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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of

ISO or IEC participate in the development of International Standards through technical committees

established by the respective organization to deal with particular fields of technical activity. ISO and }EC
i

technical] committees collaborate in fields of mutual interest. Other international organizations, goverrmeital
and nonrgovernmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
technology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Internatipnal Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Part 2.

The ma|n task of the joint technical committee is to prepare International Standafds. Draft Internatignal
Standardls adopted by the joint technical committee are circulated to national bodies for voting. Publication as
an Interrjational Standard requires approval by at least 75 % of the national bodies gasting a vote.

Attention) is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 130 and IEC shall not be held responsible for identifying any or all,suech patent rights.

This thirg edition cancels and replaces the second edition of ISO/IEC.8825-3:2008 which has been technically
revised. [t also incorporates ISO/IEC 8825-3:2008/Cor.1:2012.

ISO/IEC|8825-3 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology
Subcompmittee SC 6, Telecommunications and informatigf exchange between systems, in collaboration With
ITU-T. The identical text is published as ITU-T X.692 (08/2015).
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INTERNATIONAL STANDARD ISO/IEC 8825-3
RECOMMENDATION ITU-T X.692

Information technology — ASN.1 encoding rules:
Specification of Encoding Control Notation (ECN)

Summary

Recorfimendation ITU-T X.692 | ISO/IEC 8825-3 defines the Encoding Control Nofafion (ECN) used to gpecify
encod|ngs (of ASN.1 types) that differ from those provided by standardized encoding rules such as the Basic\Engoding
Rules (BER) and the Packed Encoding Rules (PER).

Histgry
Editipn Recommendation Approval  Study Group Unique "
1.0f  ITU-T X.692 2002-03-08 17 11.10024-000/5647
1.1 ITU-T X.692 (2002) Annex E 2002-03-08 17 11.4002/1000/6361
1.2 ITU-T X.692 (2002) Amd. 1 2004-08-29 17 1154002/1000/7292
1.3 ITU-T X.692 (2002) Technical Cor. 1~ 2005-05-14 17 11.1002/1000/8514
1.4 ITU-T X.692 (2002) Amd. 2 2006-06-13 17 11.1002/1000/8840
2.0 ITU-T X.692 2008-11-13 1% 11.1002/1000/9610
2.1 ITU-T X.692 (2008) Cor. 1 2011-10-14 17 11.1002/1000/11380
30 ITU-T X.692 2015-08-13 X8 17 11.1002/1000/12485

To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web browser, followed by the
Recommendation's unique ID. For example, http://handle.itu.int/11.1002/1000/11830-en.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
thesertoptes-

The gpproval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution].

In sgme areas of information technology which fall within ITU-T's purview, the necessary,standards are
prepdred on a collaborative basis with ISO and IEC.

NOTE

In tHis Recommendation, the expression "Administration" is used’ for conciseness to indicate bgth a
telecpmmunication administration and a recognized operating agency~

Compliance with this Recommendation is voluntary. However; the Recommendation may contain cg¢rtain
mandatory provisions (to ensure, e.g., interoperabilityy, or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or fome
other] obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance\with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU |draws attention te ‘the possibility that the practice or implementation of this Recommendation| may
involjve the use of & cldimed Intellectual Property Right. ITU takes no position concerning the evidence,
validjty or applicdbitity of claimed Intellectual Property Rights, whether asserted by ITU members or dthers
outsifle of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents Wthh may be requlred to 1mplement this Recommendation. However, implemgnters
are C ne - a AVauaal! alsha a ere o -

TSB patent database at http //www 1tu mt/ITU T/1pr/

© ITU 2015

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Introduction

The Encoding Control Notation (ECN) is a notation for specifying encodings of ASN.1 types that differ from those
provided by standardized encoding rules. ECN can be used to encode all types of an ASN.1 specification, but can also
be used with standardized encoding rules such as BER or PER (Rec. ITU-T X.690 | ISO/IEC 8825-1 and Rec. ITU-T

X.691

| ISO/IEC 8825-2) to specify only the encoding of types that have special requirements.

An ASN.1 type specifies a set of abstract values. Encoding rules specify the representation of these abstract values as a

series

of bits. ECN is designed to meet the following encoding needs:

The 1}

encoders and decoders can be automatically generated from the combined specifications. Thiscist@ significant fad

reduc

advarjtage is the ability to provide automatic tool support for testing.

Thesd

these advantages in circumstances where the standardized encoding rules are not sufficient.
NOTE 1 — Currently ECN support only binary-based encodings, but could be extended in the future to cover character]
enfcodings.

Annek A forms an integral part of this Recommendation | International(Standard, and details modifications to be
to Re¢. ITU-T X.680 | ISO/IEC 8824-1 to support the notation used in.this Recommendation | International Standa

Annek B forms an integral part of this Recommendation | International Standard, and details modifications to be
to Re¢. ITU-T X.681 | ISO/IEC 8824-2 to support the notation™dsed in this Recommendation | International Standa

Annek C forms an integral part of this Recommendation J;lnternational Standard, and details modifications to be
to Re¢. ITU-T X.683 | ISO/IEC 8824-4 to support the notation used in this Recommendation | International Standal

a) I'ne need to write ASN.T types (and get the support o ASN.T 100ls 1n mmplementations) 1or estab

ished

("legacy") protocols where the encoding is already determined and differs from all standardized\en¢pding

rules.

b) The need to produce encodings that are minor variations on standardized rules.

nkage provided in an ECN specification to an ASN.1 specification is well-defined and maChine processal

le, so
tor in

ng both the amount of work and the possibility of errors in making interoperable systenis. Another signilfficant

advantages are available with ASN.1 alone when standardized encoding rules suffice, but the ECN work prd

vides

tbased

made
rd.

made
rd.

made
d.

NOTE 2 — It is not intended that Annexes A, B and)C be progressed as amendments to the referenced Recommendations |

In

Annek D does not form an integral part of this;Recommendation | International Standard, and contains examples

use o

Annek E does not form an integral pait of this Recommendation | International Standard and provides more det
the sypport for Huffman encodings in’ECN.

Annek F does not form an ifitegral part of this Recommendation | International Standard, and identifies a We|
providling access to furtheranformation and links relevant to ECN.

Anne
ECN

ernational Standards. The modifications are solgly for the purpose of ECN definition (see clause 5 and 9.28).

ECN.

k G does not form jan integral part of this Recommendation | International Standard, and provides a summ:
nsing the notatiomn of clause 5.

bf the

hil on

b site

iry of
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ISO/IEC 8825-3:2015 (E)

INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology —
ASN.1 encoding rules:
Specification of Encoding Control Notation (ECN)

1

This |
types

It pro

It als

ECN
or thd
not r¢

2

The fi
const
were

on th
recen
curret
curret

N
vl

2.1

Scope

Recommendation | International Standard defines a notation for specifying encodings of ASN.1 types or of pa

vides several mechanisms for such specification, including:
—  direct specification of the encoding using standardized notation;
- specification of the encoding by reference to standardized encoding rules;
- specification of the encoding of an ASN.1 type by reference to an eniceding structure;
—  specification of the encoding using non-ECN notation.
provides the means to link the specification of encodings to the type\definitions to which they are to be appl

does not currently provide any support for specifications using.the OID internationalized resource identifie
relative OID internationalized resource identifier type (see Reéc. ITU-T X.680 | ISO/IEC 8824-1), and the
ferred to further in this Standard.

Normative references

bllowing Recommendations and International Standards contain provisions which, through reference in this
tute provisions of this Recommendation{International Standard. At the time of publication, the editions ind
valid. All Recommendations and Intérnational Standards are subject to revision, and parties to agreements
s Recommendation | International Standard are encouraged to investigate the possibility of applying the

edition of the Recommendatidgns and Standards listed below. Members of IEC and ISO maintain regist
itly valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains a
itly valid ITU-T Recommendations.

DTE — This Recommendation | International Standard is based on ISO/IEC 10646:2003. It cannot be applied usin
Fsions of this standard:

Identical Récommendations | International Standards

— Recommendation ITU-T X.660 (2011) | ISO/IEC 9834-1:2012, Information technology — Open Sy
Interconnection — Procedures for the operation of OSI Registration Authorities: General procedurg
top arcs of the international object identifier tree.

rts of

ed.

I type
Be are

text,
cated
based
most
brs of
ist of

b later

stems
s and

Syntax Notation One (ASN.1): Specification of basic notation
—  Recommendation ITU-T X.681 (2015) | ISO/IEC 8824-2:2015, Information technology — Ab
Syntax Notation One (ASN.1): Information object specification.

—  Recommendation ITU-T X.682 (2015) | ISO/IEC 8824-3:2015, Information technology — Ab
Syntax Notation One (ASN.1): Constraint specification.

—  Recommendation ITU-T X.683 (2015) | ISO/IEC 8824-4:2015, Information technology — Ab
Syntax Notation One (ASN.1): Parameterization of ASN.1 specifications.

stract

stract

stract

—  Recommendation ITU-T X.690 (2015) | ISO/IEC 8825-1:2015, Information technology — ASN.1
encoding Rules: Specification of Basic Encoding Rules (BER), Canonical Encoding Rules (CER), and

Distinguished Encoding Rules (DER).
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—  Recommendation ITU-T X.691 (2015) | ISO/IEC 8825-2:2015, Information technology — ASN.1
encoding rules: Specification of Packed Encoding Rules (PER).

NOTE 1 — Notwithstanding the ISO publication date, the above specifications are normally referred to as "ASN.1:2015".

NOTE 2 — The above references shall be interpreted as references to the identified Recommendations | International Standards
together with all their published amendments and technical corrigenda.

2.2 Additional references

— ISO/IEC 10646:2003, Information technology — Universal Multiple-Octet Coded Character Set (UCS).

NOTE — The above reference shall be interpreted as a reference to ISO/IEC 10646 together with all its published amendments
and technical corrigenda.

3 Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply.

3.1 | ASN.1 definitions

This Recommendation | International Standard uses the terms defined in clause 3 of Rec. FTU-T X.680 | ISQ/IEC
882441, Rec. ITU-T X.681 | ISO/IEC 8824-2, Rec. ITU-T X.682 | ISO/IEC 8824-3, Rec JITU-T X.683 | ISQ/IEC
88244, Rec. ITU-T X.690 | ISO/IEC 8825-1 and Rec. ITU-T X.691 | ISO/IEC 8825-2.

3.2 | ECN-specific definitions

3.2.1| alignment point: The point in an encoding (usually its start) which”serves as a reference point when an
encoding specification requires alignment to some boundary.

3.2.2| auxiliary field: A field of a replacement structure (that is added in the ECN specification) whose value|is set
directly by the encoder without the use of any abstract value provided by the application.

NOTE — An example of an auxiliary field is a length determinant fofan integer encoding or for a repetition.

3.2.3| bit-field: Contiguous bits or octets in an encoding which are decoded as a whole, and which either repres¢nt an
abstrgct value, or provide information (such as a length’determinant for some other field — see 3.2.31) need¢d for
succepsful decoding, or both.

NOTE —1t is in legacy protocols that "or both" sometimes occurs.

3.2.4| bit-field class: An encoding class whesé objects specify the encoding of abstract values (of some ASN.1|type)
into bits.

NOTE — Other encoding classes are coficerned with more general encoding procedures, such as those required to determine the
enyd of repetitions of bit-field class eneodings, or to determine which of a set of alternative bit-field encodings is present.

3.2.5| bounds condition: A condition on the existence of bounds of an integer field (and whether they allow negative
valuep or not) which, if satisfied,) means that specified encoding rules are to be applied.

3.2.6| choice determinant: A bit-field which determines which of several possible encodings (each repres¢nting
differpnt abstract valués))is present in some other bit-field.

3.2.7| combined’encoding object set: A temporary set of encoding objects produced by the combination of twp sets
of engoding objects for the purpose of applying encodings.

3.2.8| eonditional encoding: An encoding which is to be applied only if some specified condition is satisfied.

NOTE)- The condition may be a bounds condition or a size range condition, or other more complex conditions.

3.2.9  containing type: An ASN.1 type (or encoding structure field) where a contents constraint has been applied to
the values of that type (or to the values associated with that encoding structure field).

NOTE — The ASN.1 types to which a contents constraint (using CONTAI Nl NG ENCODED BY) can be applied are the bitstring and
the octetstring types.

3.2.10 current application point: The point in an encoding structure at which a combined encoding object set is
being applied.

3.2.11 differential encoding-decoding: The specification of rules for a decoder that require the acceptance of

encodings that cannot be produced by an encoder conforming to the current specification.

NOTE - Differential encoding-decoding supports the specification of decoding by a decoder (conforming to an initial version of
a standard) which is intended to enable it to successfully decode encodings produced by a later version of that standard. This is
sometimes referred to as support for extensibility.
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3.2.12 encoding class: The set of all possible encodings for a specific part of the procedures needed to perform the
encoding or decoding of an ASN.1 type.

NOTE — Encoding classes are defined for the encoding of primitive ASN.1 types, but are also defined for the procedures
associated with ASN.1 tag notation, the use of OPTI ONAL and for encoding constructors.

3.2.13 encoding class category: Encoding classes with some common characteristics.
NOTE — Examples are the integer category, the boolean category, and the concatenation category.

3.2.14 encoding constructor: An encoding class whose encoding objects define procedures for combining, selecting,
or repeating parts of an encoding. (Examples are the #ALTERNATI VES, #CHO CE, #CONCATENATI ON, #SEQUENCE, etc.
classes.)

3.2.15 Encoding Definition Modules (EDM): Modules that define encodings for application in the Encoding Link
Modyle

3.2.1¢ Encoding Link Module (ELM): The (unique, for any given application) module that assigns encodillgs to
ASN[l types.

3.2.17 encoding object: The specification of some part of the procedures needed to perform the encoding or decpding
of anJASN.1 type.

NOTE — Encoding objects can specify the encoding of primitive ASN.1 types, but can also specify~the procedures assqciated
with ASN.1 tag notation, the use of OPTI ONAL and with encoding constructors.

3.2.18 encoding object set: A set of encoding objects.

NOTE — An encoding object set is normally used in the Encoding Link Module to deterrhinie the encoding of all the topp-level
types used in an application.

3.2.19 encoding property: A piece of information used to define an encodingyusing the notation specified in clauses
23,24 and 25.

3.2.20 encoding space: The number of bits (or octets, words or othér/units) used to encode an abstract value fnto a
bit-figld (see 9.21.5).

3.2.21 encoding structure: The structure of an encoding, defined either from the structure of an ASN.]| type
definition, or in an EDM using bit-field classes and encoding eonstructors.
NOTE 1 — Use of an encoding structure is only one of seyeral mechanisms (but an important one) that the Encoding (Jontrol
Ngtation provides for the definition of encodings for ASN.d $ypes.

NOTE 2 — Definition of an encoding structure is also the definition of a corresponding encoding class.

3.2.22 explicitly generated encoding structure: An encoding structure derived from an implicitly gengrated
encoding structure by use of the renames clause.ih an EDM.

3.2.23 extensibility: Provisions in an early version of a standard that are designed to maximize the interwork|ng of
implejmentations of that early version$vith the expected implementations of a later version of that standard.

3.2.24 fully-qualified name: A reference to an encoding class, object, or object set that includes either the najne of
the EDM module in which that ‘encoding class, object, or object set was defined, or (in the case of an implicitly
generpted encoding class) the'hame of the ASN.1 module in which it was generated. (See also 3.2.43.)

NOTE — A fully-qualified name (see production "ExternalEncodingClassReference" in 10.6) has to be used in the bodly of a

m¢dule if the encoding/class is an implicitly generated encoding structure whose name is the same as a reserved class namg, or if
usp of the name alohe would produce ambiguity due to multiple imports of classes with that name. (See A.1/13.16).

3.2.2§ generated encoding structure: An implicitly or explicitly generated encoding structure whose purposg is to
defing the eneodings of the corresponding ASN.1 type through application of encodings in the ELM.

3.2.2¢ ““governor: A part of an ECN specification which determines the syntactic form (and semantics) of some|other
part of the ECN speciiication.

NOTE — A governor is an encoding class reference, and it determines the syntax to be used for the definition of an encoding
object (of that class). The concept is the same as the concept of a type reference in ASN.1 acting as the governor for ASN.1
value notation.

3.2.27 handle value set: The specified set of all possible values of the identification handle that is exhibited by an
encoding object.

3.2.28 identification handle: Part of an encoding which serves to distinguish the encodings produced by one
encoding object (of a given class) from those produced by other encoding objects (of other classes).

NOTE — The ASN.1 Basic Encoding Rules use tags to provide identification handles in BER encodings.

3.2.29 implicitly generated encoding structure: The encoding structure that is implicitly generated and exported
whenever a type is defined in an ASN.1 module.
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3.2.30 initial application point: The point in an encoding structure at which any given combined encoding object set
is first applied (in the ELM and in EDMs) .

3.2.31 length determinant: A bit-field that determines the length of some other bit-field.

3.2.32 negative integer value: A value less than zero.

3.2.33 non-negative integer value: A value greater than or equal to zero.

3.2.34 non-positive integer value: A value less than or equal to zero.

3.2.35 optional bit-field: A bit-field that is sometimes included (to encode an abstract value) and is sometimes
omitted.

3.2.36 positive integer value: A value greater than zero.

3.2.37 presence determinant: A bit-field that determines whether an optional bit-field is present or not.

3.2.38 primitive class: An encoding class which is not an encoding structure, and which cannot be desteferenged to
some |other class (see 16.1.14).

3.2.39 recursive definition (of a reference name): A reference name for which resolution of tlig reference narpe, or
of thel governor of the definition of the reference name, requires resolution of the original refereace_name.

NOTE — Recursive definition of an encoding class (including an encoding structure) or an encodifig,object is permitted (But see
17.1.4). Recursive definition of an encoding object set is forbidden by 18.1.3.

3.2.4(0 recursive instantiation (of a parameterized reference name): An instantiation of a reference name, fwhere
resolytion of the actual parameters requires resolution of the original reference name:

NOTE — Recursive instantiation of an encoding class (including an encoding structare) or an encoding object is permittdd (but
sep 17.1.4). Recursive instantiation of an encoding object set is forbidden by 18.1.3.

3.2.41 replacement structure: A parameterized structure used to replace some or all parts of a construction before
encoding the construction.

3.2.42 self-delimiting encoding: An encoding for a set of abstract values such that there is no abstract value thpt has
an engoding that is an initial sub-string of the encoding of any ether abstract value in the set.

NOTE — This includes not only fixed-length encodings of a bounded integer, but also encodings generally described as "Hyffman
enfcodings" (see Annex E).

3.2.43 simple reference name: A reference to anencoding class, object, or object set that includes neither the [name
of thg EDM module in which that encoding class, ‘ebject, or object set was defined, nor (in the case of an implicitly
generpted encoding class) the name of the ASN(1ymodule in which it was generated.

NOTE — A simple reference name can only be used when the reference to the encoding class is unambiguous, otherfvise a
fully-qualified name (see 3.2.24) has to be‘used in the body of a module.

3.2.44 size range condition: A condition on the existence of effective size constraints on a string or repetitior] field
(and whether the constraint includés zero, and/or allows multiple sizes) which, if satisfied, means that spefified
encoding rules are to be appli¢d:

3.2.45 source governor (or source class): The governor that determines the notation for specifying abstract yalues
assoclated with a soure€'class when mapping them to a target class.

3.2.4¢ start pointer: An auxiliary field indicating the presence or absence of an optional bit-field, and in the cpse of
presefce, containihg the offset from the current position to the bit-field.

3.2.47 target governor (or target class): The governor that determines the notation for specifying abstract yalues
assoclated with a target class when mapping to them from a source class.

3.2.48 top-level type(s): Those ASN.1 type(s) in an application that are used by the application in ways other than to
define the components of other ASN.1 types.
NOTE 1 — Top-level types may also be used (but usually are not) as components of other ASN.1 types.
NOTE 2 —Top-level types are sometimes referred to as "the application's messages", or "PDUs". Such types are normally treated
specially by tools, as they form the top-level of programming language data-structures that are presented to the application.

3.2.49 transforms: Encoding objects of the class #TRANSFORMwhich specify that the encoding of the abstract values
associated with some class (or of transform composites — see 3.2.50) is to be the encoding of different abstract values
associated with the same or a different class (or of transform composites).

NOTE — Transforms can be used, for example, to specify simple arithmetic operations on integer values, or to map integer values
into characterstrings or bitstrings.

3.2.50 transform composites: An ordered list of elements that can itself be the source or the result of transforms.
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NOTE — All the elements of a composite are required to have the same classification (see 9.18.2).

3.2.51 value encoding: The way in which an encoding space is used to represent an abstract value (see 9.21.5).

4

Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply:

ASN.1  Abstract Syntax Notation One

BCD Binary Coded Decimal

BER Basic Encoding Rules of ASN.1
CER Canonical Encoding Rules of ASN.1

5

5.1
T X.4

5.2
Rec. ]

53
8824-
ISO/1

6

6.1

terms|
N
as

6.2
to 1,

6.3
startif

with the "leading bit" shall be placed in the first transmitted octet with the leading bit as the most significant bit g

octet.
the re|

N

DER Distinguished Encoding Rules of ASN.1
ECN Encoding Control Notation for ASN.1
EDM  Encoding Definition Module

ELM Encoding Link Module

PDU Protocol Data Unit

PER Packed Encoding Rules of ASN.1

Definition of ECN syntax

This Recommendation | International Standard employs the notatiohal convention defined in Rec.
80 | ISO/IEC 8824-1, clause 5.

This Recommendation | International Standard employs theinotation for information object classes defi
TU-T X.681 | ISO/IEC 8824-2 as modified by Annex B.

This Recommendation | International Standard referefices productions defined in Rec. ITU-T X.680 | IS
1 as modified by Annex A, Rec. ITU-T X.681 | ISO/IEC 8824-2 as modified by Annex B, and Rec. ITU-T X
EC 8824-4 as modified by Annex C.

Encoding conventions and notation

This Recommendation | Internatienal Standard defines the value of each octet in an encoding by use
"most significant bit" and "least significant bit".
DTE — Lower layer specificationsS\use the same notation to define the order of bit transmission on a serial line,
ignment of bits to parallel chaninels’

For the purpose of thi§ Recommendation | International Standard, the bits of an octet are numbered fj
vhere bit 8 is the "mosf-significant bit" and bit 1 is the "least significant bit".

For the purposes of this Recommendation | International Standard, encodings are defined as a string g
1g from a "leading bit" through to a "trailing bit". On transmission, the first eight bits of this string of bits st

The nexteight bits shall be placed in the next octet, and so on. If the encoding is not a multiple of eight bits|
maining bits shall be transmitted as if they were bits 8 downwards of a subsequent octet.

ITU-

ned in

/IEC
683 |

bf the

or the

om &

f bits
hrting
f that
L then

DTE - A complete ECN encoding is not necessarily always a multiple of eight bits, but an ECN specification can determ

ne the

al

6.4

7
7.1

these

ttromof padding to ersure this property-

When figures are shown in this Recommendation | International Standard, the "leading bit" is always shown
on the left of the figure.

The ECN character set

Use of the term "character" throughout this Recommendation | International Standard refers to the characters
specified in ISO/IEC 10646, and full support for all possible ECN specifications can require the representation of all

characters.
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7.2

7.3

> GREATER-THAN SIGN

{ (LEFT CURLY BRACKET)

| (VERTICAL LINE)

} (RIGHT CURLY BRACKET)
7.4 There shall be no significance placedton the typographical style, size, colour, intensity, or other d
charagteristics.
7.5 The upper-case and lower-casg letters shall be regarded as distinct.
8 ECN lexical items
In addition to the ASNMN+lexical items specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, clause 12
Recommendation | International Standard uses lexical items specified in the following subclauses. The general
specified in Rec. ITUATYX.680 | ISO/IEC 8824-1, 12.1, apply in this clause.

8.1

With the exception of comment (as defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.6), non-ECN
definition of encoding objects (see 17.8) and character string values, ECN specifications use only the characters listed in
Table 1.

Lexical items defined in clause 8 consist of a sequence of the characters listed in Table 1.

NOTE — Additional restrictions on the permitted characters for each lexical item are specified in clause 8.

N
th
IS

Table 1 — ECN characters

0to9 (DIGIT ZERO to DIGIT 9)
Ato Z (LATIN CAPITAL LETTER A to LATIN CAPITAL LETTER Z)
atoz (LATIN SMALL LETTER A to LATIN SMALL LETTER Z)

(QUOTATION MARK)
# (NUMBER SIGN)
& (AMPERSAND)
(APOSTROPHE)
( (LEFT PARENTHESIS)
) (RIGHT PARENTHESIS)
, (COMMA)
- (HYPHEN-MINUS)
(FULL STOP)
(COLON)
(SEMICOLON)
< LESS-THAN SIGN
(EQUALS SIGN)

DTE — Annex.@ lists all lexical items and all the productions used in this Recommendation | International Standard, iden
se that ateNdefined in Rec. ITU-TX.680 | ISO/IEC 8824-1, Rec. ITU-T X.681 | ISO/IEC 8824-2 and Rec. ITU-T X
D/TEC8824-4.

Encodina obhicect yrafarancag

T COUT S oo JocTTororoncey

Name of item — encodingobjectreference

splay

this
rules

ifying
.683 |

An "encodingobjectreference” shall consist of the sequence of characters specified for a "valuereference" in Rec. ITU-T
X.680 | ISO/IEC 8824-1, 12.4. In analyzing an instance of use of this notation, an "encodingobjectreference" is
distinguished from an "identifier" by the context in which it appears.

8.2

Encoding object set references

Name of item - encodingobjectsetreference

An "encodingobjectsetreference" shall consist of the sequence of characters specified for a "typereference" in Rec.
ITU-T X.680 | ISO/IEC 8824-1, 12.2. It shall not be one of the character sequences listed in 8.4.
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8.3 Encoding class references
Name of item — encodingclassreference

An "encodingclassreference" shall consist of the character "#" followed by the sequence of characters specified for a
"typereference"” in Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.2. It shall not be one of the character sequences listed in 8.5
except in an EDM imports list (see Rec. ITU-T X.680 | ISO/IEC 8824-1, 13.20, as modified by A.l) or in an
"ExternalEncodingClassReference" (see the Note in 14.11).

8.4

Reserved word items

Names of reserved word items:

Items|with the above names shall consist of the sequence of characters in the name.

ALL FI ELDS PER- CANONI CAL- ALI GN
AS FROM ED uLAL
BEG N GENERATES PER- CANONI CAL- |
BER I F GNED

BI TS | MPORTS PLUS- | NEI-NLTY

BY I'N REFERENCE

CER LI NK- DEFI NI TI ONS REMAKNDER
COVPLETED MAPPI NG RENANES

DECODE MAX SKZE

DER M N STRUCTURE

DI STRI BUTI ON M NUS- I NFI NI TY STRUCTURED

ENCCDE NON- ECN- BEG N TO

ENCODI NG- CLASS NON- ECN- END TRANSFCRVB

ENCCDE- DECCDE NULL TRUE

ENCODI NG- DEFI NI TI ON OPTIl ONAL - ENCCDI NG UNI ON

S OPTI ONS USE

END CORDERED USE- SET

EXCEPT QUTER VALUES

EXPORTS PER- BASI C- ALI GNED WTH

FALSE PER- BASI G- UNARDGNED

NOTE — The words (see Rec. ITU-T X.681 | ISO/IEC 8824-2,,7.9) used in the definition of encoding classes (within a "WITH
SYNTAX" statement) in clause 23 are not reserved words:($€¢ also B.14).

8.5 | Reserved encoding class name items

Namgs of reserved encoding class name itemss

AL TERNATI VES #EXTERNAL #Printabl eString

H#BI TS #Cener al i zedTi ne #REAL

#BI T- STRI NG #CGeneral String #RELATI VE- A D

#BVPSE ri ng #QG aphi cString #REPETI TI ON

¥ BOOL #1 ASSt ri ng #SEQUENCE

BOOLEAN #1 NT #SEQUENCE- OF

i CHARACTER- STRIANG #1 NTEGER #SET

HCHARS #NUL #SET- OF

CHO CE #NULL #TAG

it CONCATENATHRON #NunericString #Tel etexString

CONDI TISONAL- | NT #OBJECT- | DENTI FI ER #TI ME

¥ CONDI THONAL- REPETI TI ON #Chj ect Descri pt or #TI ME- OF- DAY

HDATE #OCTETS #TRANSFORM

HDATE- TI ME #OCTET- STRI NG #Uni versal String
DERATL ON HOPEN. TVYDE HUTCTL ne.

#EMBEDDED- PDV #OPTI ONAL #UTF8St ri ng

#ENCCDI NGS #OUTER #Vi deot exString

#ENUVERATED #PAD #Vi si bl eString

Items with the above names shall consist of the sequence of characters in the name.

8.6 Non-ECN item
Name of item — anystringexceptnonecnend

An "anystringexceptnonecnend" shall consist of one or more characters from the ISO/IEC 10646 character set, except
that it shall not be the character sequence NON- ECN- END nor shall that character sequence appear within it.
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9 ECN Concepts

This clause describes the main concepts underlying this ITU-T Recommendation | International Standard.

9.1 Encoding Control Notation (ECN) specifications

9.1.1  ECN specifications consist of one or more Encoding Definition Modules (EDMs) which define encoding rules
for ASN.1 types, and a single Encoding Link Module (ELM) that applies those encoding rules to ASN.1 types.

9.1.2  The most important part of ECN is the concept of an encoding structure definition. ASN.1 is used to define
complex abstract values using primitive types and constructors. In the same way, complex encodings can be defined
using a similar notation where construction mechanisms are used to combine simple bit-fields into more complex
encodings, and eventually into complete messages. This is called encoding structure definition. In using ECN with
ASN [[;iT1s necessary in principle to:

a) define the abstract syntax (the set of abstract values to be communicated, and their semantics);.and
b) the encoding structure (the structure of fields) used to carry these abstract values; and
c) torelate the components of the abstract value to the encoding structure fields; and

d) to define the encoding of each encoding structure field and mechanisms for idéntifying repetitigns of
fields and identification of alternatives, etc.

9.1.3| The above process normally takes part in several stages. First an ASN.1 definition is produced detailing the
abstrgct syntax. From this a crude encoding structure is automatically generated (eenceptually within the ASN.1
modufle). This implicitly generated structure contains only fields that carry the application semantics, without fields for
thingg like length determination, alternative selection, and so on.

9.1.4| This structure can be transformed by a series of mechanisms ifto the structure of fields that is acfually
requited, including all fields needed to support the decoding activity (detsrminants). These mechanisms all infvolve
some| form of replacement of a simple field carrying application semantics by a more complex structure. |Such
replagements form an important part of ECN specification.

9.1.5] We can further define encoding objects for each of theldields in the final structure. These determine nof only
the eficoding of fields, but also the way in which one field, determines the length (for example) of another, or Has its
optionality resolved.

9.1.6| The above definitions occur in Encoding Definition Modules (EDMs). The last step is to apply a set of d¢fined
encoding objects to the final encoding structure inerder to completely determine an encoding. This is done |n the
Encodling Link Module (ELM).

9.2 | Encoding classes

9.2.1| An encoding class is an implicit property of all ASN.1 types, and represents the set of all possible encpding
specifications for that type. It pr@vides a reference that allows Encoding Definition Modules to define encoding|rules
for ercoding structure fields corfesponding to the type. Encoding class names begin with the character "#".

Exanpple: Encoding rules,for the ASN.1 built-in type | NTEGER are defined by reference to the encoding]class
#| NTEGER, and encoding rules for a user-defined type "My- Type" are defined by reference to the encoding|class

#W- Type.
9.2.2| Thereware several kinds of encoding classes:

9.2.2Jl Built-in encoding classes — There are built-in encoding classes with names such as #| NTEGER and #BOJ_EAN.
Thesq énable the definition of special encodings for primitive ASN.1 types. There are also built-in encoding classes for
encodiNZ CONSIUTICIONS SUCHT a5 #SEQUENCE, #SEQUENCE-OF and #CHOCE (3¢C also 9-3.2), and for te detmition of
encoding rules for handling optionality through #OPTI ONAL. Encoding of tags is supported by the #TAGclass. Finally,
there are some built-in classes (#OUTER, #TRANSFORM and others) that allow the definition of encoding procedures
which are part of the encoding/decoding process, but which do not directly relate to any actual bit-field or ASN.1
construct.

9.2.2.2 Encoding classes for implicitly generated encoding structures — These have names consisting of the
character "#" followed by the "typereference" appearing in a "TypeAssignment” in an ASN.1 module. Such encoding
classes are implicitly generated whenever a (non-parameterized) "typereference" is assigned in an ASN.1 module, and
can be imported into an Encoding Definition Module to enable the definition of special encodings for the corresponding
ASN.1 type. These encoding classes represent the structure of an ASN.1 encoding, and are formed from the built-in
encoding classes mirroring the structure of the ASN.1 type definition.
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9.2.2.3 Encoding classes for user-defined encoding structures — These are encoding classes defined by the ECN
user by specifying an encoding structure (see 9.3) as a structure made up of bit-fields and encoding constructors. These
encoding structures are similar to the implicitly generated encoding structures, but the ECN user has full control of their
structure. These classes enable complex encoding rules to be defined, and are important for the use of ASN.1 with ECN
for specifying legacy protocols, where additional bit-fields are needed in the encoding for determinants.

9.2.2.4 Encoding classes for explicitly generated encoding structures — These are encoding classes produced from
an implicitly generated encoding structure by selectively changing the names of certain classes in order to indicate
places where specialized encodings are needed for optionality, sequence-of termination, etc.

9.3 Encoding structures

9.3.1 Encoding structure definitions have some similarity to ASN.1 type definitions, and have a name beginning
with fhe character "#", then an upper-case letter. Each encoding structure definition defines a new encoding clask (the
set off all possible encodings of that encoding structure). Encoding structures are formed from fields which'rare’ither
built-{n encoding classes or the names of other encoding structures, combined using encoding constructors (Wwhich
repregent the set of all possible encoding rules that support their type of construction mechanism, andare.hence ¢alled
encoding classes). (See D.2.8.4 for an example of an encoding structure definition.)

9.3.2] The most basic encoding constructors are #CONCATENATI ON, #REPETI Tl ON, ~and” #ALTERNAT| VES,
corregponding roughly to ASN.1 sequence (and set), sequence-of (and set-of), and choigce types. There is also an
encoding class #OPTI ONAL that represents the optional presence of encodings, correSponding roughly to ASN.1
DEFADLT and OPTI ONAL markers.

9.3.3] An encoding structure definition defines a structure-based encoding class.Such classes cannot have the|same
namef as encoding classes that are imported into the module. (See Rec. ITU=T. X.680 | ISO/IEC 8824-1, 13.]13, as
modified by A.1 of this Recommendation | International Standard).

9.3.4| Encoding structure names can be exported and imported between’ Encoding Definition Modules and chn be
used whenever an encoding class name in the bit-field group of categaries (see 9.6) is required.

9.3.5] Values of ASN.I types (primitive or user-defined) can, be mapped to fields of an encoding structurg, and
encoding rules for that structure then provide encodings of the"\ASN.1 type. (Values mapped to encoding structur¢s can
be fufther mapped to fields of more complex encoding structures.) This provides a very powerful mechanism for
defining complex encoding rules.

9.4 | Encoding objects

9.4.1| Encoding objects represent the specific’ definition of encoding rules for a given encoding class. Usually the
rules [relate to the actual bits to be produced, but can also specify procedures related to encoding and decoding, for
example the way in which the presence‘or absence of optional components is determined.

9.4.2| In order to fully define the_encoding of ASN.1 types (typically the top-level type(s) of an application), it is
necespary to define (or obtain from’standardized encoding rules) encoding objects for all the classes that correspqnd to
comppnents of those ASN. Ltypes and for the encoding constructors that are used.

9.4.3| For legacy protocols, this may have to be done by defining a separate encoding object for every compongnt of
an AJN.1 type, but ityismore commonly possible to use encoding objects defined by standardized encoding rules|(such
as PER).

9.4.4| Although BER and PER encoding specifications pre-date ECN, within the ECN model they simply dlefine
encoding objeets for all classes corresponding to the ASN.1 primitive types and constructors (that is, for all the bhilt-in

encoding classes). BER and PER are also considered to provide encoding objects for encoding classes used |n the
definition nFPnPnding structures (see 18 2)

9.5 Encoding object sets

9.5.1 Encoding objects can be grouped into sets in the same way as information objects in ASN.1, and it is these sets
of encoding objects that are (in an ELM) applied to an ASN.1 type to determine its encoding. The governor used when
forming these encoding object sets is the reserved word #ENCODI NGS. (See D.1.14 for an example.)

9.5.2 A fundamental rule of encoding object set construction is that any set can contain only one encoding object of
a given encoding class (see also 9.6.2). Thus there is no ambiguity when an encoding object set is applied to a type to
define its encoding.

9.5.3  There are built-in encoding object sets for all the variants of BER and PER, and these can be used to complete
sets of user-defined encoding objects.
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9.6 Defining new encoding classes

9.6.1 Those familiar with ASN.1 will be aware that a type assignment can be used to create new names (new types)
from, for example, the types | NTEGER or BOOLEAN. The new names identify types that are the same as | NTEGER or
BOCLEAN, but carry different semantics. This concept is extended in ECN to allow the creation (in a class assignment —
see 16.1.1) of new names (new classes) for constructors such as #SEQUENCE. The new names identify classes that
perform a similar function in structuring encodings (for example, concatenation), but which are to have different
encoding objects applied to them. A new class name assigned for an old class retains certain characteristics of that old
class. So an assignment such as "#M/- Sequence ::= #SEQUENCE" creates the new class name #My- Sequence which
is still an encoding class concerned with the concatenation of components. We say that such encoding classes are in the
same category.

9.6.2 If a new encoding class is created from an existing encoding class, encoding objects of both the old encoding
class pnd the new encoding class can appear 1 an encoding object set.

9.6.3| All built-in encoding classes are derived from one of a small number of primitive encoding classes. | Thus
#SEQUENCE and #SET are both derived from the #CONCATENATI ON class, #| NTEGER and #ENUVERATED arq both
deriv¢d from the #| NT class, and the classes for the different ASN.1 character string types are all derived from the
#CHARS class. An encoding structure (for example, one implicitly generated from an ASN.1 type)sgsdn’contain a rhix of
differpnt classes all derived from the same primitive class, enabling different encodings to be applied to #SEQUENJE and
#SET |(for example).

9.6.4| It is often convenient to put encoding classes into categories, based on the prifnitive class they are d¢rived
from.| Thus we say that #1 NTEGER, #ENUVERATED and #| NT (and any class derived fiom them in a class assighment
staterhent such as "#My-int ::= # NT") are in the integer category. There are also groups of categories that cgntain
very ({lifferent classes that share some characteristic. Thus any class that can haye abstract values directly assogiated
with it, and hence which produces bits in an encoding, is said to be in the bit“field group of categories. Thus all c|asses
that afe in the integer or the boolean or the characterstring category are inéhe "bit-field group of categories. Classgs that
are rgsponsible for grouping or repeating encodings (for example classes in the alternatives or the repetition catggory)
are i the encoding constructor group of categories. There are dlso two classes whose encoding objects dlefine
proceflures not directly related to constructing an encoding (#TRANSFORMand #OUTER): these are described as bejng in
the eficoding procedure group of categories. Encoding structutes are defined using classes in the bit-field grqup of
categgries that are combined using classes in the encoding constructor group of categories, together with classes n the
optiopality (representing encoding procedures for resqlving optionality) and tag (representing encoding of]tags)
categgries. All such classes are in the encoding structure category (and also in the bit-field group of categories).

9.6.5| For the primitive classes, the category is,directly assigned. For classes created in an encoding class assighment
staterhent, the category is determined by the nétation to the right of the ": : =" symbol. If that notation is an encpding
structpre definition, then the class is in both the encoding structure category and in the bit-field group of categorips. If
the nqtation is a simple class reference name, then the category of the new class is the same as the category of the class
being|assigned.

9.6.6| The categories of encodingclass (see 16.1.3) are:

—  The alternatiyes category (classes that are derived by class assignment from #ALTERNATI VES).

—  The concatenation category (classes that are derived by class assignment from #CONCATENATI ON).
—  The repétition category (classes that are derived by class assignment from #REPETI Tl ON).

—  The'\optionality category (classes that are derived by class assignment from #OPTI ONAL).

—__ S The tag category (classes that are derived by class assignment from #TAG).

~. ' The boolean, bitstring, characterstring, integer, null, objectidentifier, octetstring, opentype, pad, real, and
time categories (categories for classes that are derived from the corresponding primitive classes).

—  The encoding structure category (classes generated from ASN.1 type definitions, or by explicit definition
of an encoding structure).

9.6.7  The following groups of categories are defined:

—  The bit-field group of categories (classes that correspond to actual fields in an encoding such as those in
the integer or boolean categories, together with any class in the encoding structure category). Classes in
this group of categories are also referred to as bit-field classes.

—  The encoding constructor group of categories (classes that are in the alternatives, concatenation, or
repetition categories). Classes in this group of categories are also referred to as encoding constructor
classes.
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—  The encoding procedure group of categories (classes not directly related to ASN.1 constructs, and which
cannot be assigned new names — #OUTER, #TRANSFORM #CONDI TI ONAL- | NT, #CONDI TI ONAL-
REPETI TI ON). Classes in this group of categories are also referred to as encoding procedure classes.

9.7 Defining encoding objects

There are eight mechanisms available for defining an encoding object of a given encoding class. They are not all
available for all encoding classes.

9.7.1  The first is to specify it as the same as some other defined encoding object of the required class. This does
nothing more than provide a synonym for encoding objects.

9.7.2  The second, available for a restricted set of encoding classes, is to use a defined syntax (see 17.2) to specify the
inforyratiom Treededtodefine T ecoding object of tat Trass. —viuci of the fformmation eeded 15 commorm to all
encoding classes, but some of the information always depends on the specific encoding class. (See D.1.1.2)for an
example of defining an encoding object of class #BOOLEAN which contains encodings for the ASN.1 type boolean.

9.7.3| The third, available for all encoding classes, is to define an encoding object as the encoding of the required
class which is contained in some existing encoding object set. This is mainly of use in naming an encoding object for a
particular class that will perform BER or PER encodings for that class.

NOTE — This can often be useful, but requires knowledge of the encodings produced by standardized encoding rules.

9.7.4| The fourth is to map the abstract values associated with an encoding class(*#A", say) to abstract yalues
assocfated with another (typically more complex) encoding class ("#B", say), and to define an encoding object for "#B"
(using any of the available mechanisms). An encoding object for the abstract valdes)associated with "#A" can npw be
defingd as the application to the corresponding abstract values associated with*!#B" of the encoding object for|"#B".
(See ID.2.8.3 for an example.) There are many variants of this (see 9.17).

NOTE — This is the model underlying the definition of an object for encoding.an integer type in BER. The integer is mapped to

an| encoding structure that contains a tag class (UNI VERSAL, APPLNCATI ON, PRI VATE, or context-specific) fipld, a
prjmitive/constructor boolean, a tag number field, and a value part that encodes the abstract values of the original integer.

9.7.5| The fifth mechanism is to define an encoding object for a class (for example, one corresponding to a
user-defined ASN.1 type) by separately defining encoding objécts for the components and for the encoding constfuctor
used {n defining the encoding class.

9.7.6| The sixth is to define an encoding object fof ‘differential encoding-decoding (see 9.8), using two separate
encoding objects, one of which defines the encoder!s)behaviour, and the other of which tells a decoder what encpding
shoulfl be assumed.

NOTE — An example would be to encode a_fi¢ld“which is "reserved for future use" as all zeros, but to accept any valuq when
decoding.

9.7.7] The seventh is to define anwencoding options encoding object, which contains an ordered list of endoding
objects of the same class. It is an_éndoder's choice which encoding object from the list is to be applied, subject [to the
restri¢tion that if only one encoding option can encode a given abstract value, that shall be used, and to the
reconpmendation that the first @vailable encoding in the list should be used.
NOTE — An encoding options encoding object could, for example, be used in the specification of short-form length encpdings
wliere these can encode aparticular string length, using long-form length encodings where the short-form cannot be used.| There
is no current mechanism for the ECN specifier to require the use of the first available encoding object (if more than ofie can
enfcode the abstractvalue), other than by comment.

9.7.8| Finally,\an encoding object can be defined using non-ECN notation. This is a facility to allow use df any
desirgd notation (including natural language) to define the encoding object (see D.2.7.3).

NOTE ~Non-ECN notation should be used with caution, as tool-support for implementation is generally not possible in thir case.

9.8 Differential encoding-decoding

9.8.1 Differential encoding-decoding is the term applied to a specification that requires an implementation to accept
(when decoding) bit-patterns that are in addition to those that it is permitted to generate when performing encoding.

9.8.2  Differential encoding-decoding underlies all support for "extensibility" (the ability for an implementation of an
earlier version of a standard to have good interworking capability with an implementation of a later version of the
standard).

9.8.3 The precise nature of differential encoding-decoding can be quite complex. It normally includes the
requirement that a decoder accepts (and silently ignores) padding fields (usually variable length) which later versions of
a standard will use for the transfer of information additional to that transferred in the early version communication.
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9.8.4  Support for differential encoding-decoding in ECN is provided by syntax that enables the definition of an
encoding object (for any class) that encapsulates two encoding objects. Each encoding object defines rules for encoding.
The first encoding object defines the rules that an encoder uses. The decoder uses the second encoding object as a
specification of the way the encoding was done.

NOTE - In ECN, the rules a decoder uses (in an early version of a standard) are always expressed by giving the rules for

encoding that it should assume its communicating partner is using. The decoding rules are not given as explicit decoding rules.
The ECN specifier will ensure that such decoding rules provide any necessary "extensibility".

9.9 Encoders options in encodings

9.9.1 Encoders options in protocols are generally regarded today as something to be avoided, but ECN has to
provide support for such options if a protocol designer decides (or has in the past decided) to include them.

9.9.2[ When values are being encoded info an encoding space, it is possible to specily that the size of the encpding
space| (see 9.21.5) is an encoder's option, provided there is some form of length determinant associated\with the
encoding. (The extent of the encoder's options may be limited by the maximum value that can be encoded~in the length
deterninant.) This provides a detailed level of support for encoder's options.

9.9.3] A more global mechanism is similar to the support for differential encoding-decoding (seg-9.8), but in thi case
an enfoding object for a class can be defined as an encoder's choice of any encoding object from an ordered list of
defingd encoding objects for that class. In addition to specifying the list of possible encodings/it is also necessary to
provigle the specification of an encoding object for a class in the alternatives category (sge'9/6). This encoding pbject
specifies the encodings and procedures needed to enable a decoder to determine which eénicoding object was used by the
encoder.

9.10 | Properties of encoding objects

9.10.1 Encoding objects have some general properties. In most casesj they completely define an encoding, but in
some|cases they are encoding constructors, that is, they define only<structural aspects of the encoding, reqpiring
encoding objects for the encoding structure's components to completerthe definition of an encoding.

9.10.2 Another key feature of an encoding object is that it mdy/require information from the environment whgre its
rules fare eventually applied. One aspect of the environment“that is fully supported is the presence of bounds |n the
ASN/l type definition, provided they are "PER-visible" (seeiRec. ITU-T X.691 | ISO/IEC 8825-2, 10.3).

NOTE — A somewhat different (and not standardized).eéxternal dependency would be the definition of a non-ECN engoding

olject for an #ALTERNATI VES encoding class which~determines the selected alternative based on external data such fas the
chpnnel the message is being sent on.

9.10.3 A third key feature is that an encoding object may exhibit an identification handle in its encodings. Thjs is a
part (fonsisting of a fixed set of bit positions) of all the encodings that it produces and distinguishes those encqdings
from [the encodings produced by othet. encoding objects (of any class) that exhibit the same identification hindle.
Identification handles have a namesand are visible to decoders without knowledge of either the encoding class ¢r the
abstrdct value that was encoded (but with knowledge of the name of the identification handle that is being used).| This
concgpt models (and generalizes)-the use of tags in BER encodings: the tag value in BER can be determined wjthout
know]edge of the encoding~class, for all BER encodings, and serves to identify the encoding for resolutipn of
optiomality, ordering of s€ts,*termination of repetitions, and choice alternatives.

9.11 | Parameterization

9.11.1 As with” ASN.1 types and values, encoding objects, encoding object sets and encoding classes c@an be
paranjeterized. This is just an extension of the normal ASN.1 mechanism.

9.11.2__-A primary use of parameterization is in the definition of an encoding object that needs the identification of a
determinant to complete the definition of the encoding (see 9.13.2). (See D.1.11.3 for an example of a parameterized
ECN definition.)

9.11.3 Another important use of parameterization is in the definition of an encoding structure that will be used to
replace many different classes in an encoding (see also 9.16.5). For example, the mechanism used to handle optionality
is often an immediately (mandatory) preceding "presence-bit" for each optional component. A parameterized structure
can be defined consisting of a concatenation of a #BOCLEAN (used as a presence determinant) followed by an optional
component defined as a dummy parameter (which will be instantiated with the component that the structure will
replace), and whose presence is determined by the #BOOLEAN. The original #OPTI ONAL encoding procedure is now
defined as the replacement of the original component with this mandatory structure, using the original optional
component as the actual parameter. (D.3.2 is a more complete example of this process.)
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9.11.4 Dummy parameters may be encoding objects, encoding object sets, encoding classes, references to encoding
structure fields, and values of any of the ASN.1 types used in the built-in encoding classes defined in clause 23, as
specified in Rec. ITU-T X.683 | ISO/IEC 8824-4 as modified by B.10 of this Recommendation | International Standard.

9.11.5 The modification of parameterization syntax that is specified in Annex C requires the use of the symbol "{ <"
(without spaces) instead of "{ " to start a dummy or actual parameter list, and of ">} " to end one.
NOTE — This was done to make parsing of ECN syntax easier for computers, and to avoid ambiguity when user-defined classes

are used in structure definitions in place of #SEQUENCE, #CHQO CE, #REPETI TI ON, #SEQUENCE- OF, or #SET- OF.
9.12 Governors

9.12.1 The concept of a governor and of governed notation will be familiar from ASN.1 value notation, where there is
always a type definition that "governs" the value notation and determines its syntax and meaning.

9.12.2 The same concept extends to the definition of encoding objects of a given encoding class. The syatdx for
defining an encoding object of class #BOCLEAN (for example) is very different from the syntax for defining @an encpding
object of class #I NTEGER (for example). In all cases where an encoding object definition is required,’ thére is[some
assocjated notation that defines the class of that encoding object, and "governs" the syntax so,be used n its
specification.

9.12.3 The ECN syntax requires governors that are encoding classes to be class reference names, or paramet¢rized
class feference names.

9.12.4 If the governed notation is a reference name for an encoding object, then thatenicoding object is required] to be
of thel same class as the governor (see 17.1.7).

9.13 | General aspects of encodings

9.13.1 ECN provides support for a number of techniques typically dsed in defining encoding rules (not just|those
technjques used in BER or PER). For example, it recognizes that optionality can be resolved in any of three ways: by
use df a presence determinant, by use of an identification handle (see 9.13.3), or by reaching the end| of a
length-delimited container (or the end of the PDU) before the optional component appears.

9.13.2 Similarly, it recognizes that delimitation of repetitions can be done (for example) by:

—  Some form of length count.

—  Detecting the end of a container (or PDU) in which it is the last item.

—  Use of an identification handle on'€ach of the repetitions and on following encodings (see 9.13.3).

—  Some terminating pattern that ¢an never occur in an encoding in the repeated series. (A simple exgmple
is a null-terminated character string.)

— Use of a "more bit" with'each element, set to one to indicate that another repetition follows, and et to
zero to indicate th¢ end of the repetition.

ECN |supports all these mechanisms for delimitation of repetitions, and similar mechanisms for identificatipn of
alternptives and for resolution/of optionality.

9.13.3 In additionto\terminating repetitions, the identification handle technique can also be used to determire the
presepce of optional Gomponents or of alternatives and the ordering of sets. The mechanism is similar in all these tases.
Giver] an encoding'class that is a "possible next class" and an encoding object applied to it, any encoding producef will
contaln, at some bit positions (the identification handle), a bit pattern that matches a bit pattern within a specified [set of
bit patterns (the handle value set) characterizing that class, but does not match any bit pattern characterizing any|other
"possjblenext class". All such encodings can be interpreted by a decoder as an encoding of a "possible next class|, and
the bitpatterm found i the encoding Wit determine WiticiT “possibic IeXT iz SNCOdINg 1S Present. 11 cept is
similar to that of using tags for such purposes in BER. Identification handles have names that are required to be unique
within an ECN specification.

9.13.4 It is important here to note that ECN allows the definition of encodings in a very flexible way, but cannot
guarantee that an encoding specification is correct — that is, that a decoder can successfully recover the original abstract
values from an encoding. For example, an ECN specifier could assign the same bit-pattern for boolean values true and
false. This would be an error, and in this case a tool could fairly easily detect the error. Another error would be to claim
that an encoding was self-delimiting (and required no length determinant), when in fact it was not. This error could also
be detected by a tool. In more subtle and complex cases, however, a tool may find it very hard to diagnose an erroneous
(one that cannot always be successfully decoded) specification.
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9.14 Identification of information elements

9.14.1 Many protocols have an encoding (usually of a fixed number of bits) to identify what are often called
"information elements" or "data elements" in a protocol. These identifications correspond roughly to ASN.1 tags, but
are usually less complex. They are often used as identification handles, but are not always so used.

9.14.2 ECN contains a #TAGclass to support the definition of the encoding of information element identifiers through
use of the ASN.1 tag notation. (It also supports the inclusion of such elements within an encoding structure with no
reference to ASN.1 tags.)

9.14.3 When an encoding structure is implicitly generated from an ASN.1 type definition (see clause 11), the first
textually-present ASN.1 tag notation in that definition generates an instance of the #TAG class, with the number of the
ASN.1 tag associated with that instance of the #TAG class. Subsequent textually present instances of ASN.I tag

notation-are not mnpppﬂ into #TAG classes in the imp]ir{ﬂv gpnprafpd structure. but these ‘mgQ and their values become

propegties of the element. An encoding for this encoding class can be defined in a similar way to an encoding~fpr the
#| NTEGER class, and will encode the number in the tag notation.

9.14.4 The full ASN.1 tag-list (multiple tags each with a class and number) is notionally associated ‘with gll the
abstrgct values of a tagged type, in accordance with the ASN.1 model. Such information is, however;-ghly accessible in
the cyrrent version of ECN through a non-ECN definition of an encoding object (see 9.7.8). The,generation of a|#TAG
class |s a separate mechanism, is simpler and more specific, and has full support within ECN.

9.14.3 It is, however, important to note that for the purposes of generating a #TAG class.dt-is“only textually-presgnt tag
notatipn that is visible. Universal class tags and tags generated by automatic tagging are\iet visible. Similarly, thd class
of any textually present tag notation is ignored. Only the tag number is available to enceding objects of the #TAG ¢lass.

9.15| Reference fields and determinants

9.15.1 A very common (but not the only) way of determining the presence of an optional field, the length of a
repetition, or the selection of an alternative is to include (somewhere.in the message) a determinant field. Deternjinant
fields|have to be identified if this mechanism is used for determinatief, and this frequently requires a dummy parameter
of an encoding object definition, with the actual parameter,;providing the encoding structure fieldname df the
deterininant, being supplied when the encoding object is applied.to an encoding structure.

9.15.2 A new concept —a reference field — is introduced;to satisfy the need for a dummy parameter that referen¢es an
encoding structure field. The governor is the reserved word REFERENCE, and the allowed notation for an fctual
paranjeter with this governor is any encoding structupe field name within the encoding structure to which an encpding
object or encoding object set with such a parameéter is being applied (see 17.5.15). (See D.1.11.3 for an example of
refergnces to encoding structure fieldnames.)

9.16 | Replacement classes and structures

9.16.1 When writing ASN.1 spgcifications for legacy protocols (or in order to generate specialized encodings fof new
protogols), it is normal to ignere encoding issues and, in particular, determinant fields that are present solely to sypport
decoding. Only fields of rélevance to application code (carrying application semantics) are included in the ASN.1
specification.

9.16.2 When such protocols use more than one encoding mechanism to support (for example) SEQUENCE OF
constfuctions in different places in the protocol, it is not possible (nor would it be appropriate) to formally specifly this
withip the ASN. Litself.

9.16.3 This means that the implicitly generated encoding structure will not distinguish between such construdtions,
nor willit contain encoding-related fields for determinants, and it is necessary to modify it to "correct" both proplems
beforca structure 1S avaitabic tat matches the encoding TeqUiTements.

9.16.4 The first and simplest modification is to replace some instances of a class (within the implicitly generated
structure) with new class names that have been assigned the old class in a class assignment statement. This is done by
creating an explicitly generated structure using a renames clause in an EDM. This clause imports an implicitly
generated structure from an ASN.1 module and makes specified replacements of (textual) occurrences of named classes.
The replacement can be of all occurrences textually within a list of implicitly generated classes (corresponding to the
ASN.1 type definitions in a module), or within components of one of those classes, or "all occurrences except" those in
a given definition or a given component (see 15.3). It is important here to note that these replacements are restricted to
the use of classes that have been defined with an encoding class assignment statement that assigns the name of a
replacement class to an old class (for example: "#Repl acenent-cl ass ::= #0 d-cl ass"), so this mechanism is
sometimes colloquially referred to as "coloring". The "coloring" identifies those parts of the specification that require
different encodings from other parts. (An example of "coloring" is given in D.3.7.)

14 Rec. ITU-T X.692 (08/2015)


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

9.16.5 Even with "coloring", the explicitly generated encoding structure, like the implicitly generated encoding
structure, contains only fields corresponding to the fields in the ASN.1 specification, and it is usually necessary to
modify the generated structures to add fields for determinants, etc. A new replacement structure is needed (for all or
part of the original structure), with added fields. It is also important to identify (for each field in the original structure)
which fields of the replacement structure (and what abstract values of that field) are used to carry the semantics of the
original abstract values. We talk about mapping the abstract values from the original structure to the replacement
structure.

9.16.6 There are many mechanisms for defining an encoding object for an existing structure as an encoding object for
a totally different replacement structure, with defined value mappings between the old structure and the replacement
structure. These mechanisms are described in 9.17.

9.16.7 A simpler situation frequently occurs, however, in which the designer requires the old structure to form (in its
entiregy ete-eomponent-of-the—replacementstraetare—with-aH-abstraet—valuesbetngmapped-rom
to thef corresponding value of that component of the replacement structure. For this mechanism to be of generaMise, the
replagement structure needs to have a dummy parameter for this single component, and for it to be instantiated ‘with the
actual parameter set to the old structure. This was described in 9.11.3.

9.16.8 When defining encoding objects for a class (any class), it is always possible to specify that-the first actjon of
that gncoding object is to replace the class it is encoding with a parameterized replacement structure, instantiafed as
described in 9.16.7, and with abstract values mapped from the old class to the component.

9.16.9 1t is also possible to define encoding objects for the #OPTI ONAL class (or fof,any class of the optionality
categpry) that replace the optional component with a parameterized replacement strugture (frequently one containjing a
#BO(QLEAN field as a presence determinant). (An example of this is given in D.3.2:3.)

9.16.10 For constructor classes such as #CONCATENATI ON, #REPETI TI ON, and so on, it is also possible to define
encoding objects that replace not the entire structure, but each component Separately (or just mandatory, or just
optiomal, components).

9.16.11 A more advanced, but powerful, mechanism is to require the\teplacement action to also include the insertjon of
a spegified field at the head of a #CONCATENATI ON (or similar structure). An example of this is given in D.3.1.5.

9.17 | Mapping abstract values onto fields of encoding structures
Therd are six mechanisms provided for this.

9.17.1 The first is to map specified abstract values associated with one simple encoding class to specified abstract
valuep associated with another simple encodingiclass. This can be used in many ways. For example, valueg of a
charafter string (of digits) can be mapped-te~integer values (and hence encoded as integer values). Values of an
enumgprated type can be mapped to integer values, and so on (see 19.2). (See D.1.10.2 for an example.)

9.17.2 The second is to map a gemplete field of one encoding structure into a field of a compatible encpding
structpire, which can contain additional fields — typically for use as length or choice determinants (see 19.3).| (See
D.2.8}3 for an example.)

9.17.3 The third is to map_by transforming all the abstract values associated with one encoding class into abstract
valuep associated with a.different (typically, but not necessarily) encoding class, using a transform encoding objegt (see
9.18){ With this mechanism, it is, for example, possible to map an #| NTEGER into a #CHARS to obtain characteis that
can then be encoded-in whatever way is desired (for example, Binary-Coded Decimal or ASCII). (See D.1.6.3 for an
example.)

9.17.4 The fourth mapping mechanism is to use a defined ordering of the abstract values of certain typep and
constfuctions, and to map according to the ordering. This provides a very powerful means of encoding abstract yalues

PRS- B 1 1 ) 1 oo 1 otad sl 1ol loiad 1. 1
assocratta—winm oncTnCoaMmg—Crass—as— 1 tncy—wercaostract—varacs—assocratca—with—a— wnotry anreratca—encoamsg’ Class

(see 19.5). (See D.1.4.2 for an example.)

9.17.5 The fifth mechanism is to distribute the abstract values (using value range notation) associated with one
encoding class (typically #I NTEGER) into the fields of another encoding class. (See 19.6 and D.2.1.3 for examples.)

9.17.6  The final mechanism allows the ECN specifier to provide an explicit mapping from integer values (which may
have been produced by earlier mappings from, for example, an #ENUVERATED class) to the bits that are to be used to
encode those values. This is intended to support Huffman encodings, where the frequency of occurrence of each value
is (at least approximately) known, and where the optimum encoding is required. Annex E describes Huffman encodings
in more detail, and gives examples of this mechanism, together with a reference to software that will generate the ECN
syntax for these mappings, given only the relative frequency with which each value of the integer is expected to be used
(see 19.7).
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9.18 Transforms and transform composites

9.18.1 Transforms are encoding objects of the class #TRANSFORM They can be used to transform abstract values
between different encoding classes, and can also be used to define simple arithmetic functions such as multiplication by
a fixed value, subtraction of a fixed value, and so on. When applied in succession, they enable general arithmetic to be
specified (see 19.4). (See D.2.4.2 for an example.)

9.18.2 A transform can take a single value as its source and then produces a single value as its result. The following
is a classification of the values that can be sources and results of transforms:

—  an integer;
— aboolean;

—  acharacterstring;

—  abitstring;
— asingle character;

— asingle bit (source only, supporting the encoding of a bitstring —see 23.2).

9.18.3 Transform composites are an ordered list of elements, each of which is a single value‘and has the|same
classification (as listed in 9.18.2). (For example, an ordered list of single characters, or of singl¢-Octets, or of intejgers.)
They jare only produced as the result of transforms, and can only be used as the source of a following transform.

9.18.4 If the classification is bitstring, the size of each bitstring value in the compositeds the same, and is statically
deternined by the transform that produces the composite. (For example, an ordered list of single bits, or of dix-bit
units.

9.18.5 There are transforms from the following abstract values to composites:
—  characterstring to a single character composite;
—  Dbitstring to a bitstring composite (all bitstring values of the.composite are of the same size);

—  octetstring to a bitstring composite (all bitstring values_of the composite are of size 8 bits).

9.18.¢ There are transforms from the following composites terabstract values:
—  single character composites to characterstring-values;
—  Dbitstring composites to bitstring values;

—  bitstring composites (with bitstring values of size 8 bits) to octetstring values.

9.18.7 All other transforms can take a value(@as' their source and produce a new value (of the same or of a different
classiffication). They can also take a trardsform composite as their source and produce a composite as its fesult,
transforming each element of the source composite into an element of the result composite.

9.19 | Contents of Encoding Definition Modules

9.19.1 Encoding Definitipn:Modules (or EDMs) contain export and import statements exactly like ASN.1 (byt can
impoit only encoding objeets; encoding object sets, and encoding classes from other EDM modules, or from ASN.1
modulles in the case ofdmplicitly generated encoding structures).

9.19.2 An EDMgean also contain a renames clause (see clause 15) which references implicitly generated engoding
structpres fromfone or more ASN.1 modules and generates, by "coloring" them (see 9.16.4), an explicitly gengrated
encoding strueture for each one. These explicitly generated encoding structures are available for use within the EDM,
but are also automatically exported for possible import into the Encoding Link Module.

9.19.

DM anedule-contains:

"EncodingObjectAssignment” statements that define and name an encoding object for some encoding
class (there are eight forms of this statement, discussed in 9.7 and defined in clause 17).

"EncodingObjectSetAssignment” statements that define sets of encoding objects (see clause 17).
"EncodingClassAssignment" statements that define and name new encoding classes (see clause 15).

9.19.4 The EDM can also contain parameterized versions of these statements, as specified in clause 14 and in C.1.

9.19.5 Encoding objects can be defined for built-in encoding classes within any EDM module. Encoding objects can
be defined for a generated encoding structure only in EDM modules that import the implicitly generated encoding
structure from the ASN.1 module that defines the corresponding type (using either an imports or a renames clause), or
that import the generated encoding structure from an EDM module that has exported it.
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NOTE — If an implicitly generated encoding structure happens to have a name that is the same as a reserved encoding class name
(see 8.5), it can still be imported into an EDM, but must be referenced in the body of the EDM using a fully-qualified name (see
"ExternalEncodingClassReference" in 10.6).

9.20

Contents of the Encoding Link Module

9.20.1 All applications of the Encoding Control Notation require the identification of a single Encoding Link Module
(or ELM).

9.20.2 The ELM module applies encoding object sets to ASN.1 types (formally, to a generated encoding structure
corresponding to the ASN.1 type). These encoding object sets (or their constituent encoding objects) are imported into
the ELM module from one or more EDM modules.

9.20.3__There are restrictions on the application of encoding object sets to ensure that there is no ambiguity abo

t the
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than

9.20.4
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top-1d

9.21

9.21.]
specif
used

encoding rules that are being applied (see 12.2.5). For example, it is not permitted for an ELM to apply
ne encoding object set to a specific implicitly generated structure.

) that applies an encoding object set to the implicitly generated encoding structure corresponding to the
vel type of an application. (See D.1.17 for an example.)

Defining encodings for primitive encoding classes

ied in the W TH SYNTAX statements of encoding class definitions (see clauses23-and 25). This syntax can a
o define encoding rules for encoding classes derived from these primitive eéncoding classes (by encoding

assiggment statements).
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| ISO/TEC 8824-2 as modified by Annex B of this Recommendation | International Standard.

but is believed to cover the encoding specifications that ECN users are likely to require.

lues of a series of encoding properties whijelrcollectively define an encoding.

The meaning of the encoding properties is specified using an encoding model (see Figure 1) where the va|
bit-field class produces a value encoding which is placed (left or right justified) into an encoding space.

ed, and with padding aréund it. If the size of the encoding space is variable, then either the value encoding

more

It is possible in simple cases for an ELM module to contain just a single statement (following”an inpports

bingle

Encoding rules for some primitive encoding classes can be defined using-a\user-friendly syntax whjch is

so be
class

The notation used for the encoding class definitions in clauses®23 and 25 is based on the notation us¢d for
hation object class definition. This syntax (and its associated sem@antics) is defined by reference to Rec. I[TU-T

The encoding class definition specifies the information.that has to be supplied in order to define encoding rules
rticular encoding classes. The set of encoding rules that.can be defined in this way is not, of course, all popsible

These encoding class definitions specify a séries of fields (with corresponding ASN.1 types and semafntics).
ling rules are specified by providing values forthese fields. The values of these fields are effectively proyiding

Jue of

The encoding space may (have its leading edge aligned to some boundary (such as an octet boundary) by
ing space pre-padding, and ‘its/size can be fixed or variable. The value encoding fits within it, perhaps left off right

has to

be self-delimiting, or there\l1as to be some external mechanism to enable a decoder to determine the size of the encpding

space

9.21.]
post-
requit
be in

9.21.4

Several mechanjsmisare available for this determination.

Finally, the{complete encoding space with the value encoding and any value pre-padding and

he reverse of the normal order.

Thus there are three broad categories of information needed:

value

adding, is'mdpped to bits-on-the-line with an optional specification of bit-reversal. This handles encodings that
e "mostsignificant byte first" or "most significant byte last" for integers, or that require the bits within an ogtet to

— the first relates to the encoding space in which the encoding is placed;

—  the second relates to the way an abstract value is mapped to bits (value encoding), and the positioni

those bits within the encoding space; and

— the third relates to any required bit-reversals.

ing of

9.21.9 Figure 1 shows the encoding space (with pre-padding) and the value encoding (with value pre-padding and
value post-padding). Figure 1 also illustrates the specification of an encoding space unit. The encoding space is always
an integral multiple of this specified number of bits.
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Figure 1 — Encoding space, value-encoding and padding concepts

0 If the encoding space is not the same size for all values encoded by an encoding object, then some addi
inism is needed to determine the actual encoding space used in an‘instance of an encoding.

1 It is also possible to specify an arbitrary amount of enédder pre-padding (beyond that needed for align|
hds when the value of an earlier start pointer identifies the start of a field.

2 The steps in a definition of an encoding for a prifiitive bit-field encoding class are:

Specify the alignment (if any) required for the leading edge of the encoding space (relative {
alignment point — normally the start-of the encoding of the top-level type, that is, the type to wh
encoding object set is applied in the ELM). (See 22.2.)

Specify the form of any necessary padding to that point (encoding space pre-padding). (See 22.2.)
Specify (if necessary) a field that provides a pointer to the start-point of the encoding space. (See 2
Specify the encoding.of abstract values into bits (value encoding).

Specify the units of the encoding space (the encoding space will always be an integral multiple of}
units). (See 22:47)

Specify the size of the encoding space in these units. This may be fixed (using knowledge of inte
size bounds associated with the abstract values to be encoded), or variable (different for each ab
valge): The specification may also (in all cases) specify the use of a length determinant that has
éncoded with the length of the field, and either enables decoding or provides redundant informati
the case of a fixed-size encoding space) that a decoder can check. (See 22.4.)

Specify the alignment of the value encoding within the encoding space. (See 22.8.)
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encoding (value pre-padding). (See 22.8.)

value

Specify the form of any necessary padding between the end of the value encoding and the end of the

encoding space (value post-padding). (See 22.8.)

Specify any necessary bit-reversals of the encoding space contents before adding the bits to the enc
done so far. (See 22.12.)

9.21.13 Encoding properties are available to support the specification of the encoding rules for all these steps.

oding

9.21.14 In real cases, only some (or none!) of these encoding properties will have unusual values, and defaults operate
if they are not specified. (See D.1.3 for an example of the definition of the encoding for an integer that is right-aligned
in a fixed two-octet field, starting at an octet boundary.)
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9.22 Application of encodings

9.22.1 Application of encodings (encoding rules) to encoding structures is a key part of the ECN work, but is very
distinct from the definition of the encoding rules. Final application of encodings (to an encoding structure generated
from an ASN.1 type definition) only occurs within an Encoding Link Module, but application of encodings to fields of
an encoding structure may be used in the definition of encodings for a larger encoding structure.

9.22.2 Encodings are applied by reference to an encoding object set (or to a single encoding object). Such application
can occur in an EDM in the definition of encoding objects for any class (including encoding objects for a generated
encoding structure and for a user-defined encoding structure). Such application in an EDM is merely the definition of
more encoding objects for that encoding class: The definitive application to an actual type occurs only in the ELM.

9.22.3 When a set of encoding objects is being applied, it always results in a complete encoding specification for the
encoding classes to which the objects are applied. If, in any given application, encodings are needed for encoding
classgs (present within an encoding structure being encoded) for which there are no encoding objects in the sgt being
appli¢d, then this is an error (see 13.2.11).

NOTE — Although the specification of the encoding rules will be complete, the precise form of the actual encoding|(for exymple,
th¢ presence or absence of encoding space pre-padding, or the effect of the values of bounds referenced in theyencoding|rules)
cah only be determined when the encoding definition is applied to a top-level ASN.1 type.

9.22.4 There are two exceptions to 9.22.3. The first exception is when the (ASN.1-like) parameferization mechanism
is usqd to define a parameterized encoding object. In such cases the complete encoding~is only defined follpwing
instarjtiation with actual parameters. The second exception is when an encoding object- is”defined for an encpding
constfuctor (#CONCATENATI ON, #ALTERNATI VES, #REPETI Tl O\, #SEQUENCE, etc.).~In‘this latter case, the encpding
rules jssociated with the encoding class simply define the rules associated with the'structuring aspects. A complete
encoding specification for an encoding structure using these encoding classes willkalso require rules for encodinjg the
comppnents of that encoding structure.
NOTE — There is a distinction here between encoding objects of class #SEQUENCE (an encoding constructor) and enfoding
obfiects for an implicitly generated encoding structure "#M- Type" (whichvhappens to be defined using the ASN.| type
SHQUENCE). The latter is not an encoding constructor, and encoding objects ‘of this class will provide full encoding rules for the
encoding of values of type "My/- Type".

9.23 | Combined encoding object set

9.23.1 In order to provide a complete encoding, the ECIN;user can supply a primary encoding object set, and a sgcond
encoding object set introduced by the reserved words CAVPLETED BY.

9.23.2 The encoding object set that is applied is defined to be the combined encoding object set formed by addjing to
the fifst set encoding objects for any encoding,€lass for which the first set is lacking an encoding object and the sgcond
set cqntains one (see 13.2). A frequent sét t0 use with COVPLETED BY is the built-in set PER- BASI C- UNALI GNED.
(See D.1.17 for an example of the application of a combined encoding object set.)

9.23.3 While an encoding object §et)can contain only one encoding object for a class #SEQUENCE- OF (for example), it
can glso contain an encoding ‘object for a class #Speci al - sequence- of (for example) which is definpd as
"#Speci al - sequence-of i # #SEQUENCE- OF". An explicitly generated encoding structure can have both the
#SEQUENCE- OF class and‘also the #Speci al - sequence- of class in its definition. In this way, a single combined
encoding object set cansbe’applied to produce standard encodings for some of the original SEQUENCE OF consfructs,
and specialized encedings for others.

9.24 | Application point

9.24.1 _1In any given application of encodings, there is a defined starting point (for the ELM, it is the topflevel
generptéd’encoding structure(s) to which encodings are being applied). This is called the "initial application point" for
the structure that is being encoded by the ELM.

9.24.2 The combined encoding object set is applied to a generated encoding structure, and it is the encodings defined
for the abstract values of this encoding structure that encode the abstract values of the ASN.1 type.

9.24.3 If there is an encoding object in the combined encoding object set that matches a bit-field encoding class
(initially a generated encoding structure) at the application point, it is applied and the process terminates. Otherwise the
class at the application point is "expanded" by de-referencing. This expansion by de-referencing will continue until
either an encoding object is found, or a primitive class is reached. If the class at the application point is an encoding
constructor, and there is an encoding object for that encoding constructor (#CHO CE, #SEQUENCE, #SEQUENCE- CF, etc.),
then it is applied, and the application point then passes to each component (as a parallel activity).
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9.24.4 In a more complex case, there may be an #OPTI ONAL class following a component class (and a #TAG class
preceding it). The application point passes first to the #OPTI ONAL, and the encoding object for that class may replace
the component (see 9.16.9). Then the application point passes to the tag, and finally to the component itself.

9.25 Conditional encodings

9.25.1 Mention has already been made of the #TRANSFORMencoding class as a means of performing simple arithmetic
on integer values (see 9.17.3). This encoding class does, however, play a more fundamental role in the specification of
encodings for some primitive classes. In general, the specification of encodings for many of the ASN.1 built-in types is
a two or a three stage process, using encoding objects of class #TRANSFORM and (for example) of class
#CONDI TI ONAL- | NT or #CONDI TI ONAL- REPETI TI ON.

9.25. he #TRANSEORM #CONDI TI ONA and #CONDI T1 ONA PE] QN g
their pse. Encoding objects can only be defined for these classes using either the syntax of clause 24, 23.7 add,3.14
respegtively, or by non-ECN definition of an encoding object, and they can only be used in the definitien“of|other
encoding objects. They cannot appear in encoding object sets or be applied directly to encode field$ Jof encpding
structpres (see 18.1.7).

9.25.3 Encoding specification for encoding classes in the integer category proceeds as follows} Encodings (¢f the
#CONDI TI ONAL- | NT encoding class) are defined for a particular bounds condition, specifying-the container siz¢ (and
how it is delimited), the transform of the integer to bits (using either two's complement or positive integer encodjings),
and the way these bits fit into the container. (An example of a bounds condition is the existence of an upper boundjand a
egative lower bound.) This is called a conditional encoding. The encoding of the\class in the integer category is
defingd as a list of these conditional encodings, with the actual encoding to be appliedin any given circumstance |being
the ore that is earliest in the list whose bounds condition is satisfied. (See D.1.5.4.for an example.)

d d

9.25.4 Encoding specification for encoding classes in the repetition categoery use the #CONDI TI ONAL- REPETI|TI ON
encoding class, which defines the way in which the encoding space for'the repeated items is delimited and how the
repeafed encodings are to be placed into it, for a given range condition, again producing a conditional encoding. As
with the encoding of classes in the integer category, the final encoding is defined as an ordered list of conditional
encodings.

9.25.3 Encoding specification for the encoding classes, in'the octetstring category proceeds as follows: |First,
#TRANSFORM encoding objects are defined to map a single octet to a self-delimiting bitstring. Second, one or|more
#CONDI TI ONAL- REPETI Tl ON encoding objects (for specific size-range conditions) are defined to take each ¢f the
bitstrings (transformed from an octet in the octet(String) and to concatenate them into a delimited containef (the
definition of such encoding objects is not spegific to encoding #OCTETS). The final encoding of the class in the
octetgtring category is defined as an ordered 1ist-6f #CONDI TI ONAL- REPETI Tl ON encoding objects. (See D.1.8.2 for an
example.)

9.25.¢ Encoding specifications for encoding classes in the bitstring category proceeds as follows: First, # TRAN$FORM
encoding objects are defined to map.asingle bit into a bitstring, similar to the encoding of an integer into bits, but in this
case fhe mapping of the bit mustbe to a self-delimiting string. Secondly, one or more #CONDI TI ONAL- REPETI|TI ON
encoding objects are defined. for the repetition of the bits (these could be the same encoding objects that were d¢fined
for u§e with an encoding ‘class in the repetition or octetstring categories). Finally, the encoding of the class |n the
bitstring category is defined as an ordered list of #CONDI TI ONAL- REPETI Tl ON encoding objects. (See D.1.7.3 for an
example.)

9.25.7 Encoding ‘specifications for encoding classes in the characterstring category proceeds as follows: [First,
#TRANSFORMeneoding objects are defined to map a single character to a self-delimiting bitstring, using several possible
mechfnists(tor defining the encoding of the character, and using the effective permitted alphabet constraint wher it is
availgbles) Secondly, one or more #CONDI TI ONAL- REPETI Tl ON encoding objects are defined, and finally the encpding
of the Class 1n the charactersiring category 1s defined as an ordered Iist ol these. (See D.1.9.2 for an example.)

9.26 Other conditions for applying encodings

9.26.1 There are a number of different conditions that can be tested in order to select an appropriate encoding. These
include the actual value and the range of bounds.

9.26.2 It is also possible to require that all of a given list of conditions are to be satisfied.

9.26.3 A test for a condition uses either a single enumeration value (such as "bounded- wi t hout - negati ves")
which contains the entire test in the specification of the one enumeration, or a triple of enumerations.
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9.26.4 If a triple is used, the first identifies (by an enumeration) the item that is being tested (for example
"t est - upper - bound"), the second is the nature of the test (for example "gr eat er - t han"), and the third provides an
integer value for the test.

9.27 Encoding control for the open type

9.27.1  Open types frequently provide a means of extensibility using an identification field, with new values for the
identification field and new types for the open type being added in successive versions (and often being available for
vendor-specific extensions).

9.27.2 Both these features mean that a decoder may be asked to decode an open type when that particular
implementation has no knowledge of the type that has been encoded into it.

9.27.3 Fhe—emcodmgsupport provided—for-theopemtypeTs—the—samc—asthatfor mostother ctasses T the-bitfield
categgry, but with the added ability to specify that a different encoding object set is to be applied to the type which is to
be engoded into the open type.
NOTE — This is in recognition that many protocols choose to use a different style of encoding (often based on a-type‘length-value
approach) for the type contained in an open type, while retaining a more compact style of encoding for the fields of the mpssage
coptaining the open type.

9.27.4  The model used for decoding an open type recognizes that a decoder will not know‘what type fills the] open
type :ﬁable and relational constraints are not visible to either PER or to ECN), but that the(application may be aple to
deterinine this from some other field in the protocol, or in a previous message, or (for vender-specific additions) based
on calling address.

9.27.5  The model is therefore that, having dealt with any specified pre-paddingyand determined the encoding [space
and ahy value pre- and post-padding, the decoder will ask the application for tle, type which has been encoded. (Jn the
case ¢f tools, the application will almost certainly have pre-configured the t6¢1 with a list of the known types that might
be pr¢sent, and would simply return a pointer to one of these.) Decoding.can/now proceed normally.

9.27.¢  The application may, however, say "unknown" (see 9.27.4), and the decoder then needs to know hpw to
determine the end of this unknown encoding. This is satisfied by €nabling the ECN specifier in this case to provide an
encoding structure, and (optionally) an encoding object set to us¢-with it, which is to be used by decoders for decpding
unkngwn types in the open type. There is syntax provided inclause 23 for this purpose.

NOTE — An example of such an encoding structure could.be>one that specifies an encoding that is commonly known as a |Type,
Lgngth, Value" encoding, whose end can be determined without knowledge of the type being encoded.

9.28 | Changes to ASN.1 Recommendations-| International Standards

9.28.1 This Recommendation | Internatiodal Standard references other ASN.1 Recommendations | Internafional
Standprds in order to define its notation without repetition. For such references to be correct, the semantics ¢f the
notatipn (for example the imports clatise, parameterization, and information object definition) needs to be extended to
recoghize the reference names of gnceding classes, encoding objects, and so on that form part of ECN.

9.28.2 There is also a need\to extend the information object class notation to allow fields that are ordered lists of
valuep or objects, not just unordered sets of objects, in order to allow the use of that notation in the definition off ECN
syntak for the definition.ofencoding objects of certain classes.

9.28.3 Finally, the'tules for parameterization are relaxed to allow a dummy parameter of an encoding object refdrence
(being assignedsin‘an assignment statement) to be used as an actual parameter of the encoding class reference Wwhich
goverps the netation defining the encoding object reference name. In particular, a parameterized encoding class dan be
used §s agoyernor in an encoding object assignment statement (see C.2/8.4), with the actual parameter being a dgmmy
paranreter of the encoding object that is being defined.

9.28.4 These modifications to other ASN.1 Recommendations | International Standards are specified in Annexes A to
C, and are solely for the purposes of this Recommendation | International Standard.

10 Identifying encoding classes, encoding objects, and encoding object sets

10.1 Many of the productions within this Recommendation | International Standard require that an encoding class,
encoding object, or encoding object set be identified.

10.2 For each of these, there are five ways in which identification can be made:

a) Using a simple reference name.
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b) Using a built-in reference name (not applicable for encoding objects, as there are no built-in encoding

objects).
c) Using an external reference (also called a fully-qualified name).
d) Using a parameterized reference.

e) In-line definition.

NOTE — The parameterized reference form may be used with a simple reference name or with an external reference (see C.3).

10.3

There are productions (or lexical items) for all of these means of identification. There are also productions

that allow several alternatives. These lexical items or production names are used where appropriate in
productions, and are defined in the remainder of this clause.

10.4

The lexical items for use of a simple reference name are:

10.4.1

10.4.

10.4.3

module, but can always be imported from any ASN.1 module in which the corresponding type is defined and expo

10.4.4
which
in ang

10.4.1

10.4.4
clausg

encoding class "encodingclassreference' (see 8.3)
encoding object "encodingobjectreference" (see 8.1)
encoding object set "encodingobjectsetreference" (see 8.2)

An "encodingclassreference"” is a name which is either:
a) assigned an encoding class in an "EncodingClassAssignment" (see clause 16); oris

b) imported into an EDM from some other EDM from which it has been exported; jor is

other

¢) 1imported as the name of an implicitly generated encoding structure from\an”ASN.1 module (see 1§#.11);

or is
d) generated by a renames clause in the EDM (see clause 15).
NOTE — Only classes that are generated encoding structures can be tmported into an ELM (see 12.1.8).
An "encodingclassreference" shall not be imported from an EDMmodule (as specified in 10.4.1) unless e

a) itis defined in or imported into the referenced moduleand that module has no exports clause; or
NOTE 1 —If the referenced module has no exports clatise, this is equivalent to exporting everything.

ther:

b) it is defined in or imported into the referenced, miodule, and appears as a symbol in the exports clafise of

that module; or

c) it is one of the reference names explicitly'génerated by a renames clause in the module from which it is

being imported.

NOTE 2 — Implicitly generated_encoding structures can only be imported from the ASN.1 module [which

generates them.

An implicitly generated encoding._structure reference never appears in the exports clause of any ASN.I

An explicitly generated encoding structure reference (which is automatically exported by the renames

rted.

lause

generates it) shall not appear'in the exports clause of the EDM module in which it is generated, but any us¢ of it

ther EDM or the ELM-requires its importation from that EDM module.
An "encodingoBjegtreference" is a name which is either:

a) assigueddn encoding object in an "EncodingObjectAssignment" (see clause 17) in an EDM; or is

b) imporfed into an EDM or an ELM from some other EDM in which it is either assigned an enc
obyect or is imported.

An V"encodingobjectreference" shall not be imported from an EDM if the referenced module has an e

pding

(ports

and the "encodingobjectreference” does not appear as a symbol in that exports clause.

NOTE —If the referenced module has no exports clause, this is equivalent to exporting everything.

10.4.7 An "encodingobjectsetreference" is a name which is either:

a) assigned an encoding object set in an "EncodingObjectSetAssignment" (see clause 18) in an EDM; or is

b) imported into an EDM or an ELM from some other EDM in which it is either assigned an enc
object set or is imported.

oding

10.4.8 An "encodingobjectsetreference" shall not be imported from an EDM if the referenced module has an exports
clause and the "encodingobjectsetreference" does not appear as a symbol in that exports clause.

NOTE —If the referenced module has no exports clause, this is equivalent to exporting everything.

10.5

22

The productions for use of a built-in reference name are:
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encoding class "BuiltinEncodingClassReference' (see 16.1.6)
encoding object set "BuiltinEncodingObjectSetReference" (see 18.2.1)
10.6 The productions for use of an external reference name are:

ExternalEncodingClassReference ::=
modulereference "." encodingclassreference |
modulereference "." BuiltinEncodingClassReference

ExternalEncodingObjectReference ::=
modulereference "." encodingobjectreference

ExternalEncodingObjectSetReference ::=
modulereference "." encodingobjectsetreference

10.6.1 The "modulereference" is defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.5, and identifies a module/fvhich
is ref¢renced in the imports list of the EDM or ELM.

10.6.2 The "ExternalEncodingClassReference" alternative that includes a "BuiltinEncodingClassReference" shpll be
used {n the body of an EDM if and only if there is a generated encoding structure (whose name is th€same as thgt of a
"BuilfinEncodingClassReference") which is either:

a) defined implicitly in the ASN.1 module referenced by the "modulereference" (see11.4.1); or
b) imported into another EDM referenced by the "modulereference" and exported from that module; of
c) generated in a renames clause of another EDM referenced by the "modulereference"; or
d) generated in this EDM in a renames clause, in which case the "modulereference" shall refer to this EDM.

NOTE — The "BuiltinEncodingClassReference" name can appear as a "Symbol" in thedimports clause (see A.1).

10.6.3 The productions defined in 10.6 (except as specified in 10.6.2)~shall be used if and only if the correspopding
simplp reference name has been imported from the module identified by the "modulereference", and either:

a) identical reference names have been imported fromi-different modules, or have been generated in a
renames clause in this EDM, or have been both imiported and generated; or

b) the simple reference name is a "BuiltinEncodingClassReference” (see 10.5); or
c) both conditions hold.

10.7 A parameterized reference is a reference)name defined in a "ParameterizedAssignment" (see C.1) and
supplfed with an actual parameter in accordancewith the syntax of C.3. The productions involved are:

encoding classes "ParameterizedEncodingClassAssignment" (see C.1)
"ParameterizedEncodingClass" (see C.3)

encoding objects "ParameterizedEncodingObjectAssignment" (See C.1)
"ParameterizedEncodingObject" (See C.3)

encoding-Object sets "ParameterizedEncodingObjectSetAssignment" (See C.1)
"ParameterizedEncodingObjectSet" (See C.3)

10.8 The productions that allow all forms of identification are:
encoding classes "EncodingClass" (See clause 16.1.5)
encoding objects "EncodingObject" (See clause 17.1.5)
encoding object sets "EncodingObjectSet" (See clause 18.1)
10.9 The productions which allow all forms except in-line definition are:
encoding classes "DefinedEncodingClass'" and "DefinedOrBuiltinEncodingClass"
encoding objects "DefinedEncodingObject"

encoding object sets "DefinedEncodingObjectSet" and "DefinedOrBuiltinEncodingObjectSet"

except that built-in encoding classes and built-in encoding object sets are not allowed by "DefinedEncodingClass" and
"DefinedEncodingObjectSet".

NOTE — A further production "SimpleDefinedEncodingClass" is also used. This is defined in C.3 and allows only
"encodingclassreference" and "ExternalEncodingClassReference".

10.9.1 The "DefinedEncodingClass" and "DefinedOrBuiltinEncodingClass are:
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DefinedEncodingClass ::=
encodingclassreference

| ExternalEncodingClassReference

| ParameterizedEncodingClass

DefinedOrBuiltinEncodingClass ::=
DefinedEncodingClass
| BuiltinEncodingClassReference

10.9.2 The "DefinedEncodingObject" is:

DefinedEncodingObject ::=
encodingobjectreference
| ExternalEncodingObjectReference

10.9.3

11

11.1

11.1.]
is imj
conta
name
struct]

11.1.
using

11.1.3
encod
in thg)
to at 1

11.1.4

(as sp
built-

11.1.5
encod

11.1.¢

| ParameterizedEncodingObject
The "DefinedEncodingObjectSet" and "DefinedOrBuiltinEncodingObjectSet" are:

DefinedEncodingObjectSet ::=
encodingobjectsetreference

| ExternalEncodingObjectSetReference

| ParameterizedEncodingObjectSet

DefinedOrBuiltinEncodingObjectSet ::=
DefinedEncodingObjectSet
[ BuiltinEncodingObjectSetReference

Encoding ASN.1 types

General

plicitly generated for each ASN.1 type assignment, and™Ms automatically exported from the ASN.1 modul
ns that type assignment. (It does, however, have tg-be imported into an EDM module if it is to be used.
of the corresponding encoding structure is the.niame of the type preceded by a character "#". This end
re defines an encoding class, and is called an implicitly generated encoding structure.

There may also be one or more explicitly generated encoding structures. These are generated in an
a renames clause.

The encoding of an ASN.1 type is formally defined as the result of encodings applied to precisely one
ing structures (implicitly or explicitly) generated from the ASN.1 type. The encodings are applied by state
ELM (see clause 12), using encoding objects in a combined encoding object set. An ELM shall apply encq
nost one of the generatedencoding structures corresponding to any given ASN.1 type.

The implicitly generdted encoding structure is defined by first simplifying and expanding the ASN.1 noj
ecified in 11.3),.and-then by mapping ASN.1 types, type constructors and component names into correspo,
n encoding classes; encoding constructors and encoding structure fieldnames.

An explicitly generated encoding structure is defined by making specified changes to the implicitly gen
ing structure using a renames clause.

Fach field of a generated encoding structure has associated with it the abstract values of the correspg

For all ASN.1 types, there is a corresponding implicitly.generated encoding structure. This encoding striicture

e that
The
oding

EDM

f the
ments
dings

tation
nding

trated

nding

stract

type,

nd“constraint-related information derived from the ASN 1 type definition (see 11 4 2) Fn(‘ndingq of the ah

values of the generated encoding structure are defined to be the encodings for the corresponding abstract values of the
original ASN.1 type.

11.1.7 This clause 11 specifies:

24

a) The built-in encoding classes that are used in defining the implicitly generated encoding structures

corresponding to ASN.1 types (see 11.2).

NOTE — Subclause 16.1.14 specifies additional classes that are used in the definition of user-defined encoding

structures.

b) Transformations of the ASN.1 syntax (simplification and expansion) before the implicitly generated

structure is produced (see 11.3).

¢) The implicitly generated encoding structure for any ASN.1 type (see 11.4).
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11.2 Built-in encoding classes used for implicitly generated encoding structures

11.2.1 The encoding classes used for implicitly generated encoding structures, and the ASN.1 types or constructors to
which they correspond are listed in Table 2 below.

11.2.2 Column 1 gives the ASN.1 notation which is replaced by an encoding class in the implicitly generated
encoding structure. Column 2 gives the encoding class that replaces the column 1 notation. Column 3 gives the
primitive class that the column 2 class is derived from.

Table 2 — Encoding classes for ASN.1 notation

ASN. 1 notation

Encodi ng O ass

Primtive d ass

BI T STRI NG #Bl T- STRI NG #BI TS

RO FAN #RON FAN #RON

CHARACTER STRI NG #CHARACTER- STRI NG Def i ned using
#SEQUENCE

CHO CE #CHO CE #ALTERNATI VES

EMBEDDED PDV #ENMBEDDED- PDV Def i ned using
#SEQUENCE

ENUVERATED #ENUVERATED #1I NT

EXTERNAL H#EXTERNAL Def i ned usi ng
#SEQUENCE

| NTEGER #1 NTEGER #1 NT

NULL #NULL #NUL

OBJECT | DENTI FI ER #OBJECT- | DENTI FI ER #OBJECTY | DENTI FI ER

OCTET STRI NG #OCTET- STRI NG #OCTETS

open type notation #OPEN- TYPE #Q@QPEN- TYPE

OPTI ONAL #OPTI ONAL #OPTI ONAL

REAL #REAL #REAL

RELATI VE- A D #RELATI VE- O D #OBJECT- | DENTI FI ER

SEQUENCE #SEQUENCE #CONCATENATI ON

SEQUENCE OF #SEQUENCE- OF #REPETI TI ON

SET #SET #CONCATENATI ON

SET OF #SET- OF #REPETI T1 ON

TI MVE #TI VE #TI ME

DATE #DATE #TI ME

Tl ME- OF- DAY #TI ME-CE: DAY #TI ME

DATE- TI ME #DATE=TI ME #TI ME

DURATI ON #DWURATI ON #TI ME

CGeneral i zedTi me #Cener al i zedTi ne #CHARS

UTCTi e #UTCTi ne #CHARS

Obj ect Descri pt or #Obj ect Descri pt or #CHARS

BWPSt ri ng #BMPSt ri ng #CHARS

CGeneral String #Ceneral String #CHARS

G aphicString #QG aphi cString #CHARS

I A5String #1 A5String #CHARS

Nuneri cString #NunericString #CHARS

Print ablteString #Printabl eString #CHARS

Tel et exString #Tel etexString #CHARS

Uni versal String #Uni versal String #CHARS

UTE8Stri ng #UTF8Stri ng #CHARS

Jrdeot exStri ng #Vi deot exStri ng #CHARS

Vi sibleString #Vi sibleString #CHARS

Textual |y present #TAG #TAG

tag notation

11.3 Simplification and expansion of ASN.1 notation for encoding purposes

11.3.1 ECN assumes that certain ASN.1 syntactic constructs have been expanded (or reduced) into equivalent or
simpler constructions.

NOTE — The types defined by the simpler constructions are capable of carrying the same set of abstract values as the original
ASN.1 syntactic structures, and those abstract values are mapped to the simpler constructions.

11.3.2 The expansion or simplification of ASN.1 syntactic productions is either:
a) fully-defined in clause 11.3.4 below; or

b) referenced in those clauses as "See 11.3.2 b" and fully-defined in Rec. ITU-T X.680 | ISO/IEC 8824-1
(including Annex C) with all published amendments and technical corrigenda; or
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¢) referenced in those clauses as "See 11.3.2 ¢" and fully-defined in Rec. ITU-T X.681 | ISO/IEC 8
with all published amendments and technical corrigenda.

d) referenced in those clauses as "See 11.3.2 d" and fully-defined in Rec. ITU-T X.683 | ISO/IEC 8
with all published amendments and technical corrigenda.

824-2

824-4

11.3.3 The ASN.I syntactic constructs removed by the expansions and simplifications below are not referenced
further in this Recommendation | International Standard.

11.3.4 The following expansions and simplifications shall be applied to all ASN.1 modules:

11.3.4.1 The following transformations are not recursive and hence are applied only once:

a) All "ValueSetTypeAssignment"s shall be replaced by their equivalent "TypeAssignment"s with subtype

constraints. (See 11.3.2 b.)

11.34

11.3.4

26

b) The ASN.1 I NSTANCE OF construction shall be expanded into its equivalent sequence type.
11.32¢.)

c) "TypeFromObject" shall be replaced with the type that is referenced. (See 11.3.2 c.)
d) "ValueSetFromObjects" shall be replaced with the type that is referenced. (See 11.3.2 &)

e) Where an instance of ASN.1 tag notation is textually followed by one or more further‘instances of A
tag notation, the second and subsequent instances of tag notation are discarded,
NOTE - This is similar to the rules for implicit tagging in ASN.1, but appli€s ‘fer all tagging environ
Multiple tagging of the same type is still possible through the use of type referenc€ names.
.2 The following transformations shall be applied recursively in the specified @rdet, until a fixed-point is rea
a) All ASN.1 parameterization shall be fully resolved by the substitition of actual parameters for dy
parameters. (See 11.3.2.d.)

NOTE — This means that where ASN.1 type notation contains an instantiation of an ASN.1 parameterize
that instantiation becomes an inline definition.

b) All "ComponentsOf's shall be expanded to their fulldform. (See 11.3.2 b.)
c) All uses of "SelectionType" shall be resolved. (Seg1.3.2 b.)

.3 The following transformations shall then be applieds
a) Named number lists in integer type definitions shall be removed. Named numbers are not visi
ECN. ECN sees a single #1 NTEGER class (possibly with bounds as specified in 11.3.4.3 c).
b) Named bit lists in bitstring definitions shall be removed. Named bits are not visible to ECN.

¢) All non-PER-visible constrainit notation, except the contents constraint, shall be discarded. PER-y
constraints shall be resolved to provide the following values that can be referenced in the definit
encoding rules:

i) Anupper boundon integers and enumerations;
i) A lower bgound on integers and enumerations;

iii) The PER/effective permitted alphabet and effective size constraints (see Rec. ITU-T X
ISOAEC 8825-2, 10.3).

d) If thére-is a contents constraint with a CONTAI NI NG construction, then the existence of the co
constraint, its contents type, and the presence or absence of an ENCODED BY clause become proy
associated with the abstract values of such a constrained octetstring or bitstring type, and the cong
shall then be discarded. If there is a contents constraint with no CONTAI NI NG construction, then it

(See
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visible to ECN and shall be discarded.
NOTE — WHhen Specilying encodings for varues withh an associated Conter ONSIraMt, a Scpardlc Cor
encoding object set can be supplied to encode the contents type. This can be specified to override or
override any ENCODED BY that is present, as a designer's option (see 11.3 and 13.2).

1bined
not to

e) All tagging which is not textually present in the ASN.1 notation shall be ignored in the mapping to
encoding structures, but (in order to model BER encodings and PER procedures) the full tag-list of a type
becomes a property of the field of the encoding structure to which the corresponding values are mapped.

f) Textually present tag notation has the class of the tag removed. (See also 11.3.4.1¢.)

g) "DEFAULT Value" shall be replaced by "OPTI ONAL- ENCODI NG #OPTI ONAL" and the default va
associated with the field of the structure to which the ASN.1 component is mapped.

h) OPTI ONAL shall be replaced by "OPTI ONAL- ENCODI NG #OPTI ONAL".
i) T61Stri ng shall be replaced by #Tel et exStri ng.
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j) 1S0646St ri ng shall be replaced by #Vi si bl eStri ng.

11.3.4.4 Finally, the following transformations shall then be applied:

a) Automatic allocation of values to enumerations (if applicable) shall be performed. The ENUVERATED
syntax shall be replaced by the #ENUMERATED encoding class with an upper bound and lower bound set.

(See 11343 ¢.)

NOTE 1 — The #ENUVERATED class de-references to the #1 NT class (see 11.2.2), and the enumerations map

into bounded integer values of the class. The actual names of enumerations are not visible to ECN.

b) All occurrences of "ObjectClassFieldType" (see Rec. ITU-T X.681 | ISO/IEC 8824-2, clause 14

) that

refer to a type field, a variable-type value field, or a variable-type value set field shall be replaced by the

#OPEN- TYPE encoding class. (See 11.3.2 ¢.)

c)  Extensibility markers and version brackets in sequence, set and choice constructions are removed, b
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order to model BER encodings and PER procedures) the identification of a component as part of'th|
or of version 1, version 2, etc. becomes a property of the component, and the existenced
extensibility marker becomes a property of the class the construction maps to.

d) The extensibility marker in constraints is removed, but the existence of the extensibility marker bed

property of the abstract value.

DTE 2 — The properties referenced in items c¢) and d) above can only be interrogated through nen-ECN definition of en
jects in this version of this Recommendation | International Standard. Full support for extensibility is expected to be pr
a later version of this Recommendation | International Standard.

With these transformations, all ASN.1 type-related constructs have correspending encoding classes, lis
2. The implicitly generated encoding structure shall be constructed ¢by* mapping the ASN.1 type-r|
fucts in column 1 to the classes in column 2 of Table 2 (as specified in 11.4))

The implicitly generated encoding structure

There is an implicitly generated structure for each ASNA type definition with a name constructed fro
| type reference name by the pre-fixing of a "#" charadter. Where a fully-qualified name is required f
itly generated encoding structure, that fully-qualified hame shall include the "Moduleldentifier" of the A
le containing the type definition. (An example of anjmplicitly generated structure is given in D.1.9.2.)

TE — An implicitly generated structure is generated and exported for each ASN.1 type in an ASN.1 module whether
t type is listed in the EXPORTS clause.

The implicitly generated encoding strueture has the same structure as the ASN.1 type definition, with:
a) ASN.1 component identifiers an¢ mapped to encoding structure fieldnames.

b) ASN.1 notation in column ‘1 of Table 2 are mapped to the built-in encoding classes in columi
Table 2.
NOTE 1 — The( first textually present tag maps into a "[ #TAG " construction in the implicitly gen
structure. The~implicitly generated structure does not contain any "[ #TAG " constructions for subs
textually pféserit tags.

c) ASN.1 "DefinedType"s are mapped to an encoding class name derived from the typereference
additien\ Jof a character "#". If a type is imported into the ASN.l module,
"ExternalEncodingClassReference" to the corresponding class in an implicitly generated structure)
réference the ASN.1 module that contains the definition of the referenced type.

NOTE 2 — If the resulting class is the name of a built-in encoding class, then all references to it in eit}
renames clause, or in the ELM, will use the "ExternalEncodingClassReference" notation.
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d) Abstract values are mapped from a field of the type definition to the corresponding field of the eng

oding

11.4.3 Three further implicitly generated structures are produced and exported from all ASN.1 modules.

structure.

e) Upper and lower bounds on integer and enumerated types and all effective size constraints and effective
permitted alphabet constraints (see Rec. ITU-T X.691 | ISO/IEC 8825-2, 10.3) are mapped from the type

definition to the corresponding field of the encoding structure.

f)  The tag number of the first textually present tag maps to the #TAGclass.

These

structures have names #CHARACTER- STRI NG #EMBEDDED- PDV and #EXTERNAL, and the structures that they de-
reference to are the implicitly generated structures corresponding to the associated types for CHARACTER STRI NG
EMBEDDED PDV and EXTERNAL, specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 44.5, 36.5 and 37.5 respectively.
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11.4.4 All implicitly generated encoding structures can be encoded by the built-in encoding object sets (see 18.2), and
will produce the same encodings as are specified by the corresponding Recommendation | International Standard for
those encodings when applied to ASN.1 types.

12 The Encoding Link Module (ELM)

NOTE — There are two top-level productions in ECN, the "ELMDefinition" specified in this clause and the "EDMDefinition"
specified in clause 14. These specify the syntax for defining the ELM and EDMs respectively.

12.1 Structure of the ELM
12.1.1 The "ELMDefinition" is:

ELMDefinition ::=
Moduleldentifier

LI NK- DEFI NI TI ONS
BEGI N
ELMModuleBody
END

12.1.2 In any given application of ECN, there shall be precisely one ELM which determines the encoding of 4ll the
messgges used in that application.

NOTE — The ASN.1 type(s) defining "messages" are often referred to as "top-level types!
12.1.3 The production "Moduleldentifier" (and its semantics) is defined in RecxITU-T X.680 | ISO/IEC 8824-1,[13.1.

12.1.4 The "Moduleldentifier" provides unambiguous identification of anydnodule in the set of all ASN.1, ELM, and
EDM]modules.

12.1.§ The "ELMModuleBody" is:

ELMModuleBody ::=
Imports ?
EncodingApplicationList

EncodingApplicationList ::=

EncodingApplication
EncodingApplicationList ?

12.1.¢ The production "Imports" (and its(semantics) is defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, 13.1, |3.16,
and 1B.17, as modified by A.1 of this Recommendation | International Standard.

12.1.7 All reference names used ifi the "ELMModuleBody" shall be imported into the ELM.

NOTE — This is a stronger requitement than that imposed for ASN.I modules. In ASN.1 modules external references gan be
uspd for types and values thaf have not been imported. In an ELM module (and in an EDM module) external references cap only
be| used for encoding clasSes) that have been referenced in an imports clause. The purpose of external references is solely to
rejolve ambiguities befween imported names and built-in names, or between two identical names imported from different
m¢dules.

12.1.$ The "Impoxts" makes available within the ELM:
a) _implicitly generated encoding structures from an ASN.1 module;

b)\ “explicitly generated encoding structures from an EDM module;

NOTE — When an ELM imports an explicitly generated encoding structure from an EDM, the renames clayses in
Otiier EDMS Tave no elfect 0N T encoding of that SITuCture (5ee 15-2.47.

c) objects and encoding object sets from an EDM module.

12.1.9 The "EncodingApplicationList" is required to contain at least one "EncodingApplication", as the sole function
of an ELM is to apply encodings.

12.2 Encoding types
12.2.1 An "EncodingApplication" is:
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Encodi ngApplication ::=
ENCODE
Si npl eDef i nedEncodi ngd ass "," +
Conbi nedEncodi ngs

12.2.2 An "EncodingApplication" defines the encoding of the ASN.l types corresponding to the
"SimpleDefinedEncodingClass"es which shall be generated encoding structures. The encoding of the types is specified
by the "CombinedEncodings" applied to the generated encoding structures as specified in 13.2.

NOTE — It will be common for an ELM to encode a single type of a single module, but where multiple types are encoded, ECN

tool-vendors may (but need not) assume that this implicitly identifies top-level types needing support in generated
data-structures.

12.2.3 Encodings applied to a generated encoding structure corresponding to an ASN.1 type defined in some ASN.1
modufle are Tinked solely to the use of that type as application messages. 1hey have no implications on the encodlng of
that type when referenced by other types or when exported from that ASN.1 module and imported into a. different
ASN |l module.

12.2.4 The encoding of the type in a contents constraint is that specified by the encoding object_applied {fo the
contajning class in the octetstring or bitstring category, and can be any combined encoding objeet’set, or can be the
combjned encoding object set that was applied to the containing class in the octetstring or bitstring-¢ategory.

12.2.5 An ELM shall not apply encodings more than once to the same ASN.1 type.

NOTE — The rules of application of encodings (specified in clause 13) mean that an "Encoding@pplication" completely defines
th¢ encoding of a type unless it contains an instance of a contents constraint.

13 Application of encodings

13.1 | General

13.1.1 Encodings are applied by the ELM to a generated structures(or independently to multiple generated strucfures)
usingla "CombinedEncodings" definition as specified in 13.1.3.This clause, together with 13.2, specifies the appli¢ation
of "CpmbinedEncodings" to a generated encoding structure,

13.1.2 In the ELM, the application is to the generated‘encoding structures identified in the "EncodingApplicdtion".
Later|clauses also specify the application of encodings to all or part of an arbitrary encoding structure definition.| This
clausg is applicable in both cases.

13.1.3 The "CombinedEncodings" is:
Conbi nedEncodi ngs, :: =
W TH

Pri mar yEncodi ngs
Conpl eti ond ause ?

Conpl eti~onC ause :: =

COWPLETED BY

Secondar yEncodi ngs
Pri'mar yEncodi ngs :: = Encodi ngObj ect Set
Secondar yEncodi ngs ::= Encodi nglbj ect Set
13.1.4 C*EncodingObjectSet" is defined in 18.1.1.
13.1.5 The use of "CombinedEncodings" is specified in 13.2.

13.2 The combined encoding object set and its application

13.2.1 A combined encoding object set is formed from the "CombinedEncodings" production (see 13.1.3) as
follows:

13.2.2 Ifthere is no "CompletionClause", then the "PrimaryEncodings" form the combined encoding object set.

13.2.3 Otherwise,

a) all encoding objects in the "PrimaryEncodings" are placed in the combined encoding object set; then
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b) every encoding object in the "SecondaryEncodings" is added to the combined encoding object set if (and
only if) there is no encoding object already in the combined encoding object set that has the same
encoding class (see 17.1.7 and 9.23.2).

13.2.4 Following this conceptual construction of the combined encoding object set, encoding commences with the
"encodingclassreference" name of the encoding structures identified in the encoding application (see 13.1.2 and 17.5).

13.2.5 Where there are several encoding applications in the ELM, the rules of 12.2 ensure that applications are
non-overlapping. They proceed independently. Similarly, the application of encodings to encoding structures in EDMs
(specified in 13.2.10) are always non-overlapping. The following subclauses provide the rules for application to a single
encoding structure.

13.2.6 Encoding objects from the combined encoding object set are applied at an application point. The application
point is initially the "encodingclassreference" for a generated encoding structure (when application is in the ELM, as
specified in 13.1.2) or is a component of an encoding structure (when application is in an EDM, as specified in YZ.p).

13.2.7 Any encoding class in the alternatives, concatenation, and repetition categories (see 16.1.8, 16.1.9.and 16}1.10)
is an ¢ncoding constructor.

13.2.8 The term "component” in the following text refers to any of the following:
a) The alternatives of a constructor that is in the alternatives category.

b) The field following a constructor that is in the repetition category.

c¢) The components of a constructor that is in the concatenation category.
d) A contained type (a type specified in a contents constraint).

e) The type chosen (in an instance of communication) for use with a €lass in the opentype category.

13.2.9 At later stages in these procedures, the application point may be onany of the following:

a) An encoding class name. This is completely encodable using the specification in an encoding objgct of
the same class (see 17.1.7).

b) An encoding constructor (see 16.2.12). The construction procedures can be determined bl the
specification contained in an encoding object ofithe encoding constructor class, but that encoding ¢bject
does not determine the encoding of the components. The specification of the encoding object that is
applied may require that one or more.af,;the components of the constructor are replaced by |other
(parameterized) structures before the application point passes to the components.

¢) A class in the bitstring or octetstring‘category that has a contained type as a property associated with the
values (see 11.3.4.3 d). The enc@ding of the contained type depends on whether there is an ENCODED BY
present, and on the specification of the encoding object being applied (see 22.11).

d) A class in the open typeteategory. The encoding of the component of the open type depends on whether
there is an ENCODED~W-TH present, and on the specification of the encoding object being appliegl (see
23.10.2).

e) A component.which is an encoding class (possibly preceded by one or more classes in the tag category),
followed by ah encoding class in the optionality category. The procedures and encodings for
determininig/presence or absence are determined by the specification contained in an encoding object of
the class/in the optionality category. This encoding object may also require the replacement ¢f the
encoding class (together with all its preceding classes in the tag category) with a (parametefized)
feplacement structure before that class is encoded. The application point then passes to the first clpss in
the tag category (if any), or to the component, or to its replacement.

f).© An encoding class preceded by an encoding class in the tag category. The tag number associated with
the class in the tag category is encoded nqing the Qppr‘iﬁr‘n‘rinn in an Pm‘nding nhjpr‘f of the class in the

tag category, and the application point then passes to the tagged class.

g) Any other built-in encoding class. This is completely encodable using the specification contained in an
encoding object of that class.

13.2.10 Encoding proceeds as follows:

13.2.10.1 If the combined encoding object set contains an encoding object of the same class (see 17.1.7) as the current
application point, then that encoding object is applied. This application may cause replacement of one or more
components of the class to which the encoding is being applied. If the combined encoding object set does not contain
such an encoding object, then either:

a) the encoding class at the current application point is a reference to another encoding class; in this case it
is de-referenced, and the procedures of 13.2.10 are recursively applied; or
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b) the encoding class at the current application point is not a reference to another encoding class; in this
case the ECN specification is in error.

13.2.10.2 If an encoding has been applied at the application point to the encoding class, and it is not in the optionality or
tag category and does not have any components (see 13.2.7), then that application completely determines the encoding
of the class and terminates these procedures.

13.2.10.3 If an encoding has been applied at the application point to an encoding class that is in the optionality category
then the application point passes to the (possibly tagged) optional component.

13.2.10.4 If an encoding has been applied at the application point to an encoding class that is in the tag category then
the application point passes to the tagged element, and the procedures of 13.2.10 are recursively applied.

13.2.10.5 If an encoding has been applied at the application point to an encoding class that has components which are
not a 4 0 03 9 1 1 h

NOTE — If the encoding object being applied to a class in the open type category contains an ENCODED W TH, this deterrhirpes the
encoding object set that is applied to the component, otherwise the combined encoding object set that is being applied fo this
clgss is applied to the component (see 23.10.2).

13.2.10.6 If an encoding has been applied to an encoding class at the application point that has a component that is a
class fin the bitstring or octetstring category with a contained type associated with the values, then there are four|cases
that chn occur:

a) The contents constraint contains an ENCODED BY, and the encoding object.for this class either dogs not
contain a specification of the encoding of the contained type, or specifies\thdt it should not override an
ENCCDED BY (see 22.11). In this case the ENCODED BY specification $hall be used for the confained
type, and the application point passes to the contained type using this€ncoding specification.

b) The contents constraint contains an ENCODED BY, but the encoding object for this class contjins a
specification of the encoding of the contained type, and specifies that it should override an "ENCODED
BY". In this case, the specification in the encoding objectyshall be applied to the contained type, and the
application point passes to the contained type using thisseneoding specification.

¢) The contents constraint does not contain an ENCODED,'BY and the encoding object for this class contpins a
specification of the encoding of the contained typel In this case, the specification in the encoding pbject
is applied to the contained type, and the application point passes to the contained type using this
encoding specification.

d) The contents constraint does not contain-an ENCODED BY, and the encoding object for this class dogs not
contain a specification of the encoding’of the contained type. In this case the combined encoding pbject
set being applied to the class sha]l\also be applied to the contents type, and the application point paskes to
the contained type using this ehcoding specification.

13.2.10.7 If there is no encoding object.in'the combined encoding object set of the same class (see 17.1.7) as the cprrent
appligation point, and the current applisation point is a reference name, then it is de-referenced and these procedurgs are
appli¢d recursively to the new enceding structure.

13.2.10.8 Otherwise the ECN gpecification is in error.

13.2.11 The above algorithmh can be summarized as follows: The combined encoding object set is applied in a
top-dpwn manner. If ifivthis process an encoding structure reference name is encountered and there is an object |n the
combjned encodingbjéct set that can encode it, that object determines its encoding. Otherwise, the reference ngme is
exparlded by de-teferencing. If at any stage an encoding is required (and does not exist) for an encoding clask that
canndt be de-teéferenced, then the ECN specification is incorrect, and the combined encoding class is said [to be
inconpplete SWhen a primitive bit-field class is reached, the encoding terminates with the encoding of that class, gxcept
that if it'has'a contained type, encoding proceeds to the generated encoding structure corresponding to the confained
type. LWhen a type with components is reached, the process continues by applying the combined encoding objectiset to
each component independently. When tags and optionality are involved, the optionality class is encoded first, then the
encoding class in the tag category, and finally the element. When encodings are applied to constructor classes they may
cause replacement of one or more components. When they are applied to an optionality class they may cause
replacement of the entire element (apart from the optionality class, but including any encoding class in the tag

category).

13.2.12 In the encoding process, encoding objects applied to encoding constructors (and to classes in the optionality
category) may require that the encoding objects applied to the components of the constructions defined by those
constructors exhibit identification handles (of a given name) to resolve alternatives, or optionality, or termination of a
repetition, or order in a set-like concatenation. They may also require that the encoding objects applied to other
encoding classes (following those constructions) exhibit the same identification handle, and that the handle value sets of
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all the involved encoding objects (exhibiting the same handle) be all disjoint. If these conditions are not satisfied, then
the ECN specification is in error.

NOTE — This problem is most likely to arise if BER encoding objects are applied to encoding constructors and not to their
components, as BER is heavily reliant on identification handles. PER encoding objects make no use of identification handles.

14 The Encoding Definition Module (EDM)

NOTE — There are two top-level productions in ECN, the "EDMDefinition" specified in this clause and the "ELMDefinition"
specified in clause 12. These specify the syntax for defining EDMs and the ELM respectively.

14.1 The "EDMDefinition" is:

EDVDefinition ::=
Vodul elTdentifrer
ENCCDI NG- DEFI NI TI ONS

BEG N
EDMVbdul eBody
END

14.2 In any given application of ECN, there are zero, one or more EDMs which defifie’€ncoding objects for
appligation in the ELM.
NOTE —If there are zero EDMs, then only built-in encoding object sets can be used in the ELM.

14.3 The production "Moduleldentifier" (and its semantics) is defined in Ree. N PU-T X.680 | ISO/IEC 8§24-1,
13.1.

14.4 The "Moduleldentifier" provides unambiguous identification of any module in the set of all ASN.1, ELM, and
EDM|modules.

14.5 The "EDMModuleBody" is:

EDMModuleBody ::=
Exports ?
RenanmesAndExports ?
I mports ?
EDMAssi gnmrent Li st ?

EDMAssignmentList ::=
EDMAssi gnrent
EDMAssi gnment Li st ?

EDMAssignment ::=
Encodi ngQ assAssi gnnent
| Encodi ngQbj ect Assi gnment
| Encodi ngQhj ect Set Assi gnnent
| Par anmet eri zedAssi gnnent

14.6 The productions "Exports" and "Imports" (and their semantics) are defined in Rec. ITU-T X680 |
ISO/IEC 8824-1, 134, as modified by A.1 of this Recommendation | International Standard.

14.7 The “Exports" makes available for import into other EDMs (and the ELM) any reference name defined in or
impofted inte-the current EDM except that of an implicitly generated structure. The "Symbol" in the "Exportd" can
refergnee any encoding class (except a built-in encoding class or an implicitly generated structure), an encoding dbject,
or an encoding object set. The "Symbol" shall have been defined in this EDM., or imported into it.

NOTE — When the name of an imported implicitly generated encoding structure is a built-in encoding class reference, it can be

used within the EDM with a fully-qualified name. An implicitly generated encoding structure can never be exported from an
EDM (however, encoding structures defined using it can, of course, be exported).

14.8 The production "RenamesAndExports" is defined in clause 15.

14.9 The "RenamesAndExports" (called the renames clause) makes available (within the EDM) explicitly
generated encoding structures derived from the implicitly generated encoding structures in specified ASN.1 modules. It
also makes these explicitly generated encoding structures available for import into other EDMs (and the ELM). (See
clause 15.)

14.10  The "Imports" makes available (within the EDM) encoding classes, encoding objects and encoding object sets
exported from other EDMs or automatically exported from ASN.1 modules.
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14.11 All ASN.1 modules that define non-parameterized type reference names automatically produce and export an
implicitly generated encoding structure of the same name preceded by the character "#". Such encoding classes can be
imported into an EDM from that ASN.1 module.

NOTE — Where such names are the same as built-in encoding class names, then the external form of reference, as specified in
A.1, has to be used in the body of the importing module, and in any renames clause.

14.12  Each "EDMAssignment" defines a reference name, and may make use of other reference names. Each
reference name used in a module shall either be imported into that module or shall be defined precisely once within that
module.
NOTE — This is a stronger requirement than that imposed for ASN.1 modules. In ASN.1 modules, external references can be
used for types and values that have not been imported. In an EDM module (and in an ELM module) external references can only
be used for encoding classes that have been referenced in an imports clause. The purpose of external references is solely to
resolve ambiguities between imported names and built-in names, or between two identical names imported from different
mﬂﬁuicb.

14.13]  There is no requirement that any reference name used in one assignment be defined (in another-assighment
staterhent) textually before its use.

14.14 The productions in "EDMAssignment" are defined in subsequent clauses as follows:

EncodingClassAssignment Clause 16
EncodingObjectAssignment Clause 17
EncodingObjectSetAssignment Clause 18
Parameterized Assignment Subclause C.1
NOTE - The "ParameterizedAssignment" allows the parameterization of_ (an™ "EncodingClassAssignment|, an

"HncodingObjectAssignment", and an "EncodingObjectSetAssignment”, as specified in G.T.

15 The renames clause

15.1 | Explicitly generated and exported structures
15.1.1 The production "RenamesAndExports" is

RenamesAndExports ::=
RENAMES
ExplicitGenerationList ";"

ExplicitGenerationList ::=
Exptinei't Gener ati on
Expii ci t GenerationLi st ?

ExplicitGeneration ::=
Opt i onal NameChanges
FROM d obal Modul eRef er ence

OptionalNameCharnges:=
NaneChanges | GENERATES

NOTE — An exampld.ofithe use of the renames clause to produce explicitly generated encoding structures is given in D.3.7,

15.1.2 The produetion "GlobalModuleReference" is defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, 13.1, and shall
identify an ASN.lVmodule.

15.1.3 The"RenamesAndExports" is called a renames clause.

15.1.4
for each of the implicitly generated encodlng structures of the ASN.1 module referenced by "GlobalModuleReference"
Each field of the explicitly generated encoding structure has associated with it the same abstract values as the
corresponding field of the implicitly generated encoding structure (which are those associated with the corresponding
field of the ASN.1 type from which it was generated).

15.1.5 If a renames clause references more than one ASN.1 module and as a result of this two explicitly generated
structures have the same simple name, then neither structure is available for explicit import into an ELM or an EDM
module.

NOTE — These explicitly generated structures nonetheless exist, and are likely to be implicitly referenced by other explicitly
generated structures that are exported without restriction.

15.1.6 The primary purpose of the renames clause is to make available the explicitly generated structures for import
into other modules, particularly the ELM. However, this clause also makes these structures available for reference
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within the EDM module containing the renames clause except as specified in 15.1.7. If the simple name is ambiguous,
then a fully-qualified name shall be used within the EDM module containing the renames clause, as specified in 15.1.9.

NOTE — Ambiguity can arise either because of clashes with the names of built-in classes, or because of clashes of simple names
between structures generated from more than one ASN.1 module, or both.

15.1.7 When a renames clause produces an explicitly generated structure from an implicitly generated structure, that
implicitly generated structure cannot be imported into this EDM module using an imports clause, and the implicitly
generated structure is never available in this EDM module.

15.1.8 These explicitly generated encoding structures have the same simple reference name as the implicitly
generated encoding structure from which they were formed (but are distinct classes). Where a fully-qualified name is
required for an explicitly generated encoding structure, that fully-qualified name shall include the "Moduleldentifier" of

the EDM module containing the renames clause, as specified in 15.1.9.
NET T

fu
15.1.4

that spme of these structures may have the same simple encoding class names. If any of these structurés-are refer
in thp body of this EDM, then the reference shall be an "ExternalEncodingClassReference®” containin
"modplereference" used as the ASN.1 module reference in the replaces clause of this EDM module.

15.1.1
by clg

15.1.1

module, then the simple "encodingclassreference” can be used unless an "ExternalEdcdodingClassReference" is req

as spq

15.1.]

same [structure as the implicitly generated encoding structures used in th€ir géneration, except as specified in 15.1.

NOTE — (Tutorial) If, in an EDM module, there are multiple structures.with the same simple reference name (whethet
names arise from an imports clause or from a renames clause, or fronxelashes with built-in classes, or from any combina

th
fu
th
re
th

ge
15.1.1
struct]

15.1.1
some

ly-qualified name includes the "Moduleldentifier" of the ASN.1 module in which the corresponding type was defined®

If an EDM produces explicitly generated encoding structures from more than one ASN.1 module;1t-s poj

0 The "ExternalEncodingClassReference" notation shall not be used in an imports clause¢’except where req
use 15.1.9.

1 If a name which has been imported using an "ExternalEncodingClassRefeference" is used in the body

cified in clause 15.1.9.

2 If the "OptionalNameChanges" is GENERATES, then all the explicitly generated encoding structures a

pse), then a fully-qualified name is used except for references t0;a built-in class. For implicitly generated structur
ly-qualified name always uses the ASN.1 module name. Fonstructures generated by the renames clause in an EDM m
b fully-qualified name is used. This fully-qualified namein the body of this EDM always uses the ASN.1 module
erenced by the renames clause. For structures imported ftom another EDM module, the fully-qualified name uses the n
t EDM module. This is always unambiguous, as importation is not permitted if an EDM module generates multiple exj
herated structures with the same simple reference name.

3 If "OptionalNameChanges" is "NameChanges", then 15.1.14 still applies, but the explicitly generated end
pres are further modified as specified in"15.2.

4 Consider an implicitly generated-encoding structure (A say) which contains an encoding class referet
other implicitly generated encoding structure (B say). Then:

a) If this renames clause (in any of its "ExplicitGeneration"s) produces an explicitly generated enc
structure corre§ponding to B (B1 say), then the corresponding reference in the explicitly gen
encoding strieture corresponding to A is a reference to B1.

b) If theresis-no explicitly generated encoding structure corresponding to B, then the reference i
generated’ encoding structure corresponding to A is a reference to B.

but their

ksible
enced
b the

P

juired

 of a
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15.2 | Name-c¢hanges
15.2.1 The "NameChanges" production is:
Namaénange
NanmeChanges ?
NameChange ::=
Ori gi nal C assNane
AS
NewCl assNane
I'N
NanmeChangeDonai n
OriginalClassName ::= SimpleDefinedEncodingClass | BuiltinEncodingClassReference
NewClassName ::= encodingclassreference
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15.2.2 Each "NameChanges" specifies that, in the generation of explicitly generated encoding structures, all
occurrences of "OriginalClassName" within "NameChangeDomain" in the implicitly generated encoding structures are
to be renamed as the class "NewClassName". "NameChangeDomain" is specified in 15.3, and identifies one or more
implicitly generated encoding structures (or components of those structures) from the ASN.1 module referenced by the
"GlobalModuleReference" in the "ExplicitGeneration".

NOTE 1 — This enables different encodings to be applied to some occurrences of a class from that applied to other occurrences.

NOTE 2 — This implies that "OriginalClassName" can only be a name implicitly generated from an ASN.1 type, that is, the name
of a user-defined ASN.1 type (preceded by "#"), or one of the class names listed in column 2 of Table 2.

15.2.3 References by "OriginalClassName" to fields of the implicitly generated encoding structure which correspond
to use of "External TypeReference" in the ASN.1 type definition shall use the "SimpleDefinedEncodingClass" notation
with the same "modulereference" as the "ExternalTypeReference". Otherwise, if the "DefinedType" (preceded by a
"#") is not a "BuiltinEncodingClassReference", a simple "encodingclassreference" shall be used. If a "typereference"
(prec¢ded by a "#") is a "BuiltinEncodingClassReference" then the "SimpleDefinedEncodingClass" notation¢shpll be
used ith the same "modulereference" as the ASN.1 module that generated the implicitly generated encoding, Striicture.

15.2.4 When an ELM imports an explicitly generated encoding structure from an EDM, renames clauses in|other
EDME have no effect on the encoding of that structure.
NOTE — This means in practice that all the "coloring" (see 9.16.4) needed for any particular message has to be done in a|single
EIpM.

15.2.§ The "NewClassName" shall be defined in an encoding class assignment statement(se€ clause 16) of the form:
<Newd assNane> ::= <Ori gi nal d assNane>

wherg "<NewCd assNanme>" and "<Ori gi nal Cl assNane>" are the names of the new and original classes appearjng in
the "WameChanges" production. The assignment shall be in the EDM module with'the renames clause.
NOTE — The "<O i gi nal O assNane>" is required to reference a built-in gncading class or an externally generated en¢oding

stiucture produced by the renames clause in this module. In case of ambiguity) this will require the use of an external refergnce in
"IOri gi nal d assNane>".

15.3 | Specifying the region for name changes
15.3.1 The production "NameChangeDomain" is:

NameChangeDomain ::=
I ncl udedRegi ons
Exception ?

Exception ::=
EXCEPT
Excl udedRegi ons

IncludedRegions ::=
ALL | Regi onLiyst

ExcludedRegions ::=RegionList
RegionList ::=
Regiion™," +

Region ::=
Si npl eDef i nedEncodi ngCl ass |
Conponent Ref er ence

ComponentReference ::=
Si npl eDef i nedEncodi ngd ass

Cbnponent | dLi st

ComponentldList ::=
identifier "." +
15.3.2 Each "SimpleDefinedEncodingClass" shall be the name of an implicitly generated encoding structure from the
ASN.1 module referenced by the "GlobalModuleReference" in the "ExplicitGeneration". When used in "Region", it
identifies the whole of that encoding structure definition.

NOTE — The "ExternalEncodingClassReference" form of "SimpleDefinedEncodingClass" is used if the referenced class is
derived from a "typereference" name which (when preceded by "#") is a "BuiltinEncodingClassReference" (see 15.2.3).
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15.3.3 Each "identifier" shall be the "identifier" in a "NamedField" of the implicitly generated encoding structure
identified by the "encodingclassreference" in the "ComponentReference". The "ComponentReference" identifies the
entire definition of the identified component of that encoding structure.

15.3.4 The first "identifier" of the "ComponentldList" shall be an "identifier" in a "NamedField" of the implicitly
generated encoding structure identified by the "encodingclassreference" in the "ComponentReference", and identifies
the entire definition of that component of the encoding structure.  Each subsequent "identifier" of the
"ComponentldList" shall be an "identifier" in a "NamedField" of the implicitly generated encoding structure identified
by the previous part of the "ComponentldList", and identifies the entire definition of that component.

15.3.5 The definitions identified by different "Region"s in "RegionList" shall be disjoint. A definition is identified by
"RegionList" if and only if it is identified by a "Region" in "RegionList".

15.3.6__If "IncludedRegions" is ALL, it identifies all parts of all the implicitly generated encoding structures from the
ASN.[l module referenced by the "GlobalModuleReference" in the "ExplicitGeneration".

15.3.7 The definitions identified by the "ExcludedRegions" shall be a proper subset of the definitions idedtified by the
"InclydedRegions".

15.3.8 The "NameChangeDomain" specification identifies the definitions in which the name changes are to be made.
The definitions in the "NameChangeDomain" are the definitions identified by the "IncludedRegiéns" which are nqt also
identified by "ExcludedRegions".

16 Encoding class assignments

16.1 | General
16.1.1 The "EncodingClassAssignment" is:

EncodingClassAssignment ::=
encodi ngcl assref erence

Eﬁéodi ngd ass

16.1.2 The "EncodingClassAssignment" assigns the "EneodingClass" to the "encodingclassreference".

NOTE - Any "EncodingObject" notation that was valid with "EncodingClass" as a governor is valid| with
"epcodingclassreference" as a governor.

16.1.3 An encoding class is in one of the follawing categories:

a) A category in the bit-field greup of categories (see 16.1.7).
b) The alternatives category\(see 16.1.8).

¢) The concatenation eategory (see 16.1.9).

d) The repetition gategory (see 16.1.10).

e) The optionality/category (see 16.1.11).

f) The tagCategory (see 16.1.12).

g) A catégory in the encoding procedure group of categories (see 16.1.13).

NOTE — The‘term encoding constructor is used for any class in the alternatives, concatenation, and repetition categories. (These
arg also called*the encoding constructor group of categories.

16.1.4 ~The category of each built-in encoding class is specified in 16.1.14.
N cpeodine el atasced class{see 16 d ee
category of the class with the tag and the bounds removed.

16.1.5 The "EncodingClass" is:

sslis the

EncodingClass ::=
Bui | ti nEncodi ngCl assRef erence
| Encodi ngStruct ure

16.1.6 The "BuiltinEncodingClassReference" is:

BuiltinEncodingClassReference ::=
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Bitfiel dO assRef erence

Al ternativesd assReference
Concat enat i onCl assRef er ence
Repetitiond assRef erence
Optionalityd assRef erence

Tagd assRef erence

Encodi ngPr ocedur eC assRef erence

16.1.7 The "BitfieldClassReference" is:

BitfieldClassReference ::=
#NUL
#BOCL
#1 NT
#BI TS

ISO/IEC 8825-3:2015 (E)

|

I

I

| #OCTETS

| #CHARS

| #PAD

| #Bl T- STRI NG

| #BOOLEAN

[ #CHARACTER- STRI NG
| #EMBEDDED- PDV

| #ENUVERATED

| #EXTERNAL

[ #1 NTEGER

| #NULL

[ #OBJECT- | DENTI FI ER
| #COCTET- STRI NG

| #OPEN- TYPE

| #REAL

| #RELATI VE- O D

| #TI MVE

| #DATE

[ #DATE- TI ME

| #TI ME- OF- DAY

| #DURATI ON

| #Cener al i zedTi ng
| #UTCTi ne

| #Cbj ect Descrl pt or
| #BWPSt ri ng

| #Ceneral St'ri ng

| #QG aphicString

[ #1 A5StTi ng

| #Nurreri cString

| #Printabl eString
| #Tel etexString

| #Uni versal String
| #UTF8St ri ng

| #Vi deot exString

| #Vi si bl eString

The cpategories of theclasses that these built-in names reference (see 16.1.14) are all defined to be in the bit-field group

of catpgories.
16.1.8 ThelAlternativesClassReference" is:

AlternativesClassReference ::=
#ALTERNATI VES

f HCHOCE
16.1.9 The "ConcatenationClassReference" is:

ConcatenationClassReference ::=
#CONCATENATI ON
| #SEQUENCE
| #SET

16.1.10 The "RepetitionClassReference" is:

RepetitionClassReference ::=
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#REPETI TI ON
| #SEQUENCE- OF
| #SET- OF

16.1.11 The "OptionalityClassReference" is:

16.1.1

OptionalityClassReference ::=
#OPTI ONAL

2 The "TagClassReference" is:

TagClassReference ::=
#TAG

16.1.13 The "EncodingProcedureClassReference" is:

16.1.]
class.
classd
each

classd
of the

EncodingProcedureClassReference ::=
#TRANSFORM
| #CONDI TI ONAL- | NT
| #CONDI TI ONAL- REPETI TI ON
| #QUTER

4 Some of these classes are defined to be primitive, and can only be encoded by encoding, objects of thei
Others are derived from a primitive class through class assignment statements, and can be)de-referenced to
s. Their category is that of the class from which they are derived. The following afe the primitive classg

s, any syntax permitted for the corresponding primitive class can be used for th¢ derived class. The third ¢
table gives the category for each of the built-in classes that are not derived ftonDother classes.

r own
these
s that

built-in class is derived from through class assignment statements. When defining<encoding objects of d¢rived

lumn

38

Rec. ITU-T X.692 (08/2015)


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

16.2

ISO/IEC 8825-3:2015 (E)

Built-in class Derived from Cat egory
#ALTERNATI VES (primtive) alternatives

#BI TS (primtive) bitstring

#BI T- STRI NG #BI TS

#BOOL (primtive) bool ean

#BOOLEAN #BOOL

#CHARACTER- STRING  (defined usi ng #SEQUENCE)
#CHARS  (prinitive) characterstring

#CHO CE #ALTERNATI VES

#CONCATENATI ON (prim tive) concatenation
#CONDI T1 ONAL- | NT (primtive) encodi ng procedure

#CONDI TI ONAL- REPETI TION ~ (primtive) encodi ng procedure
#EMBEDDED- PDV (defi ned usi ng #SEQUENCE)

HENOVERATED FHNT

#EXTERNAL (defined using #SEQUENCE)

#1 NT (primtive) integer

#1 NTEGER #| NT

#NUL (primtive) null

#NULL #NUL

#OBJECT- |1 DENTI FIER (primtive) objectidentifier
#OCTETS (prinitive) octetstring

#OCTET- STRI NG #COCTETS

#OPEN- TYPE (primtive) opentype

#OPTI ONAL (primtive) optionality
#OUTER  (prinmitive) encodi ng procedure
#PAD (primtive) pad

#REAL (primtive) real

#RELATI VE- O D #OBJECT- | DENTI FI ER
#REPETI TI ON (primtive) repetition
#SEQUENCE #CONCATENATI ON
#SEQUENCE- OF  #REPETI Tl ON

#SET #CONCATENATI ON

#SET- OF #REPETI TI ON

#TAG (primtive) tag

#TI VE (primitive) tine

#DATE #TI ME

#TI ME- OF- DAY  #TI ME

#DATE- TI ME #TI NE

#DURATI ON #TI'NE

#TRANSFORM ¢(primtive) encodi ng procedure
#Gener al i zedTie #CHARS

#UTCTi ne #CHARS

#Qbj ect Descr i pt or #CHARS

#BMPSt rI\ng #CHARS

#Cenenral St ri ng #CHARS

#QG aphi cStri ng #CHARS

# ABSt ri ng #CHARS

#Numer i ¢St ri ng #CHARS

#Printabl eString #CHARS

#Tel et exSt ri ng #CHARS

#Uni versal String #CHARS
#UTF8St ri ng #CHARS

#Vi deot exString #CHARS

#Vi si bl eSt ri ng #CHARS

I A K 4 ‘o A DY YR
LAICOUIITS ST ULUI T uciimmiuvix

16.2.1 The "EncodingStructure" is:

EncodingStructure ::=
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16.2.]
notati
classg
classg
(Exarn
D.2.2

N
en

16.2.3
16.2.4
16.2.5
16.2.¢

TaggedStruct ure
| Unt aggedStruct ure

TaggedStructure ::=
" [ "
Tagd ass
TagVal ue ?
"
Unt aggedSt ruct ure

UntaggedStructure ::=
Def i nedEncodi ngQ ass
| Encodi ngSt ruct ur eFi el d
| Encodi ngSt ruct ur eDef n
—TagClass 7=

Def i nedEncodi ngCl ass |
Tagd assRef erence

TagValue ::=
"(" nunmber ")"

An "EncodingStructure" defines a structure-based encoding class using the notation. spec€ified below.
on permits the definition of arbitrary encoding classes using built-in encoding classes-and defined eng
s (which may be generated encoding structures) for bit-fields, encoding constructors;,and the encoding prod
s in the optionality category. All classes defined by "EncodingStructure" are in_the ¢ncoding structure catd
hples of an encoding structure assignment illustrating many of the syntactic.structures is given in D.2.8.
3 is an example of the use of #TAG)

DTE — The syntax prohibits the specification of a tag class immediately followifig*another tag class in the definition|

The "DefinedEncodingClass" is specified in 10.9.1 and shall be(a ¢lass in the bit-field group of categories
The "DefinedEncodingClass" in the "TagClass" shall be alass in the tag category (see 16.1.3).
The "number" in "TagValue" specifies a tag number which is associated with the class in the tag category
The "EncodingStructureField" is:

EncodingStructureField ::=

coding structure, nor can such structures be produced by multiple textual tags ifian ASN.1 type definition (see 11.3.4.1 ¢).

This
oding
edure
gory.
¢ and

of an
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#NUL

#BOOL

#l NT Bounds?

#BI TS Si ze?
#OCTETS Si ze?
#CHARS Si ze?

#PAD

#Bl T- STRI NG Si ze?
#BOOLEAN

#CHARACTER- STRI NG
#ENMBEDDED- PDV
#ENUVERATED Bounds?
#EXTERNAL

#| NTEGER Bounds?

I

I

I

I

I

I

I

I

I

I

I

|

| FINOLC L

| #OBJECT- | DENTI FI ER
| #OCTET- STRING Si ze?
| #OPEN- TYPE

| #REAL

| #RELATI VE- O D
| #TI ME

| #DATE

| #TI ME- OF- DAY

| #DATE- TI ME

| #DURATI ON

| #Cener al i zedTi ne

| #UTCTi ne

| #Cbj ect Descri ptor Si ze?
| #BMPSt ri ng Si ze?

| #Ceneral String Si ze?

| #Q aphi cString Si ze?

| #l ASSt ri ng Si ze?

| #Nureri cString Si ze?

| #Printabl eString Si ze?
| #Tel etexString Si ze?

| #Uni versal String Si ze?
| #UTF8St ri ng Si ze?

| #Vi deot exString Size?
| #Vi si bl eString Si ze2

16.2.7 The "EncodingStructureField"s represgnt-all possible bitstring encodings for the corresponding ASN.1 fypes,
and cfin be assigned values of those types in.a\walue mapping (see clause 19).

16.2.3 The ASN.I values which can be associated with each primitive field are as follows:

#NUL The null val ue
#BOOL The bool ean val ues
#1 NT( NThe integer val ues
#BICFS Bi t string val ues

#OCTETS Cctetstring val ues
#CHARS Character string val ues
#PAD None

#OBJECT- | DENTI FI ER oj ect identifier values
#OPEN- TYPE Qpen type val ues

#REAL Real val ues

#TI ME Ti me val ues

#TAG Tag nunbers

NOTE — The #PAD field cannot have associated ASN.I values, and is never visible outside the encoding and decoding
procedures.

16.2.9 The "Bounds" and "Size" specify the bounds or effective size constraint respectively on the abstract values that
can be mapped to the field (see clause 19).

NOTE - Effective permitted alphabet constraints cannot be assigned in an encoding structure definition. They can only be
assigned through the value mappings of clause 19.

16.2.10 "Bounds" and "Size" are:
Bounds ::="(" EffectiveRange ")"

EffectiveRange ::=
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M nMax
| Fi xed

Si ze o= "(" SIZE SizeEffectiveRange ")"

Si zeEffectiveRange :: =
"(" EffectiveRange ")"

M nMax ::=
Val ueOrM n
Val ueOr Max
ValueOMn ::=
SI gllUdr‘iJllJUCI i
M N
Val ueOr Max :: =
Si gnedNunber |
MAX
Fi xed ::= Si gnedNunber

16.2.11 M N and MAX specify that there is no lower or upper bound respectively. M I shall not be used in "Bize".
"Fixefl" means a single value or a single size. "SignedNumber" is specified in_‘Re¢. ITU-T X.680 | ISQ/IEC
882441, 19.1. It shall be non-negative when used in "Size". "ValueOrMin" and "ValueOrMax" specify lower and upper
bounds respectively.

16.2.12 The "EncodingStructureDefn" is:

EncodingStructureDefn ::=
Al ternativesStructure
| RepetitionStructure
| Concat enati onSt ruct ur'e

16.2.13 These encoding structures are defined in the following'clauses:

Al ternativesSthucture 16. 3
RepetitionStkucture 16. 4
Concat enati)onSt ruct ure 16.5

16.3 | Alternative encoding structure
16.3.1 The "AlternativesStructure" iss

AlternativesStructure ::=
Al ternativesCass

{
NanedFi él-ds
ll}ll

AlternativesClass ::=
Defyi nedEncodi ngd ass
Al ternativesd assRef erence

NamedFields ::= NamedField "," +
NamedFigld 0=

! .
ruciinrirrel

Encodi ngStructure

16.3.2 The "AlternativesStructure" identifies the presence in an encoding of precisely one of the
"EncodingStructure"s in its "NamedFields". The "DefinedEncodingClass" shall be a class in the alternatives category
(see 16.1.8). The mechanisms used to identify which of the "EncodingStructure"s is present in an encoding are
specified by an encoding object of the "AlternativesClass".

16.3.3 The "AlternativesStructure" is an encoding constructor: when an encoding object set is applied to this structure
as specified in 13.2, the encoding of the "AlternativesClass" determines the selection of alternatives, and the application
point then proceeds to each of the "EncodingStructure"s in its "NamedFields".
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16.4 Repetition encoding structure
16.4.1 The "RepetitionStructure" is:

RepetitionStructure ::=
Repetitiond ass
e
identifier ?
Encodi ngStruct ure

Si ze?

RepetitionClass ::=
Def i nedEncodi ngd ass |
Repetiti onC assRef erence

16.4.2 The "RepetitionStructure" identifies the presence in an encoding of repeated occurrences V.0f the
"EncqdingStructure" in the production. The optional "Size" construction (see 16.2.9) specifies bounds on the numbper of
repetitions. The mechanisms used to identify how many repetitions of the "EncodingStructure” are: présent [in an
encoding are specified by an encoding object of the "RepetitionClass" class. The "DefinedEncodingClass" shal| be a
class |n the repetition category (see 16.1.10).

16.4.3 The "RepetitionStructure" is an encoding constructor: when an encoding object is applied to this structyire as
specified in clause 13.2, the encoding of the "RepetitionClass" determines the mechanisms for determining the nymber
of regletitions, and the application point then proceeds to the "EncodingStructure" in the production.

NOTE — The characters "{" and "}" are used in this construction, but are not present ‘in/the related ASN.1 SEQUENCE OF
copstruction. This was done to help avoid syntactic ambiguities in structure definition.

16.5| Concatenation encoding structure
16.5.1 The "ConcatenationStructure" is:

ConcatenationStructure ::=
Concat enat i onCl ass
e
Concat Conponent s
ny

ConcatenationClass ::=
Def i nedEncodi ngCl ass |
Concat enat i onCl assRef er.ence

ConcatComponents ::=
Concat Conponent ", " *

ConcatComponent ::=
NanedFi el d
Concat Conpenent Presence ?

ConcatComponentPresence ::=
OPTI ONAL- ENCODI NG
Opt.jsonal A ass

OptionalClass ::=
Def i nedEncodi ngd ass |
Optional i tyd assRef erence

16.5.2 ~The "ConcatenationStructure" identifies the presence in an encoding of zero or one encodings for each pf the

the optionality category (see 16.1.3).

16.5.3 If "ConcatComponentPresence" is absent from a "Component”, then the "EncodingStructure" in that named
field shall appear precisely once in the encoding.

16.5.4 If "ConcatComponentPresence" is present, the mechanism used to determine whether there is an encoding of
the corresponding "EncodingStructure" is specified by the encoding object which encodes the "OptionalClass".

16.5.5 The order in which the encodings of each "NamedField" appear in an encoding of the concatenation (and the
means of identifying which "NamedField" an encoding represents) is determined by an encoding object of the
"ConcatenationClass" class.
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16.5.6 The "ConcatenationStructure" is an encoding constructor: when an encoding object is applied to this structure
as specified in clause 13.2, the encoding of the "ConcatenationClass" determines the concatenation procedures and the
application point then proceeds to each of the "EncodingStructure"s in its named fields.

17

17.1

Encoding object assignments

General

17.1.1 The "EncodingObjectAssignment" is:

Encodi ngCbj ect Assi gnnent :: =

encodi ngobjectreference

Def i nedOr Bui | ti nEncodi ngd ass

E.n;:odi ngQhj ect

17.1.2 The "EncodingObjectAssignment" defines the "encodingobjectreference”" as an encoding objeét referei

the "
"Defi
the di

FncodingObject”, which is required to be a production which generates an object ofi'the encoding
hedOrBuiltinEncodingClass". (D.1.2.2, D.1.7.3 and D.1.8.2 provide examples of encodingidbject assignme
[fferent syntactic constructions for "EncodingObject" specified below.)

17.1.3 The "DefinedOrBuiltinEncodingClass" is called the governor of the "EncodingObject" notation i
production.

N

DTE 1 — Whenever the "EncodingObject" production appears in ECN, there is a_geVernor, and the syntax of the go

ngtation depends on the encoding class of the governor.

N

DTE 2 — The syntax of the governed notation has been designed so that a parser’ can find the end of it without knowledge

gagvernor.

17.1.4 There shall be no recursive definition (see 3.2.39) of an !'encodingobjectreference", and there shall
recurgive instantiation (see 3.2.40) of an "encodingobjectreference!\if these recursions lead to an infinite recurs
the dgfinition of the encoding.

17.1.3 The "EncodingObject" is:

EncodingObject ::=
Def i nedEncodi ngQbject
| Def i nedSynt ax
| EncodeWth
| EncodeBy Val:ueMappi ng
| EncodeSt kuct ur e
| Di fferenti al EncodeDecode(j ect
| EncodiingOpt i onsEncodi ngoj ect
| NohECNEncodi ngOhj ect

17.1.¢ "DefinedEncodingObject" identifies an encoding object and is specified in 10.9.2.

"Defi
the g

hedEncodingObject" shall'be of the same encoding class as the governor, or of a class which can be obtained
vernor by de-referéneing.

17.1.7 In this Re€ommendation | International Standard, "the same encoding class" and "the same class" sh
interpreted as meaning that the notation used for defining the two classes shall be the same encoding class refe

name

or shall bewreference names that de-reference to the same encoding class name.

17.1.8 Th& remaining productions of "EncodingObject" are defined in the following clauses and provide alter]

mean

17.2

Ice to
class
nt for

y this

verned

of the

be no
on in

The
from

hll be
rence

hative

b 6f defining encoding objects of the governor class:
DefinedSyntax 17.2 with clauses 20 to 25
EncodeWith 17.3
EncodeByValueMapping 17.4
EncodeStructure 17.5

DifferentialEncodeDecodeObject 17.6
EncodingOptionsEncodingObject  17.7
NonECNEncodingObject 17.8

Encoding with a defined syntax

17.2.1 The "DefinedSyntax" production is specified in Rec. ITU-T X.681 | ISO/IEC 8824-2, 11.5 and 11
modified by B.16 of this Recommendation | International Standard, and is used for the definition of encoding objects for
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a governing encoding class. The detailed syntax for doing this is specified in clauses 23 to 25, and the semantics of the
constructs is specified in clause 22.

17.2.2 This notation for defining encoding objects is only available for the governing encoding classes in the
categories (or of the class) listed in Table 3 below. The syntax to be used for each encoding object is the
"DefinedSyntax" for the corresponding category or encoding class (specified in clauses 23 to 25).

NOTE 1 — The use of this syntax frequently requires the inclusion of a parameter for a determinant. Parameterized encoding
objects with such parameters (possibly included as part of a parameterized encoding object set) are only useful for application to
an encoding structure in an EDM, or for inclusion as encoding objects to be applied as part of a replacement action. They cannot
be applied in the ELM.

NOTE 2 — This notation enables users to specify encoding objects which encode #SET in the way PER normally encodes
#SEQUENCE, and vice versa. Users are expected to be responsible in their use of this notation.

[ Iable 3—Categories and ciasses supported by @ defilmed symtax |
nul | category

bool ean cat egory

i nteger category

bitstring category
octetstring category
characterstring category

pad category

al ternatives category
repetition category

concat enati on category
optionality category

#CONDI TI ONAL- | NT cl ass

#CONDI TI ONAL- REPETI TI ON cl ass
tag category

#TRANSFORM cl ass

#QOUTER cl ass

17.2.3 The information required (and the syntax to be used) to specify an encoding object of one of these categories
or clakses using the "DefinedSyntax" is specified by the definitiofi§ in clauses 23 to 25.

17.2.4 If a governor for a value of one of the fields appearing in the "DefinedSyntax" is needed for use in a dymmy
paranjeter list, then the notation "EncodingClassFieldFype" (specified in B.17) shall be used. No other use shpll be
made|of the "EncodingClassFieldType" notation.

17.2.§ Where the syntax defined in clause 23 requires the provision of a REFERENCE, this can only be supplied [in the
"DefipedSyntax" construction by using a dumuhy parameter of the encoding object that is being defined or, in th¢ case
of f1 pg-t 0- be- used or f | ag-t o- be- set ,)by using a reference name that is textually present in the definitiof of a
replagement structure. A REFERENCE that is used as a determinant shall not be the named component of a repetitign.

17.2.¢ The "DefinedSyntax" notdtion specifies whether the encoding object being defined exhibits an identifigation
handl

192

17.3 | Encoding with encoding object sets
17.3.1 The "EncodéWith" is:

EncodeWth ::=
"{" ENCODE Conbi nedEncodi ngs "}"

17.3.2 ~"CombinedEncodings" and its application to an encoding class is specified in clause 13.

17.3.3 The encoding object defined by the "EncodeWith™ is the application of the "CombinedEncodings” to the
encoding class that is the governor (see 17.1.3) of the "EncodeWith" notation.

17.3.4 It is a specification error if this does not produce a complete encoding specification for the governor class.

17.3.5 If an encoding object set in the "CombinedEncodings" is parameterized with a parameter that is a REFERENCE,
the actual parameter supplied in this construction can only be a dummy parameter of the encoding object that is being
defined.

17.3.6 Call E the encoding object (within the "CombinedEncodings") which is applied to the governor class. If the
encoding object E exhibits an identification handle (with a given handle value set), then the encoding object being
defined (see 17.1.5) exhibits the same identification handle as E (with the same handle value set); otherwise, it does not
exhibit a handle.
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17.4
17.4.1

Encoding using value mappings
The "EncodeByValueMapping" is:

EncodeByVal ueMapping :: =
npe
USE
Def i nedOr Bui | ti nEncodi ngd ass
MAPPI NG
Val ueMappi ng
W TH
Val ueMappi ngEncodi nghj ect s

17.4.]

user-defined encoding structure or a built-in class in the bit-field group of categories (see 16.1.7).

17.4.]

goverping encoding class to the class identified by the "DefinedOrBuiltinEncodingClass"«~ The governing enc
class phall be a class in the bit-field group of categories.

17.4.4

The "[EncodingObject" shall define an encoding object using notation governed by-that class, or by a class to wh
can bp de-referenced (see 17.1.3). The "DefinedOrBuiltinEncodingObjectSet" can alternatively be used to speci

encodq
encoq

17.4.5

this dlause) and the use of reference names. (D.2.9.3 gives an €xample of in-line definition to perform two

mapp,
17.4.4

17.4.7

specifications in clause 19 require values to be mapped to those fields that violate the specified bounds or effectiv
aints, then such values are not mapped{ and the encoding of such values is not possible. It is an E¢N or

const
applig
17.4.8

E exh
exhib|

N

the

17.5

YatueivipprmgEncodirmgthjects =
Encodi ngOhj ect
| Def i nedOr Bui | ti nEncodi ngbj ect Set

The production "DefinedOrBuiltinEncodingClass" and its semantics are defined in 10.9.10< It shall

The production "ValueMapping" is specified in 19.1.7, and shall be a mapping of values associated wi

The "ValueMappingEncodingObjects" specifies the encoding of the "DefinedOrBuiltinEncodingClass"|

ing of the "DefinedOrBuiltinEncodingClass" and shall contain sufficient’encoding objects to fully speci
ing of that class through the application of encodings specified in clatise*13.

The syntax for "EncodingObject” allows both in-line definition® of encoding objects (recursive applicat

ngs in a single assignment.)

ation error if such values are submitteéd for encoding.

Call E the encoding object which is applied to the "DefinedOrBuiltinEncodingClass". If the encoding
ibits an identification handle (with a given handle value set), then the encoding object being defined (see 1
ts the same identification handle as E (with the same handle value set); otherwise, it does not exhibit a handl

DTE — The encoding objedt B may be either the "EncodingObject” in the "ValueMappingEncodingObjects", or a menj
"DefinedOrBuiltinEncodingObjectSet".

Encoding an‘eéncoding structure

be a

h the

pding

The
ich it

'y the

y the

on of
value

Where the "EncodingObject" requires the provisionn of a REFERENCE, this can only be supplied ip this
constfuction by using a dummy parameter of the encodingobject that is being defined.

Where there are bounds or effective size copstraints on fields of the "DefinedOrBuiltinEncodingClass", afpd the

e size

bbject
7.1.5)

L.

ber of

U

17.5.1 The "EncodeStructure" is:
EnC¢odeStructure ::=
II{ l
ENCODE STRUCTURE
T
Conponent Encodi nglLi st
Struct ureEncodi ng ?
wy
Conbi nedEncodi ngs ?
Wy
StructureEncoding ::=
STRUCTURED W TH
TagEncodi ng ?
Encodi ngOr UseSet
TagEncoding ::= "[" EncodingOrUseSet "]"
EncodingOrUseSet ::=
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Encodi nglbj ect |
USE- SET

17.5.2 The "EncodeStructure" can be used to define an encoding only if the governing encoding class de-references to
a construction defined using an encoding constructor in the alternatives, concatenation, or repetition categories, or to a
construction defined using one of these categories preceded by a class in the tag category. This encoding constructor is
called the governing encoding constructor.

17.5.3

"StructureEncoding", if this production is present, shall define an encoding for the governing encoding

constructor and for any preceding class in the tag category that precedes the governor encoding constructor. If the
production is absent, the "CombinedEncodings" shall be present, and shall contain encoding objects which can encode
the governing encoding constructor and any preceding class in the tag category, otherwise the ECN specification is in

error.
N
pr

17.5.4
const
actioif

17.5.5
gover

17.5.4
by ap
class,

17.5.7

17.5.4
The "
N
||C

17.5.9
an en

17.5.1
"Con
13.2)

"

hduced. Ifit is desired to defer the specification of part of an encoding, then a dummy parameter should be used.
If the "ComponentEncodingList" is not empty, then the encoding object applied to the governing) enc

fuctor (whether from "StructureEncoding" or from "CombinedEncodings") shall not specify any.'feplac
S.

If the "EncodingOrUseSet" in the "StructureEncoding" is an "EncodingObject", it shallybe governed Y
hing encoding constructor.

If USE- SET is specified in any "EncodingOrUseSet", then the encoding of the gofresponding class is obf
plying the "CombinedEncodings", which shall be present, and shall be sufficieht to encode the correspo
otherwise the ECN specification is in error.

The "ComponentEncodingList" is:

Conponent Encodi ngLi st ::=
Conponent Encodi ng "," *

Conponent Encodi ng :: =
NonOpt i onal Conponent’Encodi ngSpec |
Opt i onal Conponent<Encodi ngSpec

There shall be at most one "ComponentEncoding’; for each component of the governing encoding constr
ComponentEncoding"s shall be in the same textual\order.

TE — The absence of "ComponentEncoding"s.>ean be detected by following named fields, or by the end
omponentEncodingList".

The "Optional ComponentEncodingSpec" shall be used if and only if the component is optional (i.e., co
toding class in the optionality category).

0 If the "ComponentEncoding|“for any component is not present in the "ComponentEncodingList", thg
binedEncodings" shall be present (but see also 17.5.6), and is required, on application to the componen
to provide a complete ehcpding of that component (possibly including use of dummy parameters), otherwis|

an eryjor in the ECN specification.

NonOptionalComponentEncodingSpec ::=
identifier ?
TagAndEl enent Encodi ng

OptienalComponentEncodingSpec ::=
identifier
TagAndEl enent Encodi ng

has to be

oding
bment

y the

ained
nding

uctor.

f the

htains

n the
b (see
citis

OPTI ONAL - ENCODI NG

Opt i onal Encodi ng
TagAndElementEncoding ::=

TagEncodi ng ?

Encodi ngOr UseSet

OptionalEncoding ::= EncodingOrUseSet

17.5.11 The "identifier" shall be the "identifier" of the component of the governing encoding constructor.
"identifier" in "NonOptionalComponentEncodingSpec" shall be omitted if and only if the governing encoding
constructor is a class in the repetition category for which there is no identifier on the repeated element.
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17.5.12 "TagAndElementEncoding" in the "ComponentEncoding" shall provide a complete encoding for the
component (including any class in the tag category that is prefixed to the element, but excluding any class in the
optionality category that follows the element).

17.5.13 The "EncodingObject"s in the "EncodingOrUseSet"s in the "TagAndElementEncoding" shall be governed by
the corresponding encoding classes in the component. If an "EncodingOrUseSet" is USE- SET then the encoding is
obtained by applying the "CombinedEncodings" (which shall be present).

17.5.14 The "EncodingOrUseSet" in the "OptionalEncoding" shall completely encode the class in the optionality
category of the component. If an "EncodingOrUseSet" is USE- SET then the encoding of the class in the optionality
category is obtained by applying the "CombinedEncodings" (which shall be present).

17.5.15 If a REFERENCE is needed as an actual parameter of any of the encodmg ob]ects or encodlng Obj ect sets used in
this prod ed, or it
can be supphed as a "ComponentIdLlst" (see 15.3.1 for the syntax of the "ComponentIdLlst" )f the
"ConmjponentIdList" in this context is specified below).

the meamng

17.5.16 If the governor is not a constructor in the repetition category, then the first (or only) "identifier" fn the
"ConjponentIdList" shall be the "identifier" of a textually present "NamedType" (at some level of nesting’— see 175.17)
of thp construction that is obtained by de-referencing the governor. It identifies the entife| definition of that
"NanjedType" component, whether that definition is textually present or not.

17.5.17 If there is more than one such matching identifier, then the chosen matching identifier shall be determined by
the fifst match in a scan (in textual order) of the outer-level identifiers, then by a scan (invtextual order) of the spcond
level |dentifiers, then by a scan (in textual order) of the third-level identifiers, and so-on.

17.5.18 Each subsequent "identifier" of the "ComponentldList" (if any) shall Be an "identifier" in a "NamedType" of
cture identified by the previous part of the "ComponentldList", and\identifies the entire definition of that
"NamedType" component, whether it is textually present or not in thesd¢finition of the structure identified Hy the
previgus part of the "ComponentIdList".

17.5.19 If the governor is a constructor in the repetition category,«then the actual parameter for the REFERENCH shall
be a| "ComponentldList" whose first "identifier" identifies>, @ component that is textually present i the
"EncqdingStructure" in the "RepetitionStructure" obtained by‘de-referencing the repetition (see 17.5.17). Subclauses
17.5.17 and 17.5.18 then apply.

17.5.20 If the REFERENCE is required to identify a container, it can also be supplied as:

a) STRUCTURE (provided the constructor’for the structure being encoded is not an alternatives catdgory)
when it refers to that structure;

b) QUTER when it refers to the dontainer of the complete encoding.

NOTE — The "EncodeStructure" is the,only production in which REFERENCEs can be supplied, except through the pse of
duymmy parameters or the use of OUTER, 'or where references are in support of f | ag-t o- be- used or f | ag-t o- be- get in
th¢ definition of an encoding objeet'for a class in the repetition category which uses replacement.

17.5.21 Determination of whether the encoding object being defined (see 17.1.5) exhibits an identification Handle
shall pe done as follows:

a) if the "TFagEncoding" is present in "StructureEncoding", call E the encoding object which is appljed to
the eaCoding class in the tag category; or

b) ifthé "TagEncoding" is not present in "StructureEncoding", call E the encoding object which is applied
teV the governing encoding constructor (this may be either the "EncodingObject" i the
"EncodingOrUseSet" in the "StructureEncoding", or may be a member of the "CombinedEncodings|").

If the|enCoding object E exhibits an identification handle (with a given handle value set), then the encoding object|being
defined exhibits the same identification handle as E (with the same handle value set); otherwise, it does not exhibit a
handle.

17.6 Differential encoding-decoding
17.6.1 The "DifferentialEncodeDecodeObject" is:
DifferentialEncodeDecodeObject ::=
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ENCODE- DECODE
SpecFor Encodi ng

DECODE AS | F
SpecFor Decoder s
ll}ll

SpecForEncoding ::= EncodingObject
SpecForDecoders ::= EncodingObject

17.6.2 The "DifferentialEncodingObject" specifies rules for encoding abstract values associated with the class of the
governor of this notation, and (separately) rules to be used by decoders for recovering abstract values from encodings
that are assumed to have been produced by encoding objects of the class of the governor.

17.6.3  The "SpecForEncoding™ shall be applied by encoders. Decoders shall decode as 1f the encoder had appligd the
"SpedForDecoders".
NOTE 1 — The "SpecForDecoders" is still an encoding specification. It tells decoders to assume that encoders have us¢d this
spgcification.

NOTE 2 — The behaviour of decoders that decode on the assumption that an encoder has used the "SpecForDetoders", but|detect
enfoding errors, is not standardized.

17.6.4 The "SpecForEncoding" and the "SpecForDecoders" encoding objects shall not-have been defined |using
ENCODE- DECCDE, nor shall any encoding objects used in their definition have been defined using ENCODE- DECCDH.

NOTE — This restriction is present because otherwise specification of the meaning of the.eneode/decode construction [would
befcome more complex with no added functionality.

17.6.5 If the "SpecForEncoding" and the "SpecForDecoders" exhibit the same identification handle with the|same
handlp value set, then the encoding object being defined (see 17.1.5) exhibits thdt identification handle (with the|[same
handlp value set); otherwise, it does not exhibit a handle.

17.7 Encoding options
17.7.1 The "EncodingOptionsEncodingObject" is:

Encodi ngOpt i onsEncodi ngChj ect : .=
OPTI ONS
Encodi ng@pi onsLi st
W TH Aht-er nati vesEncodi ngQbj ect

II}II
Encodi ngOpt i onsList, :: = O deredEncodi nghj ect Li st
Al ternativesEncodi nglbj ect ::= Encodi ngObj ect

17.7.2 The "EncodingOptionsEncodingObject" specifies that the encoder may encode (subject to 17.7.6) using gny of
the "IEncodingObject"s in they"EncodingOptionsList". These "EncodingObject"s shall all be encoding objects ¢f the
goverhing class.

is papable of encoding the abstract value to be encoded (see 17.7.6). The encoding options specification is provided only bgcause
it |s necessary-t\reflect options provided in legacy protocols and to support different forms of length encoding for strings. All
th¢ encoding'Options can, of course, occur when decoding.

NOTE — New implementations are strongly recommended to encode using the earliest "EncodingObject” in the ordered lgEt that

17.7.3 Thg "AlternativesEncodingObject" shall be an encoding object of any class in the alternatives category, and
encodets“and decoders shall use the encodings and procedures specified by that encoding object as if the encpding
options were encodings Tor alternatives oI an instance ol that class. 1he "AlternativesEncodingObject” shall not contain
a REPLACE specification (see 23.1.1). The DETERM NED BY parameter shall be set to handl e, and an identification
handle shall be specified.

NOTE - If the "AlternativesEncodingObject" is parameterized with a reference field parameter, then the

"encodingobjectreference" being defined has to be parameterized with a dummy reference field parameter that is used as the
actual parameter for the "AlternativesEncodingObject".

17.7.4 All "EncodingObject"s in the "EncodingOptionsList" shall exhibit that identification handle, and their handle
value sets shall all be disjoint.

17.7.5 If the "AlternativesEncodingObject" exhibits an identification handle (with a given handle value set), then the
encoding object being defined (see 17.1.5) exhibits the same identification handle (with the same handle value set);
otherwise, it does not exhibit a handle.
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NOTE — The identification handle exhibited by the "AlternativesEncodingObject" (if any) is unrelated to the identification handle
exhibited by the "EncodingObject"s in the "EncodingOptionsList", even if they have the same name.

17.7.6 The encoder shall restrict its choice of "EncodingObject"s in the "EncodingOptionsList" to those that provide
encodings for the actual abstract value being encoded. It is an ECN specification or application error if there is not at
least one such "EncodingObject" for any abstract value that is to be encoded.

NOTE 1 — It is possible that the sets of abstract values encoded by the "EncodingObject"s in the "EncodingOptionsList" are
disjoint. This is not an error, and can be a convenient way of specifying different structures for encoding different ranges of
abstract values of the governing class, for example short form and long form encodings where the short form is mandatory for
small values.

NOTE 2 — It is possible to use an encoding options encoding object as the "SpecForDecoders" (see 17.6), where the
"SpecForEncoding" is an encoding options encoding object that contains exactly one of the options in the "SpecForDecoders".
This is another approach to extensibility.

17.8
17.8.]

17.8.]
notati

17.8.3
as m
"anys

17.8.4
this R

17.8.4
rules

17.8.4
17.1.5
defing

18

18.1
18.1.]

Non-ECN definition of encoding objects
The "NonECNEncodingObject" is:

NonECNEncodi ngQbj ect : : =
NON- ECN- BEG N
Assi gnedl denti fier
anystringexcept nonecnend
NON- ECN- END

The "NonECNEncodingObject" shall specify an encoding object of the governor class (see 17.1.3).
on used to do this is contained in "anystringexceptnonecnend" and is not standatdized.

The production "Assignedldentifier" and its semantics is defined in ReC)ITU-T X.680 | ISO/IEC 8824-1
pdified by A.1 of this Recommendation | International Standard{ It identifies the notation used i
fringexceptuserdefinedend" to specify the encoding.

If the "empty" alternative of "AssignedIdentifier" is used, theén the notation is determined by means outs
ecommendation | International Standard.

The assignment of object identifiers to any notation for use in "anystringexceptnonecnend" follows the n
for the assignment of object identifiers as specified inthe Rec. ITU-T X.660 | ISO/IEC 9834 series.

An identification handle (with a given handle value set) is exhibited by the encoding object being define
) if and only if the "anystringexceptnonecnend” specifies that it does so. The means of such specification
d in this Recommendation | International Standard.

Encoding object set assignments

General
The "EncodingObjéctSetAssignment" is:

Eneodi'ngChj ect Set Assi gnnment @ : =
encodi ngobj ect setref erence
#ENCCODI NGS

Ehéodi ngbj ect Set
Conpl eti ond ause ?

The

13.1,
h the

de of

brmal

] (see
is not

Encodi ngOhj ect Set :: =
Def i nedOr Bui | ti nEncodi ngbj ect Set |
Encodi ngObj ect Set Spec

18.1.2 The "EncodingObjectSet" notation is governed by the reserved word #ENCODI NGS, and shall satisfy the
conditions given below.

18.1.3 There shall be no recursive definition (see 3.2.39) of an "encodingobjectsetreference", and there shall be no
recursive instantiation (see 3.2.40) of an "encodingobjectsetreference".

18.1.4 "DefinedOrBuiltinEncodingObjectSet" is defined in 10.9.3.
18.1.5 The "EncodingObjectSetSpec" is:
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Encodi ngObj ect Set Spec :: =

Encodi ngoj ect s Uni onMark *
"y

Encodi nglbj ects :: =
Def i nedEncodi ng(hj ect |
Def i nedEncodi ngObj ect Set

Uni onMark ::=
Tt
UN

-

18.1.7 Encoding objects forming an encoding object set shall all be of distinct encoding classes, and)shall rjot be
classgs in the encoding procedure group of categories unless they are of the #OUTER class (see 16.1.13).

NOTE — An encoding object set is used for defining other encoding object sets, for defining encoding objeCts in the EDV, and
fof import into the ELM for the application of encodings.

18.1.8 If "CompletionClause" is present, then the encoding object set defined by "EncodingObjectSetSpgc" is
consilered to be "PrimaryEncodings" (see 13.2), and the encoding objéet~set assigned to| the
"encodingobjectsetreference" is the combined encoding object set formed as specified in\[3:2.

18.2 Built-in encoding object sets
18.2.1 The "BuiltinEncodingObjectSetReference" is:

Bui | ti nEncodi ngQbj ect Set Ref erence :: =
PER- BASI C- ALI GNED

| PER- BASI C- UNALI GNED

| PER- CANONI CAL- ALI.GNED

| PER- CANONI CAL- UNAL} GNED

| BER

| CER

| DER

18.2.2 These encoding object set names refefence the sets of encoding objects defined by Rec. ITU-T X|690 |
ISO/IEC 8825-1 and Rec. ITU-T X.691 | ISOUAEC 8825-2. The object identifiers for the encoding rules providing|these
encoding object sets are given in Table 4.

NOTE — These Recommendations | Ifiternational Standards were written before this ECN Recommendation | Interngtional
Standard, and do not use the encoding ebject terminology. They define, for example, the way an ASN.1 | NTEGER or BOQLEAN
type is to be encoded. This should-be-interpreted as the definition of an encoding object of class #| NTECGER or class #BOOf EAN.

Table 4 = Built-in encoding object set names and associated object identifiers

PER-BASI C-ALIGNED {joint-iso-itu-t(2) asnl(1l) packed-encodi ng(3)
basi c(0)_4@l)gned(0)}

PER- BASI C- UNALI GNED {joint-iso-itu-t(2) asnl(1l) packed-encodi ng(3)
basi ¢(0)" unal i gned(1)}

PER- CANONI CAL- ALI GNED{j oi nt-iso-itu-t(2) asnl(1l) packed-encodi ng(3)
canoni cal (1) aligned(0)}

PER- CANONI CAL- UNALI GNED  {joint-iso-itu-t(2) packed-encoding(3)
canoni cal (1) unaligned(1)}

BER {Torm=1so-Ttu-t(2) asni{ L) basic-encodi Mgt L) ¥
CER {joint-iso-itu-t(2) asnl(1l) ber-derived(2) canonical-encoding(0)}
DER {joint-iso-itu-t(2) asnl(1l) ber-derived(2)

di stingui shed- encodi ng(1)}

18.2.3 These encoding object sets are each a complete set of encoding objects which can be applied to any encoding
structure (either implicitly generated from an ASN.1 type or defined by the user), with appropriate de-referencing, to
specify the corresponding BER or PER encodings.
NOTE 1 — The encoding objects of the encoding object sets BER, CER and DER do not carry an implied alignment to the next
multiple of 8 bits. The encoding objects of the encoding objects of the encoding object sets PER-BASIC-ALIGNED and PER-
CANONICAL-ALIGNED do carry an implied alignment to the next multiple of 8 bits only when required by Rec. ITU-T X.691 |
ISO/IEC 8825-2.

NOTE 2 — An encoding object for a user-defined or implicitly-generated encoding class can be added to such a set, and will take
precedence over any encoding which could be obtained by de-referencing.

Rec. ITU-T X.692 (08/2015) 51


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

18.2.4 The above sets all contain encoding objects for the classes used in implicitly generated encoding structures
(see 11.2) which are different for each set of encoding rules. They also each contain identical encoding objects for the
classes #1 NT, #BOCL, #NUL, #CHARS, #OCTETS, #BI TS, #CONCATENATI ON. They do not contain encoding objects for
#ALTERNATI VES, #REPETI Tl ON, and #PAD.

18.2.5 These encoding classes represent basic building blocks of encodings, and are encoded simply by all the above
built-in encoding object sets. The encoding objects for these classes specify encodings as follows:

18.2.5.1 #I NT is encoded as a PER- BASI C- UNALI GNED #| NTEGER encoding, provided it is bounded. It is an ECN
design error if the #I NT does not have both a lower and an upper bound when this encoding object is applied to the
#1 NT.

18.2.5.2 #BOOL and #NUL are encoded as PER- BASI C- UNALI GNED #BOOLEAN and #NULL respectively.

18.2.33 #CHARS, #OCIETS, and #BI 1S are encoded as PER- BASI G UNALT GNED UTF8SIr1 ng, #OCTET- STRLNG and
#BI T{ STRI NG respectively, provided they are a single size. It is an ECN design error if #CHARS, #OCTETS)or4Bl TS
do not have an effective size constraint restricting them to a single size.

18.2.5.4 #CONCATENATI ON is encoded as a PER- BASI G- UNALI GNED encoding of a #SEQUENCE with no optional
comppnents. If these encoding objects are applied to a #CONCATENATI ON with optional components;.then it is an ECN
specification error.

18.2.¢ The #OPEN TYPE encoding objects in the BER, CER, and DER built-in encoding object sets produke no
additiponal encoding for the #OPEN- TYPE class. When these encoding objects are applie¢d/to a class in the opdntype
categpry, it is an ECN specification error if the encodings of the values of the(type chosen (in an instance of
comnjunication) for use with the #OPEN- TYPE class are not self-delimiting.

NOTE — The combined encoding object set applied by these encoding objects to the-type chosen for use with the #OPENH{TYPE

clgss is always the same as the combined encoding object set applied to the #OPEN- TYPE class as these encoding objects [do not
coptain an ENCODED W TH (see 13.2.10.5 and 13.2.9 d).

19 Mapping values

19.1 | General

19.1.1 This clause specifies the syntax for mapping\values (and tag numbers) to be encoded by the fields gf one
encoding structure (which may be a generated enéoding structure or any other encoding structure) to the fields of
anothpr encoding structure.

NOTE — The power provided in a single use-of\this notation has been limited (to avoid complexity). More complex mappings

cah be achieved by using multiple instances’ of "EncodeByValueMapping" (see 17.4 and the example in D.1.10.2).|These
mgpping mechanisms can be extended and generalized, but this will not be done unless further user requirements are identified.

19.1.2 In specifying the "EdcodeByValueMapping" notation (see 17.4.1) the structure to whicH the
"DefipedOrBuiltinEncodingClass_ih the "EncodingObjectAssignment" (see 17.1.1), of which it is a part, de-refefences
is called the source governdr jor the source encoding class (depending on context). The structure to which the
"DefihedOrBuiltinEncodingClass" in the "EncodeByValueMapping" itself de-references is called the target goverpor or
the tafget encoding class.(depending on context).

19.1.3 If the source governor has an initial class in the tag category, then the target governor shall have an initial class
in the|tag category, and the tag number of the class in the source governor is mapped to the tag number of the class [in the
tag cdtegory in-the target governor. If the class in the tag category in the target governor has an associated tag number,
then if is an'EE€N specification error if this differs from the tag number being mapped from the source governor.

19.1.4_—If the source governor does not have an initial class in the tag category, then the target governor is not required
to have an initial class in the tag category, but if it does, then there shall be a tag number associated with that tag in the
definition of the target governor.

19.1.5 The effect of the presence of an initial class in the tag category in the source or target governors is completely
determined by 19.1.3 and 19.1.4, and the following text ignores the possible presence of such classes.

19.1.6 The encodings specified for values mapped to the target encoding class become the encodings of those values
in the source encoding class.

NOTE 1 —If the total ECN specification maps only some of the values from an ASN.1 type into encodings, that is not an error. It
is a constraint imposed by ECN on the values that can be used by the application. Such constraints should normally be identified
by comment in either the ASN.1 specification or in the ECN specification (see 17.4.7).
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NOTE 2 — If the total ECN specification maps two values into the same encoding produced by a single encoding object, then that
is an ECN specification error. Such errors can be detected by ECN tools, but rules for their avoidance are not complete in this
Recommendation | International Standard, and responsibility rests with the ECN user.

19.1.7 The "ValueMapping" is:

Val ueMapping :: =
Mappi ngByExpl i ci t Val ues
| Mappi ngByMat chi ngFi el ds
| Mappi ngBy Tr ansf or nEncodi ngCbj ect s
| Mappi ngByAbst r act Val ueOr deri ng
| Mappi ngByVal ueDi stri bution
| Mappi ngl nt ToBi ts

NOTE — All occurrences of this syntax are preceded by the reserved word MAPPI NG (D.1.2.2, D.1.4.2, D.1.10.2, and D.2.1.3
anfATIEX £ Zive TXAmpIes Of te defmtion of SCodimgs USIg Taci of UIese Vatue appings. )

19.1.8 The "ValueMapping" productions are specified as follows:

Mappi ngByExpl i ci t Val ues 19.2

Mappi ngByMat chi ngFi el ds 19.3

Mappi ngByTr ansf or nEncodi ngQhj ect s 19.4
Mappi ngByAbst r act Val ueOrdering 19.5

Mappi ngByVal ueDi stri bution 19.6

Mappi ngl nt ToBi t s 19.7

NOTE — It is frequently the case that several of the value mappings can be used to define ‘the’same encoding, but sonfe will
prpduce a more obvious or less verbose specification than others. ECN designers should select carefully the form off value
mjpping to be used.

19.2 | Mapping by explicit values

19.2.1 This clause provides notation for specifying the mapping Of values between different primitive bif-field
encoding classes. (D.1.10.2 gives an example.)

19.2.2 This clause uses the notation for ASN.1 values (ASN’ value notation) specified in Rec. ITU-T X|680 |
ISO/IEC 8824-1 for the type which corresponds to an encoding elass.

19.2.3 Table 5 specifies the ASN.1 value notation to- b@g,used with each governing encoding class. In each cape the
class may or may not have an associated size or value range constraint.

19.2.4 ECN supports mapping by explicit values (either to or from the encoding class) for all encoding classes n the
categpries listed in column 1 of Table 5. Column 2 of the table specifies the value notation (as either an ASN.1
prodyction or by reference to a clause of Rec. ITU-T X.680 | ISO/IEC 8824-1 or both) that shall be used whien an
encoding class in the category listed in column 1 is specified as the governor of the notation. It also specifies the ¢lause
in Re¢. ITU-T X.680 | ISO/IEC 8824-1-that defines the value notation.

NOTE — None of the followinmg “ASN.1 value notations can use "DefinedValue"s (as defined in Rec. ITU-T X].680 |
ISP/IEC 8824-1, 14.1) because,"valuereference"s cannot be imported nor defined in an EDM or ELM module.

Table 5 — Categoriés of encoding classes and value notation used in mapping by explicit values

Category‘of-governing encoding class ASN.1 value notation

bitstring "bstring" or "hstring"

(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.10 and 12.12)
boolean "BooleanValue"

(see Rec TTII-T X 680 | ISOAEC 8824-1 18 3)
characterstring "RestrictedCharacterStringValue"

(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 41.8)
integer "SignedNumber"

(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 19.1)
null "NullValue"

(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 24.3)
objectidentifier "Definitiveldentifier" (see A.1)
octetstring "bstring" or "hstring"

(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.10 and 12.12)
real "RealValue"

(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 21.6)
time "TimeValue"
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(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 38.3.2)

19.2.5 The "MappingByExplicitValues" is:

19.2.¢
value

mapp

19.2.]
target]

19.3

19.3.1
an en
detert]

19.3.2

19.3.]
gener
const
comp
Refer

19.3.4
"Defi
specil

19.3.5
const
the re
be a ¢
called

19.3.¢
19.3.]

N

MappingByExplicitValues ::=
VALUES

MappedVal ues "," +
" } "

MappedValues ::=
MappedVal uel
TO
MappedVal ue2

——viapped Vatue = Vaiue
MappedValue2 ::= Value

The "MappedValuel" shall be value notation governed by the source governor and "MappedValué2" sh
notation governed by the target governor (see 19.1.2). The value in the source specified by "MappedValu
bd to the value in the target specified by "MappedValue2".

It is an ECN specification error if "MappedValue2" is a value which violates a boundor size constraint

Mapping by matching fields

This mapping is provided primarily to enable the encoding of an ASN.I\type to be defined as the encod
coding structure that has fields corresponding to the components of the type, but also has added fiel
hinants.

The "MappingByMatchingFields" is:

Mappi ngByMat chi ngFi el ds :: =
FI ELDS

If either the source or the target encoding classes are user-defined encoding structures (see 9.2.2
hted encoding structures, then these references .ate Tesolved until the source and target start with an enc
uctor.  If this encoding constructor in the, target is in the repetitions category, then de-referencing
bnent of this repetition encoding constructey is performed until the component starts with an encoding constr
ences within the resulting structures are.ndtresolved.

The effect of the possible preseénce of classes in the tag category on the initial de-referencil
hedOrBuiltinEncodingClass" names in the source and target was fully specified in 19.1.3 to 19.1.5. It is an
ication error if further initial dlasses in the tag category are introduced by the application of 19.3.3.

After the applicationsof 19.3.3, the source and the target encoding classes shall start with the same enc|
fuctor. This shall be ¢ithet an encoding constructor in the concatenation category, or an encoding construd
petitions category. (If this encoding constructor is in the repetitions category, then its component in the targef
lass in the concdtenation category. For the purposes of this subclause 19.3, the resulting encoding structur|
the source anddarget encoding structures respectively.

The fieldnames of the (top-level) components of the encoding constructor produced by the applicati
to the-saurce are called the source fields.

DTE ~Source fields are restricted to the top-level fields of a concatenation or the component of a repetition. This restrid

all be
1" is

in the

ng of
Is for

3) or
pding
f the
Lctor.

hg of
ECN

pding
tor in
shall

S arc

on of

tion is

in]

0sed to ease implementation of ECN, and could be relaxed in the future.

19.3.7 The fieldnames of the components of the encoding constructor in the concatenation categories produced by the
application of 19.3.3 to the target are called the potential target fields.

NOTE — The potential target fields may be either the components of a top-level concatenation, or the components of a

Co

ncatenation that is the component of a repetition.

19.3.8 For every source field, there shall be a potential target field with the same fieldname (the matching target
field).

NOTE — A component of a repetition class can only be mapped if it contains an identifier (matching one in the target). Use of
mapping by matching fields would not be legal if the identifier was absent.

54

Rec. ITU-T X.692 (08/2015)


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

19.3.9 A matching target field shall be an optional element in a concatenation if and only if its source field is an
optional element in a concatenation, and the presence or absence of the source field in an abstract value associated with
the source encoding structure determines the presence or absence of the target field in the target encoding structure.

19.3.10 If the source field has an initial class in the tag category, then the matching target field shall have an initial
class in the tag category and the tag number of the class in the source field is mapped to the tag number of the class in
the tag category in the matching target field. If the class in the tag category in the matching target field has an
associated tag number, then it is an ECN specification error if this differs from the tag number being mapped from the
source field.

19.3.11 If the source field does not have an initial class in the tag category, then the matching target field is not
required to have an initial class in the tag category, but if it does, then there shall be a tag number associated with that
tag in the definition of the matching target field.

19.3.12 Apart from the presence or absence of classes in the tag category and optionality categories (as spe¢ifled in
19.3.9 to 19.3.11), the matching target field and the source field shall have the same encoding class (see 17.1.7, 01 shall
be defined using the same sequence of lexical items, ignoring comment and whitespace and bounds specifications.

19.3.13 All abstract values are mapped from each of the source fields to the matching target fields. Additional figlds in
the tafget encoding structure do not acquire abstract values. In a correct ECN specification, the value-of such fields has
to be ppecified by reference as a determinant.

19.3.14 If the source and target encoding constructors are classes in the repetition category, then the number of
repetitions in the abstract value associated with the source encoding structure is mapped tovthe number of repetitipns in
the tafget encoding structure.

19.3.15 If a source field has an associated contents constraint, this is mapped as@n‘associated contents constraint [to the
matcljing target field.

19.3.16 If, due to the presence of bounds or size constraints, there are ydlugs in the source field that are not prespnt in
the mptching target field, then 17.4.7 shall apply.

19.4 | Mapping by #TRANSFORMencoding objects
19.4.1 This mapping permits one or more #TRANSFORMengoding objects to be applied to produce the mapping.

19.4.2 The #TRANSFORMencoding class is defined in.glause 24. It enables encoding objects to be specified which will
transform source abstract values into result abstrac{yalues. The rules for forming an ordered list of transformgs (for
"OrdgredTransformList") are specified in clause:24. “The complete list is defined to transform from a source to a rg¢sult.

NOTE — Examples of mappings defined with'these transforms are given in D.1.2.2 and D.2.4.2. The example in D.1.6.3 [shows
th¢ use of this production to define BCD encodings of an ASN.1 integer.

19.4.3 The "MappingByTransformEncedingObjects" is:

Mappi ngBy Tr dnsfor nEncodi nglbj ects :: =
TRANSFORNMB

n { n
O der edTr ansf or nLi st

}
OrderedTransfornlist ::= Transform"," +

Transform ::= Encodi ngObj ect

19.4.4 ~Al the "EncodingObject"s in the "OrderedTransformList" shall be governed by the encoding |class
#TRANSEORM

19.4.5 The target and source classes for this mapping (see 19.1.2) shall be of the bitstring, boolean, characterstring,
integer, or octetstring category. The source of the first transform in the list and the result of the last transform in the list
shall agree with the category of the source and target categories as specified in 24.2.7.

19.4.6 It is an ECN specification or application error if any "Transform" in the "OrderedTransformList" is not
reversible for the abstract value being mapped.

NOTE - Clause 24 specifies, for each transform, the abstract values for which it is defined to be reversible.

19.4.7 If there are bounds or effective size constraints on the target encoding class, then 17.4.7 shall apply.
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19.5 Mapping by abstract value ordering

19.5.1 This mapping enables abstract values associated with simple encoding classes to be distributed into the fields
of complex encoding structures, and abstract values associated with complex encoding structures to be mapped to
simple encoding classes such as #I NT. It also allows the compaction of integer values or enumerations into a
contiguous set of integer values (see D.1.4).

NOTE — The tag numbers associated with classes in the tag category are not abstract values.

19.5.2 The "MappingByAbstractValueOrdering" is:

Mappi ngByAbst r act Val ueOrdering :: =
CORDERED VALUES

19.5.3 For this mapping, all encoding class names are de-referenced (recursively), and the result shall be a class in the
null, poolean, integer or real category, or shall be a construction defined using a class in the alternatives categdry, or
shall pe a class in the concatenation category which has a single non-optional component.

19.5.4 The ordered set of values may be finite or infinite.

19.5.4.1 A finite set of ordered abstract values is defined for encoding classes in the following categ@ri¢s:
a) null;

b) boolean;

¢) bounded integer;

d) real constrained to a finite number of values;

e) an encoding structure defined using the alternatives category, provided that all of the alternativeq have
a finite ordering defined;

f) an encoding structure defined using the concatenatién) category that has a single non-optional
component, provided that the component has a finite ordering defined.

19.5.4.2 An infinite set of ordered abstract values is defined for enégding classes in the following categories:

a) integer, constrained to have a finite lower bound;

b) an encoding structure defined using the alteriiatives category, provided that all of the alternatives gxcept
the last are defined to have a finite set ofiordered values, and the last alternative is defined to hgve an
infinite set of ordered values;

¢) an encoding structure defined using the concatenation category that has a single non-optional comp¢nent,
provided that the component is-defined to have an infinite set of ordered abstract values.

19.5.§ Classes in the null category have a-single abstract value. Classes in the boolean category are defined tq have
TRUE|before FALSE. Classes in the inteéger category are defined to have higher integer values following lower ifteger
valuep. Classes in the real category(are*defined to have higher values following lower values.

NOTE — The number of abstract values associated with a class in the integer category is not necessarily finite.

19.5.¢ Any bounds presenfiirthe source or destination shall be taken fully into account in determining the ordergd set
of abgtract values.

19.5.7 The orderin@ofthe abstract values associated with a class in the alternatives category (all of whose alternptives
have |a defined ordering of abstract values) is defined to be the (ordered) abstract values from the textually first
alternptive, followed by those from the textually second alternative, and so on to the textually last alternative.

19.5.8 Ihe ordering of the abstract values associated with a class in the concatenation category that has a pingle
non-gptiendl component shall be the order determined by the ordering of the abstract values of its single componerjt.

19.5.9 The mapping is defined from the abstract values in the first encoding class to the abstract values in the second
encoding class by their position in the above ordering.

19.5.10 Note that the above rules ensure that there is a defined first value in each ordering, and a defined next value.
There need not be a defined last value (either or both sets may be infinite).

19.5.11 If the number of abstract values in the destination ordering is less than the number of abstract values in the
source ordering, this is not an error. However, the ECN specification will be unable to encode some of the abstract
values of the ASN.1 specification and this should be identified by comment in either the ASN.1 specification or the
ECN specification.

19.5.12 If the number of abstract values in the destination ordering exceeds those in the source ordering, then there
may be some ECN-defined encodings that have no ASN.1 abstract value, and will never be generated.
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19.5.13 This mapping can also be applied in all cases where the only abstract values in the target structure are those
associated with a single instance of the same class as the source structure.
NOTE — This case would occur if the target structure was the same as the source structure preceded by one or more instances of
classes in the tag category.

19.5.14 Classes in the tag category may be present in the target structure, but are required to have an associated tag
number specified in the structure definition. Their presence has no affect on the mapping of abstract values.

19.6 Mapping by value distribution

19.6.1 This mapping takes ranges of values from an encoding class in the integer category, mapping each range to a
different integer field in a more complex encoding structure. Fields which receive no abstract values shall have their
values determined by the application of determinants.

19.6.2 All encoding structure names are de-referenced (recursively) before the application of this mapping.

19.6.3 The source encoding class shall then be a class in the integer category, possibly with a preceding elass |n the
tag category which is mapped according to 19.1.3 to 19.1.5.

19.6.4 The target encoding class may be any encoding structure of the concatenation catégory where ajl the
comppnents are optional, or of the alternatives category, and may contain classes in the tag category, but all fieldgames
in the|entire encoding structure shall be distinct, and all classes in the tag category in the target (¢€xcept those mapped by
19.6.3) shall have a tag number in their definition and are otherwise ignored in the mapping

19.6.5 Values shall be mapped only to fields defined at the top-level of the targét structure that are classes |n the
integgr category, possibly preceded by classes in the tag category (see 19.6.4), and passibly with bounds.

19.6.¢ The "MappingByValueDistribution" is:

Mappi ngByVal ueDi stribution ::=
DI STRI BUTI ON
ll{ll
Distribution "," +

"y

Distribution ::=
Sel ect edVal ues
TO
identifier

Sel ectedVal ues :: =
Sel\eét edVal ue
| Di stri buti onRange
| RENVAI NDER

Di stributionRange ::=
Di stri buti onRangeVal uel

Di stri buti onRangeVal ue2

Sél/ect edVal ue :: = Si gnedNunber
Di stributi onRangeVal uel ::= Si gnedNunber
Di stri butionRangeVal ue2 ::= Si gnedNunber

19.6.7 C*SignedNumber" is specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 19.1.

19.6.8 "DistributionRangeValuel" shall be less than "DistributionRangeValue2".

19.6.9 The value specified by "SelectedValue" in "SelectedValues", or the set of values greater than or equal to
"DistributionRangeValuel" and less than or equal to "DistributionRangeValue2", are mapped to the field specified by
"identifier".

19.6.10 The reserved word REMAI NDER shall only be used once for the last "SelectedValues", and specifies all abstract
values in the source encoding class that have not been distributed by earlier "SelectedValues".

19.6.11 A value shall not be mapped to more than one target field, but several "SelectedValues" may have the same
destination.

19.6.12 If there are bounds on the target field, then 17.4.7 shall apply.
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19.6.13 If a value from the source is mapped into a field in the target whose presence depends on optionality or choice
of alternatives or both, this is not an error, but the optionality and choice of alternatives in the target (when encoding
such values) shall be such that the encoding of the target includes the target field.

19.7 Mapping integer values to bits

19.7.1 This mapping takes single values or ranges of values from an encoding class in the integer category (possibly
preceded by classes in the tag category as specified in 19.1.3 to 19.1.5), mapping each integer value to a bitstring value
(possibly preceded by classes in the tag category).

NOTE — This mapping is intended to support self-delimiting encodings of integers, such as Huffman encodings. (See Annex E
for further discussion and examples of Huffman encodings.)

19.7.2 The source encoding class shall be a class in the integer category, possibly preceded by classes in the tag
categfry.

19.7.3 The destination encoding class shall be a class in the bitstring category, possibly preceded by classes,in the tag
categfry.

19.7.4 Classes in the tag category are mapped as specified in 19.1.3 to 19.1.5.
19.7.§ The "MappingIntToBits" is:

Mappi ngl nt ToBits :: =
TO BI TS

{
Mappedl nt ToBits "," +

Mappedl nt ToBits :: =
Si ngl el nt Val Map |
I nt Val RangeMap

19.7.¢ Each "SingleIntValMap" maps a single integer value to a siugle bitstring value.

19.7.1 Each "IntValRangeMap" maps a range of contiguousiand increasing integer values to a range of contiguous
and ifcreasing bitstring values.

19.7.8 Bitstring values are defined to be contiguous if:
a) They are all the same length in bits.

b) When interpreted as a positivé._integer value, the corresponding integer values are contiguoup and
increasing integer values.

19.7.9  Only values specified in the.mapping are encodable. Other abstract values of the source are not mapped and
canndt be encoded by the encoding(object defined by the encoding object assignment using this construct. It is anfECN
or application error if such values.are presented to an encoder.

NOTE — This limitation of the)encoding should be reflected by constraints on the ASN.1 type to which it is applied,|or by
comment in the ASN.1 specification.

19.7.10 The "SinglelntVjalMap" is:

Singl el ntVal Map :: =

I nt Val ue
TO
Bi t Val ue
: Ilt ‘VIQ: ucT ' SI BIICCI.I’\\;J;‘IJI.—;CI
BitValue ::=
bstring |
hstring

19.7.11 The "SignedNumber", "bstring", and "hstring" are specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 19.1,
12.10 and 12.12, respectively.

19.7.12 The "SingleIntValMap" maps the specified integer value to the specified bitstring value.
19.7.13 The "IntValRangeMap" is:
IntValRangeMap ::=
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I nt Range
TO
Bi t Range

IntRange ::=
I nt RangeVal uel

I nt RangeVal ue2

BitRange ::=
Bi t RangeVal uel

Bi t RangeVal ue2

IntRangeValuel ::= SignedNumber

IntRangeValue2 ::= SignedNumber

BitRangeValuel ::=
bstring |
hstring

BitRangeValue2 ::=
bstring |
hstring

19.7.14 The bitstrings "BitRangeValuel" and "BitRangeValue2" shall be the same number-of bits.
19.7.15 The value "IntRangeValue2" shall be greater than the value "IntRangeValuety"

19.7.16 When interpreted as a positive integer encoding (see Rec. ITU-T* X.690 | ISO/TEC 8825-1, §.3.3),
"BitRlangeValue2" shall represent an integer value ("B", say) greater than that represented by "BitRangeValuel"|("A",
say), pnd the difference between the integer values corresponding to "BitRangeValue2" and "BitRangeValuel" {"B" -
"A") shall equal the difference between the values of "IntRangeValue2!" and "IntRangeValuel".

19.7.17 The "BitRange" represents the ordered set of bitstrings corresponding to the integer values between "A" and

HBH'

19.7.18 The "IntValRangeMap" maps each of the integers_in the specified range to the corresponding bitstring vallue in
the "BitRange". (Annex E gives examples of an "IntValRangeMap".)

19.7.19 It is an ECN specification error if any "BifRange" includes a value which violates a size constraint qn the
target

20 Defining encoding objetts using defined syntax

20.1 Clauses 21 to 25 specify the information needed to define encoding objects for each encoding class catggory,
and the syntax to be used. This syftax is called the defined syntax, and is specified using the information object class
notation of Rec. ITU-T X681 ISO/IEC 8824-2 as modified by Annex B of this Recommendation | International
Standpard.

20.2 The defined syntax for each category can also be used to define encoding objects for structures whigh are
classgs of that catggory, preceded by one or more instances of a class in the tag category. Where the followinf text
requites that a.¢lass be in a specified category, this includes the case where the class is preceded by a class in the tag

categfry.

20.3 The use of the modified information object class notation is solely for use within this Recommenddtion |

Internatonat-Standard-

20.4 The use of the defined syntax notation to define encoding objects is specified in 17.2. The defined syntax for
defining encoding objects shall be the syntax specified by the W TH SYNTAX statements in clauses 23 to 25.

20.5 The W TH SYNTAX statements impose constraints on the values of some encoding properties, in conjunction
with the values of other encoding properties, to enforce some (but not all) semantic constraints. Other constraints on the
use of the W TH SYNTAX statements are specified in text.

20.6 The defined syntax for each encoding class specifies a number of encoding properties which can be supplied
with values of the ASN.1 types defined in clause 21 (or in some cases with other encoding classes and encoding
objects) in order to provide the information needed to specify an encoding object of that class. The information needed
to define an encoding object is in general a combination of encoding property values, together with the particular
instance of defined syntax used to specify those values
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NOTE - This differs from the use of a W TH SYNTAX statement in normal information object definition, where the semantics
associated with the information object depends solely on the values set for the fields of the information object class, not on the
form of the W TH SYNTAX statement used to set those values (see B.15).

20.7 The encoding properties specified in clauses 23 to 25 operate together in encoding property groups and use
values of ASN.1 types for their definition. Clause 21 specifies the meaning of values of the types commonly used in the
specification of these encoding properties.

20.8 Some definitive text in clauses 21 and 22 is copied into clauses 22 to 25. Where this occurs, the copied text is
grayed-out, and a reference is given to the definitive text.

20.9 Clause 25 specifies a number of transforms that can be applied to abstract values. Several encoding property
groups require an ordered list of transforms that are to be applied by an encoder. For decoding to be possible, the
transforms applied by an encoder have to be reversible by a decoder in order to recover the original abstract values.
Clausgs 23 and 24 3pecity When ransforms 1ave 10 bE ICVeISiDIc, and crause 25 Specitics e absuact vatues tor which
any gjven transform is reversible.

21 Types used in defined syntax specification
NOTE — All ASN.1 type definitions given here assume automatic tags and no extensibility.

21.1| The Unit type

21.1.1 The "Uni t " type is:
Unit ::= | NTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordl6(16),
dwor d32(32)} (0. .256)
21.1.2 The default value for this type is always bi t .

21.1.3 An encoding property of this type specifies the unit in which other encoding properties or determinant [fields
are cqunting.

21.1.4 The value of an encoding property of this type is restricted in all cases but one to the non-zero values. In|these
cases|the encoding property specifies a number of bits. That number of bits determines the unit in which other encpding
properties or determinant fields are counting.

21.1.5 When used in the definition of an encoding-object of a class in the repetition category, the value r epet i t|i ons
is als¢ allowed, and specifies that the associated count gives the number of repetitions in the encoding.

21.2 | The Encodi ngSpaceSi ze type

21.2.1 The "Encodi ngSpaceSi,ze'Vtype is:

Encodi ngSpacesSi zey : : = | NTEGER
{ encodef~opti on-wi t h-det erm nant (-3),
varicable-w t h-det erm nant (-2),
sel fy=del i m ti ng-val ues(-1),
fixed-to-max(0)} (-3..MAX)

21.2.2 The default value for this type is always sel f - del i nmi ti ng- val ues.

21.2.3 Anencoding property of this type specifies the size of the encoding space (see 9.21.5).

21.2.4 “Positive (non-zero) values specify a fixed size for the encoding space, as the value of type "Uni t " multiplied
by the value of type "Encodi ngSpaceSi ze", in bits. If the value of type "Unit" is "repetitions", then the
encoding space size may be variable (since the encoding space needed for each component may be different), but is
always that fixed number of repetitions, and it is an ECN specification or application error if an abstract value is to be
encoded which does not have that number of repetitions.

21.2.5 The value "encoder - opti on-wi t h- det er mi nant " specifies that the size of the encoding space may vary
according to the abstract value being encoded, and that the encoder shall choose the encoding space size, recording the
chosen size in the associated determinant. In this case, a value of type "Encodi ngSpaceDet er m nati on" (see 21.3)
or "Repetiti onSpaceDet er mi nati on" (see 21.7) is required.

NOTE — A value of type "Encodi ngSpaceDet er mi nati on" or "Repet i ti onSpaceDet er mi nati on" (to determine the

encoding space size) is required in this case (and in the case of 21.2.6), but the provision of a determinant is allowed in all the
other cases, to support encodings (similar to BER) that use length determinants even when they are redundant. Any difference
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between the two determinations is an error. It may, however, not always be possible to determine whether this is an ECN
specification error or is an application error, but conforming encoders are required not to transmit such encodings.

21.2.6 The value "vari abl e- wi t h- det er m nant " specifies that the size of the encoding space may vary according
to the abstract value being encoded. In this case, a value of type "Encodi ngSpaceDet er mi nati on" (see 21.3) or
"Repetiti onSpaceDet erm nati on" (see 21.7) is required (to provide a precise means of determining the size of the
encoding space).

21.2.7 The value "sel f-del i m ting-val ues" specifies that the value encoding is self-delimiting, that is, each
value encodes into a multiple of the specified value of type "Uni t ". There shall be no pair of abstract values for which
the encoding of one abstract value is the first part of the encoding of the other abstract value.
NOTE — A decoder can (after possible determination of unused bits and justification) determine the end of the encoding space by
matching the encoding of each possible abstract value with the encoding that is being examined. Precisely one will match in

21.2.8§ The value "fi xed-t o- max" specifies that the encoding space is to be the same for the encoding of all afistract
valuep. It specifies that the size of the encoding space is to be the smallest multiple of "Uni t " that can‘contajn the
specified encoding of any one (all) of the abstract values. This value shall not be used if the abstract”value [to be
encoded into the encoding space is an abstract value associated with a class in the concatenatiofi~(see 23.5.2{3) or
repetiftion category (see 23.14.2.5).

NOTE 1 — A special case is when there is a single abstract value whose value encoding is zero bits. jThis results in an mpty

encoding space (zero bits).

NOTE 2 — If such a specification is applied when a maximum size cannot be determineéd<(for example, for encodfng an
unbounded integer), this is an ECN specification error, but conforming encoders are required,to refuse to generate encodings in
sufh cases.

21.3 | The Encodi ngSpaceDet er ni nat i on type

21.3.1 The "Encodi ngSpaceDet er m nati on" type is:

Encodi ngSpaceDet ermi nati on :: = ENUMERATED
{field-to-be-set, field-to-be-used, container}

21.3.2 The default value for this type is always "f i el d-t o-he-set ".

21.3.3 An encoding property of this type specifies theyway in which the encoding space is determined whpn an
encoding property of type "Encodi ngSpaceSi ze"(see 21.2) is set to "variabl e-wi th-determnant" or
"enc@der - opti on-wi t h-det er m nant".

21.3.4 The value "fi el d-t o- be-set " requirés the specification of a REFERENCE to a field that will be set By the
encoder to carry length information, and used by a decoder. The encoding specification determines how an encofder is
to set|the value of this field from the size (in encoding space units) of the encoding space. If a field is set mor¢ than
once through the use of "fi el d-to-bé*set" or "f| ag-t o- be-set" (see 21.7), then it is an ECN specification|or an
appligation error if different valugs are produced by the different encoding procedures, and encoders shall not geperate
encodings in this case.

21.3.§ The value "fi el.d<t0- be- used" requires the specification of a REFERENCE to a field whose value may pe set
from [the abstract syntax, (i.c., a corresponding field appears within the ASN.1 specification) or may be set by [some
other jencoder action§)invoked by "fi el d-t o- be-set " or "f | ag-t o- be- set ". The encoding specification deterines
how g decoder is.torobtain the size of the encoding space from the value of this field. A conforming encoder shdll not
produce encodings in which the decoder's transforms of this field do not correctly identify the end of the encpding
space

21.3.¢ CThe value "container" requires either the specification of a REFERENCE to another field whose encoding| class
(the container) has a fength determinant and whose comntents include this encoding space, or oI a specilication tnat the
end of the PDU determines the end of the encoding space (using OQUTER). The encoding space terminates when the
specified container terminates or when the end of the PDU is encountered. This specification can only be used if the
encoding space of the element being encoded is the last encoding to be placed in the container.

NOTE —1It is an ECN encoder's error (possibly resulting from an ECN specification or application error) if additional encodings
are placed in the container.
21.4 The UnusedBi t sDet er ni nati on type

21.4.1 The "UnusedBi t sDet er m nati on" type is:

UnusedBi t sDet erm nati on ::= ENUVERATED
{field-to-be-set, field-to-be-used, not-needed}
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21.4.2 The default value for this type is always "f i el d-t o- be-set ".

21.4.3 An encoding property of this type specifies the way in which a decoder can determine the unused bits when a
value encoding is left or right justified in an encoding space.

21.44 The value "fi el d-t o- be-set " requires the specification of a REFERENCE to a field that will be set by the
encoder to carry unused bits information, and used by a decoder. The encoding specification determines how an
encoder is to determine the number of unused bits, and how to set the value of this field from the number of unused bits.
If a field is set more than once through the use of "fi el d-t o- be-set" or "f| ag-t o- be-set " (see 21.7), then it is an
ECN specification or an application error if different values are produced by the different encoding procedures, and
encoders shall not generate encodings in this case.

21.4.5 The value "fi el d-t o- be- used" requires the specification of a REFERENCE to a field whose value may be set
from the abstract syntax (ie 2a Pm‘rPQpn‘nding field appears within the ASN 1 qu(‘iﬁPﬂﬁnn\ or mav bhe set hy some
other jencoder actions invoked by "fi el d-t o- be-set " or "f | ag-t o- be- set ". The encoding specification defermines
how g4 decoder is to determine the number of unused bits from the value of this field. A conforming encogder ‘shgll not
produce encodings in which the decoder's transforms of this field do not correctly identify the number of unused bits.

21.4.¢ The value "not - needed" identifies that a decoder does not require an explicit determinant {n.6rder to digcover
the niimber of unused bits. The number of unused bits will be deducible from the encodingyspecification wjthout
know|edge of the actual abstract value that has been encoded. This determination is described foreach value encogling.

21.5| The Opti onal i t yDet er i nati on type

21.5.1 The "OptionalityDeterm nation" type is:

OptionalityDetermination ::= ENUVERATED
{field-to-be-set, field-to-be-used, containerl, handl e, pointer}

21.5.2 The default value for this type is always "fi el d-t o- be- set "

21.5.3 An encoding property of this type specifies the way dn)which the presence or absence of an opfional
comppnent is determined.

21.5.4 The value "fi el d-t o- be-set " requires the specification of a REFERENCE to a field that will be set by the
encoder to carry optionality information, and used by a de¢oder. The ECN specification will also include an encoding
propefty that specifies how an encoder is to set the value' of this field from a conceptual boolean value which is frue if
the optional component is present and false if the opfional component is absent. If a field is set more than once thfough
the uge of "fi el d-to-be-set" or "fl ag-to-he-set" (see 21.7), then it is an ECN specification or an appligation
error |f different values are produced by the different encoding procedures, and encoders shall not generate encodipgs in
this cjse.

21.5.8 The value "fi el d-t o- be- used" requires the specification of a REFERENCE to a field whose value may pe set
from [the abstract syntax (i.e., a corresponding field appears within the ASN.1 specification) or may be set by[some
other [encoder actions invoked by-'f i el d-t o- be-set " or "f| ag-t o- be- set ". The specification will also inclyde an
encoding property that specifies’how a decoder is to determine the presence or absence of the optional componen{ from
the vglue of this field. A conforming encoder shall ensure that the value of this field correctly determines the presence
or abgence of the optiomal-field.

21.5.¢ The valuey"cont ai ner " requires either the specification of a REFERENCE to another field whose encoding
class [the containér) has a length determinant and whose contents include this optional component, or of a specifi¢ation
that the container is the end of the PDU (using OUTER). If the container end is present when a decoder is looking for the
start ¢f this dptional component, then the decoder shall determine that this optional component is absent.

NOTE/— This specification can only be used if the abstract values being encoded are such that no further encodings arq to be
placed in the container. This may require restrictions to be placed on the abstract values of the ASN.I type, for example, to
prohibit the inclusion of a later optional component unless all earlier optional components are present. It is either an ECN
specification error or an application error if additional encodings are to be placed in the container following a component whose
optionality is determined in this way, but a conforming encoder shall not generate such encodings.

21.5.7 The value "handl e" requires that an identification handle be specified. This identification handle shall be
exhibited both by the encoding object for the optional component and by the encoding object applied to each possible
alternative encoding class that can follow if this optional component is absent. Each possible alternative encoding class
may be a component of the concatenation containing the optional component, or may be an encoding class following
the concatenation. The handle value sets specified by all the involved encoding objects (exhibiting the same
identification handle) shall all be disjoint.

NOTE — Every abstract value of a given component is required to have a handle value matching the specified handle value set
(see 22.9.2.2).
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21.5.8 1If the end of any open container (or the end of the PDU) is detected at the time a decoder is attempting to
detect the presence or absence of an optional component, then the decoder shall determine that the optional component
is absent. Otherwise, the decoder shall determine that the component is present if and only if decoding the remaining
parts of the encoding produces a value for the specified identification handle which matches the handle value set of the
optional component. It is an ECN specification error if this does not result in correct identification of the presence or
absence of an encoding of the optional component, but conforming encoders shall not generate such encodings.

21.5.9 The value "poi nt er " requires the specification of a start-of-encoding REFERENCE to another field. Ifthat field
is zero, then this component is absent. If it is non-zero, then the rules for a start-of-encoding pointer apply (see 22.3)

21.6 The Al ternativeDeternination type

21.6.1 The "Al t ernativeDet ermi nation" type is:

Al ternativeDetermnation ::=
ENUMERATED {fi el d-to-be-set, field-to-be-used, handl e}

21.6.2 The default value for this type is always "f i el d-t o- be-set".

21.6.3 An encoding property of this type specifies the way in which a decoder determines which(alternative is pfesent
in an pncoding of a class in the alternatives category.

21.6.4 The value "fi el d-t o- be- set" requires the specification of a REFERENCE to a field that will be set By the
encoder to carry information identifying an alternative, and used by a decoder. The specification will also inclulde an
encoding property that specifies how an encoder is to set the value of this field froin &' conceptual integer valuf that
identifies each alternative (using an order specified in other encoding properties)_/If a field is set more than| once
through the use of "fi el d-to-be-set" or "fl ag-to-be-set" (see 21.7), then it is an ECN specification jor an
appligation error if different values are produced by the different encoding procédures, and encoders shall not geperate
encodings in this case.

21.6.5 The value "fi el d-t o- be- used" requires the specification ef.a REFERENCE to a field whose value may pe set
from [the abstract syntax (i.e., a corresponding field appears withiti~the ASN.1 specification) or may be set by [some
other [encoder actions invoked by "fi el d-t o- be-set " or "f| ag+t o- be- set ". The specification will also inclyde an
encoding property that specifies how a decoder is to determine (from the value of the referenced field) a conc¢ptual
integgr value which identifies the alternative (using an orderspecified in other encoding properties).

21.6.¢ The value "handl e" requires that an identification handle be specified. This identification handle shpll be
exhibjted by the encoding objects applied to eacliof the alternatives in the construction defined by the class |n the
alternptives category. The handle value sets specified by those encoding objects shall all be disjoint. (Violation gf this
rule i an ECN specification error, and conforming encoders are required not to generate encodings where this fule is
violated.)

21.6.7 A decoder shall determine-th¢ alternative that is present by decoding the remaining parts of the encoding to
produce a value for the specified gdentification handle. The alternative whose handle value set matches this valuelis the
alternptive that is present. If the ¢nid of any open container (or the end of the PDU) is reached before the identifi¢ation
handlp can be decoded, or ifthe+value of the identification handle does not match the handle value set of any alternative,
then this is an encoding error:

NOTE — Every abstract value of a given alternative is required to have a handle value matching the handle value set [of the
alfernative (see 22°9.2:2).

21.7| The Repetiti onSpaceDet er ni nati on type

21.7.1 ~The "Repetiti onSpaceDet er m nati on" type is:

RepetitionSpaceDet erm nation ::= ENUVERATED
{field-to-be-set, field-to-be-used, flag-to-be-set, flag-to-be-used,
contai ner, pattern, handl e, not-needed}

21.7.2 The default value for this type is always "fi el d-t o- be-set".

21.7.3 An encoding property of this type specifies the way in which a decoder determines the end of the encoding
space in an encoding of a class in the repetition category. It replaces use of an encoding property of type
"Encodi ngSpaceDet er mi nat i on" in the encoding of repetitions.

21.7.4 The value "fi el d-t o- be-set " requires the specification of a REFERENCE to a field that will be set by the
encoder to carry information which identifies the size of the repetition space. The encoding specification determines
how an encoder is to set the value of this field from the size (in repetition space units) of the repetition space. If a field
is set more than once through the use of "fi el d-t o- be-set" or "f| ag-t o- be- set ", then it is an ECN specification
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or an application error if different values are produced by the different encoding procedures, and encoders shall not
generate encodings in this case.

21.7.5 The value "fi el d-t o- be- used" requires the specification of a REFERENCE to a field whose value may be set
from the abstract syntax (i.e., a corresponding field appears within the ASN.1 specification) or may be set by some
other encoder actions invoked by "fi el d-t o- be-set" or "f | ag-t o- be- set". The encoding specification determines
how a decoder is to obtain the size (in repetition space units) of the encoding space from the value of this field. A
conforming encoder shall not produce encodings in which the decoder's transforms of this field do not correctly identify
the end of the encoding space.

21.7.6 The value "f | ag-t o- be- set " requires the specification of a REFERENCE to a field that is part of the repeated
element, and that will be set by the encoder to identify the last element of the repetition. The encoding specification
determines how an encoder is to set the value of this field from a boolean value which is false if the element is the last
in thqTepettion, amd 15 true otherwise, 1T @ fieid 1S STt IToTe HTalT once througit the use ot fag-to-be-sgt " or
"fielld-to-be-set", then it is an ECN specification or an application error if different values are produged By the

differpnt encoding procedures, and encoders shall not generate encodings in this case.

21.7.7 The value "f | ag- t o- be- used" requires the specification of a REFERENCE to a field that is partof the regeated
elemgnt and whose value may be set from the abstract syntax (i.e., a corresponding field appears’within the ASN.1
specification) or may be set by some other encoder actions invoked by "fl ag-t o- be-set" orf,’el d-t o- be-[set ".
The gncoding specification determines how a decoder is to obtain a boolean value from the walue of this field. The
boolepn value will be false if the element is the last element in the repetition, and true othetwise. A conforming encoder
shall hot produce encodings in which the decoder's transforms of this field do not correctly’identify the last elempnt of
the repetition.

21.7.8 The value "cont ai ner " requires either the specification of a REFERENCE to another field whose encpding
class [the container) has a length determinant and whose contents include the encoding class in the repetition cat¢gory,
or of|a specification (using QUTER) that the end of the PDU determines~the end of the repetitions. The repetitions
termipate when the specified container terminates or when, following the complete encoding of one repetition, the end
of thg PDU is encountered.

NOTE — This specification can only be used if the encoding of the (repetition category) class is the last encoding to be pldced in

th¢ container. It is an ECN specification error if additional encodings’are placed in the container, but conforming encoderp shall
ngt generate such encodings.

21.7.9 The value "pat t er n" specifies that some specifiéd pattern of bits (see 21.10) will terminate the repetitions. In
this cpse additional encoding properties will require the-insertion by an encoder of a specified pattern, and the detgction
of thip pattern by a decoder. It is an ECN specification error if the encoding of the pattern can be the initial part pf the
encoding of an abstract value of a repetition. Ateonforming encoder shall detect such errors and shall not geferate
encodings that violate this rule.

NOTE — An example is a null-terminated echaracter string whose contents are not allowed to include a null character.

21.7.10 The value "handl e" requires that an identification handle be specified. This identification handle shpll be
exhibjted both by the encoding objeet applied to the component being repeated, and by the encoding object appljed to
each possible (taking account~of optionality) following encoding class. The handle value sets specified by |those
encoding objects shall all be disjoint.

NOTE — Every abstract-value of a given component is required to have a handle value matching the handle value set [of the
component (see 22,922.2).

21.7.11 The value*rot - needed" specifies that the number of repetitions is fixed in the abstract syntax.

NOTE — It_is\aw’ ECN specification error (which shall be detected and blocked by encoders) if this encoding is specified apnd the
nuymber afitepetitions are not so restricted, or if the application violates that restriction.

IO

218 Tho 1 PRH 3 £ s
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21.8.1 The "Justification" type is:

Justification ::= CHO CE
{ left | NTEGER (0. . MVAX),
ri ght | NTEGER (0. . MAX) }

21.8.2 The default value for this type is always "ri ght : 0"

21.8.3 An encoding property of this type specifies right or left justification of the encoding of a value within the
encoding space, with an offset in bits from the ends of the encoding space.
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21.84 The "l ef t " alternative specifies that the leading bit of the value encoding is positioned relative to the leading
edge of the encoding space. The integer value specifies the number of bits between the leading edge of the encoding
space and the leading bit of the value encoding.

NOTE — If the value encoding is not fixed length or self-delimiting, then the use of value padding in a fixed size container can in

some circumstances make it impossible for a decoder to recover the original abstract values. This would be an ECN specification
error.

21.8.5 The "ri ght " alternative specifies that the trailing bit of the value encoding is positioned relative to the trailing
edge of the encoding space. The integer value specifies the number of bits between the trailing bit of the value
encoding and the trailing edge of the encoding space.

21.8.6 The setting of the bits (if any) before or after the value encoding is determined by encoding properties of type
"Paddi ng" and "Pat t ern" (see 21.9 and 21.10).

21.9 | The Paddi ng type

21.9.1 The "Paddi ng" type is:
Paddi ng ::= ENUMERATED {zero, one, pattern, encoder-option}

21.9.2 The default value for an encoding property of this type is always "zer o".

21.9.3 An encoding property of this type specifies details of the padding for pre-padding, for classes in the pad
categgry, and for the post-padding of a PDU specified in the #OUTER encoding class.

21.9.4 If the value is "zer 0", then the padding is with zero bits.
21.9.5 [If the value is "one", then the padding is with one bits.

21.9.¢ If the value is "pattern" then the bits are set according to th¢ gncoding property of type "Pat t er n|' (see
21.10).

21.9.7 Ifthe value is "encoder - opt i on", then the encoder freel§ ehooses the bit values.

21.1¢ The Pattern and Non- Nul | - Pat t er n types
21.10(1 The "Pat t er n" type is:

Pattern ::= CHO CE
{bits BI T STRI NG

octets OCTET STRI NG
char8 | A5String,
char 16 BWPSt ri ng,
char 32 Uni versal Stri ng,
any-of - | engt h I NTEGER (1.. MVAX),
di fferent ENUMERATED {any} }

21.10{2 The "Non- Nul | - Patt€r n" type is:

Non- Nul | - Pattern ::= Pattern
(ALLNEXCEPT (bits:''B | octets:'"H| char8:"" | charl6:"" |
char32:""))

21.103 The default value for an encoding property of this type is always "bi ts: ' 0' B".

21.10p4 _7The "bi t s" or "oct et s" alternative specifies a pattern of length and value equal to the given bitstring o1 octet
stringjrespectively.

21.10.5 The "char 8" alternative specifies a (multiple of 8-bits) pattern where each character in the given string is
converted to its ISO/IEC 10646 value as an 8-bit value.

21.10.6 The "char 16" alternative specifies a (multiple of 16-bits) pattern where each character in the given string is
converted to its ISO/IEC 10646 value as a 16-bit value.

21.10.7 The "char 32" alternative specifies a (multiple of 32-bits) pattern where each character in the given string is
converted to its ISO/IEC 10646 value as a 32-bit value.

21.10.8 The "any-of -1 engt h" alternative specifies a size for the pattern. The actual value of the pattern is an
encoder's option.
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21.10.9 The "di f f er ent : any" value is permitted only when there is another encoding property of type "Patt er n" in
the same encoding property group. In this case, either (but not both) of the encoding properties of type "Pat t er n" can
be set to "di fferent:any". The "di fferent: any" value specifies that the length of the pattern shall be the same as
the length of the pattern specified for the other encoding property. It also specifies that its value is an encoder's option,
provided that the value is different from the value of the pattern specified for the other encoding property.

21.10.10 When used for pre-padding and for justification (but not for other uses), the "Non- Nul | - Patt er n" is used,
and the pattern is truncated and/or replicated as necessary to provide sufficient bits for the pre-padding, value pre-
padding, or value post-padding.

21.10.11The "di f f er ent : any" value of type "Pat t er n" is excluded from most uses of this type. When a parameter
of type "Pattern" is used to specify the pattern for a boolean value (TRUE, say), then the value "di f f er ent : any" can be
used to specify the pattern for the other boolean value (FALSE in this case). When used in this way, "di f f er ent : any"
meanf an encoder's option for the paftern. The encoder may use any pattern it chooses, but it shall be of the same length
as the| other pattern and shall differ from it in at least one bit position.

21.11 The RangeCondi ti on type

21.11}1 The "RangeCondi ti on" type is:

RangeCondi ti on ::= ENUVERATED

{ unbounded- or - no- | ower - bound,
seni - bounded-w t h- negat i ves,
bounded-wi t h- negati ves,
semn - bounded- w t hout - negat i ves,
bounded-wi t hout - negat i ves,
t est - | ower - bound,
t est - upper - bound,
t est - range}

21.11}2 The default value for an encoding property of this type is always "unbounded- or - no- | ower - bound".

21.11}3 An encoding property of type "RangeCondi ti on" is used in the specification of a predicate which tests the
existgnce and nature of bounds on the integer values associated with an encoding class in the integer category.

21.11}4 The predicate is satisfied for each of the first fiye 'enumeration values of 21.11.1 if and only if the follpwing
condifions are satisfied by the bounds on the encoding €lass in the integer category:

a) unbounded- or - no- | ower - bound:“either there are no bounds, or else there is only an upper bound but
no lower bound.

b) seni-bounded- wi t h- negat iJves: there is a lower bound that is less than zero, but no upper bounfl.
c) bounded-wi t h- negat.‘es: there is a lower bound that is less than zero, and an upper bound.

d) seni - bounded- wi-t'hout - negat i ves: there is a lower bound that is greater than or equal to zerp, but
no upper bound,.

e) bounded-w ©hout - negat i ves: there is a lower bound that is greater than or equal to zero, ahd an
upper bouhé:
NOTE — For any given set of bounds, exactly one predicate will be satisfied.

21.1145 If the last three enumeration values of 21.11.1 are used, a value of the "Conpari son" type (see 21.12] shall
be provided, together with an integer conpar at or value. If the other enumeration values are used, these shall fot be
provigled.

21.12The Conpar i son type

21.12.1 The "Conpari son" type is:

Conpari son ::= ENUMERATED
{equal -to,
not - equal -t o,
greater-than,
| ess-t han,
greater-than-or-equal -to,
| ess-t han-or-equal -t o}

21.12.2 There is no default value for an encoding property of this type.
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21.12.3 An encoding property of type "Conpar i son" is used to test an identified property of a class against an integer
value (the conpar at or).

21.12.4 The predicate using a "Conpari son" is satisfied for each enumeration value if and only if the identified
property satisfies the following conditions:

a) equal -t o: its value equals that of the specified integer conpar at or value.

b) not-equal -t o: its value is different from that of the specified integer conpar at or value.
c) greater-than: its value is greater than that of the specified integer conpar at or value.
d) |ess-than: its value is less than that of the specified integer conpar at or value.

e) greater-than-or-equal-to: its value is greater than or equal to that of the specified integer
conpar at or_value

f) less-than-or-equal -to: its value is less than or equal to that of the specified integer conpar(at or
value.

21.13 The Si zeRangeCondi ti on type

21.13]1 The "Si zeRangeCondi ti on" type is:

Si zeRangeCondi ti on ::= ENUVERATED
{ no-ub-with-zero-1b,
ub-w t h-zero-1b,
no- ub-wi t h-non-zero-1 b,
ub-w t h-non-zero-1| b,
fixed-si ze,
t est -| ower - bound,
t est - upper - bound,
t est - range}

21.13}2 The default value for an encoding property of this type is always "no- ub-wi t h- zero-1 b".

21.13}3 An encoding property of type "Si zeRangeCondi t i 9" is used to test properties of the bounds in an effpctive
size cpnstraint associated with a class in the repetition or chakacterstring category.

21.13}4 The predicate is satisfied for each of the first five enumeration values of 21.13.1 if and only if the effectivie size
constfaint satisfies the following conditions:

a) no- ub-wi t h-zero-1 b: there is ag-upper bound on the size and the lower bound is zero.

b) ub-with-zero-1 b: there isanyupper bound on the size and the lower bound is zero.

€) no-ub-w th-non-zeroxl b: there is no upper bound on the size and the lower bound is non-zero.
d) ub-with-non-zero-|)b: there is an upper bound on the size and the lower bound is non-zero.

e) fixed-size: thelower bound and the upper bound on the size are the same value.

NQTE — Only the "f i xed&sjze" case overlaps with other predicates.

21.13|5 If the last three-enumeration values of 21.13.1 are used, a value of the "Conpari son" type (see 21.12] shall
be provided, togethép-with an integer conpar at or value. If the other enumeration values are used, these shall ot be
providled.

21.14 The'\Rever sal Speci fi cati on type

21.14l1 The "Reversal Specification" type is

Rever sal Speci fication ::= ENUVERATED
{no-reversal,
reverse-bits-in-units,
reverse-hal f-units,
reverse-bits-in-half-units}

21.14.2 The default value for an encoding property of this type is always "no-r ever sal ".

21.14.3 An encoding property of type "Rever sal Specifi cation" is used in the final transform of bits from an
encoding space into an output buffer for transmission (with the reverse transform being applied for decoding).

NOTE - Bits inserted as a result of pre-padding specified by an encoding object do not form part of the encoding to which bit-
reversal specified by that encoding object, but may be subject to bit-reversal specified by an encoding object for a container in
which the complete encoding is embedded.
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21.14.4 Values of this type are always used in conjunction with an encoding property of type "Uni t " that specifies a
unit size in bits (see 21.1).

21.145 1t s an  ECN  specification error if the values '"reverse-half-units" and
"rever se-bi ts-in-hal f-units" are used when the encoding property of type "Uni t " is not an even number of bits.

21.14.6 The enumerations specify (in the order of enumerations listed above) either:
a) no reversal of bits; or
b) reversal of the order of half-units (without changing the order of bits in each half unit); or
c) reversal of the order of bits in each half-unit but without reversing the order of the half-units; or

d) reversal of the order of the bits in each unit.

21.14L7_I1_EC'N—I_I—TU1_b_ﬂTﬁ_l—h_IﬂTﬁ_IW_1S an Specitication error 1T the number Of Dils il an encoding to which bit-teversal is applicd is jot an
integtfal multiple of "Uni t ".

21.148 Bit-reversal can be specified for the encoding of all classes that can appear as fields of encoding strudtures,
excepft an encoding class of the alternatives category, which does not use the encoding space concept.

21.13 The Resul t Si ze type

21.15[1 The "Resul t Si ze" type is:

Result Si ze ::= INTEGER {variabl e(-1), fixed-to-max(0)} (-¥\NAX)
21.1512 The default value for an encoding property of this type is always "var i abhe".

21.15}3 An encoding property of this type specifies the size of the result in a# TRANSFORMclass.

21.15(4 The value "vari abl e" specifies that the size of the #TRANSF@RMresult will vary for different abstract vplues,
and 14 determined by the detailed specification of the transform.

21.15{5 The value "fi xed-to-max" specifies that the size of the #TRANSFORM result is to be the same for the
transform of all abstract values. It specifies that the target siz€1s to be the smallest size that can contain the spefified
encoding of any one (all) of the abstract values. The precisg\details of this specification are defined for each tranfform
in whjch values of this type are used.

21.1516 A positive value of type "Resul t Si ze" spevifies that the size of the #TRANSFORMresult is fixed. This vglue is
used 1n the specification of the actual transform.

21.1¢ The Handl eVal ueSet type
21.16{1 The "Handl eVal ueSet " typeus:

Handl eVal ueSet ::=_CHA CE {
bits BIT STRING
octets OCTET STRI NG
nunber, | NTEGER (0.. MVAX),
tag ENUVERATED { any},
r ahge SEQUENCE {

low | NTEGER(O..MAX),

hi gh | NTEGER(O..MAX) 1},
ranges SET (Sl ZE(1..MAX)) OF SEQUENCE {
low | NTEGER(O..MAX),

hi gh | NTEGER(O.. MAX) }}

21.16.2 The "Handl eVal ueSet " is used to specify the set of bit patterns (the handle value set) characterizing the
encodings produced by an encoding object that exhibits an identification handle.

21.16.3 The value of an identification handle can be used to identify the presence or absence of optional components,
the choice of alternatives, the ordering of sets, or the end of a repetition. There are requirements in such circumstances
that the handle value sets of the encoding objects applied to the different alternatives or components be all disjoint (see
21.5.7, 21.6.6, 21.7.10, and 22.10.2.1), and requirements that all the possible values of the identification handle
occurring in the encodings of any given alternative or component all match the specified handle value set of the
encoding object applied to that alternative or component (see 22.9.2.2).

NOTE — The ECN specifier is required to specify the handle value set in all cases except where (for encodings of the tag class)

the handle value set consists of a single value and depends on the tag number associated with that tag class, either directly
through implicit generation from an ASN.1 tag, or by mapping from an implicitly generated structure.
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21.16.4 The "bits", "octets" and "nunber " alternatives specify a handle value as a bitstring, octetstring or integer
value respectively. It is an ECN specification error if this value cannot be encoded within the number of bits specified
for the identification handle (see 22.9).

21.16.5 The "t ag: any" alternative specifies a handle value determined by the number specified in an ECN encoding
structure for a class in the tag category, or by the tag number mapped from an ASN.1 tag construction. It shall only be
used when specifying the handle identification for the encoding of a class in the tag category.

21.16.6 The "r ange" alternative specifies a range of integer values, with hi gh greater than or equal to | ow.

21.16.7 The "ranges" alternative specifies a set of ranges of integer values, each with hi gh greater than or equal to
| ow. One or more such ranges can be specified, and they shall not overlap.
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The tnregervappr ng type
1 The "I nt eger Mappi ng" type is:

I nt eger Mappi ng :: = SET OF SEQUENCE {
source SET OF | NTEGER
result | NTEGER} (CONSTRAINED BY {/* the intersection of the(Source
conponents shall be“enpty */})

2 The "I nt eger Mappi ng" is used to specify explicitly an ints-to-ints transform.

Commonly used encoding property groups

se of each group, the restrictions on both the values of encoding properties and the syntax that can be used, a
encoder and decoder actions for each group are also specified.

Replacement specification

are three variants of replacement specification:

a) Full replacement specification: This is used;for classes in the concatenation category, where replac
can be of the entire structure, or can seleetively replace optional and non-optional components.

b) Structure or component replacementispecification: This is used for classes in the alternatives cat
and for the #CONDI TI ONAL- REPETI TI ON encoding class, where replacement can be of the
structure or of the component.

DTE — When an encoding object of the"#CONDI Tl ONAL- REPETI Tl ON class is used to define encodings for a class
string, characterstring, or octetstring.category, it can only perform structure-only replacement.

¢) Structure-only replacement specification: This is used for classes that do not have components.

Encoding properties,/syntax and purpose
.1 Full replacemerit-specification uses the following encoding properties:
&#Repl acenent - structure OPTI ONA
&#Repl acenment - struct ure2 OPTI ON\A
&r epl acenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent - structure OPTI ONA
& epl acenent - st ruct ur e- encodi ng- obj ect 2 &#Repl acenent -structure2 OPTI ONA
&#Head- end-structure OPTI O\A
&#Head- end- st ruct ure2 OPTI ONA

lause specifies groups of encoding properties that are commonly used-in‘the defined syntax (see clause 20).
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22.1.1.2 The syntax to be used for full replacement specification shall be:

[ REPLACE
[ STRUCTURE]
[ COVPONENT]
[ ALL COVPONENTS]
[ OPTI ONALS]
[ NON- OPTI ONALS]
W TH &#Repl acenent - structure
[ ENCODED BY &r epl acenent - st ruct ur e- encodi ng- obj ect
[ NSERT AT HEAD &#Head- end-structure]]
[ AND OPTI ONALS W TH &#Repl acenent - struct ur e2
[ ENCODED BY &r epl acenent - st ruct ur e- encodi ng- obj ect 2
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[ NSERT AT HEAD &#Head- end-structure2]]] ]

22.1.1.3 Structure or component replacement specification uses the following encoding properties:

&#Repl acenent - structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent - structure OPTI ONAL,
&#Head- end- structure OPTI ONAL

22.1.1.4 The syntax to be used for structure or component replacement specification shall be:

[ REPLACE
[ STRUCTURE]
[ COVPONENT]
[ALL COVPONENTS]
W TH &Repl acenent - struct ure

22.1.]

22.1.]

22.1.]

22.1.]
to usg

22.1.]

22.1.1
all cd
comp

[ ENCODED BY &r epl acenent - st ruct ur e- encodi ng- obj ect
[  NSERT AT HEAD &#Head- end-structure]]]

.5 Structure-only replacement specification uses the following encoding properties:

&#Repl acenent - structure OPTI ONA
&r epl acenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent - struct pyre OPTI ONA

.6 The syntax to be used for structure-only replacement specification shall be:

[ REPLACE
[ STRUCTURE]
W TH &#Repl acenent - structure
[ ENCODED BY &r epl acenent - st ruct ur e- encodi ng- obj ect]]

.7 Use of the W TH SYNTAX for these encoding property groups specifies that either:

a) the encoding class to which this encoding object is agplied is to be replaced completely (REH
STRUCTURE); in the case of an encoding class in the. optionality category, the entire compon
replaced; in the case of a #CONDI TI ONAL- REPETI T[*ON encoding object used in defining an enc
object for a class in the bitstring, characterstringgoctetstring or repetition category, then (if the
condition is satisfied), the entire bitstring, characterstring, octetstring or repetition structure is rep
or

b) all its components (except for the structure-only specification) are to be replaced (with the
replacement action for all components)("REPLACE COVPONENT" or "REPLACE ALL COVPONENTS'

c) all its optional components (ouly for full replacement specification) are to be replaced ("RER
OPTI ONALS"); or

d) all its non-optional components (only for full replacement specification) are to be replaced (""RER
NON- OPTI ONALS"); or

e) all its components'(only for full replacement specification) are to be replaced, with different replac
actions for optionals and for non-optionals ("REPLACE NON- OPTI ONALS AND OPTI ONALS").

.8 "REPLACE COVPGNENT" is a synonym for "REPLACE ALL COVPONENTS". It would be normal but not req
this if there is pfily)a single component.

.9 The optional "ENCCDED BY"s specify an encoding object for the replacement structure.

.10 Thesoptional "I NSERT AT HEAD's specify an encoding structure (the head-end insertion) to be inserted |
mpenents of the (constructor) class performing the replacement. There is one head-end insertion for
brient that is replaced, and they are inserted in the textual order of the original components.
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22.1.1.11 In a full replacement specification, if the encoding object applied to the replacement structure exhibits an
identification handle (with a given handle value set), then the encoding object whose defined syntax contains the full
replacement specification exhibits the same identification handle (with the same handle value set), otherwise it does not
exhibit a handle.

22.1.2  Specification restrictions

22.1.2.1 Exactly one of the permitted syntaxes between "REPLACE" and "W TH" shall be used.

22.1.2.2 The "W TH" replacement structures shall be parameterized encoding structures with a single encoding class
parameter. When they are specified in the above defined syntax, only the class reference name of the structure shall be
given. It shall not have any parameter list in this use of the names.
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22.1.2.3 These parameterized structures are instantiated during the replacement action with an actual parameter as
specified in 22.1.3. The use of the dummy parameter in the replacement parameterized structures shall be consistent
with the class of the actual parameter that will be supplied in the replacement action.

NOTE - In particular, if "REPLACE STRUCTURE" is used for an encoding class in the tag category, the dummy parameter can
only occur in the replacement structure where an encoding class in the tag category is permitted.

22.1.2.4 The "ENCCDED BY" encoding objects shall be parameterized encoding objects for the "W TH' encoding
structures. They shall have a dummy parameter (#D, say) that is an encoding class, and they shall be defined in a
parameterized encoding object assignment in which the governor is the corresponding "W TH" parameterized encoding
structure, instantiated with #D. When they are specified in the above defined syntax, the encoding object reference
name only shall be given. They shall not have any parameter list in this use of the names.

22.1.2.5 They are instantiated during the replacement action with an actual parameter which is the same as the actual
paranyeterused-to-mstanttate-thecorrespondmg—“W-FH-reptacementerrcodmegstructures— ey may-atsotrave—

—  (optionally) another (but only one) dummy parameter that is an encoding object set; when\thdy are
instantiated during the replacement action, the actual parameter for this dummy parametercisithe cfirrent
combined encoding object set;

—  (conditionally) another (but only one) dummy parameter that is a REFERENCE paramet€p. This parameter
shall be present if and only if "I NSERT AT HEAD' is specified. When the‘encoding objecfs are
instantiated during the replacement action, the actual parameter for this dummy pdrameter is a refgrence
to the corresponding "I NSERT AT HEAD" structure.

22.1.2.6 All fields of the replacement structure that are not part of the encoding class parameter are auxiliary fieldp, and
shall be set by the encoding of the replacement structure.

22.1.2.7 The "I NSERT AT HEAD' encoding structures shall not have dummy parameters. All their fields are auyiliary
fields| and shall be set by the "ENCODED BY" encoding object through its RERERENCE parameter.

22.1.2.8 If an encoding object has a "REPLACE STRUCTURE" clause, it‘shall not have an "INSERT AT HEAD" ¢lause
and shall have an "ENCODED BY" clause.

22.1.1 Encoder actions

22.1.3.1 If an encoding object of a class in the bit-field greup of categories or in the tag category specifies "RERFLACE
STRUCTURE", then an encoder shall replace the structuré/with an instantiation of the replacement structure, usigg the
name|of the original structure as the actual parameter.

22.1.3.2 If an encoding object of a class in the encoding constructor category specifies "REPLACE STRUCTURE", thlen an
encoder shall replace the entire construction with an instantiation of the replacement structure, using the entire orjiginal
constfuction as the actual parameter.

22.1.3.3 If an encoding object of a classhin the optionality category specifies "REPLACE STRUCTURE", then an erjcoder
shall feplace the entire optional component with a non-optional instantiation of the replacement structure. The hctual
paranjeter shall be a hidden structiire name (which matches no other structure, and which can never have encpding
objects). This hidden structuré naine shall de-reference to the entire original optional component (including any classes
in the|tag category) except«forithe class in the optionality category.

22.1.3.4 If an encoding)“object of any class specifies "REPLACE COVPONENT", "REPLACE ALL COVPONENTS",
"REPIACE OPTI ONAL~COVPONENTS", or "REPLACE NON- OPTI ONAL COMPONENTS", then an encoder shall replage the
entire| specified component(s) with a non-optional instantiation of the replacement structure. The actual parametet shall
be a Hidden structure name (which matches no other structure, and which can never have encoding objects). This ifidden
structpire namie shall de-reference to the entire original optional component (including any classes in the tag catdgory)
except for, any class in the optionality category.

22.1.3.5 All abstract values and tag numbers of the original structure or component shall be mapped to corresponding
abstract values and tag numbers in the actual parameter of the replacement structure. Values of other fields in the
replacement structure shall be set according to the specification in the replacement structure encoding object.

22.1.3.6 If a head-end insertion is specified, then the encoder shall insert the head-end structure before all components
of the structure whose encoding object is performing the replacement. Head-end insertions shall be inserted in the same
textual order as the components being replaced. The values of fields of this structure shall be set in accordance with the
specification in the replacement structure encoding object.

NOTE — These structures will normally be a simple integer field providing a location determinant for the field being replaced.
22.1.3.7 The encoder shall instantiate the replacement structure encoding-object(s) with actual parameters as follows:

a) The dummy parameter that is an encoding class shall be given an actual parameter that is the same as the
actual parameter of the instantiation of the replacement structure.
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b) The dummy parameter (if any) that is a REFERENCE parameter shall be given an actual parameter that is a
reference to the inserted head-end structure.

¢) The dummy parameter (if any) that is an encoding object set (whose governor is #ENCODI NGS) shall be
given an actual parameter that is the current combined encoding object set.

22.1.3.8 The encoder shall then use this instantiated encoding object to encode the corresponding replacement structure
instead of the combined encoding object set.

NOTE — The encoding of the head-end insertions is determined by the application of the current combined encoding object set.

22.1.4 Decoder actions

A decoder shall generate (for an application) the abstract values of the original structure that was being encoded, hiding
any replacement activity (even if performed by repeated application of replacements).

22.2 Pre-alignment and padding specification

22.2.1 Encoding properties, syntax and purpose

22.2.1.1 Pre-alignment and padding specification uses the following encoding properties:

&encodi ng- space-pre-alignnment-unit Unit (ALL EXCEPT repetitions) DEFAULT bjt,
&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,
&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALLCEXCEPT different:pny)

DEFAULT bits:'0' B

22.2.1.2 The syntax to be used for pre-alignment and padding specification shall bes

[ALI GNED TO
[ NEXT]
[ ANY]
&encodi ng- space- pre-al i gnmentsuni t
[ PADDI NG &encodi ng- space- pke-rpaddi ng
[ PATTERN &encodi ng-@pace-pre-pattern]]]

22.2.1.3 The definition of types used in pre-alignment and padding specification is:

Unit ::= | NTEGER
{repetitions(0), bit(1l), nibb®e(4), octet(8), wordl6(16),
dword32(32)} (0..256) --%\Usee 21.1)
Paddi ng ::= ENUMERATED {zergC®ne, pattern, encoder-option} -- (see 21.9)
Pattern ::= CHO CE
{bits BI T STRI NG
octets OCTET STRI NG
char 8 | A5String,
char 16 BWPSt ri ng,
char 32 Uni versal String,
any- of «¥@ngt h I NTEGER (1..NAX),
di f { depnit ENUVERATED { any} }
Non- Nul IRt tern :: = Pattern
(Wt EXCEPT (bits:'"B | octets:'""H| char8:"" | charl6:"" |

char32:"")) -- (see 21.10)

22.2.1.4 The'pre-alignment encoding properties use a value of type "Uni t " to specify that a container is to staft at a
multipl€ef "Unl t" bits from the ahgnment p01nt The ahgnment pomt is the start of the encodlng of the type to which

object (see clause 25) Encodlng properties of type "Paddi ng" and "Pat tern" are used to control the bits that provide
padding to the required alignment. Specification of "ALI GNED TO NEXT" produces the minimum number of inserted
bits. Specification of "ALI GNED TO ANY" leaves the actual number of inserted bits (subject to the above restriction to a
multiple of "Unit") as an encoders option, and requires the specification of a start pointer.

22.2.2  Specification constraints

22.2.2.1 At most one of "NEXT" and "ANY" shall be specified. When not specified, "NEXT" is assumed.

22.2.2.2 If "ALI GNED TO ANY" is specified, then the encoding object specification shall include the "START- PO NTER"
clause.
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22.2.3 Encoder actions

22.2.3.1 If "NEXT" is specified (or is defaulted), the encoder shall insert the minimum number of bits necessary to
ensure that the total number of bits in the encoding (from the alignment point up to the beginning of the container, see
22.2.1.4) is a multiple of the encoding property of type "Uni t ".

22.2.3.2 If "ANY" is specified, the encoder shall insert an encoder-dependent number of bits, provided that the total
number of bits in the encoding (from the alignment point) is a multiple of the encoding property of type "Uni t .

22.2.3.3 The inserted bits shall be set so that the first inserted bit is the leading bit of "Pat t er n", and so on. If more bits
are needed than are present in the encoding property of type "Pattern", then the pattern shall be re-used, most
significant bit first.

22.2.4 Decoder actions

22.2.4.1 The decoder shall determine the number of inserted bits from the encoder actions if "NEXT" is specifiedt

22.2.4.2 The decoder shall determine the number of inserted bits from the start pointer specification)if "ANY" is
specified.

22.2.4.3 In all cases, the decoder shall discard the inserted bits transparently to the application. It shall not diagngse an
encoder or a specification error if the bits are not in agreement with the specified encoders actionst

22.3 Start pointer specification

22.3.1 Encoding properties, syntax and purpose

22.3.1.1 Start pointer specification uses the following encoding properties:

&start-pointer REFERENCE OPTI ONAL,
&start-pointer-unit Unit (ALL“EXCEPT repetitions) DEFAULT bjt,
&St art - poi nter-encoder-transforns #TRANSEORM ORDERED OPTI ONAL

22.3.1.2 The syntax to be used for start pointer specification shall*be:
[ START- PO NTER  &start-pointer
[ MULTI PLE OF &startpointer-unit]
[ ENCODER- TRANSFORVB &St art - poi nt er - encoder -t ransf or ns] ]

22.3.1.3 The definition of the type used in start pdinter specification is:

Unit ::= | NTEGER
{repetitions(0), bi.t{1), nibble(4), octet(8), wordl6(16),
dwor d32(32)} (Q\256) -- (see 21.1)

22.3.1.4 This specification identifies-the start of the encoding space for an element. If the start of the encoding [space
for the element is an offset of “n"~"MULTI PLE OF" units, then the value placed in the field referenced by the "START-
PO NFER' encoding property.is-the value obtained by applying "ENCODER- TRANSFORMS" to "n".

NOTE 1 — If "MULTIELE OF" is not "bi ts", this implies that that offset from the start of the field referenced by the

"JTART- PO NTER'Y encoding property to the start of the encoding space is required to be an integral multiple of
"MULTI PLE OF"nits.

NOTE 2 — There\will in general be encodings of other elements, and perhaps of other start-pointers between the field refefenced
by{ the "START-"PO NTER" encoding property and the start of the encoding of this element.

22.3.2 /Specification constraints

223" 3TN SN T ARG AN AT 4 VRS "o Doy A oL o111 1 HYS RN 4
eJemoel 1T INOALT Y TTVANOT NANIVID 109 11U PJUD\.«IIL’ UIvIT TN T A TNT LN olIdllT UL a LVIdadsd 11T IV llll.\.aé\.«l \./Lll\/é\}l) .

22.3.2.2 If "ENCODER- TRANSFORMS" is present, then "START- PO NTER' shall be a class with a category that can
encode a value of the result of the final transform in "ENCODER- TRANSFORMS".

22.3.2.3 It is an ECN specification or application error if any transform in the "ENCODER- TRANSFORMS" is not
reversible for the abstract value to which it is applied. The first transform shall have a source which is integer.

22.3.3 Encoder actions

22.3.3.1 The encoder shall determine the number "n" of "MULTI PLE OF" units from the start of the encoding of the
"START- PO NTER" field (after any pre-alignment of that field) to the start of the encoding of the element with the start-
pointer specification (after any pre-alignment of that element). It is an ECN specification error if "n" is not integral. If
the element being encoded is optional, and is absent, then "n" shall be set to zero.
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22.3.3.2 The value "n" shall be transformed using the "ENCODER- TRANSFORMS" (if present) to produce a conceptual
value "m". If this resulting value "m" is not an abstract value that can be associated with the encoding class of the
"START- PO NTER", then it is an ECN specification error, and encoding shall not proceed. Otherwise the value "m" shall
be the value encoded in the field referenced by "START- PO NTER'.

NOTE — The encoding object applied to the field referenced by "START- POl NTER" will determine the encoding of the value
|lm|1.
22.3.4 Decoder actions

22.3.4.1 The decoder shall determine the conceptual value "m" in the field referenced by "START- PO NTER", and shall
use knowledge of the encoder's actions to reverse the transforms (if any) to produce the integer value "n".

22.3.4.2 If "n" is zero, then the decoder shall diagnose an encoder's error if the element being decoded is not an optional
elementwith an npﬁnna]itv eppr‘iﬁr‘a‘rinn Hr-fr-'rmining npfinna]i‘r\ by the start pnintpr If "n" is zero_and the element
being|decoded is an optional element with an optionality specification determining optionality by the start poirter} then
the dqcoder shall determine that the element is absent.

22.3.4.3 The value "n" is multiplied by "MULTI PLE OF", and the start of the encoding of the "START- RQ NTER" fleld is
added to produce a position "p". If "p" is a position in the encoding that is earlier than the current décoding point} then
the dqcoder shall diagnose an encoding error.

22.3.4.4 If "p" is a position in the encoding that is equal to or beyond the current decoding pointy/then the decodei shall

n..n n..n

silent]y ignore all bits up to position "p", and shall continue decoding of this element fromposition "p".

22.4| Encoding space specification

22.4.1 Encoding properties, syntax and purpose

22.4.1.1 Encoding space specification uses the following encoding propertics:

&encodi ng- space- si ze EncodiingSpaceSi ze
DEFAWLT sel f-delimting-val ues,
&encodi ng- space- uni t Unipt (ALL EXCEPT repetitions)
DEFAULT bi t,
&encodi ng- space- det erm nati on Encodi ngSpaceDet er mi nati on
DEFAULT fi el d-to-be-set,
&encodi ng- space-ref erence REFERENCE OPTI ONAL,
&Encoder -tr ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&Decoder - t ransf or s #TRANSFORM ORDERED OPTI ONAL

22.4.1.2 The syntax to be used for encoding-space specification shall be:

ENCCDI NG- SPACE
[ SI ZE &encedi ng- space-si ze
[/MULTI PLE OF &encodi ng- space-unit]]
[ DETERM-NED BY &encodi ng- space- det er mi nati on]
[ USI'NG &encodi ng- space-r ef erence
[ ENCODER- TRANSFORMB &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |

22.4.1.3 The definition-0f types used in this specification is:

EncQdi BySpaceSi ze :: = | NTEGER
{ encoder-option-w th-determ nant(-3),
vari abl e-wi t h-det erm nant (-2),
sel f-delimting-val ues(-1),

fixed to-max(0VY (-3 NMAX) -- (see 21 2)
Unit ::= | NTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)
Encodi ngSpaceDet erm nati on ::= ENUVERATED
{field-to-be-set, field-to-be-used, container} -- (see 21.3)

22.4.1.4 The purpose of this specification is to determine encoder and decoder actions to ensure that a decoder can
correctly determine the end of an encoding space.

NOTE — An actual value encoding does not necessarily fill the entire encoding space, and recovery of the value encoding by a
decoder will in general also require actions specified for value padding and justification (see 22.8).
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22.4.1.5 The meaning of the encoding properties of type "Unit", "Encodi ngSpaceSize", and
"Encodi ngSpaceDet er i nati on" were given in 21.1, 21.2, and 21.3. Together these specify the way in which the
end of the encoding space for this element is determined.

NOTE — "vari abl e-w t h- det er mi nant " can be specified even if the encoding space is fixed size, if the ECN specifier
requires that a length determinant is to be included, even if not needed.

22.4.1.6 The "USI NG' specification is a reference which enables a decoder to determine the end of the encoding space.
It is a reference to an auxiliary field or to a field carrying abstract values, or to a container, depending on the value of
"DETERM NED BY".

22.4.2  Specification restrictions

22.4.2.1 If "SI ZE" is "vari abl e-wi t h-det ermi nant " and "DETERM NED BY" is not present, then the default value

("f | eld-to-be-set ") 1o aceumad

22.4.2.2 "USING' shall be specified if and only if "SIZE" is "variabl e-w th-determ.nant|" or

"encgder - opti on-wi t h-det er mi nant ".

22.4.2.3 "ENCODER- TRANSFORMS" shall be present only if "DETERM NED BY" is set to, (or defaults to)
"fielld-to-be-set". The "USING' reference in this case shall be an auxiliary field of")category bitdtring,
charagterstring or integer.

22.4.2.4 1t is an ECN specification or application error if any transform in the "ENCODER- TRANSFORMS" {s not
revergible for the abstract value to which it is applied. The first transform shall have a:source which is integer and the
last trpnsform shall have a result which can be encoded by the class of the field refererced by "USI NG'.

22.4.2.5 "DECODER- TRANSFORMB" shall be present only if "DETERM NED BY" isgetsto "fi el d-t o- be- used". Th first
transflorm shall have a source which is the same as the category of the field refefenced by "USI NG' which shall not|be an
auxilipry field. The last transform shall have a result which is integer.

22.4.2.6 The "USI NG' encoding property, if present, shall be a referencedo a field that is present in the encoding garlier
than the field being encoded. It is an application or an ECN specification error if, in an instance of encoding, thq field
being|encoded is present but the field referenced by the "USI NG encoding property is absent (through the exerciise of
optionality).

22.4.2.7 1f "DETERM NED BY" is "container”, the "USI NG'reference shall be to a concatenation or to a repetition |(or to
a bitsfring or octetstring with a contained type) in which'the element being encoded is a component (or a compongnt of
a conponent, to any depth). It is an application or~an ECN specification error if, in an instance of encoding) later
elemdnts within the same concatenation or repetition-are to be encoded.

22.4.2.8 This specification is considered set-ifitlic "ENCODI NG SPACE" keyword is used, and it is mandatory for if| to be
set injall places in the defined syntax where*it is allowed. Defaulting all encoding properties of this group (e.g., yse of
"ENCPDI NG SPACE" alone) would not.satisfy the above constraints.

22.4.3 Encoder actions
22.4.3.1 Encoders shall not génerate encodings if the conditions of 22.4.2 are not satisfied.

22.4.3.2 If "SI ZE" is a positive value, then the encoding space is that multiple of "MULTI PLE OF" units and therq is no
furthdr encoder action;

22.4.3.3 If "SI ZE"\ds not set to a positive value, then the encoder shall determine the size ("s", say) of the encpding
space|in "MULTLRLE OF" units from the value encoding specification. This determination is specified in the clauges on
value[encoding specification.

22.4.3.4-1f "SI ZE" is "encoder - opt i on-wi t h- det er mi nant " then the encoder (as an encoder's option) may in¢rease
the size "s" (as determined in 22.4.3.3) in "MICTTPLE OF" units from that determined from the value encoding
specification to any value which can be encoded in the associated determinant.

22.43.5 If "SI ZE" is "f i xed-t o- max" or to "sel f - del i m ti ng-val ues", then there is no further encoder action.

22.4.3.6 If "SI ZE" is "vari abl e-wi t h-det er mi nant " and "DETERM NED BY" is "cont ai ner", then there is no
further encoder action.

22.4.3.7 If "DETERM NED BY" is "fi el d-to-be-set", then the encoder shall apply the transforms specified by
"ENCODER- TRANSFORMB" (if any) to the value "s" to produce a value that shall be encoded in the "USI NG' reference.

NOTE - The encoding of the "USI NG' reference (bit-field "A", say) in this case appears earlier in the encoding than the
encoding of this field (bit-field "B", say), and an encoder will need to defer the encoding of bit-field "A" until the value to be
encoded has been determined by the encoding of bit-field "B".
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22.4.3.8 If "DETERM NED BY" is "fi el d-t o- be- used" then the encoder shall check that the value in the "USI NG'
reference when transformed by the "DECODER- TRANSFORMS" (if any) is equal to "s". It is an application error if this
condition is not met, and encoding shall not proceed.

22.4.4 Decoder actions

22.4.4.1 If "SI ZE" is a positive value, then the decoder determines the encoding space as that multiple of "MJULTI PLE
OF" units.

22.4.4.2 If "SI ZE" is "fi xed-t o- max" or to "sel f-del i m ti ng-val ues", then the decoder shall determine the end
of the encoding space in accordance with the specification of the value encoding. This determination is specified in the
clauses on value encoding specification.

22.44.3 If "SI ZE" is "vari abl e-wi t h-det ermi nant" and "DETERM NED BY" is set to "contai ner", then the
decoder shall use the end of the container specified by "USI NG' as the end of the encoding space.

22444 1f "SI ZE" is "variable-w th-deterninant" and "DETERM NED BY" is set to (or defaults to)
"fielld-to-be-set", then the decoder shall recover the value "s" by applying the reversal of the | ENCPDER-
TRANBFORMS" (if any) to the value of the "USI NG' reference.

22.4.4.5 If "DETERM NED BY" is "fi el d-t o- be- used" then the decoder shall recover the valge !s" by applying the
"DECPDER- TRANSFORMB" (if any) to the value of that field.

22.5| Optionality determination

22.5.1 Encoding properties, syntax and purpose

22.5.1.1 Optionality determination uses the following encoding properties:

&optionality-determn nation Opt i onati tyDet er mi nati on
DEFAULT i el d-to- be-set,

&optionality-reference REFERENCE OPTI ONAL,

&Encoder -t ransf or s #TRANSFORM ORDERED OPTI ONAL,

&Decoder -tr ansf or ns #TRANSFORM ORDERED OPTI ONAL,

&handl e-id Printabl eString

DEFAULT "def aul t - handl e"

22.5.1.2 The syntax to be used for optionality determination shall be:

PRESENCE
[ DETERM NED BY &opti onality-determ nation
[ HANDLE &handl e-i d]]
[ USI NG &optjonality-reference
[ ENCODER- TRANSFORMS &Encoder -t r ansf or ns]
[ DECODER- TRANSFORME &Decoder -t r ansf or ns] |

22.5.1.3 The definition of typeswused in optionality determination is:

OptionalityDe{&m nation ::= ENUVERATED
{fieldDo-be-set, field-to-be-used, container, handle, pointer} -- (see 21.5)

22.5.1.4 The purpose’of this specification is to specify rules that ensure that a decoder can correctly determine whether
an encoder has encoded a value of an optional component. Where a pointer is used to determine optionality, pre-
aligninent and.start pointer specification is also required.

22.5.1.5 An'encoder will encode the value of an optional component if required to do so by the application, unlesg such
an en¢oding would be in violation of rules governing the presence of optional components.

NOTE — An example of violation of such a rule would be where the presence of an (absent) optional component was to be
determined by the end of a container, and the application requested that later optional components in the same container be
encoded.

22.5.1.6 This specification is considered set if the "PRESENCE" keyword is used, and it is mandatory for it to be set in
all places in the defined syntax where it is allowed. Defaulting all other parts of this defined syntax (e.g., use of
"PRESENCE" alone) would not satisfy the above constraints.

22.5.2  Specification restrictions
22.5.2.1 If "DETERM NED BY" is not present, then the default value ("f i el d-t o- be-set") is assumed.
22.5.2.2 "HANDLE" shall not be specified unless "DETERM NED BY" is "handl e".
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22.5.2.3 "USI NG' shall not be specified if "DETERM NED BY" is "handl e" or "poi nt er".
22.5.2.4 If "DETERM NED BY" is "poi nt er ", there shall be a "START- PO NTER" specification in the same encoding

object (see 22.3).
NOTE — A start pointer specification normally also needs a pre-alignment specification with "ALI GNED TO ANY" (see 22.2).

22.5.2.5 If "DETERM NED BY" is "handl e", then 21.5.7 applies.

22.5.2.6 "ENCODER- TRANSFORMB" shall be present only if "DETERM NED BY" is set to (or defaults to)
"fiel d-to-be-set". The "USI NG' reference in this case shall be an auxiliary field of category bitstring, boolean,
characterstring or integer.

22.5.2.7 1t is an ECN specification or application error if any transform in the "ENCCODER- TRANSFORMS" is not
reversible for the abstract value to which it is applied. The first transform shall have a source which is boolean and the
last trthnsform shall have a result which can be encoded by the class of the field referenced by "USI NG'.

22.5.2.8 "DECODER- TRANSFORMS" shall be present only if "DETERM NED BY" is set to "f i el d-t o- be- used". Thg first
transflorm shall have a source which is the same as the category of the field referenced by "USI NG' which shall not|be an
auxilipry field. The last transform shall have a result which is boolean.

22.5.2.9 The "USI NG' encoding property, if present, shall be a reference to a field that is presentdn the encoding darlier
than the field whose presence is being determined. It is an application or an ECN specification ®etyor if, in an instafce of
encoding, the field referenced by the "USI NG' encoding property is required by a decodef but is absent (through the
exerclse of optionality).

22.5.2.10 If "DETERM NED BY" is "cont ai ner ", the "USI NG' reference shall be to a-Cencatenation or to a repetitipn (or
to a bfitstring or octetstring with a contained type) in which the element being encoded is a component (or a component
of a domponent, to any depth). It is an application or an ECN specification erfor if, in an instance of encoding| later
elemgnts within the same concatenation or repetition are to be encoded wheh¢the component whose optionality is peing
detertnined is absent.

22.5.2.11 If "DETERM NED BY" is "cont ai ner ", then it is an ECN specification error if any of the abstract values pf the
optiomal component have an encoding that is zero bits.

22.5.3 Encoder actions
22.5.3.1 Encoders shall not generate encodings if the conditions of 22.5.2 are not satisfied.

22.5.3.2 An encoder shall determine whether the application wishes the optional component to be encoded, and shall
creatd a conceptual boolean value "el enent - i s-present " set to "TRUE" if a value of the component is to be endoded,
and tq "FALSE" otherwise.

22.5.3.3 If "DETERM NED BY" is "fi el.d-t'o- be-set ", then the encoder shall apply the transforms specifigd by
"ENCPDER- TRANSFORMB" (if any) to.the conceptual boolean value "el ement -i s- present " to produce a valug that
shall pe encoded in the "USI NG' reference.

NOTE — The encoding of the "USING' reference in this case appears earlier in the encoding than the encoding of this field, and
an| encoder will need to suspénd the encoding of that field until the value to be encoded has been determined by the encoding of
thys field.

22.5.3.4 If "DETERM NED-BY" is "fi el d-t o- be- used" then the encoder shall check that the value in the "U$l NG'

refergnce when transformed by the "DECODER- TRANSFORMS" (if any) is a boolean value equal to the conceptual [value
"elemjent-is-present’. It is an application error if this condition is not met, and encoding shall not proceed.

22.5.3.5 If “DETERM NED BY" is "cont ai ner " there is no further action needed by the encoder, except to det¢ct an
error jand“to'cease encoding if the application requests the encoding of further components in the "USI NG' conftainer
when|th€ tonceptual value "el enent - i s- present " is false for this optional component.

22.5.3.6 If "DETERM NED BY" is "handl e" there is no further action needed by the encoder.
22.5.3.7 If "DETERM NED BY" is "pointer" then there are no encoder actions needed except those of the

accompanying pre-alignment (if any) and start pointer specifications.
22.54 Decoder actions

22.5.4.1 If "DETERM NED BY" is set to (or defaults to) "fi el d- t o- be- set ", then the decoder shall recover the value
"el enent - i s- present " by applying the reversal of the "ENCODER- TRANSFORMS" (if any) to the value of the "USI NG'
reference.

22.54.2 If "DETERM NED BY" is "fiel d-to-be-used" then the decoder shall recover the conceptual value
"el ement - i s- present " by applying the "DECODER- TRANSFORMS" (if any) to the value of that field.
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22.54.3 If "DETERM NED BY" is "contai ner" then the decoder shall set the conceptual value "el enent-i s-
present " to TRUE if and only if there is at least one bit remaining in the "USI NG' container.

22.5.4.4 If "DETERM NED BY" is "handl e", then the decoder shall determine the value of the specified identification
handle. If the value matches the handle value set of the optional component, then the decoder shall set the conceptual
value "el enent -i s- present " to TRUE, otherwise the decoder shall set it to FALSE.

22.5.4.5 1f "DETERM NED BY" is "poi nt er " then the decoder shall proceed as specified in 22.3 in order to determine
the conceptual value of "el enent -i s- present".

22.5.4.6 If the decoder determines (by any of the above means) that the conceptual value "el enent -i s- present " is
FALSE, then decoding proceeds to the next component, otherwise the decoder expects an encoding of a value of the
optional component and will diagnose an encoding error if one is not present.

22.6 | Alternative determination

22.6.1 Encoding properties, syntax and purpose

22.6.1.1 Alternative determination uses the following encoding properties:

&al ternati ve-determ nation Al ternativeDet erm nation
DEFAULT fi el d-to-be-set;
&al ternative-reference REFERENCE OPTI ONAL,
&Encoder -t r ansf or ns #TRANSFORM ORDERED ©ORM ONAL,
&Decoder -t ransf orns #TRANSFORM ORDERED OPTI ONAL,
&handl e-i d Printabl eString
DEFAULT "def aukt ~handl e",
&al ternati ve-ordering ENUVERATED { t'ext ual , tag}

DEFAULT textual

22.6.1.2 The syntax to be used for alternative determination shall be:

ALTERNATI VE
[ DETERM NED BY &al t er nati ve- deter ni nati on
[ HANDLE &handl e-i d] ]
[ USI NG &al ternative-reference
[ ORDER &al t er nati ve<or deri ng]
[ ENCODER- TRANSFORME &Encoder - t r ansf or ns]
[ DECODER- TRANSEORVE &Decoder -t r ansf or ns] |

22.6.1.3 The definition of types used for alterndtive determination is:

AlternativeDet erm nation N&
ENUMERATED {fi el d\t o- be-set, field-to-be-used, handl e} -- (see 21.6)

22.6.1.4 The purpose of this specificdtion is to determine the rules that ensure that a decoder can correctly idgntify
whicll component of an encoding'class in the alternatives category has been encoded.

22.6.2 Specification restrictions

22.6.2.1 If "DETERM NED-BY" is not present, then the default value ("f i el d-t o- be- set ") is assumed.
22.6.3.2 "HANDLE" shall not be specified unless "DETERM NED BY" is "handl e".

22.6.2.3 "USING"shall not be specified if "DETERM NED BY" is "handl e".

22.6.2.4 1f'DETERM NED BY" is "handl e", then 21.6.6 applies.

T S to)
"fiel d-to-be-set". The first transform shall have a source which is integer and the last transform shall have a result
which can be encoded by the class of the field referenced by "USI NG'.

e oD = o - —— = = = .
22-6.11 N S VAINOT UNIVID A UL PJITST U Y L/ \IV N L D C U U Ul 1ldu

22.6.2.6 It is an ECN specification or application error if any transform in the "ENCODER- TRANSFORMS" is not
reversible for the abstract value to which it is applied.

22.6.2.7 "DECODER- TRANSFORMS" shall be present only if "DETERM NED BY" is set to "f i el d- t o- be- used". The first
transform shall have a source which is the same as the category of the field referenced by "USI NG' which shall not be an
auxiliary field. The last transform shall have a result which is integer.

22.6.2.8 The "USI NG' encoding property, if present, shall be a reference to a field that is present in the encoding earlier
than the encoding of the alternative. It is an application or an ECN specification error if, in an instance of encoding, the
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field referenced by the "USI NG' encoding property is required by a decoder but is absent (through the exercise of
optionality).

22.6.2.9 This specification is considered set if the "ALTERNATI VE" keyword is used, and it is mandatory for it to be set
in all places in the defined syntax where it is allowed. Defaulting all other parts of this defined syntax (e.g., use of
"ALTERNATI VE" alone) would not satisfy the above constraints.

22.6.2.10 If "ORDER" is "t ag", then every alternative shall start with an encoding class in the tag category. The tag
number associated with this class is called the component-tag.

22.6.2.11 The component-tags of each alternative shall be distinct.

22.6.3 Encoder actions

22.6.: 1 Encodersshall not gpnpvqfﬂ encodinasifthe conditions of 22 6 2 are not-satisfied
=)

22.6.3.2 An encoder shall determine which alternative the application wishes to be encoded, and shall\crdate a
concgptual integer value "al t er nat i ve-i ndex" to identify that alternative.

22.6.3.3 The value "al t er nati ve-i ndex" shall be zero for the first alternative, one for the next, and so’on, wheye the
order|of the alternatives is determined by "ORDER".

22.6.3.4 If "ORDER" is "t ext ual ", the textual order in the ASN.1 type specification or the EGN structure defipition
shall pe used. If "ORDER" is "t ag", then the order shall be that of the tag numbers in the component-tags (lowdst tag
numbgr first).

22.6.3.5 If "DETERM NED BY" is "fi el d-to-be-set", then the encoder shall apply the transforms specifigd by
"ENCPDER- TRANSFORMS" (if any) to the conceptual value "al t er nati ve-i ndex™ to produce a value that shpll be
encoded in the "USI NG' reference.

NOTE — The encoding of the "USI NG' reference in this case appears earlier in'the encoding than the encoding of the alterpative,
and an encoder will need to suspend the encoding of that field until the alterative to be encoded has been determined.

22.6.3.6 If "DETERM NED BY" is "fi el d-t o- be- used" then the encoder shall check that the value in the "U$l NG'
refergnce when transformed by the "DECODER- TRANSFORMS" (if any) is an integer value equal to the conceptual [value
"al t ¢rnative-index". Itis an application error if this condition is not met, and encoding shall not proceed.

22.6.3.7 If "DETERM NED BY" is "handl e" there is no further action needed by the encoder.

22.6.4 Decoder actions

22.6.4.1 The decoder shall use "ORDER" as specified for encoder actions to determine the "al t er nat i ve-i ndex"|value
that i§ associated with each alternative, and shalt assume the presence of an encoding of the associated alternativg once
an "al t er nat i ve-i ndex" conceptual value-has been determined.

22.6.4.2 If "DETERM NED BY" is set to\(or defaults to) "f i el d- t o- be- set ", then the decoder shall recover the|value
"al t ¢rnati ve-i ndex" by applying.the reversal of the "ENCODER- TRANSFORMS" (if any) to the value of the "U$I NG'
refergnce.

22.6.4.3 If "DETERM NED.“BY" is "fiel d-to-be-used" then the decoder shall recover the conceptual [value
"al t ¢rnati ve-i ndex!‘by applying the "'DECODER- TRANSFORMS" (if any) to the value of that field.

22.6.4.4 If "DETERM/NED BY" is "handl e", then the decoder shall determine the value of the identification hjndle.
This yalue shall-be{compared to the handle value set of each of the alternatives. If none match, then the decodet shall
diagnpse an .enceder's error. Otherwise the conceptual value "al t er nati ve-i ndex" shall be set to the mafching
alternptive.

22.7 "Repetition space specilication

22.7.1 Encoding properties, syntax and purpose

22.7.1.1 Repetition space specification uses the following encoding properties:

&repetition-space-size Encodi ngSpaceSi ze

DEFAULT sel f-delimting-val ues,
& epetition-space-unit Uni t

DEFAULT bi t,

& epetition-space-determnation Repetiti onSpaceDet erm nation
DEFAULT fi el d-to-be-set,

&mai n-ref erence REFERENCE OPTI ONAL,

&Encoder -t r ansf or s #TRANSFORM ORDERED OPTI ONAL,
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&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&handl e-id Printabl eString

DEFAULT "def aul t - handl e",
& ermnation-pattern Non-Nul | - Pattern (ALL EXCEPT

di fferent:any) DEFAULT bits '0'B

22.7.1.2 The syntax to be used for repetition space specification shall be:

REPETI Tl ON- SPACE
[ SI ZE &repetition-space-size
[ MULTI PLE OF &repetition-space-unit]]
[ DETERM NED BY &repetition-space-deternination
[ HANDLE &handl e-i d]]
[ USI NG &mai n-ref erence
[ ENCODER- TRANSECORMNE. _&Encaoder-transfor rm]
[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |
[ PATTERN &t er m nati on-pattern]

22.7.1.3 The definition of types used in this specification is:

Encodi ngSpaceSi ze ::= | NTEGER
{ encoder-option-w th-determ nant(-3),

vari abl e-wi t h-det erm nant (-2),
self-delimting-values(-1

),
)

fixed-to-max(0)} (-3..MAX) -- (see 21.2)
Unit ::= | NTEGER
{repetitions(0), bit(1), nibble(4), octet(8), worddsy16),
dword32(32)} (0..256) -- (see 21.1)
RepetitionSpaceDeterm nation ::= ENUVERATED
{field-to-be-set, field-to-be-used, flag-taBe-set, flag-to-be-used,
container, pattern, handle, not-needed} &/ (see 21.7)
Non-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:'"'"B | octets:''H |char8:"" | charl6:"" |

char32:"")) -- (see 21(10. 2)

22.7.1.4 The purpose of this specification is to determineiencoder and decoder actions to ensure that a decodgr can
corre¢tly determine the end of the encoding space occupied by a repetition.
NOTE — An actual repetition encoding does not necessarily fill the entire encoding space, and recovery of the repetition en¢oding
byla decoder will in general also require actions specified for value padding and justification (see 22.8).

22.7.1.5 The meaning of the encodiig” properties of type "Unit", "Encodi ngSpaceSize",| and
"RepgtitionSpaceDet er m nati on" were-given in 21.1, 21.2 and 21.7. Together these specify the way in whi¢h the
end of the encoding space for repetitions.is ‘determined.

NOTE — If the ECN specifier fequires that a length determinant is to be included, the value "vari abl e-Jit h-
det er m nant " of "SI ZE" can be specified even if the repetition space is fixed size.

22.7.1.6 The "USI NG' specification is a reference to an auxiliary field or to a field carrying abstract values, of to a
contajner, depending on thewvalue of "DETERM NED BY".
22.7.2  Specification*Constraints

22.7.2.1 If "SI ZE\'is "vari abl e-wi t h- det er mi nant " and "DETERM NED BY" is not present, then the default|value
("fi € d-to-be-set")is assumed.

22.7.2.2-"USI NG' shall be specified if and only if "SI ZE" is "vari abl e- wi t h- det er mi nant " and "DETERM NED BY"
is"fileld-to-be-set" or"field-to-be-used"or"flag-to-be-set" or"fl ag-t o- be- used", or "cont ai ner".

22.7.2.3 "ENCODER- TRANSFORMS" shall be present only if "DETERM NED BY" is set to (or defaults to)
"field-to-be-set" or "flag-to-be-set". The first transform shall have a source which is integer if the
"DETERM NED BY" is "fi el d-t o- be-set" and which is boolean if the "DETERM NED BY" is "f| ag-t o- be-set ".
The last transform shall have a result which can be encoded by the class of the field referenced by "USI NG'.

22.7.2.4 1t is an ECN specification or application error if any transform in the "ENCCDER- TRANSFORMS" is not
reversible for the abstract value to which it is applied.

22.7.2.5 "DECODER- TRANSFORVB" shall be present only if "DETERM NED BY" is set to "fi el d-to-be-used" or
"f| ag-t o- be- used". The first transform shall have a source which is the same as the category of the field referenced
by "USI NG'. The last transform shall have a result which is integer if the "DETERM NED BY" is "fi el d-t o- be- used"
and which is boolean if the "DETERM NED BY" is "f | ag- t o- be- used".
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22.7.2.6 The "USI NG' encoding property, if present, for a "fi el d-to- be-set" or a "fi el d-t o- be- used" shall be a
reference to a field that is present in the encoding earlier than the field being encoded. It is an application or an ECN
specification error if, in an instance of encoding, the repetition being encoded is present but the field referenced by the
"USI NG' encoding property is absent (through the exercise of optionality).

22.7.2.7 The "USI NG' encoding property, if present, for a "fl ag-t o- be-set " or a "fl ag-t o- be- used" shall be a
reference to a field that is present in the repeated element of a repetition. It is an application or an ECN specification
error if, in an instance of encoding, the field referenced by the "USI NG' encoding property is absent (through the
exercise of optionality) from any of the repeated elements.
NOTE — The requirement that the referenced field be present in an element of the repetition is satisfied if it is an identifier that is
visible in accordance with 17.5 (encode structure), 19.3 (mapping by matching fields), 19.6 (mapping by value distribution), or if

it is textually present in the definition of a replacement structure when "REPLACE COMPONENT" is used by an encoding object
of a class in the repetition category.

22.7.2.8 If "DETERM NED BY" is "cont ai ner ", the "USI NG' reference shall be to a concatenation or to a repefitipn (or
to a pitstring or octetstring with a contained type) in which the repetition being encoded is a component |(or a
comppnent of a component, to any depth). It is an application or an ECN specification error if, in dn instarjce of
encoding, later elements within the same concatenation or repetition are to be encoded.

22.7.2.9 "HANDLE" shall be specified only if "SI ZE" is "vari abl e-wi t h-det er mi nant " and 'DETERM NED BY" is
"handl e".

22.7.2.10 If "DETERM NED BY" is "handl e", then 21.7.10 applies.

22.7.2.11 "PATTERN" shall be specified only if "SI ZE" is "variable-with-determifiant" and "DETERM NED BY" is
"patfern".

22.7.2.12 "PATTERN" shall not be the initial sub-string of the encoding of any value of the repeated element.
NOTE — There is no prohibition on the occurrence of "PATTERN" within an en¢oding of the repeated element other thay at its
stqrt.

22.7.2.13 This specification is considered set if the "REPETI TI ON- SRAGE" keyword is used, and it is mandatory fqr it to
be sef in all places in the defined syntax where it is allowed. Defaulting all other parts of this defined syntax (e.g., use
of "REPETI TI ON- SPACE" alone) would not satisfy the above conStraints.

22.7.3 Encoder actions

22.7.3.1 Encoders shall not generate encodings if the conditions of 22.7.2 are not satisfied.

22.7.3.2 If "SI ZE" is a positive value, then the encoding space is that multiple of "MULTI PLE OF" units. If "MULTI PLE
OF" i§ repetitions, then the encoder shall cease'encoding if the abstract value to be encoded is not "SIZE" repetitions,
diagnpsing a specification or application erfor!

22.7.3.3 If "SI ZE" is not set to a positive value, then the encoder shall determine the size "s" of the repetition space in
"MULTI PLE OF" units from the valie ¢ncoding specification. This determination is specified in the subclauses onfvalue
encoding specification.

22.7.3.4 If "SI ZE" is "encoder= opt i on- wi t h- det er mi nant " then the encoder (as an encoder's option) may in¢rease
the sjze "s" (as determined in 22.7.3.3) in "MULTI PLE OF" units from that determined from the value encoding
specification to any yalu¢ which can be encoded in the associated determinant.

22.7.3.5 If "SI ZE"is-"f i xed-t o- max" or to "sel f - del i m ti ng-val ues", then there is no further encoder actiop.

22.7.3.6 If "Si=ZE" is "vari abl e-wi t h-det er mi nant " and "DETERM NED BY" is "cont ai ner", then there [is no
furthdr enc¢oder action.

22.7.3.7-0f "DETERM NED BY" is "field-to-be-set", then the encoder shall apply the transforms specified by

"ENCODER- TRANSFORMB" (if any) to the value "s" to produce a value that shall be encoded in the "USI NG' reference.
NOTE — The encoding of the "USI NG' reference in this case appears earlier in the encoding than the encoding of the repetition,
and an encoder will need to suspend the encoding of that field until the repetition to be encoded has been determined.

22.7.3.8 If "DETERM NED BY" is "fi el d-t o- be- used" then the encoder shall check that the value in the "USI NG'
reference when transformed by the "DECODER- TRANSFORMS" (if any) is equal to "s". It is an application error if this
condition is not met, and encoding shall not proceed.

22.7.3.9 If "DETERM NED BY" is "f| ag-t o- be-set", then the encoder shall apply (for each repeated element) the
transforms specified by "ENCODER- TRANSFORMS" (if any) to a boolean value which is true for all elements except the
last and is false for the last element. The result of the "ENCODER- TRANSFORMS" shall be encoded in the "USI NG'
reference.
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22.7.3.10 If "DETERM NED BY" is "f | ag-t o- be- used" then the encoder shall check (for each repeated element) that
the value in the "USI NG' reference when transformed by the "DECODER- TRANSFORMB" (if any) is a boolean value which
is true for all elements except the last, and is false for the last element. It is an application error if this condition is not
met, and encoding shall not proceed.

22.7.3.11 If "DETERM NED BY" is "handl e" there is no further action needed by the encoder.

22.7.3.12 If "DETERM NED BY" is "pat t ern", then the encoder shall check that the specified pattern is not an initial
substring of any of the encodings of the repeated element, and shall cease encoding if this check fails, diagnosing a
specification or application error. The encoder shall add the pattern "PATTERN' to the end of the encoding of the
repetition.

22.7.4 Decoder actions

22.7.4.1 If "SI ZE" is a positive value, then the decoder determines the encoding space as that multiple of "MJLTI PLE
OF" units. If "MULTI PLE OF" is repetitions, then the actual end of the repetition space is determined by decoding and
countjng repetitions.

22.7.4.2 If "SI ZE" is not set to a positive value, then the encoder shall determine the size "s" of the repetition space in
"MULTI PLE OF" units from the value encoding specification. This determination is specified in the'subclauses on|value
encoding specification.

22.7.4.3 If "SI ZE" is "vari abl e-wi t h-det ermi nant" and "DETERM NED BY" is set to) "cont ai ner ", thgn the
decoder shall use the end of the container specified by "USI NG' as the end of the encoding Space.

22.7.4.4 If "SI ZE" is "variabl e-w th-determ nant" and "DETERM NED ¢BY" is set to (or defaults to)
"fielld-to-be-set", then the decoder shall recover the value "s" by applyihg the reversal of the "ENCQDER-
TRANBFORMB" (if any) to the value of the "USI NG' reference.

22.7.4.5 1f "DETERM NED BY" is "fi el d-t o- be- used" then the decodér shall recover the value "s" by applying the
"DECPDER- TRANSFORVS" (if any) to the value of the "USI NG' reference.

22.7.4.6 If "DETERM NED BY" is "f| ag-t 0- be- set ", then the decoder shall recover a boolean value by applying the
revergal of the "ENCODER- TRANSFORMB" (if any) to the value ofcthe "USI NG' reference. The element is the last pf the
repetition if and only if the boolean value is false.

22.7.4.7 1f "DETERM NED BY" is "f | ag- t o- be- used" then the decoder shall recover a boolean value by applying the
"DECPDER- TRANSFORVB" (if any) to the value of the ""USI NG' reference. The element is the last of the repetition |f and
only if the boolean value is false.

22.7.4.8 If "DETERM NED BY" is "handl e", then' the decoder shall determine the value of the identification handle and
attempt to decode the following encoding (in/parallel) as either a further occurrence of the repetition or as a follpwing
encoding class, using the value of the identification handle to distinguish these alternatives. If decoding succeefls for
more [than one of these or for none ofthese, it is an encoding or a specification error.

22.7.4.9 If "DETERM NED BY" is.”pattern" then the decoder shall, at the start of decoding each repetition, fheck
whetlfer "PATTERN" is present.) If "PATTERN" is present, the bits of pattern shall be discarded, and the repgtition
termipated.

22.8 | Value padding and justification

22.8.1 Encoding properties, syntax, and purpose

22.8.1.1 Maltie padding and justification uses the following encoding properties:

o] 1 H £ £ 1 £ +0 DAL T H ki O
OV AT UT JUJLIIIUMLIUII JuUotTrTrroactiTrurn L= Wy g \ W) my | IIuIIL.U,
&val ue- pr e- paddi ng Paddi ng DEFAULT zer o,
&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&val ue- post - paddi ng Paddi ng DEFAULT zer o,
&val ue- post-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&unused- bi t s-det erni nati on UnusedBi t sDet er m nati on
DEFAULT fi el d-to-be-set,
&unused- bi t s-ref erence REFERENCE OPTI ONAL,

&Unused- bi t s- encoder -t ransf orns #TRANSFORM ORDERED OPTI ONAL,
&Unused- bi t s-decoder -t ransf orns #TRANSFORM ORDERED OPTI ONAL

22.8.1.2 The syntax to be used for value padding and justification shall be:

[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]
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[ PRE- PADDI NG &val ue- pr e- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ POST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t s-det erm nati on]
[ USI NG &unused- bi ts-reference
[ ENCODER- TRANSFORMVS &Unused- bi t s- encoder -t r ansf or ns]
[ DECODER- TRANSFORMS &Unused- bi t s-decoder-transforns]]]]

22.8.1.3 The definition of types used in justification is:

Justification ::= CHO CE
{ left | NTEGER (0. . MNAX),
right | NTEGER (0..VAX)} -- (see 21.8)
Paddi ng ::= ENUVERATED {zero, one, pattern, encoder-option} -- (see 21.9)
Pattern ::= CHO CE
{bits BI T STRI NG
octets CCTET STRI NG
char 8 | A5String,
char 16 BWPSt ri ng,
char 32 Uni versal String,
any-of -1 ength I NTEGER (1..MNAX),
di fferent ENUVERATED {any} }
Non-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:'"'B | octets:''H | char8:"" | ghe#le:"" |
char32:"")) -- (see 21.10)
UnusedBi t sDet ermi nati on ::= ENUMERATED
{field-to-be-set, field-to-be-used, not-ngpdd} -- (see 21.4)

22.8.1.4 The purpose of this specification is to determine the way in‘which an encoder places a value encoding|in an
encoding space, and enables a decoder to determine the position of the value encoding.

22.8.1.5 The precise number of bits to be added by an encodet.depends on both the encoding space specification ajnd on
the v4lue encoding specification, and is specified for each idstance of value encoding.

22.8.1.6 "USI NG' is a reference that enables a decoder+ta determine the number of padding bits inserted. It is a refgrence
to an puxiliary field or to a field carrying abstract values, depending on "DETERM NED BY".
22.8.2  Specification restrictions

22.8.2.1 The number of bits specified in justification shall be less than or equal to the total number of padding bifs "b"
(see Yelow).

22.8.2.2 "USI NG' shall be specified if'and only if "DETERM NED BY" is not "not - needed".

22.8.2.3 "ENCODER- TRANSEORMB" shall be present only if "DETERM NED BY" is set to (or defaults to)
"fi elld-t o- be- set ". Thé\firest transform shall have a source which is integer and the last transform shall have a|result
whicll can be encoded by the class of the field referenced by "USI NG'.

22.8.2.4 1t is an ECN specification or application error if any transform in the "ENCCDER- TRANSFORMS" {s not
revergible for th€ abstract value to which it is applied.

22.8.2.5 "DECODER- TRANSFORMS" shall be present only if "DETERM NED BY" is set to "f i el d-t o- be- used". Thg first

transform Shall have a source which is the same as the category of the field referenced by "USI NG' which shall not{be an
auxiliary=tield  The last transform shall have a resnlt which ig iangPr

22.8.2.6 The "USI NG' encoding property, if present, shall be a reference to a field that is present in the encoding earlier
than the field being encoded. It is an application or an ECN specification error if, in an instance of encoding, the field
being encoded is present but the field referenced by the "USI NG' encoding property is absent (through the exercise of
optionality).

22.8.2.7 This specification is considered set if the "VALUE- PADDI NG' keyword is used. Actions if it is not set are
specified in all places where that syntax is permitted.

22.8.3 Encoder actions

22.8.3.1 Encoders shall not generate encodings if the conditions of 22.8.2 are not satisfied.
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22.8.3.2 This specification is applied if and only if the encoding space or the repetition space encoding specification,
together with the value encoding specification, determine that there may be added padding bits around the value or
repetition encoding within the encoding or repetition space. Let the determined number of added padding bits in an
instance of encoding be "b" (where "b" is greater than or equal to 0).

22.8.3.3 If "JUSTI FI ED" is "ri ght: n", then "b"-"n" bits shall be added as pre-padding before the value or repetition
encoding, and "n" bits shall be added as post-padding after it.

22.8.3.4 If "JUSTI FI ED" is "l eft: n", then "n" bits shall be added as pre-padding before the value or repetition
encoding, and "b"-"n" bits shall be added as post-padding after it.

22.8.3.5 The padding bits shall be set in accordance with the "PRE- PADDI NG' and "PQST- PADDI NG' specifications,

with the leading bit of the pattern as the first inserted bit in each case.
22-8.: .(’ If "IJEI IZF\IV‘; r\;ED B\II" ib "I IUt = IICCUICUI" tilUll t‘llib LzUllllJlCth thc Ull\zUL‘lClb dbtiUllb.
22.8.3.7 If "DETERM NED BY" is "fi el d-to-be-set", then the encoder shall apply the transforms speeifi

"ENC(

N
an

PDER- TRANSFORMS" (if any) to the value "b" to produce a value that shall be encoded in the "USI NG'teferend

DTE — The encoding of the "USI NG' reference in this case appears earlier in the encoding than the encoding of this fiel
encoder will need to suspend the encoding of that field until the value to be encoded has been determingdiby the encod

this field.

22.8.]
referd
condi

22.8.4

22.8.4
specil

22.84
"b" b:

22.84
n Ea

22.8.4
withit

22.9

22.9.]
22.9.]

22.9.]

22.9.]

.8 If "DETERM NED BY" is "fi el d-t o- be-used" then the encoder shall check that-the’value in the "US
nce when transformed by the "DECODER- TRANSFORMS" (if any) is equal to "b". Itdis ah application error
fion is not met, and encoding shall not proceed.

Decoder actions

.1 If "DETERM NED BY" is "not - needed", then the decoder shall detepmine the value of "b" as determined |
ication of value encoding and encoding space or repetition determination.

.2 If "DETERM NED BY" is set to (or defaults to) "fi el d-t o- be-'set ", then the decoder shall recover the
applying the reversal of the "ENCODER- TRANSFORMS" (if any).to the value of the "USI NG' reference.

.3 If "DETERM NED BY" is "fi el d-t o- be-used" then thé’decoder shall recover the value "b" by applyit
PDER- TRANSFORMS" (if any) to the value of that field.

.4 The decoder shall use the "JUSTI FI ED" and the&value of "b" to determine the position of the value enc
| the encoding space, and shall ignore the value-ofall padding bits.

Identification handle specification

Encoding properties, syntax.and purpose

.1 Identification handle specification uses the following encoding properties:

&exhi bi t ed=handl e Printabl eString DEFAULT "def aul t - handl |
&Handl e-pasi'ti ons I NTEGER (0..NMAX) OPTI ONAL,
&handl e~wval ue- set Handl eVal ueSet DEFAULT tag: any

.2 The syntax te‘be used for identification handle specification shall be:

REXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[ AS &handl e-val ue-set]]

.3 The definition of the type used in identification handle specification is:

bd by
e.

d, and
ing of

5l NG'

f this

by the

value

g the

opding

Hondl oV\al 1eSet - - = CHAOL CE {

bits BIT STRI NG

octets OCTET STRI NG

nunber I NTEGER (0. . NAX),

tag ENUVERATED { any},

range SEQUENCE {
low | NTEGER(O. . MAX),
high | NTEGER(O..NAX) 1},

ranges SET (SIZE(1..MAX)) OF SEQUENCE {
[ow | NTEGER(O. . MAX),
high | NTEGER(O..MAX) }} -- (see 21.16)

22.9.1.4 The purpose of this specification is to declare that an encoding object exhibits an identification handle and to
specify its properties, which are:
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a) the name of the handle;
b) the bit positions that form the handle; and

c) the possible bit patterns (for the bit positions forming the handle) occurring in the encodings produced by
this encoding object (the handle value set).

22.9.1.5 The list of positions in "AT" shall be the positions of the bits forming the identification handle in the final
encoding, after any pre-alignment has been applied, and after any encoder bit-reversal actions have occurred, except
those bit-reversals that result from the specification of an encoding object in the #0UTER class.

NOTE — This means that a decoder needs to perform any bit-reversals specified in #OUTER for the entire PDU, but otherwise

examines the bit-positions and their values without any consideration of possible bit-reversals that may be specified for particular
encoding objects.

22.9.1.6 The list of positions in "AT" is a set of integer values (not necessarily contiguous, and not necessarily in
ascenfling order in the ECN specification). These positions shall be ordered by encoders and decoders from¢th¢ zero
positipn (the first bit in that part of the encoding that is exhibiting the handle) upwards, and the bits in those p0ositions
form h conceptual handle field.

22.9.1.7 For a "nunber " value of "Hand| eVal ueSet " or the encoding of a tag number, the bit in the conceptual handle
field [nearest to the zero position is the high-order bit, and the "nunber" or tag number) that specifids the
"Handl eVal ueSet " is right-justified within this field. If the "nunber" or tag number is too large for the field, this is
an EQN specification error.

22.9.1.8 If the "bi tstring" or "oct et string" alternatives of "Handl eVal ueSet " are“used, then their valueq shall
have the same number of bits as those specified for the identification handle by "AT"!_The bit in the conceptual Handle
field |nearest to the zero position is the leading bit of the "bitstring" or\"octetstring" that specifigs the
"Handl eVal ueSet ".

22.9.1.9 The "Handl eVal ueSet " shall not be specified as "t ag: any" unlessithe specification is for an encoding pbject
of thg #TAGclass. In this case the value of the identification handle is detefmined by either the tag number in the] ECN
specification or by the tag number mapped from an ASN.1 tag (as $pecified in clause 19), and need not be specified
using|"Handl eVal ueSet ". If, however, a value is specified by "Handl eVal ueSet " and differs from that assigmed in
an E(IN specification of a tag class or in an ASN.1 tag that maps.to’ an ECN tag, that is an ECN specification error

22.9.2  Specification constraints

22.9.2.1 In any ECN specification, all identification hahdles with the same name shall specify the same set pf bit
positipns.
NOTE — There is no general requirement that the-handle value sets of different encoding objects defined in an ECN specifjcation

b all disjoint, but disjoint handle value sets atexequired when the identification handle is used to resolve optionality, altefnative
selection, repetition termination, or ordering‘of’set (see 21.5.7,21.6.6,21.7.10, and 22.10.2.1).

22.9.2.2 For an encoding object that exhibits an identification handle (with a given handle value set), the value pf the
identiffication handle occurring in_&ach of the possible encodings produced by that encoding object (for all popsible
abstrdct values) shall be a member of the specified handle value set.

22.9.2.3 All encoding objccts” that exhibit the same identification handle shall either have no pre-alighment
specification, or shall align.to the same pre-alignment unit.

NOTE — This restriction is imposed so that decoders can move to the alignment position before looking for the handle when the
defoding depends oh a handle value.

22.9.2.4 This specification is considered set if the "EXHI Bl TS- HANDLE" keyword is used. Ifiit is not set then therq is no
identiffication handle exhibited.

22.9.] Encoders actions

22.9.3.1 If an encoding object exhibits an identification handle, the encoder shall check that the value of the
identification handle occurring in the encoding produced is a member of the specified handle value set, and shall
diagnose a specification or application error otherwise.

22.94 Decoders actions

22.9.4.1 There are no decoders actions directly resulting from the exhibition of an identification handle. Decoder
actions only result from use of the identification handle to determine optionality, end of repetitions, or choice of
alternatives.
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22.10 Concatenation specification

22.10.1 Encoding properties, syntax and purpose

22.10.1.1 Concatenation specification uses the following encoding properties:

&concat enat i on- or der ENUMERATED {textual , tag, randont
DEFAULT t ext ual ,

&concat enat i on- al i gnnment ENUMERATED { none, al i gned}
DEFAULT al i gned,

&concat enati on- handl e Printabl eString

DEFAULT "def aul t - handl e"

22.10.1.2 The syntax to be used for concatenation specification shall be:

22.10
categ
be pr

22.10

22.10
encod
encod

22.10
22.10

result]

N
€O

22.10
numb

22.10

22.10
and d

22.10
its en

N
(

22.10

22.10
shall

22.10
first).

[ CONCATENATI ON
[ ORDER &concat enat i on- or der ]
[ ALI GNVENT &concat enati on-al i gnnment ]
[ HANDLE &concat enat i on- handl e] ]

1.3 This specification determines the order in which the components of an encoding classin'the concate
ry are encoded, the means an encoder uses to identify each component, and any pre-alignfitenit padding thal
vided between components.

2 Specification constraints

2.1 If "ORDER" is "r andond', then "HANDLE" assumes the default value of "def.aul t - handl e" if not set, aj
ing objects applied to all components shall exhibit that identification handl€” The handle value sets of
ing objects shall all be disjoint.

2.2 If "ALI GNMENT" is "al i gned", then the pre-alignment specification assumes the default value unless set.

2.3 If a component has its own explicit pre-alignment, this is dpplied after any pre-alignment of the comp
ng from the setting of "ALI GNMENT" in the encoding class of‘the’concatenation category.

DTE — The equivalent function is not provided for repetitions, as-it’can be achieved more simply by pre-alignment of the
Imponent.

2.4 1f "ORDER" is "t ag", then every component shall’start with an encoding class in the tag category. Tl
er associated with this class is called the component-tag.

2.5 The component-tags of each alternative shall be distinct.

2.6 This specification is considered set\ifthe "CONCATENATI ON' keyword is used. If it is not set then end
bcoders act as if it was set with each eneoding property taking its default value.

2.7 If (through the exercise of dptionality) there is at least one abstract value of a concatenation that has no |
oding, then the concatenatipn\shall have no pre-alignment.

DTE — This subclause will apply-if a concatenation has no mandatory components, or if all its mandatory components ca
rough the exercise of opttonality) no bits in their encodings.

3 Encoder actions

3.1 If "ORDER'(is "t ext ual ", the textual order in the ASN.1 type specification or the ECN structure defi
be used.

3.2 Ifi"ORDER" is "t ag", then the order shall be that of the tag numbers in the component-tags (lowest tag ny

hation
[ is to

nd the
those

onent

single

e tag

oders

its in

h have

hition

imber

22.10

Ly 345 . 4 ] ershatid S terof . » e

22.10.3.4 If "ALI GNVENT" is "none", the encoder shall juxtapose the encodings of components with no inserted bits.

22.10.3.5If "ALI GNMVENT" is "al i gned", then the encoder shall apply the pre-alignment specification of the class in the
concatenation category before encoding each component, except that a pre-alignment specification of "ALI GNED TO

ANY"

shall be interpreted as a specification of "ALI GNED TO NEXT" (see 22.2).

NOTE 1 —This is because there can only be a single start pointer for "ALI GNED TO ANY".
NOTE 2 — Any pre-alignment specified for a component (including "ALI GNED TO ANY") is applied after the above actions.
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22.10.4 Decoder actions

22.10.4.1 When decoding a component, a decoder shall first perform the decoder actions associated with the

5 (E)

pre-

alignment specification for "ALI GNVENT" if it is set to "al i gned", treating "ALI GNED TO ANY" as "ALI GNED TO
NEXT" (see 22.2). If "ALI GNIVENT" is set to "none", then the decoder shall proceed directly to decoding the component.

22.10.4.2 The decoder shall determine the order of the components from the defined order for the encoder if "ORDER" is

"t extual "or"tag".

22.10.4.3 If "ORDER" is "r andont', the decoder shall determine the order of the components by examining the val
the identification handle.

22.10.4.4 Decoding shall proceed until an abstract value for every component has been obtained, and a decoder

ue of

shall

diagnose an encoder's error if more than one encoding is identified for a component, or if unexpected values appear for

identilﬁbdliUIl hdlldicb dul illg lhc L‘leUdiIlg.

NOTE — Unexpected values can occur as part of extensibility provision, but this is not supported in this version
R¢commendation | International Standard, and such occurrences shall be treated as encoder errors.

22.11 Contained type encoding specification

22.11{1 Encoding properties, syntax and purpose

22.11}1.1 The contained type encoding specification uses the following encoding propertigs;

&Pri mar y- encodi ng- obj ect - set #ENCODI NGS OPTI ONAL;
&Secondar y- encodi ng- obj ect - set #ENCCODI NGS OPTI GNAL,
&over -ri de- encoded- by BOOLEAN DEFAULLT FALSE

22.11}1.2 The syntax to be used for contained type encoding specification shall be:

[ CONTENTS- ENCODI NG &Pr i mar y- encodi ng- obj eGt - set
[ COWPLETED BY &Secondar y<encodi ng- obj ect - set ]
[ OVERRI DE &over -ri de- encoded- by] ]

f this

22.11}1.3 The purpose of this specification is to determine thé encoding of a contained type, and whether an ASN.1

"ENCPDED BY" contents constraint associated with that contdined type shall be overridden.

22.11}1.4 This specification provides either one or two,‘encoding object sets. If two are provided, they are combpined

accorfling to clause 13.2 to produce a combined enceding object set.

22.11}1.5 This specification is considered set if the=' CONTENTS- ENCODI NG' keyword is used.

22.1112 Encoder actions

22.11}2.11f "CONTENTS- ENCODI NG'_is-not set, then a contained type shall be encoded using the combined encpding
object set applied to the container-1f.""ENCODED BY" is not present in the ASN.1 contents constraint, otherwise with the

encoding rules specified by the.! ENCODED BY" statement.

22.11}12.2 If "CONTENTS- ENEODI NG' is set, the combined encoding object set formed from "COVPLETED BY" sh
appligd to the contained type if "ENCODED BY" is not present in the ASN.1 contents constraint, or if "ENCCDED
present and "OVERRIBEis TRUE. Otherwise the combined encoding set applied to the containing type shall be aj
to the|contained type.

22.11}13 Decoder actions
22.11}3.1A  decoder shall decode the contained type in accordance with the encoding applied by the encod

all be
BY" is
pplied

br, as

specified-above.

22.12 Bit reversal specification
22.12.1 Encoding properties, syntax, and purpose
22.12.1.1 Bit reversal specification uses the following encoding property:

&bi t-reversal Rever sal Speci fication
DEFAULT no-rever sal

22.12.1.2 The syntax to be used for bit reversal specification shall be:

[ BI T- REVERSAL &bit-reversal]

Rec. ITU-T X.692 (08/2015)

87


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

22.12

.1.3 The definition of types used in this group is:

Rever sal Speci fication ::= ENUVERATED
{no-reversal,
reverse-bits-in-units,
reverse-hal f-units,
reverse-bits-in-half-units} -- (see 21.14)

22.12.1.4 The purpose of this specification is to enable the order of bits in the final encoding to be different from those
bits generated as part of an encoding-space or repetition-space, or in the complete encoding of a PDU (see clause 25).

NOTE 1 — Bit reversal can be specified for individual bit-field encodings and also for the results of concatenation or repetition.
Care should be taken to ensure that one reversal does not negate the other.

NOTE 2 — Bit reversal applies to the contents of an encoding space or repetition space (including any value pre-padding or
post-padding), but does not apply to any pre-alignment padding.

22.12
22.12
withii
22.12
"MULT
requit

22.12

22.12
decod

22.12

22.12
repeti
"r epé
#OUT
ECN

22.12
half-y
specif

22.12

22.12
encod
shall

N

23

This ¢

N
se

2 Specification constraints

2.1 This specification is only available when an encoding space or repetition space encoding is(fegquired
) #OUTER.

2.2"BI T- REVERSAL" shall not be "reverse-half-units" or "reverse-bits-in-Half-units"
[| PLE OF" is set to an even number of bits for the encoding space or repetition space or)#QUTER reversal.
ement means that a value of "repeti ti ons" for "MULTI PLE OF" is not allowed in thi§'case.)

2.3 "Bl T- REVERSAL" shall not be set unless "MULTI PLE- OF" is "r epet i t i ons" orus’greater than one bit.

2.4 This specification is considered set if the "Bl T- REVERSAL" keyword is used.If it is not set then encode
ers act as if it was set with the encoding property taking its default value.

3 Encoder actions

3.1 Except when performing #OUTER actions, an encoder shall“divide the contents of the encoding sp4
tions space into "MULTI PLE OF" units unless "MJLTI PLE \&F" is "repetitions". If "MULTI PLE (
titions", then the entire encoding space shall be treated as a single unit. When performing bit-revers
ER, the entire encoding (after any "PADDI NG' has been applied) shall be divided into "MULTI PLE OF" units. [
kpecification error if the entire encoding is not an integtal multiple of "MULTI PLE OF" units.

3.2 The encoder shall do no reversal (the default value), or shall reverse the bits in each unit, or shall rever
nits (without changing the order of bits in_each half-unit) or shall reverse the bits within each half-uj
ied by the value of "Bl T- REVERSAL".

4 Decoder actions

4.1 The decoder shall first detetmine (see encoding space and repetition space specification) the end
ing space or repetition space pr\(for bit-reversal specification within #OUTER) the end of the entire encodin
hen perform the reversal acfionis specified for the encoder before continuing with decoding.

DTE — Performing the samé reyersals will recover the original bit-order.

Defined syntax specification for bit-field and constructor classes

DTE — Enicoder and decoder actions are specified in the following clauses as conditional on an encoding property group|
. A group is set if and only if the initial keyword of the group is present in the specification of the encoding object.

lause proyides the full syntax for defining encoding objects of each encoding class in the different categoriey.

, and

inless

(This

s and

ce or
DF" is
al for
is an

se the
lit, as

f the
b, and

being

23.1

Defining encoding objects for classes in the alternatives category

23.1.1  The defined syntax

The syntax for defining encoding objects for classes in the alternatives category is defined as:

88

#ALTERNATI VES : : = ENCODI NG CLASS {

-- Structure-only replacenent specification (see 22.1)

&#Repl acenment - structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &*#Repl acenent - structure OPTI ONAL,

-- Pre-alignment and paddi ng specification (see 22.2)
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&encodi ng- space-pre-alignnment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,

&encodi ng- space-pre-pattern Non- Nul | -Pattern (ALL EXCEPT different:any)
DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&st art - poi nter REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&St art - poi nt er -encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Alternative deternination (see 22.6)

&al ternati ve-determ nation Al ternativeDet erm nation
DEFAULT fi el d-to-be-set,

&al ternati ve-reference REFERENCE OPTI ONAL,

&EIILUdUI - t I allbf Ul 11d #T%F\LSF@?V‘; GDEF\EL} @Ti G\b:‘\IL,

&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL, 03

ghandl e- i d Printabl eString Q'\
DEFAULT "defaul t - handl e", fl/

&al ternative-ordering ENUMERATED {t extual , tag} (b

DEFAULT t extual , ¢
SV

-- ldentification handl e specification (see 22.9)

&exhi bi t ed- handl e Printabl eStri ng DEFAULF ! d&f aul t - handl €',
&Handl e- posi ti ons I NTEGER (0..MAX) OPT ,
&handl e- val ue- set Handl eVal ueSet DEFAQA tag: any
} WTH SYNTAX {
[ REPLACE g\\%
[ STRUCTURE] @)

W TH &#Repl acenent - structure
[ ENCODED BY é&repl acenent -str uc@- encodi ng- obj ect]]
[ ALI GNED TO
[ NEXT] >
[ ANY] Q
&encodi ng- space-pre-al i nt-unit
[ PADDI NG &encodi ng- spa&&?e— paddi ng

[ PATTERN &enco@wg- space-pre-pattern]]]

[ START- PO NTER  &start - poi nt‘e\Q)

[ MULTI PLE OF &st ar tNpoi nt er - uni t ]

[ ENCCDER- TRANSFORVE \O &St art - poi nt er - encoder - transf or ns] ]
ALTERNATI VE N~

[ DETERM NED BY %Cﬁ ernative-determnation
[ HANDLE €hpndl e-i d] ]
[USI NG &al tgrnati ve-reference
[ ORI &al t ernati ve- orderi ng]
[ E R- TRANSFORVS &Encoder -t r ansf or ns]
[@ R- TRANSFORMVS &Decoder -t r ansf or ns] |
[ EXHI BI @NDLE &exhi bi t ed- handl e AT &Handl e- posi tions
[ andl e-val ue-set]]
N\

} Q%
23.1.2 Purpos restrictions

23.1.2.1 Thi ax is used to define the start of the encoding space for an encoding class in the alternatives catggory,
the dg¢termi n of the alternative that has been encoded, and an optional declaration that the encoding object exfhibits
a spe¢i identification handle (with a given handle value set).

23.1.2.2 TT"TREPLACE STRUCTURE" is set, then no other encoding property groups shall be set. If the encoding object
of the replacement structure exhibits a handle (with a given handle value set), the encoding object being defined
exhibits the same identification handle (with the same handle value set —see 22.1.1.11).

23.1.2.3 An encoding object of this class does not exhibit an identification handle unless "EXH Bl TS HANDLE" is set
(even if the components of the defined construction exhibit an identification handle) or unless "REPLACE STRUCTURE"
is set and the encoding object of the replacement structure exhibits an identification handle (see 22.1.1.11).

23.1.2.4 If "EXHI BI TS HANDLE" is set, then the encoding object exhibits the specified identification handle.

23.1.3 Encoder actions

23.1.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:
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23.14

a)
b)
©)
d)
e)

Replacement.
Pre-alignment and padding.
Start pointer.

Alternative determination.

Identification handle.

Decoder actions

23.1.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.
b) Start pointer. 93
c) Alternative determination. N

23.2 | Defining encoding objects for classes in the bitstring category (0/
23.2.1  The defined syntax %(1/
The s

#BI TS ::

ENCODI NG CLASS {

&encodi ng- space- pr e- paddi ng
&encodi ng- space-pre-pattern

&Bits-repetition- enco%@s
&its-repetiti on-ence) g

&exhi bi t ed- ha

-- Pre-alignnment and paddi ng specification (see 2 %
&encodi ng- space-pre-alignnment-unit Unit (ALL EX

yntax for defining encoding objects for classes in the bitstring category is defined as:Q/C)

o

T repetitions) DEFAULT b

Paddi ng DE zero,
Non- Nul [ - tern (ALL EXCEPT different:

#CONDI TI ONAL- REPETI TI ON ORDERED OPTI ONA
#CONDI TI ONAL- REPETI TI ON OPTI ONAL,

Printabl eString DEFAULT "defaul t - handl €|,

Identificati ogﬁandl e specification (see 22.9)

&Handl| e- posi j+'eds
&handl e- va uc)set

-

I NTEGER (0..NAX) OPTI ONAL,
Handl eVal ueSet DEFAULT t ag: any,

-- Cont %ed type encodi ng specification (see 22.11)

&Pri -encodi ng- obj ect - set #ENCODI NGS OPTI ONAL,

&S ary- encodi ng- obj ect - set #ENCODI NGS OPTI ONAL,
-ri de- encoded- by BOOLEAN DEFAULT FALSE

o
}@4 SYNTAX {
@& [ ALI GNED TO

[N W

hny)

DEFAUL s:'0'B,
-- Start pointer specification (see 2 @\
&start-pointer R ENCE OPTI ONAL,
&start-pointer-unit (ALL EXCEPT repetitions) DEFAULT bjt,
&St art - poi nt er - encoder -t ransf or \# RANSFORM ORDERED OPTI ONAL,
-- Bits val ue encoding A’\Q)
&val ue-rever sal o BOOLEAN DEFAULT FALSE,
&Tr ansf or s R\ #TRANSFORM ORDERED OPTI ONAL,

90

LI\II_/\IJ
[ ANY]
&encodi ng- space- pre-al i gnnment - uni t
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER  &start-pointer
[ MULTI PLE OF &start-pointer-unit]
[ ENCODER- TRANSFORVS &St art - poi nt er - encoder -transforns] ]
[ VALUE- REVERSAL &val ue-reversal ]
[ TRANSFORVS &Tr ansf or ns]
[ REPETI TI ON- ENCODI NGS &Bi ts-repetition-encodings]
[ REPETI TI ON- ENCODI NG &bits-repetition-encoding]
[ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[ AS &andl e-val ue-set]]
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[ CONTENTS- ENCODI NG &Pr i mar y- encodi ng- obj ect - set
[ COMPLETED BY &Secondar y- encodi ng- obj ect - set ]
[ OVERRI DE &over -ri de- encoded- by] ]

}

23.2.2  Model for the encoding of classes in the bitstring category
23.2.2.1 The model of bits encodings is:

a) The order of bits in the bitstring can be reversed.
b) The bits are then considered as a repetition of bit.

c) There is an optional transform (specified by "TRANSFORMS") in which each bit is transformed into a
delimiting) bitstring.

(self-

23.2.]
bits i1
23.2.]

repeti
used

23.2.3

23.2.3
of thd
handl

23.2.]
i1s "R

23.2.7
of the

23.2.]
other
value
see 2]

23.2.3

shall

set (s
N

23.2.]
abstrd

23.2.3
23.2.3

d) Either "REPETI TI ON- ENCODI NG' or "REPETI TI ON- ENCODI NGS" specify how the repetition~(
sequences of bits (or of the original bits, if "TRANSFORMS" is not set) are to be encoded.

NOTE — The sole purpose of allowing "REPETI TI ON- ENCCDI NG' as well as "REPETI TI ON- ENCOBDI NGS

provide a syntax that does not contain a double curly-bracket ("{{") in the common case of,a single cond

encoding. Use of "REPETI TI ON- ENCODI NGS" when there is a single conditional encoding¥i§ deprecated
allowed.

.2 Bounds (if present) on the class being encoded (a class in the bitstring category) are bounds on the num
the bitstring forming each abstract value.

.3 When considered as a repetition of a bit, these bounds shall be interprefed‘as bounds on the numk
tions, and can be used in the specification of the encoding objects of class #CANDI TI ONAL- REPETI Tl ON th
n the specification of this encoding object.

Purpose and restrictions

.1 This syntax is used to define the start of the encoding space-fof.a class in the bitstring category, the enc|
abstract values of that class, an optional declaration that the ghcoding object exhibits a specified identifi
b (with a given handle value set), and a specification of how-to encode a contained type.

.2 The #CONDI Tl ONAL- REPETI TI ONthat is applied by this encoding object shall not specify "REPLACE" un
PLACE STRUCTURE".

.3 Ifany of the #CONDI TI ONAL- REPETI Tl ON encoding objects contain a "REPLACE STRUCTURE" clause, th
#CONDI Tl ONAL- REPETI TI ON encoding obj¢ets shall contain a "REPLACE STRUCTURE" clause.

.4 If there is a "REPLACE STRUCTURE".¢lause in the #CONDI TI ONAL- REPETI Tl ON encoding objects, th
parameters shall be set. If the encodinglobject of the replacement structure exhibits a handle (with a given h

set), the encoding object being defined exhibits the same identification handle (with the same handle valud
1.1.11).

.5 The first transform in "TRANSFORMS" (if any) shall have a source that is a single bit and the last tran

f the

" is to
itional
but is

ber of

er of
at are

pding

tation

less it

en all

en no
andle
set —

sform

have a result that is bitstring. The bitstrings produced for a one-bit and for a zero-bit shall form a self-delitniting

be 3.2.42).

DTE — This means thatthe final transform is required to be self-delimiting.

.6 It is an ECN specification or application error if any transform in the "TRANSFORVS" is not reversible f
ct value ta which it is applied.

.7 Exagtly one of "REPETI TI ON- ENCODI NG' and "REPETI TI ON- ENCODI NGS" shall be set.
.8-f an encoding object in the "REPETI TI ON- ENCODI NGS" ordered list is defined using "I F" or "I F- ALL'

br the

, then

all preceding encoding objects 1n that list shall be defined using T F or T F- ALL™.

23.2.3.9 If "DETERM NED BY" is "not-needed" in one or more of the "REPETI TI ON- ENCODI NG(S)" specifications, then
the abstract values of the original bitstring to which that encoding object is applied shall be constrained to a finite self-
delimiting set that can be identified from the ECN specification.

NOTE — This would be the case if the bitstring values resulted from a Huffman-style encoding (see Annex E) specified by
mapping integer values to bits (see 19.7), or if the bitstring values had an ECN-visible bound restricting them to a fixed number

of

bits.

23.2.3.10 If "EXHI BI TS HANDLE" is set, then the encoding object exhibits the specified identification handle.

NOTE — This will in general require restrictions on the abstract values of the associated type or the addition of redundant bits in
the transform into bits, or both.
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23.23.111f "EXH BITS HANDLE" is set, then "ALIGNED TO' shall not be set in any of the
"REPETI TI ON- ENCODI NG(S)" specifications.

23.2.4 Encoder actions

23.2.4.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause

22,in

the following order and in accordance with the encoding object definition:
a) Pre-alignment and padding.
b) Start pointer.
¢) Bits value encoding (see 23.2.4.2).
d) Identification handle.

23.2.4

23.2.4

23.2.1

23.2.1
22, in

23.2.5
space

23.2.9

deterinine the end of each repetition, and shalxeverse the transforms to recover the original bitstring value.

23.2.9
rever

23.3

23.3.]
The s

T —Cuntaiettypeercodig:
.2 For bits value encoding, the encoder shall:
a) Reverse the order of bits in the entire bitstring abstract value if "VALUE- REVERSAL" is set to [FRUE;
b) Treat the bitstring value as a repetition of a bit;
c) Apply the specified "TRANSFORMS" (if any) to each bit to produce a repetition of bifs;
d) Encode the repetition by applying the first "REPETI TI ON- ENCODI NG(S)" whose condition is satisfig

.3 It is an ECN specification error if there is no "REPETI TI ON- ENCODI NG(S)" whaese\¢ondition is satisfied.

Decoder actions

.1 For any encoding property group that is set, the decoder shall perfornithe decoder actions specified in
the following order and in accordance with the encoding object definitign:

a) Pre-alignment and padding.

b) Start pointer.

c) Bits value decoding (see 23.2.5.2).
d) Contained type decoding.

.2 For bits value decoding, the decoder shall use.the "REPETI TI ON- ENCODI NG(S) " to determine the repq
and to recover the original bit order using the "BI"T- REVERSAL" specification.

3 If "TRANSFORME" is set, then the decodér shall use the self-delimiting property of the encoding of each

.4 If "VALUE- REVERSAL" is set to ‘TRUE, then the final order of the bits in the bitstring abstract value sh|
ed.

Defining encoding objects for classes in the boolean category

The defined syntax

yntax for defining.enhcoding objects for classes in the boolean category is defined as:

#BOOL~. = ENCODI NG- CLASS {

-- Structure-only replacenent specification (see 22.1)
&#Repl acenent - st ructure OPTI ON\A
& epl acenent - st ruct ur e- encodi ng- obj ect  &*#Repl acenent -structure OPTI ON\4

lause

tition

bit to

hll be

92

-- Pre-alignnment and paddi ng specification (see 22.2)
&encodi ng- space-pre-ali gnnent-unit Unit (ALL EXCEPT repetitions) DEFAULT b

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,

&encodi ng- space- pre-pattern Non- Nul | -Pattern (ALL EXCEPT different:
DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start - pointer REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT b

&St art - poi nt er -encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Encodi ng space specification (see 22.4)
&encodi ng- space-si ze Encodi ngSpaceSi ze
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DEFAULT sel f-delimting-val ues,

&exhi bi t ed- handl e Printabl eStri ng\ FAULT "defaul t-handl €[,
&Handl e- posi ti ons I NTEGER (0. . OPTI ONAL,
&handl| e- val ue- set Handl eVal uéeo DEFAULT t ag: any,
-- Bit reversal specification (see 22. 12)%0
&bi t-reversal Rever peci fication
DEF@ no-rever sal
} WTH SYNTAX { %]
[ REPLACE L

%Ov [ ENCODER- TRANSFORMB &Encoder - t r ansf or ns]

v
%&

&encodi ng- space- uni t Unit (ALL EXCEPT repetitions)
DEFAULT bit,
&encodi ng- space- det erm nati on Encodi ngSpaceDet er mi nati on
DEFAULT fi el d-t o-be-set,
&encodi ng- space-ref erence REFERENCE OPTI ONAL,
&Encoder -tr ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&Decoder -t ransf or s #TRANSFORM ORDERED OPTI ONAL,
-- Bool ean val ue encodi ng
&val ue-true-pattern Pattern DEFAULT bits:'1'B,
&val ue-fal se-pattern Pattern DEFAULT bits:'0'B,
-- Val ue padding and justification (see 22.8)
Svatte-T st eatTon Jostcattom BEFASET T oht=5;
&val ue- pr e- paddi ng Paddi ng DEFAULT zer o, QJ
&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'0' BQ'\
&val ue- post - paddi ng Paddi ng DEFAULT zer o, A
&val ue- post - pattern Non- Nul | - Pattern DEFAULT bits: ‘D.) :
&unused- bi t s-det erni nati on UnusedBi t sDet er m nati on 7
DEFAULT field-to-be-set, S|,
&unused- bi t s-ref erence REFERENCE COPTI ONAL, QD

&Unused- bi t s- encoder -t r ansf or ns #TRANSFORM ORDERED OPT ,
&Unused- bi t s- decoder -t r ansf or ns #TRANSFORM ORDERED !

o

-- ldentification handl e specification (see 22.9)

[ STRUCTURE]
W TH &#Repl acenent -stru e
[ ENCODED BY &r eplaeenent - st ruct ur e- encodi ng-obj ect]]

[ ALI GNED TO x
[ NEXT]
[ ANY] C\»‘j“

&encodi n@ace- pre-alignment -unit
[P NG &encodi ng- space- pr e- paddi ng
A[&\PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTE! &start-pointer
[ MULTI RLE OF &start-pointer-unit]
[E - TRANSFORVE &St art - poi nter - encoder -transf orns] ]
ENCCDI CE
E &encodi ng- space-si ze
O [ MULTI PLE OF &encodi ng-space-unit]]

Q-. [ DETERM NED BY &encodi ng- space- det ermi nati on]
[ USI NG &encodi ng- space-reference

[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |
[ TRUE- PATTERN &val ue-true-pattern]
[ FALSE- PATTERN &val ue-fal se-pattern]

—_—
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI NG &val ue- pre- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ POST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bit s-det erm nati on]
[ USI NG &unused- bits-reference
[ ENCODER- TRANSFORMB &Unused- bi t s- encoder -t r ansf or ms]
[ DECODER- TRANSFORVS &Unused- bi t s- decoder -transforns]]]]
[ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]
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}

23.3.2  Purpose and restrictions

23.3.2.1 This syntax is used to define the start of the encoding space for a class in the boolean category, the encoding of
the abstract values of that class, their positioning within the encoding space, an optional declaration that the encoding
object exhibits a specified identification handle (with a given handle value set), and possible bit-reversal of the
encoding space for the boolean.

23.3.2.2 If "REPLACE" is set, then no other encoding property groups shall be set.
23.3.2.3 At most one of "TRUE- PATTERN" and "FALSE- PATTERN" shall be set to "di f f er ent : any".

23.3.2.4 If the alternative "any- of -1 engt h" is selected for either pattern (or both), then the length in bits of the two
patterns shall be different

23.3.2.5 If "ENCODI NG- SPACE SI ZE" is "sel f-del i mi ting", then "TRUE- PATTERN' and "FALSE- PATTERN'| shall
form h self-delimiting set (see 3.2.42).

23.3.2.6 "UNUSED BI TS DETERM NED BY" shall not be "not - needed" unless:

a) Both patterns are integral multiples of "ENCODI NG SPACE MULTI PLE OF" units and)"ENCODI NG $PACE
Sl ZE" is "vari abl e-wi t h- det er mi nant "; or

b) Both patterns are the same length; or
c) "JUSTIFI ED"is "l ef t " and the patterns form a self-delimiting set; or
d) "JUSTIFI ED" is "ri ght " and the reverse of the patterns form a self:delimiting set (see 3.2.42).

23.3.2.7 If there are any unused bits in the encoding space, then "VALUE- PADDI (NG' shall be set.

23.3.3 Encoder actions

23.3.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in ¢lause
22, infthe following order and in accordance with the encoding objéct.definition:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space (see 23.3.3.2).
e) Value encoding (see 23.3.3.3).
f)  Value padding and justification.
g) Identification handle.

h) Bitreversal.

23.3.3.2 If "ENCODI NG- SPACE™SI ZE" is not set to a positive value, then the encoding space size "s" is the snjallest
numbgr of "MULTI PLE OFf-units (subject to 23.3.3.3) that can accommodate the pattern of the value that is|to be
encoded.

23.3.3.3 An encoder (as"an encoder's option) may increase the encoding space size "s" (as determined in 23.3.3.2) in
"MULTI PLE COE" \units (subject to any restrictions that the range of values of any "field-to-be-sef" or
"fielld-to-bé-used" imposes) if the "ENCODI NG- SPACE Sl ZE" is set to "encoder - opt i on-wi t h- det er m nant ".

23.3.3.4 Th¢ number of unused bits can be determined from the value "s" and from the pattern of the value|to be
encoded:

23.3.3.5 If the number of unused bits is non-zero, then "VALUE- PADDI NG' shall be applied.

23.3.4 Decoder actions

23.3.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.
b) Start pointer.

¢) Encoding space.

d) Bitreversal.

e) Value padding and justification.
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f)  Value decoding (see 23.3.4.2).

23.3.4.2 Value decoding shall be performed by identifying the "TRUE- PATTERN" or the "FALSE- PATTERN" by:
a) Using an "UNUSED BI TS" determination, if any; or
b) Using the self-delimiting property of the patterns or their reversals.

23.4 Defining encoding objects for classes in the characterstring category

23.4.1 The defined syntax

The syntax for defining encoding objects for classes in the characterstring category is defined as:

#CHARS : : = ENCODI NG- CLASS {
-- Pre-alignment and paddi ng specification (see 22.2) Q.)
&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEF Ql; bl t,
&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o, .
&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALL EXCEPT diff’,‘bér ent : pny)
DEFAULT bits:'0' B, q/
-- Start pointer specification (see 22.3) Q)Cb
&st art - poi nter REFERENCE OPTI ONAL,
&start-pointer-unit Unit (ALL EXCEPT re 1ons) DEFAULT bjt,
&St art - poi nt er-encoder-transforns #TRANSFORM ORDERE | ONAL,
-- Chars val ue encodi ng \%
&val ue-reversal BOOLEAN DEFA s% FALSE,
&Tr ansf or ns #TRANSF RED OPTI ONAL,
&Char s-repetiti on-encodi ngs #CONDI Tl - REPETI TI ON ORDERED OPTI ONAL,
&char s-repetition-encodi ng #CONDI - REPETI TI ON OPTI ONAL,
N\
-- ldentification handl e specificati on\\&ee 22.9)
&exhi bi t ed- handl e Prontabl eStri ng DEFAULT "def aul t - handl €,
&Handl e- posi ti ons EGER (0..MAX) OPTI ONAL,
&handl e- val ue- set &\%ndl eVal ueSet DEFAULT tag: any
} WTH SYNTAX { ‘\Q)
[ ALI GNED TO
[ NEXT] QO
[ ANY] o5
&encodi n ce-pre-alignment-unit
[ PADDI ncodi ng- space- pr e- paddi ng

PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTEI?E tart-pointer

[ MULTI P; &start-pointer-unit]
[E TRANSFORVS &St art - poi nt er - encoder -transforns] ]

[ VALUE- R SAL &val ue-reversal ]

[ TRANS| &Tr ansf or ms]

[ REP ON- ENCODI NGS ~ &Char s-repeti tion-encodi ngs]
[ | TI ON- ENCODI NG &char s-repetition-encodi ng]

| TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[ AS &andl e-val ue-set]]

[
Y

} N
23.4.7 é’odel for the encoding of classes in the characterstring category

23.4.2.1 The model of characterstring encodings is:
a) The order of characters in the character string can be reversed.
b) The chars are considered as a repetition of a char.
¢) There is a transform (specified by "TRANSFORMS") in which each character is transformed into a self-
delimiting bitstring.

d) Either "REPETI TI ON- ENCODI NG' or "REPETI TI ON- ENCCDI NGS" specify how the repetition of bitstring
is to be encoded.

NOTE — The sole purpose of allowing "REPETI TI ON- ENCCDI NG' as well as "REPETI TI ON- ENCODI NGS" is to provide a
syntax that does not contain a double curly-bracket ("{{") in the common case of a single conditional encoding. Use of
"REPETI TI ON- ENCODI NGS" when there is a single conditional encoding is deprecated but is allowed.
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23.4.2.2 Bounds (if present) on the class being encoded (a class in the characterstring category) are bounds on the
number of chars in the character string forming each abstract value.

23.4.2.3 When considered as a repetition of chars, these bounds shall be interpreted as bounds on the number of
repetitions, and can be used in the specification of the encoding objects of class #CONDI TI ONAL- REPETI TI ON that are
used in the specification of this encoding object.

23.4.3  Purpose and restrictions

23.4.3.1 This syntax is used to define the start of the encoding space for a class in the characterstring category, the
encoding of the abstract values associated with that class, an optional declaration that the encoding object exhibits a
specified identification handle (with a given handle value set).

23.4.3.2 The #CONDI TI ONAL- REPETI TI ON that is applied by this encoding object shall not specify "REPLACE" unless it
is "REPCACE STRUCTURE™

23.4.3.3 If any of the #CONDI Tl ONAL- REPETI Tl ON encoding objects contain a "REPLACE STRUCTURE" clause; then all
of the| #CONDI Tl ONAL- REPETI Tl ON encoding objects shall contain a "REPLACE STRUCTURE" clause.

23.4.3.4 If there is no "REPLACE STRUCTURE" clause in the #CONDI TI ONAL- REPETI TI ON encddihg objects| then
"TRANSFORMS" shall be set. If there is a "REPLACE STRUCTURE" clause in the #CONDI TI ONAL- REPETI Tl ON endoding
objects, then no other parameters shall be set. If the encoding object of the replacement strfgcture exhibits a Handle
(withfa given handle value set), the encoding object being defined exhibits the same identification handle (with the[same
handlg value set —see 22.1.1.11).

23.4.3.5 The first transform of "TRANSFORMS" shall have a source that is a single character and the last transforny shall
have p result that is bitstring. The bitstrings produced for the set of all characters’to be encoded shall form g self-
delimjiting set (see 3.2.42).

NOTE — This means that the final transform is required to be self-delimiting.

23.4.3.6 1t is an ECN specification or application error if any transform¢in the "TRANSFORMS" is not reversible fpr the
abstrdct value to which it is applied.

23.4.3.7 Exactly one of "REPETI TI ON- ENCODI NG' and "REPETI (Pl ON- ENCODI NGS" shall be set.

23.4.3.8 If an encoding object in the "REPETI TI ON- ENCODINNGS" ordered list is defined using "I F" or "I F- ALL'}, then
all pr¢ceding encoding objects in that list shall be defined@sing "I F" or "I F- ALL".

23.4.3.9 If "EXHI BI TS HANDLE" is set, then the enceding object exhibits the specified identification handle.

NOTE — This will in general require restrictions onithe abstract values of the associated type, or the inclusion of redundant pits in
th¢ encoding of each character, or both.

23.4.3.101f "EXH BITS HANDLE" is “set, then "ALIGNED TO' shall not be set in any of the
"REPHETI TI ON- ENCODI NGX(S)" specifications.

23.4.4 Encoder actions

23.4.4.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in ¢lause
22, in|the following order-and-in accordance with the encoding object definition:

a) Pre-alignmeént and padding.

b) Stargpeinter.

c) _‘Chars value encoding (see 23.4.4.3).
d)\"Repetition encoding as specified by the first "REPETI TI ON- ENCODI N&(S)" whose condition is satisfied.

e) Identification handle specification.

23.4.4.2 Tt is an ECN specification error if there is no "REPETI TI ON- ENCODI N&(S)" whose condition is satisfied.
23.4.4.3 For characterstring value encoding, the encoder shall:

a) Reverse the order of characters in the entire character string abstract value if "VALUE- REVERSAL" is set
to TRUE;

b) Treat the characterstring value of chars as a repetition of char;
c) Apply the specified "TRANSFORME" (if any) to each char to produce a repetition of bits;
d) Encode the repetition by applying the "REPETI TI ON- ENCODI NG(S)".
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23.4.5 Decoder actions

23.4.5.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.
b) Start pointer.

c) Repetition decoding as specified by the first "REPETI TI ON- ENCODI N&(S)" whose condition is satisfied.

d) Characterstring value decoding (see 23.4.5.2).

23.4.5.2 For characterstring value decoding, the decoder shall use the "REPETI TI ON- ENCODI NG(S)" to determine the
repetition space and to recover the original characters. If "TRANSFORMVS'" is set, then the decoder shall use the self-
delimiting (which includes a possible fixed length) property of the encoding of each character to determine the end of

each fepetition, and shall reverse the transforms to recover a characterstring value. 03

shall

23.5 | Defining encoding objects for classes in the concatenation category o)
23.5.1 The defined syntax C)cb
The s

23.4.3.3 If "VALUE- REVERSAL" is set to TRUE, then the final order of the characters in the characterstring ‘g@r ct

be reversed.

2
Vv

yntax for defining encoding objects for classes in the concatenation category is deﬁQg as:

#CONCATENATI ON : : = ENCODI NG CLASS { \%

-- Full replacenent specification (see 22.1) 6\

&#Repl acenent - structure Q OPTI ON\A
&#Repl acenent - st ruct ur e2 OPTI ONA
& epl acenent - st ruct ur e- encodi ng- obj ect Sﬁepl acenment -structure OPTI ON\4
&r epl acenent - st ruct ur e- encodi ng- obj ect ZQ#RepI acenent-structure2 OPTI O\A
&#Head- end-structure ‘\0 OPTI ON\A
&#Head- end- st ruct ur e2 (%) OPTI ON\A

)
-- Pre-alignnment and padding specification (see 22.2)
&encodi ng- space-pre-al i gnment«~@it Unit (ALL EXCEPT repetitions) DEFAULT b
&encodi ng- space- pr e- paddi ng ) Paddi ng DEFAULT zero,

value

| S ) S

&encodi ng- space- pre-patt e@ Non- Nul | -Pattern (ALL EXCEPT different:
\jr DEFAULT bits:'0' B,
.\O
-- Start pointer sp@l cation (see 22.3)
&start - pointer . REFERENCE OPTI ONAL,
&start-pointer- Unit (ALL EXCEPT repetitions) DEFAULT b
&St art - poi nter coder -transfornms #TRANSFORM ORDERED OPTI ONAL,
-- Encodi space specification (see 22.4)
&encodi r&ace- si ze Encodi ngSpaceSi ze
CQ\ DEFAULT sel f-delimting-val ues,
&en@' g- space-uni t Unit (ALL EXCEPT repetitions)
DEFAULT bi t,
odi ng- space-det erm nation Encodi ngSpaceDet ermi nati on
Q DEFAULT fi el d-t o- be- set
%&encodi ng- space-ref erence REFERENCE OPTI ONAL,
&?‘ &Encoder -transforns #TRANSFORM CRDERED CPTI ONAL,
% &Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
-- Concatenation specification (see 22.10)
&concat enat i on- or der ENUVERATED {textual, tag, randont
DEFAULT textual,
&concat enat i on- al i gnnment ENUMERATED { none, al i gned}
DEFAULT al i gned,
&concat enat i on- handl e Printabl eString
DEFAULT "def aul t - handl e",
-- Val ue paddi ng and justification (see 22.8)
&val ue-justification Justification DEFAULT right:O,
&val ue- pr e- paddi ng Paddi ng DEFAULT zer o,
&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&val ue- post - paddi ng Paddi ng DEFAULT zer o,
Rec. ITU-T X.692 (08/2015)
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&val ue- post-pattern Non- Nul | - Patt ern DEFAULT bits:' 0" B,
&unused- bi t s-det erni nati on UnusedBi t sDet er m nati on

DEFAULT fi el d-t o-be-set,
&unused- bi ts-reference REFERENCE OPTI ONAL,

&Unused- bi t s- encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&Unused- bi t s- decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,

-- ldentification handle specification (see 22.9)

&exhi bi t ed- handl e Printabl eString DEFAULT "defaul t - handl e",
&Handl e- posi ti ons I NTEGER (0..NMAX) OPTI ONAL,
&handl| e- val ue- set Handl eVal ueSet DEFAULT tag: any,
-- Bit reversal specification (see 22.12)
&bi t-reversal Rever sal Speci fication
PEFACETTTo-Teversat
} W TH SYNTAX { '\03
[ REPLACE (19
[ STRUCTURE] (b
[ COVPONENT] Vs
[ ALL COVPONENTS] (1/
[ OPTI ONALS] >
[ NON- OPTI ONALS] Qf)
W TH &#Repl acenent - structure O
[ ENCODED BY &r epl acenent - struct ure-encodi n %ﬂj ect
[ I NSERT AT HEAD &#Head- end- struct ur@%
[ AND OPTI ONALS W TH &#Repl acenent - str e2

[ ENCODED BY &r epl acenent - st r uctgre-encodi ng- obj ect 2
[ NSERT AT HEAD &#Head-eqy~*structure2]]] ]
[ ALI GNED TO

[ NEXT] QQ

[ ANY]
&encodi ng- space-pre-align \uni t
[ PADDI NG &encodi ng- space- paddi ng
[ PATTERN &encodi -épace- pre-pattern]]]
[ START- PO NTER  &start-pointer %)
[ MULTI PLE OF &start-paiWt er - unit]
[ ENCODER- TRANSFORMVS &gﬁ\rt - poi nt er - encoder - t r ansf or ns] |
ENCODI NG- SPACE
[ SI ZE &encodi ng- spaaé)si ze
[ MULTI PLE G:\g‘encodi ng- space-unit]]
[ DETERM NED BY Kggéodi ng- space- det er m nati on]
[ USI NG &encodi space-reference
[ E - TRANSFORMS &Encoder - t r ansf or ns]
[ DE R- TRANSFORVB &Decoder - t r ansf or ns] |
[ CONCATENATI
[OQDER@}oncat enati on-order]
[ ALI NT &concat enati on-al i gnnent ]
[ E &concat enati on- handl e] ]
[ VALU= NG
0 USTI FI ED &val ue-justification]
Q-. [ PRE- PADDI NG &val ue- pr e- paddi ng
?“ [ PATTERN &val ue-pre-pattern]]
O [ POST- PADDI NG &val ue- post - paddi ng
% [ PATTERN &val ue- post-pattern]]
&?‘ [ UNUSED BI TS
% [ DETERM NED BY &unused- bi t s- det erm nati on]

LLICL NI Oy oo ad b+ o o

foraon
NI A= =~ LN A~ = A== B = B S B~ B~ = A~

[ ENCODER- TRANSFORMS &Unused- bi t s- encoder -t r ansf or ns]
[ DECCDER- TRANSFORMS &Unused- bi t s-decoder-transforns]]]]
[ EXHI BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- posi tions
[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]

}

23.5.2  Purpose and restrictions

23.5.2.1 This syntax is used to define the start of the encoding space for a class in the concatenation category, the way
in which the encodings of the components are to be combined, their positioning within the encoding space, an optional
declaration that the encoding object exhibits a specified identification handle (with a given handle value set), and
possible bit-reversal of the encoding space.
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23.5.2.2 If "REPLACE STRUCTURE" is set, then no other encoding parameter groups shall be set. If the encoding object
of the replacement structure exhibits a handle (with a given handle value set), the encoding object being defined

exhibits the same identification handle (with the same handle value set —see 22.1.1.11).

23.5.2.3 "ENCODI NG- SPACE S| ZE" shall be either "variabl e-with-determ nant" or "self-deliniting-

val ues".

23.5.2.4 If "EXH BI TS HANDLE" is set, then the encoding object exhibits the specified identification handle.

23.5.3 Encoder actions

23.5.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause

22, in the following order and in accordance with the encoding object definition:

a) Replacement

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space. (See 23.5.3.2.)

e) Concatenation.

f)  Value padding and justification.

g) Identification handle specification.

h) Bitreversal.

23.5.3.2 If "ENCODI NG SPACE" is "variable-w th-determ nant", it shall/ be the minimum numb

"MULTI PLE OF" units needed to contain the concatenation.

23.5.4 Decoder actions

23.5.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in

22, infthe following order and in accordance with the encoding objéct definition:
a) Pre-alignment and padding.

b) Start pointer.

¢) Encoding space.

d) Bitreversal.

e) Value padding and justification.

f)  Concatenation.

23.6 | Defining encoding objectsfor classes in the integer category

23.6.1 The defined syntax

The spntax for defining eneoding objects for classes in the integer category is defined as:

#I NT :: = _ENGODI NG CLASS {
-w~I nt eger encodi ng
&l nt eger - encodi ngs #CONDI TI ONAL- | NT ORDERED OPTI ONAL,
& nt eger - encodi ng #CONDI TI ONAL- | NT OPTI ONAL

IS W TH SYNTAX {
[ ENCODI NGS &I nt eger - encodi ngs]

er - of

lause

[ ENCODI NG &i nt eger - encodi ng]
}

23.6.2  Purpose and restrictions

23.6.2.1 This syntax is used to define the encoding of a class in the integer category by specifying one or more

encodings of the #CONDI TI ONAL- | NT class.
23.6.2.2 Exactly one of "ENCODI NG' and "ENCODI NGS" shall be set.

NOTE — The sole purpose of allowing "ENCCODI NG' as well as "ENCODI NGS" is to provide a syntax that does not contain a
double curly-bracket ("{{") in the common case of a single encoding object. Use of "ENCODI NGS" when there is a single

encoding object is deprecated but is allowed.

Rec. ITU-T X.692 (08/2015)
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23.6.2.3 If an encoding object in the "ENCODI NGS" ordered list is defined using "I F" or "I F- ALL", then all preceding
encoding objects in that list shall be defined using "I F" or "I F- ALL".

23.6.3 Encoder actions

23.6.3.1 The encoder shall select and apply the first #CONDI TI ONAL- | NT encoding object in "ENCODI NG&(S)" whose
conditions are satisfied. It is an ECN specification error if none of the conditional encodings have conditions that are
satisfied.

NOTE — It would be unusual but not illegal if there were #CONDI TI ONAL- | NT encoding objects present that could never be
used because the conditions on use of earlier encoding objects would always be satisfied.

23.6.4 Decoder actions
23.6.4.1 The decoder shall select and use the first #CONDI TI ONAL- | NT encoding object in "ENCODI N&S)" whose

condifions are satisfied. Q.)
Q’\
23.7 | Defining encoding objects for the #CONDI TI ONAL- | NT class Q/
phel
23.7.1  The defined syntax qf,)
The spntax for defining encoding objects for the #CONDI TI ONAL- | NT class is defined as: (b(b
#CONDI TI ONAL- | NT :: = ENCODI NG CLASS { Q/C)
. W\
-- Condition (see 21.11)
&range-condi ti on RangeCondi (’g)n OPTI ONAL,
&conpari son Conpari son “*OPTI ONAL,
&conpar at or | NTE( TI ONAL,
&Range- condi ti ons Ran ndi ti on ORDERED OPTI ONAL,
&Conpari sons i son ORDERED OPTI ONAL,
&Conpar at or s \\ EGER ORDERED OPTI ONAL,

-- Structure-only replacenent specifi é‘é})f on (see 22.1)
&#Repl acenent - st ructure OPTI ONAL,
&r epl acenent - st ruct ur e- encodi ng- t’)&:t &#Repl acenent - structure OPTI ONAL,

-- Pre-alignment and paddi ng spécification (see 22.2)

&encodi ng- space- pre-align t>unit Unit (ALL EXCEPT repetitions) DEFAULT bjt,

&encodi ng- space- pr e- paddi :@ Paddi ng DEFAULT zero,

&encodi ng- space- pr e- pat&&n Non- Nul | - Pattern (ALL EXCEPT different:jny)
C;\\ DEFAULT bits:'0'B,

-- Start pointer (specification (see 22.3)

&st art - poi nter @ REFERENCE OPTI ONAL,
&start - point it Unit (ALL EXCEPT repetitions) DEFAULT bjt,
&St ar t - poi nt&) encoder - transforns #TRANSFORM ORDERED OPTI ONAL,

-- Enco@q space specification (see 22.4)

&enco -space-si ze Encodi ngSpaceSi ze
O DEFAULT sel f-del i miting-val ues,
e@odi ng- space- unit Unit (ALL EXCEPT repetitions)
DEFAULT bit,
é@encodi ng- space- det erm nati on Encodi ngSpaceDet er mi nati on
DEFAULT fi el d-to-be-set,
&?‘ &encodi ng- space-ref erence REFERENCE COPTI ONAL,
% &Encoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,

abecoder -1 arist Orirs # TRANSFURIVI URDERED UFTT UNAL,

-- Val ue encodi ng

&Transform #TRANSFORM ORDERED OPTI ONAL,

&encodi ng ENUVERATED

{positive-int, twos-conplenent,
reverse-positive-int, reverse-twos-conpl enent}
DEFAULT twos- conpl enent,

-- Val ue padding and justification (see 22.8)

&val ue-justification Justification DEFAULT right: O,

&val ue- pre- paddi ng Paddi ng DEFAULT zer o,

&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&val ue- post - paddi ng Paddi ng DEFAULT zer o,
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&val ue- post-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&unused- bi t s-det erni nati on UnusedBi t sDet ermi nati on

DEFAULT fi el d-to-be-set,
&unused- bi t s-r ef er ence REFERENCE OPTI ONAL,

&Unused- bi t s- encoder -t ransf orns #TRANSFORM ORDERED OPTI ONAL,
&Unused- bi t s- decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,

-- ldentification handle specification (see 22.9)

&exhi bi t ed- handl e Printabl eString DEFAULT "defaul t - handl e",
&Handl e- posi ti ons I NTEGER (0..NMAX) OPTI ONAL,
&handl e- val ue- set Handl eVal ueSet DEFAULT tag: any,

-- Bit reversal specification (see 22.12)
&bi t-reversal Rever sal Speci fication

oA L
ULFAULT TIUT T TVCT SdAl

} W TH SYNTAX {

[ F & ange-condition [&conparison &conparator]] (19
[1F-ALL &Range-conditions [&Conparisons &Conparators]] (b
[ ELSE] %
[ REPLACE (1/
[ STRUCTURE] >

W TH &#Repl acenent - structure Q)
[ ENCODED BY &r epl acenent - st ruct ur e- encodi ngé}ect] ]

[ ALI GNED TO N\
5 o
[ANY] S
&encodi ng- space- pre-al i gnnment - uni t \\

[ PADDI NG &encodi ng- space- pr e- paddi hgQ
[ PATTERN &encodi ng- space- pré¢gpattern]]]
[ START- PO NTER &start-pointer

[ MULTI PLE OF &start-pointer-u Q
[ ENCODER- TRANSFORNVS &Start-p '&r -encoder -t ransforns] ]

0
ENCODI NG SPACE 4\
[ SI ZE &encodi ng- space-si ze %)
[ MULTI PLE OF &encodin ’@ace— unit]]
[ DETERM NED BY &encodi ng- ce-determ nation]
[ USI NG &encodi ng- space-t rence
[ ENCODER- TRANSFCRI% &Encoder -t r ansf or 8]
[ DECODER- TRAI &Decoder - t r ansf or ms] ]
[ TRANSFORVS &Tr ansf
[ ENCODI NG &encod\i\égs
[ VALUE- PADDI NG O
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI &val ue- pr e- paddi ng
[P RN &val ue-pre-pattern]]
[ POST- RAPDI NG &val ue- post - paddi ng

PATTERN &val ue- post-pattern]]
[ D BITS

%\ [ DETERM NED BY &unused- bits-det erm nati on]
Q [ USI NG &unused- bits-reference
[ ENCODER- TRANSFORMB &Unused- bi t s- encoder - t r ansf or ns]
[ DECODER- TRANSFORMS &Unused- bi t s-decoder-transforns]]]]
H BI TS HANDLE &exhi bit ed- handl e AT &Handl e- positions
[ AS &handl e-val ue-set]]
&?‘ [ BI T- REVERSAL &bit-reversal]

9

23.7.2  Purpose and restrictions

23.7.2.1 This syntax is used to define a #CONDI TI ONAL- | NT encoding object. The only use of such an encoding object
is in the specification of an encoding object of a class in the integer category.

23.7.2.2 The syntax allows the specification of a single condition on the bounds of the integer for this encoding to be
applied (use of "I F"). It also allows the specification that all of a set of conditions are to be satisfied (use of "I F- ALL").
It also allows the specification that there is no condition. The use of "ELSE", or omission of "I F", "I F- ALL" and
"ELSE" specifies that there is no condition. "I F- ALL" shall be used with three lists if one or more of the
size-range-conditions require a comparison, and shall be used with one list otherwise. When using three lists,
size-range-conditions that do not require a comparison or comparator (if any) shall follow all those that require a
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comparison, and shall have no corresponding entry in the second and third lists. In using "I F- ALL" with three lists, the

lists s

hall be interpreted as a list of predicates using the values in corresponding positions in the three lists.

NOTE - It is recommended that the three lists be formatted to provide a condition in each column.

EXAMPLE:
| F- ALL {test-| ower-bound, test-range , bounded-wi t h-negati ves }
{greater-than , less-than-or-equal -to }
{-10 , 20 }

23.7.2.3 Using this syntax the ECN specifier can define the start of the encoding space for the encoding of a class in the
integer category, the encoding of the abstract values associated with that class, their positioning within the encoding

space
23.7.]
23.7.]

23.7.2
abstrdg
and th

N

th
23.7.2
"I F- 4
(if prg
23.7.2
the en

23.7.7
N
23.7.]
N
id
23.7.3

23.7.]
violat

23.7.]
22, 1nl

, and possible bit-reversal of the encoding space.

non " " " 1

5

.S If "REPLACE" is set, then no other encoding property groups shall be set.

.6 It is an ECN specification or application error if any transform in the "TRANSFORVS" is not revetsible f

e last transform shall have a result that is integer.

DTE — The test for the "I F" and "I F- ALL" condition takes place on the bounds of the original valugs and is not affec
bse transforms.

J7 The "I NT- TO- | NT" transform with the value "subt ract : | ower - bound" shall:b€included only if the "I
ALL" condition restricts the application of this encoding to classes of the integer(category with a lower boun
sent) shall be the first transform in the list.

.8 The "ENCCODI NG SPACE SI ZE" shall not be "f i xed-t o- max" unless the "l F" or "I F- ALL" condition re
coding to a class with both an upper and a lower bound.

.9 "ENCODI NG SPACE SI ZE" shall not be set to "sel f - del i mi t iMdg- val ues".

DTE — This means that the default value (which is set for consistency with other uses of this type) always has to be overri

J0If "EXH BI TS HANDLE" is set, then the encoding objectwxhibits the specified identification handle.

DTE — This will normally require use of "VALUE- PADDI NG! with justification from the left to allow the padding to exhi
pntification handle.

Encoder actions

.1 The encoder shall detect an ECN specification or application error if any of the restrictions in 23.7
ed.

.2 For any encoding property group that is set, the encoder shall perform the encoder actions specified in
the following order and in accordance with the encoding object definition:

a) Replacement.

b) Pre-alignment énd padding.

c) Start pointets

d) Encoding space.

e) Valuelencoding (see below).

f) _Value padding and justification.
¢)\~Identification handle.

br the

ct value to which it is applied. The first transform of "TRANSFORMS", if present, shall have a source' that is ipteger

ted by

F" or
i, and

btricts

dden.

bit the

2 are

lause

h) Bitreversal.

23.7.3.3 The encoder shall apply the "TRANSFORMS", if any to the value being encoded.

23.7.3.4 The encoder shall use the following table giving the range of integer values that can be encoded in "n" bits:

102

"ENCODI NG' Min value Max value
"positive-int" 0 2" —1
"rever se-positive- 0 2n—1
int"
"t wos- conpl enent " —2n-! 2n-11
"rever se-t wos- —2n-! AR |
conpl enent "
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23.7.3.5 The "ENCODI NG' parameter selects the encoding as 2's-complement encoding or as a positive integer encoding,
or as the reversal of one of these. The specification of 2's-complement encoding and positive integer encoding is given
in Rec. ITU-T X.690 | ISO/IEC 8825-1, 8.3.2 and 8.3.3. A reversal of these encodings is an encoding in which,
following production of the "n" bits, the order of the "n" bits is reversed.

23.7.3.6 An encoder shall detect an ECN specification or an application error if a value is to be encoded into a number
of bits which is insufficient, as specified in 23.7.3.4.

23.7.3.7 If the "ENCODI NG- SPACE Sl ZE" is a positive integer, then its size in bits is calculated as "SI ZE" multiplied by
"MULTI PLE OF" units. If "VALUE- PADDI NG' is not set, then this shall be the number of bits "n" that the integer shall
encode into and there are no unused bits. If "VALUE- PADDI NG' is set, then the number of bits that the integer shall
encode into is reduced by the integer value "m" specified for "JUSTI FI ED", and there will be "m" unused bits.

23.7.3.8 If the "ENCODI NG SPACE SI ZE" is "f i xed- t o- max", then the encoder shall determine the minimum number
of "MPULTI PLE OF" units that has sufficient bits to encode any of the values of the class, and shall proceed (as specified
abovq) as if "SI ZE" were a positive integer set to that value.

23.7.3.9 If the "ENCODI NG- SPACE Sl ZE" is "vari abl e- wi t h- det er mi nant ", then the encoder shall’ determine the
minithum number of "MULTI PLE OF" units ("s", say) that has sufficient bits to encode the actual abstract value [being
encoded, and shall proceed (as specified above) as if "SI ZE" were a positive integer set to that value,

23.7.3.10 The encoder (as an encoder's option) may increase "s" (as determined in 23.7.3.9) in-""MULTI PLE OF"[ units
(subjgct to any restrictions that the range of values of any "fi el d-t o- be-set" or "fi e/d*t'0- be- used" impoges) if
"ENCPDI NG SPACE SI ZE" is set to "encoder - opt i on-wi t h- det er m nant ".

n.n

23.7.3.11 The encoder shall then proceed (as specified above) as if "SI ZE" were a positive integer set to "s

23.7.4 Decoder actions

23.7.4.1 For any encoding property group that is set, the decoder shall pécform the decoder actions specified in ¢lause
22, infthe following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.

b) Start pointer.

c) Encoding space.

d) Bitreversal.

e) Value padding and justification.
f)  Value decoding (see 23.7.4.2).

23.7.4.2 The decoder shall recover the integer value from the bits used to encode it, decoding according to the spefified
encoding, and shall then reverse the "TRANSFORMS" (if specified) to recover the original abstract value.

23.8 | Defining encoding objécts for classes in the null category

23.8.1 The defined syntax

The spntax for defining'encoding objects for classes in the null category is defined as:
#NUL : x=<ENCODI NG- CLASS {
- Structure-only replacenment specification (see 22.1)

&#Repl acenent - structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &*#Repl acenent - structure OPTI ONAL,

-- Pre-alignment and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignnment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space- pre-pattern Non- Nul | -Pattern (ALL EXCEPT different: any)
DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start - poi nter REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&St art - poi nter-encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Encodi ng space specification (see 22.4)

&encodi ng- space-si ze Encodi ngSpaceSi ze
DEFAULT sel f-delimting-val ues,
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&encodi ng- space- uni t Unit (ALL EXCEPT repetitions)
DEFAULT bit,

&encodi ng- space- det erm nati on Encodi ngSpaceDet er m nati on
DEFAULT fi el d-to- be-set,

&encodi ng- space-r ef erence REFERENCE OPTI ONAL,

&Encoder - transf or ms #TRANSFORM ORDERED OPTI ONAL,

&Decoder -tr ansf or ns #TRANSFORM ORDERED OPTI ONAL,

-- Value pattern
&val ue-pattern Pattern (ALL EXCEPT different:any)
DEFAULT bits:''B,

-- Val ue padding and justification (see 22.8)

&bi t-reversal Rever s cification
DEFA o-reversal
} W TH SYNTAX { ‘\0
[ REPLACE %)
[ STRUCTURE] O

S
v
%&

&val ue-justification Justification DEFAULT right:O0,
Svatte=pre-paddiTy Patdr g BEFASET—Zzer o

&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:' 0" B, Q.)
&val ue- post - paddi ng Paddi ng DEFAULT zer o, Q\
&val ue- post-pattern Non- Nul | - Pattern DEFAULT bits:"' O:‘ay
&unused- bi t s-det er m nati on UnusedBi t sDet er m nati on (b

DEFAULT fi el d-to- be- set, Q_)
&unused- bi ts-reference REFERENCE OPTI ONAL, (1,

&Unused- bi t s- encoder -t ransf or ns #TRANSFORM ORDERED OPTI
&Unused- bi t s- decoder -t r ansf or ns #TRANSFORM ORDERED OPT ,

-- ldentification handl e specification (see 22.9) \Q/

&exhi bi t ed- handl e Printabl eString LT "defaul t - handl €|
&Handl e- posi ti ons I NTEGER (O. . % TI ONAL,

&handl e- val ue- set Handl eVal ueSet\ DEFAULT t ag: any,

-- Bit reversal specification (see 22.12) :@Q

W TH &#Repl acenent - st ruct
[ ENCODED BY &r eplicgment -struct ure-encodi ng- obj ect]]

[ ALI GNED TO
[ NEXT] xO
[ ANY]
&encodi n «%'dce— pre-alignment-unit
[ PADDI codi ng- space- pr e- paddi ng
PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER tart-pointer
[ MULTI PL &start-pointer-unit]

[ EN(II)@ RANSFORVS &St art - poi nt er - encoder -transforns] ]
ENCODI NG- CE
[ &encodi ng- space- si ze
[ MULTI PLE OF &encodi ng- space-unit]]
ERM NED BY &encodi ng- space-det erm nati on]
Qg USI NG &encodi ng- space-ref erence
?\ [ ENCODER- TRANSFORVB &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |
NULL- PATTERN &val ue- pattern]
[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]

LDDC DA N Oy ol L aaddi oo

. o
T T DD Yo Xy oo P Tt Ty

[ PATTERN &val ue-pre-pattern]]
[ POST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t s-det erm nati on]
[ USI NG &unused- bi ts-reference
[ ENCODER- TRANSFORMVS &Unused- bi t s- encoder -t r ansf or ns]
[ DECODER- TRANSFORVS &Unused- bi t s- decoder -transforns]]]]
[ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]
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23.8.2  Purpose and restrictions
23.8.2.1 This syntax is used to define the encoding of a class in the null category.

23.8.2.2 If "REPLACE STRUCTURE" is set, then no other encoding property groups shall be set. If the encoding object
of the replacement structure exhibits a handle (with a given handle value set), the encoding object being defined
exhibits the same identification handle (with the same handle value set —see 22.1.1.11).

23.8.2.3 If the "ENCODI NG SPACE SI ZE" is positive, it shall be sufficient to hold the size of the "NULL- PATTERN'
together with any bits added as a result of a "VALUE- PADDI NG' specification.

23.8.2.4 If there are unused bits in the encoding space, then "VALUE- PADDI NG' shall be set.

23.8.3 Encoder actions

23.8.3.1 For any encoding property group that 1s set, the encoder shall perform the encoder actions specitfied m ¢lause
22, inthe following order and in accordance with the encoding object definition:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space.

e) Value encoding (see 23.8.3.2).
f)  Value padding and justification.
g) Identification handle.

h) Bitreversal.

23.8.3.2 The value encoding shall be the bits of the "NULL- PATTERN".

23.8.3.3 If "ENCODI NG SPACE SIZE" is "variable-w th-determnant"” or "encoder-option-yith-
det efem nant ", it shall be the minimum number of "MULTI PLECEF" units needed to contain the pattern ("s"| say),
subje¢t to 23.8.3.4.

23.8.3.4 An encoder (as an encoder's option) may increase\"s" (as determined in 23.8.3.3) in "MULTI PLE OF"| units
(subjdct to any restrictions that the range of values of any'f i el d-t o- be-set " or "fi el d-t o- be- used" impoges) if
"ENCPDI NG SPACE Sl ZE" is set to "encoder - opt i on='wi t h- det er mi nant ".

23.8.3.5 If there are unused bits in the encoding space, then "VALUE- PADDI NG' shall be applied.

23.8.4 Decoder actions

23.8.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in ¢lause
22, in|the following order and in ac¢ordance with the encoding object definition:

a) Pre-alignment and‘padding.
b) Start pointer:

¢) Encoding'space.

d) Bit reyersal.

e) Valie padding and justification.

23.8.4.2 The,decoder shall determine the size of the null pattern, and identify those bits in the encoding, but| shall
silent]y aCeept any value for those bits.

23.9 Defining encoding objects for classes in the octetstring category

23.9.1 The defined syntax
The syntax for defining encoding objects for classes in the octetstring category is defined as:

#OCTETS :: = ENCCODI NG CLASS {

-- Pre-alignment and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space-pre-pattern Non- Nul | -Pattern (ALL EXCEPT different:any)
DEFAULT bits:' 0" B,
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-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTIl ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&St art - poi nter-encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Cctets val ue encoding

&val ue-reversal BOOLEAN DEFAULT FALSE,
&Transforns #TRANSFORM ORDERED OPTI ONAL,
&Cct et s-repeti ti on-encodi ngs #CONDI TI ONAL- REPETI TI ON ORDERED OPTI ONAL,
&oct et s-repetition-encodi ng #CONDI TI ONAL- REPETI TI ON OPTI ONAL,
-- ldentification handl e specification (see 22.9)
&exhi bi t ed- handl e Printabl eString DEFAULT "defaul t - handl e",
&Handl e- posi ti ons I NTEGER (0..NMAX) OPTI ONAL,
&rercte=vatrte=set Harmdtevat e Set—BEFASETtagany; Q.)
-- Contai ned type encoding specification (see 22.11) Q\
&Pri mary-encodi ng- obj ect - set #ENCODI NGS OPTI ONAL, A
&Secondar y- encodi ng- obj ect - set #ENCODI NGS OPTI ONAL, (b
&over -ri de- encoded- by BOOLEAN DEFAULT FALSE (o’
} W TH SYNTAX { qu’

[ ALI GNED TO Q)

[ NEXT] C)

[ ANY] \\<</

&encodi ng- space- pre-al i gnnment -uni t O

[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space- pr e- paq\t\sr nl 1]
[ START- PO NTER &start-pointer @)

[ MULTI PLE OF &start-pointer-unit]

[ ENCODER- TRANSFORVS &St art-pointe coder -transforns]]
[ VALUE- REVERSAL &val ue-reversal Q
[ TRANSFORVS &Tr ansf or ns] K\
[ REPETI TI ON- ENCODI NGS ~ &Cct et s-repet is&\}bn- encodi ngs]

[ REPETI TI ON- ENCODI NG &oct et s- rg@ti on-encodi ng]
[ EXH BI TS HANDLE &exhi bi t ed- handl &Handl e- posi ti ons
[ AS &andl e-val ue-set]]
[ CONTENTS- ENCODI NG &Pr i nar y- ep€ddi ng- obj ect - set
[ COMPLETED BYS&Secondar y- encodi ng- obj ect - set ]
[ OVERRI DE@\/er -ri de-encoded- by] ]

} \\C\)j“
23.9.2 Model for the encoding of classfgen the octetstring category
23.9.2.1 The model of octetstring e@lg is:

a) The order of octet@ e octetstring can be reversed.
b) The octets ar chonsidered as a repetition of an octet.
c) There is @ptional transform (specified by "TRANSFORVS") in which each octet is transformed nto a

self-ca@tmg bitstring.
d) Either"REPETI TI ON- ENCODI NG' or "REPETI TI ON- ENCODI NGS" specify how the repetition of octd is to

ncoded.
NOTE — sole purpose of allowing "REPETI TI ON- ENCODI NG' as well as "REPETI TI ON- ENCCDI NGS" is to provide a
sypta t does not contain a double curly-bracket ("{{") in the common case of a single conditional encoding. WUse of

"FE@F I TI ON- ENCODI NGS" when there is a single conditional encoding is deprecated but is allowed.

23.9.2.2 Bounds (if present) on the class being encoded (a class in the octetstring category) are bounds on the number
of octets in the octetstring forming each abstract value.

23.9.2.3 When considered as a repetition of an octet, these bounds shall be interpreted as bounds on the number of
repetitions, and can be used in the specification of the encoding objects of class #CONDI TI ONAL- REPETI Tl ON that are
used in the specification of this encoding object.

23.9.3  Purpose and restrictions

23.9.3.1 This syntax is used to define the start of the encoding space for a class in the octetstring category, the encoding
of the abstract values associated with that class, an optional declaration that the encoding object exhibits a specified
identification handle (with a given handle value set), a specification of how to encode a contained type.
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23.9.3.2 The #CONDI Tl ONAL- REPETI Tl ON that is applied by this encoding object shall not specify "REPLACE" unless it
is "REPLACE STRUCTURE".

23.9.3.3 If any of the #CONDI Tl ONAL- REPETI TI ON encoding objects contain a "REPLACE STRUCTURE" clause, then all

of the

#CONDI TI ONAL- REPETI TI ON encoding objects shall contain a "REPLACE STRUCTURE" clause.

23.9.3.4 If there is a "REPLACE STRUCTURE" clause in the #CONDI Tl ONAL- REPETI TI ON encoding objects, then no
other parameters shall be set. If the encoding object of the replacement structure exhibits a handle (with a given handle

value set), the encoding object being defined exhibits the same identification handle (with the same handle value set —
see 22.1.1.11).

23.9.3.5 The first transform of "TRANSFORMS" (if any) shall have a source that is bitstring and the last transform shall
have a result that is a self-delimiting bitstring (see 3.2.42).

23.9.]
abstrd

23.9.]

23.9.3
all pr

23.9.3
N

23.9.]
"REP}

23.9.4

23.9.4
22, in|

23.94

N

23.9.4

23.9.1
23.9.1

-0 It {5 an ECIN speciiication of application eIror if aiy transtorm i the & T RANSFORVE™ 1S 0t Teversivic 1]
ct value to which it is applied.

.7 Exactly one of "REPETI TI ON- ENCODI NG' and "REPETI TI ON- ENCODI NGS" shall be set.

.8 If an encoding object in the "REPETI TI ON- ENCODI NGS" ordered list is defined using "I F'zor "1 F- ALL'
bceding encoding objects in that list shall be defined using "I F" or "I F- ALL".

9 If "EXH BI TS HANDLE" is set, then the encoding object exhibits the specified identification handle.
DTE — This will in general require restrictions on the abstract values of the associated type.
J0If "EXH BITS HANDLE" is set, then "ALIGNED TO' shall dofy* be set in any of
ET1 TI ON- ENCCDI NG(S)" specifications.
Encoder actions

.1 For any encoding property group that is set, the encoder shall pétform the encoder actions specified in
the following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.
b) Start pointer.
¢) Value encoding as specified below.
d) Repetition encoding as specified by the first™ REPETI TI ON- ENCODI N&(S)" whose condition is satisf
e) Identification handle.
f)  Contained type encoding.
.2 For value encoding, the encoder shall:
a) Reverse the order of octets in the entire octetstring abstract value if "VALUE- REVERSAL" is set to TH
b) Treat the octetstring value as a repetition of octet;

c) Apply the "TRANSFORMS" (if any) to each octet to produce a repetition of bitstring.

DTE — If there are no transforms, each octet forms a bitstring.

d) Encodestherepetition by applying the first "REPETI TI ON- ENCODI NG(S)" whose condition is satisfid
3 It is an E€Nispecification error if there is no "REPETI TI ON- ENCODI NG(S)" whose condition is satisfied.

Decodeér actions

.1 Fer‘any encoding property group that is set, the decoder shall perform the decoder actions specified in ¢

r the

| then

the

lause

ied.

UE;

lause

22, in|

thefollowing order and in accordance with the encoding object definition:

a) Pre-alignment and padding.

b) Start pointer.

¢) Value decoding (see 23.9.5.2).
d) Contained type decoding.

23.9.5.2 The decoder shall reverse the "TRANSFORVE" (if any) to recover the original octets.

23.9.5.3 If "VALUE- REVERSAL" is set to TRUE, then the final order of the octets in the octetstring abstract value shall be
reversed.
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23.10 Defining encoding objects for classes in the open type category

23.10.1 The defined syntax

The syntax for defining encoding objects for classes in the open type category is defined as:

108

#OPEN- TYPE :: = ENCODI NG- CLASS {

-- Structure-only replacenent specification (see 22.1)

&#Repl acenent - structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &*#Repl acenent - structure OPTI ONAL,

-- Pre-alignnment and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

% LoD I~ M

Lencodi ng-space-pre. pnr{di ng Paddi ng DEEALNLT zoro
&encodi ng- space- pre-pattern Non- NuI | - Pattern (ALL EXCEPT differ er@a
DEFAULT bits:'0'B Q
-- Start pointer specification (see 22.3) (bq/
&st art - poi nter REFERENCE OPTI ONAL, /,
&start-pointer-unit Unit (ALL EXCEPT repetiti onq/ EFAULT b
&St art - poi nter-encoder-transfornms #TRANSFORM ORDERED OPTI
-- Encodi ng space specification (see 22.4) O
&encodi ng- space- si ze Encodi ngSpaceSi ze
DEFAULT sel f-deli \ng val ues,
&encodi ng- space- uni t Unit (ALL EXCEP petitions)
DEFAULT bit,
&encodi ng- space-det erm nati on Encodi ngSpace@ erm nation
DEFAULT f & d-t o-be-set,
&encodi ng- space-ref erence REFERE TI ONAL,
&Encoder -t r ansf or ns #TRA ORDERED OPTI ONAL,
&Decoder -transf orns #TRQ@(PM ORDERED OPTI QONAL,
-- Open-type encodi ng %]
&Known- st ruct ur e- encodi ngs ’@I\DODI NGS OPTI ONAL,
&Unknown- structure $ OPTI ONAL,

&Unknown- st ruct ur e- encodi ngsA’\Q) #ENCCDI NGS OPTI ONAL,

-- Val ue paddi ng and j ust h@cation (see 22.8)

&al ue-justification N- Justification DEFAULT right:O,
&val ue- pr e- paddi ng ’\\CJ Paddi ng DEFAULT zer o,
&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&val ue- post - padding . Paddi ng DEFAULT zer o,
&val ue- post - pat Non- Nul | - Pattern DEFAULT bits:'0'B,
&unused- bi t s- rmnation UnusedBi t sDet er mi nati on
DEFAULT fi el d-t o-be-set,
&unused- bie’reference REFERENCE OPTI ONAL,
&Unused- S-encoder -transf orns #TRANSFORM ORDERED OPTI ONAL,

&Unus%\bl t s-decoder-transforns #TRANSFORM ORDERED OPTI ONAL,

Q reversal specification (see 22.12)
™ - reversal Rever sal Speci fication
DEFAULT no-rever sal

?‘% 3/\1 TH SYNTAX {
[ REPLACE

hny)

[ o ThOooTonD
W TH &#Repl acenent - st ructure
[ ENCODED BY &r epl acemnent - st ruct ur e- encodi ng- obj ect]]
[ ALI GNED TO
[ NEXT]
[ ANY]
&encodi ng- space- pre-al i gnment - uni t
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER  &start-pointer
[ MULTI PLE OF &start-pointer-unit]
[ ENCODER- TRANSFORVE &St art - poi nt er - encoder -t ransf or ns] ]
ENCODI NG- SPACE
[ SI ZE &encodi ng- space-si ze
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[ MULTI PLE OF &encodi ng-space-unit]]
[ DETERM NED BY &encodi ng- space- det ermi nati on]
[ USI NG &encodi ng- space-ref erence
[ ENCODER- TRANSFORMS &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMS &Decoder -t r ansf or ns] |
[ ENCODED W TH &Known- st r uct ur e- encodi ngs]
[ UNKNOMWN | S &Unknown- structure
[ ENCODED W TH &Unknown- st ruct ur e- encodi ngs] |
[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI NG &val ue- pr e- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ POST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]

23.10
23.10

23.10
applig

23.10

23.10
the e

23.10
23.10

FONGSEE—BHFS
[ DETERM NED BY &unused- bi t s-det erm nati on]
[ USI NG &unused- bits-reference
[ ENCCDER- TRANSFORMS &Unused- bi t s- encoder - t r ansf or rfs]
[ DECODER- TRANSFORMS &Unused- bi t s- decoder -t ransf ongs] 111
[ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- posi tions
[ AS &andl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]

}

2  Model for the encoding of classes in the open type category

2.1 The model of open type encodings is:

a) The class in the open type category can be replaced by another structure to provide length delimitat
required.

b) The encoding object defined for this category applies.the, "ENCODED W TH" encoding object set
type whose value is to be encoded for the open typeN\f there is no "ENCODED W TH", then the ¢
combined encoding object set is used.

¢) The decoder will request the application for identification of the type encoded into the open typd
application will either respond with identification of the type, which is then decoded, or will state th
type encoded in the open type cannot be determined (an "unknown" response).

d) If the response is "unknown" and the("UNKNOMWN | S" is present, then the decoder will use the "UNH
| S" structure and the "ENCODED W.TH" within the "UNKNOAN | S" (if present) to determine the end
encoding space.

e) If the response is "unknown" and the "UNKNOWN | S" is absent, then the encoding space size
determined by the "ENEODI NG SPACE" (see 23.10.3.3), and the decoder will return to the applicati|
the bits contained in the defined encoding space except for value pre- and post-padding.

2.2 In the case of an upknewn decoding, the decoder will pass the bits forming the unknown encoding
ation as the value of the<0pen type.

3 Purpose and restrictions

3.1 This syntax‘is used to define the way an open type is encoded, and the means that a decoder uses to dete
d of the eficoding of an unknown type in an open type.

3.2 IPREPLACE STRUCTURE" is set no other parameters shall be set.

ion if

to the
hrrent

. The
at the

NOVWN
bf the

an be
on all

o the

rmine

3.31f "ENCODI NG SPACE SI ZE" is "sel f-del i mi ti ng" then "UNKNOMN | S" shall be set.

23.10

.4 Encoder actions

23.10.4.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in
clause 22, in the following order and in accordance with the encoding object definition:

a) replacement;

b) pre-alignment and padding;

c) start pointer;

d) encoding space (see 23.10.4.3);

e) open-type encoding (see 23.10.4.2);
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f)  value padding and justification (see 23.10.4.5);
g) Dbitreversal.

23.10.4.2 The encoder shall encode the value of the type supplied by the application using the "ENCODED W TH'
encoding object set if this is present, otherwise the current combined encoding object set shall be used.

23.10.4.31f "ENCODI NG SPACE SIZE" is "variable-with-deternmnant" or "encoder-option-with-
det ermi nant ", it shall be the minimum number of "MULTI PLE OF" units needed to contain the pattern ("s", say),
subject to 23.10.4.5.

23.10.4.4 An encoder (as an encoder's option) may increase "s" (as determined in 23.10.4.3) in "MULTI PLE OF" units
(subject to any restrictions that the range of values of any "added-field" or "asnl-field" imposes) if
"ENCODI NG SPACE Sl ZE" is set to "encoder - opt i on-wi t h- det er mi nant ".

23.1014.5 If the number of unused bits is not zero, then "VALUE- JUSTI FI CATI ON" shall be applied using eitl'{éjhe set
valuep or the default values. ‘19

23.10{5 Decoder actions Ny
/
23.10}5.1 For any encoding property group that is set, the decoder shall perform the decod%{;\qons specified in
claus¢ 22, in the following order and in accordance with the encoding object definition: Q)
a) pre-alignment and padding; Q/C)
b) start pointer; O\\
¢) encoding space; \%
d) Dbit-reversal; OS\
e) value padding and justification; <(
f)  open-type decoding (see 23.10.5.2). QQ
23.10}5.2 For open type decoding, the decoder shall query the appl%)\l\\@n for the type which has been encoded and shall
decode a value of that type or of the "UNKNOM | S" structure in asc rdance with the "ENCODED W TH' specificatipns in
the "UNKNOM | S". N\
23.19.5.3 If the decoding was of an unknown type, its forming the unknown encoding (without pre-padding
bits apd without value pre- and post-padding bits, if anx)\ all be passed to the application as the value of the open|type.
xO
23.11 Defining encoding objects for clasi@ﬁ'n the optionality category
N
23.11{1 The defined syntax . C)
The spntax for defining encoding o@or classes in the optionality category is defined as:
#OPTI ONAL : : = ENOGDING CLASS {
-- Stru -only replacenent specification (see 22.1)
&#Repl nt-structure OPTI ONAL,
&re nment - st ruct ur e- encodi ng- obj ect  &*#Repl acenent - structure OPTI ONAL,

-§@~re- al i gnment and paddi ng specification (see 22.2)
ncodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bjt,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,
&?‘ &encodi ng- space- pre-pattern Non- Nul | - Pattern (ALL EXCEPT different:jny)
% DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&st art - poi nter REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&St art - poi nt er-encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Optionality determ nation (see 22.5)

&optionality-deternination Optional ityDeternination
DEFAULT fi el d-to-be-set,

&optionality-reference REFERENCE OPTI ONAL,

&Encoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,

&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,

&handl e-i d Printabl eString

DEFAULT "def aul t - handl e"
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} WTH SYNTAX {
[ REPLACE
[ STRUCTURE]
W TH &#Repl acenent - structure
[ ENCCDED BY é&r epl acenent - st ruct ur e- encodi ng- obj ect]]
[ ALI GNED TO
[ NEXT]
[ ANY]
&encodi ng- space- pre-al i gnnment - uni t
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER  &start-pointer

[ MULTI PLE OF &start-pointer-unit]
[ ENCCDER- TRANSFORVE &St art - poi nt er - encoder -t r ansf or ns] ]
PRESENCE
[ DETERM NED BY &optionality-determ nation Q)
[ HANDLE &handl e-i d] ] Q'\
[ USI NG &optionality-reference q/

[ ENCODER- TRANSFORMS &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMS &Decoder -t r ansf or ns] |

%/
} &
23.11{2 Purpose and restrictions C)
23.11}2.1 This syntax is used to define the encoding of a class in the optionality categc@\\

23.11}2.2 If "REPLACE STRUCTURE" is set, then no other encoding property group\Oslaall be set. If the encoding pbject
of th¢ replacement structure exhibits a handle (with a given handle value the encoding object being d¢fined
exhibfts the same identification handle (with the same handle value set — seeQZ. 1L11).

23.1113 Encoder actions Q
23.11}3.1 For any encoding property group that is set, the encoder% perform the encoder actions specified in ¢lause
22, infthe following order and in accordance with the encoding o@ definition:
a) Replacement (see 23.11.3.2). $\
b) Pre-alignment and padding. .\Q,
c) Start pointer. 3
xO

d) Optionality determination. N~

. QS . o .
23.11}3.2 If "REPLACE STRUCTURE" is set-then the entire component (including any classes in the tag category, but
exclufling classes in the optionality category) is provided as the actual parameter for the replacement structure, which
becorpes a mandatory component.

23.11/14 Decoder actions C)

23.11}4.1 For any encodin, Erty group that is set, the decoder shall perform the decoder actions speciffed in
claus¢ 22, in the followi er and in accordance with the encoding object definition:

a) Pre-ali ent and padding.
b) Sta inter.

c) ionality determination.

23.12 Q;%ning encoding objects for classes in the pad category

23.12.1 The defined syntax

The syntax for defining encoding objects for classes in the pad category is defined as:
#PAD : : = ENCODI NG CLASS {

-- Structure-only replacenent specification (see 22.1)
&#Repl acenment - structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &*#Repl acenent - structure OPTI ONAL,

-- Pre-alignnment and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALL EXCEPT different: any)

Rec. ITU-T X.692 (08/2015) 111


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&St art - poi nter-encoder-transfornms #TRANSFORM ORDERED OPTI ONAL,

-- Encodi ng space specification (see 22.4)

&encodi ng- space-si ze Encodi ngSpaceSi ze

DEFAULT sel f-delimting-val ues,
&encodi ng- space- uni t Unit (ALL EXCEPT repetitions)

DEFAULT bit,
&encodi ng- space-det erm nati on Encodi ngSpaceDet er m nat i on

DEFAULT fi el d-t o-be-set,
SeTC ot Ty=Space- e erence REFERENCE—CPTHONALS
&Encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL, 0.)
&Decoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL, Q'\
-- Val ue encodi ng (1/
&pad- pattern Pattern (ALL EXCEPT differ ent(',j{ny)

DEFAULT bits:''B,

-- ldentification handl e specification (see 22.9) (b

&exhi bi t ed- handl e Printabl eString DER%%A)Ldef aul t - handl €',

&Handl e- posi ti ons I NTEGER (0..NMNAX) OP ,
&handl| e- val ue- set Handl eVal ueSet D%@J T tag: any,
-- Bit reversal specification (see 22.12) \\
&bi t-reversal Rever sal Sp i©Qcation
DEFAULT geversal
} WTH SYNTAX { Q

[ REPLACE 0\\

[ STRUCTURE] Q

W TH &#Repl acenent - st ructure %)

[ ENCODED BY &r epl aceme?@st ruct ur e- encodi ng- obj ect]]

[ ALI GNED TO 3

[ NEXT] R

[ ANY] B

&encodi ng- spac&Qre— al i gnment - uni t
[ PADDI NG &e I ng- space- pr e- paddi ng
[ PARR @\1 &encodi ng- space-pre-pattern]]]
[ START- PO NTER  &st@pt - poi nter

[ MULTI PLE . &start-pointer-unit]
[ ENCODER- FORNVB &St art - poi nt er - encoder -transforns] ]
ENCCDI NG SPA

[ SI ZzZE (e)]codi ng- space- si ze
MULTI PLE OF &encodi ng- space-unit]]

[ M NED BY &encodi ng- space-det erm nati on]
NG &encodi ng- space-r ef erence
Q [ ENCODER- TRANSFORVB &Encoder -t r ansf or ns]

[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |
PATTERN &pad- patt er n]
HI

BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[ AS &handl e-val ue-set]]
&?‘ [ Bl T- REVERSAL &bi t - r ever sal |

9

23.12.2 Purpose and restrictions

23.12.2.1 This syntax is used to define the encoding of a class in the pad category.

23.12.2.2 If "ENCODI NG SPACE SI ZE" is positive, "PAD- PATTERN" shall not be of zero length, and is replicated and
truncated to fill the encoding space.

23.12.2.3 If "REPLACE STRUCTURE" is set, then no other encoding property group shall be set. If the encoding object of
the replacement structure exhibits a handle (with a given handle value set), the encoding object being defined exhibits
the same identification handle (with the same handle value set —see 22.1.1.11).
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23.12.3 Encoder actions

23.12.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:

23.12}3.2 If "ENCODI NG SPACE SI ZE" is positive, the value shall be the "PAD- PATTERN", replicated and trimed)
fill thg encoding space.

23.12{3.3 "ENCODI NG SPACE  SIZE" is "fixed-to-nmax", or is '"vari abl e-w th-deterninant"
"enc@der - opti on-wi t h- det er m nant ", then the encoding space shall be the smallest number of’"MULTI PLE

units

truncated to fill that space (but see 23.12.3.4).

N

23.1213.4 An encoder (as an encoder's option) may increase "s" (as determined in 23,12:3.3) in "MULTI PLE OF'
(subjgct to any restrictions that the range of values of any "fi el d-t o- be-set" orfi el d-t o- be- used" impo
"ENCPDI NG SPACE Sl ZE" is set to "encoder - opt i on-wi t h- det er mi nant ",

23.1214 Decoder actions

23.12}4.1 For any encoding property group that is set, the decoder shadll perform the decoder actions specified in q
22, in|the following order and in accordance with the encoding objéct definition:

23.1214.2 The decoder shall determine the sizecof the pad value encoding, and identify those bits in the encodin

shall

23.13 Defining encoding objects-for classes in the repetition category

23.13
The s

23.13

a) Replacement.

b) Pre-alignment and padding.
c) Start pointer.

d) Encoding space.

e) Value encoding (see below).
f)  Identification handle.

Rait cavzaxcal
ot

o)
7 everstr

that is greater than the size of "PAD- PATTERN" ("s", say), and the "PAD- PATTERN" shall then be replicate

DTE — This will be an empty encoding space if the "PAD- PATTERN'" is null.

a) Pre-alignment and padding.
b) Start pointer.
c) Bitreversal.

d) Encoding space.

ilently accept any value for those bits

1 The defined syntax
yntax for defining encoding objects for classes in the repetition category is defined as:
#REPETI TI @GN\« = ENCODI NG- CLASS {
--{Repetition encoding
&Repet i ti on-encodi ngs #CONDI T1 ONAL- REPETI TI ON ORDERED OPTI ONAL,
&repetition-encodi ng #CONDI T1 ONAL- REPETI TI ON OPTI ONAL

} WETH SYNTAX {
[ REPETI TI1 ON- ENCODI NGS &Repeti ti on- encodi ngs]
[ REPETI TI ON- ENCODI NG &r epeti ti on-encodi ng]

ted to

rois
O:H
d and

units
es) if

lause

o, but

}

.2 Purpose and restrictions

23.13.2.1 This syntax is used to define the encoding of a class in the repetition category by specifying one or more
encodings of the #CONDI TI ONAL- REPETI TI ON class.

23.13

.2.2 Exactly one of "REPETI TI ON- ENCODI NG' and "REPETI TI ON- ENCODI NGS" shall be set.

NOTE — The sole purpose of allowing "REPETI TI ON- ENCODI NG' as well as "REPETI TI ON- ENCCODI NGS" is to provide a
syntax that does not contain a double curly-bracket ("{{") in the common case of a single encoding object. Use of
"REPETI TI ON- ENCODI NGS" when there is a single encoding object is deprecated but is allowed.
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23.13.2.3 If an encoding object in the "REPETI TI ON- ENCODI NGS" ordered list is defined using "I F" or "I F- ALL", then
all preceding encoding objects in that list shall be defined using "I F" or "I F- ALL".

23.13.3 Encoder actions

23.13.3.1 The encoder shall select and apply the first #CONDI TI ONAL- REPETI TI ON encoding object in "ENCODI N&S)"
whose conditions are satisfied. It is an ECN specification error if none of the conditional encodings have conditions
that are satisfied.

NOTE — It would be unusual but not illegal if there were #CONDI TI ONAL- REPETI Tl ON encoding objects present that could
never be used because the conditions on use of earlier encoding objects would always be satisfied.

23.13.4 Decoder actions
23.13.4.1 The decoder shall select and use the first #CONDI TI ONAL- REPETI TI ON encoding object in "ENCODI NG(S)"

whos¢ conditions are satisfied. Q.)
Q’\
23.14 Defining encoding objects for the #CONDI TI ONAL- REPETI Tl ON class Q/
phel
23.14{1 The defined syntax )
The spntax for defining encoding objects for the #CONDI TI ONAL- REPETI Tl ON class is deﬁneﬂb%?
#CONDI TI ONAL- REPETI TI ON : : = ENCODI NG CLASS { Q/C)
N

-- Condition (see 21.13) ()\

&si ze-range-condi tion Si zeRangeCondi Nt@ OPTI ONAL,

&conpari son Conpari son (Pg ,

&conpar at or | NTEGER OP ,

&Si ze-range-condi ti ons Si zeRang diti on ORDERED OPTI ONAL,

&Conpari sons Conpar i ORDERED OPTI ONAL,

&Conpar at or s | NTE RED OPTI ONAL,

-- Structure or conponent repl acemanb%%éci fication (see 22.1)
&#Repl acenent - st ructure OPTI ONAL,
&r epl acenent - st ruct ur e- encodi ng- t’)&:t &#Repl acenent - structure OPTI ONAL,

&ttHead- end- st ruct ur e OPTI ONAL,
.\Q)
-- Pre-alignment and paddi \épeci fication (see 22.2)
&encodi ng- space-pre-al i gnﬁ@[ -unit Unit (ALL EXCEPT repetitions) DEFAULT bjt,
&encodi ng- space- pr e- padNgrg Paddi ng DEFAULT zer o,
&encodi ng- space- pre—aﬁ} rn Non- Nul | -Pattern (ALL EXCEPT different:pny)
. DEFAULT bits:'0'B,

-- Start point ecification (see 22.3)
&st art - point REFERENCE OPTI ONAL,

&st art - poi nt uni t Unit (ALL EXCEPT repetitions) DEFAULT bjt,
&Start - poi@ér -encoder-transforms #TRANSFORM ORDERED OPTI ONAL,

-- Re \ti on space specification (see 22.7)
&re tion-space-size Encodi ngSpaceSi ze
DEFAULT sel f-delim ting-val ues,

&peti tion-space-unit Uni t
é DEFAULT bit,

?\ & epetition-space-determnation Repetiti onSpaceDet erm nation
A DEFAULT fi el d-t o- be-set,
% &mai n-r ef erence REFERENCE COPTI ONAL,
&ENCoaer -ur anst or s # I RANSFURIVI URDERED U TT UNAL,
&Decoder -t ransf or s #TRANSFORM ORDERED OPTI ONAL,
&handl e-id Printabl eString
DEFAULT "def aul t - handl e",
& erm nation-pattern Non- Nul | - Pattern (ALL EXCEPT

di fferent:any) DEFAULT bits '0' B,

-- Repetition alignnent
& epetition-alignnent ENUMERATED { none, al i gned}
DEFAULT none,

-- Val ue padding and justification (see 22.8)

&val ue-justification Justification DEFAULT right:O,
&val ue- pr e- paddi ng Paddi ng DEFAULT zer o,
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&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'

&val ue- post - paddi ng Paddi ng DEFAULT zer o,

&val ue- post-pattern Non- Nul | - Pattern DEFAULT bits:'

&unused- bi t s-det erm nati on UnusedBi t sDet er m nati on
DEFAULT fi el d-to-be-set,

&unused- bi t s-ref erence REFERENCE OPTI ONAL,

&Unused- bi t s- encoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
&Unused- bi t s- decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,

-- ldentification handl e specification (see 22.9)

&exhi bi t ed- handl e Printabl eString DEFAULT "defaul t - handl e",
&Handl e- posi ti ons I NTEGER (0..NMAX) OPTI ONAL,

&handl e- val ue- set Handl eVal ueSet DEFAULT tag: any,
—Brt—Teversat—spectfrcattonr{see 2212

0' B,

0' B,

&bi t-reversal Rever sal Speci fication
DEFAULT no-rever sal

} WTH SYNTAX {
[1F &size-range-condition [&conparison &conparator]]

[ ELSE]
[ REPLACE Cb
[ STRUCTURE] CJ
[ COVPONENT] \Q/
[ ALL COVPONENTS] ()\
W TH &Repl acenent - structure %
[ ENCCDED BY &r epl acenent - struct ure-encodi n ect
[ | NSERT AT HEAD &#Head- end- st ruct ureﬂj
[ ALI GNED TO
[ NEXT] Q
[ ANY]
&encodi ng- space-pre-align nit
[ PADDI NG &encodi ng- space maddl ng
[ PATTERN &encodi ace pre-pattern]]]
[ START- PO NTER  &start - pointer \,
[ MULTI PLE OF &start-paiWt er - unit]
[ ENCODER- TRANSFORMVS &gart - poi nt er - encoder - t r ansf or ns] |
REPETI TI ON- SPACE
[SI ZE &repetition-s -size
[ MULTI PLE G:\grepet ition-space-unit]]
[ DETERM NED BY etl ti on-space-determ nation

[HANDLE @ dle-id]]
[UsI NG &rral erence
R TRANSFORMS &Encoder -t r ansf or ns]
[ R- TRANSFORVB &Decoder -t r ansf or ns] |
[PATTE@) t erm nati on- pattern]
[ ALI GNIVEI & epetition-alignnent]
[ VALUE- NG
Tl FI ED &val ue-justification]
O RE- PADDI NG &val ue- pr e- paddi ng
Q-. [ PATTERN &val ue-pre-pattern]]
v [ POST- PADDI NG &val ue- post - paddi ng
Q [ PATTERN &val ue- post - pattern]]
% [ UNUSED BI TS
?” [ DETERM NED BY &unused- bits-det erm nati on]
% [ USI NG &unused- bits-reference

LN D 'rn/\mcrmnr Ollaicad Wi+ o onocodaoy

acf
T

/

[ F-ALL &Size-range-conditions [&Conparisons &Conpar at ors]] (1/

e
)
(b .

.
A= — — R R R A = e oottt o o—t ottt T

[ DECODER- TRANSFORMS &Unused- bi t s- decoder -trans
[ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]

}

23.14.2 Purpose and restrictions

L vvr\1
Samatcy
or ns]

11]

23.14.2.1 This syntax is used to define the encoding of a class in the repetition category subject to satisfaction of a
condition based on the bounds of the repetition (use of "I F"). It also allows the specification that all of a set of
conditions are to be satisfied (use of "I F- ALL"). It also allows the specification that there is no condition. The use of
"ELSE", or omission of "I F", "I F- ALL" and "ELSE" specifies that there is no condition. "I F- ALL" shall be used with
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three lists if one or more of the size-range-conditions require a comparison, and shall be used with one list otherwise.
When using three lists, size-range-conditions that do not require a comparison or comparator (if any) shall follow all
those that require a comparison, and shall have no corresponding entry in the second and third lists. In using "I F- ALL"
with three lists, the lists shall be interpreted as a list of predicates using the values in corresponding positions in the
three lists.

NOTE — It is recommended that the three lists be formatted to provide a condition in each column (see the example in 23.7.2.2).
23.14.2.2 At most one of "I F", "I F- ALL" and "ELSE" shall be present.

23.14.2.3 If "REPLACE STRUCTURE" is set, then no other encoding property groups shall be set. If the encoding object
of the replacement structure exhibits a handle (with a given handle value set), the encoding object being defined
exhibits the same identification handle (with the same handle value set —see 22.1.1.11).

23.14.2.4 If "EXH BI TS HANDLE" is set. then the encoding object exhibits the specified identification handle.

23.1412.5 "REPETI TI ON- SPACE S| ZE" shall not be "f i xed- t o- max".

23.14{2.6 If the "REPETITION-SPACE SIZE" is "self-deliniting-values", and "MULTIPUE" OF" is
"repétitions", then the number of repetitions shall be constrained by bounds to a single value.

23.14}2.7 If there are any unused bits in the encoding space, then "VALUE- PADDI NG' shall be set.

23.143 Encoder actions

23.1413.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in ¢lause
22, infthe following order and in accordance with the encoding object definition:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Repetition space.

e) Repetition encoding (see 23.14.3.4).
f)  Value padding and justification.

g) Identification handle.

h) Bitreversal.

23.1413.2 If "ALI GNMVENT" is set to "al i gned", therithe settings of pre-alignment and padding shall be used to prefalign
each ¢ncoding of the component.

NOTE — This is performed before any pre-alignment specified by the component.

23.143.3 The complete encodings of the.components (with any pre-alignment however specified) shall be concatgnated
to form the bits for the value of the repetition.

23.14/3.4 1f the "REPEFFTI ON- SPACE Sl ZE" is "vari abl e-wi t h-det er mi nant " or
"enc@der - opti on-wi t h- det.er m nant ", then the size shall be the smallest multiple of "MULTI PLE OF" unitg ("s",
say) that will contain the valu¢ of the repetition (but see 23.14.3.5).

23.1413.5 An encoder,(as an encoder's option) may increase "s" (as determined in 23.14.3.4) in "MULTI PLE OF'| units
(subjgct to any restsictions that the range of values of any "fi el d-t o- be-set " or "fi el d-t o- be- used" impoges) if
"ENCPDI NG SPACE SI ZE" is set to "encoder - opt i on-wi t h- det er m nant ".

23.14}3.6 The-tepetition value is then placed in the encoding space, using "VALUE- PADDI NG' if there are any upused
bits.

23.14.4 Decoder actions

23.14.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.

b) Start pointer.

c) Repetition space.

d) Bitreversal.

e) Value padding and justification.

f)  Repetition decoding (see 23.14.4.2).
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23.14.4.2 Each repetition shall be extracted, and decoded in accordance with the encoding specification of the
component of the repetition class.

23.15 Defining encoding objects for classes in the tag category

23.15.1 The defined syntax

The syntax for defining encoding objects for classes in the tag category is defined as:

#TAG : :

= ENCCDI NG- CLASS {

-- Structure-only replacenent specification (see 22.1)

o)

R

&#Repl acenent - structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi na- obj ect  &*#Repl acenent - structure OPTI ONAL,
-- Pre-alignnment and paddi ng specification (see 22.2) \03
&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEF(%/@T bl t,
&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o, ..
&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALL EXCEPT dijfderent:jpny)
DEFAULT bits:'0'B, (1/
-- Start pointer specification (see 22.3) (bQ)
gstart - poi nt er REFERENCE  oPTi oNAL,O)
&start-pointer-unit Unit (ALL EXCEPT re i ons) DEFAULT bjt,
&St art - poi nter - encoder-transfornms #TRANSFORM ORDERE | ONAL,
-- Encodi ng space specification (see 22.4) \6
&encodi ng- space- si ze Encodi ngSpace? ze
DEFAULT se elimting-val ues,
&encodi ng- space- uni t Unit (Al CEPT repetitions)
DEFAULT\QI T,
&encodi ng- space- det erm nati on Enco SpaceDet ermi nati on
DE| field-to-be-set,
&encodi ng- space-ref erence REPERENCE OPTI ONAL,
&Encoder -t r ansf or ns s@RANSFO?M ORDERED OPTI ONAL,
&Decoder -t ransf or ns $ #TRANSFORM ORDERED OPTI ONAL,
-- Val ue paddi ng and justifi sh\tl on (see 22.8)
&val ue-justification \O Justification DEFAULT right:O0,
&val ue- pre-paddi ng \j: Paddi ng DEFAULT zer o,
&val ue-pre-pattern O Non- Nul | - Pattern DEFAULT bits:'0' B,
&val ue- post - paddi ng N Paddi ng DEFAULT zer o,
&val ue- post-pattern Non- Nul | - Pattern DEFAULT bits:' 0" B,
&unused- bi t s- de@m nati on UnusedBi t sDet er mi nati on
DEFAULT fi el d-to- be-set,
&unused- bi t s€rgference REFERENCE CPTI ONAL,

&Unused- bigs-~encoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
&Unused- % -decoder -transforns #TRANSFORM ORDERED OPTI ONAL,

- %lflcatlon handl e specification (see 22.9)

i ted- handl e Printabl eString DEFAULT "defaul t-handl e
dl e- posi tions I NTEGER (0..NMAX) OPTI ONAL,
andl e- val ue- set Handl eVal ueSet DEFAULT tag: any,

-- Bit reversal specification (see 22.12)

&bi t-reversal Rever sal Speci fication
DEEALLT no-reversal

} WTH SYNTAX {

[ REPLACE
[ STRUCTURE]
W TH &#Repl acenent - structure
[ ENCODED BY &r epl acenent - st ruct ur e- encodi ng- obj ect] ]
[ ALI GNED TO
[ NEXT]
[ ANY]
&encodi ng- space- pre-al i gnnment -uni t
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER  &start-pointer
[ MULTI PLE OF &start-pointer-unit]
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[ ENCODER- TRANSFORVS &St art - poi nt er - encoder -transforns] ]
ENCODI NG- SPACE
[ SI ZE &encodi ng- space-si ze
[ MULTI PLE OF &encodi ng- space-unit]]
[ DETERM NED BY &encodi ng- space- det erm nati on]
[ USI NG &encodi ng- space-reference
[ ENCODER- TRANSFORMB &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMS &Decoder -t r ansf or ns] |
[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI NG &val ue- pre- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ POST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]
FONEOSEEBHTS
[ DETERM NED BY &unused- bi t s-det erm nati on] V.)
[ USI NG &unused- bits-reference '\
[ ENCODER- TRANSFORMS &Unused- bi t s- encoder - transforn%},
[ DECODER- TRANSFORMS &Unused- bi t s- decoder -t r ansf 111
[ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions

[ AS &handl e-val ue-set]] q,
[ Bl T- REVERSAL &bit-reversal] (b

} \<</C)

23.15]2 Purpose and restrictions O\

23.15}2.1 This syntax is used to define the encoding of a class in the tag categorys\\%

23.15}2.2 If "REPLACE STRUCTURE" is set, then no other specifications s 1Q>e set. If the encoding object ¢f the
replagement structure exhibits a handle (with a given handle value set), coding object being defined exhibits the
same [identification handle (with the same handle value set —see 22.1.1.

23.15/2.3 The "ENCODI NG SPACE SI ZE" shall not be "f i xed- t o-q@‘\’ or"sel f-delimting-val ues".
NOTE — This means that the default value (which is set for consis\t@' with other uses of this type) always has to be overridden.

R\
23.15l3 Encoder actions $

23.153.1 For any encoding property group that is set, I‘QBQencoder shall perform the encoder actions specified in ¢lause
22, in|the following order and in accordance with t@ncoding object definition:

a) Replacement. C\){‘
b) Pre-alignment and padding. C)\\

c) Start pointer. @ .

d) Encoding space. O

e) Value encoding(s¢e23.15.3.3).

f) Value padd'@ d justification.

g) Identification handle.

h) Bit r$

23.1513.2 The er shall determine the minimum number of bits
valuelof "n"

" Vl

needed to encode the tag number as the snfallest
that 2"—1 is greater than or equal to the tag number. If "n" is zero, it shall be increased to 1.

23.15 3éhe encoding shall be a positive integer encoding. The specification of a positive integer encoding is giyen in
Rec. 1T X 600 | ISOAEC 8825-1 832 and 833

23.15.3.4 An encoder shall detect an ECN specification error if a tag number is to be encoded into a number of bits
which is insufficient, as specified above.

23.15.3.5 If "ENCODI NG SPACE Sl ZE" is a positive integer, then its size in bits is calculated as "S| ZE" multiplied by
"MULTI PLE OF" units. If "VALUE- PADDI NG' is not set, then this shall be the number of bits "n" that the tag number

shall encode into and there are no unused bits. If "VALUE- PADDI NG' is set, then the number of bits that the tag number

shall encode into is reduced by the integer value "m" specified for "JUSTI FI ED", and there will be "m" unused bits.

23.15.3.6 If "ENCODI NG SPACE SIZE" is "variable-with-determinant" or "encoder-option-with-
det er mi nant ", then the encoder shall determine the minimum number of "MULTI PLE OF" units that has sufficient bits

to encode the tag number ("s", say), and shall proceed (as specified above) as if "SI ZE" were a positive integer set to
that value (but see 23.15.3.7).
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23.15.3.7 An encoder (as an encoder's option) may increase "s" (as determined in 23.15.3.6) in "MULTI PLE OF" units
(subject to any restrictions that the range of values of any "fi el d-t o- be-set" or "fi el d-t o- be- used" imposes) if

"ENCODI NG SPACE SI ZE" is set to "encoder - opt i on-wi t h- det er m nant ".

23.15.4 Decoder actions

23.15.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in

clause 22, in the following order and in accordance with the encoding object definition:
a) Pre-alignment and padding.
b) Start pointer.
¢) Encoding space.

d) Bitreversal

e) Value padding and justification.

-

2

f)  Value decoding. (19

23.154.2 The decoder shall recover the tag number from the bits used to encode it, decoding fror&s{hfsitive integer

encoding. q/
o

23.1¢ Defining encoding objects for classes in the other categories C)

In thif version of this Recommendation | International Standard, there is no defined s@\ for classes in the foll

categories:

objectidentifier \%
open-type S\
real

O
- L
time Q
\\Q

24 Defined syntax specification for the #TRANSF%%‘N%ncoding class
o)
24.1 | Summary of encoding properties and deﬁne@yntax

24.1.1 The syntax for defining encoding objects for thk\#TRAl\lSFO?Mclass shall be:
#TRANSFORM : : = ENCODI NG QN\O
XS)

-- int-to-int (see @Qﬂ
& nt-to-int {

QHCF enment I NTEGER (1..MAX),
O ecr enent I NTEGER (1..MAX),
C) mul tiply I NTEGER (2. . MAX),
A di vi de I NTEGER (2..MAX),
O negat e ENUVERATED{ val ue},
\% nodul o I NTEGER (2. . NAX),
c,) subt ract ENUVERATED{ | ower - bound} },
O nmappi ng I nt eger Mappi ng
Q‘ } OPTI ONAL,
§_ bool -t 0- bool (see 24.4)
v &bool -t o- bool CHQO CE
& {l ogi cal ENUVERATED{ not } }

% DEFAULT | ogi cal : not,

-- bool -to-int (see 24.5)
&bool -to-int ENUVERATED {true-zero, true-one}
DEFAULT true-one,

-- int-to-bool (see 24.6)

& nt -t o- bool ENUVERATED { zero-true, zero-fal se}
DEFAULT zero-f al se,

& nt-to-bool-true-is | NTEGER OPTI ONAL,

& nt-to-bool-fal se-is | NTEGER OPTI ONAL,

-- int-to-chars (see 24.7)

& nt-to-chars-size Resul t Si ze DEFAULT vari abl e,

& nt -t o-chars-plus BOOLEAN DEFAULT FALSE,

Rec. ITU-T X.692 (08/2015)
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& nt -t o-chars- pad ENUVERATED
{spaces, zeros} DEFAULT zeros,

-- int-to-bits (see 24.8)

& nt-to-bits-encoded-as ENUVERATED
{positive-int, twos-conplenent}
DEFAULT twos- conpl enent,

& nt-to-bits-unit Unit (1..MAX) DEFAULT bit,

& nt-to-bits-size Resul t Si ze DEFAULT vari abl e,

-- bits-to-int (see 24.9)

&bi ts-to-int-decoded-assum ng ENUVERATED
{positive-int, twos-conplenent}
DEFAULT twos- conpl enent,

-- char-to-bits (see 24.10)
&char -t o-bits-encoded- as ENUMERATED
{is010646, conpact, napped}

DEFAULT conpact, (b
&Char-to-bits-chars Uni versal String (Sl ZE(1)) (O’
ORDERED OPTI ONAL
&Char -t o- bi t s- val ues BI T STRI NG ORDERED OPTI ONAL, Q)Q)
&char-to-bits-unit Unit (1..MAX) DEFAULT bit, C)
&char-to-bits-size Resul t Si ze DEFAULT vari abl Q/

\\

-- bits-to-char (see 24.11) CD\
&bi t s-t 0- char - decoded- assum ng ENUMERATED %
{is010646, ma éi}

DEFAULT i sgl06X6,

&Bi t s-t o-char - val ues BIT STR RED OPTI ONAL,

&Bi ts-to-char-chars Uni versQJ:> ring (SIzZE(1))
CRDERQg T1 ONAL,

-- bit-to-bits (see 24.12) \Q

&bit-to-bits-one Non- u(‘@'Pattern DEFAULT bits:'1'B,

&it-to-bits-zero Non- -Pattern DEFAULT bits:'0'B,

.- bits-to-bits (see 24.13) &

&Sour ce- val ues o) T STRI NG ORDERED,

&Resul t - val ues \l*\ BI T STRI NG ORDERED,

-- chars-to-conposit g&far (see 24.14)

-- There are no encodi'ng properties for this transformation

-

-- bits-to-co e-bits (see 24.15)
&bits-to-co e-bits-unit Unit (1..MAX) DEFAULT bit

-- oct et%-ﬁr)fconposi te-bits (see 24.16)
-- Ther%\ e no encoding properties for this transformation

-- osite-char-to-chars (see 24.17)
?‘ ere are no encoding properties for this transfornmation

%Q conposite-bits-to-bits (see 24.18)
N

There are no encoding properties for this transformation

% -- conposite-bits-to-octets (see 24.19)

-- There are no encoding properties tor this transformation
} WTH SYNTAX {

-- Only one of the follow ng clauses can be used.
[INT-TO INT & nt-to-int]

[ BOOL- TO- BOOL [ AS &bool -t o-bool ]]

[ BOOL- TO- | NT AS &bool -to-int]

[ 1 NT- TGO BOCL
[ AS & nt-to-bool]
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[TRUE-IS & nt-to-bool-true-is]
[ FALSE-1S &l nt-to-bool -fal se-is]]

[ I NT- TGO CHARS
[ SI ZE & nt-to-chars-size]
[ PLUS- SI GN & nt -t o-chars-pl us]
[ PADDI NG &i nt-to-chars-pad]]

[INT-TO-BITS
[ AS & nt-to-bits-encoded- as]
[SIZE & nt-to-bits-size]
[ MILTIPLE OF & nt-to-bits-unit]]

[BI TS TO I NT

[ N . L . L . 1
L A AT TS TUTTIIL T UTLUUCUT AaSSUllt iy |

[CHAR-TO-BI TS Q
[ AS &char -t o-bi t s- encoded- as] fl/
CHAR- LI ST &Char -t o-bits-chars] (b

BI TS- LI ST &Char -t o- bi t s-val ues] Q.)’
SI ZE &char - t o- bi t s-si ze] qu,

MULTI PLE OF &char-to-bits-unit]] (b

[ AS &bits-to-char-decoded-assuni ng]
[BI TS-LI ST &Bits-to-char-val ues]
[ CHAR- LI ST &Bits-to-char-chars] ] \%

TS T R C)
[BI TS- TO CHA
\\Q/

[BIT-TOBITS
[ ZERO PATTERN &bit-to-bits-zero] Q
[ ONE- PATTERN &bi t-to-bits-one]] QQ

[BITS-TO-BI TS ;\Q
SOURCE- LI ST &Sour ce-val ues
RESULT- LI ST &Resul t -val ues] \(\6
R\

[ CHARS- TO- COVPOS| TE- CHAR] D
.\Q)
[ Bl TS- TO- COVPOSI TE- BI TS
[UNI T &bi ts—to—con\pﬁtge—bi ts-unit]]
[ OCTETS- TO- COVPOSI T 31\%]
[ COMPOSI TE- CHAR- RQ® €HARS]
[ COMPCSI TE- B O BI TS|
[ COVPOS! é@I’TS— TO OCTETS]
} Qq,\
24.2 | Source ar@gzﬁ'get of transforms

24.2.1 The FORMencoding class allows the specification of procedures which transform input abstract yalues
(the souryQ o output abstract values of the same or a different type (the result). It also allows the specificatfon of
proceflutes “that map a characterstring, octetstring or bitstring source into a transform composite, and a tranfform
Comp CTWITO STV “G‘i"i"'ii“"'i‘i“ v -‘ 'i‘ T ca -' strei ware aostrac Value
(a characterstring, an octetstring, or a bitstring). The source is either the result of a previous transform, or is obtained
from a source class (see 19.4). The result is either the source for a following transform, or becomes associated with a
target class (see 19.4).

a S O

NOTE — Clause 23 also uses transforms whose source is a single bit and a single character.

24.2.2 These transforms are used in the definition of value mappings and in the definition of encoding objects for
encoding classes in the bit-field group of categories (see clauses 20 to 23).

24.2.3 The source and result are indicated by words ("I NT- TO- | NT", "BOOL- TO- BOOL", etc.) in the specification of a
#TRANSFORMencoding object, and are defined in the associated text.

24.2.4 Subclauses 24.2.4.1 to 24.2.4.3 specify rules for using transforms in succession, and for the source and target
classes of a list of transforms.
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24.2.4.1 When encoding objects of the class #TRANSFORM are specified in an ordered list, the source of a following
#TRANSFORMencoding object shall be the result of the preceding #TRANSFORMencoding object.

24.2.4.2 For the first and last of an ordered list of transforms used in the definition of encoding objects in clauses 22
and 23, text in those clauses specifies the source for the first transform and the required result for the last transform.

24.2.4.3 For the first and last of an ordered list of transforms used in the specification of value mapping by transforms
in 19.4, text in that subclause specifies a source class and a target class, both of which will be of the bitstring, boolean,
characterstring, integer or octetstring category (see 19.4.2). The required source for the first transform and the required
result of the last transform (for each of these categories) are specified in 24.2.7.

24.2.5 Text in this clause specifies the source of a transform and the result of a transform as an integer, a boolean, a
characterstring, a bitstring, a single character, or a single bit (source only). The source and result of a transform can
also be a composite of these values. Transform composites can only be produced by transforms, and must be processed
by anpther (the next) transform in a list of transforms. There are two groups of transforms: those designed to._ ¢reate
comppsites from abstract values or to produce an abstract value from a composite; and those designed to'transform
singlg values. The latter can also transform composites of those values, producing a composite as the resultywhich|is the
transform of every element in the source composite.

24.2.¢ A source or target that is a single bit or a single character occurs only when successive tfansforms have|these
as oufput and input, or as specified in clauses 22 and 23. The first transform of the ordered listreferenced in 19.4 shall
not hgve a source which is a single bit or a single character. The last transform of the ordered-list referenced inp 19.4
shall pot have a target which is a single bit or a single character.

24.2.1 When used in 19.4, the source for the first transform and the target for the last)transform shall be the sajne as
the cqtegory of the source encoding class and target encoding class (respectively), with the following exceptions. When
the cqtegory of the source encoding class is octetstring, the source for the first trahsform shall be bitstring (treating each
octetdtring value as a bitstring value). When the last transform is "Bl TS- T@,BI"TS" with "MULTI PLE OF" set to [8, the
target| class may be octetstring.

24.2.8 The following subclauses specify conditions on the abstract.values of the source which enable a transfqrm to
be defined as reversible. It is an ECN or application error if such values are supplied to a transform which is requifed to
be reyersible, and encoders shall not generate encodings for suchalues.

24.3 | The int-to-int transform
NOTE — Examples of this transform are given in D.1.2.2:

24.3.1 The int-to-int transform uses the following encoding property:

& nt-to-int CHar CE {
i ncrenent I NTEGER (1..MAX),
decr enment I NTEGER (1..MAX),
mul tiply I NTEGER (2..MAX),
di vi de I NTEGER (2..MAX),
negat e ENUMERATED{ val ue},
nodul o I NTEGER (2. . MAX),
subt ract ENUVERATED({ | ower - bound} },
mappi ng I nt eger Mappi ng
} OPTI ONAL

24.3.2 The symtax for the int-to-int transform shall be:
[INT-TO INT & nt-to-int]

24.3.3 The definition of the type used in the int-to-int transform is:

I nt eger Mappi ng :: = SET OF SEQUENCE {
source SET OF | NTEGER,
resul t | NTEGER} (CONSTRAINED BY {/* the intersection of the source

conponents shall be enpty
(see 21.17) */})

24.3.4 Both the source and result of this transform are integer or an integer composite. There are no bounds
associated with the result unless this is the last transform in a mapping by transforms (see 19.4) (which means that
neither the source nor the target can be a composite) and the target class of the mapping by transforms has bounds. In
that case, it is an ECN specification or application error if the transform is applied to source integer values that do not
map into the bounds of the target class.
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24.3.5 An int-to-int transform is defined by giving a value to "I NT- TO- | NT", permitting any given encoding object to
specify precisely one arithmetic operation. General arithmetic can, however, be defined by the use of an ordered list of
transforms (this is permitted wherever transforms involving integers are allowed).

nn nn

24.3.6 The values "i ncrenent: n", "decrenent: n", "mul ti pl y: n", "negat e: n" have their normal mathematical
meaning.

24.3.7 The value "di vi de: n" is defined to produce an integer result which is the integer value that is closest to the
mathematical result, but is no further from zero than that result. In programming terms, "di vi de: n" truncates towards
zero, so a value of -1 with "di vi de: 2" will give zero.

24.3.8 The transform for the value "nodul o: n" is defined as follows: Let "i" be the original integer value, let the
transform be "nodul o: n". Let "j" be the result of applying "di vi de: n" followed by "mul ti ply: n" to "i". Then

"rrod| La-n" aneliod to Mt oo dofood 0 bho tho caxng ac ol g "Aany Aot - 3 1 g 11N
o ppPritato——IS ettt a oo e SRe b appPry s —aeererrent— to—1—

24.3.9 The transform for the value "subt ract : | ower - bound" shall only be used as the first of an ordered list of
transforms (and hence can never be used if the source is a composite). The source shall have a lower bound.

24.3.10 The transform for the value "nappi ng: i nt eger Mappi ng" is defined as follows. The original integer vlue is
replaged with the value associated to the set of values to which it belongs. It is an ECN spegification error [if the
interspction of the sets of values is not empty; it is an application error if the original integer docs’not belong to qne of
the vglue sets.

24.3.11 Each of these transforms is defined to be reversible if the source is a single valug¢ynot a composite, and |if the
condifion on the abstract value (to which it is being applied) listed in Table 6 is_satisfied. It is also defined|to be
revergible if the source is a composite and Table 6 specifies Always reversible as the Condition.
NQTE — While an int-to-int transform with a composite input is formally reversiblef Table 6 specifies Always reversiblefas the
copdition, it cannot in practice form part of a chain of reversible transforms sine there is no such chain that starts with p non-
copmposite input and produces a composite integer (with currently defined transfoyins).

Table 6 — Reversal of "INT-TO-INT" transforms

Transform Condition
increment:n Always reversible
decrenent:n Always’reversible
multiply:n Always reversible
divide:n Value is a multiple of n
negat e: val ue Always reversible
modul o: n Never reversible

subt ract : | ower,~bound Always reversible

mappi ng: int-eger Mappi ng  Source value sets, each containing only one value, and
the result values are distinct.

24.4 | The bogl=to-bool transform

24.4.1 Thesbool-to-bool transform uses the following encoding property:

&bool -t o- bool CHO CE
{Togrcal ENUVERATED{ not J J
DEFAULT | ogi cal : not

24.4.2 The syntax for the bool-to-bool transform shall be:
[ BOOL- TO- BOOL [ AS &bool -t o-bool ]]
24.4.3 Both the source and result of this transform are boolean or a boolean composite.

24.4.4 If the source is a boolean, the result is a boolean. If the source is a boolean composite, the result is a boolean
composite in which each element of the source has been transformed as specified in 24.4.5.

24.4.5 There is only one value for "BOOL- TO- BOOL", "AS | ogi cal : not", which may be omitted. This transform
converts boolean TRUE to FALSE, and vice versa.
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24.4.6 This transform is defined to be reversible for all abstract values.

24.5

The bool-to-int transform

24.5.1 The bool-to-int transform uses the following encoding property:

&bool -to-int ENUVERATED {true-zero, true-one}
DEFAULT true-one

24.5.2 The syntax for the bool-to-int transform shall be:

[ BOOL- TO- I NT AS &bool -to-int]

24.5.3 The source for this transform is boolean or a boolean composite and the result is integer or an integer

comppsite. The integer result (and each element in the integer composite) has the value zero or one. The result fas no
assoclated bounds.
24.5.4 If the source is a boolean, the result is an integer. If the source is a boolean composite, the result lis an ipteger
comppsite in which each element of the source has been transformed as specified in 24.5.5.
24.5.8 The value "true-zero" of "BOOL- TO | NT" produces integer 0 for TRUE and integer 1cfot/FALSE. The|value
"t r ug- one" produces integer 1 for TRUE and integer 0 for FALSE.
24.5.¢ This transform is defined to be reversible for all abstract values.
24.6 | The int-to-bool transform
24.6.1 The int-to-bool transform uses the following encoding properties:
& nt -t o-bool ENUVERATED { zero“true, zero-false}
DEFAULT zero- fal se,
&l nt-to-bool-true-is | NTEGER QPTI"ONAL,
& nt-to-bool-fal se-is | NTEGER COPTI ONAL
24.6.2 The syntax for the int-to-bool transform shall be:
[ I NT- TGO BOCL
[ AS & nt-to-bool]
[TRUE-1S & nt-to-bool'<true-is]
[FALSE-1S & nt-to-bool -fal se-is]]
24.6.3 The source for this transform is(integer or an integer composite and the result is boolean or a bdolean
comppsite.
24.6.4 Either one of "AS", "TRUE/T'S" and "FALSE- | S" is set, or both "TRUE- | S" and "FALSE- | S" are set (and "AS"
is not|set), or none are set. If nong are set, then the default value for "AS" is assumed.
24.6.3 If"AS"is set (or isdefaulted), then the value "zer o-t r ue" produces TRUE for the value zero and FALSE for all
non-zero values, and thevalue "zer o- f al se" produces FALSE for the value zero and TRUE for all non-zero valueg.
24.6.¢ If "TRUE- IS enly is set, all of the integer values for "TRUE- | S" produce TRUE and all other integer yalues
produce FALSE
24.6.7 If "FAESE- | S" only is set, all of the integer values for "FALSE- | S" produce FALSE and all other integer yalues
produce FRUE.
24.6.8 both "TR S _and "EALS S isset,then theinteger valuesin "TR St _and "EALS S" shhll be
disjoint. In this case, it is an ECN specification or application error if abstract values which are not included in either

"TRUE- | S" or "FALSE- | S" are included in the source, and encoders shall not generate encodings for such values.

24.6.9 This transform is defined to be reversible if and only if both "TRUE- | S" and "FALSE- | S" are set, and they each
specify a single integer value.

24.7

The int-to-chars transform

24.7.1 The int-to-chars transform uses the following encoding properties:

124

& nt-to-chars-size Resul t Si ze DEFAULT vari abl e,
& nt-to-chars-plus BOOLEAN DEFAULT FALSE,
& nt-to-chars-pad ENUVERATED
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{spaces, zeros} DEFAULT zeros

24.7.2 The syntax for the int-to-chars transform shall be:

[ I NT- TO- CHARS
[ SI ZE & nt-to-chars-size]
[ PLUS- SI GN &i nt -t o-chars-pl us]
[ PADDI NG &i nt -t o- char s- pad] ]

24.7.3 The definition of the type used in the int-to-chars transform is:
Resul t Si ze ::= I NTEGER {variabl e(-1), fixed-to-max(0)} (-1..NMAX) -- (see 21.15)

24.7.4 The source for this transform is an integer or an integer composite, and the result is a characterstring or a
characterstring composite.

24.7.1
charal

24.7.¢
24.7.

24.7.9
class
small

24.7.9

If the source is an integer, the result is a characterstring. If the source is an integer composite, the résu
Cterstring composite in which each element of the source has been transformed as specified in 24.7.6 tg 24:7.

"S| ZE", "PLUS- SI GN'", and "PADDI NG' all have default values and can be omitted.

"S| ZE" specifies either:

a) a fixed size in characters for the resulting size (a positive value of "SI ZE"); or

b) that a variable length string of characters is to be produced (the value "var icable" of "SI ZE"); or

c) a fixed-size just large enough to contain the transform of all abstract values in the source class (the
"fi xed-to- max" of "SI ZE").

"SI ZE" shall not be set to "f i xed-t o- max" unless this is the first transform in an ordered set, and the S
has both lower and upper bounds. This is synonymous with the spéeification of a positive value equal
st value needed to contain the transform of every abstract value within/the bounds.

The integer value is first converted to a decimal representation with no leading zeros and with a pre-fix

(HYPHEN-MINUS) if it is negative. If, and only if, "PLUS- S| G\'"is set to true, positive values have a "+" (

SIGN
24.7.]

24.7.1
a valy

24.7.1
transf
encod

24.7.]
with
specil

24.7.]

24.8
N

24.8.]

pre-fixed to the digits.
0 The most significant digit shall be at the leading eridhof the characterstring.

1 If"SI ZE" is "vari abl e", then this is the resulting string of characters. In this case it is not an error to sj
e for "PADDI NG', but the value is ignored.

2 If "SI ZE" is a positive value or "f i xed-'t o- max", and the resulting string (in an instance of application
brm during encoding) is too large for the fixed size, then this is an ECN specification or application erro
ers shall not generate encodings for such abstract values.

3 If"SI ZE" is a positive value or "f i xed- t o- max", and the string is smaller than the fixed size, then it is p
pither " " (SPACE) or "0"\(DIGIT ZERO), determined by the value of "PADDI NG', pre-fixed to produ
ied size.

4 This transform is-defined to be reversible for all abstract values.

The int-tosbits transform
DTE — An‘example of this transform is given in D.1.5.5.

Thd int-to-bits transform uses the following encoding properties:
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{positive-int, twos-conplenent}
DEFAULT twos- conpl enent,

& nt-to-bits-unit Unit (1..MAX) DEFAULT bit,

& nt-to-bits-size Resul t Si ze DEFAULT vari abl e

24.8.2 The syntax for the int-to-bits transform shall be:

[INT-TO-BI TS
[ AS & nt-to-bits-encoded- as]
[SI ZE & nt-to-bits-size]
[ MULTI PLE OF & nt-to-bits-unit]]

24.8.3 The definition of the types used in the int-to-bits transform are:
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Unit ::= | NTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)
Resul t Si ze ::= I NTEGER {variabl e(-1), fixed-to-max(0)} (-1..MAX) -- (see 21.15

)

24.8.4 The source for this transform is an integer or an integer composite and the result is a bitstring or a bitstring
composite. There are no bounds associated with the result. The following clauses use the term resulting bitstring.

24.8.5 If the source is an integer, the result is the resulting bitstring. If the source is an integer composite, the re
a bitstring composite in which each element of the source has been transformed to the resulting bitstring as specified
in24.5.5.

24.8.6 "AS"and "MULTI PLE OF" have default values and need not be set.

24.8.
value

sult is

if the source is a composite.

"SI ZE" has a default value and need not be set if the source 1s not a composite. It shall be set to a pdsitive

24.8.8 "SI ZE" shall not be set to "fi xed-t o- max" unless this is the first transform in an ordered set i the gyntax

defingd in 19.4, and the source class has both lower and upper bounds. This is synonymous with the specificatio
positifve value equal to the smallest value needed to contain the transform of every abstract value within the bounds.

N

24.8.9 "AS" selects the encoding of the integer as either a 2's-complement encoding or as ‘a_positive integer enc
The definition of these encodings is given in Rec. ITU-T X.690 | ISO/IEC 8825-1, 8.3.2and’8.3.3.

24.8.10 The most significant bit shall be at the leading end of the bitstring.

DTE — "SI ZE" cannot be set to "f i xed- t 0- max" if the source is a transform composite.

h of a

ding.

24.8.11 The integer shall first be encoded into the minimum number of bits necessary to produce an initial bitgtring.

This eans that a positive integer encoding shall not have zero as the leading bit (unless there is a single zero bit

in the

encoding), and a 2's-complement encoding shall not have two successive, leading zero bits or two successive ldading

one bjts.

24.8.12 If "AS" is set to "posi ti ve-int", and the value to be transformed is negative, this is an ECN specificat

an ap

plication error and encoders shall not encode such values.

on or

24.8.13 If "SI ZE" is "vari abl e", then the initial bitstring becomes the resulting bitstring. In this case it is not an error

to spdcify a value for "MULTI PLE OF", but the value is igifored.

N

24.8.14 If "SI ZE" is a positive value, the size of'the resulting bitstring shall be "MULTI PLE OF" multiplied by "SI

24.8.15 If "SI ZE" is "fi xed-to-max", then the size of the resulting bitstring shall be the smallest multif

"MULTI PLE OF" that is large enough towreceive the encoding of any abstract value of the class to which the transf
appligd.
NOTE — This clause cannot apply ifithe source is composite.

24.8.16 If the initial bitstripg\(int an instance of application of this transform during encoding) is too large for the

size,

24.8.17 If the initial-bitstring is smaller than the specified size, then for a positive integer encoding it shall havq
bits pfefixed to preduce the resulting bitstring. If the encoding is 2's-complement, then it shall have bits prefixed
in valpe to the afiginal leading bit to produce the resulting bitstring.

DTE — This clause cannot apply if the source is compegite.

en this is an ECN speeification or an application error and encoders shall not encode such values.

ZE".
le of

rm is

fixed

Zero
equal

24.8.18 This~transform is defined to be reversible for all abstract values. This transform produces a self-delipniting

bitstring-1f\and only if "SI ZE" is not "vari abl e" and the source is not composite. A composite result is nevel
delimiting

self-

24.9

The bits-to-int transform

24.9.1 The bits-to-int transform uses the following encoding property:

&bi ts-to-int-decoded-assum ng ENUVMERATED
{positive-int, twos-conplenent}
DEFAULT twos- conpl enent

24.9.2 The syntax for the bits-to-int transform shall be:

126

[BITS-TO I NT
[ AS &bits-to-int-decoded-assum ng]]
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24.9.3 The source for this transform is a bitstring or a bitstring composite and the result is an integer or an integer
composite. There are no bounds associated with the result.

24.9.4 If the source is a bitstring, the result is an integer. If the source is a bitstring composite, the result is an integer
composite in which each integer is the result of the specification in 24.9.5.

24.9.5 The integer value shall be produced by interpreting the bits as 2's-complement or as a positive integer
encoding, as specified in Rec. ITU-T X.690 | ISO/IEC 8825-1, 8.3.2 and 8.3.3. The value of "AS" (or its default value if
not set) determines the encoding to be assumed.

24.9.6 This transform shall not be used where reversible transforms are required.

24.10 The char-to-bits transform

24.1011 The char-to-bits transform uses the following encoding properties:

&char -t o- bi t s- encoded- as ENUMERATED
{is010646, conpact, mapped}
DEFAULT conpact,

&Char-to-bits-chars Uni versal String (SIZE(1))
ORDERED OPTI ONAL,

&Char -t o- bi t s- val ues BI T STRI NG ORDERED OPTI ONAL,

&char-to-bits-unit Unit (1..MAX) DEFAULT bit,

&char-to-bits-size Resul t Si ze DEFAULT vari able

24.1012 The syntax for the char-to-bits transform shall be:

[CHAR-TO-BI TS
[ AS &char -t o-bits-encoded- as]
[ CHAR- LI ST &Char-to-bits-chars]
[BI TS-LI ST &Char -t o-bits-val ues]
[ SI ZE &char-to-bits-size]
[ MULTI PLE OF &char-to-bits-unit]j

24.10t3 The definition of the types used in the char-to-bits transform are:

Unit ::= | NTEGER
{repetitions(0), bit(1), nibbl\&4), octet(8), wordl6(16),
dword32(32)} (0..256) -- J[(see 21.1)
Resul t Size ::= INTEGER {variakje(-1), fixed-to-max(0)} (-1..MAX) -- (see 21.15

24.10{4 The source for this transform is a single character from either:
a) the specification of an encoding for the characterstring category (see 23.4.2.1); or

b) a single character composite;
and the result is a bitstring in case @) and a bitstring composite in case b).

24.1015 The source for this“transform is a single character or a single character composite. If the source is a yingle
charagter, the result is a-bifstring. If the source is a single character composite, the result is a bitstring composite.

24.1006 Where the source is a composite, the resulting composite is determined by applying the following specifi¢ation
to all felements ofithe source composite to form the result composite. It is an ECN specification error if this transf¢rm is
appli¢d to a cemposite with "AS" set to "mapped" and the size of the bitstrings in the "Bl TS- LI ST" are not all the Jame.

24.10p7 “Where the following text refers to a possible "effective permitted alphabet constraint", such a constraint exists
if and only if the transform is the first in an ordered list used in 23.4 and the class to which the encoding object is
applied has an effective permitted alphabet constraint.

NOTE — This can only be the case if the class to which the transform is applied is part of an implicitly or explicitly generated
structure. This clause can never apply to a composite, whose elements never have effective permitted alphabet constraints.
24.10.8 "AS", "SI ZE" and "MULTI PLE OF" all have default values and need not be set. "CHAR- LI ST" and "Bl TS-

LI ST" are only used if "AS" is set to "mapped", in which case their presence is mandatory, and they shall then contain at
least one element in the ordered list.

24.10.9 ECN supports only characters in the ISO/IEC 10646 character set. Where ASN.l1 types such as
"GeneralString" are in use, characters outside of this character set can in theory appear. Such characters are not
supported by this transform.
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24.10.10If "AS" is "mapped", then the transform is specified by the values of "CHAR- LI ST" and "Bl TS- LI ST", both of
which shall be specified, and the values of "MULTI PLE OF" and "SI ZE" are ignored. The transform is specified in

24.10

.10.1 to 24.10.10.5.

24.10.10.1 "CHAR- LI ST" and "BI TS- LI ST" are respectively an ordered list of single characters and of bitstring values.
(These parameters are ignored if "AS" is not set to "nmapped".)

24.10.10.2 There shall be an equal number of values in each list, and all character values in "CHAR- LI ST" shall be
distinct.

24.10.10.3 The transform of a character in "CHAR- LI ST" is the bitstring specified in the corresponding position in
"Bl TS- LI ST".

24.10.10.4 If in an instance of application of this transform a character is to be transformed that is not in the

v

24.10
only

transf
3.2.4]

24.10

24.10f
N

24.10
(see 2
chara

24.10
const

24.10

wherg
transf

24.10
produ
delim

24.10
const

24.10
value

24.10

0..n-1|.

"O—tj{;— LT ST, 1his is an ECN specilication or an application error.
N

TE — In general it will only be possible for a tool to check for this error at encode time, as restrictions on possible-a
ues may not be formally present in the ASN.1 specification.

10.5 In this case ("AS" set to "mapped"), the transform is defined to be reversible (for all abstractyvalues)
f the set of all bitstring values in "Bl TS- LI ST" are distinct, otherwise it shall not be used ‘Where a revg
brm is required. The result is self-delimiting if the bitstring values in "Bl TS- LI ST" dre) Self-delimiting
). A composite result is never self-delimiting.

11If"AS" is "i s010646", the transform is specified in 24.10.11.1 to 24.10.11.5.

11.1 The character is first converted to an integer with the numerical value speeified in ISO/IEC 10646.
DTE — ISO/IEC 10646 includes the so-called ASCII control characters, which have posifions in row 1.

11.2 If the character is from a character string that has an associated effective permitted alphabet cons
4.10.7), then the integer has effective size constraints just suffigiemt to contain the numerical values
Cters in the effective permitted alphabet.

11.3 If there is no effective permitted alphabet constraintisthén the integer has an associated effectivg
aint of 0..32767.

11.4 This integer value is then converted to bits using the“transform:

INT-TOBITS -- (see 24.8)
AS positive-int
S| ZE <si ze>
MULTI PLE OF <nul t j-pl-e- of >

"<size>" is the value of "SI ZE" and "<multiple-of>" is the value of "MULTI PLE OF" for the char-{
brm. ("Sl ZE" and "MULTI PLE OR! take their default values if not set.)

11.5 In this case ("AS" set t0.") s010646"), the transform is defined to be reversible for all abstract valu
ces a self-delimiting string~of bits if and only if "SI ZE" is not "variable". A composite result is never
iting.

121f "AS" is "cofpact ", then it is an ECN specification error if there is no effective permitted alp
aint, otherwisethetransform is specified in 24.10.12.1 to 24.10.12.4.

12.1 All characters in the effective permitted alphabet are placed in canonical order using their ISO/IEC
lowest value first. The first in the list is then assigned the integer value zero, the next one, and so on.

12.2 If the effective permitted alphabet contains "n" characters, then the integer has an effective size constrg

bstract

f and
rsible
b (see

traint
bf all

size

0-bits

bs. It
self-

habet

0646

int of

24.10

.12.3 This integer is then converted to bits using the transform:

INT-TOBITS -- (see 24.38)
AS positive-int
Sl ZE <si ze>
MULTI PLE OF <nmul ti pl e- of >

where "<size>" is the value of "SI ZE" and "<multiple-of>" is the value of "MULTI PLE OF" for the char-to-bits
transform. ("SI ZE" and "MULTI PLE OF" take their default values if not set.)
NOTE — The PER encoding of character string types uses the equivalent of "conpact " only if the application of this algorithm

reduces the number of bits required to encode characters (using "f i xed-t 0- max"). This degree of control is not possible in
this version of this Recommendation | International Standard.
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24.10.12.4 In this case ("AS" set to "conpact "), the transform is defined to be reversible for all abstract values. It
produces a self-delimiting string of bits if and only if "SI ZE" is not "vari abl e". A composite result is never self-
delimiting.

24.11 The bits-to-char transform

24.11.1 The bits-to-char transform uses the following encoding properties:

&bi t s-t o- char - decoded- assum ng ENUMERATED

{i s010646, napped}

DEFAULT i s010646,
&Bi t s-t o- char - val ues BI T STRI NG ORDERED OPTI ONAL,
&Bi ts-to-char-chars Uni versal String (SIZE(1))

ORDERED—CPTHONAL

24.11}2 The syntax for the bits-to-char transform shall be:

[ BI TS- TO CHAR
[ AS &bits-to-char-decoded-assuni ng]
[BITS-LI ST &Bits-to-char-val ues]
[ CHAR- LI ST &Bits-to-char-chars]]

24.11}3 The source for this transform is a bitstring or a bitstring composite. If the source is.a bitstring, the result is a
singlg character. If the source is a bitstring composite, the result is a single character coniposite.

24.11}4 If the source is a bitstring composite, then the resulting single character compOsite is an ordered list of $ingle
charagters resulting from the transformation of each of the elements of the bitstring composite.

24.11}5 If "AS" is "i s010646", then the bitstring shall be interpreted as a pQsitive integer encoding which contaips the
ISO/IEC 10646 numerical value of a character. It is an ECN specification.eryor if the integer value exceeds 32767.

24.1116 If "AS" is "mapped", then the transform is specified by thevalues of "CHAR- LI ST" and "BI TS- LI ST"] The
transform is defined in 24.11.6.1 to 24.11.6.5.

24.11}6.1 "CHAR- LI ST" and "BI TS- LI ST" are respectively an‘ordered list of single characters and of bitstring values.
(These parameters are ignored if "AS" is not set to "mapped't)

24.1116.2 There shall be an equal number of values in.gach list, and all character values and all bitstring values |n the
list sHall be distinct.

24.11}6.3 The transform of a bitstring in the "BI¢TS- LI ST" is the character specified in the corresponding position fin the
"CHAR- LI ST".

24.1116.4 If in an instance of application of this transform a bitstring is to be transformed that is not ip the
"Bl T$- LI ST", this is an ECN specification or an application error.

NOTE — In general it will only be possible for a tool to check for this error at encode time, as restrictions on possible abstract
vajlues may not be formally present in the ASN.1 specification.

24.1116.5 The transform is‘defined to be reversible for all abstract values.

24.12 The bit-to-bits transform

241211 The bit~te-bits transform uses the following encoding properties:

&bi t-to-bits-one Non- Nul | - Pattern DEFAULT bits:'1'B,
&bit-to-bits-zero Non- Nul | - Pattern DEFAULT bits:'0' B

24.12.2 The syntax for the bit-to-bits transform shall be:

[BIT-TOBI TS
[ ZERO- PATTERN &bi t-to0-bits-zero]
[ ONE- PATTERN &bi t -t o-bits-one]]

24.12.3 The definition of the type used in the bit-to-bits transform is:

Non- Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:''B | octets:'""H| char8:"" | charl6:"" |
char32:"")) -- (see 21.10.2)

24.12.4 The source for this transform is a single bit from either:

a) the specification of an encoding for the bitstring category (see 23.2); or
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b) a bitstring composite with a unit of 1 bit.
The result is a bitstring in case a) and a bitstring composite in case b).

24.12.5 The bitstring composite in case b) shall be the ordered sequence of bitstrings produced by the following
transformations applied to each element of the source bitstring composite. It is an ECN specification error if the
"ZERO PATTERN'" and the "ONE- PATTERN" have different sizes.

24.12.6 At most one of "ZERO- PATTERN" and "ONE- PATTERN" shall be "di f f er ent : any".
NOTE — A value of "di f f er ent : any" here means a pattern that is not the same as the other pattern, but is the same length.

24.12.7 The "any- of - | engt h" alternative shall not be used for either "ZERO- PATTERN" or "ONE- PATTERN'".

24.12.8 If the bit is set to zero, the result is the "ZERO PATTERN'. If the bit is set to one, the result is the
"ONETPATTERN:

24,1219 It is an ECN specification error if "ZERO- PATTERN' and "ONE- PATTERN' are the same, or if oneis an |nitial
sub-sfring of the other.

24.12}10This transform is defined to be reversible for all abstract values and the result is self-delimiting unleps the
transform is applied to a composite. A composite result is never self-delimiting.

24.13 The bits-to-bits transform
24.13]1 The bits-to-bits transform uses the following encoding properties:

&Sour ce- val ues Bl T STRI NG ORDERED,
&Resul t - val ues BI T STRI NG ORDERED

24.13}2 The syntax for the bits-to-bits transform shall be:

[BITSSTO-BITS
SOURCE- LI ST &Sour ce-val ues
RESULT- LI ST &Resul t - val ues]

24.13|3 The source for this transform is either a bitstring or\a bitstring composite. If the source is a bitstring the [result
is a bitstring. If the source is a bitstring composite the result'is a bitstring composite.

24.13l4 If the source is a bitstring composite, then~the resulting bitstring composite is the ordered list of bitstrings
obtaifjed by applying the following specification to each bitstring in the source.

24.13}5 "SI ZE" and "MULTIPLE OF" beth\have default values and need not be set. '"SOURCE-LIST| and
"RESWLT- LI ST" are required, and shall contain at least one element in the ordered list.

24.1316 The transform is specified by the values of "SOURCE- LI ST" and "RESULT- LI ST".

24.13]7 There shall be an equal number of bitstring values in each list, and all bitstring values in "SOURCE- LI ST'| shall
be didtinct.

24.13}8 The transform Ofya bitstring in "SOURCE- LI ST" is the bitstring specified in the corresponding positjon in
"RESWLT- LI ST".

24.13}9 If this transform is applied to a composite, all bitstrings in the "RESULT- LI ST" shall have the same size.

24.131101f, inan instance of application of this transform, a source bitstring is not in the "SOURCE- LI ST", this|is an
ECN ppecification or an application error.

NOTE/— In general it will only be possible for a tool to check for this error at encode time, as restrictions on possible apstract
values may not be formally present in the ASN.1 specification.

24.13.11 The transform is defined to be reversible (for all abstract values) if and only if the set of all bitstring values in
"RESULT- LI ST" are distinct, otherwise it shall not be used where a reversible transform is required. The result is self-
delimiting if the bitstring values in "RESULT- LI ST" are distinct and self-delimiting (see 3.2.42) and the transform is
applied to a bitstring. A composite result is never self-delimiting.

24.14 The chars-to-composite-char transform
24.14.1 The chars-to-composite-char transform converts a characterstring to a single character composite.

24.14.2 The syntax for the chars-to-composite-char transform shall be:
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[ CHARS- TO- COVPCSI TE- CHAR]
24.14.3 The source of this transform is a characterstring and the result is a single character composite.
24.14.4 The single character composite is an ordered list of the characters in the source characterstring.

24.14.5 This transform is defined to be reversible for all abstract values.

24.15 The bits-to-composite-bits transform

24.15.1 The bits-to-composite-bits transform converts a bitstring to a bitstring composite, where each bitstring element
has the same (known) size.

24.15.2 The bits-to-composite-bits transform uses the following encoding properties:

&bits-to-conposite-bits-unit Unit (1..MAX) DEFAULT bit
24.15/3 The syntax for the bits-to-composite-bits transform shall be:

[BI TS- TO- COWCOSI TE- BI TS
[UNIT &bits-to-conposite-bits-unit]]

24.15l4 The definition of the type used in the bits-to-composite-bits transform is:

Unit ::= | NTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordl6(lOH:
dword32(32)} (0..256) -- (see 21.1)

24.15/5 The source of this transform is a bitstring and the result is a bitstring commposite of size "UNI T".

24.15[6 The bitstring composite of size "UNI T" is an ordered list of bitstrings each of which is of size "UNI T". Thg first
bitstring in the composite is the first "UNI T" bits from the source bitstring./The second is the next "UNI T" bits, gnd so
on. Ifthe source bitstring is not a multiple of "UNI T" bits, this is an EGN ‘specification or application error.

24.15}7 This transform is defined to be reversible for all abstractvalues.

24.1¢ The octets-to-composite-bits transform

24.161 The octets-to-composite-bits transform converts an octetstring to a bitstring composite of size 8 bits.
24.16(2 The syntax for the octets-to-composite-bits transform shall be:

[ OCTETS- TO- COVPCS| TE=BLTS]

24,163 The source of this transform istan octetstring and the result is a bitstring composite of size 8 bits.

24.16{4 The bitstring composite ofisize 8 is an ordered list of the bitstrings corresponding to the octets in the source
octetgtring.

24.16{5 This transform is defined to be reversible for all abstract values.

24.17 The composite<char-to-chars transform
24.1711 The composite-char-to-chars transform converts a single character composite to a characterstring.

24.17}2 Thessyntax for the composite-char-to-chars transform shall be:

[ COVPOSI TE- CHAR- TO- CHARS]

24.17.3 The source of this transform is a single character composite and the result is a characterstring.

24.17.4 The characterstring is formed from the ordered list of characters present in the (source) single character
composite.

24.17.5 This transform is defined to be reversible for all abstract values.

24.18 The composite-bits-to-bits transform
24.18.1 The composite-bits-to-bits transform converts a bitstring composite of a known unit size to a bitstring.

24.18.2 The syntax for the composite-bits-to-bits transform shall be:
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[ COWPCOSI TE-BI TS- TO BI TS]
24.18.3 The source of this transform is a bitstring composite and the result is a bitstring.
24.18.4 The bitstring is formed from the ordered list of bitstrings present in the (source) bitstring composite.

24.18.5 This transform is defined to be reversible for all abstract values. The result bitstring is not self-delimiting.
NOTE — This transform is reversible because the units used in its generation are specified in the transform that produced the

bitstring composite, and are associated with that composite.
24.19 The composite-bits-to-octets transform

24.19.1 The composite-bits-to-octets transform converts a bitstring composite of unit size 8 to an octetstring. It is an
ECN specification error if this is applied to a bitstring composite that has a unit size which is not 8.

24.19;2 The syntax for the composite-bits-to-octets transform shall be:

[ COWPCSI TE- BI TS- TO- OCTETS]

24.19;3 The source of this transform is a bitstring composite and the result is an octetstring.

24.1914 The octetstring is formed from the ordered list of bitstrings present in the (source) bitstring composite.

24.19{5 This transform is defined to be reversible for all abstract values.

25 Complete encodings and the #OUTER class

If thefe is no encoding object of the #OUTER class in the combined encoding object set being applied to a type |n the
ELM] then the encoder and decoder shall assume an encoding object of this\class in which all encoding propertie§ have
their dlefault values.

25.1 | Encoding properties, syntax and purpose for the #OUTER class
25.1.1 The syntax for defining encoding objects of the #OUTER class is defined as:
#CQUTER :: = ENCODI NG CLASS ({

-- Alignnent point
&al i gnment - poi nt ENUMERATED
{unchanged, reset } DEFAULT reset,

-- Paddi ng

&post - paddi ng- uni t Unit (1..MAX) DEFAULT octet,

&post - paddi ng Paddi ng DEFAULT zer o,

&post - paddi ng-(pat't ern Non-Nul | - Pattern (ALL EXCEPT different:pny)

DEFAULT bits:'0'B,

-- Bit reversal specification (see 22.12)
&bi t - reeT sal Rever sal Speci fication
DEFAULT no-reversal ,

-\~Added bits action

&added- bits ENUVERATED
{hard-error, signal-application,
silently-ignore, next-value}
DEFAULT hard-error

} WTH SYNTAX {

[ ALI GNVENT &al i gnent - poi nt ]
[ PADDI NG
[ MULTI PLE OF &post - paddi ng- uni t]
[ POST- PADDI NG &post - paddi ng
[ PATTERN &post - paddi ng- pattern]]]
[ Bl T- REVERSAL &bit-reversal]
[ ADDED BI TS DECODI NG &added- bi t s]

}
25.1.2 The definition of the types used in the #OUTER specification are:
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Unit ::= | NTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)
Paddi ng ::= ENUVERATED {zero, one, pattern, encoder-option} -- (see 21.9)
Non-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:''B | octets:'*H| char8:"" | charl6:"" |

char32:"")) -- (see 21.10.2)

25.1.3 Encoding objects of the #OUTER class specify encoder and decoder actions in relation to the entire encoding of
a type which is encoded by either:
a) application of an encoding in the ELM; or

b) application of an encoding to a contained type.

25.1.4 Three independent specifications can be made (see 25.1.5 to 25.1.7).

25.1.5 The "ALI GNMVENT" specification is applicable only for a contained type, and determines whether‘the-alighment
point|is to be reset to the head of the container or is to be the same as that in use for the encoding of the ‘container.

25.1.¢ The "PADDI NG' specification determines that the entire encoding is to be padded with trailing bits to make the
numbgr of bits from the alignment point an integral multiple of some unit.

25.1.7 The "ADDED BI TS DECODI NG' specification is applicable only to decoders, and determines the action|to be

taken|if there are further bits in the PDU after decoding according to encoding specifications has been completed.
NOTE — This provision is primarily to provide a simple mechanism for extensibility (ithout use of the ASN.1 extendibility
marker. A later version of this Recommendation | International Standard is expected to give€ enhanced support for extensibility.

25.1.8 "ALI GNVENT", "PADDI NG', and "ADDED BI TS DECODI NG' all take’their default values if not set or if there is
no enfoding object of class #OUTER in the combined encoding object set.

NOTE — The default values are those used by the encoding object of class #OUTER for PER basic unaligned.

25.2 | Encoder actions for #OUTER

25.2.1 If "ALI GNVENT" is "unchanged", then the alignmient point used in encoding a contained type shall e the
aligninent point used in encoding the container.

25.2.2 If"ALI GNMVENT" is "r eset ", then the alignment point used in encoding a contained type shall be the start pf the
encoding of that type.

25.2.3 If "PADDI NG' is set, then the emcoder shall add bits in accordance with the value of "PADDI Nd' and
"PATTERN" to make the number of bits fromthe alignment point a multiple of "MULTI PLE OF" units. "PATTERN/ shall
be replicated and truncated as necessaty:

25.2.4 The encoder shall diagngse an ECN specification or application error if the encoding is for a type in a cohtents
constfaint on an octetstring, and-the encoding of the type (after all specified "PADDI NG' actions) is not an infegral
multiple of eight bits.

25.2.5 If bit-reversalis,set, the encoder actions specified in 22.12 shall be applied using the value of "MULTI PLE OF"
specified for (or defaultéd in) "PADDI NG'.

25.2.6 The edcoder shall ignore "ADDED BI TS DECODI NG'.

25.3 | Pecoder actions for #OUTER

25.3.1 If bit-reversal is set, the decoder actions specified in 22.12 shall be applied using the value of "MULTI PLE OF"
specified for (or defaulted in) "PADDI NG'.

25.3.2 If "ALI GNMENT" is "unchanged", then the alignment point used in encoding a contained type shall be the
alignment point used in encoding the container.

25.3.3 If"ALI GNVENT" is "r eset ", then the alignment point used in encoding a contained type shall be the start of the
encoding of that type.

25.3.4 The decoder shall determine the bits added by "PADDI NG' (if any), and shall silently ignore the added bits, no
matter what their value.

25.3.5 1If the PDU (or the container of a contained type) contains further bits after the end of the encoding, then the
decoder shall take the following actions:
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a)
b)

c)
d)

if "ADDED BI TS DECODI NG' is "har d- er r or ": diagnose an encoder error;

If "ADDED BI TS DECODI NG' is "signal -application": ignore all further bits and signal the
application that there may be critical extensions to the protocol,

If "ADDED BI TS DECODI NG' is "si | ent | y-i gnor e": ignore all further bits;

If "ADDED BI TS DECCODI NG' is "next - val ue": cease decoding and expect the application to initiate
decoding of a new value from the remaining bits.
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Annex A

Addendum to Rec. ITU-T X.680 | ISO/IEC 8824-1

(This annex forms an integral part of this Recommendation | International Standard.)

This annex specifies the modifications that are to be applied when productions and/or clauses from Rec. ITU-T
X.680 | ISO/IEC 8824-1 are referenced in this Recommendation | International Standard.

Al Exports and imports clauses
The productions "Assignedldentifier”, "Symbol" and "Reference" of 13.1, as well as subclauses 13.13 and 13.16/0f Rec.
ITU-T X.680 | ISO/IEC 8824-1 are modified as follows:
13. 1| Assignedidentifier ::= Definitiveldentifier |
enpty
Symbol ::=
Ref erence
| Bui | ti nEncodi ngCl assRef erence
| Par anet eri zedRef er ence
Reference ::=
encodi ngcl assr ef erence
| Ext er nal Encodi ngd assRef erence
| encodi ngobj ect ref er ence
| encodi ngobj ect setref erence
NOTE 1 — The production "AssignedIdentifier" is changed because "valuereference"s can neither be defined nor importg¢d into

El

N
"H

wherg

13.13
shall

13.16

M or EDM modules.

DTE 2 — "BuiltinEncodingClassReference" can only be used as_a“\'Symbol" in an imports clause. The use of prod|
xternalEncodingClassReference" in "Reference" is explained in 441 1.

"Definitiveldentifier is defined as:

Definitiveldentifier ::=
"{ " DefinitiveObjIldComponeritList '} "

| empty

When the "SymbolsExported" altérnative of "Exports" is selected, then each "Symbol" in "SymbolsExp
atisfy one and only one of the following conditions:

a) itis defined in the module from which it is being exported; or

b) it appears exactly @nge in the "SymbolsImported" alternative of "Imports" in the module from whic|
being exported

When the "SymbolsImported" alternative of "Imports" is selected:
a) Each *Symbol" in "SymbolsFromModule" shall either:

"GlobalModuleReference" in "SymbolsFromModule".

uction

rted"

h it is

1) \be defined in the body of the module denoted by the "GlobalModuleReferenc¢" in
"SymbolsFromModule"; or
2) be present precisely once in the imports clause of the module denoted byl the

AT = P PR DR 1t 1 1 PR 3+ & PR : :
INUTLE = THIS UOTS TIOU PTOHIUIU UIT SAITIC S yIIDOT AT UTIITU TIT TWO - UIICT I TIOUUITS " ITOIT OTITE TP OT Lbd nto

another module. However, if the same "Symbol" name appears more than once in the imports clause of module "A",

that "Symbol" name cannot be exported from "A" for import to another module "B".

b) All the "SymbolsFromModule" in the "SymbolsFromModuleList" shall include occurrences of

"GlobalModuleReference" such that:

i)  the "modulereference" in them are all different from each other (whether they are ASN.1, or EDM
modules) and from the "modulereference" associated with the referencing module; and

ii) the "Assignedldentifier", when non-empty, denotes object identifier values which are all different
from each other and from the object identifier value (if any) associated with the referencing module.

Rec. ITU-T X.692 (08/2015) 135


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

A2

A3

Addition of REFERENCE
NOTE — This modification is introduced for the sole purpose of clause 23.

The production "Type™ in Rec. ITU-T X.680 | ISO/IEC 8824-1, 17.1, is modified as follows:

Type ::=

Bui |l ti nType

Ref er encedType
Constrai nedType
REFERENCE

Notation for character string values

The p

The "|AbsoluteCharReference" is a fully-qualified name which references a character)string value (of type | A5St
or BWSt ri ng) defined in the "ASN1- CHARACTER- MODULE" (see Rec. ITU-T X.6807 ISO/IEC 8824-1, 42.1).

oduction "CharsDefn" of Rec ITU-T X 680 | ISO/IFC 8824-1, 41 8, is modified as follows:

CharsDefn ::=

cstring

Quadrupl e

Tupl e

Absol ut eChar Ref er ence

AbsoluteCharReference ::=
Modul el denti fi er

val uer ef erence

136
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Annex B

Addendum to Rec. ITU-T X.681 | ISO/IEC 8824-2

(This annex forms an integral part of this Recommendation | International Standard.)

This annex specifies the modifications that are to be applied when productions and/or clauses from Rec. ITU-T
X.681 | ISO/IEC 8824-2 are referenced in this Recommendation | International Standard.

B.1

Definitions

The f(I)IIowing definitions are added to Rec. ITU-T X.681 | ISO/IEC 8824-2, 3.4:

B.2
N

encoding class field: A field which contains an arbitrary encoding class.

encoding class field type: A type specified by reference to some type field of an encodingobject class.

encoding class field of the same encoding object.

encoding object set field: A field which contains a set of encoding objects-0f some specified encoding
some specified type.

some specified encoding class.

reference field: A ficld which contains a reference to an, encoding structure field (see also 17.5.15).

Additional lexical items
DTE — This modification is introduced for the sole purpose of clause 23.

The following definitions are added to Rec. ITU-T X681 | ISO/IEC 8824-2, clause 7:

B.2.1

Ordered value list field references

Namgd of item — orderedvaluelistfieldreference

An "
chara

B.2.2

Cters as specified for a "typereference"” in Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.2.

Ordered encoding object list field references

Namgd of item — orderedeyicodingobjectlistfieldreference

An "
of chd

B.2.3

Namd

racters as'specified for an "objectsetreference” in Rec. ITU-T X.681 | ISO/IEC 8824-2, 7.3.

Enlcoding class field references

encoding object field: A field which contains an encoding object of some specified gneoding class. Juch a
field is either of fixed-class or of variable-class. In the former case, the class of the encoding object is|fixed
by the field specification. In the latter case, the class of the encoding object iscontained is some (spgcific)

¢lass.

fixed-type ordered value list field: A field which contains an ordeted (possibly empty) list of valyes of

ordered encoding object list field: A field which contains ab/ordered non-empty list of encoding objdcts of

brderedvaluelistfieldreference!_ shall consist of an ampersand ("&") immediately followed by a sequence of

rderedencodingobjectlistfieldreference" shall consist of an ampersand ("&") immediately followed by a seqpence

ofdtem — encodingclassfieldreference
=l

An "encodingclassfieldreference" shall consist of an ampersand ("&'") immediately followed by a sequence of characters
as specified for an "encodingclassreference" in 8.3.

B.3

Addition of "ENCODING-CLASS"

NOTE — This modification is introduced for the sole purpose of clause 23.

Replace the reserved word "CLASS" with "ENCODING-CLASS" in Rec. ITU-T X.681 | ISO/IEC 8824-2, 9.3.

Rec. ITU-T X.692 (08/2015)
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B.4

FieldSpec additions

NOTE — This modification is introduced for the sole purpose of clause 23.

Rec. |

TU-T X.681 | ISO/IEC 8824-2, 9.4, is modified as follows:

FieldSpec ::=

Fi xedTypeVal ueFi el dSpec

Fi xedTypeVal ueSet Fi el dSpec

Fi xedTypeOr der edVal ueli st Fi el dSpec

Fi xedd assEncodi ngCbj ect Fi el dSpec

Vari abl ed assEncodi ngObj ect Fi el dSpec

Fi xedd assEncodi ngObj ect Set Fi el dSpec

Fi xedd assOr der edEncodi ngbj ect Li st Fi el dSpec
Encodi ngd assFi el dSpec

B.5S
N

A "Fi

Recoj

The n
the fi
an en
(see K

B.6
N

A "Fi

Recot

The n
the e
"Enc

Fixed-type ordered value list field spec
DTE — This modification is introduced for the sole purpose of clause 23.

kedTypeOrderedValueListFieldSpec" specifies that the field is a fixed-type ordered value list field (see B.1
mmendation | International Standard):

FixedTypeOrderedValueListFieldSpec ::=
orderedval uel i stfieldreference
Def i nedType
ORDERED
Fi xedTypeOr der edVal ueli st Opti onal i tySpec ?

FixedTypeOrderedValueListOptionalitySpec ::= OPTIONAL | DEFAULTF-OrderedValueList

ame of the field is "orderedvaluelistfieldreference". The "DefinedType!“references the type of values contait
eld. The "FixedTypeOrderedValueListOptionalitySpec", if present,/specifies that the field may be unspecif]
Coding object definition, or, in the "DEFAULT" case, that omission produces the following "Ordered Valu|
Lec. ITU-T X.680 | ISO/IEC 8824-1, 26.3), all of whose values.shall be of "DefinedType".

Fixed-class encoding object field spec
DTE — This modification is introduced for the sole purpose’of clause 23.

xedClassEncodingObjectFieldSpec” specifies, that the field is a fixed-class encoding object field (see B.1
mmendation | International Standard):

FixedClassEncodingObjectFieldSpec™:i=
obj ectfieldreference
Def i nedOr Bui | ti nEncodi ngd ass
Encodi ngCbj ect&pti onal i t ySpec?

EncodingObjectOptionalitySpec ::= OPTIONAL | DEFAULT EncodingObject

ame of the field is "qbjectfieldreference". The "DefinedOrBuiltinEncodingClass" references the encoding cl
hcoding object cofitained in the field (which may be the "EncodingClass" currently being defined).
dingObjectOptidnalitySpec", if present, specifies that the field may be unspecified in an encoding

definition, or, in thé€ DEFAULT case, that omission produces the following "EncodingObject" (see 17.1.5 o

Recoj

B.7

mmendatief International Standard) which shall be of the "DefinedOrBuiltinEncodingClass".

Variable-class encoding object field spec

f this

ed in
ed in
b ist"

f this

hss of

The
bject
f this

A"V

11 cu = 1. ol 110 ) (el 1 1 oo 11 el 1 1. 1 o 11
Al TdUICUIASS EIICOUIITESUUJCULITICTIUS PCU SPCUITITS "Ulal UIC TITIU TS 'd VAl TdUIC=CIass CLICOUITE OUJCUL TITIU {(STT

this Recommendation | International Standard):

VariableClassEncodingObjectFieldSpec ::=
obj ectfieldreference
encodi ngcl assfi el dr ef erence
Encodi ngOhj ect Opti onal i t ySpec?

3.1 of

The name of the field is "objectfieldreference". The "encodingclassfieldreference" references an encoding class field of
the encoding class being specified. The "EncodingObjectOptionalitySpec", if present, specifies that the encoding object
may be omitted in an encoding object definition, or, in the DEFAULT case, that omission produces the following
"EncodingObject". The "EncodingObjectOptionalitySpec" shall be such that:
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a) if the type field denoted by the "encodingclassfieldreference" has an "EncodingClassOptionalitySpec" of
OPTI ONAL, then the "EncodingObjectOptionalitySpec" shall also be OPTI ONAL; and

b) if the "EncodingObjectOptionalitySpec" is "DEFAULT EncodingObject", then the encoding class field
denoted by the "encodingclassfieldreference" shall have an "EncodingClassOptionalitySpec" of
"DEFAULT DefinedOrBuiltinEncodingClass", and "EncodingObject" shall be an encoding object of that
class.

B.8 Fixed-class encoding object set field spec
NOTE — This modification is introduced for the sole purpose of clause 23.

A "FixedClassEncodingObjectSetFieldSpec" specifies that the field is a fixed-class encoding object set field (see B.1 of
this Recommendation | International Standard):

FixedClassEncodingObjectSetFieldSpec ::=
obj ectsetfiel dreference
Def i nedOr Bui | ti nEncodi ngd ass
Encodi ngOhj ect Set Opt i onal i t ySpec?

EncodingObjectSetOptionalitySpec ::= OPTIONAL | DEFAULT EncodingObjectSet

The rjame of the field is "objectsetfieldreference". The "DefinedOrBuiltinEncodingClass" references the class ¢f the
encoding objects contained in the field. The "EncodingObjectSetOptionalitySpec"”, if present, specifies that thq field
may be unspecified in an encoding object definition, or, in the DEFAULT case, that omuSsion produces the follpwing
"EncqdingObjectSet" (see clause 18), all of whose objects shall be of "DefinedOrBuiltinEncodingClass".

B.9 Fixed-class ordered encoding object list field spec

NOTE — This modification is introduced for the sole purpose of clause 23.

A "FikedClassOrderedEncodingObjectListFieldSpec" specifies that the field is a fixed-class ordered encoding objdct list
field (see B.1 of this Recommendation | International Standard):

FixedClassOrderedEncodingObjectListFieldSpec ::=
or der edencodi ngobj ectli stfi el dref erence
Def i nedOr Bui | ti nEncodi ngd ass
ORDERED
O der edEncodi ngQoj ect Li st Opti-ohal i t ySpec?

OrderedEncodingObjectListOptionalitySpec'::= OPTIONAL | DEFAULT OrderedEncodingObjectList

The fjame of the field is "orderedencodingebjectlistfieldreference". The "DefinedOrBuiltinEncodingClass" refefences
the clpss of the encoding objects contained“in the field. The "OrderedEncodingObjectListOptionalitySpec", if present,
specifies that the field may be unspecified in an encoding object definition, or, in the DEFAULT case, that omijission
produces the following "OrderedEncodingObjectList" (see B.11 of this Recommendation | International Standargl), all
of whiose objects shall be of "DefinedOrBuiltinEncodingClass".

B.10] Encoding class\field spec
NOTE — This modifi€ation is introduced for the sole purpose of clause 23.

An "EncodingClassEieldSpec” specifies that the field is an encoding class field (see B.1 of this Recommendgtion |
Interrjational Standard):

EncodingClassFieldSpec ::=
encodi ngcl assfi el dref erence
Encodi nqgd assOpt i onal i t ySpec?

EncodingClassOptionalitySpec ::= OPTIONAL | DEFAULT DefinedOrBuiltinEncodingClass

The name of the field is "encodingclassfieldreference". If the "EncodingClassOptionalitySpec" is absent, all encoding
object definitions for that class are required to include a specification of an encoding class for that field. If OPTI ONAL is
present, then the field can be left undefined. If DEFAULT is present, then the following
"DefinedOrBuiltinEncodingClass" provides the default setting for the field if it is omitted in a definition.
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B.11

Ordered value list notation

OrderedValueList ::= "{" Value "," + "}"

The "OrderedValueList" is an ordered list of one or more values of the governing type. It is used when the application
applies semantics to the order of values in the list.

NOTE — A value list can only be specified by in-line notation (which is governed by a type field, a fixed-type value set field, or a
fixed-type ordered value list field).

B.12

Ordered encoding object list notation

OrderedEncodingObjectList ::= "{" EncodingObject "," + "}"

The "OrderedEncodingObjectList" is an ordered list of one or more encoding objects of the governing class. It is used

when

the application applies semantics to the order of encoding objects in the list.

Exanjple: A list of #TRANSFORMencoding objects is applied in the stated order.

nly be
tan be

hg its

NOTE — The following restrictions arise from normative text and BNF productions: An ordered encoding gbject list can o

specified by in-line notation (which is governed by an ordered encoding object list field); encoding objects)within that list

specified using either a reference name or in-line notation; the governor cannot be #ENCODI NGS.
B.13 Primitive field names
Rec. ITU-T X.681 | ISO/IEC 8824-2, 9.13, is madified as follows:
9.13 The construct "PrimitiveFieldName" is used to identify a field relative to the encoding class containi
specification:

PrimitiveFieldName ::=
val uefi el dreference
| val ueset fi el dref erence
| order edval uel i stfiel dreference

B.14 Additional reserved words
Rec. ITU-T X.681 | ISO/IEC 8824-2, 10.6 and 10.7, aremodified as follows:
10.6 A "word" lexical item used as a "Literal" cannot be one of the following:
BEG N
BER
CER
DER
ENCODE
ENCOPE- DECODE
END
FALSE
M NUB- | NFI NI TY
NON- ECN- BEG N
NULL
OPTI PNS
OUTER
PER- BASI C. ALT"GNED
PER- BASKCY{UNAL| GNED
PER- CANONI CAL- UNALI GNED
PER- GANGNHCAE—UNAH-ENED:
PLUS- | NFI NI TY
TRUE
UNI ON
USE
USE- SET
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NOTE — This list comprises only those ASN.1 reserved words which can appear as the first item of a "Value", "EncodingObject",
or "EncodingObjectSet", and also the reserved word END. Use of other ECN reserved words does not cause ambiguity and is
permitted. Where the defined syntax is used in an environment in which a "word" is also an "encodingobjectsetreference", the use
as a "word" takes precedence.

10.7 A "Literal" specifies the actual inclusion of that "Literal", which is required to be a "word", at that position in
the defined syntax.

B.15  Definition of encoding objects
The restriction imposed by Rec. ITU-T X.681 | ISO/IEC 8824-2, 10.12. d), is removed.

NOTE — This affects the defined syntax for defining encoding objects of some classes (see clauses 23 and 24). It means, for
example _that for a defined syntax snch as:

[ BOOL- TO- I NT [ AS &bool -to-int]]
th¢ user is allowed to write:
BOOL- TO- | NT

when defining an encoding object of this class. In such a case, the DEFAULT value associated/with’ the parjmeter
"&bool -to-int" (i, "fal se-zer 0") is used in the definition of the transform "BOOL- TO- | NT".

B.16] Additions to "Setting"
Rec. ITU-T X.681 | ISO/IEC 8824-2, 11.7, is modified as follows:
11.7 A "Setting" specifies the setting of some field within an encoding object being defined:

Setting ::=
Val ue
| Val ueSet
| O der edVal ueli st
| Encodi nghj ect
| Encodi ngOhj ect Set
| O der edEncodi ngQoj ect Li st
| Def i nedOr Bui | ti nEncodi nhgd ass
| QUTER

If thelfield is:

a) avalue field, the "Value" alternative;

b) a fixed-type value set field, the:!ValueSet" alternative;

c) a fixed-type ordered value list-field, the "OrderedValueList" alternative;

d) anencoding object field,.the "EncodingObject" alternative;

e) an encoding objectsetfield, the "EncodingObjectSet" alternative;

f)  an ordered enc@ding object list field, the "OrderedEncodingObjectList" alternative;
g) an encodingclass field, the "DefinedOrBuiltinEncodingClass" alternative;

h) areference tield, the "Value" or the OQUTER alternative,

shall pe selected.. \For a reference field specified using the syntax of clauses 20 to 25, the "Value" shall be a dymmy
paranjeter. OUTER can be used whenever a reference is required and identifies a container which is the entire encodling.

NOTE ~The setting is further restricted as described in Rec. ITU-T X.681 | ISO/IEC 8824-2,9.5t09.12, and 11.8 to 11.9.

B.17| “ZEncoding class field type

The type that is referenced by this notation depends on the category of the field name. For the different categories of
field names, B.17.2 to B.17.4 below specify the type that is referenced.

B.17.1 The notation for an encoding class field type shall be "EncodingClassFieldType":

EncodingClassFieldType ::=
Def i nedOr Bui | ti nEncodi ngd ass

Fi el dNane

where the "FieldName" is as specified in Rec. ITU-T X.681 | ISO/IEC 8824-2, 9.14, relative to the encoding class
identified by the "DefinedOrBuiltinEncodingClass".

Rec. ITU-T X.692 (08/2015) 141


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

B.17.2 For a fixed-type value, a fixed-type value set field, or a fixed-type ordered value list field, the notation denotes
the "Type" that appears in the specification of that field in the definition of the encoding object class.

B.17.3 This notation is not permitted if the field is an encoding object, an encoding object set or an ordered encoding
object list field.

B.17.4 The notation for defining a value of this type shall be "FixedTypeFieldVal" as defined in Rec. ITU-T X.681 |
ISO/IEC 8824-2, 14.6.
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Annex C

Addendum to Rec. ITU-T X.683 | ISO/IEC 8824-4

(This annex forms an integral part of this Recommendation | International Standard)

This annex specifies the modifications that need to be applied when productions and/or clauses from Rec. ITU-T
X.683 | ISO/IEC 8824-4 are referenced in this Recommendation | International Standard.

Cl1

Parameterized assignments

Clauses 8.1 and 8.3 of Rec, ITU-T X.683 | ISO/IEC 8824-4 are modified as follows:

8.1
in thi

8.3

A "D‘

N
C2

There are parameterized assignment statements corresponding to each of the assignment statements\spe
Recommendation | International Standard. The "Parameterized Assignment" construct is:

ParameterizedAssignment ::=

Par anet eri zedEncodi ngQhj ect Assi gnnent
Par anmet eri zedEncodi ngd assAssi gnnment
Par anet eri zedEncodi ngQbj ect Set Assi gnnent

ParameterList ::="{<" Parameter "," + ">}"

Governor ::=
Encodi ngd assFi el dType
| REFERENCE
| Defi nedOr Bui | ti nEncodi ngCl ass
| #ENCCODI NGS
| Type

hmmyReference" in "Parameter" may stand for:

a)
a)

b)
¢)

d)

an encoding class, in which case there shall be no“'ParamGovernor";

an ASN.1 value, value set, or fixed-type ordeted value list, in which case the "ParamGovernor" sh

present as a "Governor" that is a type exttacted from an encoding class ("EncodingClassFieldType");

an "identifier", in which case the "ParamGovernor" shall be present as a "Governor" that is REFERE]

an encoding object, or an ordered~encoding object list, in which case the "ParamGovernor" sh|
present as a "Governor" that is‘anencoding class ("DefinedOrBuiltinEncodingClass");

an encoding object set, in which case the "ParamGovernor" shall be present as a "Governor" t
#ENCCODI NGS.

TE — "DummyGovernor"s arenot-dllowed in ECN.

Parameterized encoding assignments

The following productions-are added to Rec. ITU-T X.683 | ISO/IEC 8824-4, 8.2:

ParameterizedEncodingClassAssignment ::=

encedi ngcl assr ef erence
Par amet er Li st

E'né:odi ngd ass

cified

all be

NCE;
hll be

hat is

ParameterizedEncodingObjectAssignment ::=

encodi ngobj ect r ef er ence
Par anet er Li st
Def i nedOr Bui | ti nEncodi ngd ass

E.n;:odi ngQoj ect

ParameterizedEncodingObjectSetAssignment ::=

encodi ngobj ect setref erence
Par anet er Li st
#ENCODI NGS

E.n;:odi ngQhj ect Set

Rec. ITU-T X.683 | ISO/IEC 8824-4, 8.4, is modified as follows:

Rec. ITU-T X.692 (08/2015)

143


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

8.4 The scope of a "DummyReference" appearing in a "ParameterList" is the "ParameterList" itself, together with
that part of the "ParameterizedAssignment"  which  follows the "::=". In case of a
"ParameterizedEncodingObjectAssignment”, the scope extends to the "DefinedOrBuiltinEncodingClass" which
precedes the ": : =". The "DummyReference" hides any other "Reference" with the same name in that scope.

NOTE — The special case for "ParameterizedEncodingObjectAssignment” is intended to be used in common with renames

clauses (see D.3.3.3). It allows to write an assignment such as the following in which the dummy parameter "#Any- Cl ass" of

the encoding object "new- conponent - encodi ng" is used as an actual parameter for the encoding class "#New-

conponent ":

new conponent - encodi ng {< #Any-cl ass >} #New conponent {< #Any-class >} ::=
{ -- encoding object definition -- }

C3 Referencing parameterized definitions

The production "ParameterizedReference" of Rec, ITU-T X.683 | ISO/IEC 8824-4, 9.1, is modified as follows:

ParameterizedReference ::=
Ref erence
| Ref er. ence " { <ll " >} n

The following productions are added to Rec. ITU-T X.683 | ISO/IEC 8824-4, 9.2:

ParameterizedEncodingObject ::=
Si npl eDef i nedEncodi ngbj ect
Act ual Par amet er Li st

SimpleDefinedEncodingObject ::=
Ext er nal Encodi ngQhj ect Ref er ence
| encodi ngobj ect ref er ence

ParameterizedEncodingObjectSet ::=
Si npl eDef i nedEncodi nghj ect Set
Act ual Par anet er Li st

SimpleDefinedEncodingObjectSet ::=
Ext er nal Encodi ngQhj ect Set Ref er ence
| encodi ngobj ect setref erence

ParameterizedEncodingClass ::=
Si npl eDef i nedEncodi ngd ass
Act ual Par anet er Li st

SimpleDefinedEncodingClass ::=
Ext er nal Encodi ngC assReference
| encodi ngcl assr ef erence

C4 Actual parameter list
Rec. ITU-T X.683 | ISO/IEC 8824-4, 9.5, is modified as follows:
9.5 The "ActualParametérList" is:
ActualParameterhist ::=
"{<"~Act ual Paraneter "," + ">}"
ActualParameéter ::=
Val ue
Val ueSet

I

| Or der edVal ueli st

| Def i nedOr Bui | ti nEncodi ngd ass
| Encodi nghj ect

T Encodi ngUb) ect set
I

I

I

I

O der edEncodi ngoj ect Li st
Conponent | dLi st

STRUCTURE

QUTER

If the corresponding dummy parameter is:
a) avalue: the "Value" alternative shall be used;
b) avalue set: the "ValueSet" alternative shall be used;
c) afixed-type ordered value list: the "OrderedValueList" alternative shall be used;

d) anencoding class: the "DefinedOrBuiltinEncodingClass" alternative shall be used;
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e) an encoding object: the "EncodingObject" alternative shall be used;

f) an encoding object set: the "EncodingObjectSet" alternative shall be used;

g) an ordered encoding object list: the "OrderedEncodingObjectList" alternative shall be used;
h) areference: the "identifier", STRUCTURE or QUTER alternative shall be used.

STRUCTURE shall only be used when the actual parameter is used as specified in 17.5.15. OUTER can be used whenever
a reference is required to identify a container, and identifies the container of the entire encoding.
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Annex D

Examples

(This annex does not form an integral part of this Recommendation | International Standard.)

This annex contains examples of the use of ECN. The examples are divided into five groups:

General examples, which show the look-and-feel of ECN definitions (D.1).

Specialization examples, which show how to modify some parts of a standardized encoding. Each

D.1 General examples

example has a description of the requirements for the encoding and a description of the selected solution
and possible alternative solutions (D.2).

Explicitly generated structure examples, which show the use of explicitly generated structures, wh¢n the
same specialized encoding is used several times (D.3).

A legacy protocol example which shows three ways of handling the problem of a traditional "more-bit"
approach to sequence-of termination (D.4).

A second legacy protocol example, which shows how to construct ECN definitions for a protocol whose
message encodings have been specified using a tabular notation (D.5).

The gxamples described in D.1.1 to D.1.14 are part of a complete ECN specification whose ASN.1, EDM, and|ELM
modufes are given in outline in D.1.15, D.1.16 and D.1.17, and are given eQmpletely in a copy of this annex whiich is

availdble from the website cited in Annex F.

D.1.1 An encoding object for a boolean type
D.1.1}1 The ASN.1 assignment is:

D.1.1}2 The encoding object assignment (see 23.3.0) is:

Married ::= BOOLEAN

bool eanEncodi ng #BOOLEAN .= {

marri edEncodi ng=1 #Married ::= bool eanEncodi ng

ENCODI NG- SPACE
SIZE 1
MULT) PLE OF bit
TRUE- PATTERNWDi ts: ' 1' B
FALSE- PATTERN bits:' 0' B}

D.1.1}3 There is no pre-alignment, and the encoding space is one bit, so "Marri ed" is encoded as a bit-figld of

length 1. Patterns forTRUE and FALSE values (in this case a single bit) are '1'B and '0'B respectively.

D.1.1}4 Thevalues specified above are the values that would be set by default (see 23.3.1) if the corresponding

encoding preperties were omitted, so the same encoding can be achieved with less verbosity by:

marri edEncodi ng-2 #Married ::= {

ENCODI NG- SPACE
Sl ZE 1}

D.1.1.5 This encoding for a boolean is, of course, just what PER provides, and another alternative is to specify the
encoding using the PER encoding object for boolean by way of the syntax provided by 17.3.1.

marri edEncodi ng-3 #Married ::= {

ENCCDE W TH PER- BASI C- UNALI GNED}

146 Rec. ITU-T X.692 (08/2015)


https://standardsiso.com/api/?name=1dd5a0072b58f98b642c5749ced84b6d

ISO/IEC 8825-3:2015 (E)

D.1.1.6  As these examples show, there are often cases where ECN provides multiple ways to define an encoding. It is
up to the user to decide which alternative to use, balancing verbosity (stating explicitly values that can be defaulted)
against readability and clarity.

D.1.2 An encoding object for an integer type
D.1.2.1 The ASN.1 assignments are:

EvenPosi tivelnteger ::= INTEGER (1..MAX) (CONSTRAINED BY {-- Mist be even --})
I NTEGER (M N..-1) (CONSTRAINED BY {-- Mist be even --})

EvenNegat i vel nt eger

D.1.2.2 The encoding object assignments are:

evenPosi tivel nt eger Encodi ng #EvenPositivel nteger ::= {
USE #NonNegat i vel nt
MAPPI NG TRANSFORVB {{| NT-TO- I NT di vi de: 2}}
W TH PER- BASI C- UNALI GNED}

#NonNegati vel nt ::= #I NT(0..NMAX)

evenNegat i vel nt eger Encodi ng #EvenNegati vel nteger ::= {
USE #NonPosi ti vel nt
MAPPI NG TRANSFORMVSB {{I NT- TO- I NT di vi de: 2
-- Note: -1/ 2 =0 - see clause 24.3.7 -- }}
W TH PER- BASI C- UNAL| GNED}

#NonPosi tivelnt ::= # NT(MN..0)

D.1.2}3 An even value is divided by two, and is then encoded using standdrdized PER encoding rules for positivie and
negat|ve integer types.

D.1.3 Another encoding object for an integer type

D.1.3}]1 Here we assume the requirement to define an encoding object which encodes an integer in a two-octet field
starting at an octet boundary.

D.1.3}]2 The ASN.I assignment is:

Altitude ::= | NTEGER (0. . 85535)
D.1.3}3 The Encoding object assignment (see 23.6.1 and 23.7.1) is:

i nt eger Ri ght Al i gnedEncodi ng #Al titude ::
ENCCDI NG~
ALLGNED TO NEXT oct et
ENCCDI NG- SPACE
Sl ZE 16}}

{

D.1.4 An encoding object for an integer type with holes
D.1.41 The-ASN.I assignment is:

IntegerWthHol e ::= I NTEGER (-256..-1 | 32..1056)

D.1.4.2 The encoding object assignment (see 19.5.2) is:

i nt eger Wt hHol eEncodi ng #l ntegerWthHole ::= {
USE #l nt Fron0T01280
MAPPI NG ORDERED VALUES
W TH PER- BASI C- UNAL| GNED}

#1 nt FronDTo1280 :: = #I NT (0..1280)

D.1.4.3 "Integer WthHol e" is encoded as a positive integer. Values in the range -256..-1 are mapped to values in
the range 0..255 and values in the range 32..1056 are mapped to 256..1280.
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A more complex encoding object for an integer type

D.1.5.1 The ASN.1 assignments are:

Positivelnteger ::= | NTEGER (1..NAX)
Negati vel nteger ::= INTEGER (M N..-1)

D.1.5.2 The encoding object assignments are:

posi ti vel nt eger Encodi ng #Positivelnteger ::=
i nt eger Encodi ng

D.1.5
"i nt g
provi

D.1.5
encod
being
last ir

D.1.5

negati vel nt eger Encodi ng #Negati vel nteger ::=
i nt eger Encodi ng

3 Values of "Positivelnteger" and "Negativel nteger" types are encoded by the encoding
ger Encodi ng" as a positive integer or as a twos-complement integer respectively. This is defined below
les different encodings depending on the bounds of the type to which it is applied.

4 The "i nt eger Encodi ng" encoding object defined here is very powerful, but quite complex. It contain|
ing objects of the class #CONDI TI ONAL- | NT; they all define an octet-aligned encodingZ When the integer
encoded are bounded, the number of bits is fixed; when the values are not boundedy.the type is required to |
a PDU, and the value is right justified in the remaining octets of the PDU.

5 The definition of the encoding object (see 23.6.1 and 23.7.1) is:

i nt eger Encodi ng #I NT :: = { ENCCDI NGS {
{ I F unbounded- or - no- | ower - bound
ENCODI NG- SPACE
Sl ZE vari abl e-wi t h- det er ppnant
DETERM NED BY cont ai net.
USI NG QUTER
ENCODI NG t wos- conpl enent }>,
{ I F bounded-wi t h-negati ves
ENCODI NG- SPACE
Sl ZE fi xed- t.o- max
ENCODI NG t wos- conplyenent }
{ I'F semni -bounded- witt'h~negati ves
ENCODI NG- SPACE
S| ZE vari abl e- wi t h- det er m nant
DEFERM NED BY cont ai ner
USI'NG QUTER
ENCCOBI NG t wos- conpl enent }
{ I F semi~bounded-w t hout - negati ves
ENG@DI NG- SPACE
Sl ZE vari abl e-wi t h- det er nmi nant
DETERM NED BY cont ai ner
USI NG QUTER
ENCODI NG positive-int}
{ | F bounded-wi t hout - negati ves
ENCODI NG- SPACE
Sl ZE fi xed-t o- max

bbject
r, and

5 five
ralues
be the

ENCODI NG positive-int}l}

D.1.6

Positive integers encoded in BCD

D.1.6.1 This example shows how to encode a positive integer in BCD (Binary Coded Decimal) by successive
transforms: from integer to character string then from character string to bitstring.

D.1.6

D.1.6

148

.2 The ASN.1 assignment is:

Posi tivel nteger BCD :: = | NTEGER( 0. . MAX)

.3 The encoding object assignment (see 19.4, 24.1 and 23.4.1) is:
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posi ti vel nt eger BCDEncodi ng #Positivel ntegerBCD :: = {
USE #CHARS
MAPPI NG TRANSFORMS{ {
| NT- TO- CHARS
-- W convert to characters (e.g., integer 42

-- becones character string "42") and encode the characters
-- with the encoding object "numeric-chars-to-bcdEncodi ng"
S| ZE vari abl e
PLUS- SI GN FALSE} }
W TH nuneri c- char s-t o- bcdEncodi ng }

numneri c- chars-to-bcdEncodi ng #CHARS :: = {
ALI GNED TO NEXT ni bbl e

D.1.6
varial
HOH t(
HOH’ '
patter

D.1.6
an oc

D.1.7

D.1.7
paddd
conta

D.1.7

TRANSFORMS {{
CHAR-TO BI TS
-- W convert each character to a bitstring
--(e.g., character "4" becones '0100'B and "2" becones
-- '0010' B)
AS mapped
CHAR-LIST { "O","1","2","3",
4", "5t e, T,
"8","9"}
BI TS-LI ST { '0000' B, '0001'B, '0010'B, '00117/B,
'0100' B, '0101'B, '0110'B, '0&11“B,
'1000' B, '1001'B }}}
REPETI TI ON- ENCODI NG {
REPETI TI ON- SPACE
-- W determine the concatenation of the bitstrings for the
-- characters and add a terminator (e{gy;
-- '0100'B + '0010' B becones '0100 6010 1111'B)
Sl ZE vari abl e-wi t h- det er ni nant
DETERM NED BY pattern
PATTERN bits:'1111' B}}

4 The positive number is first transformed into a character string by the int-to-chars transform using the o
le length and no plus sign, and in addition the defaglt*option of no padding, giving a string containing char
"9". Then the character string is encoded such that each character is transformed into a bit pattern, ' 0000
0001' B for "1".., ' 1001' B for "9". The bitsfring is aligned on a nibble boundary and terminates with a sp
n'l1111'B.

5 A more complex alternative, not(shown here, but commonly used, would be to embed the BCD encod
et string, with an external boolean identifying whether there is an unused nibble at the end or not.

An encoding object of class #BI TS

1 This example defingsyan encoding object of class #BI TS (see 23.2.1) for a bitstring that is octet-al
d with 0, and termindted by an 8-bit field containing ' 00000000' B (it is assumed that an abstract value
ns eight successivé-zeros):

2 The ASNd asSignment is:

Fax.: := BI T STRI NG ( CONSTRAI NED BY
{-- must not contain eight successive zero bits --})

btions
hcters
B for
ecific

ng in

gned,
never

D.1.7.

D.1.7

3—Thcencodimg objeCt asSIgmIet (SeT 23-2-1; 23 13- T amd 23 =1y Tse

faxEncodi ng #Fax ::= {
ALI GNED TO NEXT oct et
REPETI TI ON- ENCODI NG {
REPETI TI ON- SPACE
SI ZE vari abl e- wi t h- det er m nant
DETERM NED BY pattern
PATTERN bi t s: ' 00000000' B} }

.4 This encoding object (of class #BITS) contains an embedded encoding object of

#CONDI TI ONAL- REPETI Tl ON which specifies the mechanism and the termination pattern.
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D.1.7.5 As with many of the examples in this annex, there is heavy reliance here on the defaults provided in clau

se 23

and advantage is taken of the ability to define encoding objects in-line rather than separately assigning them to

reference names which are then used in other assignments.

D.1.8 An encoding object for an octetstring type
D.1.8.1 The ASN.I assignment is:

Bi naryFile ::= OCTET STRI NG

D.1.8.2 The encoding object assignment (see 23.9.1) is:

bi naryFi | eEncodi ng #BinaryFile ::= {

ALl GNED TO NEXT oct et

PADDI NG one

REPETI TI ON- ENCODI NG {

REPETI TI ON- SPACE

S| ZE vari abl e-wi t h- det er mi nant
DETERM NED BY cont ai ner
USI NG QUTER} }

D.1.8}3 The value is octet-aligned using padding with ones and terminates with the end«0f the PDU.

D.1.9 An encoding object for a character string type
D.1.9}1 The ASN.1 assignment is:

Password ::= PrintableString

D.1.9}2 The encoding object assignment (see 23.4.1 and 23.14.1)%8:

passwor dEncodi ng #Password :: = {
ALl GNED TO NEXT oct et
TRANSFORMS {{CHAR- TO-BI TS AS“conpact
SI ZE fi xed-t o- max
MULTI PLE OF hit }}
REPETI TI ON- ENCODI NG {
REPETI TI O\ SPACE
S| ZE yarij abl e-wi t h- det er mi nant
DETERM*NED BY cont ai ner
USING' OUTER} }

D.1.9}3 The string is octet-aligned using padding with "0" and terminates with the end of the PDU; the character-

encoding is specified as "€onpact ", so each character is encoded in 7 bits using ' 0000000' B for the first 4
charagter of type Pri nt d&bheStri ng,' 0000001" B for the next, and so on.

D.1.1p Mapping eharacter values to bit values

D.1.1p.1 The ASN.1 assignment is:

ASCII

CharacterStringToBit ::= IA5String ("FIRST" | "SECOND' | "THIRD')

D.1.10.2 The encoding object assignment (see 19.2) is:

character StringToBi t Encodi ng #CharacterStringToBit ::= {
USE #| nt FronDTo2
VAPPI NG VALUES {

"FlI RST" TO 0,
" SECOND" TO 1,
"TH RD' TO 2}

W TH i nt eger Encodi ng}
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#l nt Fron0To2 ::= #I NT (0..2)

where "integerEncoding" is defined in D.1.5.5.

D.1.10.3 The three possible abstract values are mapped to three integer numbers and then those numbers are encoded in
a two-bit field.

D.1.11  An encoding object for a sequence type

D.1.11.1 Here we encode a sequence type that has a field "a" which carries application semantics (i.e., is visible to the
application), but we also want to use it as a presence determinant for a second (optional) integer field "b". There is then
an octet string that is octet-aligned, and delimited by the end of the PDU. We need to give specialized encodings for the
optionality of "b", and we use the specialized encoding defined in D.1.8 (by reference to the encoding object
"binaryFileEncoding") for the octet string "c". We want to encode everything else with PER basic unaligned.

D.1.1

D.1.1

D.1.1
"par
that T
"a" a
in D.J

D.1.1

D.1.1
field,
detert
altern|

D.1.1

1.2 The ASN.1 assignment is:

Sequencel 1= SEQUENCE {
a BOCOLEAN,
| NTEGER OPTI ONAL,
c Bi naryFi |l e

-- "BinaryFile" is defined in D.1.8.1 --}
1.3 The ECN assignments (see 17.5 and 23.11.1) are:

sequencelEncodi ng #Sequencel ::= {
ENCCDE STRUCTURE {
b USE- SET OPTI ONAL- ENCCDI NG par anet eri.zedPresenceEncodi ng {< a >},
¢ bi naryFil eEncodi ng
-- "binaryFil eEncoding" is defined\in D.1.8.2 -- }
W TH PER- BASI C- UNALI| GNED}

par anet eri zedPr esenceEncodi ng {< REFERENCE reference >} #OPTIONAL :: = {
PRESENCE
DETERM NED BY fi el d-to- besused
USI NG r ef erence}

1.4 Notice that we did not need to provide the "DECODERS- TRANSFORMB" encoding property i
Let er i zedPr esenceEncodi ng" encoding object, because the component "a" was a boolean, and it is ass
RUE meant that "b" was present. If, hgwever, "a" had been an integer field, or if the application value of TR
tually meant that "b" was absent, then we would have included a "DECODER- TRANSFORMS" encoding propg
.6.

D An encoding object fok a choice type

as a selector. The eficoding object of class #ALTERNATI VES specify that the identification handle "Tag" is u
hinant; the encoding object of class #TAG defines the position of the identification handle (three bits). For

h the
umed
UE for
rty as

P.1 A choice type with-three alternatives is encoded using the tag number of class context, encoded in a thijee bit

bed as
each

ptive, the valueds encoded with PER basic unaligned.
D.2 The ASN.1 assignment is:
Choice ::= CHO CE {
bool ean [ 1] BOOLEAN,
i nt eger [3] | NTEGER,
string [ 5] I A5St ri ng}

D.1.12.3 The ECN assignments (see 23.1.1 and 23.15.1) are:

choi ceEncoding-1 #Choice ::={
ENCCDE STRUCTURE {
bool ean [ tagEncodi ng] USE- SET,
i nt eger [tagEncodi ng] USE- SET,
string [tagEncodi ng] USE- SET
STRUCTURED W TH {
ALTERNATI VE
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DETERM NED BY handl e
HANDLE " Tag"}}
W TH PER- BASI C- UNAL| GNED}

tagEncodi ng #TAG :: = {
ENCODI NG- SPACE
Sl ZE 3
MULTI PLE OF bit
EXH Bl TS HANDLE “"Tag" AT {0 | 1| 2}}

D.1.12.4 Perhaps a neater way of providing the first assignment in D.1.12.3 would be to define a new encoding object

set an

d apply it as follows:

D.1.1

D.1.1
seque

D.1.1

D.1.1

AR MO (=12 CORLCRAGL O LINIAL L
A

A H Y i [ il H 1 COMNRL TR, o All =0,
Wy TITCUOUT TS # CINCODN INGS .. — | tagaTeuuT 1Ty COVICCTED DT Ty DA OF ONAeT NC

choi ceEncodi ng-2 #Choice ::= {
ENCCDE STRUCTURE {
STRUCTURED W TH {
ALTERNATI VE
DETERM NED BY handl e
HANDLE " Tag"}}
W TH MyEncodi ngs}

B Encoding a bitstring containing another encoding

B.1 A bitstring value encoded with PER basic unaligned, contains the PER-basic unaligned encoding
nce as an integral number of octets (padded with zeros) but not necessarily aligiied on an octet boundary.
B.2 The ASN.1 assignment are:
Sequence?2 ::= SEQUENCE {
a BOCLEAN,
b BI T STRI NG (CONTAI NI NG Sequencé3) }
Sequence3 ::= SEQUENCE ({
a | NTEGER( 0. . 10) ,
b BOOLEAN }

B.3 The ECN assignments (see 25.1) are:

sequence2Encodi ng #Sequence?2 :: = {
ENCCDE STRUCTURE._{
b { REPETI TI ON- ENCCDI NG {
REPETI TI ON- SPACE
SI ZE 8
MJLTI PLE OF bit}
CONTENTS- ENCODI NG { sequence3Encodi ng}
COVREETED BY PER- BASI C- UNALI GNED} }
W ITHNPER- BASI C- UNALI GNED}

sequence3Encodi ng #Sequence3 :: = {
ENCCDE STRUCTURE {
STRUCTURED W TH sequence3St r uct ur eEncodi ng

}
W TH PER- BASI C- UNAL| GNED }

sequence3St ruct ur eEncodi ng #CONCATENATI ON : : = {
ENCODI NG- SPACE
MJULTI PLE OF octet
VALUE- PADDI NG
JUSTIFIED left: 0
PCOST- PADDI NG zer o
UNUSED BI TS
DETERM NED BY not - needed }

D.1.14 An encoding object set

These encoding object sets contain encoding definitions for some types specified in the ASN.1 module of D.1.15.
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