = getDerivedType(defaultType,
PayloadTypeldentificationCode)

lelse if | (hasTypeCasting && hasNamedSubtypes(defaultType) ) ||
hasDeferredNodes ||
elementNillable() ) {

PayloadTypeCastFlag 1 bslbf

if (PayloadTypeCastFlag == 1) {

RayloadTypeldentificationCode ceil( log2( number of bslbf
possible subtypes of
defaultType +
sizelncrease))

gffectiveType = getDerivedType(defaultType,
PayloadTypeldentificationCode)

}

}else {

effeftiveType = defaultType

}

return gffectiveType

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 rules:

If the element is not nillable and deferred elements are al

lowed, 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 increased by 1
due to the sizeIncrease value.

— If the element is nillable and deferred elements are not allowgd, a "nil"
type is inserted at the first position in the set of all derived\typgs i.e. its
code is equal to 0, all other type codes are increased' by 1 dle to the
sizeIncrease value.

— If the element is nillable and deferred elements are allowed, a
"deferred" type is inserted at the first positien“in the set of all derived
types i.e. its code is equal to 0 and a {'nil" type is added af the first
position in the set of all derived types i‘e’its code is equal to 1] all other
type codes are increased by 2 due to\the sizeIncrease valup.

PayloadTypeCastFlag Indicates if a PayloadTypeIdentificationCode is defined.
sizelngrease Handles the increase in siz€ 'of the set of possible subtypes dye to the
presence of "nil" and "deferred" types. Its value is set by the following rules:

— If the element is, not nillable and deferred elements are allowed, the
sizelIncrease field is setto 1.

— If the element is nillable and deferred elements are not allowed, the
sizeIhcrease field is set to 1.

— . IFithe element is nillable and deferred elements are alloyed, the
sizelIncrease field is set to 2.

elemeptNillable() 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).
effectipeType A SchemaComponent object representing the derived type of the type to be
decoded.
8.4.6 | Content
8.4.6." Syntax
Content(Enumeration ChildrenSchemaMode, Number of bits | Mnemonic
SchemaComponent theType) {
if (hasSimpleContent(theType)) {
SimpleType(getSimpleContentType(theType))
}else {
ComplexContent(ChildrenSchemaMode, theType)
}
}
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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 JimpIeType

8.4.7.1 | Syntax

SimpleType(SchemaComponent theType) { Number ofbits | Mnempnic

if (useOptimisedDecoder(theType)) {

optimisedDecoder(theType)

}else {

defaultDecoder(theType)

8.4.7.2 Semantics

Name Definition

useOptimisedDecoder() Returns "true" if the type effectiveType is associated to an optlmised
type decoder as conveyed in the DecoderInit (refer to subclause [7.2).

optimiseg@iDecoder () Triggers the optimised type decoder associated to the| type
effectiveType as conveyed in the DecoderInit (refer to subflause
7.2).

defaultDecoder () Triggers the default decoder associated to the type "theType" as spgcified

in subclause 8.5.4.1.

8.5 Element Content decoding process

8.5.1 Qverview

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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Figure 16 — The complex content decoding process

8.5.2 | Complex content decoding process
8.5.2.1 Finite state automaton decoders

The decoding of every complex content is modeled by a finite' state automaton decoder. A finite state alitomaton
decoder is composed of “states” and “transitions”. A transition is a unidirectional link between two states. A state is
a recgptacle for a token. There is only one token used during the decoding process. The location of the token
indicates the current state of the automaton. The tokén can navigate from the current state to another state only
through transitions. For each finite state automaton-decoder there is one “start state” and one “final state”| When a
finite state automaton decoder is triggered by.the Content syntax element defined in subclause 8.4|6 or the
ContgntDelta syntax element defined in sufclause 8.4.4, the token is placed in the “start state”. When the token
reachgs the “final state” the decoding of the.complex content is finished.

State

e O N

/[ 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 description.
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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
elements or groups of elements to be decoded.

— CodE transitions: Code transitions are associated to a binary code and a signature~Code transitio
crossed when their associated binary code is read from the binary description siream. Their binary G
dediiced from their signature.

— Sim,
useq

The cons

finite sta
transitior

8.5.2.2

8.5.2.2.1
This sub
of a cor
subclaus

— Pha

element references.

Loop continue transitions: Loop continue transitions are crossed when there is at least one more e
or group of elements to be decoded.

Loop end ftransitions: Loop end transitions are crossed when there are no more elements or gr
elements to be decoded.

always equal to 0.

ble transitions and simple states: simple transitions and simpl€-states have no specific behavior, th
to structure the automaton.

struction of finite state automaton decoders is specified in“subclause 8.5.2.2. The decoding processg

e automaton decoders is specified in subclause 8.5.2.3. The behaviors of the above mentioned stat
s are specified in subclause 8.5.2.4.

Finite state automaton decoder construction

Overview
clause specifies the process which constructs a finite state automaton decoder from the complex g
es.

e 1 - Type content realization - This phase flattens complex type derivation. It realizes group refer

— Pha

content. This syntax tree is transformed in order to improve compression ratio.

e 2 — Genefation of the type syntax tree - This phase produces a syntax tree for the type’s cq

some

ement

bup of

s are
ode is

Shunt transitions: Shunt transitions are a special kind of code transitions. Their binary code value is

by are

using
ps and

ontent

nplex type. The construction.process is composed of 4 phases that are detailed in the subsg¢quent

eNces,

mplex

— Phage 3,{Normalization of the type syntax tree - This phase normalizes the complex content’s syntax tree i.e.

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

owing

phage {0 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:

62

© ISO/IEC 2002 — All rights reserved


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

ISO/IEC 15938-1:

2002(E)

— 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.
generated given the two following rules:

4.2). ltis

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

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

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

its content,

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

element reference and group reference is replaced by its referenced definition,

— Epch element and type name of the “reference-free effective content particle” is expanded ‘i.e. their
rgplaced by their expanded name (as defined in subclause 8.2)

8.5.2.2.3 Phase 2 - Syntax tree generation

8.5.2.2.3.1 Syntax tree definition

A synfax tree associated to the complex type is generated based on the ‘reference-free effective content
generated in phase 1. The syntax tree associated to the type is composed-of different syntax tree nodes
declarption nodes, group nodes and occurrence nodes. Element declaration nodes associate an element
its type. They are leaves of the syntax tree and are derived from element declaration particles. Group nod
a composition group (sequence, choice or all) and are derived.from group particles. A group node cont
occurience nodes. Occurrence nodes are derived from the ‘mintoccurs’ and ‘max occurs’ property of th
and cgntain group nodes or element declaration nodes.

The syntax tree is reduced to improve the compression efficiency of the binary format by the transfq
in subclauses 8.5.2.2.3.2, 8.5.2.2.3.3 and 8.5:2.2.3.4. These transformations simplify the content
n destructive way i.e. the level of validation is not decreased by these transformations. In the
, occurrence nodes are represented by-'[minOccurs, maxOccurs]", group nodes by the grou

8.5.2.2.3.2 Group simplification

le applies to every group-that contains only one syntax tree node (element or other group) whose m
is equpl to 0 or 1. In that case,'the group is replaced by its content. Occurrences associated to the group n
multiplied as shown in Figure 18.
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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.

[nc,mc] w [0, mc]

choice > choice

| : N |
AR N W
[r1x1:nk1 [0, mi]  [nxn, Myn] [, ma]  [1, mg]  [xn, Myn]
IR A v

Figure 19 — Empty choice simplification rule

8.5.2.2.34 Choice Simplification

This rulg applies when a choice contains another choice whose occurrence equals to 1. The child nodes|of the
inner chaice are inserted in the outer choice.

choice

/ }1 \ choice

[ N
/ Ch(Ice\ \ \‘I :> [, ma]  [nd, mda] [N, M)
Vol

[nxllfnxl [nxi,fxi] [nxnimxn]’ X1 X Xn
X1 Xi Xn

Figure 20 — Choice simplification rule

8.5.2.2.4( Phase 3 - Syntax tree normalization

Syntax tree-normalization gives a unique name to every element declaration node and group node of the pyntax
tree. It alfowstoorderthe sibting modes and assign a binary code to them- T s code 1S 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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— 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 :

<complexType name="CoordinateMapping">

<l il
\w s

1 o
< peerence—maroeenirs=ltaoutre:

A

</cor

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

element name="mappingFunct" type="mappingFunct"

minOccurs="0" maxOccurs="unbounded"/>
plexType>

The corresponding syntax tree is :

I S ERRREEEEE Occurrence Node
sequence < ----------- Group Node
(1.7 [0,%] Element declaration

I |

.
sequence b

/ \ MappingFunct {mappingFunctType}

[1,1] [1,1]

' v

Pixgl {infegerVector} choice

N

[1,1] [1,1]

;

CoordPoint {floatVector} SrcPixel {integerVector}

Figure 21 — Example - The syntax tree of coordinate mapping complexType

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 compllx content automaton is recursively defined by the following rules. These rules are applied starting, from the
leaf nodegs of the syntax tree up to the root node of the syntax tree:

— |Every node of the content model syntax tree produces an automaton, short “node automaton”,

— |The complex content automaton of the complex type to decode is the node automaton produced py the
root node of its syntax tree,

— |Every node automaton is generated by the merging of its child automata.\Fhe nature of the merging is
dependent of the nature of the node as specified in 8.5.2.2.5.2,

— |At the end of the process, automata are realized in order to associate binary codes to the|"code
transitions" (refers to subclause 8.5.2.1).

8.5.2.2.52 Phase 4.a - Automata construction

Element declaration node automaton

An automaton for an element declaration node is composed of two states, a start state and a final state,|and a
transitior] between them. It is used to specify the “element name” / “type” association declared in the complgx type
definitior]. The transition is an "element transition” to which the element name of the element declaration node is
associated. The target state of the transition is-a_"type state" to which the element type of the element declgration
node is gssociated.

Type state

|
]
Element transition \
1
1

| v

mappingFunct

mappingFunctType

Figure 22 — Example of an element declaration node automaton

Occurreneenode-attematen

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

— no change 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.

— casee—ifmexBeeurs—>4

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

— An intermediate simple state is added to the child node automaton. A "Code-transition" js added
between the new start state and the intermediate state. The signature of this “code transitionf 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 néw one,

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

— case c-2: if minOccurs =0

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

Simple state Shunt transition
| |
1 1
| A%
QJ i
|
Q ! Loop continue transition
1
= e
Vv v

Code transition sighature = 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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