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Foreword

ISO (the International Organization for Standardization) and IEC {the International Electrotechnical
Commission) form the specialised system for worldwide standardisation. National bodies that are members
of ISO or IEC participate in the development of International Standards through technical committees
established by the respective organisation to deal with particular fields of technical activity. 1SO and IEC
technical committees collaborate in fields of mutual interest. Other international organisations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC
JTC 1. Draft International Standards adopted by the joint technical committee are circulated to national
bodies for voting. Publication as an International Standard requires approval by at least 75 % of the national
bodies casting a vote.

International ‘Standard ISO/IEC 13522-3 was prepared by Joint Technical Committee ISO/NIEC JTC 1,
Information technology, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia
information.

ISO/IEC 13522 consists of the following parts, under the general titie Information technology - Coding of
multimedia and hypermedia information

~ Part 1: MHEG object representation — Base notation (ASN.1)
— Part 3: MHEG script interchange representation

— Part 4: MHEG registration procedure

— Part 5: Support for base-level interactive applications

— Part 6: Support for enhanced interactive applications

Annexes A to G form an integral part of this part of ISO/IEC 13522. Annexes H to K are for information only.
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Information technology — Coding of multimedia and
hypermedia information —

Part 3:
MHEG script interchange representation

1 Scope
1.1 Context of the scope

ISO/IEC 13522 specifies the coded representation of multimedia/hypermedia information objects (MHEG
objects) for interchange as final form units within or across services and applications, by any means of
interchange including local area networks, wide area telecommunication or broadcast networks, storage
media, etc.

MHEG objects are usually produced by computer tools taking as a source form multimedia applications
designed using multimedia scripting languages. In this context, one of the MHEG object classes, the script
class, is intended to complement the other MHEG classes in expressing the functionality commonly
supported by scripting languages. Script objects express more powerful control mechanisms and describe
more complex relationships among MHEG objects than can be expressed by MHEG action and link objects
alone. Furthermore, script objects express access and interaction with external services provided by the
run-time environment.

Other parts of ISO/IEC 13522 define the coded representation for script objects in an open manner so that
script objects may encapsulate either standardised or proprietary script code. Script objects encapsulate
scripts that may be encoded in any encoding format as registered according to ISO/IEC 13522-4.

1.2 Scope of this part of ISO/IEC 13522

The scope of this part of ISO/IEC 13522 is to extend the coded representation of the MHEG script object
class defined by another part of ISO/IEC 13522, including ISO/IEC 13522-1 and ISO/IEC 13522-5.

This part of ISO/IEC 13522 specifies the MHEG script interchange representation (MHEG-SIR) for the
contents of script objects, i.e. the encoding of the script data component of the MHEG script class.

MHEG engines are system or application components that handle, interpret and present MHEG objects.
This part of ISO/IEC 13522 also specifies the semantics of interchanged scripts. These semantics are
defined in terms of minimum requirements on the behaviour of MHEG engines that support the
interpretation of interchanged scripts.

This part of ISO/IEC 13522 is applicable to all applications that interchange multimedia and hypermedia
information.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
part of ISO/IEC 13522. At the time of publication, the editions indicated were valid. All standards are subject
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to revision, and parties to agreements based on this part of ISO/IEC 13522 are encouraged to investigate
the possibility of applying the most recent editions of the standards indicated below. Members of 1SO and
IEC maintain registers of currently valid International Standards.

[1] ISO/IEC 8824-1:19951ITU-T Recommendation X.680 (1994):  Information techhology —
Abstract Notation One (ASN.1): Specification of basic notation.

2] ISO/IEC 8825-1:19951ITU-T Recommendation X.690 (1994): Information technology — ASN.1
encoding rules: Specification of Basic Encoding Rules (BER), Canonical Encoding Rules (CER)
and Distinguished Encoding Rules (DER).

(31 ISO/IEC 9646:1992-1995, Information technology — Open Systems Interconnection —
Conformance testing methodology and framework (all parts).

[4] ISO/IEC 10646-1:1993, Information technology — Universal Multiple-Octet Coded Character
Set (UCS) — Part 1: Architecture and Basic Multilingual Plane.

[5] ISO/IEC 13522-1:1997, Information technology — Coding of multimedia and hypermedia
information — Part 1: MHEG object representation — Base notation (ASN.1).

[6] ISO/IEC 13522-4:1996, Information technology — Coding of multimedia and hypermedia
information — Part 4: MHEG registration procedure.

[7] ISO/IEC 13522-5:1997, Information technology — Coding of multimedia and hypermedia
information — Part 5: Support for base-level interactive applications

[8} ISO/IEC 14750:—), Information technology — Open Distributed Processing — Interface
Definition Language.

9] IEEE 754-1985, IEEE Standard for Binary Floating-Point Arithmetic.

3 Definitions

For the purposes of this part of ISO/IEC 13522, the definitions given in ISO/IEC 8824-1 [1], ISO/IEC 8825-1
[2] and the following definitions apply.

3.1 application programming interface (API): Boundary across which a software application uses
facilities of programming languages to invoke software services. These facilities may include
procedures or operations, shared data objects and resolution of identifiers.

3.2 attribute: (1) MHEG attribute (see ISO/IEC 13522-1 [5]);
(2) IDL attribute (q.v.).

3.3 conforming MHEG-3 engine: MHEG-3 engine whose implementation conforms to the provisions of
this part of ISO/IEC 13522.

3.4 conforming MHEG-3 interchanged script: Interchanged script that conforms to the provisions of this
part of ISO/IEC 13522.

3.5 conforming MHEG-3 object: MHEG script object whose coded representation conforms to the
provisions of this part of ISO/IEC 13522.

1) To be published.
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3.6 frame: Record of elements on the call stack that define an execution context; one such record is pushed
onto the call stack everytime a routine is called, to memorize the current execution context, one is
popped from the call stack when the routine is returned from, to restore the execution context at the time
of calling.

3.7 hypermedia (adj.): Featuring access monomedia and multimedia information by interaction with explicit
links.

3.8 interchanged script: The coded representation of the "script data" attribute of an MHEG script object.

3.9 interface definition language (IDL): Formal notation that is used to specify types and objects through
the definition of the interface that they provide, as defined by ISO/IEC 14750-1 [8].

3.10 IDL attribute: Named, typed association between an object and a value; it is declared as part of an IDL
interface; it is made visible to clients as a pair of operations: an accessor (get) and a modifier (set); ifitis
read-only, it only provides an accessor.

3.11 IDL exception: Message that can be raised when an exceptional condition occurs during the
performance of the request to an IDL operation; it is defined in an IDL module and may have members,
which are returned to the caller together with the message identifier.

3.12 IDL instance: Object that provides the operations, signatures and semantics specified by an IDL
interface; its creation and management is implementation-specific.

3.13 IDL interface: Description, using IDL, of a set of operations that a client may request of an IDL object.

3.14 IDL object: Identifiable, encapsulated entity that provides one or more services which can be requested
by a client.

3.15 IDL operation: Service that can be requested and is provided by an IDL object; it is defined within an
IDL interface by a name, a signature which defines the type of its parameters and return value, and the
list of exceptions that its invocation may raise.

3.16 mh-script: Internal representation, within an MHEG engine, of an "available” MHEG script object.

3.17 MHEG action: Operation that applies to MHEG objects and consists of sequential and/or parallel
combinations of MHEG elementary actions.

3.18 MHEG action object: MHEG object that describes MHEG actions.

3.19 MHEG application: Application that involves the interchange of MHEG objects within itself or with
another application.

3.20 MHEG conforming object: Information object whose coded representation conforms to the provisions
of another part of ISO/IEC 13522,

3.21 MHEG elementary action: One of the basic operations applying to MHEG objects; it maps one
MHEG API primitive.

3.22 MHEG engine: Process or set of processes able to interpret MHEG objects.

3.23 MHEG entity: Any MHEG object, rt-object, content data, script data, socket, channel or other
construction defined by ISO/IEC 13522.

3.24 MHEG link: MHEG object that defines spatio-temporal relationships among MHEG objects expressed in
terms of trigger conditions and actions.
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3.25 MHEG object: Coded representation of an instance of an MHEG object class.

3.26 MHEG script class: MHEG class defining a structure to interchange script data in a specified encoded
form.

3.27 MHEG script object: The coded representation of an instance of an MHEG script class.

3.28 MHEG API: The API provided by an MHEG engine to MHEG applications for the manipulation of MHEG
objects.

3.29 MHEG-3 (adj.): Applies to entities that conform to the provisions of this part of ISO/IEC 13522,

3.30 MHEG-3 application: MHEG application that interchanges scripts within itself and/or with other
applications as the "script data" component of MHEG script objects, according to the representation
specified by this part of ISO/IEC 13522.

3.31 MHEG-3 engine: MHEG engine that processes and interprets MHEG-SIR interchanged scripts.

3.32 MHEG-3 profile: Profile of this part of ISO/IEC 13522,

3.33 MHEG-SIR: (1) The script interchange representation defined by this part of ISONEC 13522;
(2) (adj.) Applies to an entity defined as part of this Script interchange Representation.

3.34 (MHEG-SIR) call stack: Stack that is associated with each running rt-script by the MHEG-SIR virtual
machine and that contains a call frame for each active function invocation.

3.35 MHEG-SIR code: Encoded sequence of MHEG-SIR instructions.

3.36 (MHEG-SIR) constant: Static, typed, named value which is declared within an interchanged script and
whose value is globally accessible and unchanged throughout the execution of the script.

3.37 (MHEG-SIR) constructed type: Type described as a combination of other types using one of the
following constructors: sequence, string, array, union, structure.

3.38 (MHEG-SIR) data identifier: Integer that uniquely identifies the name of a data element of an
interchanged script (constant, global variable, dynamic variable, local variable).

3.39 (MHEG-SIR) exception: Message triggered during the invocation of a service.

3.40 (MHEG-SIR) function: Named code sequence whose execution may be invoked by an mterchanged
script; it may be a routine, a predefined function or a service.

3.41 (MHEG-SIR) function identifier: Integer that uniquely identifies a function within an interchanged script.
3.42 (MHEG-SIR) global variable: Variable with global scope.

3.43 (MHEG-SIR) instruction: Elementary unit of code of an MHEG-SIR interchanged script; it consists of
an op-code followed by zero or more operands.

3.44 (MHEG-SIR) instruction execution unit: Within an MHEG-SIR script interpreter, virtual processing unit
that executes an MHEG-SIR instruction.

3.45 MHEG-SIR interchanged script: Interchanged script coded according to MHEG-SIR.

3.46 (MHEG-SIR) local variable: Variable with local scope within a routine.
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3.47 (MHEG-SIR) message: Event that may be received by the script interpreter during the execution of the
script; it may be either predefined (MHEG API exception, MHEG-3 API operation and exception, internal
exception) or declared within an interchanged script (exception provided by an external interface).

3.48 (MHEG-SIR) message identifier: Integer that uniquely identifies a message within an interchanged
script.

3.49 (MHEG-SIR) message queue: Queue that is associated with each running rt-script by the MHEG-SIR
virtual machine and that contains the messages targeted at the rt-script.

3.50 (MHEG-SIR) object reference: MHEG-SIR value that represents an IDL instance and that is passed as
the parameter of an external call to request a service from this instance.

3.51 (MHEG-SIR) operand: Parameter of an instruction; it is encoded next to the instruction’s op-code.

3.52 (MHEG-SIR) package: Set of external functions that are provided by a module of the run-time
environment and that are accessible to an rt-script and declared within an interchanged script; it is
composed of services and exceptions.

3.53 (MHEG-SIR) parameter: Piece of data exchanged with a function call, a message or an instruction.

3.54 (MHEG-SIR) parameter stack: Stack that is associated with each running rt-script by the MHEG-SIR
virtual machine and that is used to provide parameters to and retrieve results of instructions.

3.55 (MHEG-SIR) predefined type: A type whose description and identifier are predefined by this part of
ISO/MIEC 13522 and thus need not be declared within interchanged scripts; it may be either a primitive
type or a constructed type.

3.56 (MHEG-SIR) primitive type: Basic predefined type, as opposed to constructed type.

3.57 (MHEG-SIR) routine: Function that is declared within an interchanged script together with the virtual
machine code that defines its semantics.

3.58 (MHEG-SIR) rt-script execution unit. Within an MHEG-SIR script interpreter, virtual processing unit
that executes script code.

3.59 (MHEG-SIR) script interpreter: The part of an MHEG-3 engine, that handles and interprets
interchanged scripts.

3.60 (MHEG-SIR) service: External function that is declared within an interchanged script and whose
implementation is made accessible to an rt-script by the run-time environment on the execution platform.

3.61 (MHEG-SIR) variable: Within the MHEG-SIR virtual machine, named, typed memory unit whose value
may be changed at any time when its scope is active and whose most recent value may be read.

3.62 (MHEG-SIR) virtual machine: Abstract description of the memory units and instruction execution
engine of an MHEG-SIR script interpreter. :

3.63 multimedia (adj.): That handles several types of representation media.

3.64 multimedia and hypermedia application: Application that features presentation of multimedia
information to the user and interactive navigation across this information by the user.

3.65 multimedia application: Application that features presentation of multimedia information to the user.
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3.66 platform mapping specification: Specification of how MHEG-3 engine implementations shall map IDL
specifications to run-time environment components on one type of platform.

3.67 queue: Collection of elements that are inserted and removed in first-in first-out (FIFO) order.
3.68 rt-script: Run-time instance (or copy) of an mh-script, created by an MHEG engine.

3.69 scope: Context of reference for a variable; if it is global, the variable may be referenced by any script
instruction; if it is local, the variable may only be referenced in the local execution context.

3.70 scripting language: Programming language intended for easy and rapid design of applications by non-
professional programmers.

3.71 script interchange representation (SIR): Coded representation used by an application to interchange
scripts for the purpose of implementing dynamic behaviour.

3.72 stack: Collection of elements that are inserted (pushed) and removed (popped) in last-in first-out (LIFO)
order.

4 Abbreviations

For the purposes of this part of ISO/IEC 13522, the following abbreviations apply.

API Application Programming Interface

ASN.A1 Abstract Syntax Notation One

CORBA Common Object Request Broker Architecture

Cs Call Stack

CT Constant Table

DER Distinguished Encoding Rules

DiD Data IDentifier

DT Data Table

EBNF Extended Backus-Naur Form

ER Error Register

ETR ETSI Technical Report

FID Function IDentifier

FIFO First In First Out

FP Frame Pointer

FR Function Register

GT Global variable definition Table

HT Handler Definition Table

IDL Interface Definition Language

IEC International Electrotechnical Commission

P Instruction Pointer

IR Instruction Register

1SO International Organisation For Standardisation

ITU-T International Telecommunication Union, Telecommunication standardisation sector
JTC Joint Technical Committee

LIFO Last In First Out

LT Local variable Table

MHEG Multimedia and Hypermedia information coding Experts Group
MID Message |IDentifier

MPEG/DSM-CC Moving Picture Experts Group - Digital Storage Media Command and Control
MQ Message Queue

PID Package |Dentifier

PS Parameter Stack

PT Package definition Table
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QP
rt
RT
SIR
SP
ST
TID
TLV
1T
VT
XT

5 Conformance

This part of ISO/IEC 13522 defines conformance requirements

Queue Pointer

Run-time

Routine definition Table
Script Interchange Representation
Stack Pointer

Service definition Table
Type IDentifier
Type-Length-Value

Type definition Table
Variable Table

eXception definition Table

- on information objects, i.e. MHEG script objects;

- on implementations, i.e. MHEG engine implementations.

5.1 Information object conformance

A conforming MHEG-3 script object shall meet all of the following criteria:

BS ISO/IEC 13522-3 : 1997

1) its coded representation shall conform to the provisions of another part of ISO/IEC 13522;
2) its coded representation shall encapsulate a conforming MHEG-3 interchanged script.

The information object conformance is evaluated on the information objects that are interchanged in the
purpose of their execution on a terminal.

5.1.1 Profiles

This part of ISO/IEC 13522 defines no profiles.

NOTE 1: However, MHEG-3 profiles may be defined by other standards or by other parts of ISO/IEC 13522.
In accordance with the profile definition framework, standardised MHEG-3 profiles should be at
least as constraining; information objects claiming conformance to such profiles should at least
conform to this part of ISO/NEC 13522,

An MHEG-3 profile should define all of the following:

- a profile of the MHEG-SIR virtual machine defined by this part of ISO/IEC 13522;

- a profile of IDL, together with its mapping to MHEG-SIR, for the expression of interface between scripts
and the external environment;

- an AP for the manipulation of MHEG objects defined by another part of ISO/IEC 13522, together with
a mapping of this interface to MHEG-SIR.

NOTE 2: According to 1ISO recommendations, MHEG-3 profiles should ensure upward compatibility of the
ASN.1 encoding, so that interchanged scripts conforming to an MHEG-3 profile also conform to
this part of ISO/IEC 13522,

5.1.2 Encoding

A conforming MHEG-3 interchanged script shall be encoded according to the encoding rules defined by

Annex B.
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5.1.3 Syntax
A conforming MHEG-3 interchanged script shall conform to the ASN.1 syntax defined by Annex A.
5.1.4 Semantics

A conforming MHEG-3 interchanged script shall only include semantically valid declarations and instruction
sequences as defined by Clauses 12 and 13.

5.2 Implementation conformance
An implementation of this part of ISO/IEC 13522 is an MHEG-3 engine.
A conforming MHEG-3 engine shall support the interpretation of conforming MHEG-3 script objects.

This part of ISO/IEC 13522 defines the semantics of MHEG-3 interchanged scripts. This implies conformance
requirements not on information objects, but on the behaviour of MHEG-3 engines.

NOTE 1: Although a conforming script might not realise the semantics implied by its designer, the way
conforming engines behave in interpreting this script is predictable.

NOTE 2: This part of ISO/IEC 13522 does not consider conformance for a system, an engine or a process
as far as it is not related to the interpretation of interchanged scripts.

5.21 Conformance requirements
A conforming MHEG-3 engine shall meet all of the following criteria:

1) it shall parse and interpret conforming MHEG-3 interchanged scripts according to the virtual machine
behaviour defined in this part of ISO/IEC 13522 (see Clause 9);

2) it shall support communication with the run-time environment and with MHEG objects according to the
IDL mapping behaviour defined in this part of ISO/IEC 13522 (see Clauses 10, 11 and 14);

3) it shall provide the MHEG-3 API defined in this part of ISO/IEC 13522 (see Clause 15 and Annex F);

4) for the purpose of manipulation of MHEG objects by interchanged scripts, it shall support an
MHEG API and its mapping according to the framework defined in this part of ISO/IEC 13522 (see
Annex E);

5) for the purpose of communication with the run-time environment, it shall support a platform mapping
specification according to the framework defined in this part of ISO/IEC 13522 (see Annex Dj;

6) it may provide additional functions or facilities not required by this part of ISO/IEC 13522 or by the
platform mapping specification. Each such non-standard extension shall be identified as such in the
system documentation.

5.2.2 Conformance documentation

A conformance document with the following information shall be available for an implementation claiming
conformance to this part of ISO/IEC 13522. The conformance document shall meet all of the following criteria:

1) it shall list all the mandatory features required by this part of ISO/IEC 13522, with reference to the
appropriate Clauses and subclauses;
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2) it shall either include the platform mapping specification to which the implementation conforms or
reference a registered platform mapping specification in an unambiguous way;

3) it shall contain a statement that indicates the full names, numbers, and dafes of the standards that
apply;

4) it shall state which of the optional features defined in this part of ISO/IEC 13522 and in the platform
mapping specification are supported by the implementation;

5) it shall describe the behaviour of the implementation for all implementation-defined features defined in
this part of ISO/IEC 13522 and in the platform mapping specification. This requirement shall be met by
listing these features and by providing either a specific reference to the system documentation or full
syntax and semantics of these features. The conformance document may specify the behaviour of the
implementation for those features where this part of ISO/NEC 13522 or the platform mapping
specification states that implementations may vary or where features are identified as undefined or
unspecified.

No specifications other than those specified by this part of ISO/IEC 13522 and the platform mapping
specification shall be present in the conformance document.

5.3 Application conformance

An application of this part of ISONEC 13522 (called MHEG-3 application) is an MHEG application that
interchanges scripts within itself and/or with other applications as the "script data” component of MHEG script
objects according to the encoded representation specified by this part of ISONEC 13522.

5.4 Test Methods

Any measurement of conformance to this part of ISO/IEC 13522 shall be performed using test methods that
conform to ISO/IEC 9646 [3].

6 Overview
This part of ISO/IEC 13522 extends the provisions of other parts of ISO/IEC 13522 so that MHEG objects
and applications support functionality of multimedia scripting languages in a standard way. Considering the

functionality supported by other parts of ISO/IEC 13522, these extensions are divided in two main topics:

- data processing operations (see subclause 6.2);
- access to external data and functions (see subclause 6.3).

For the support of both topics, this part of ISO/IEC 13522 specifies

- complete and detailed provisions for the encoding of interchanged scripts;
- the required behaviour of a script interpreter.

6.1 Description methodology

For the description of these provisions, this International Standard|Recommendation follows a methodology
that considers four description levels:

- level a): informal text description;

- level b): precise description of semantics;
- level c): formal description of syntax;

- level d). formal description of encoding.

These levels are used in the following Clauses as follows:
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- level a): Clauses 8 to 11;

- level b): Clauses 12 to 15;

- level c): Annexes A, E, F, G;
- level d): Annexes B, C.

NOTE: Informative Annexes H and J also use level ¢) description.
6.2 Data processing operations

To deal with data processing operations, MHEG-SIR defines the structure of interchanged scripts that consist
of data declarations and function declarations, the latter encapsulating sequences of instructions.

Clause 8 defines the elements of the MHEG-SIR virtual machine code.

Clause 9 specifies the MHEG-SIR virtual machine, i.e. a model of how MHEG-SIR script interpreters shall
perform interpretation of MHEG-SIR script code. This virtual machine is used afterwards to describe the
semantics of MHEG-SIR instructions. Clause 9 states requirements on the functionality that script interpreters
shall provide; however, it does not specify how to implement this functionality.

Clause 12 defines the declarations of MHEG-SIR interchanged scripts. It specifies their structure, i.e. the way
they shall be represented, and their semantics, i.e. the way they shall be interpreted by MHEG-SIR script
interpreters. The semantics are specified using the virtual machine formalism introduced in Clause 9.

Clause 13 defines the MHEG-SIR instructions. It specifies their structure, i.e. the way they shall be
represented, and their semantics, i.e. the way they shall be interpreted by MHEG-SIR script interpreters.
These semantics are specified using the virtual machine formalism introduced in Clause 9.

Annex A formally defines the precise syntax of interchanged scripts using the ASN.1 notation.
Annex B formally defines the encoding of interchanged scripts.
Annex C lists the predefined elements of MHEG-SIR and defines their encoding.

Annex G formally defines the instantiation of this part of ISO/IEC 13522 to ISO/IEC 13522-1 and ISO/NEC
13522-5, i.e. the MHEG objects in these parts to which MHEG-SIR applies, and the way it applies to them.

6.3 Access to external data and functions

To deal with access to external data and functions, MHEG-SIR uses IDL to describe interfaces in an abstract,
language-independent way and thus unify the way external data and functions are viewed by script
interpreters.

in the MHEG-SIR context, IDL is used to separate clearly the way (MHEG-SIR specific) the use of external
data or functions is expressed by interchanged scripts from the way (at least platform-dependent, and maybe
application-dependent) these data or functions are provided by the external environment. MHEG-SIR thus
defines how the interfaces are used, while the application is responsible for defining how they are provided.

To allow script interpreters to manipulate MHEG entities and exchange information with them, MHEG-3
engines provide script interpreters with access to the MHEG entities (data) and invocation of the MHEG
actions (functions) through an MHEG API defined using IDL. The MHEG types and actions are predefined in
MHEG-SIR to achieve compact coding and efficient interpretation of MHEG object manipulation.

To allow script interpreters to co-operate with the run-time environment, the run-time environment provides
access to its data and functions according to a platform mapping specification of IDL. This specification
describes how IDL operations need be provided on a particular platform so that MHEG-3 engines be able to
use them as external services.
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NOTE: Packages may be provided in the form of libraries, device drivers, operating syétem components,
processes, telecommunication services, etc.

Clause 7 describes assumptions on the structure of MHEG-3 engines and their relationships with their
environment.

Clause 10 describes the general mechanisms used to access to external data and functions provided by the
run-time environment.

Clause 11 describes the general mechanisms used to manipulate MHEG objects.

Clause 14 specifies the IDL mapping for MHEG-SIR, i.e. the mechanisms used by the MHEG-SIR
representation to describe IDL packages and invoke IDL operations.

Clause 15 specifies the structure and semantics of the MHEG-3 AP, i.e. the set of operations that may be
used to manipulate scripts.

Annex D specifies the IDL platform mapping specification form, i.e. the template for the document that need
be filled in and registered for each platform type, to specify the platform-specific provisions that services
provided by the run-time environment on this platform shall fulfil, and to which MHEG-3 engines shall conform
so that they be able to co-operate with services provided by the run-time environment on this platform and
therefore to interpret scripts that call upon such services.

Annex E specifies the framework that shall be used to define an MHEG API using IDL and the procedure that
shall be followed to map it to MHEG-SIR.

Annex F defines the precise syntax of the MHEG-3 API using the IDL notation.
7 MHEG/MHEG-3 relationship

This Clause introduces general assumptions about MHEG-3 engines, which are used afterwards to describe
the performance of a script interpreter and its relationships with its external environment,

MHEG-3 engines shall provide the functionality described hereafter in some way, in order to behave as
expected as far as interpretation of interchanged scripts is concerned.

However, there is no requirement on MHEG-3 engines to implement this functionality as described.

NOTE: For instance, the MHEG-3 engine functional components described thereafter need not correspond
to actual (e.g. software) components of MHEG-3 engine implementations.

7.1 MHEG entities

MHEG-3 engines handle MHEG entities: MHEG objects, mh-objects, rt-objects, interchanged MHEG objects,
sockets, channels. '

NOTE: MHEG entities are described in more detail in Annex K.

7.2 Functional entities

MHEG-3 engines may be viewed as consisting of the following functional components:

- MHEG object parser: parses interchanged MHEG objects and transforms them into mh-objects under
control of the mh-object manager,

- mh-object manager: controls the life cycle and allows access to all mh-objects;
- rt-object manager: controls the life cycle and allows access to all rt-objects;
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- reference resolver: transforms an MHEG reference into a usable identifier or handle;

- link handler: watches active links and triggers the corresponding actions when their conditions become
frue;

- action interpreter: interprets MHEG elementary actions;

- script interpreter: parses MHEG-SIR interchanged scripts and interprets rt-scripts; provides access to
the run-time environment;

- presentation agent: interface with the presentation environment, orders presentation of rt-contents;
receives user selections and modifications;

- access agent: interface with the communication environment; provides access to interchanged MHEG
objects and to content data.

7.3 MHEG-SIR script interpreter
Within an MHEG-3 engine, the script interpreter shall be responsible for the following:

- parsing interchanged scripts (provided by the MHEG object parser)

- preparing the appropriate data structures for further execution of rt-scripts;

- executing script code;

- realising the default effect of MHEG actions targeted at mh-scripts or rt-scripts;

- invoking the appropriate handler (in the script program) for these MHEG actions;

- forwarding MHEG elementary actions invoked by the script program to the action interpreter;

- managing interchange with the run-time environment (locating and loading packages, invoking
services, receiving messages, passing data) using the appropriate platform-specific communication
mechanisms.

8 Elements of MHEG-SIR

This Clause describes the main elements of MHEG-SIR and how interchanged scripts shall use them.
The entities that are declared and manipulated by MHEG-SIR interchanged scripts are

- data types;

- data;

- functions;

- messages.

These concepts are defined in the following subclauses; however, the detailed structure of their declarations
is specified in Clause 12.

8.1 Data types

Data types are used to describe the structure of

- the script's own data (constants and variables);

- the parameters and return values of the script's routines;
- the parameters and return values of external functions;

- the parameters of messages handled by scripts.

As scripts need adapt themseives to the signature of functions that may be provided by the external
environment, MHEG-SIR defines a wide range of types carresponding to the IDL data types.

The encoding of data type definitions in an interchanged script is defined by Annex A. This part of ISO/NEC
13522 imposes no requirement on the way MHEG-3 engines represent these data types.

The MHEG-SIR uses two kinds of data types:
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All types may be referenced in a unique, unambiguous way by their type identifier.

8.1.1 Predefined types

Predefined types may be either primitive or constructed types.

Predefined types have predefined type identifiers and therefore need not be declared by interchanged scripts.
The list of predefined types and their identifiers is given in Annex C.

8.1.1.1 Primitive types

The primitive types correspond to the IDL primitive types. This is the list of MHEG-SIR primitive types:

- void;

- octet;

- short;

- long;

- unsigned short;
- unsigned long;

- float;

- double;

- boolean;

- character;

- data identifier,
- object reference.

For easier reference, primitive types have individual letter codes as indicated by Table 1:

Table 1: Letter codes of primitive types

Type

Letter code

octet

short

long

unsigned short

(as Word)

unsigned long

float

double

boolean

character

o|lmlo|n|c|s|r|n|o

data identifier

| (as Identifier)

object reference

R (as Reference)

8.1.1.1.1 void type

The void type shall only be used to express the type of return value of a function. Functions whose type of
return value is void do not return any data. An interchanged script shall have no constants or variables of
void type. The void type shall not be used in the definition of constructed types.
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8.1.1.1.2 octet type

Data whose type is octet shall take a numeric value within the range [0 .. 255]. Octet variables without
explicit initial value shall be initialised to 0.

8.1.1.1.3 short type

Data whose type is short shall take a signed integer value within the range [-32 768 .. 32 767]. Short
variables without explicit initial value shall be initialised to 0.

8.1.1.1.4 longtype

Data whose type is 1ong shall take a signed integer value within the range [-2 147 483 648 .. 2 147 483 647].
Long variables without explicit initial value shall be initialised to 0.

8.1.1.1.5 unsigned short type

Data whose type is unsigned short shall take an unsigned integer value within the range [0 .. 65 535].
Unsigned short variables without explicit initial value shall be initialised to 0.

8.1.1.1.6 unsigned long type

Data whose type is unsigned long shall take an unsigned integer value within the range
[0 .. 4 294 967 295]. Unsigned long variables without explicit initial value shall be initialised to 0.

8.1.1.1.7 float type

Data whose type is £1oat shall take a single-precision floating point value within the range specified by |IEEE
754 [9]. Float variables without explicit initial value shall be initialised to 0.

8.1.1.1.8 double type

Data whose type is double shall take a double-precision floating point value within the range specified by
IEEE 754 [9]. Double variables without explicit initial value shall be initialised to 0.

8.1.1.1.9 boolean type

Data whose type is boolean shall have either ‘true’ or ‘false’ as their value. Boolean variables without
explicit initial value shall be initialised to ‘false’.

8.1.1.1.10 character type

Data whose type is character shall take a character value within the BMPString character set as defined
by the Basic Multilingual Plane of ISO/IEC 10646-1 [4]. Character variables without explicit initial value
shall have an undefined initial value.

Conforming MHEG-3 engines may state that they only adopt a restricted set of characters, e.g. based on the
standard collections of Annex A of ISO/IEC 10646-1 [4]. In this case, they shall document these adopted
subsets and the level of implementation in the conformance document.

8.1.1.1.11 data identifier type

Data whose type is data identifier shall take an unsigned integer value within the range [0 .. 65 535].
This value is used to identify a constant, global variable, dynamic variable, local variable or routine parameter

of the script, as defined by subclause 8.6.2 below. There shall be no constants of data identifier type.
Data identifier variables without explicit initial value shall have an undefined initial value.
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8.1.1.1.12 object reference type

Data whose type is object reference shall take as value a handle that references an IDL object to which
services or predefined functions apply. Encoding of object references is defined by the platform mapping
specification. There shall be no constants of object reference type. The object reference type shall
not be used in the definition of constructed types. object reference variables without explicit initial value
shall have an undefined initial value.

Object references are used as the implicit first parameter of all external calls to specify the object to which the
call applies. Object reference values shall be provided by the external environment, as an output parameter
or return value of an external call (XCALL) instruction. The get object reference (GETOR) instruction is used
to get a first object reference on the root object of a given package. The null object reference is used to refer
to the original object of the MHEG-3 API (instance of ScriptInterpreter).

8.1.1.2 Predefined constructed types

To allow scripts to express manipulation of MHEG data more easily, the MHEG AP| data types are
predefined.

Although they are not defined within interchanged scripts, predefined constructed types, like declared
constructed types, can be expressed using type constructors and type identifiers, as described in subclause
8.1.2. Only predefined type identifiers shall be used to express the structure of predefined constructed types.
8.1.2 Declared constructed types

Constructed types shall be defined using one constructor and one or several type identifiers identifying either
a declared or predefined type.

The constructor of a constructed type shall be one of the following:
- sequence (see subclause 8.1.2.1);

- string (see subclause 8.1.2.2);

- array (see subclause 8.1.2.3);

- structure (see subclause 8.1.2.4);

- union (see subclause 8.1.2.5).

Declared types are defined within interchanged scripts.

MHEG-SIR types shall not be redefined in an interchanged script. The structure of a declared type shall not
match that of a predefined type or that of another declared type.

There shall not be more than 16 384 types declared in an interchanged script.
8.1.21 sequence types
Sequence types shall be defined by

- their size (optional);
- their element type.

The size shall be an unsigned short value. It represents the maximum number of elements of the sequence. If
the type definition specifies no size, the number of elements may be any size up to the maximum. Sequence
types with an explicit size are called bounded sequence types.

The maximum size of any sequence type is 65 535 elements.
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The element type may be any primitive, constructed or predefined type except void and object
reference. The element type shall be referenced using its type identifier. Sequence type definitions shall
not lead to infinite recursion.

NOTE: As a consequence, the type identifier of the sequence may be nested within the type definition
only below a union constructor.

Data whose type is a defined sequence type shall take as their value an ordered list of zero or more values
of the element type.

Variables of a sequence type without explicit initial value shall be initialised to a null list (sequence of zero
element).

8.1.2.2 stringtypes
String types are semantically equivalent to sequence types whose element type is character.

NOTE: To optimise their handling, string values may be implemented in a different way than sequences of
character would. Therefore, strings and sequences of character remain distinct, although
semantically equivalent, types.

String types shall be defined by their size {optional).

The size shall be an unsigned short value. It represents the maximum number of elements of the string. If the
type definition specifies no size, the number of elements may be any size up to the maximum. String types
with an explicit size are called bounded string types.

The maximum size of any string type is 65 535 characters.

Data whose type is a defined st ring type shall take as their value a string of zero or more characters.

Variables of a string type without explicit initial value shall be initialised to a null string (sequence of zero
character).

8.1.2.3 array types
Array types shall be defined by

- their size;
- their element type.

The size shall be an unsigned short value. It represents the exact number of elements in the array.

The element type may be any primitive, constructed or predefined type except void and object
reference. The element type shall be referenced using its type identifier. Array type definitions shall not
lead to infinite recursion.

NOTE: As a consequence, the type identifier of the array may be nested within the type definition only
below a union constructor.

Data whose type is a defined array type shall take as their value an ordered list of values of the element
type, the length of the list being specified by the size of the array.

Variables of an array type without explicit initial value shall be initialised to a list of elements whose initial
value is determined by the element type.
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8.1.2.4 structure types
Structure types shall be defined by an ordered list of 1 to 256 element types.
The element types may be any primitive, constructed or predefined type except void and cbiect

reference. The element types shall be referenced using their type identifiers. Structure type definitions
shall not lead to infinite recursion.

NOTE: As a consequence, the type identifier of the structure may be nested within the type definition
only below a union constructor.

Data whose type is a defined structure type shall take as their value an ordered list of values of the
element type that corresponds to their rank in the type definition.

Variables of a structure type without explicit initial value shall be initialised to a list of elements whose
initial value is determined by their element type.

8.1.2.5 union types
Union types shall be defined by an ordered list of element types.
There shall not be more than 256 choices (element types) in a union type.

The element types may be any primitive, constructed or predefined type except void and object
reference. The element types shall be referenced using their type identifiers.

Data whose type is a defined union type shall take as their value

- an integer which represents the index (starting at 0) in the choice list;
- a value of the element type whose rank in the type definition is the above index.

Variables of a union type without explicit initial value shall have an undefined initia! value.

8.2 Data

The MHEG-SIR defines three kinds of data:

- immediate values (see subclause 8.2.1);

- constants (see subclause 8.2.2);

- variables (see subclause 8.2.3).

All data used by an interchanged script are of a definite data type, either predefined or declared.

Two data values shall be equal if and only if

- they are of the same type, i.e. they have the same type identifier;

- if they are of a primitive type then they are identical;

- if they are of a structure, sequence or array type then every element of one list is equal to the
element of the same rank in the other list;

- if they are of a union type then their tags are identical and their values are equal to each other.

As a consequence,

- values of a st ring type shall not be compared with values of a sequence of character type;
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- values of a bounded sequence type shall not be compared with values of another bounded
sequence type or with values of an unbounded sequence type, since they have different type
identifiers;

- values of a bounded string type shall not be compared with values of another bounded string type
or with values of an unbounded string type, since they have different type identifiers.

All variables and constants are referenced in a unique, unambiguous way by their data identifier.

8.2.1 Immediate values

Immediate values are data that are not declared within the interchanged script, and may therefore only be

used “immediately”, i.e. as they are encountered. An immediate value may be encountered in an

interchanged script

- as a constant value;

- as the initial value of a variable,;

- as the operand of a push immediate (PUSHT) instruction.

Besides, immediate values are used in the course of the script execution through the parameter stack, as
parameters for instructions or functions.

Unless the context restricts it otherwise, immediate values may be of any type except void.

The encoding of data values in an interchanged script is defined by Annex A. This part of ISO/NEC 13522
imposes no requirement on the way MHEG-3 engines represent data values of a particular type.

8.2.2 Constants
Constants shall be declared within the interchanged script and defined by

- a data type;
- a value of this data type.

Constants may be of any type except
- cbject reference;
- data identifier;

- void.

Constants have a global scope and may be referenced using their data identifier throughout the interchanged
script.

There shall not be more than 4 096 constants declared in an interchanged script.
8.2.3 Variables
Variables shall be declared within the interchanged script and defined by

- a data type;
- optionally, a value of this data type, to be taken as the initial value for this constant.

Variables may be of any type except void.

Variables are referenced using their data identifier. A reference to a variable may be used with either of the
following semantics:
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- “right-hand" semantics: the same as if the value of this variable was provided instead:;
- "left-hand” semantics: states that this variable has to be assigned a data value.

In the latter case, the value to be assigned to the variable may be an immediate value (including a computed
value), the value of a constant or the value of a variable (including the future value of a function’s output
parameter).

The MHEG-SIR defines three kinds of variables:

- global variables;

- local variables;

- dynamic variables.

8.2.3.1 Global variables

Global variables have a global scope which covers the entire interchanged script. They may be referenced
using their data identifier from any routine or variable. They may be assigned a new value at any time during
execution of the rt-script.

There shall not be more than 28 672 global variables declared in an interchanged script.

8.2.3.2 Local variables

Local variables have a lexical scope which is restricted to the execution of the code of the routine to which
they belong. They may be referenced using their data identifier only within the code of this routine.

There are two kinds of local variables:

- local variables that are declared within the routine declaration as part of the local variable declaration;

- actual parameters of the routine, whether passed by value or by reference, which are declared within
the routine declaration as part of the routine signature.

There shall not be more than 256 local variables declared in each routine of an interchanged script.

8.2.3.3 Dynamic variables

Dynamic variables have a dynamic scope which extends from the time when they are created using an

allocate (ALLOC) instruction up to the time when they are released using a free (FREE) instruction. At

creation, they are given a data identifier by the script interpreter. They may be referenced using their data

identifier at any time during the execution of the script. However, as the data identifier of a dynamic variable is

only known at run-time, it can only be used as a parameter stack or a variable value, not as the operand of an

instruction.

There shall not be more than 32 512 dynamic variables used at a given time during execution of an rt-script.

8.3 Functions

The MHEG-SIR defines three kinds of functions:

- routines (see subclause 8.3.1);

- services (see subclause 8.3.2);

- predefined functions (see subclause 8.3.3).

All functions shall have a signature (or prototype) which consists of

- a type of return value;
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- an ordered list of formal parameters defined by their type and passing mode.

All functions are referenced in a unique, unambiguous way using their function identifier.

Functions shall be either synchronous or asynchronous. When a synchronous function is called, the caller
waits for the completion of the function execution and may therefore retrieve its result. When an
asynchronous function is called, the caller only waits for an acknowledgement of reception of the request; it
then resumes execution without waiting for the completion of the function.

As a consequence, asynchronous functions shall not have output parameters or a return value. Routines are
always synchronous.

8.3.1 Routines

Routines are internal functions of interchanged scripts.

Routines shall be declared within the interchanged script. Routines shall consist of

- a signature;

- local variables;

- program code.

There shall not be more than 4 096 routines declared in an interchanged script.

Execution of a routine may be triggered

- by an explicit call (CALL) instruction, with the routine’s function identifier being the operand of the
instruction;

- upon reception of an exception during an external call (XCALL) instruction, where the message
identifier of the received exception is mapped to the routine’s function identifier by the handler definition
table;

- upon examining the queue of received messages, either when no routine is executing or upon
encountering a yield (YIELD) instruction, where the message identifier of the received message is
mapped to the routine’s function identifier by the handler definition table or is an MHEG-3 APl run
operation targeted at the routine. '

Parameters may be passed to routines using either of the following modes:

- by value: a value of the parameter type is passed to the routine;

- by reference: a data identifier referencing a global variable, dynamic variable or constant whose type
is the same as the parameter type is passed to the routine.

In both cases, the value of the passed parameter becomes the value of the local variable whose index

corresponds to the parameter’s index. The local variable corresponding to a parameter passed by reference

shall be of the data identifier type.

Data identifiers to local variables shall not be passed by reference.

8.3.2 Services

Services are external functions provided by the run-time environment, that an interchanged script may
invoke.

Services shall be declared within the interchanged script, as part of a package declaration, by

- their signature;
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- their IDL global operation name.

There shall not be more than 256 services declared in each package of an interchanged script.

There shall not be more than 192 packages declared in an interchanged script.

A service may be called by an external call (xCALL) instruction.

Parameters may be passed to services using one of the following modes:

- in: a data identifier referencing a variable or constant whose type is the same as the parameter type is
passed to the service;

- inout: a data identifier referencing a variable whose type is the same as the parameter type is passed
to the service; upon returning, the variable is updated with its new value;

- out: same as inout, however the value of the variable is not used by the service.

8.3.3 Predefined functions

Predefined functions correspond to the operations of the MHEG-3 engine’s interface.

Predefined functions have predefined function identifiers and therefore shall not be declared within an
interchanged script.

As this part of ISO/IEC 13522 is not specifically linked to another part of ISO/IEC 13522, the MHEG API
operations used to manipulate MHEG objects are not explicitly defined. However, this part of ISO/IEC 13522
specifies the procedure that shall be used to define an MHEG API and to specify the mapping of operations
of this MHEG API to predefined function identifiers. This is described in Annex E.

In addition, this part of ISO/IEC 13522 defines the MHEG-3 AP, i.e. the interface that MHEG-3 engines shall
provide for the manipulation of scripts. This interface is described in Clause 15 and Annex F. This interface
may be used from within scripts and is therefore mapped to predefined function identifiers. The list of these
predefined functions and their identifiers is given in Annex C.

Predefined functions may be called and passed parameters to using the same mechanisms as with services.
8.4 Messages

The MHEG-SIR defines two kinds of messages:

- package exceptions (see subclause 8.4.1);
- predefined messages (see subclause 8.4.2).

All messages shall have a signature (or prototype) which consists of an ordered list of formal parameters
(members) defined by their type.

All messages are referenced in a unique, unambiguous way by their message identifier.
8.4.1 Package exceptions

Package exceptions are sent to an rt-script by the run-time environment as a consequence of the invocation
of a service by this rt-script.

Package exceptions shall be declared within the interchanged script, as part of a package declaration, by

- their signature;
- their IDL global exception name.
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There shall not be more than 256 exceptions declared in each package of an interchanged script.

8.4.2 Predefined messages

Predefined messages sent to an rt-script may be one of the following:

- an exception of the MHEG-3 engine interface (i.e. the MHEG API), raised by the MHEG-3 engine as a
consequence of the invocation of a predefined function by the rt-script;

- the consequence of invocation of an operation of the MHEG-3 API targeted at the rt-script;

- the InstructionExecutionError exception, which is raised as the consequence of an error
occurring in the execution of an instruction of the rt-script.

Predefined messages have predefined message identifiers and therefore shall not be declared within an
interchanged script.

As this part of ISO/IEC 13522 is not specifically linked to another part of ISO/IEC 13522, the MHEG API
exceptions are not explicitly defined. However, this part of ISO/IEC 13522 specifies the procedure that shall
be used to define an MHEG API and to specify the mapping of exceptions of this MHEG API to predefined
message identifiers. This is described in Annex E.

Annex C specifies how the InstructionExecutionError and the messages resulting from MHEG-3 API
operations shail be mapped to predefined message identifiers.

8.5 Instructions

The program code part of routines consists of a sequence of instructions. Unlike the rest of an interchanged
script, which is handled upon preparation of the script, instructions need only be dealt with after creation of an
rt-script, when the routine to which they belong is activated.

An instruction shall consist of one op-code (operation code) followed by zero or more operands. The number,
type and encoding of operands is fully determined by the op-cade.

As a rule, operands complete the instruction, whereas parameter values are taken from the parameter stack.

The performance of the instruction execution unit is described in Clause 9, whereas the precise semantics of
each instruction are described in Clause 13.

8.6 Identifiers

identifiers are used to reference MHEG-SIR entities (i.e. types, data, functions and messages) in an
unambiguous way, throughout interchanged scripts.

8.6.1 Type identifiers

Type identifiers (TIDs) shall be encoded on two bytes as follows:

- primitive types and predefined types shall have predefined TIDs as defined by Annex C;

- declared types whose index (starting at 0) in the type declaration table is X shall have (X + 4000h) as
TID.

Hence

- TIDs between 0 and 3FFFh shall reference predefined types;
- TIDs between 4000h and 7FFFh shall reference declared types.

22 Documents

Full document details: BS ISO/IEC 13522-3:1997


http://www.avadocuments.com/doc/bs-iso-iec-13522-3-1997
http://www.avadocuments.com/doc/bs-iso-iec-13522-3-1997

BS ISO/IEC 13522-3 : 1997

8.6.2 Data identifiers
Data identifiers (DIDs) shall be encoded on two bytes as follows:

- constants whose index (starting at 0) in the constant declaration table is X shall have X as DID;

- global variables whose index (starting at 0) in the global variable declaration table is X shall have (X
1000Ch) as DID; f

- local variables whose index (starting at 0) in the local variable declaration table is X shall have (X +
8000h) as DID;

- dynamic variables shall have DIDs starting at 8100h. The procedure for allocating data identifiers to
dynamic variables is not specified; MHEG-3 engines may therefore have different allocation schemes.

Hence

- DIDs between 0 and OFFFh shall reference constants;

- DiDs between 1000h and 7FFFh shall reference global variables;

- DIDs between 8000h and 80FFh shall reference local variables;

- DIDs between 8100h and FFFFh shall reference dynamic variables.

8.6.3 Function identifiers

Function identifiers (FIDs) shall be encoded on two bytes as follows:

- routines whose index (starting at 0) in the routine declaration table is X shall have X as FID;

- predefined functions whose index (starting at 0) in the predefined function table is X shall have (X +
1000h) as FID;

- services whose index (starting at 0) in a package declaration is X and whose package index in the
package declaration table is Y (starting at 0) shall have (((Y+64) << 8) + X) as FID.

Hence

- F1Ds between 0 and OFFFh shall reference routines;

- FIDs between 1000h and 3FFFh shall reference predefined functions;

- FIDs between 4000h and FFFFh shall reference services.

8.6.4 Message identifiers

Message identifiers (MIDs) shall be encoded on two bytes as follows:

- predefined messages whose index (starting at 0) in the predefined message table is X shall have X as
MID;

- exceptions whose index (starting at 0) in a package declaration table is X and whose package index
(starting at 0) in the package declaration table is Y shall have ({((Y+64) << 8) + X) as MID.

Hence

- MIDs between 0 and 3FFFh shall reference predefined messages;
- MIDs between 4000h and FFFFh shall reference package exceptions.

9 The MHEG-SIR virtual machine

This Clause presents the MHEG-SIR virtual machine, i.e. the execution model for the MHEG-SIR code.

Documents

Full document details: BS ISO/IEC 13522-3:1997


http://www.avadocuments.com/doc/bs-iso-iec-13522-3-1997
http://www.avadocuments.com/doc/bs-iso-iec-13522-3-1997

BS ISO/IEC 13522-3 : 1997

9.1 Structure of the MHEG-SIR virtual machine

The MHEG-SIR virtual machine is a set of logical, abstract components. The description of the MHEG-SIR
virtual machine is intended for clarification of the operational semantics of the MHEG-SIR code.

An MHEG-3 engine shall have the same interpretation behaviour for MHEG-SIR code as the described virtual
machine. It shall interpret MHEG-SIR declarations and instructions so as to produce similar external effects in
all respects.

However, this implies no requirements on the technology or organisation that may actually be used to
implement an MHEG-3 engine. An actual script interpreter need not be designed as described by the virtual
machine, as long as it provides equivalent functionality.

The MHEG-SIR virtual machine consists of

- memory areas (see subclause 9.3);
- processing units (see subclause 9.5).

Some memory areas are associated with an mh-script and so shared by all the rt-scripts created from it.
Other memory areas are associated with each rt-script.

Processing units only apply to one rt-script. However, an MHEG-3 engine may run several rt-scripts at the
same time. In this case, it shall maintain a separate run-time context for each active rt-script.

NOTE: In other terms, the MHEG-SIR virtual machine is single-threaded. Multi-threaded applications can
be achieved by associating each thread with a separate rt-script.

9.2 Structures and notations
9.2.1 Table

A table T consists of an array of homogeneous entries T[i] that may be accessed via their index i. These
entries have the same structure, but not necessarily the same size. Entries consist of one or several fields
£1d. Some entries may be void. Indices are MHEG-SIR identifiers, i.e. consecutive numeric values taken in a
given range, not necessarily starting at 0 for a given table. The underlying access mechanism (sequential
indexing, direct access, hashcoding...) is not specified. The notation uses the following primitives to express
manipulation of a table T:

- T[i] to access entry i,

- T{i] = VAL to assign value VAL to entry i;

- T[i].fld to access field £1d of entry i,

- T[i].fld = VAL to assign value VAL to field f1d of entry i.

9.2.2 Stack

A stack consists of an array of homogeneous elements. Elements are inserted on the top of the stack. Only
the top element (last inserted) may be accessed at any time. When it is removed from the stack, it is lost, and
the next element becomes the top of the stack. The notation uses the following primitives to express
manipulation of the call stack Cs:

- cs.push (F): inserts frame F on the top of the stack, increments the frame pointer register (FP),

- cs.pop () : decrements FP, removes the top-of-stack frame, then returns it;

- cS [FP]: returns the value of the top-of-stack frame.

In the same way as for tables, the “." notation is used to access stack element fields.
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9.2.3 Parameter stack

The parameter stack is a special case because it is a byte (untyped) stack used to store typed values. The
notation uses the following primitives to express manipulation of the parameter stack ps, where tid is the
type identifier of a primitive type, as indicated by Table 1:

- PS.push (VAL): inserts value VAL on the top of the stack;
- PS.pop (tid): removes the top-of-stack value, whose type identifier is tid, then returns it;
- PS[SP] (tid): returns the value of the top-of-stack value, whose type identifier is tid.

9.2.4 Queue

A queue consists of an array of homogeneous elements. Elements are inserted at the end of the queue. Only
the start element (first inserted) may be accessed at any time. When it is removed from the queue, it is lost,
and the next element becomes the start of the queue. The notation uses the following primitives to express
manipulation of the message queue MQ:

- MQ. insert (M): inserts message value M at the end of the queue;

- MQ.remove (): increments the queue pointer register (QP), removes the element at the start of the
queue, and returns it;

- MO [QP]: returns the value of the element at the start of the queue.

In the same way as for tables, the “." notation is used to access queue element fields.

9.2,5 Data representation

The representation of the structures and data is implementation-dependent. Although script interpreters may

represent each value of a data type with a minimum number of bytes, they are not required to do so. Table 2
states this minimum number:
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Table 2: Minimum number of bytes to represent values

Type Minimum number of bytes to represent a value of the type
octet 1
short 2
long 4
unsigned short 2
unsigned long 4
float 4
double 8
boolean 1
character 2 (1 for restricted character sets)
data identifier 2
object reference implementation-dependent
string character size x (string length+1)
sequence size of element type x sequence length (actual number of elements) + 2
array size of element type x array size
structure sum of the sizes of the element types -
union size of the “biggest” element type + 1
type identifier 2
function identifier 2
message identifier 2
package identifier 1

NOTE: The notation makes no distinction between fixed-length values and variable-length values. Script
interpreters may store variable-length values on the heap. VT [i] . val is used fo access the value
of a variable even though it could actually be stored in the variable table as a handle to the heap.

When VAL is a value of a constructed type, access to its elements is noted as follows:
- VAL. tag: tag of a union;

- VAL.val: value of a union;

- VAL [n]: value of the nth element of a sequence, string, structure or array;

- VAL. 1q: actual length of a sequence or string.

Execution semantics are expressed using a C-like syntax. Expressions within single quotes indicate the
corresponding value, e.g. ‘void’ indicates TID value 0.

9.3 Memory areas

In the MHEG-SIR virtual machine, memory areas are used to hold all the necessary information used to
interpret a particular interchanged script.

Memory areas may be associated with either an mh-script (see subclause 9.3.1) or an rt-script (see
subclause 9.3.2).

9.3.1 Mh-script memory areas
Mh-script memory areas should be completely filled at load-time, i.e. upon initialisation of an mh-script. They
shall be accessible for use by all rt-scripts created from this mh-script. Mh-script memory areas shall not be

modified at run-time until the mh-script is destroyed, unless otherwise specified (e.g. for the package
definition table). Mh-script memory areas comprise
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- data areas (see subclause 9.3.1,1);
- code areas (see subclause 9.3.1.2).

9.3.1.1 Data areas

Data areas are used to store the definitions and values of the script's global data. Data areas comprise
- the type definition table (TT) (see subclause 9.3.1.1.1);

- the constant table (CT) (see subclause 9.3.1.1.2);

- the global variable definition table (GT) (see subclause 9.3.1.1.3).

9.3.1.1.1 Type definition table

The type definition table maps all the script's defined types, represented by type identifiers, to their
description;

- TT[TID].val: description of the type.

NOTE: The representation used for the type description is not specified; however, it should allow to check
easily whether a value belongs to a type.

9.3.1.1.2 Constant table
The constant table maps all the script's constants, represented by data identifiers, to their type and value:

- CT [DID] . TID: type of the constant (expressed as a type identifier);
- CT[DID].val: value of the constant (depending on its type).

9.3.1.1.3 Global variable definition table

The global variable definition table maps all the script's global variables, represented by data identifiers, to
their type and initial value:

- GT [DID] . TID: type of the global variable (expressed as a type identifier);
- GT [DID] .val: initial value of the global variable (depending on its type).

9.3.1.2 Code areas

Code areas are used to store the addresses and program code of the script's functions. Code areas
comprise

- the routine definition table (RT) (see subclause 9.3.2.1);

- the package definition table (PT) (see subclause 9.3.2.2);

- the service definition table (ST) (see subclause 9.3.2.3);

- the exception definition table (XT) (see subclause 9.3.2.4);

- the handler definition table (HT) (see subclause 9.3.2.5);

- the program code area, consisting of the sequence of instructions of each routine (see subclause
9.3.2.6).

9.3.1.2.1 Routine definition table

The routine definition table maps all the script's routines, represented by function identifiers, to their signature
description, their local variable declaration and their program code:

a) RT [FID].TID: type of return value (expressed as a type identifier);
b) RT [FID] .nbp: number of parameters;
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c) RT [FID] .sig: signature description, where
1) RT[FID].sig[i].TID is the type (expressed as a type identifier) of the ith parameter;
2) RT[FID].sig[i].mod is the passing mode (value or reference) of the ith parameter;

d) RT[FID].LT: declaration of the routine’s local variables (whose nbp first elements are the actual
parameters of the routine);

e) RT [FID] .IP: pointer to the first instruction in the routine code.

Local variables used to hold parameters passed by reference shall have data identifier as their type,
while local variable used to hold parameters passed by value shall have the same type as in the signature
description for the corresponding parameter.

9.3.1.2.2 Package definition table

The package definition table maps all the script's defined packages, represented by package identifiers
(PIDs) as declared by the MHEG-SIR package declaration table, to package names and additional
information:

- PT[PID] .name: name of the package;

- PT[PID] .nbf: number of services in the package;

- PT[PID] .nbm: number of exceptions defined by the package;

- PT[PID] .sts: current status of the package (unchecked, available, ready, opened);
- PT[PID] .or: initial object reference of the package.

A package is initially at unchecked status. It becomes available once the package availability procedure
has been performed successfully. It then becomes ready once the package load procedure has been
performed successfully. Finally, it is opened when there is a valid initial object reference to the package,
stored in the PT [PID] . or field, for use by further service invocations.

As an exception to the rule stated in subclause 9.3.1,

- The PT[PID] .sts fields may be modified at run-time, each time the status of a package changes.
- The PT[PID] .or fields may be modified at run-time, when a package is loaded.

9.3.1.2.3 Service definition table

The service definition table maps all the script's defined external services, represented by MHEG-SIR
function identifiers, to their signature description and to their IDL global operation name:

a) ST[FID].TID: type of return value (expressed as a type identifier);

b) ST[FID] .syn: calling mode (synchronous, asynchronous);

c) ST [FID] .nbp: number of parameters,

d) ST[FID] .sig: signature description, where
1) ST[FID].sig[i].TID s the type (expressed as a type identifier) of the ith parameter;
2) ST{FID].sig[i].mod is the passing mode (in, inout or out) of the ith parameter;

e) ST[FID] .name: the IDL global name of the operation which the service invokes.

The IDL platform-specific mapping specification shall be used to map ST [MID] .name to a platform-specific
name.

9.3.1.2.4 Exception definition table

The exception definition table maps all the interchanged script's defined messages, represented by message
identifiers, to their signature description and their IDL global exception name:

- XT [MID] .name: the IDL global name of the exception which causes the message;
- XT[MID] .nbm number of members;
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- XT[MID].sig: signature description, where XT [MID] .sig(i].TID is the type (expressed as a type
identifier) of the ith member.

The IDL platform-specific mapping specification is used to map XT [MID] . name to a platform-specific name.
9.3.1.2.5 Handler definition table

The handler definition table maps messages, represented by message identifiers, to routines represented by
function identifiers:

- HT [MID] . FID: identifier of routine to invoke for handling the message.
If a message is mapped to a routine in the handler table, the signature of this routine need match the

signature of this message. Matching between the signatures shall be checked at load-time and non-matching
entries shall be rejected.

The handler definition table is used by the rt-script execution unit. When the rt-script execution unit removes a
message from the message queue, it invokes the routine that corresponds to the message, with the message
parameters as its parameters.

9.3.1.2.6 Program code area

An instruction consists of one 1-byte op-code followed by zero to three operand bytes. The op-code
completely determines the number and length of its operands, according to the instructions table. Both op-
codes and operands are coded in an optimised fashion so as to ease switching.

NOTE: A script interpreter (especially on 32-bit machines) may align instructions at load-time, i.e. insert
padding bytes in order to represent each instruction on four bytes; this makes it easy to increment
the instruction pointer. As a variant, a script interpreter may instead leave instructions packed, and
determine the number of bytes to increment at run-time.

9.3.2 Rt-script memory areas

Rt-script memory areas are initialised upon creation of the rt-script and may be modified during its execution.
Rt-script memory areas comprise

- dynamic memory areas (see subclause 8.3.2.1);
- registers (see subclause 9.3.2.2).

9.3.21 Dynamic memory areas

Dynamic memory areas are used to represent the data and the current execution context of the rt-script.
Dynamic memory areas comprise

- the variable table (VT) (see subclause 9.3.2.1.1);

- the call stack (CS) (see subclause 8.3.2.1.2);

- the parameter stack (PS) (see subclause 9.3.2.1.3);

- the message queue (MQ) (see subclause 9.3.2.1.4);

- the heap (see subclause 9.3.2.1.5).

9.3.2.1.1 Variable table

The variable table maps the rt-script's variables, represented by data identifiers, to their type and current
value:
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- VT[DID] . TID: type of the variable (expressed as a type identifier);
- VT [DID] .val: current value of the variable (depending on its type).

The variable table is initialised upon creation of the ri-script. It consists of two subtables:

- a copy of the global variable table associated with the mh-script,
- the local variable table of the currently executing routine.

VT[DID].val fields are modified every time a variable is assigned by the execution of a variable
assignment instruction.

When the current routine changes (following execution of a CALL, RET or YIELD instruction), the local
variable table is stored and replaced in the VT by the local variable table of the new routine. The first entries
of a local variable table are the parameters passed to the function.

9.3.2.1.2 Call stack
The call stack is used to store the current invocation context.

The call stack is an array of call frames. Every frame shall correspond to the context at the time of invocation
of an active function (routine, external function or MHEG action). Frames shall be stored on the CS in order of
invocation. The top frame of the CS, if any, shall describe the execution context of the routine that called the
currently executing function.

Each frame shall consist of the following elements:

- Cs (4] . FID: function identifier of the caller;

- CS[i].IP: pointer to the instruction to return to after the current function returns;
- Ccs[i].LT: local variable table of the caller (at invocation time);

- Cs (i) .SP: pointer to the top of the parameter stack (at invocation time).

The LT field of a call frame shall have the structure of a variable table:

- CS[i].LT[DID].TID: type identifier of the variable whose identifier is DID;
- €S[i].LT[DID].val: value of the variable.

The call stack is modified by certain control flow instructions. Initially the call stack shall be empty. When a
function is invoked, a frame describing this call shall be pushed onto the call stack. When a function is
returned from, this frame shall be popped from the call stack. The address of the top frame of the call stack
shall be stored at all times in the FP register.

9.3.2.1.3 Parameter stack

The parameter stack is used to store the parameters and return values of instructions. The parameter stack
is an array of data values. The type of the data value is determined by the operation sequence that pushes
the value on the stack.

The parameter stack is used by the MHEG-SIR instruction execution unit. initially the parameter stack shall
be empty. It is modified by most instructions (arithmetic operators, logical operators, comparison operations,
stack manipulation, variable assignment, conditional jumps, calls). When an instruction is executed, it shall
pop its parameters from the parameter stack and push its return value back onto the parameter stack. The
address of the top frame of the parameter stack shall be stored at all times in the stack pointer (SP) register.
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9.3.2.1.4 Message queue

The message queue is used to buffer the messages that are received by the script interpreter. Each item in
the queue shall consist of the following elements:

- MQ[i] .MID: message identifier;
- MQ[i].LT: list of message parameters.

The LT field of a message queue item shall have the structure of a variable table:

- MQ[il.LTI[3].TID: type identifier of the jth parameter;
- MQ[i].LT[j].val: value of the jth parameter.

Messages shail be inserted into the message queue by the script interpreter asynchronously as they are
generated in the external environment. The message queue shall be processed by the rt-script execution unit
when either of the following occurs:

- the rt-script is not running, i.e. there is no currently executing routine;
- a YIELD instruction is encountered.

The start of the message queue (next message to pop) shall be stored at all times in the QP (queue pointer)
register. Initially the message queue shall be empty.

9.3.2.1.5 Heap
The heap is used to store dynamic variables, represented by data identifiers, as their type and current value:

- VT [DID] .TID: type of the variable (expressed as a type identifier);
- VT [DID] .val: current value of the variable (depending on its type).

Dynamic variables are referenced by handles of an opaque type, whose representation is not specified. Data
identifiers are internally mapped to these handles so that dynamic variables be accessed in the same way as
other variables.

VT[DID] .val fields are modified every time a variable is assigned by the execution of a variable
assignment instruction.

The application is responsible for explicit allocation and deallocation of dynamic variables using the ALLOC
and FREE instructions.

NOTE: Script interpreters may also use the heap to store the values of global or local variables of a
variable-length type. In this case, a heap handle is stored in the table instead of the data itself.

9.3.2.2 Registers

Registers hold specific states of the virtual machine and need be frequently modified during the execution of
an rt-script.

The registers maintained by the MHEG-SIR virtual machine are

- the instruction pointer (IP) or program counter (see subclause 9.3.2.2.1);
- the frame pointer (FP) (see subclause 9.3.2.2.2);

- the stack pointer (SP) (see subclause 9.3.2.2.3);

- the gueue pointer (QP) (see subclause 9.3.2.2.4);

- the instruction register (IR) (see subclause 9.3.2.2.5);

- the error register (ER) (see subclause 9.3.2.2.6);
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