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ISO (the International Organization for Standardization) and
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Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
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Information technology — ASN.1 encoding rules:
Specification of Encoding Control Notation (ECN)

Summary

Recommendation ITU-T X.692 | ISO/IEC 8825-3 defines the Encoding Control Notation (ECN) used to specify
encodings (of ASN.1 types) that differ from those provided by standardized encoding rules such as the Basic Encoding
Rules (BER) and the Packed Encoding Rules (PER).
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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
these topics.

gtion 1.

The apprgwa

In some greas of information technology which fall within ITU-T's purview, the necessary. 'starjdards are
prepared pn a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used “for conciseness to indicafe both a
telecommpunication administration and a recognized operating agency?

Complianjce with this Recommendation is voluntary. However; the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperabilitys Oor applicability) and compliance |with the
Recommgndation is achieved when all of these mandatory provisions are met. The words "shall| or some
other oblijgatory language such as "must" and the negdtive equivalents are used to express requirenpents. The
use of sugh words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention tonthe possibility that the practice or implementation of this Recommendation may
involve the use of alaimed Intellectual Property Right. ITU takes no position concerning the [evidence,
validity of applicability of claimed Intellectual Property Rights, whether asserted by ITU membersg or others
outside of the Recommendation development process.

As of the| dat€ of approval of this Recommendation, ITU had not received notice of intellectual| property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http:/www.itu.int/ITU-T/ipt/.

© 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:

a) The need to write ASN.1 types (and get the support of ASN.1 tools in implementations) for established
("legacy™) protocols where the encoding is already determined and differs from all standardized encoding
rules.

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

The linkage provided in an ECN specification to an ASN.1 specification is well-defined and machine procgssable, so
encoders apd decoders can be automatically generated from the combined specifications. Thisds/a significapt factor in
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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 icope
This Recofnmendation | International Standard defines a notation for specifying encodings of ASN.1 types or|of parts of
types.

It provideg| 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 gngoding structure;
—|  specification of the encoding using non-ECN notation.

It also proyides the means to link the specification of encodings to the type'definitions to which they are to befapplied.

ECN does|not currently provide any support for specifications usingithe OID internationalized resource ideftifier type
or the relajive OID internationalized resource identifier type (see Rec. ITU-T X.680 | ISO/IEC 8824-1), an{l these are
not referrefl to further in this Standard.

2 Normative references

The following Recommendations and International Standards contain provisions which, through reference ip this text,
constitute provisions of this Recommendations{International Standard. At the time of publication, the editionf indicated
were valid] All Recommendations and Inté¢rhational Standards are subject to revision, and parties to agreements based
on this Rgcommendation | International Standard are encouraged to investigate the possibility of applying the most
recent edifion of the Recommendations’and Standards listed below. Members of IEC and ISO maintain registers of
currently yalid International Standards. The Telecommunication Standardization Bureau of the ITU maintaips a list of
currently vjalid ITU-T Recommendations.

NOTE t This Recommendation | International Standard is based on ISO/IEC 10646:2003. It cannot be applied| using later
versiong of this standard.

2.1 Idgntical Recommendations | International Standards
4+ ,Re¢ommendation ITU-T X.660 (2011) | ISO/IEC 9834-1:2012, Information technology — Opgn Systems
Interconnection — Procedures for the operation of OSI Registration Authorities: General procgdures and
TOp arcs of the international ObJect 10entiiier ree.

—  Recommendation ITU-T X.680 (2015) | ISO/IEC 8824-1:2015, Information technology — Abstract
Syntax Notation One (ASN.1): Specification of basic notation

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

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

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

—  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 pufposes 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 RecAITU-T X.680(| ISO/IEC
8824-1, Rec. ITU-T X.681 | ISO/IEC 8824-2, Rec. ITU-T X.682 | ISO/IEC 8824-3, Rée¢hITU-T X.683 (] ISO/IEC
8824-4, Rgc. ITU-T X.690 | ISO/IEC 8825-1 and Rec. ITU-T X.691 | ISO/IEC 8825-2.

3.2 E(N-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  apxiliary field: A field of a replacement structure (that is added in the ECN specification) whose yalue 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 for\an 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 r¢present an
abstract vglue, or provide information (such as a length\determinant for some other field — see 3.2.31) heeded for
successful [decoding, or both.

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

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

NOTE + Other encoding classes are concerned with more general encoding procedures, such as those required to dgtermine the
end of rppetitions of bit-field class encodings, or to determine which of a set of alternative bit-field encodings is preseft.

3.2.5 bpunds condition: A condition on the existence of bounds of an integer field (and whether they allow negative
values or rfot) 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 rgpresenting
different abstract valués)-is present in some other bit-field.

mbined-encoding object set: A temporary set of encoding objects produced by the combination pf two sets
of encoding objects for the purpose of applying encodings.

«w
&

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
Module.

3.2.16 Encoding Link Module (ELM): The (unique, for any given application) module that assigns encodings to
ASN.1 typrs.

3.2.17 encoding object: The specification of some part of the procedures needed to perform the encdding or decoding
of an ASN]1 type.

NOTE t} Encoding objects can specify the encoding of primitive ASN.1 types, but can also specify/the procedurep associated
with AYN.1 tag notation, the use of OPTI ONAL and with encoding constructors.

3.2.18 encoding object set: A set of encoding objects.
NOTE 1 An encoding object set is normally used in the Encoding Link Module to detepine’ the encoding of all the top-level
types qu in an application.

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

3.2.20 enpcoding space: The number of bits (or octets, words or oth€p units) used to encode an abstract value into a
bit-field (spe 9.21.5).

3.2.21 enpcoding structure: The structure of an encoding, defined either from the structure of an A[SN.I type
definition, jor in an EDM using bit-field classes and encoding ¢onstructors.

NOTE | — Use of an encoding structure is only one of seyeral mechanisms (but an important one) that the Encoding Control
Notatiop provides for the definition of encodings for ASN. I'types.

NOTE 3 — 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| generated
encoding structure by use of the renames clause’ih an EDM.

3.2.23 extensibility: Provisions in ansearly version of a standard that are designed to maximize the interforking of
implementptions of that early version with the expected implementations of a later version of that standard.

3.2.24 fylly-qualified name: A-xéference to an encoding class, object, or object set that includes either the name of
the EDM jmodule in which _that encoding class, object, or object set was defined, or (in the case of an| implicitly
generated ¢ncoding class) the.name of the ASN.1 module in which it was generated. (See also 3.2.43.)

NOTE 1 A fully-qualified name (see production "ExternalEncodingClassReference" in 10.6) has to be used in thp body of a

module fif the encoding Class is an implicitly generated encoding structure whose name is the same as a reserved clas§ name, or if
use of tlhe name alone would produce ambiguity due to multiple imports of classes with that name. (See A.1/13.16).

3.2.25 g¢nerated encoding structure: An implicitly or explicitly generated encoding structure whose pufpose is to
define the pricodings of the corresponding ASN.1 type through application of encodings in the ELM.

3.2.26 governor: A part of an ECN specification which determines the syntactic form (and semantics) of some other
part of the ECN specification.

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 deéreferenced to
some othef class (see 16.1.14).

3.2.39 r¢cursive definition (of a reference name): A reference name for which resolution of the re¢ference name, or
of the gov¢rnor of the definition of the reference name, requires resolution of the original refererce fiame.

NOTE + Recursive definition of an encoding class (including an encoding structure) or an encoding object is permifted (but see
17.1.4).] Recursive definition of an encoding object set is forbidden by 18.1.3.

3.2.40 r¢cursive instantiation (of a parameterized reference name): An instantiatien of a reference ngme, where
resolution pf the actual parameters requires resolution of the original reference name:

NOTE + Recursive instantiation of an encoding class (including an encoding strugture) or an encoding object is pefmitted (but
see 17.11.4). Recursive instantiation of an encoding object set is forbidden by 18,123,

3.2.41 r¢placement structure: A parameterized structure used to replace some or all parts of a construcfion before
encoding the construction.

3.2.42 sdlf-delimiting encoding: An encoding for a set of abstract values such that there is no abstract valpe that has
an encodirjg that is an initial sub-string of the encoding of any¢other abstract value in the set.

NOTE + This includes not only fixed-length encodings of a botnded integer, but also encodings generally described 4s "Huffman
encodinfgs" (see Annex E).

3.2.43 simple reference name: A reference to an€ncoding class, object, or object set that includes neithef the name
of the EDM module in which that encoding class} ‘ebject, or object set was defined, nor (in the case of an| implicitly
generated ¢ncoding class) the name of the ASN(lymodule in which it was generated.

NOTE } A simple reference name can only-be used when the reference to the encoding class is unambiguous, jotherwise a
fully-quialified name (see 3.2.24) has to bexused in the body of a module.

3.2.44 sige range condition: A condifion on the existence of effective size constraints on a string or repetition field
(and whether the constraint ineludes zero, and/or allows multiple sizes) which, if satisfied, means thaf specified
encoding rples are to be applied.

3.2.45 squrce governory(or source class): The governor that determines the notation for specifying abstfact values
associated [with a soure@class when mapping them to a target class.

3.2.46 start pointer: An auxiliary field indicating the presence or absence of an optional bit-field, and in fhe case of
presence, dontaininig the offset from the current position to the bit-field.

3.2.47 tqrget governor (or target class): The governor that determines the notation for specifying abstfact values

associated 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
DER Distinguished Encoding Rules of ASN.1
CN Encoding Control Notation for ASN.1
DM  Encoding Definition Module
LM Encoding Link Module
DU Protocol Data Unit
ER Packed Encoding Rules of ASN.1

5 efinition of ECN syntax

5.1 his Recommendation | International Standard employs the notatienal convention defined in |[Rec. ITU-
T X.680 | ISO/IEC 8824-1, clause 5.

5.2 his Recommendation | International Standard employs thehotation for information object classes|defined in
Rec. ITU-T X.681 | ISO/IEC 8824-2 as modified by Annex B.

5.3 his Recommendation | International Standard references productions defined in Rec. ITU-T X.68( | ISO/IEC
8824-1 as modified by Annex A, Rec. ITU-T X.681 | ISO/IEE 8824-2 as modified by Annex B, and Rec. ITY-T X.683 |
ISO/IEC 8B24-4 as modified by Annex C.

6 incoding conventions and notation

6.1 This Recommendation | International Standard defines the value of each octet in an encoding by|use of the
terms "mof#t significant bit" and "least significant bit".
NOTE { Lower layer specifications use the same notation to define the order of bit transmission on a serial [line, or the
assignnjent of bits to parallel channels.

6.2 For the purpose of-this Recommendation | International Standard, the bits of an octet are numbefed from §
to 1, wherg bit 8 is the "mest significant bit" and bit 1 is the "least significant bit".

6.3 For the purpeses of this Recommendation | International Standard, encodings are defined as a stifing of bits
starting frqm a "leading bit" through to a "trailing bit". On transmission, the first eight bits of this string of Yits starting
with the "lpading bit" shall be placed in the first transmitted octet with the leading bit as the most significant bit of that
octet. The|next eight bits shall be placed in the next octet, and so on. If the encoding is not a multiple of eight bits, then
the remain i i i 1

NOTE — A complete ECN encoding is not necessarily always a multiple of eight bits, but an ECN specification can determine the
addition of padding to ensure this property.

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

7 The ECN character set

7.1 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
these characters.
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7.2 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.

7.3 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.

Table 1 — ECN characters

0to9 (DIGIT ZERO to DIGIT 9)

Ato Z  (LATIN CAPITAL LETTER A to LATIN CAPITAL LETTER Z)
atoz (LATINSMALL LETTER A to LATIN SMALL LETTER Z)

" (QUOTATION MARK)

ALIAARTEDR CIOND
Y OIVID I OTOTY )

& (AMPERSAND)
(APOSTROPHE)

( (LEFT PARENTHESIS)

) (RIGHT PARENTHESIS)

, (COMMA)

- (HYPHEN-MINUS)
(FULL STOP)
(COLON)
(SEMICOLON)

< LESS-THAN SIGN

(EQUALS SIGN)

3

> GREATER-THAN SIGN
{ (LEFT CURLY BRACKET)
| (VERTICAL LINE)
} (RIGHT CURLY BRACKET)
7.4 There shall be no significance placed on the typographical style, size, colour, intensity, or other display
characterigtics.
7.5 The upper-case and lower-caseéJetters shall be regarded as distinct.
8 LCN lexical itends

In addition to the ASN.l.7lexical items specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, claus¢ 12, this
Recommeipdation | Intetnational Standard uses lexical items specified in the following subclauses. The geheral rules
specified ip Rec. ITU-T*X.680 | ISO/IEC 8824-1, 12.1, apply in this clause.

NOTE + Annex®Glists all lexical items and all the productions used in this Recommendation | International Standard| identifying

those that are.defined in Rec. ITU-TX.680 | ISO/IEC 8824-1, Rec. ITU-T X.681 | ISO/IEC 8824-2 and Rec. ITU-T X.683 |
ISO/IEQ 8324-4.

8.1 Encoding object references
Name of item — encodingobjectreference

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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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:

Y

ALL FI ELDS PER- CANONI CAL- ALI GN
AS FROM ED
BEG N GENERATES PER- CANONI CAL- UNAL |
BER I F G\NED
BI IS | MPORTS PLUS- | NFRNII
BY] I'N REFERENCE
CER LI NK- DEFI NI TI ONS REMAI NDER
COWPLETED MAPPI NG RENANMES
DE{CCDE MAX SVZE
DER M N STRUCTURE
DI BTRI BUTI ON M NUS- I NFI NI TY STRUCTURED
ENCCDE NON- ECN- BEG N TO
ENCCDI NG- CLASS NON- ECN- END TRANSFCRVB
ENCCDE- DECCDE NULL TRUE
ENCCDI NG- DEFI NI TI ON COPTI ONAL- ENCODI 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- UNALI'GNED

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

NOTE A
SYNTA

85 Re

Names of'1

#AL

ERNATI VES

TENATLON

served encoding class name items

eserved encoding class name items:

H#EXTERNAL
#Cener al i zedTi ne
#General String
#G aphicString
#1 A5String

#1 NT

#| NTEGER

#NUL

#NULL

#Numeri cString

- The words (see Rec. ITU-T X.681 | ISO/IEC 8824-2/7.9) used in the definition of encoding classes (with
X" statement) in clause 23 are not reserved words (s¢e also B.14).

#Printabl eString
#REAL

#RELATI VE-Q D
#REPETI TI ON
#SEQUENCE
#SEQUENCE- OF
#SET

#SET- OF

#TAG

#Tel et exString

DI TICONAL- | NT #OBJECT- | DENTI FI ER #TI ME

DI<FI,ONAL- REPETI Tl ON #Qbj ect Descri pt or #TI ME- OF- DAY
#DA HOCTETS HTRANSECORM
#DATE- TI ME #OCTET- STRI NG #Uni versal String
#DURATI ON #OPEN- TYPE #UTCTi e
#ENMBEDDED- PDV #OPTI ONAL #UTF8St ri ng
#ENCCDI NGS #OUTER #Vi deot exStri ng
#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

n a "WITH

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.1, it is 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

d) to relate 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 identifying regetitions of

fields and identification of alternatives, etc.

9.1.3  The above process normally takes part in several stages. First an ASN.1 definitfoft is produced dgtailing the
abstract syntax. From this a crude encoding structure is automatically generated, (conceptually within the ASN.1
module). This implicitly generated structure contains only fields that carry the application semantics, withoyt fields for
things like|length determination, alternative selection, and so on.

9.1.4  This structure can be transformed by a series of mechanisms into.the structure of fields that s actually
required, ipcluding all fields needed to support the decoding activity (deferminants). These mechanisms pll involve
some fornI[‘l of replacement of a simple field carrying application serhantics by a more complex structyire. Such
replacements form an important part of ECN specification.

9.1.5  We can further define encoding objects for each of theMiclds in the final structure. These determife not only
the encodihg 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 defined
encoding ¢bjects to the final encoding structure in‘@rder to completely determine an encoding. This is done in the
Encoding Link Module (ELM).

9.2 Enfoding classes

9.2.1 Al encoding class is an implicit property of all ASN.1 types, and represents the set of all possibl¢ encoding
specificatipns for that type. It prevides a reference that allows Encoding Definition Modules to define encdding rules
for encoding structure fields corrésponding to the type. Encoding class names begin with the character "#".

Example: | 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 encqding class

#My- Type
9.2.2  There ‘aré several kinds of encoding classes:

9.2.2.1 Bhilt-in-encoding classes here-are-built-in-encodingclasses—with-names-such-asH#H-NFEGER and-#BOOLEAN.
These enable the definition of special encodings for primitive ASN.1 types. There are also built-in encoding classes for
encoding constructors such as #SEQUENCE, #SEQUENCE- OF and #CHQ CE (see also 9.3.2), and for the definition 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 the character "#", then an upper-case letter. Each encoding structure definition defines a new encoding class (the
set of all possible encodings of that encoding structure). Encoding structures are formed from fields which are either
built-in encoding classes or the names of other encoding structures, combined using encoding constryetprs (which
represent the set of all possible encoding rules that support their type of construction mechanism, and-are h¢nce called
encoding dlasses). (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, sand” #ALTERNATI VES,
corresponding roughly to ASN.1 sequence (and set), sequence-of (and set-of), and choic¢ types. There|is also an
encoding ¢lass #OPTI ONAL that represents the optional presence of encodings, corre§pending roughly [to ASN.1
DEFAULT gnd OPTI ONAL markers.

9.3.3 Al encoding structure definition defines a structure-based encoding class.\ ‘Stch classes cannot havg the same
names as gncoding classes that are imported into the module. (See Rec. ITUXIX.680 | ISO/IEC 8824-1} 13.13, as
modified Yy A.1 of this Recommendation | International Standard).

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

9.3.5  Vjalues of ASN.I types (primitive or user-defined) can be mapped to fields of an encoding strycture, and
encoding rules for that structure then provide encodings of the. ASN.1 type. (Values mapped to encoding stryctures can
be further|mapped to fields of more complex encoding structures.) This provides a very powerful mechanism for
defining cgmplex encoding rules.

9.4 Enfoding objects

9.4.1 Ehcoding objects represent the specific’ definition of encoding rules for a given encoding class. Usually the
rules relat¢ to the actual bits to be produeed, but can also specify procedures related to encoding and de¢oding, for
example the way in which the presencgorabsence of optional components is determined.

9.4.2 I order to fully define the encoding of ASN.1 types (typically the top-level type(s) of an applicgtion), it is
necessary fo define (or obtain from standardized encoding rules) encoding objects for all the classes that cofrespond to
components of those ASN.1types and for the encoding constructors that are used.

9.4.3  Fpr legacy protoeols, this may have to be done by defining a separate encoding object for every corpponent of
an ASN.1 fype, but jt-is more commonly possible to use encoding objects defined by standardized encoding fules (such
as PER).

9.4.4  Although BER and PER encoding specifications pre-date ECN, within the ECN model they sinfply define
encoding dbjects for all classes corresponding to the ASN.1 primitive types and constructors (that is, for all the built-in
encoding classes). BER and PER are also considered to provide encoding objects for encoding classes used in the
definition of encoding 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 and the new encoding class can appear in an encoding object set.

9.6.3 A‘li buiit-ill CIlLUdillg L‘ldbbcb dlc L‘lCli\/CL‘l flUlll OIICT Uf d bllldﬁ llulllel Uf plilllil.i\/t? CIILUL‘liIlg leb eS. ThuS
#SEQUENCE and #SET are both derived from the #CONCATENATI ON class, #| NTEGER and #ENUVERATED are both
derived frgm the #I NT class, and the classes for the different ASN.1 character string types are all.derivefl from the
#CHARS clgiss. An encoding structure (for example, one implicitly generated from an ASN.1 type)-carvcontaln a mix of
different classes all derived from the same primitive class, enabling different encodings to be applied to #SEQUENCE and
#SET (for ¢xample).

9.6.4  It]is often convenient to put encoding classes into categories, based on the primitive class they gre derived
from. Thys we say that #| NTEGER, #ENUMERATED and #| NT (and any class derived, frem them in a class gssignment
statement $uch as "#My-int ::= # NT") are in the integer category. There are also“groups of categories that contain
very diffefent classes that share some characteristic. Thus any class that can-have abstract values directly|associated
with it, and hence which produces bits in an encoding, is said to be in the bit-field group of categories. Thus|all classes
that are in fhe integer or the boolean or the characterstring category are in thebit-field group of categories. (lasses that
are responpible for grouping or repeating encodings (for example classes in the alternatives or the repetition) category)
are in the| encoding constructor group of categories. There argsalso two classes whose encoding objg¢cts define
procedureq not directly related to constructing an encoding (#TRANSFORMand #OUTER): these are described fis being in
the encodipg procedure group of categories. Encoding structuses are defined using classes in the bit-fielfl group of
categories [that are combined using classes in the encoding egnstructor group of categories, together with classes in the
optionality] (representing encoding procedures for resglying optionality) and tag (representing encoding of tags)
categories| All such classes are in the encoding structure category (and also in the bit-field group of categorigs).

9.6.5  Fpr the primitive classes, the category is.dircctly assigned. For classes created in an encoding class gssignment
statement, [the category is determined by the notation to the right of the ": : =" symbol. If that notation is ap encoding
structure definition, then the class is in both(the encoding structure category and in the bit-field group of catpgories. If
the notatiop is a simple class reference namé, then the category of the new class is the same as the category ¢f the class
being assigned.

9.6.6  The categories of encoding:class (see 16.1.3) are:

+  The alternatives'edategory (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).
+  Theoptionality 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
information needed to define an encoding object of that class. Much of the information needed is common 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 beolean.)

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 qbject for a
particular ¢lass 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 abstfact values
associated [with another (typically more complex) encoding class ("#B", say), and to defirle an encoding objeft for "#B"
(using any|of the available mechanisms). An encoding object for the abstract valugs dssociated with "#A" dan now be
defined as|the application to the corresponding abstract values associated with\"#B" of the encoding objeqt for "#B".
(See D.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@ninteger type in BER. The integer i$ mapped to

an encpding structure that contains a tag class (UNI VERSAL, APPKLCATI ON, PRI VATE, or context-specific) field, a
primitivie/constructor boolean, a tag number field, and a value part that eacodes 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 correspopding to a
user-defingd ASN.1 type) by separately defining encoding objécts for the components and for the encoding ¢onstructor
used in defining the encoding class.

9.7.6  The sixth is to define an encoding object for differential encoding-decoding (see 9.8), using two separate
encoding @bjects, one of which defines the encoderls’behaviour, and the other of which tells a decoder whal encoding
should be fssumed.

NOTE 1 An example would be to encode a figld“which is "reserved for future use" as all zeros, but to accept any|value when
decodinfe.

9.7.7  The seventh is to define an(encoding options encoding object, which contains an ordered list of encoding
objects of fhe same class. It is an,encoder's choice which encoding object from the list is to be applied, subject to the
restriction | that if only one enGoding option can encode a given abstract value, that shall be used, gnd to the
recommenflation that the first-available encoding in the list should be used.
NOTE 1 An encoding options encoding object could, for example, be used in the specification of short-form length encodings
where these can encodcva“particular string length, using long-form length encodings where the short-form cannot bejused. There
is no cyrrent mechanism for the ECN specifier to require the use of the first available encoding object (if more than one can
encode the abstractwalue), other than by comment.

9.7.8  Flnally,.an encoding object can be defined using non-ECN notation. This is a facility to allow pse of any
desired nofation (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 this 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 into an encoding space, it is possible to specify that the size of the encoding
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
determinarjt.) This provides a detailed level of support for encoder's options.

9.9.3  Almore global mechanism is similar to the support for differential encoding-decoding (see,9.8), but |n this case
an encodinjg object for a class can be defined as an encoder's choice of any encoding object from an ordgred list of
defined enfoding objects for that class. In addition to specifying the list of possible encodirngs;-it is also n¢cessary to
provide th¢ specification of an encoding object for a class in the alternatives category (see 96). This encogling object
specifies tlie encodings and procedures needed to enable a decoder to determine which encoding object was ysed by the
encoder.

9.10 Pr¢perties of encoding objects

9.10.1 Ehcoding objects have some general properties. In most cases,(they completely define an encodjng, but in
some casef they are encoding constructors, that is, they define only structural aspects of the encoding] requiring
encoding dbjects for the encoding structure's components to complete'the definition of an encoding.

9.10.2 other key feature of an encoding object is that it may‘require information from the environmenf where its
rules are dventually applied. One aspect of the environment that is fully supported is the presence of boynds in the
ASN.1 typg definition, provided they are "PER-visible" (seeRec. ITU-T X.691 | ISO/IEC 8825-2, 10.3).

NOTE } A somewhat different (and not standardized).éxteérnal dependency would be the definition of a non-EQN encoding

object for an #ALTERNATI VES encoding class whichydetermines the selected alternative based on external data such as the
channelfthe message is being sent on.

9.10.3 third key feature is that an encoding-object may exhibit an identification handle in its encodingp. This is a
part (consisting of a fixed set of bit positions) of all the encodings that it produces and distinguishes those|encodings
from the ¢ncodings produced by other encoding objects (of any class) that exhibit the same identificatipn handle.
Identificatjon handles have a name and”are visible to decoders without knowledge of either the encoding dllass or the
abstract vdlue that was encoded (but with knowledge of the name of the identification handle that is being used). This
concept mpdels (and generaliZes) ‘the use of tags in BER encodings: the tag value in BER can be determinpd without
knowledgd of the encoding_élass, for all BER encodings, and serves to identify the encoding for redolution of
optionality}, ordering of sets) termination of repetitions, and choice alternatives.

9.11 Parameterization

Withh ASN.1 types and values, encoding objects, encoding object sets and encoding classes can be

nsionofthe 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 syntax for
defining afh encoding object of class #BOCOLEAN (for example) 1s very different from the syntax for defining ap encoding
object of dlass #| NTEGER (for example). In all cases where an encoding object definition is requiredinthefe is some
associated | notation that defines the class of that encoding object, and "governs" the syntax tovbe ysed in its
specificatipn.

9.12.3 The ECN syntax requires governors that are encoding classes to be class reference names, or parpmeterized
class refer¢gnce names.

9.12.4 Ifjthe governed notation is a reference name for an encoding object, then that encoding object is required to be
of the sam¢ class as the governor (see 17.1.7).

9.13 Geperal aspects of encodings

9.13.1 E[N provides support for a number of techniques typically sised’ in defining encoding rules (not] just those
techniques| used in BER or PER). For example, it recognizes that optignality can be resolved in any of thre¢ ways: by
use of 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 Sjmilarly, 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.each of the repetitions and on following encodings (see 9.13]3).

+  Some terminating pattern thag.can never occur in an encoding in the repeated series. (A simple example
is a null-terminated characte#’string.)

4+ Use of a "more bit" with“each element, set to one to indicate that another repetition follows,|and set to
zero to indicate the €nd of the repetition.

ECN supports all these mechanisms for delimitation of repetitions, and similar mechanisms for identification of
alternativep and for resolutionof optionality.

9.13.3 I} addition toterminating repetitions, the identification handle technique can also be used to detprmine the
presence of optional’components or of alternatives and the ordering of sets. The mechanism is similar in all these cases.
Given an dncoding-class that is a "possible next class" and an encoding object applied to it, any encoding prdduced will
contain, at|souie bit positions (the 1dent1ﬁcat10n handle) a bit pattern that matches a b1t pattern within a spec1ﬁed set of
bit pattern: : : Rateh-as : any other

"possible next class All such encodlngs can be 1nterpreted by a decoder as an encodlng ofa p0551b1e next class", and
the bit pattern found in the encoding will determine which "possible next class" encoding is present. The concept 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 mapped into #TAG classes in the implicitly generated structure, but these tags and their values become
properties of the element. An encoding for this encoding class can be defined in a similar way to an encoding for the

1 1 11 1 1 1 . 1 -
#I \l E& CIass, allld WIIT CIICOUC UIT TTUITTUCT T UIT ld g TTOLd LLOIL.

9.14.4 The full ASN.1 tag-list (multiple tags each with a class and number) is notionally associated With all the
abstract vdlues of a tagged type, in accordance with the ASN.1 model. Such information is, however{ pnly adcessible in
the currenq version of ECN through a non-ECN definition of an encoding object (see 9.7.8). The'generation|of a #TAG
class is a spparate mechanism, is simpler and more specific, and has full support within ECN.

9.14.5 It|is, however, important to note that for the purposes of generating a #TAG class, dtis’only textually-present tag
notation that is visible. Universal class tags and tags generated by automatic tagging aré not visible. Similarly, the class
of any textpally present tag notation is ignored. Only the tag number is available to eficoding objects of the #]AG class.

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, jor the selection of an alternative is to include (somewheresin‘the message) a determinant field. Dterminant
fields havd to be identified if this mechanism is used for determinationy and this frequently requires a dummy| parameter
of an encpding object definition, with the actual parametery providing the encoding structure fieldname of the
determinanjt, being supplied when the encoding object is applied-fo an encoding structure.

9.15.2 Alnew concept — a reference field — is introducéd to satisfy the need for a dummy parameter that references an
encoding $tructure field. The governor is the reserved word REFERENCE, and the allowed notation for an actual
parameter [with this governor is any encoding structube field name within the encoding structure to which ap encoding
object or gncoding object set with such a parameter is being applied (see 17.5.15). (See D.1.11.3 for an dxample of
references [to encoding structure fieldnames.)

9.16 Replacement classes and structures

9.16.1 When writing ASN.1 spetifications for legacy protocols (or in order to generate specialized encodinigs for new
protocols)] it is normal to ignofe‘encoding issues and, in particular, determinant fields that are present solely|to support
decoding. [Only fields of réleyance to application code (carrying application semantics) are included in fhe ASN.1
specificatipn.

9.16.2 When sucli protocols use more than one encoding mechanism to support (for example) SEQUENCE OF
constructigns in_different places in the protocol, it is not possible (nor would it be appropriate) to formally dgpecify this
within the ASN\Litself.

9.16.3 This~means—thatthe—mpheithr—generated-encoding £ &y H structions,
nor will it contain encoding-related fields for determinants, and it is necessary to modify it to "correct" both problems
before a structure is available that matches the encoding requirements.

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.)
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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
entirety) a single component of the replacement structure, with all abstract values being mapped from the old structure
to the corresponding value of that component of the replacement structure. For this mechanism to be of general use, the

Structure needs {0 have a dummy parameter 101 bd with the
actual pargmeter set to the old structure. This was described in 9.11.3.

9.16.8 hen defining encoding objects for a class (any class), it is always possible to specify that the firdt action of
that encodjng object is to replace the class it is encoding with a parameterized replacement structure, insthntiated as
described in 9.16.7, and with abstract values mapped from the old class to the component.

9.16.9 1It|is also possible to define encoding objects for the #OPTI ONAL class (or forJany class of the pptionality
category) that replace the optional component with a parameterized replacement structure (frequently one c¢ntaining a
#BOOLEAN field as a presence determinant). (An example of this is given in D.3.2:3¢)

9.16.10 Fpr constructor classes such as #CONCATENATI ON, #REPETI TI QN, and/so on, it is also possiblg to define
encoding pbjects that replace not the entire structure, but each component separately (or just mandatofy, or just
optional, cpmponents).

9.16.11 A]more advanced, but powerful, mechanism is to require the teplacement action to also include the ihsertion of
a specified| field at the head of a #CONCATENATI ON (or similar struéture). An example of this is given in D.3.].5.

9.17 M4pping abstract values onto fields of encoding structures
There are §ix mechanisms provided for this.

9.17.1 The first is to map specified abstract valugs associated with one simple encoding class to specifigd abstract
values asspciated with another simple encoding class. This can be used in many ways. For example, yalues of a
character §tring (of digits) can be mapped, tovinteger values (and hence encoded as integer values). Values of an
enumeratefl type can be mapped to integervalues, and so on (see 19.2). (See D.1.10.2 for an example.)

9.17.2 The second is to map a complete field of one encoding structure into a field of a compatiblg encoding
structure, fhich can contain additional fields — typically for use as length or choice determinants (see 1P.3). (See
D.2.8.3 foff an example.)

9.17.3 The third is to map-by transforming all the abstract values associated with one encoding class into abstract
values ass¢ciated with a different (typically, but not necessarily) encoding class, using a transform encoding pbject (see
9.18). With this mechanism, it is, for example, possible to map an #| NTEGER into a #CHARS to obtain chafacters that
can then bp encoded in whatever way is desired (for example, Binary-Coded Decimal or ASCII). (See D.1}.6.3 for an
example.)

9.17.4 Theourth mapping mechanism is to nse a defined ordering of the ahstract valnes of certainltypes and
constructions, and to map according to the ordering. This provides a very powerful means of encoding abstract values
associated with one encoding class as if they were abstract values associated with a wholly unrelated encoding 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;

T a sigle 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 haq the same
classificatipn (as listed in 9.18.2). (For example, an ordered list of single characters, or of single octets, or of integers.)
They are oply produced as the result of transforms, and can only be used as the source of a following transforpn.

9.18.4 If| the classification is bitstring, the size of each bitstring value in the compositeds the same, and i statically
determined by the transform that produces the composite. (For example, an ordergd\list of single bits, o1 of six-bit
units.)

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

1  octetstring to a bitstring composite (all bitstring values 0t the composite are of size 8 bits).

9.18.6 There are transforms from the following composites to.abstract values:
1  single character composites to characterstringvalues;
4  Dbitstring composites to bitstring values;

4  Dbitstring composites (with bitstring yalues of size 8 bits) to octetstring values.

9.18.7  Alll other transforms can take a value(as their source and produce a new value (of the same or of fa different
classificatipn). They can also take a transform composite as their source and produce a composite as|its result,
transformipig each element of the source:composite into an element of the result composite.

9.19 Coptents of Encoding.Definition Modules

9.19.1 Ehcoding Definitioil Modules (or EDMs) contain export and import statements exactly like ASNJ1 (but can
import onlly encoding objects, encoding object sets, and encoding classes from other EDM modules, or frpm ASN.1
modules ir] the case ofdmplicitly generated encoding structures).

9.19.2 Ajn EDM ‘cant also contain a renames clause (see clause 15) which references implicitly generated encoding
structures ffrom{one or more ASN.1 modules and generates, by "coloring" them (see 9.16.4), an explicitly| generated
encoding dtreture for each one. These explicitly generated encoding structures are available for use withinf the EDM,

but are als autuulaﬁuaﬂ_y CAPUﬁcd for }JUDDPU}U illlpult mto-the Euuudius Fimkiviodute:
9.19.3 The body of an EDM module 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 about the
actual encoding rules that are being applied (see 12.2.5). For example, it is not permitted for an ELM to apply more
than onc¢ cneodingobjectsetto-aspecificimpheithgenerated structure.

9.20.4 It]is possible in simple cases for an ELM module to contain just a single statement (following”an imports
clause) thdt applies an encoding object set to the implicitly generated encoding structure corresponding to| the single
top-level type of an application. (See D.1.17 for an example.)

9.21 Defining encodings for primitive encoding classes

9.21.1 Epcoding rules for some primitive encoding classes can be defined using @ pser-friendly syntax which is
specified i the W TH SYNTAX statements of encoding class definitions (see clauses\23,and 25). This syntax ¢an also be
used to deffine encoding rules for encoding classes derived from these primitive gnhcoding classes (by encading class
assignmen} statements).

9.21.2 The notation used for the encoding class definitions in clauses 23*and 25 is based on the notatiopn used for
informatioh object class definition. This syntax (and its associated senfantics) is defined by reference to Rec. ITU-T
X.681 | ISQ/IEC 8824-2 as modified by Annex B of this Recommendation | International Standard.

9.21.3 The encoding class definition specifies the informationhat has to be supplied in order to define enc¢ding rules
for particujar encoding classes. The set of encoding rules that\can be defined in this way is not, of course, 4l possible
rules, but if believed to cover the encoding specificationsthd’ECN users are likely to require.

9.21.4 These encoding class definitions specify a séries of fields (with corresponding ASN.1 types and §emantics).
Encoding fules are specified by providing values fefthese fields. The values of these fields are effectively] providing
the values pf a series of encoding properties which collectively define an encoding.

9.21.5 The meaning of the encoding propetties is specified using an encoding model (see Figure 1) where the value of
each bit-figld class produces a value encading which is placed (left or right justified) into an encoding space

9.21.6 The encoding space may have its leading edge aligned to some boundary (such as an octet boyndary) by
encoding space pre-padding, andsits'size can be fixed or variable. The value encoding fits within it, perhaps left or right
justified, ahd with padding around it. If the size of the encoding space is variable, then either the value encodling has to
be self-del|miting, or there has’to be some external mechanism to enable a decoder to determine the size of thi encoding
space. Sevpral mechanisms are available for this determination.

9.21.7 Finally, the complete encoding space with the value encoding and any value pre-padding jand value
post-paddipg, is-mapped to bits-on-the-line with an optional specification of bit-reversal. This handles encpdings that
require "mpst’significant byte first" or "most significant byte last" for integers, or that require the bits within fan octet to
be in the rd¢veérse of the normal order

9.21.8 Thus there are three broad categories of information needed:
— 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 positioning of
those bits within the encoding space; and

— the third relates to any required bit-reversals.

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

the encoding space is not the same size for all values encoded by an encoding object, then some
| is needed to determine the actual encoding space used iman/instance of an encoding.

is also possible to specify an arbitrary amount of ensoder pre-padding (beyond that needed for
'hen the value of an earlier start pointer identifies the'start of a field.

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

Specify the alignment (if any) requited for the leading edge of the encoding space (rela
alignment point — normally the start-of the encoding of the top-level type, that is, the type t
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 2
Specify (if necessary) a(figld that provides a pointer to the start-point of the encoding space. (§
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 multip
units). (See 22.4.)

Specify the-size of the encoding space in these units. This may be fixed (using knowledge of
size bounds associated with the abstract values to be encoded), or variable (different for ea
value)” The specification may also (in all cases) specify the use of a length determinant tha

the case of a fixed-size encoding space) that a decoder can check. (See 22.4.)

692_F1

additional

alignment)

ive to the
which an

D.2.)
ee 22.3.)

le of these

integer or
h abstract
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éncoded with the length of the field, and either enables decoding or provides redundant infoimation (in

—  Specify the alignment of the value encoding within the encoding space. (See 22.8.)

encoding (value pre-padding). (See 22.8.)

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

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

done so far. (See 22.12.)

Specify the form of any necessary padding from the start of the encoding space to the start of the value

end of the

Specify any necessary bit-reversals of the encoding space contents before adding the bits to the encoding

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

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
classes (present within an encoding structure being encoded) for which there are no encoding objects in the set being
applied, th£1 this-s-an-errer{see3-21H-

NOTE + Although the specification of the encoding rules will be complete, the precise form of the actual encoding (for example,
the presence or absence of encoding space pre-padding, or the effect of the values of bounds referenced in the encpding rules)
can 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) parameterization fnechanism
is used to|define a parameterized encoding object. In such cases the complete encoding,is only defined following
instantiatign with actual parameters. The second exception is when an encoding object-is’ defined for an encoding
constructof (#CONCATENATI ON, #ALTERNATI VES, #REPETI TI ON, #SEQUENCE, etc.). (In, this latter case, th¢ encoding
rules assodiated with the encoding class simply define the rules associated with the/structuring aspects. A complete
encoding dpecification for an encoding structure using these encoding classes will\also require rules for encoding the
componenfs of that encoding structure.

NOTE { There is a distinction here between encoding objects of class #SEQUENCE (an encoding constructor) aipd encoding

objects |for an implicitly generated encoding structure "#M- Type" (which-happens to be defined using the ASN.1 type

SEQUENCE). The latter is not an encoding constructor, and encoding objeets{of this class will provide full encoding fules for the
encoding of values of type "My/- Type".

9.23 Combined encoding object set

9.23.1 Iy order to provide a complete encoding, the EGN user can supply a primary encoding object set, and a second
encoding dbject set introduced by the reserved words GAVPLETED BY.

9.23.2 The encoding object set that is applied is-défined to be the combined encoding object set formed by adding to
the first sef encoding objects for any encoding €lass for which the first set is lacking an encoding object and he second
set contairjs one (see 13.2). A frequent set/to use with COVPLETED BY is the built-in set PER- BASI C- UNALI GNED.
(See D.1.1f for an example of the application of a combined encoding object set.)

9.23.3 While an encoding object set,can contain only one encoding object for a class #SEQUENCE- OF (for example), it
can also fontain an encodingSebject for a class #Speci al - sequence-of (for example) which is flefined as
"#Speci al - sequence- of %= #SEQUENCE- OF". An explicitly generated encoding structure can havg both the
#SEQUENCE- OF class andyalso the #Speci al - sequence- of class in its definition. In this way, a single| combined
encoding g¢bject set cany be applied to produce standard encodings for some of the original SEQUENCE OF [constructs,
and specialized encodings for others.

9.24 Application point

9.24.1 In any given application of encodings, there is a defined starfing point (for the ELM, it is the top-level
generated 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.

9.25.2 The #TRANSFORM #CONDI TI ONAL- | NT, and #CONDI TI ONAL- REPETI Tl ON encoding classes are restricted in
their use. Encoding ob]ects can only be deﬁned for these classes us1ng e1ther the syntax of clause 24, 23 7 and 23.14
respectivelys—erby—+ p af—ereodin : : n of other
encoding ¢bjects. They cannot appear in encodlng object sets or be apphed d1rectly to encode ﬁelds of encoding
structures {see 18.1.7).

9.25.3 Ehcoding specification for encoding classes in the integer category proceeds as follows:, Encodings (of the
#CONDI TI [ONAL- | NT encoding class) are defined for a particular bounds condition, specifying-the containgr size (and
how it is delimited), the transform of the integer to bits (using either two's complement or positive integer dncodings),
and the way these bits fit into the container. (An example of a bounds condition is the existence of an upper bpund and a
non-negative lower bound.) This is called a conditional encoding. The encoding of the tlass in the integer fategory is
defined asfa list of these conditional encodings, with the actual encoding to be applicd.in any given circumstpnce being
the one thdt is earliest in the list whose bounds condition is satisfied. (See D.1.5.4for an example.)

9.25.4 Ehcoding specification for encoding classes in the repetition category use the #CONDI TI ONAL- RHPETI TI ON
encoding ¢lass, which defines the way in which the encoding space for fhic repeated items is delimited arld how the
repeated epcodings are to be placed into it, for a given range condition, again producing a conditional encoding. As
with the ehcoding of classes in the integer category, the final encoding is defined as an ordered list of ¢onditional
encodings.

9.25.5 Ehcoding specification for the encoding classes._in the octetstring category proceeds as follgws: First,
#TRANSFCRM encoding objects are defined to map a single-octet to a self-delimiting bitstring. Second, omtle or more
#CONDI TI [ONAL- REPETI Tl ON encoding objects (for specific size-range conditions) are defined to take epch of the
bitstrings (transformed from an octet in the octet(sfring) and to concatenate them into a delimited confainer (the
definition jof such encoding objects is not specific to encoding #OCTETS). The final encoding of the class in the
octetstring|category is defined as an ordered list-of #CONDI TI ONAL- REPETI Tl ON encoding objects. (See D.].8.2 for an
example.)

9.25.6 Ehcoding specifications for encoding classes in the bitstring category proceeds as follows: First, # TIRANSFORM
encoding dbjects are defined to map a.single bit into a bitstring, similar to the encoding of an integer into bits] but in this
case the njapping of the bit mustbe to a self-delimiting string. Secondly, one or more #CONDI TI ONAL- RHPETI TI ON
encoding (bjects are defined-for'the repetition of the bits (these could be the same encoding objects that w¢re defined
for use with an encodingyclass in the repetition or octetstring categories). Finally, the encoding of the cfass in 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 Epcoditig: specifications for encoding classes in the characterstring category proceeds as follgws: First,
RMencodmg objects are deﬁned to map a s1ngle character toa self del1m1t1ng b1tstr1ng, usmg sever

available. Secondly, one or more #OO\IDl Tl O\IAL REPI:_I'I TI ON encodmg Ob_] ects are deﬁned and ﬁnally the encoding
of the class in the characterstring category is defined as an ordered list of 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  The encoding support provided for the open type is the same as that for most other classes in the bitfield
category, but with the added ability to specify that a different encoding object set is to be applied to the type which is to
be encode( 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 ficlds of fhe message
containing 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 (tablg and relational constraints are not visible to either PER or to ECN), but that theCapplication may|be able to
determine fhis from some other field in the protocol, or in a previous message, or (for yendor-specific additjons) based
on calling hddress.

9.27.5  The model is therefore that, having dealt with any specified pre-padding,‘\and determined the encoding space
and any vdlue pre- and post-padding, the decoder will ask the application for the type which has been encoded. (In the
case of todls, the application will almost certainly have pre-configured the toolwith a list of the known types|that might
be present] and would simply return a pointer to one of these.) Decoding, cdnnow proceed normally.

9.27.6  The application may, however, say "unknown" (see 9.27:4), and the decoder then needs to kn¢w how to
determine fhe end of this unknown encoding. This is satisfied by efabling the ECN specifier in this case to provide an
encoding dtructure, and (optionally) an encoding object set to,useswith it, which is to be used by decoders fof decoding
unknown tlypes in the open type. There is syntax provided inclause 23 for this purpose.

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

9.28 Chjanges to ASN.1 Recommendations | International Standards

9.28.1 This Recommendation | Internatienal Standard references other ASN.1 Recommendations | Infernational
Standards [in order to define its notationwithout repetition. For such references to be correct, the semantics of the
notation (fpr example the imports clause, parameterization, and information object definition) needs to be extended to
recognize the reference names of éncoding 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 ordefed lists of
values or @bjects, not justyunerdered sets of objects, in order to allow the use of that notation in the definitipn of ECN
syntax for the definition,of‘encoding objects of certain classes.

9.28.3 Flnally, thearules for parameterization are relaxed to allow a dummy parameter of an encoding objedft reference
(being assigned-invan assignment statement) to be used as an actual parameter of the encoding class referdnce which
governs thp notation defining the encoding object reference name. In particular, a parameterized encoding class can be
used as a davernor in an encoding ohject assionment statement (see C 2/8 4) with the actiual parameter being a dummy
parameter 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 other
productions, and are defined in the remainder of this clause.

10.4 The lexical items for use of a simple reference name are:
encoding class "encodingclassreference" (see 8.3)

encoding object "encodingobjectreference" (see 8.1)
encoding object set "encodingobjectsetreference" (see 8.2)

10.4.1 A "encodingclassreference" is a name which is either:

assigned an encoding class in an "EncodingClassAssignment" (see clause 16); ords

o

=
— - — 5

imported into an EDM from some other EDM from which it has been exporteds;, ot is
imported as the name of an implicitly generated encoding structure fronran”ASN.1 module ($ee 14.11);
or is

d) generated by a renames clause in the EDM (see clause 15).
NOTE — Only classes that are generated encoding structures can beiniported into an ELM (see 12.1.4).
10.4.2 Al "encodingclassreference" shall not be imported from an EDM @odule (as specified in 10.4.1) unless either:
d) itis defined in or imported into the referenced module{and that module has no exports clause; pr
NOTE 1 —If the referenced module has no exports clause, this is equivalent to exporting everything.

) it is defined in or imported into the referencedanodule, and appears as a symbol in the exportp clause of
that module; or
q) it is one of the reference names explicitly‘generated by a renames clause in the module from [which it is
being imported.
NOTE 2 — Implicitly generated ehcoding structures can only be imported from the ASN.1 mddule which
generates them.

10.4.3 An implicitly generated encodingtstructure reference never appears in the exports clause of any ASN.1
module, byt can always be imported fremany ASN.1 module in which the corresponding type is defined and pxported.

10.4.4 An explicitly generated encoding structure reference (which is automatically exported by the renames clause
which gengrates it) shall not appear in the exports clause of the EDM module in which it is generated, but anfy use of it
in another [EDM or the ELMrequires its importation from that EDM module.
10.4.5 Al "encodingobjectreference” is a name which is either:

d) assignedian encoding object in an "EncodingObjectAssignment"” (see clause 17) in an EDM; of is

) imported into an EDM or an ELM from some other EDM in which it is either assigned af encoding
object or is imported.

10.4.6 Am "encodingobjccirelierence. shall not be imported irom an EDM 11 the relerenced module has an exports
clause 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 encoding
object set or is imported.

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 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 which
is referencgd in the imports list of the EDM or ELM.

10.6.2 The "ExternalEncodingClassReference" alternative that includes a "BuiltinEncodingClassRefeérencg” shall be
used in thgd body of an EDM if and only if there is a generated encoding structure (whose name is.thelsame gs that of a
"BuiltinEncodingClassReference") which is either:

q) defined implicitly in the ASN.1 module referenced by the "modulereference” (see-11.4.1); or
) imported into another EDM referenced by the "modulereference" and exported from that module; or
q) 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 fhis EDM.

NOTE + The "BuiltinEncodingClassReference" name can appear as a "Symbol" imthe/imports 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 corfesponding
simple ref¢grence name has been imported from the module identified by¢he "modulereference", and either:

d) identical reference names have been imported from different modules, or have been gendrated in a
renames clause in this EDM, or have been both imported and generated; or

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

10.7 A parameterized reference is a referenceyname defined in a "ParameterizedAssignment" (sed C.1) and
supplied wfith an actual parameter in accordance with 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:
ehcoding classes "EncodingClass" (See clause 16.1.5)
encoding objects "EncodingObject” (Sce 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

| ParameterizedEncodingObject
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11.1.6 Each field of a generated encoding structure has associated with it the abstract values of the corresponding
type, and constraint-related information derived from the ASN.1 type definition (see 11.4.2). Encodings of the abstract
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:

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

corresponding to ASN.1 types (see 11.2).

structures

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

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

BI T STRI NG
BOOLEAN
CHARACTER STRI NG

Encodi ng d ass Prinitive dass

#BI T- STRI NG #BI TS
#BOOLEAN #BOCOL

#CHARACTER- STRI NG Def i ned using
#SEQIENCE

CHO CE #CHO CE #ALTERNATI VES

EMBEDDED PDV #ENMBEDDED- PDV Defined using
#SEQUENCE

ENUVERATED #ENUVERATED #1I NT

EXTERNAL H#EXTERNAL Def i ned using
#SEQUENCE

| NTEGER #1 NTEGER #1 NT

NULL #NULL #NUL

OBJECT | DENTI FI ER #OBJECT- | DENTI FI ER #OBJECT-J DENTI FI ER

OCTET STRI NG #OCTET- STRI NG #OCTETS

open type notation #OPEN- TYPE #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- GE- DAY #TI ME

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

DURATI ON #DURATI 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 ¢St rli ng #NunericString #CHARS

PrintableString #Printabl eString #CHARS

Tel etexString #Tel etexString #CHARS

Uni versal String #Uni versal String #CHARS

UTF8Stri ng #UTF8Stri ng #CHARS

Virdeot exStri ng #Vi deot exStri ng #CHARS

Mi sibleString #Vi sibleString #CHARS

Textual |y present #TAG #TAG

ot Q.
oy rrocat ot

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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¢)

d)

referenced in those clauses as "See 11.3.2 ¢" and fully-defined in Rec. ITU-T X.681 | ISO/IEC 8824-2
with all published amendments and technical corrigenda.

referenced in those clauses as "See 11.3.2 d" and fully-defined in Rec. ITU-T X.683 | ISO/IEC 8824-4
with all published amendments and technical corrigenda.

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)

b)

All "ValueSetTypeAssignment"s shall be replaced by their equivalent "TypeAssignment"s with subtype
constraints. (See 11.3.2 b.)

The ASN.1 | NSTANCE OF construction shall be expanded into its equivalent sequence type. (See

11320 o\
o=t

"TypeFromObject" shall be replaced with the type that is referenced. (See 11.3.2 c.)
"ValueSetFromObjects" shall be replaced with the type that is referenced. (See 11.3.2 ¢7)

Where an instance of ASN.1 tag notation is textually followed by one or more furtherinstances of ASN.1
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 applies for all tagging enjvironments.
Multiple tagging of the same type is still possible through the use of type reference names.

11.3.4.2 The following transformations shall be applied recursively in the specified order, until a fixed-point {s reached:

o

P

1)
9

11.3.4.3 The following transformations shall then be applied;

4

All ASN.1 parameterization shall be fully resolved by the substitution of actual parameters for dummy
parameters. (See 11.3.2.d.)

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

All "ComponentsOf''s shall be expanded to their fullform. (See 11.3.2 b.)
All uses of "SelectionType" shall be resolved. (See\}1.3.2 b.)

Named number lists in integer type definitions shall be removed. Named numbers are nof visible to
ECN. ECN sees a single #1 NTEGER class (possibly with bounds as specified in 11.3.4.3 c).

Named bit lists in bitstring definitions shall be removed. Named bits are not visible to ECN.

All non-PER-visible constraint notation, except the contents constraint, shall be discarded. P[ER-visible
constraints shall be resolyed_ to provide the following values that can be referenced in the dgfinition of
encoding rules:

1) An upper bound on integers and enumerations;
i) A lower bound on integers and enumerations;

iii) The PER-effective permitted alphabet and effective size constraints (see Rec. ITU{T X.691 |
ISO/IEC 8825-2, 10.3).

If thee)is a contents constraint with a CONTAI NI NG construction, then the existence of the contents
censtraint, its contents type, and the presence or absence of an ENCODED BY clause become| properties
associated with the abstract values of such a constrained octetstring or bitstring type, and thel constraint
shall then be discarded. If there is a contents constraint with no CONTAI NI NG construction, thien it is not

2

h)

visible to ECN and shall be discarded.

NOTE — When specifying encodings for values with an associated contents constraint, a separate combined
encoding object set can be supplied to encode the contents type. This can be specified to override or not to
override any ENCODED BY that is present, as a designer's option (see 11.3 and 13.2).

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.

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

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

OPTI ONAL shall be replaced by "OPTI ONAL- ENCODI NG #OPTI ONAL".
T61St ri 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 11.3.43 ¢.)

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, but (in
order to model BER encodings and PER procedures) the identification of a component as part of the root
o i c he—exdistence of the

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\markgr becomes

property of the abstract value.

a property of the class and whether an abstract value is in the root or is in an extension pecomes a

NOTE 2 — The properties referenced in items c) and d) above can only be interrogated through ne1-ECN definition jof encoding
objects |n this version of this Recommendation | International Standard. Full support for extensibility is expected to pe provided

in a latey version of this Recommendation | International Standard.

11.3.5 With these transformations, all ASN.1 type-related constructs have corresperiding encoding classeg, listed in
Table 2. [The implicitly generated encoding structure shall be constructed (by* mapping the ASN.1 type-related

constructs fin column 1 to the classes in column 2 of Table 2 (as specified in 144).

11.4 Thg implicitly generated encoding structure

11.4.1 There is an implicitly generated structure for each ASN™ type definition with a name constructefl from the
ASN.1 type reference name by the pre-fixing of a "#" character. Where a fully-qualified name is required for an
implicitly generated encoding structure, that fully-qualified name shall include the "Moduleldentifier" of the ASN.1

module coptaining the type definition. (An example of angmplicitly generated structure is given in D.1.9.2.)

NOTE 1 An implicitly generated structure is generated @nd exported for each ASN.1 type in an ASN.1 module whither or not

that typg¢ is listed in the EXPORTS clause.

11.4.2 The implicitly generated encoding strueture has the same structure as the ASN.1 type definition, with:

4d) ASN.1 component identifiers.are mapped to encoding structure fieldnames.

Table 2.

textually pfesent tags.

additien{ of a character "#". If a type is imported into the ASN.1 moflule,

reterence the ASN.1 module that contains the definition of the referenced type.

———remames-clause;ormrtheEEv-wittuse-the“ExtermatEncodmetlassRefereneenotatromr——————

) ASN.I notation in columm~1 of Table 2 are mapped to the built-in encoding classes in cdlumn 2 of

NOTE 1 — The-first textually present tag maps into a "[ #TAG " construction in the implicitly generated
structure. Th€ implicitly generated structure does not contain any "[ #TAG " constructions for|subsequent

q) ASN.1 "DefinedType"s are mapped to an encoding class name derived from the typereferehce by the
any

"ExternalEncodingClassReference" to the corresponding class in an implicitly generated structure shall

NOTE 2 — If the resulting class is the name of a built-in encoding class, then all references to it jn either the

d) Abstract values are mapped from a field of the type definition to the corresponding field of the encoding

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.

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

BEGI N
ELMModuleBody
END

12.1.2 Iy} any given application of ECN, there shall be precisely one ELM which determines the encoding of all the
messages Ysed 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 Rect ITU-T X.680 | ISO/IEC 8824-1, 13.1.

12.1.4 The "Moduleldentifier" provides unambiguous identification of an{ module in the set of all ASN.1,|ELM, and
EDM modples.

12.1.5 The "ELMModuleBody" is:

FLMModuleBody ::=
Imports ?
EncodingApplicationList

EncodingApplicationList ::=

EncodingApplication
EncodingApplicationList ?

12.1.6 The production "Imports" (and itss¢emantics) is defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, 1B.1, 13.16,
and 13.17,(as modified by A.1 of this Recomimendation | International Standard.

12.1.7 Alll reference names used in-the "ELMModuleBody" shall be imported into the ELM.

NOTE 1 This is a stronger requireément than that imposed for ASN.1 modules. In ASN.1 modules external referepces can be
used foi types and values that'have not been imported. In an ELM module (and in an EDM module) external refereng¢es 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 frqm different
moduleg.

12.1.8 The "Imports” makes available within the ELM:
d) ~implicitly generated encoding structures from an ASN.1 module;

]: ). cxp jGjt 3\ gg_ne;ated enggd]ng stryctures ﬁgm anEDM module:
3

NOTE — When an ELM imports an explicitly generated encoding structure from an EDM, the renames clauses in
other EDMs have no effect on the encoding of that structure (see 15.2.4).

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
module are linked solely to the use of that type as application messages. They have no implications on the encoding of
that type when referenced by other types or when exported from that ASN.1 module and imported into a different
ASN.1 mofdule.

12.2.4 The encoding of the type in a contents constraint is that specified by the encoding objeCtyapplied to the
containing|class in the octetstring or bitstring category, and can be any combined encoding object sét, or pan be the
combined pncoding object set that was applied to the containing class in the octetstring or bitstring,eategory.

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 "EncodingApplication" compldtely defines
the encqding of a type unless it contains an instance of a contents constraint.

13 Application of encodings

13.1 Geperal

13.1.1 Epcodings are applied by the ELM to a generated structuré.(or independently to multiple generated [structures)
using a "CpmbinedEncodings" definition as specified in 13.1.3. This clause, together with 13.2, specifies the gpplication
of "CombihedEncodings" to a generated encoding structure.

13.1.2 Ir} the ELM, the application is to the generatedencoding structures identified in the "EncodingApplication".
Later clauges also specify the application of encodings:to all or part of an arbitrary encoding structure definjtion. This
clause is applicable in both cases.

13.1.3 The "CombinedEncodings" is:

Conbi nedEncodi ngs\\r'=
W TH
Pri mar yEncodi ngs
Conpl eti ond ause ?

Conpl et i'end ause :: =
COWPLETED BY
Secondar yEncodi ngs

Pri mar yEncodi ngs :: = Encodi nglbj ect Set

Secondar yEncodi ngs ::= Encodi nglbj ect Set

13.1.4 "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 17.5).

13.2.7 Ay encoding class in the alternatives, concatenation, and repetition categories (see 16.1.8, 16.1.9 annd 16.1.10)
is an encoding constructor.

13.2.8 The term "component” in the following text refers to any of the following:

d) The alternatives of a constructor that is in the alternatives category.

B) The field following a constructor that is in the repetition category.
d) The components of a constructor that is in the concatenation category.
d) A contained type (a type specified in a contents constraint).

d) The type chosen (in an instance of communication) for use with a class in the opentype categoty.

13.2.9 Al later stages in these procedures, the application point may be on‘any of the following:

d) An encoding class name. This is completely encodablecusing the specification in an encodinf object of
the same class (see 17.1.7).

) An encoding constructor (see 16.2.12). The .construction procedures can be determingd by the
specification contained in an encoding object af\the encoding constructor class, but that encodling object
does not determine the encoding of the components. The specification of the encoding obfect that is
applied may require that one or more ef.the components of the constructor are replaced by other
(parameterized) structures before the application point passes to the components.

d) A class in the bitstring or octetstring'category that has a contained type as a property associat¢d with the

values (see 11.3.4.3 d). The encoding 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 type-category. The encoding of the component of the open type depends ¢n whether
there is an ENCODED .W-TH present, and on the specification of the encoding object being applied (see
23.10.2).

d) A componentwhich is an encoding class (possibly preceded by one or more classes in the tag|category),
followed by ‘an encoding class in the optionality category. The procedures and encpdings for
determining*presence or absence are determined by the specification contained in an encodinf object of
the clas$. in the optionality category. This encoding object may also require the replacenient of the
encodinig class (together with all its preceding classes in the tag category) with a (parameterized)
feplacement structure before that class is encoded. The application point then passes to the fifst class 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 using the specification in an encoding object 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 contained type, then the procedures of 13.2.10 are applied recursively to each component.

NOTE — If the encoding object being applied to a class in the open type category contains an ENCODED W TH, this determines the

]] ppPIIC plied to this

class is ppplied to the component (see 23.10.2).

13.2.10.6 Iif an encoding has been applied to an encoding class at the application point that has a componept that is a
class in th¢ bitstring or octetstring category with a contained type associated with the values, thefithére are|four cases
that can odcur:

d) The contents constraint contains an ENCODED BY, and the encoding object forthis class eith¢r does not
contain a specification of the encoding of the contained type, or specifies that it should not qverride an
ENCCODED BY (see 22.11). In this case the ENCODED BY specification‘shall be used for the contained
type, and the application point passes to the contained type using thig\eni€oding specification.

) The contents constraint contains an ENCODED BY, but the enceding object for this class [contains a
specification of the encoding of the contained type, and specifies that it should override an "HNCODED
BY". In this case, the specification in the encoding object shall be applied to the contained type, and the
application point passes to the contained type using this-€ficoding specification.

q) The contents constraint does not contain an ENCODED{ BY and the encoding object for this class contains a
specification of the encoding of the contained type." In this case, the specification in the encodling object
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 clags does not
contain a specification of the encodinig/of the contained type. In this case the combined encogling object
set being applied to the class shall also be applied to the contents type, and the application poirt passes to
the contained type using this encoding specification.

13.2.10.7 Iif there is no encoding object iinthe combined encoding object set of the same class (see 17.1.7) as fthe current
application] point, and the current application point is a reference name, then it is de-referenced and these pro¢edures are
applied reqursively to the new enceding structure.

13.2.10.8 Qtherwise the ECN dpecification is in error.

13.2.11 The above algofithm can be summarized as follows: The combined encoding object set is applied in a
top-down manner. If4fithis process an encoding structure reference name is encountered and there is an object in the
combined pncoding(object set that can encode it, that object determines its encoding. Otherwise, the referene name is
expanded py de-referencing. If at any stage an encoding is required (and does not exist) for an encoding class that
cannot be|de<referenced, then the ECN specification is incorrect, and the combined encoding class is [said to be
incompletd. "When a primitive bit-field class is reached, the encoding terminates with the encoding of that clpss, except
that if it has a contained type, encoding proceeds to the generated encoding structure corresponding to the contained
type. When a type with components is reached, the process continues by applying the combined encoding object set 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 ::=
Modul el denti fi er
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 defifiey’encoding ¢bjects for
applicatior] 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 RectATU-T X.680 | ISO/IHC 8824-1,
13.1.

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

14.5 The "EDMModuleBody" is:

=

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

=

DM AssignmentList ::=
EDMAssi gnrent
EDMAssi gnment Li st ?

=

DMAssignment ::=
Encodi ngQ assAssi gnnent
| Encodi nghj ect Assi gnnent
| 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 X.680 |
ISO/IEC 8B24-1, 131/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 dgfined in or
imported ihte‘the current EDM except that of an implicitly generated structure. The "Symbol" in the "Exports" can
reference any encoding class (except a built-in encoding class or an implicitly generated structure), an encoding object,
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
modules.

14.13 Theredsnorequirement-that-a
statement) [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 \“\afn/ "EncodingClassAssignment", an

"EncodingObjectAssignment", and an "EncodingObjectSetAssignment”, as specified i €L 1.

15 The renames clause

15.1 Explicitly generated and exported structures
15.1.1 The production "RenamesAndExports" is:
RpnamesAndExports ::=

RENAMES
ExplicitGenerationList ";"

=

kplicitGenerationList ::=
Expl i €i't Generation
Explhici t Generati onLi st ?

=

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

OptionalNameChanges ::=
NaneChanges | GENERATES

NOTE + An examplé gf-the use of the renames clause to produce explicitly generated encoding structures is given in D.3.7.

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

15.1.3 Thet "y ames clause

15.1.4 Each "ExplicitGeneration" generates, and exports from this module, an explicitly generated encoding structure
for each of the implicitly generated encoding 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.

NOTE — The implicitly generated encoding structures used in their generation have the same simple reference name, but their
fully-qualified name includes the "Moduleldentifier" of the ASN.1 module in which the corresponding type was defined.

15.1.9 Iflan EDM produces explicitly generated encoding structures from more than one ASN.1 module{/t[is possible
that some pf these structures may have the same simple encoding class names. If any of these structuges are [referenced
in the body of this EDM, then the reference shall be an "ExternalEncodingClassReference|,contpining the
"modulereference" used as the ASN.1 module reference in the replaces clause of this EDM module.

15.1.10 The "ExternalEncodingClassReference" notation shall not be used in an imports clausg except whete required
by clause 15.1.9.

15.1.11 Iff a name which has been imported using an "ExternalEncodingClassRefeference" is used in the|body of a
module, then the simple "encodingclassreference" can be used unless an "ExternalEncodingClassReference" [is required
as specifiefl in clause 15.1.9.

15.1.12 If| the "OptionalNameChanges" is GENERATES, then all the explicitly generated encoding structufes are the

same strucfure as the implicitly generated encoding structures used in their ‘generation, except as specified in |5.1.14.
NOTE 1 (Tutorial) If, in an EDM module, there are multiple structurés with the same simple reference name (whether these
names grise from an imports clause or from a renames clause, or fromlashes with built-in classes, or from any corhbination of
these), then a fully-qualified name is used except for references to.a built-in class. For implicitly generated stjuctures, the
fully-qualified name always uses the ASN.1 module name. For'strictures generated by the renames clause in an EIPM module,
the fully-qualified name is used. This fully-qualified name (in the body of this EDM always uses the ASN.1 mpdule name
referended by the renames clause. For structures importedsffom another EDM module, the fully-qualified name uses fthe name of
that EDM module. This is always unambiguous, as impaftation is not permitted if an EDM module generates multipfe explicitly
generatdd structures with the same simple reference name:

15.1.13 If{"OptionalNameChanges" is "NameChanges", then 15.1.14 still applies, but the explicitly generatefl encoding
structures fire further modified as specified in 1522.

15.1.14 Cpnsider an implicitly generated-encoding structure (A say) which contains an encoding class r¢ference to
some othef implicitly generated encoding structure (B say). Then:

d) If this renames clause (in any of its "ExplicitGeneration"s) produces an explicitly generated encoding
structure corresponding to B (B1 say), then the corresponding reference in the explicitly| generated
encoding strueture corresponding to A is a reference to B1.

) If theresissno explicitly generated encoding structure corresponding to B, then the referehce in the
generated encoding structure corresponding to A is a reference to B.

15.2 Namé€ changes

15.2.1 The "NameChanges" production 1s:

NameChanges ::=
NameChange
NanmeChanges ?

NameChange ::=
Ori gi nal C assNane
AS
Newd 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"
(preceded by a"#") is a "BulltlnEncodlngClassReference" then the "SlmpleDeﬁnedEncodmgClass notatlon shall be
used with the-sa 2 2 3 structure.

15.2.4 When an ELM imports an explicitly generated encoding structure from an EDM, renames_claus¢s in other
EDMs havg 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 hds-to be don¢ in a single
EDM.
15.2.5 The "NewClassName" shall be defined in an encoding class assignment statement(s€e clause 16) ofthe form:

<Newd assNane> ::= <Ori gi nal d assNane>

where "<Newd assNanme>" and "<Ori gi nal Cl assNane>" are the names of thenéw and original classes appearing in
the "Name|Changes" production. The assignment shall be in the EDM module witfi the renames clause.

NOTE + The "<Ori gi nal O assNane>" is required to reference a built-in enéoding class or an externally generatpd encoding
structurg produced by the renames clause in this module. In case of ambiguity, this will require the use of an external feference in
"<Ori di nal d assNane>".

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

I ncl udedRegi ons
Exception ?

Ekception ::=

EXCEPT

Excl udedRegi ons
InjcludedRegions ::=

ALL | Regi onLlixst
EkcludedRegions ::=RegionList
RegionList ::=

Regiign™ ", " +
Region ::=

Si npl eDef i nedEncodi ngd ass |

Conponent Ref er ence
ComponentReference ::=

Si npl eDef i nedEncodi ngd ass

Conponent | 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.1 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 identiffied by the
"IncludedRegions".

15.3.8 The "NameChangeDomain" specification identifies the definitions in which the name changes are tp be made.
The definifions in the "NameChangeDomain" are the definitions identified by the "IncludedRegions” which gre not also
identified by "ExcludedRegions".

16 Encoding class assignments

16.1 Geperal
16.1.1 The "EncodingClassAssignment" is:

EpcodingClassAssignment ::=
encodi ngcl assref erence

Eﬁéodi ngd ass

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

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

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

qd) A category in the bit-field group of categories (see 16.1.7).
) The alternatives category (sece 16.1.8).

q) The concatenation category (see 16.1.9).

d) The repetition catsgory (see 16.1.10).

d) The optionality-category (see 16.1.11).

f) The tag{Category (see 16.1.12).

4) A category in the encoding procedure group of categories (see 16.1.13).

NOTE + The(teri encoding constructor is used for any class in the alternatives, concatenation, and repetition categqries. These
are alsofcalléd the encoding constructor group of categories.

16.1.4 The category of each built-in encoding class is specified in 16.1.14.

NOTE - If an encoding class is a tagged class (see 16.2.1), or has bounds (see 16.2.6), then the category of the class is the
category of the class with the tag and the bounds removed.

16.1.5 The "EncodingClass" is:

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

16.1.6 The "BuiltinEncodingClassReference" is:

BuiltinEncodingClassReference ::=
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Bitfiel dd assRef erence

Al ternativesC assRef erence
Concat enat i onCl assRef erence
Repetitiond assRef erence
Optionalityd assRef erence
Tagd assRef erence

16.1.7 The "BitfieldClassReference" is:

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

Encodi ngPr ocedur eC assRef erence

ISO/IEC 8825-3:2015 (E)

|

I

|

|

|

| #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 n€
| #UTCTi ne

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

| #Cener akStri ng

| #G aphi)cString

[ #1 ABStTi ng

| #Numreri cString

| #Printabl eString
| #Tel etexString

| #Uni versal String
| #UTF8Stri ng

| #Vi deot exString

| #Vi si bl eString

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

of categorifes.

16.1.8 The!'AlternativesClassReference" is:

AlfernativesClassReference ::=
#ALTERNATI VES
| #CHA CE

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:

OptionalityClassReference ::=
#OPTI ONAL

16.1.12 The "TagClassReference" is:

TagClassReference ::=
#TAG

16.1.13 The "EncodingProcedureClassReference" is:

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

16.1.14 Spme of these classes are defined to be primitive, and can only be encoded by encoding 0bjects of their own
class. Othprs are derived from a primitive class through class assignment statements, and can-bé de-referenced to these
classes. Their category is that of the class from which they are derived. The following atgythe primitive dlasses that
each built{in class is derived from through class assignment statements. When defining‘encoding objects [of derived
classes, anly syntax permitted for the corresponding primitive class can be used for the'derived class. The th{rd column
of the tabl¢ gives the category for each of the built-in classes that are not derived from'dther classes.
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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)
#ENUMERATED #1 NT

#EXTERNAL (defined using #SEQUENCE)
HNT (prmtT Ve TteyeT

#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 VE

#DURATI ON #TKNE

#TRANSFORM (primtive) encodi ng procedure
#CGener al i zedTi'e #CHARS

#UTCTi ne #CHARS

#Qbj ect Desgri pt or #CHARS

#BMPSt ritng #CHARS

#Gener al St ri ng #CHARS

#G-aphi cStri ng #CHARS

#M\A5St ri ng #CHARS

#Nuner 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

16.2 Encoding structure definition
16.2.1 The "EncodingStructure" is:

EncodingStructure ::=
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16.2.2

notation p
classes (w
classes in
(Examples
D.2.23is

NOTE
encodin|

16.2.3
16.2.4
16.2.5
16.2.6

40

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 ::=

Def i nedEncodi ngCl ass |

|

Al

T

T
T
T

TagCrassRef eTernce

hgValue ::=
"(" nunmber ")"

n "EncodingStructure” defines a structure-based encoding class using the notation. specified be
ermits the definition of arbitrary encoding classes using built-in encoding classgés~and defineg
hich may be generated encoding structures) for bit-fields, encoding constructorsy and the encoding]
he optionality category. All classes defined by "EncodingStructure" are inthe encoding structur
of an encoding structure assignment illustrating many of the syntactic§trixctures is given in [
in example of the use of #TAG)

- The syntax prohibits the specification of a tag class immediately following another tag class in the defi
b structure, nor can such structures be produced by multiple textual tags in aa”ASN.1 type definition (see 11.3

he "DefinedEncodingClass" is specified in 10.9.1 and shall b¢ a class in the bit-field group of categ]
he "DefinedEncodingClass" in the "TagClass" shall be aclass in the tag category (see 16.1.3).
he "number"” in "TagValue" specifies a tag number which is associated with the class in the tag catd
he "EncodingStructureField" is:

EncodingStructureField ::=

low. This
encoding
procedure
b category.
.2.8.4 and

hition of an
4.1¢).

ories.

gory.
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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?
#NULL

#OBJECT- | DENTI FI ER

I

I

I

I

I

I

I

I

I

I

I

|

I

|

I

f HOCTET-STRHNG—Sr=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 Si'ze?
| #Vi si bl eString Si ze?

16.2.7 The "EncodingStructureField"s represent-all possible bitstring encodings for the corresponding A§N.1 types,
and can be|assigned values of those types in a alue mapping (see clause 19).

16.2.8 The ASN.1 values which can beassociated with each primitive field are as follows:

#NUL  The'null val ue
#BOOL_The bool ean val ues
#I NI (_ The integer val ues
#BI\TS Bitstring 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

LTI NI T 1
I v I e val oS

#TAG Tag nunbers

NOTE — The #PAD field cannot have associated ASN.1 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
Véi ueOr Max
ValueOMn ::=
Si gnedNunber |
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 N-shall not be used|in "Size".
"Fixed" nleans a single value or a single size. "SignedNumber" is specified in/Rec. ITU-T X.680 || ISO/IEC
8824-1, 19 1. It shall be non-negative when used in "Size". "ValueOrMin" and "ValeOrMax" specify lower and upper
bounds respectively.

16.2.12 The "EncodingStructureDefn" is:

EpcodingStructureDefn ::=
Al ternativesStructure
| RepetitionStructure
| Concat enati onSt ruct.ure

16.2.13 These encoding structures are defined in the following elauses:

Al ternativesStructure 16. 3
Repeti ti onStyucture 16. 4
Concat enatiyonSt ruct ure 16.5

16.3 Alternative encoding structure
16.3.1 The "AlternativesStructure" ig:

AlternativesStructure ::=
Al ternativesdass

{
NarredFi el ds
" } "
ternativesClass ::=

Def+ nedEncodi ngd ass
Al ternati vesd assRef erence

>

NpmedFields ::= NamedField "," +

NamedField ::=
identifier
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 |
RepetitionC assRef erence

16.4.2 The "RepetitionStructure" identifies the presence in an encoding of repeated occurrences of the
"Encodingftructure” in the production. The optional "Size" construction (see 16.2.9) specifies bounds on the[number of
repetitions] The mechanisms used to identify how many repetitions of the "EncodingStructure" aré\prgsent in an
encoding d4re specified by an encoding object of the "RepetitionClass" class. The "DefinedEncoding€lass'| shall be a
class in thq repetition category (see 16.1.10).

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

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

16.5 Copcatenation encoding structure
16.5.1 The "ConcatenationStructure" is:

CpncatenationStructure ::=
Concat enat i onCl ass
e

Concat Conponent s
ny

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

Q

Q

pncatComponents ::=
Concat Conponent " &F

Q

pncatComponent ::=
NanedFi el d
Concat Conponent Presence ?

CpncatComponentPresence ::=
OPTI ONAL- ENCODI NG
Optivonal d ass

Optional€Class ::=
Def i nedEncodi ngQ ass |
Optional i tyd assRef erence

16.5.2 The "ConcatenationStructure" identifies the presence in an encoding of zero or one encodings for each of the
"EncodingStructure"s in its "NamedField"s. The "DefinedEncodingClass" in the "ConcatenationClass" shall be a class
in the concatenation category (see 16.1.9), and the "DefinedEncodingClass" in the "OptionalClass" shall be a class in
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

Encoding object assignments

17.1 General
17.1.1 The "EncodingObjectAssignment" is:

17.1.2 The "EncodingObjectAssignment" defines the "encodingobjectreference" as an encoding ebjéct r
the "EncofdingObject", which is required to be a production which generates an object ofythe” enco)
"DefinedQrBuiltinEncodingClass". (D.1.2.2, D.1.7.3 and D.1.8.2 provide examples of encoding object assij
the differeft syntactic constructions for "EncodingObject" specified below.)

17.1.3 The "DefinedOrBuiltinEncodingClass" is called the governor of the "EncodingObject" notati
production.
NOTE | — Whenever the "EncodingObject" production appears in ECN, there is a goverhor, and the syntax of t}
notatior] depends on the encoding class of the governor.
NOTE 7} — The syntax of the governed notation has been designed so that a parser can’find the end of it without know
governd.

17.1.4 There shall be no recursive definition (see 3.2.39) of an feficodingobjectreference", and there §|

recursive

the definitjon of the encoding.

17.1.5 The "EncodingObject" is:

17.1.6 "DefinedEncodingObject" identifies an encoding object and is specified in 10.9.2.
"DefinedEpcodingObject"” shall be of the same encoding class as the governor, or of a class which can be obt:
the governpr by de-referencing.

17.1.7 Iy this Re¢ommendation | International Standard, "the same encoding class" and "the same clas
interpreted as meaning that the notation used for defining the two classes shall be the same encoding clas
name, or shall-be reference names that de-reference to the same encoding class name.

17 1 8 T 4 | S LN = Ol 410 dats P IS RN Vi | | . 1 | b |
ol TCTUTTATIITS PTOUOUTIUTIS OT CIICUUTITE O UTOUT arCUUTITIOU TIT T TUTTO WITTS CTAatSUS—dITa PpTovIaT

EncodingObject ::=

Encodi ngCbj ect Assi gnnent :: =
encodi ngobj ectref erence
Def i nedOr Bui | ti nEncodi ngd ass

Encodi ngOhj ect

instantiation (see 3.2.40) of an "encodingobjectreference”) if'these recursions lead to an infinite rq

Def i nedEncodi ngQuject
| Def i nedSynt ax
| EncodeWth
| EncodeByVakueMappi ng
| EncodeSt ruct ur e
| Di f f erenti al EncodeDecode(j ect
| Encodi_ ngOpt i onsEncodi ngoj ect
| NenECNEncodi ngQhj ect

cference to
ding class
rnment for

bn in this
le governed

ledge of the

hall be no
cursion in

The
hined from

" shall be
reference

means of 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

17.2 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 11.6, as
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.

Table 3 — Categories and classes supported by a defined syntax

null 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 $pecify an encoding object of one of these|categories
or classes Yising the "DefinedSyntax" is specified by the definitions-in clauses 23 to 25.

17.2.4 Ifla governor for a value of one of the fields appearing in the "DefinedSyntax" is needed for use ir} a dummy
parameter [list, then the notation "EncodingClassFieldType" (specified in B.17) shall be used. No other upe shall be
made of the "EncodingClassFieldType" notation.

17.2.5 here the syntax defined in clause 23 requires the provision of a REFERENCE, this can only be supplied in the
"DefinedSyntax" construction by using a dumihy parameter of the encoding object that is being defined or, [in the case
of f| ag- tlo- be-used or f| ag- t o- be- sétl-by using a reference name that is textually present in the defipition of a
replacement structure. A REFERENCE that\s used as a determinant shall not be the named component of a repetition.

17.2.6 The "DefinedSyntax" notation specifies whether the encoding object being defined exhibits an idg¢ntification
handle.
17.3 Enfoding with.encoding object sets
17.3.1 The "EncodeWith" 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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constructid
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specificati
constrainty
applicatior]

17.4.8
E exhibits
exhibits th

NOTE -
the "De

17.5 En

coding using value mappings
he "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

Val ueMappi ngEncodi ngCbj ects :: =
Encodi ngOhj ect

f PefTmedOrBuirttTmEncodi Tgthj ettt Set

he production "DefinedOrBuiltinEncodingClass" and its semantics are defined in 10.9.} Nt
d encoding structure or a built-in class in the bit-field group of categories (see 16.1.7).

be a class in the bit-field group of categories.

he "ValueMappingEncodingObjects" specifies the encoding of the "DefingdOrBuiltinEncodingC
dingObject" shall define an encoding object using notation governed by thdt class, or by a class
Feferenced (see 17.1.3). The "DefinedOrBuiltinEncodingObjectSet'-.can alternatively be used to

f the "DefinedOrBuiltinEncodingClass" and shall contain sufficient’ encoding objects to fully

f that class through the application of encodings specified in clause 13.

he syntax for "EncodingObject” allows both in-line definition of encoding objects (recursive apy
and the use of reference names. (D.2.9.3 gives an €xample of in-line definition to perform
n a single assignment.)

(here the "EncodingObject" requires the provision of a REFERENCE, this can only be suppl
n by using a dummy parameter of the encoding‘object that is being defined.

(here there are bounds or effective size constraints on fields of the "DefinedOrBuiltinEncodingClas
ns in clause 19 require values to be mapped to those fields that violate the specified bounds or eff
, then such values are not mapped{and the encoding of such values is not possible. It is 4
error if such values are submitted for encoding.

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

finedOrBuiltinEncodingObjectSet".

coding an‘encoding structure

shall be a

he production "ValueMapping" is specified in 19.1.7, and shall be a mapping of values~associatdd with the
encoding class to the class identified by the "DefinedOrBuiltinEncodingClass'..‘ [Uhe governing encoding

ass". The
o which it
pecify the
pecify the

lication of
two value

ed in this

s", and the
lective size
n ECN or

ling object
ee 17.1.5)
andle.

- The encoding objeect\E/may be either the "EncodingObject" in the "ValueMappingEncodingObjects", or af member of

17.5.1 The "EncodeStructure" is:

EhcedéStructure ::=
T
ENCODE STRUCTURE
n { n
Conponent Encodi nglLi st
Struct ureEncodi ng ?
"y
Conbi nedEncodi ngs ?

"y
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.

NOTE — "CombinedEncodings" has to be present if the "StructureEncoding" is absent, because a complete encoding has to be
produced. If it is desired to defer the specification of part of an encoding, then a dummy parameter should be used.

17.5.4 If the "ComponentEncodingList" is not empty, then the encoding object applied to the governing encoding
constructof (whether from "StructureEncoding" or from "CombinedEncodings") shall not specify any. Tg¢placement
actions.

17.5.5 If the "EncodingOrUseSet" in the "StructureEncoding" is an "EncodingObject", it shall -be goverped by the
governing encoding constructor.

17.5.6 IffUSE- SET is specified in any "EncodingOrUseSet", then the encoding of the cotresponding class {s obtained
by applying the "CombinedEncodings", which shall be present, and shall be sufficient’ to encode the corfesponding
class, othefwise the ECN specification is in error.

17.5.7 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

17.5.8 There shall be at most one "ComponentEncoding! “for each component of the governing encoding cpnstructor.
The "ComponentEncoding"s shall be in the same textual order.

NOTE | The absence of "ComponentEncoding"s.¢an be detected by following named fields, or by the fnd of the
"CompdnentEncodingList".

17.5.9 The "OptionalComponentEncodingSpec" shall be used if and only if the component is optional (i.g., contains
an encodirjg class in the optionality category).

17.5.10 If the "ComponentEncoding" for any component is not present in the "ComponentEncodingList|, then the
"CombinedlEncodings" shall be present (but see also 17.5.6), and is required, on application to the component (see
13.2), to pfovide a complete encoding of that component (possibly including use of dummy parameters), oth¢rwise it is
an error infthe ECN specification.

NpnOptionalComponentEncodingSpec ::=
identifier ?
TagAndEl enent Encodi ng

OrtionalComponentEncodingSpec =
identifier
TagAndEl enent Encodi ng
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. The
"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 encoding objects or encoding object sets used in
this production, then it can either be supplied as a dummy parameter of the encoding object that is being defined, or it
can be supplied as a "ComponentldList" (see 15.3.1 for the syntax of the "ComponentldList" — the meaning of the

" ot T AT 2ot o L M Fad bal Ay
Compon].:mhmt Hthts-eontextis-speetfred-beltows:

17.5.16 the governor is not a constructor in the repetition category, then the first (or only) "identifjer" in the
"ComponentldList" shall be the "identifier" of a textually present "NamedType" (at some level of nesting —s¢e 17.5.17)
of the copstruction that is obtained by de-referencing the governor. It identifies the entife definitign of that
"NamedTiIfe" component, whether that definition is textually present or not.

17.5.17 there is more than one such matching identifier, then the chosen matching identifier shall be detgrmined by
the first mptch in a scan (in textual order) of the outer-level identifiers, then by a scan~(in“textual order) of fthe second
level ident]fiers, then by a scan (in textual order) of the third-level identifiers, and so©n,

17.5.18 Kach subsequent "identifier" of the "ComponentldList" (if any) shall Be an "identifier" in a "Namg¢dType" of
the structyre identified by the previous part of the "ComponentldList", andZidentifies the entire definitijon of that
"NamedType" component, whether it is textually present or not in the definition of the structure identiffed by the
previous phrt of the "ComponentIdList".

17.5.19 the governor is a constructor in the repetition category;)thén the actual parameter for the REFERENCE shall
be a "C¢mponentldList" whose first "identifier" identifies\ @ component that is textually presept in the
"Encodingftructure" in the "RepetitionStructure" obtained b¥:'deé-referencing the repetition (see 17.5.17). Bubclauses
17.5.17 anfl 17.5.18 then apply.

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

d) STRUCTURE (provided the constructer’for the structure being encoded is not an alternativeq category)
when it refers to that structure;

) QOUTER when it refers to the edntainer of the complete encoding.

NOTE t The "EncodeStructure" is the“only production in which REFERENCEs can be supplied, except throughl the use of
dummy[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- set in
the defipition of an encoding objeet for a class in the repetition category which uses replacement.

17.5.21 IDetermination of whether the encoding object being defined (see 17.1.5) exhibits an identificatjon handle
shall be done as follows:

d) if the "TagEncoding" is present in "StructureEncoding", call E the encoding object which is|applied to
the emceding class in the tag category; or

) if-the*"TagEncoding" is not present in "StructureEncoding", call E the encoding object whicl| is applied
to-’ the governing encoding constructor (this may be either the "EncodingObjec{' in the
"EncodingOrUseSet" in the "StructureEncoding". or may be a member of the "CombinedEncoglings").

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 if the encoder had applied the
"SpecForDecoders".

NOTE | — The "SpecForDecoders" is still an encoding specification. It tells decoders to assume that encoderschaye used this
specificption.

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

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

NOTE 1 This restriction is present because otherwise specification of the meaning of the encode/decode construftion would
become|more complex with no added functionality.

17.6.5 If the "SpecForEncoding" and the "SpecForDecoders" exhibit the same Jidentification handle witlh the same
handle valpe set, then the encoding object being defined (see 17.1.5) exhibits that identification handle (with the same
handle valpe set); otherwise, it does not exhibit a handle.

17.7 Encoding options
17.7.1 The "EncodingOptionsEncodingObject" is:

Encodi ngOpt i onsEncodi nghj ect .=
OPTI ONS
Encodi ng@ali onsLi st
W TH Al ternati vesEncodi ngQhj ect

II}II
Encodi ngOpt i onsLi$t : = O der edEncodi nghj ect Li st
Al ternativesEncodi nglbj ect ::= Encodi ngObj ect

17.7.2 The "EncodingOptionsBErncodingObject" specifies that the encoder may encode (subject to 17.7.6) uging any of
the "EncodlingObject"s in the /"EncodingOptionsList". These "EncodingObject"s shall all be encoding objpcts of the
governing flass.
NOTE 1 New implemthtations are strongly recommended to encode using the earliest "EncodingObject” in the ordgred list that
is capable of enceding the abstract value to be encoded (see 17.7.6). The encoding options specification is provided qnly because
it is nedessary-to_reflect options provided in legacy protocols and to support different forms of length encoding for ptrings. All
the encqding eptions can, of course, occur when decoding.

17.73 The "Altblllat;VbbEllbUdiJléObjbbt“ shat-te—an buuudiué Ubjbbt of any class—trthe—attermattves category, and
encoders and decoders shall use the encodings and procedures specified by that encoding object as if the encoding
options were encodings for alternatives of an instance of that class. The "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 s

uch "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 Non-ECN definition of encoding objects

17.8.1 The "NonECNEncodingObject" is:

17.8.2 The "NonECNEncodingObject" shall specify an encoding object of the governor class (see 17
notation uged to do this is contained in "anystringexceptnonecnend" and is not standardized.

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

1.3). The

17.8.3 The production "Assignedldentifier" and its semantics is defined in Reecy TTU-T X.680 | ISO/IEC 88p4-1, 13.1,

as modifi

17.8.4 Iflthe "empty" alternative of "Assignedldentifier" is used, then the notation is determined by means
this Reconpmendation | International Standard.

bd by A.1 of this Recommendation | International Standard, Tt identifies the notation uged in the
"anystringg¢xceptuserdefinedend" to specify the encoding.

outside of

17.8.5 The assignment of object identifiers to any notation for“use in "anystringexceptnonecnend" follows fhe normal

rules for the assignment of object identifiers as specified in-thé¢ Rec. ITU-T X.660 | ISO/IEC 9834 series.

17.8.6 A identification handle (with a given handletwvalue set) is exhibited by the encoding object being d¢fined (see

17.1.5) if
defined in

18 Encoding object set assignments

18.1 Geperal
18.1.1 The "EncodingObjectSetAssignment" is:

gnd only if the "anystringexceptnonecnend” specifies that it does so. The means of such specificy
this Recommendation | International Standard.

Encodimngoj ect Set Assi gnnent :: =
encodi ngobj ect setref erence
#ENCCODI NGS

tion is not

Ehéodi ngQObj ect Set

Conpl eti ond ause ?

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".

18.14 "

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
UNI ON

18.1.6 "EncodingObjectSetSpec" defines an encoding object set using one or more encoding objects or encoding
object sets.

18.1.7 Epcoding objects forming an encoding object set shall all be of distinct encoding classes, and shall not be
classes in fhe 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 thg EDM, and
for imp¢rt into the ELM for the application of encodings.

18.1.8 Iff "CompletionClause" is present, then the encoding object set defined by "Enc¢odingObjectSetSpec” is
considered to be "PrimaryEncodings" (see 13.2), and the encoding objégt set assigned to the
"encodinggbjectsetreference" is the combined encoding object set formed as specified ifi '13.2.

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- UNALI"GNED
| BER
| CER
| DER

18.2.2 These encoding object set names reference the sets of encoding objects defined by Rec. ITU{T X.690 |
ISO/IEC 8B25-1 and Rec. ITU-T X.691 | ISOAEC 8825-2. The object identifiers for the encoding rules provjding these
encoding dbject sets are given in Table 4.

NOTE } These Recommendations | Infernational Standards were written before this ECN Recommendation | Ipternational
Standarfl, and do not use the encoding object terminology. They define, for example, the way an ASN.1 | NTEGER qr BOOLEAN
type is tp be encoded. This should'be interpreted as the definition of an encoding object of class #I NTEGER or class #BOCLEAN.

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)_<l<-'gned(0)}

PER- BASI C- UNALI GNED {j oint-iso-itu-t(2) asnl(1l) packed-encodi ng(3)
basi c(t0) 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)}

canoni cal (1) unaligned(1)}

BER {joint-iso-itu-t(2) asnl(1) basic-encoding(1)}
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.
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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.

18.2.5.3 #CHARS, #OCTETS, and #BI TS are encoded as PER- BASI C- UNALI GNED UTF8St ri ng, #OCTET- STRI NG, and
#BI T- STRI NG respectively, provided they are a single size. It is an ECN design error if #CHARS, #OCTETS, or #Bl TS
do not havp 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
componenfs. If these encoding objects are applied to a #CONCATENATI ON with optional components, ithen it|is an ECN
specificatipn error.

18.2.6 The #OPEN TYPE encoding objects in the BER, CER, and DER built-in encoding’object sets produce no
additional |encoding for the #OPEN- TYPE class. When these encoding objects are applicd’to a class in th¢ opentype
category, |t is an ECN specification error if the encodings of the values of the type chosen (in an ipstance of
communichtion) 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 #QPEN- TYPE

class is plways the same as the combined encoding object set applied to the #OPEN-<FYPE class as these encoding oljjects do not
contain an ENCODED W TH (see 13.2.10.5 and 13.2.9 d).

19 Mapping values

19.1 Geperal

19.1.1 This clause specifies the syntax for mappingivalues (and tag numbers) to be encoded by the figlds of one
encoding $tructure (which may be a generated ené¢oding structure or any other encoding structure) to thg fields of
another enfoding structure.

NOTE + The power provided in a single use, ofithis notation has been limited (to avoid complexity). More complegx mappings

can be [achieved by using multiple instanegs” of "EncodeByValueMapping" (see 17.4 and the example in D.1.10.2). These
mapping mechanisms can be extended and generalized, but this will not be done unless further user requirements are iidentified.

19.1.2 specifying the "EndodeByValueMapping" notation (see 17.4.1) the structure to which the
"DefinedOrBuiltinEncodingClas§!~in the "EncodingObjectAssignment" (see 17.1.1), of which it is a part, detreferences
is called fhe source governer.or the source encoding class (depending on context). The structure to [which the
"DefinedOQrBuiltinEncodingClass" in the "EncodeByValueMapping" itself de-references is called the target governor or
the target gncoding class {depending on context).

19.13 1
in the tag
tag catego
then it is ab

the source governor has an initial class in the tag category, then the target governor shall have an initial class
dategorysand the tag number of the class in the source governor is mapped to the tag number of the ¢lass in the
firthe target governor. If the class in the tag category in the target governor has an associated tdg number,

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
and Annex E give examples of the definition of encodings using each of these value mappings.)

19.1.8 Tg

e "\ aluoNannina! weaduatione ara cpmanifiod oo folloye.
Y-art STyt 55y FoatcHoORSaFe-SpecHieaas+orowWs

NOTE
producg
mappin,

PP

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

- It is frequently the case that several of the value mappings can be used to defing the same encoding, by
a more obvious or less verbose specification than others. ECN designers should jselect carefully the fo
b to be used.

19.2 Mg4pping by explicit values

1921 T
encoding @

19.22 T
ISO/IEC 8

1923 T
class may

19.24 E
categories
production
encoding @
in Rec. ITT1

NOTE
ISO/IE

his clause provides notation for specifying the mapping ©f values between different primitiy
lasses. (D.1.10.2 gives an example.)

his clause uses the notation for ASN.1 values (ASN:l value notation) specified in Rec. ITU
R24-1 for the type which corresponds to an encoding.class.

hble 5 specifies the ASN.1 value notation to be.used with each governing encoding class. In ead
br may not have an associated size or value range constraint.

CN supports mapping by explicit values\(either to or from the encoding class) for all encoding cla
listed in column 1 of Table 5. Column 2 of the table specifies the value notation (as either
or by reference to a clause of‘\Rec. ITU-T X.680 | ISO/IEC 8824-1 or both) that shall be use
lass in the category listed in_column 1 is specified as the governor of the notation. It also specifies
J-T X.680 | ISO/IEC 8824-1.that defines the value notation.

— None of the following, ASN.1 value notations can use "DefinedValue"s (as defined in Rec. ITU|
8824-1, 14.1) becausevaluereference"s cannot be imported nor defined in an EDM or ELM module.

Table 5 — Categories of encoding classes and value notation used in mapping by explicit value

t some will
m of value

e bit-field

T X.680 |

h case the

sses in the
an ASN.1
1 when an
the clause

LT X.680 |

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. ITU-T X.680 | ISO/IEC 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:

19.2.6 The "MappedValuel" shall be value notation governed by the source governor and "Mapped Vialue
value notation governed by the target governor (see 19.1.2). The value in the source specified by "Mapped|
mapped to|the value in the target specified by "MappedValue2".

19.2.7
target.

19.3 Mg4pping by matching fields
19.3.1

MappingByExplicitValues ::=
VALUES

MappedVal ues "," +
" } "

MappedValues ::=
MappedVal uel

TO
MappedVal ue2

MappedValuel ::= Value

M appednahlez oo ‘Zalun

It|is an ECN specification error if "MappedValue2" is a value which violates a bound ‘ot size const

This mapping is provided primarily to enable the encoding of an ASN: ktype to be defined as the e

D" shall be
Valuel" is

aint in the

ncoding of

an encodipg structure that has fields corresponding to the components of\th¢ type, but also has added| fields for
determinaits.
19.3.2 The "MappingByMatchingFields" is:
Mappi ngByMat chi ngFi el ds :: =
FI ELDS
19.3.3 If] either the source or the target encoding classes are user-defined encoding structures (see $.2.2.3) or
generated pncoding structures, then these references are“resolved until the source and target start with af encoding

constructof. If this encoding constructor in the target is in the repetitions category, then de-referenc
component of this repetition encoding constructor-is performed until the component starts with an encoding ¢
Referenceq within the resulting structures are ndt'resolved.

19.3.4 The effect of the possible présence of classes in the tag category on the initial de-refes
"DefinedQrBuiltinEncodingClass" narmes*in the source and target was fully specified in 19.1.3 to 19.1.5. It
specificatipn error if further initial classes in the tag category are introduced by the application of 19.3.3.

19.3.5  Alfter the application 01)19.3.3, the source and the target encoding classes shall start with the sam
constructof. This shall be either an encoding constructor in the concatenation category, or an encoding cof
the repetitijons category. Jf'this encoding constructor is in the repetitions category, then its component in the
be a class |n the concdténation category. For the purposes of this subclause 19.3, the resulting encoding str
called the §ource and target encoding structures respectively.

19.3.6 The fieldnames of the (top-level) components of the encoding constructor produced by the app
19.3.3 to thesource are called the source fields.

ing of the
pnstructor.

encing of
is an ECN

b encoding
structor in
arget shall
lictures are

lication of

NOTE — Source fields are restricted to the top-level fields of a concatenation or the component of a repetition. This restriction is
imposed 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
concatenation 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.
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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 optlonahty categorles (as specified in
19.39t0 19 : 2 2 e all ha : 7) or shall
be defined|using the same sequence of lexical items, ignoring comment and Whltespace and bounds specnﬁcat jons.

19.3.13 Alll abstract values are mapped from each of the source fields to the matching target fields. Additiongal fields in
the target ¢ncoding structure do not acquire abstract values. In a correct ECN specification, the vathie. 6f such fields has
to be specilfied by reference as a determinant.

19.3.14 If| the source and target encoding constructors are classes in the repetition category, then the pumber of
repetitions|in the abstract value associated with the source encoding structure is mapped- to~the number of repetitions in
the target gncoding structure.

19.3.15 Ifla source field has an associated contents constraint, this is mapped as(anyassociated contents constraint to the
matching thrget field.

19.3.16 If} due to the presence of bounds or size constraints, there are yalues in the source field that are nof| present in
the matchihg target field, then 17.4.7 shall apply.

19.4 Mg4pping by #TRANSFORMencoding objects
19.4.1 This mapping permits one or more #TRANSFORMeneoding objects to be applied to produce the mappjng.

19.4.2 The #TRANSFORMencoding class is defined in glatise 24. It enables encoding objects to be specified [which will
transform pource abstract values into result abstrac’yalues. The rules for forming an ordered list of tran§forms (for
"OrderedTlransformList") are specified in clause 24\ “The complete list is defined to transform from a source tp a result.

NOTE + Examples of mappings defined with these transforms are given in D.1.2.2 and D.2.4.2. The example in DJ1.6.3 shows
the use pf this production to define BCD encodings of an ASN.1 integer.

19.4.3 The "MappingByTransformEncedingObjects" is

Mappi ngBy Tr ansf or nEncodi ngObj ects :: =
TRANSFORNS
" { "
O der edTr ansf or nLi st
" } "

nderedTransfornlist ::= Transform"," +

Transform ::= Encodi ngObj ect

19.4.4 All the "EncodingObject"s in the "OrderedTransformList" shall be governed by the encoding class
#TRANSFORM

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, boolean, integer or real category, or shall be a construction defined using a class in the alternatives category, or
shall be 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 Alfinite set of ordered abstract values is defined for encoding classes in the following categories:
a) null;

b) boolean;

¢) bounded integer;

d) real constrained to a finite number of values;

e) an encoding structure defined using the alternatives category, proyided that all of the alterngtives have
a finite ordering defined;

f) an encoding structure defined using the concatenatiofy‘category that has a single nqn-optional
component, provided that the component has a finite 6rdering defined.

19.5.4.2 A infinite set of ordered abstract values is defined for enéoding classes in the following categories:
q) integer, constrained to have a finite lower bound;

) an encoding structure defined using the alterfiatives category, provided that all of the alternatijves except
the last are defined to have a finite set of\ordered values, and the last alternative is defined [to have an
infinite set of ordered values;

d) an encoding structure defined using'the concatenation category that has a single non-optional domponent,
provided that the component is\defined to have an infinite set of ordered abstract values.

19.5.5 (Jasses in the null category haveca single abstract value. Classes in the boolean category are defined to have
TRUE befofe FALSE. Classes in the infeger category are defined to have higher integer values following loyer integer
values. Clpsses in the real category are defined to have higher values following lower values.

NOTE + The number of abstract¥alues associated with a class in the integer category is not necessarily finite.

19.5.6 Ay bounds present in the source or destination shall be taken fully into account in determining the prdered set
of abstract|values.

19.5.7 The orderingof the abstract values associated with a class in the alternatives category (all of whose glternatives
have a defined erdeting of abstract values) is defined to be the (ordered) abstract values from the texfually first
alternative| followed by those from the textually second alternative, and so on to the textually last alternative.

19.5.8 The—ordering > coneatenation cate has a single
non-optional component shall be the order determined by the ordering of the abstract values of its single component.

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 precedirig-dlass in the
tag categoty 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 category whgre all the
components are optional, or of the alternatives category, and may contain classes in the tag category, but all fieldnames
in the entirfe encoding structure shall be distinct, and all classes in the tag category in the target (except those napped by
19.6.3) shdll have a tag number in their definition and are otherwise ignored in the mapping:

19.6.5 Vjlues shall be mapped only to fields defined at the top-level of the targét ‘structure that are clagses in the
integer catpgory, possibly preceded by classes in the tag category (see 19.6.4), and.posSibly with bounds.

19.6.6 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 :: =
Seleet edVal ue
| Bixst ri but i onRange
| RENAI NDER

Di stributi ofRange ::=
Di stri buti onRangeVal uel

Di stri buti onRangeVal ue2

Sel ect edVal ue :: = Si gnedNunber
Di stributi onRangeVal uel ::= Si gnedNunber
Di stri butionRangeVal ue2 ::= Si gnedNunber

19.6.7 "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
category.

19.7.3 Tpe destimation encoding class shall be a class 11 the bitstring category, possibly preceded by classey in the tag
category.

19.7.4 (CJasses in the tag category are mapped as specified in 19.1.3 to 19.1.5.
19.7.5 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

19.7.6  Epch "SingleIntValMap" maps a single integer value to a single bitstring value.

19.7.7 Epch "IntValRangeMap" maps a range of contiguous'and increasing integer values to a range of ¢ontiguous
and increas$ing bitstring values.

19.7.8 Bijtstring values are defined to be contiguous_if:
d) They are all the same length in bits.

) When interpreted as a positivé_integer value, the corresponding integer values are contiguous and
increasing integer values.

19.7.9  Oply values specified in the mapping are encodable. Other abstract values of the source are not njapped and
cannot be ¢ncoded by the encoding object defined by the encoding object assignment using this construct. Itfis an ECN
or applicatjon error if such values:are presented to an encoder.

NOTE t This limitation of-the/encoding should be reflected by constraints on the ASN.1 type to which it is applied, or by
commeipt in the ASN.1 specification.

19.7.10 The "SinglelntValMap" is:

Sikngl el ntval Map @ : =
I nt Val ue
TO

Rit\ /ol
DI C var oc

I ntVal ue ::= SignedNunber
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

| nt RangeVal ue2
BitRange ::=

?i tfeangeVaI uel

Bi t RangeVal ue2
IntRangeValuel ::= SignedNumber

IntRangeValue2 ::= SignedNumber

BjtRangeValuel ::=
bstring |
hstring

=

tRangeValue2 ::=
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 "IntRangeValuel*”

19.7.16 When interpreted as a positive integer encoding (see Rec. ITU-F X.690 | ISO/IEC 88251, 8.3.3),
"BitRangeMalue2" shall represent an integer value ("B", say) greater than that-represented by "BitRangeValpel" ("A",
say), and the difference between the integer values corresponding to "BitRangeValue2" and "BitRangeValyel" ("B" -
"A") shall pqual the difference between the values of "IntRangeValue2™and "IntRangeValuel".

19.7.17 The "BitRange" represents the ordered set of bitstrings, cotresponding to the integer values betwegn "A" and
HBH'

19.7.18 The "IntValRangeMap" maps each of the integers.itvthe specified range to the corresponding bitstring value in
the "BitRahge". (Annex E gives examples of an "IntValRangeMap".)

19.7.19 It|is an ECN specification error if any "BitRange" includes a value which violates a size constrgint on the
target.

20 Defining encoding objects using defined syntax

20.1 [lauses 21 to 25 specifyithe information needed to define encoding objects for each encoding clasf category,
and the syfhtax to be used. Thisssyntax is called the defined syntax, and is specified using the information dbject class
notation of Rec. ITU-T X.681" ISO/IEC 8824-2 as modified by Annex B of this Recommendation | International
Standard.

20.2 The defingd\syntax for each category can also be used to define encoding objects for structures|which are
classes of [that catégory, preceded by one or more instances of a class in the tag category. Where the follpwing text
requires thiat a Class be in a specified category, this includes the case where the class is preceded by a clasqg in the tag
category.

20.3 The use of the modified information object class notation is solely for use within this Recommendation |
International 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.
Clauses 23 and 24 specify when transforms have to be reversible, and clause 25 specifies the abstract values for which
any given 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 ::= I 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 A encoding property of this type specifies the unit in which’ other encoding properties or determipant fields
are countinjg.

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 epcoding property specifies a number of bits. ThHat number of bits determines the unit in which othefr encoding
properties pr 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 egeti ti ons
is also allowed, and specifies that the associated count gives the number of repetitions in the encoding.

21.2 Thp Encodi ngSpaceSi ze type

21.2.1 The "Encodi ngSpaceSi ze"-type is:

Encodi ngSpaceSi Ze ):": = | NTEGER

{ encodef-opti on-w t h-det erm nant (-3),
vari.abl-e-w t h-det erm nant (-2),
self>delimting-val ues(-1),
fiwed-to-max(0)} (-3..MAX)

21.2.2 The default value for this type is always sel f - del i ni ti ng- val ues.

21.2.3 Al encoding 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
encodings produced by a conforming encoder. Decoders may develop more efficient but equivalent approaches.

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 abstract
values. It|specifies that the size of the encoding space is to be the smallest multiple of "Uni t " that cai¢ontain the
specified ¢gncoding of any one (all) of the abstract values. This value shall not be used if the abstract value to be
encoded ifto the encoding space is an abstract value associated with a class in the concatenatioh|(see 23.5.2.3) or
repetition ¢ategory (see 23.14.2.5).

NOTE | — A special case is when there is a single abstract value whose value encoding is zero bits'_This results {n an empty
encoding space (zero bits).

NOTE P — If such a specification is applied when a maximum size cannot be determined ‘(for example, for gncoding an
unboungled integer), this is an ECN specification error, but conforming encoders are required_to refuse to generate gncodings in
such cages.

21.3 Thp Encodi ngSpaceDet er ni nat i on type

21.3.1 The "Encodi ngSpaceDet er mi 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-'be-set ".

21.3.3 Al encoding property of this type specifies the.way in which the encoding space is determinedl when an
encoding [property of type "Encodi ngSpaceSi ze'N(see 21.2) is set to "variabl e-with-deterninant" or
"encoder {opti on-wi t h-det erm nant".

21.3.4 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 length information, and used by a decoder. The encoding specification determines how an|encoder is
to set the Yalue of this field from the size\(in encoding space units) of the encoding space. If a field is set|more than
once throufgh the use of "fi el d-to- be<set" or "f| ag-t o- be-set" (see 21.7), then it is an ECN specifichtion or an
application} error if different valuesiare produced by the different encoding procedures, and encoders shall nt generate
encodings [in this case.

21.3.5 The value "fi el d- t0- be- used" requires the specification of a REFERENCE to a field whose value may be set
from the gbstract syntax\(i.c., a corresponding field appears within the ASN.1 specification) or may be sqt by some
other encofler actionS invoked by "fi el d-t o- be-set " or "f | ag-t o- be- set ". The encoding specification fletermines
how a decpder isteobtain the size of the encoding space from the value of this field. A conforming encodgr shall not
produce emcodings in which the decoder's transforms of this field do not correctly identify the end of th¢ encoding
space.

21.3.6 The value "container" requires either the specification of a REFERENCE to another field whose encoding class
(the container) has a length determinant and whose contents include this encoding space, or of a specification that 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 (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 decgdertstodetermme-themumber-ofurmused-bitsfromrthevatueofthrsfretd—Aconformmgencoder shall not
produce erJcodings in which the decoder's transforms of this field do not correctly identify the number of untsed bits.

21.4.6 The value "not - needed" identifies that a decoder does not require an explicit determinant in) order fo discover
the numbdr of unused bits. The number of unused bits will be deducible from the encoding ‘specificatipn without
knowledgdq of the actual abstract value that has been encoded. This determination is describedforjeach value pncoding.

21.5 Thp Optional i tyDeternination type

21.5.1 The "OptionalityDeterm nation" type is:

QptionalityDetermination ::= ENUVERATED
{field-to-be-set, field-to-be-used, containef,\handl e, pointer}

21.5.2 The default value for this type is always "fi el d-t o- be- set "¢

21.5.3 Al encoding property of this type specifies the way 4n ‘which the presence or absence of ah optional
component 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 décoder. The ECN specification will also include an encoding
property that specifies how an encoder is to set the valiie of this field from a conceptual boolean value which is true if
the optiongl component is present and false if the opfional component is absent. If a field is set more than once through
the use of|"fi el d-t o-be-set" or "fl ag-to-besset" (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 ejcodings in
this case.

21.5.5 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 gbstract syntax (i.e., a cerresponding field appears within the ASN.1 specification) or may be st by some
other encofler actions invoked by-'fi el d-t o- be-set " or "f| ag-t o- be- set ". The specification will also|include an
encoding froperty that specifics-how a decoder is to determine the presence or absence of the optional comppnent from
the value qf this field. A ¢onforming encoder shall ensure that the value of this field correctly determines thie presence
or absence|of the optionalfield.

21.5.6 The value\"eont ai ner " requires either the specification of a REFERENCE to another field whos¢ encoding
class (the ¢ontainer) has a length determinant and whose contents include this optional component, or of a specification
that the contdiner is the end of the PDU (using OUTER). If the container end is present when a decoder is looling for the
start of this 1 > 1 T 1 1 -
NOTE — This specification can only be used if the abstract values being encoded are such that no further encodings are to be
placed in the container. This may require restrictions to be placed on the abstract values of the ASN.1 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 "AlternativeDetermn nation" type is:

Al ternativeDetermnation ::=
ENUVERAI ED {1 I el d-10-pe-sel, 1 I celd-10-0De-uUsced, Tialldlr €y

21.6.2 The default value for this type is always "f i el d-t o- be-set".

21.6.3 Aln encoding property of this type specifies the way in which a decoder determines which-altetnativg is present
in an encogling of a class in the alternatives category.

21.6.4 The value "fi el d-to- be-set" requires the specification of a REFERENCE to a-field that will be|set by the
encoder tof carry information identifying an alternative, and used by a decoder. The specification will also finclude an
encoding property that specifies how an encoder is to set the value of this field frg“a’ conceptual integer|value that
identifies ¢ach 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)s~theh it is an ECN specification or an
application} error if different values are produced by the different encoding precédures, and encoders shall n¢t generate
encodings [in this case.

21.6.5 The value "fi el d-t o- be- used" requires the specification<ofja REFERENCE to a field whose value may be set
from the gbstract syntax (i.e., a corresponding field appears withia the ASN.1 specification) or may be sqt by some
other encofler actions invoked by "fi el d-t o- be-set" or "f | ag*>t o- be- set ". The specification will also |include an
encoding property that specifies how a decoder is to determiné¢ (from the value of the referenced field) a fonceptual
integer valpe which identifies the alternative (using an orderspecified in other encoding properties).

21.6.6  The value "handl e" requires that an identification handle be specified. This identification handle shall be
exhibited by the encoding objects applied to eachnof the alternatives in the construction defined by the cllass in the
alternativep category. The handle value sets speeified by those encoding objects shall all be disjoint. (Violafion of this
rule is an ECN specification error, and conforming encoders are required not to generate encodings where this rule is
violated.)

21.6.7 A] decoder shall determine the-alternative that is present by decoding the remaining parts of the ehcoding to
produce a yalue for the specified identification handle. The alternative whose handle value set matches this yalue is the
alternative|that is present. If theyend of any open container (or the end of the PDU) is reached before the idgntification
handle canbe decoded, or if{the value of the identification handle does not match the handle value set of any glternative,
then this i an encoding erter.

NOTE 1 Every abstract value of a given alternative is required to have a handle value matching the handle valug set of the
alternatjve (see 2219.2.2).

21.7 Thp.RepetitionSpaceDet er ni nati on type

21.7.1 The "Repetiti onSpaceDet ermi nation" 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 the repetition, and is true otherwise. If a field is set more than once through the use of "fl ag-to-be-set" or
"fiel d-to-be-set", then it is an ECN specification or an application error if different values are produced by the
different epicoding 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 pdrtyof the repeated
element afjd whose value may be set from the abstract syntax (i.e., a corresponding field appears within fhe ASN.1
specificatipn) or may be set by some other encoder actions invoked by "fl ag-t o- be-set " or "f<Vel d-t of be- set ".
The encoding specification determines how a decoder is to obtain a boolean value from the value of this|field. The
boolean value will be false if the element is the last element in the repetition, and true otheswise. A conformipg encoder
shall not pfoduce encodings in which the decoder's transforms of this field do not corgectly identify the last lement of
the repetitijon.

21.7.8 The value "cont ai ner " requires either the specification of a REFERENCE to another field whos¢ encoding
class (the ¢ontainer) has a length determinant and whose contents include the.ehcoding class in the repetitiofi category,
or of a sppcification (using QUTER) that the end of the PDU determines-the end of the repetitions. The [repetitions
terminate yWhen the specified container terminates or when, following the complete encoding of one repetitipn, the end
of the PDY is encountered.
NOTE + This specification can only be used if the encoding of the (repetition category) class is the last encoding to be placed in
the confainer. It is an ECN specification error if additional encodings are placed in the container, but conforming enfoders shall
not gengrate such encodings.

21.7.9 The value "pat t er n" specifies that some specified pattern of bits (see 21.10) will terminate the repftitions. In
this case aflditional encoding properties will require thetinsertion by an encoder of a specified pattern, and thg detection
of this patfern by a decoder. It is an ECN specificatioh error if the encoding of the pattern can be the initial jpart of the
encoding ¢f an abstract value of a repetition. ,A Conforming encoder shall detect such errors and shall ngt generate
encodings that violate this rule.

NOTE + An example is a null-terminated-character 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 handlle shall be
exhibited Poth by the encoding object applied to the component being repeated, and by the encoding object|applied to
each possible (taking account” of* optionality) following encoding class. The handle value sets specified by those
encoding dbjects shall all bel(disjoint.

NOTE 1 Every abstract-yalue of a given component is required to have a handle value matching the handle value set of the
component (see 22.9(2:2).

21.7.11 The value-not - needed" specifies that the number of repetitions is fixed in the abstract syntax.

NOTE + Itjistan’ ECN specification error (which shall be detected and blocked by encoders) if this encoding is specified and the
numberfofifepetitions are not so restricted, or if the application violates that restriction.

21.8 The Justification type
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 Al encoding property of this type specifies details of the padding for pre-padding, for classes [in the pad
category, gnd 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 Ifjthe value is "one", then the padding is with one bits.

21.9.6 If| the value is "pattern" then the bits are set according to the~¢ncoding property of type "Pat {ern" (see
21.10).

21.9.7

—

flthe value is "encoder - opt i on", then the encoder freelychooses the bit values.

21.10 Thp Pat t er n and Non- Nul | - Pat t er n types
21.10.1 The "Pattern" 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 -1 ength I NTEGER (1.. MVAX),
di fferent ENUMERATED {any} }

21.10.2 The "Non- Nul | - Pat yern" type is:

Non- Nul | - Patitern ::= Pattern
(ALL<EXCEPT (bits:''B | octets:'"H| char8:"" | charl6:"" |
char32:""))

21.10.3 The default value for an encoding property of this type is always "bi ts: ' 0' B".

21.10.4 The *prTs*or "OCT el s alleInative Specilics a patern o1 [engi and vatue equal 10 T given bitsiing or octet
string respectively.

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"
means an encoder's option for the pattern. 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 Thp 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,
seni - 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 Al encoding property of type "RangeCondi ti on" is uised in the specification of a predicate whidh tests the
existence gnd 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 five*enumeration values of 21.11.1 if and only if thq following
conditions|are satisfied by the bounds on the encoding €lass in the integer category:

4d) unbounded- or - no- | ower - boundyeither there are no bounds, or else there is only an upper{bound but
no lower bound.

) seni-bounded- wi t h- negati-ves: there is a lower bound that is less than zero, but no upper pound.
d) bounded-wit h-negatiVes: there is a lower bound that is less than zero, and an upper bound

d) seni-bounded- without - negat i ves: there is a lower bound that is greater than or equal tp zero, but
no upper bound

d) bounded-wi thout - negati ves: there is a lower bound that is greater than or equal to zero, and an
upper bound

NOTE + For any given set of bounds, exactly one predicate will be satisfied.

be provided, fogether with an integer conpar at or value. If the other enumeration values are used, these shall not be
provided.

21.11.5 :Fthe last'three enumeration values of 21.11.1 are used, a value of the "Conpari son" type (see 2|1.12) shall

21.12 The Conpari 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.

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


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

ISO/IEC 8825-3:2015 (E)

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 Thp Si zeRangeCondi ti on type

21.13.1 The "Si zeRangeCondi ti on" type is:

$i 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 alwdys "no- ub-wi t h- zero-1 b".

21.13.3 Aln encoding property of type "Si zeRangeCondi ti @nis used to test properties of the bounds in ajn effective
size constrpint associated with a class in the repetition or characterstring 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 effective size
constraint patisfies the following conditions:

d) no-ub-wi th-zero-1 b: there is no upper bound on the size and the lower bound is zero.

) ub-with-zero-I b: there issan upper bound on the size and the lower bound is zero.

d) no-ub-wi th-non-zerpe-\b: there is no upper bound on the size and the lower bound is non-Zero.
d) ub-with-non-zerp-1.b: there is an upper bound on the size and the lower bound is non-zero.

d) fixed-size: thelower bound and the upper bound on the size are the same value.

NOTE + Only the "f i xed-\si)ze" case overlaps with other predicates.

21.13.5 Iff the last three\enumeration values of 21.13.1 are used, a value of the "Conpari son" type (see 2|1.12) shall
be provided, togethérwith an integer conpar at or value. If the other enumeration values are used, these shall not be
provided.

21.14 Th Reversal Qpnr\i fication I‘ypn

21.14.1 The "Rever sal Speci fi cation" 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).

21145 1t is an  ECN  specification  error if the  values "reverse-hal f-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.

21.14.7 Tt is an ECN specification error if the number of bits in an encoding to which bit-reversal is applied is not an
integral multiple of "Uni t ".

21.14.8 Blt-reversal can be specified for the encoding of all classes that can appear as fields of encoding|structures,
except an ¢ncoding class of the alternatives category, which does not use the encoding space concept.

21.15 Thp Resul t Si ze type

21.15.1 The "Resul t Si ze" type is:

Resul t Si ze ::= INTEGER {variabl e(-1), fixed-to-nmax(0)} (-21.\ _NVAX)
21.15.2 The default value for an encoding property of this type is always "vari abl'e".

21.15.3 Aln encoding property of this type specifies the size of the result in a2 # FRANSFORMclass.

21.15.4 The value "vari abl e" specifies that the size of the #TRANSFGRMresult will vary for different abstifact values,
and is detefmined by the detailed specification of the transform.

21.15.5 The value "fi xed-to-nmax" specifies that the size of the #TRANSFORM result is to be the saine for the
transform pf all abstract values. It specifies that the target size.is to be the smallest size that can contain the specified
encoding qf any one (all) of the abstract values. The preciserdetails of this specification are defined for eacl transform
in which vplues of this type are used.

21.15.6 A]positive value of type "Resul t Si ze" spegifies that the size of the #TRANSFORMresult is fixed. Tlhis value is
used in thel specification of the actual transform.

21.16 Thp Handl eval ueSet type
21.16.1 The "Handl eVal ueSet " type-is:

Handl eVal ueSet ::=.CHO 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) },

ranges SET (Sl ZE(1..MAX)) OF SEQUENCE {
How—HNFECER(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.

21.17 The | nt eger Mappi ng type

21.17.1 The*tmtegervappi g type Ts:
IInt eger Mappi ng :: = SET OF SEQUENCE {
source SET OF | NTEGER
result | NTEGER} (CONSTRAINED BY {/* the intersection of thersource
conponents shall be enpty */}
21.17.2 The "I nt eger Mappi ng" is used to specify explicitly an ints-to-ints transform.
22 Commonly used encoding property groups
This claus¢ specifies groups of encoding properties that are commonly used in‘the defined syntax (see claus
purpose of|each group, the restrictions on both the values of encoding propgtties and the syntax that can be us
as the encqder and decoder actions for each group are also specified.
22.1 Replacement specification

There are fhree variants of replacement specification:

p

q

)  Full replacement specification: This is used.for classes in the concatenation category, where rg
can be of the entire structure, or can seleetively replace optional and non-optional components

)  Structure or component replacement specification: This is used for classes in the alternative
and for the #CONDI TI ONAL- RERETI TI ON encoding class, where replacement can be of
structure or of the component;

~

e 20). The
ed, as well

placement

S category
the entire

NOTE + When an encoding object of thesx#CONDI TI ONAL- REPETI TI ON class is used to define encodings for alclass in the
bitstring, characterstring, or octetstring.category, it can only perform structure-only replacement.
q) Structure-only repldsement specification: This is used for classes that do not have componenty.
22.1.1 Encoding properties;syntax and purpose
22.1.1.1 Fpll replacement-§pecification uses the following encoding properties:
&#Repl acenent - structure OPT[l ONAL,
&#Repl acenent - st ruct ure2 OPTJl ONAL,
&r epl acenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent - structure OPT|l ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect 2 &#Repl acenment - structure2  OPT| ONAL,
&HEad- end-struacrur e OPTI ONAL,
&#Head- end- st ruct ure2 OPTI ONAL

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 - structure
[ ENCODED BY &r epl acenent - st ruct ur e- encodi ng- obj ect
[ I NSERT AT HEAD &#Head-end-structure]]]

22.1.1.5 Sfructure-only replacement specification uses the following encoding properties:

&#Repl acenent - structure OPT[l ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent - struct ure OPT|l ONAL

22.1.1.6 The syntax to be used for structure-only replacement specification shall be:

[ REPLACE
[ STRUCTURE]
W TH &#Repl acenent - structure
[ ENCODED BY &r epl acenent - struct ur e- encaodi ng- obj ect]]

22.1.1.7 Use of the W TH SYNTAX for these encoding property groups specifies-that either:

d) the encoding class to which this encoding object is applied is to be replaced completely |(REPLACE
STRUCTURE); in the case of an encoding class in_the) optionality category, the entire corhponent is
replaced; in the case of a #CONDI TI ONAL- REPETI T ON encoding object used in defining af encoding
object for a class in the bitstring, characterstring;voctetstring or repetition category, then (if the range
condition is satisfied), the entire bitstring, characterstring, octetstring or repetition structure i replaced;
or

B) all its components (except for the structure-only specification) are to be replaced (with| the same
replacement action for all components)/("REPLACE COVPONENT" or "REPLACE ALL COVPONENTS"); or

q) all its optional components (ouly for full replacement specification) are to be replaced ("REPLACE
OPTI ONALS"); or

d) all its non-optional components (only for full replacement specification) are to be replaced ("REPLACE
NON- OPTI ONALS"); or

q) all its componentsi(only for full replacement specification) are to be replaced, with different rgplacement
actions for optionals and for non-optionals ("REPLACE NON- OPTI ONALS AND OPTI ONALS").

22.1.1.8 "REPLACE COVRPONENT" is a synonym for "REPLACE ALL COVPONENTS". It would be normal but npt required
to use this [if there is ofily-a single component.

22.1.1.9 The optienal "ENCODED BY"s specify an encoding object for the replacement structure.

22.1.1.10 Thé optional "I NSERT AT HEAD's specify an encoding structure (the head-end insertion) to be insefted before
all compohents—of the (constructor)—class—performing the replacement— There s onehead-end—insertion for each
component that is replaced, and they are inserted in the textual order of the original components.

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
parameter used to instantiate the corresponding "W TH' replacement encoding structures. They may also have:

—__ (optionally) another (but only one) dummy parameter that is an encoding object set; when they are
instantiated during the replacement action, the actual parameter for this dummy parameterds, the current
combined encoding object set;

+  (conditionally) another (but only one) dummy parameter that is a REFERENCE parametets Thi§ parameter
shall be present if and only if "I NSERT AT HEAD" is specified. When the encoding dbjects are
instantiated during the replacement action, the actual parameter for this dummy)parameter is § reference
to the corresponding "I NSERT AT HEAD" structure.

22.1.2.6 Alll fields of the replacement structure that are not part of the encoding class parameter are auxiliary|fields, and
shall be sef 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 auxiliary
fields, and|shall be set by the "ENCODED BY" encoding object through its REFERENCE parameter.

22.1.2.8 Ifjan encoding object has a "REPLACE STRUCTURE" clause, it shall not have an "INSERT AT HEAD" clause
and shall have an "ENCCODED BY" clause.

22.1.3 Encoder actions

22.1.3.1 Iffan encoding object of a class in the bit-field gromp of categories or in the tag category specifies|"REPLACE
STRUCTURE", then an encoder shall replace the structure with an instantiation of the replacement structuref using the
name of the original structure as the actual parameter.

22.1.3.2 Iffan encoding object of a class in the eneading constructor category specifies "REPLACE STRUCTURE", then an
encoder shall replace the entire construction with an instantiation of the replacement structure, using the entjre original
constructign as the actual parameter.

22.1.3.3 Iffan encoding object of a classyin the optionality category specifies "REPLACE STRUCTURE", then hn encoder
shall replafe the entire optional component with a non-optional instantiation of the replacement structure. [The actual
parameter [shall be a hidden stréietire name (which matches no other structure, and which can never hav¢ encoding
objects). This hidden structure\name shall de-reference to the entire original optional component (including 3ny classes
in the tag dategory) except, for-the class in the optionality category.

22.1.3.4 Iff an encoding-object of any class specifies "REPLACE COVPONENT", "REPLACE ALL COVPONENTS",
"REPLACE| OPTI ONAL) COVPONENTS", or "REPLACE NON- OPTI ONAL COMPONENTS", then an encoder shall feplace the
entire spedified eomponent(s) with a non-optional instantiation of the replacement structure. The actual parapeter shall
be a hiddef sttucture name (which matches no other structure, and which can never have encoding objects). This hidden
structure name”shall de-reference to the entire original optional component (including any classes in the tag category)
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 Rre-alisnment-and-padding-speeifieation
22.2.1 Encoding properties, syntax and purpose

22.2.1.1 Pfe-alignment and padding specification uses the following encoding properties:

&encodi ng- space-pre-alignnment-unit Unit (ALL EXCEPT repetitijons) DEFAULT bit,
&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,
&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALLTEXCEPT differegnt:any)

DEFAULT bits:'0'B

22.2.1.2 The syntax to be used for pre-alignment and padding specification shall be:

[ALI GNED TO
[ NEXT]
[ ANY]
&encodi ng- space- pre-al i gnment 3uni t
[ PADDI NG &encodi ng- space- pte-paddi ng
[ PATTERN &encodi ng=space-pre-pattern]]]

22.2.1.3 The definition of types used in pre-alignment and padding specification is:

nit ::= | NTEGER
{repetitions(0), bit(1l), nikRbe(4), octet(8), wordl6(16),
dword32(32)} (0..256) --.see 21.1)
fPaddi ng ::= ENUMERATED {zer@Q)one, pattern, encoder-option} -- (see 21.9)
Fattern ::= 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- ofi- Nengt h | NTEGER (1..MNAX),
di f {eRgnt ENUVERATED { any} }
lon- Nul I Battern ::= Pattern
AT EXCEPT (bits:'"'B | octets:"'"H | char8:"" | charl6:"" |

char32:"")) -- (see 21.10)

22.2.1.4 The prp-ﬂ]ignmpn‘r Pnr‘nding prnppr‘riﬁq use a valie of type "nit" to QpPPifV that a container ig td start at a
multiple of "Uni t " bits from the alignment point. The alignment point is the start of the encoding of the type to which
an ELM applied an encoding, except when reset for the encoding of a contained type by the use of a #OUTER encoding
object (see clause 25). Encoding properties of type "Paddi ng" and "Pat t er n" 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 specified.

22.2.4.2 The decoder shall determine the number of inserted bits from the start pointer specificatiof~if "ANY" is
specified.

22.2.4.3 11 all cases, the decoder shall discard the inserted bits transparently to the application. Itsliall not djagnose an
encoder or]a specification error if the bits are not in agreement with the specified encoders actions,

22.3 $tart pointer specification

22.3.1 Encoding properties, syntax and purpose

22.3.1.1 Sfart pointer specification uses the following encoding properties:

&start-pointer REFERENCE OPTI ONAL,
&start-pointer-unit Unit (ALLEXCEPT repetitions) DEFAULT bit,
&St art - poi nter-encoder-transfornms #TRANSKORM ORDERED OPTI ONAL

22.3.1.2 The syntax to be used for start pointer specification shall be:
[ START- PO NTER  &start-poi nter
[ MULTI PLE OF &startcpointer-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 pointer specification is:

nit ::= | NTEGER
{repetitions(0), B{CeM1), nibble(4), octet(8), wordl6(16),
dwor d32(32)} (QC.{®56) -- (see 21.1)

22.3.1.4 This specification identifies the start of the encoding space for an element. If the start of the encofling space
for the element is an offset of /n!'"MULTI PLE OF" units, then the value placed in the field referenced by thg "START-
PO NTER'[encoding property i§ the value obtained by applying "ENCODER- TRANSFORMS" to "n".

NOTE || — If "MULTIPLE OF" is not "bi t s", this implies that that offset from the start of the field referefjced by the

"START- PO NTER*_encoding property to the start of the encoding space is required to be an integral pmultiple of
"MULTI{PLE OF'"(units.

NOTE 2 — There will in general be encodings of other elements, and perhaps of other start-pointers between the fielgl referenced
by the "BTART-’PO NTER" encoding property and the start of the encoding of this element.

22.3.2  Specification constraints
22.3.2.1 If "ENCODER- TRANSFORMS" is not present, then "START- POl NTER" shall be a class in the integer category.

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|V.

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
element with an optionality specification determining optionality by the start pointer. If "n" is zero, and the element
being decoded is an optional element with an optionality specification determining optionality by the start pointer, then

1 111 4 - A | VA | 1 PR 1 "
the decodershattdetermimethat-thectenment tsabsent:

22.3.4.3 The value "n" is multiplied by "MULTI PLE OF", and the start of the encoding of the "START- PONNTER" field is
added to pfoduce a position "p". If "p" is a position in the encoding that is earlier than the current dégoding point, then
the decoder 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 paint;'then the defoder shall

n..n n..n

silently igrjore all bits up to position "p", and shall continue decoding of this element from position "p".

22.4 Enfoding space specification

22.4.1 Encoding properties, syntax and purpose

22.4.1.1 Ehcoding space specification uses the following encoding properties:

&encodi ng- space- si ze Encodi hgSpaceSi ze
DEFAULT sel f-delimting-val ues,
&encodi ng- space- uni t Unint *(ALL EXCEPT repeti tions)
DEFAULT bi t,
&encodi ng- space- det erm nati on Encodi ngSpaceDet er m 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 &encodi ng- space-si ze
[ MULTI PLE OF &encodi ng- space-unit]]
[ DETERMENED BY &encodi ng- space- det er mi nati on]
[ USENG' &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 of types used in this specification is:

Bncodl PdgSpaceSi ze :: = | NTEGER

{ encoder-option-w th-determ nant(-3),
variable-with-determ nant (-2)
sel f-delimting-val ues(-1),
fixed-to-max(0)} (-3..MAX) -- (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
("field-to-be-set")isassumed.

22.4.2.2 "USING' shall be specified if and only if "SIZE" s "variable-with-deternpant" or
"encoder {opti on-wi t h-det er m nant ".

22.4.2.3 "ENCODER- TRANSFORMS" shall be present only if "DETERM NED BY" is set to~(op dgfaults to)
"field-tp-be-set". The "USING' reference in this case shall be an auxiliary field of) categoryl bitstring,
characters{ring or integer.

22.4.2.4 1t] is an ECN specification or application error if any transform in the "ENCOBER- TRANSFORMS" is not
reversible for the abstract value to which it is applied. The first transform shall have a-sotrce which is integer and the
last transfdrm shall have a result which can be encoded by the class of the field referericed by "USI NG'.

22.4.2.5 "IDECODER- TRANSFORMB" shall be present only if "DETERM NED BY" isS€t'to "f i el d-t o- be- used['. The first
transform $hall have a source which is the same as the category of the field reférénced by "USI NG' which shall not be an
auxiliary fleld. The last transform shall have a result which is integer.

22.4.2.6 The "USI NG' encoding property, if present, shall be a reference’to a field that is present in the encoding earlier
than the figld being encoded. It is an application or an ECN specifigation error if, in an instance of encoding, the field
being encdded is present but the field referenced by the "USI NG! encoding property is absent (through the ¢xercise of
optionality]).
22.4.2.7 I{"DETERM NED BY" is "container", the "USI NG teference shall be to a concatenation or to a repetjtion (or to
a bitstring jor octetstring with a contained type) in which the element being encoded is a component (or a corpponent of

a compongnt, to any depth). It is an application .or>an ECN specification error if, in an instance of encqdding, later
elements within the same concatenation or repetitidintare to be encoded.

22.4.2.8 This specification is considered set if'the "ENCODI NG SPACE" keyword is used, and it is mandatory [for it to be
set in all pjaces in the defined syntax where,it is allowed. Defaulting all encoding properties of this group (g.g., use of
"ENCODI N> SPACE" alone) would notSatisfy the above constraints.

22.43  Encoder actions
22.4.3.1 Epcoders shall not generate encodings if the conditions of 22.4.2 are not satisfied.

22.4.3.2 If| "SI ZE" is a pesitive value, then the encoding space is that multiple of "MULTI PLE OF" units and |there is no
further endoder action

22.4.3.3 If| "SI ZE'~is not set to a positive value, then the encoder shall determine the size ("s", say) of th¢ encoding
space in "WULTNPLE OF" units from the value encoding specification. This determination is specified in the|clauses on
value encoding’specification.

22.4.3.4 If "SI ZE" is "encoder - opt i on-wi t h- det er mi nant " then the encoder (as an encoder's option) may increase
the size "s" (as determined in 22.4.3.3) in "MULTI PLE 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 I "STZE™ 1s "variabl e-w th-determ nant " _and 'DETERM NED BY" is set to (or ,d¢faults to)
"fiel d-tp-be-set", then the decoder shall recover the value "s" by applying the reversal of the-'|ENCCDER-
TRANSFORMVE" (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 value’s" by applying the
"DECODER] 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 Opti onalt i tyDet erm nati on
DEFAULTf i el d-t o- 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 determisiation shall be:

PRESENCE
[ DETERM NED BY &optionality-determ nation
[ HANDLE &handl e-i d]]
[ USI NG &optiondl ity-reference
[ ENCODER- TRANSFORMS &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |

22.5.1.3 The definition of typeS tised in optionality determination is:

pt i onal i t yDgt &m nati on :: = ENUVERATED
{fiel®&Y¥v-be-set, field-to-be-used, container, handle, pointer} -- (sge 21.5)

22.5.1.4 The purpase of this specification is to specify rules that ensure that a decoder can correctly determipe whether
an encodef has,e€ficoded a value of an optional component. Where a pointer is used to determine optiofality, pre-
alignment pnd start pointer specification is also required.

22.5.1.5 Amremcoderwittencode thevatue of amroptiomat compornent 1f Tequitedtodoso by theappticatiom; tnless such
an encoding 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 transform shall have a result which can be encoded by the class of the field referenced by "USI NG'.

22.5.2.8 " [pECODERTRANSFORNS Fitbepresemtonty it “DETERMNED BY“ s Settofetd=to-be-used]'. The first
transform $hall have a source which is the same as the category of the field referenced by "USI NG' which.shall not be an
auxiliary fleld. 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 present in‘the encoding earlier
than the figld whose presence is being determined. It is an application or an ECN specification.effor if, in an |nstance of
encoding, the field referenced by the "USI NG' encoding property is required by a decodet)but is absent (through the
exercise of optionality).

22.5.2.10 Iif "DETERM NED BY" is "cont ai ner ", the "USI NG' reference shall be to a‘eoncatenation or to a repetition (or
to a bitstrifg or octetstring with a contained type) in which the element being encoded is a component (or a gomponent
of a comppnent, to any depth). It is an application or an ECN specification_€rror if, in an instance of encqding, later
elements Within the same concatenation or repetition are to be encoded when the component whose optionalifty is being
determined is absent.

22.5.2.11 Iff "DETERM NED BY" is "cont ai ner ", then it is an ECN gspecification error if any of the abstract vdlues of the
optional cqmponent have an encoding that is zero bits.

22.5.3 ncoder actions
22.5.3.1 Epcoders shall not generate encodings if the conditions of 22.5.2 are not satisfied.

22.5.3.2 Aln encoder shall determine whether the application wishes the optional component to be encoded], and shall
create a conceptual boolean value "el ement -i s-present " set to "TRUE" if a value of the component is to bg encoded,
and to "FALSE" otherwise.

22.5.3.3 Iff "DETERM NED BY" is "fi el d-t o- be-set", then the encoder shall apply the transforms spgecified by
"ENCODER] TRANSFORMB" (if any) to the“conceptual boolean value "el ement -i s- present " to produce a|value that
shall be enfoded in the "USI NG' refetence.

NOTE + The encoding of the *USPNG' reference in this case appears earlier in the encoding than the encoding of thjis field, and
an encofler will need to suspend-the encoding of that field until the value to be encoded has been determined by the pncoding of
this fieldl.

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 thg "USI NG'
reference yhen transformed by the "DECCDER- TRANSFORMS" (if any) is a boolean value equal to the conceptual value
"element-i§-present™ It is an application error if this condition is not met, and encoding shall not proceed.

22.5.3.5 Iff "“DEFERM NED BY" is "cont ai ner " there is no further action needed by the encoder, except t¢ detect an
error and {0 ccase encoding if the appiication Teque e encoding of further cComponents i the ~UST NG' container
when the conceptual 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 Allternative determination uses the following encoding properties:

&al ternati ve-determ nation Al ternativeDet erm nation
DEFAULT fi el d-t o- be-set-,
&al ternative-reference REFERENCE OPTI ONAL,
&Encoder -t r ansf or ns #TRANSFORM ORDERED (OPT1 ONAL,
&Decoder -t ransf orns #TRANSFORM ORDERED '©PTI ONAL,
&handl e-i d Printabl eString
DEFAULT "def adl t)-handl e",
&al ternative-ordering ENUMERATED {textual , tag}

DEFAULT t ext ual

22.6.1.2 The syntax to be used for alternative determination shall be:

ALTERNATI VE
[ DETERM NED BY &al t er nati ve- def\erni nati on
[ HANDLE &handl e-i d] ]
[ USI NG &al ternative-reference
[ ORDER &al ternati vé<orderi ng]
[ ENCODER- TRANSFORMS &Encoder - t r ansf or ns]
[ DECODER- TRANSEQRVE &Decoder -t r ansf or ns] |

22.6.1.3 The definition of types used for alternative determination is:

Al ternativeDeterm nation &X=
ENUMERATED {fi el @~\00- be-set, field-to-be-used, handl e} -- (see 21.6)

22.6.1.4 The purpose of this specification is to determine the rules that ensure that a decoder can correctly identify
which conjponent of an encoding'class in the alternatives category has been encoded.

22.6.2  §pecification restrietions

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.
22.6.2.2 "HANDLEshall not be specified unless "DETERM NED BY" is "handl e".

22.6.2.3 "WUSKNGYshall not be specified if "DETERM NED BY" is "handl e".

22.6.2.4 If "DETERM NED BY" 1s "handl €', then 21.0.6 applies.

22.6.2.5 "ENCODER- TRANSFORMS" shall be present only if "DETERM NED BY" is set to (or defaults 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'.

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
22.6.3.1 Encoders shall not generate encodings if the 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 create a
conceptuall integer value "al t er nat i ve-i ndex" to identify that alternative.

22.6.3.3 The value "al t er nat i ve-i ndex" shall be zero for the first alternative, one for the next, and\so on| where the
order of th alternatives is determined by "ORDER".

22.6.3.4 Iff "ORDER" is "t ext ual ", the textual order in the ASN.1 type specification or the-ECN structurel definition
shall be uded. If "ORDER" is "t ag", then the order shall be that of the tag numbers in the Component-tags {lowest tag
number firt).

22.6.3.5 Iff "DETERM NED BY" is "fi el d-to-be-set", then the encoder shall.apply the transforms spgecified by
"ENCODER] TRANSFORMS" (if any) to the conceptual value "al t er nati ve-i ndex'" to produce a value thpt shall be
encoded inj 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 alternative,
and an ¢ncoder will need to suspend the encoding of that field until the alternative 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 "USI NG'

reference Wwhen transformed by the "DECODER- TRANSFORMS" (if\any) is an integer value equal to the conceptual value
"al ternafi ve-index". Itis an application error if this condition is not met, and encoding shall not proceed

22.6.3.7 1f{"DETERM NED BY" is "handl e" there is no fusthér'action needed by the encoder.

22.6.4 IDecoder actions

22.6.4.1 The decoder shall use "ORDER" as specified for encoder actions to determine the "al t er nati ve-i nflex" value
that is assqciated with each alternative, and shall’ assume the presence of an encoding of the associated alternative once
an "al t er hat i ve-i ndex" conceptual valugthas been determined.

22.6.4.2 If| "DETERM NED BY" is set to_(or defaults to) "fi el d- t o- be- set ", then the decoder shall recovef the value
"al ternafi ve-i ndex" by applying the reversal of the "ENCODER- TRANSFORMS" (if any) to the value of the "USI NG'
reference.

22.6.4.3 1] "DETERM NED ‘BY" is "fiel d-to-be-used" then the decoder shall recover the concepfual value
"al terna{i 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 identificatipon handle.
This value|shall-b&€ compared to the handle value set of each of the alternatives. If none match, then the degoder shall
diagnose gn £needer's error. Otherwise the conceptual value "al t er nati ve-i ndex" shall be set to thg matching
alternative

22.7 Repetition space specification

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 TI 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- TRANSFORMB &Encoder -t r ansf or ns]

[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |
[ PATTERN St ermination- In::t ter n]

22.7.1.3 The definition of types used in this specification is:

Bncodi 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)
nit ::= | NTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordN¥16),
dword32(32)} (0..256) -- (see 21.1)
Repetiti onSpaceDet erm nation ::= ENUVERATED
{field-to-be-set, field-to-be-used, flag-to¢Re-set, flag-to-be-used,
container, pattern, handle, not-needed} & (see 21.7)
lon- 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 determine.€hcoder and decoder actions to ensure that a d¢coder can
correctly 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 repetitipn encoding
by a dedoder will in general also require actions specified for value padding and justification (see 22.8).

22.7.1.5 The meaning of the encodinng” properties of type "Unit", "Encodi ngSpaceSife", and

"RepetitionSpaceDet erm nati on" were'given in 21.1, 21.2 and 21.7. Together these specify the way inf which the
end of the pncoding space for repetitions js' determined.

NOTE |- If the ECN specifier, requires that a length determinant is to be included, the value "vari abl e-wit h-
det er i nant " of "SI ZE" cantbe 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 valugs, or to a
container, flepending on the value of "DETERM NED BY".

22.7.2  §pecification 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 deffault value
("fi el d-tlo<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"field-to-be-set"or"field-to-be-used" or"fl ag-to-be-set" or"f| 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 repetition (or
to a bitbh.ug 198 Uutctotliug with—a—contamed t_ypc) m—whrch—the 1Upctiﬁuu bciug encoded—Ts—ar COMpPO 1ent (OI' a
componenf of a component, to any depth). It is an application or an ECN specification error if, in,ar jinstance of
encoding, ater 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 Iff "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-determinant" and "DETERM NED BY" is
"patternf.

22.7.2.12 '|PATTERN" shall not be the initial sub-string of the encoding of any vahie of the repeated element.

NOTE 1 There is no prohibition on the occurrence of "PATTERN" within an encoding of the repeated element othdr than at its
start.

22.7.2.13 This specification is considered set if the "REPETI TI ON- SPACE" keyword is used, and it is mandatqry for it to
be set in a]l places in the defined syntax where it is allowed. Defaulting all other parts of this defined syntax (e.g., use
of "REPET| TI ON- SPACE" alone) would not satisfy the above ¢onstraints.

22.7.3 Encoder actions

22.7.3.1 Epcoders shall not generate encodings if the conditions of 22.7.2 are not satisfied.

22.7.3.2 I|"SI ZE" is a positive value, then the encbding space is that multiple of "MULTI PLE OF" units. If "\MULTI PLE
OF" is repgtitions, then the encoder shall ceas¢\encoding if the abstract value to be encoded is not "SIZE" fepetitions,
diagnosing a specification or application ertos

22.7.3.3 If| "SI ZE" is not set to a positive*value, then the encoder shall determine the size "s" of the repetitign space in
"MULTI PLE OF" units from the valu¢ encoding specification. This determination is specified in the subclaus¢s on value
encoding specification.

22.7.3.4 I{"SI ZE" is "encoder - opt i on- wi t h- det er mi nant " then the encoder (as an encoder's option) may increase
the size "$" (as determined’ in 22.7.3.3) in "MULTI PLE OF" units from that determined from the valug encoding
specificatipn to any value-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 faction.

22.7.3.6 Ifl "SFZE" is "vari abl e-wi t h-det er mi nant " and "DETERM NED BY" is "cont ai ner", then tlhere is no
further endederaction-

22.7.3.7 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 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 "MULTI PLE
OF" units. If "MULTI PLE OF" is repetitions, then the actual end of the repetition space is determined by decoding and
counting r¢petitions.

22.7.4.2 If| "SI ZE" is not set to a positive value, then the encoder shall determine the size "s" of the sepetitign space in
"MULTI PLE OF" units from the value encoding specification. This determination is specified in the,$ubclausgs on value
encoding specification.

22.7.4.3 Iff "SI ZE" is "vari abl e-wi t h-det ermi nant" and "DETERM NED BY" is set o, "'cont ai ner'|, then the
decoder shpll use the end of the container specified by "USI NG' as the end of the encoding space.

22.7.4.4 1| "SI ZE" is "variabl e-wi th-determ nant" and "DETERM NED .BY' is set to (or d¢faults to)
"field-tp-be-set", then the decoder shall recover the value "s" by applying the reversal of the "|ENCODER-
TRANSFORMB" (if any) to the value of the "USI NG' reference.

22.7.4.5 1| "DETERM NED BY" is "fi el d-t o- be- used" then the decodef shall recover the value "s" by applying the
"DECODER] TRANSFORVS" (if any) to the value of the "USI NG' reference:

22.7.4.6 1f| "DETERM NED BY" is "f| ag-t 0- be- set ", then the déeoder shall recover a boolean value by agplying the
reversal off the "ENCODER- TRANSFORME" (if any) to the valug ofi\the "USI NG' reference. The element is the|last of the
repetition {f and only if the boolean value is false.

22.7.4.7 1| "DETERM NED BY" is "f | ag-t o- be- used" then the decoder shall recover a boolean value by agplying the
"DECODER] TRANSFORMB" (if any) to the value of the US| NG' reference. The element is the last of the repetftion if 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 g following
encoding dlass, using the value of the identification handle to distinguish these alternatives. If decoding sycceeds for
more than pne of these or for none of these, it is an encoding or a specification error.

22.7.4.9 1] "DETERM NED BY"_.is-'pattern" then the decoder shall, at the start of decoding each repetiion, check
whether "PATTERN' is present./If "PATTERN' is present, the bits of pattern shall be discarded, and the| repetition
terminated|

22.8 Value padding and justification

22.8.1 KEncoding properties, syntax, and purpose

22 8 1 1 V 1 Al . 4l 41 tlaa L£o11 . . gats
«Oel. ATOC P At diTar JUSTTTICAtIOIT OSUS I TUTTO WITS CTIICOUTITE PTUPCTTTICS,

&val ue-justification Justification DEFAULT right:O0,
&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..NMAX)} -- (see 21.8)
Paddi ng ::= ENUVERATED {zero, one, pattern, encoder-option} -- (see 21.9)
Fattern ::= 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} }
Mon-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:'"B | octets:'"H | char8:"" | gRarlé:"" |
char32:"")) -- (see 21.10)
nusedBi t sDet er mi nati on ::= ENUMERATED
{field-to-be-set, field-to-be-used, not-needed} -- (see 21.4)

22.8.1.4 The purpose of this specification is to determine the way-in which an encoder places a value encqding 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 encoder‘depends on both the encoding space specification and on
the value gncoding specification, and is specified for each jastance of value encoding.

22.8.1.6 "WUSI NG' is a reference that enables a decoder¢@ determine the number of padding bits inserted. It is § reference
to an auxiljary field or to a field carrying abstract valaes, depending on "DETERM NED BY".
22.8.2  §pecification restrictions

22.8.2.1 The number of bits specified in-jastification shall be less than or equal to the total number of paddipg bits "b"
(see below)).

22.8.2.2 "SI NG' shall be specifiedhif and only if "DETERM NED BY" is not "not - needed".

22.8.2.3 "ENCODER- TRANSFEGRMB" shall be present only if "DETERM NED BY" is set to (or dgfaults to)
"fi el d-t ¢- be-set". The first transform shall have a source which is integer and the last transform shall hgve a result
which can |pe encoded by the class of the field referenced by "USI NG'.

22.8.2.4 1t] is an_EEN specification or application error if any transform in the "ENCCDER- TRANSFORMS" is not
reversible for th€ abstract value to which it is applied.

22.8.2.5 "IDECEDER- 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.

22.8.2.6 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 th

e 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
encoding, and "b"-"n" bits shall be added as post-padding after it.

repetition

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.
22.8.3.6 If "DETERM NED BY" is "not - needed" then this completes the encoders actions.

22.8.3.7 I “DETER ol d-to-bhe-se hen—the encodershall apy > transforms sy
"ENCODER] TRANSFORMB" (if any) to the value "b" to produce a value that shall be encoded in the "USI NG'‘ref
NOTE + The encoding of the "USI NG' reference in this case appears earlier in the encoding than the encoding\of th

an encofler will need to suspend the encoding of that field until the value to be encoded has been determined by the
this fielgl.

22.8.3.8 Iff "DETERM NED BY" is "fi el d-t o- be- used" then the encoder shall check that‘th¢”value in th
reference yhen transformed by the "DECODER- TRANSFORMS" (if any) is equal to "b". Itds,an application ¢
condition is not met, and encoding shall not proceed.

"

il 1 " Fr= a a ava e Q4ade ala ne a

22.8.4

22.8.4.1 If{"DETERM NED BY" is "not - needed", then the decoder shall determine the value of "b" as determ
specificatipn of value encoding and encoding space or repetition determination.

Decoder actions

22.8.4.2 If| "DETERM NED BY" is set to (or defaults to) "fi el d- t o- be<set ", then the decoder shall recove
"b" by applying the reversal of the "ENCODER- TRANSFORMB" (if any) to’the value of the "USI NG' reference.

22.8.4.3 1| "DETERM NED BY" is "fi el d-t o- be- used" then the'decoder shall recover the value "b" by af
"DECODER] TRANSFORME" (if any) to the value of that field.

22.8.4.4 The decoder shall use the "JUSTI FI ED" and thé.value of "b" to determine the position of the valu
within the pncoding space, and shall ignore the valuc-ofall padding bits.

22.9 Iddgntification handle specification

22.9.1 Encoding properties, syntax and purpose

22.9.1.1 Identification handle specification uses the following encoding properties:

&exhi bi t ed¢handl e Printabl eStri ng DEFAULT "defaul t - ha
&Handl e- posi'ti ons I NTEGER (0..NMAX) OPTI ONAL,
&handl exval ue- set Handl eVal ueSet DEFAULT tag: any

22.9.1.2 The syntax to:be used for identification handle specification shall be:

[\EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- posi tions
[ AS &handl e-val ue-set]]

ccified by
erence.

is field, and
encoding of

c "USI NG'

rror if this

ned by the

I the value

plying the

b encoding

ndl e",

22.9.1.3 The defimition of UIe Type used (1T [dent{ICation nandte Speciiication 15:

Handl eVal ueSet ::= CHO CE {
bits BIT STRI NG
octets OCTET STRI NG
nunber I NTEGER (0. . NAX),
tag ENUVERATED { any},
range SEQUENCE {

low | NTEGER(O. . MAX),
hi gh | NTEGER(O..MAX) },

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

ascending order in the ECN specification). These positions shall be ordered by encoders and decoders from the zero
position (1‘ he first bit in that part of the Pnr‘n(‘“ng that 1g pv]ﬂﬂﬁﬁng the ]’l';ll’\{”P) n}:nx aw‘]c’ and the bits in thaose positions

form a confceptual handle field.

22.9.1.7 Fpr a "nunber " value of "Hand| eVal ueSet " or the encoding of a tag number, the bit in the-cencepfual handle
field nearpst to the zero position is the high-order bit, and the "number" or tag number that spgcifies 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 ECN splecification error.

22.9.1.8 Ifj the "bi t string" or "oct et string" alternatives of "Handl eVal ueSet " are used, then their vilues shall
have the sgme number of bits as those specified for the identification handle by "ATY., Fhe bit in the concepfual handle
field near¢st to the zero position is the leading bit of the "bitstring" orN'ocCtetstring" that sppcifies the
"Handl eVal ueSet ".

22.9.1.9 The "Handl eVal ueSet " shall not be specified as "t ag: any" unless, the specification is for an encodling object
of the #TA[G class. In this case the value of the identification handle is detetmined by either the tag number iph the ECN
specificatipn or by the tag number mapped from an ASN.1 tag (as&pecified in clause 19), and need not bp specified
using "Harjdl eVal ueSet ". If, however, a value is specified by."Handl eVal ueSet " and differs from that gssigned in
an ECN splecification of a tag class or in an ASN.1 tag that maps\to'an ECN tag, that is an ECN specification ¢rror.

22.9.2  §pecification constraints

22.9.2.1 I} any ECN specification, all identification shandles with the same name shall specify the same] set of bit
positions.

NOTE + There is no general requirement that the-handle value sets of different encoding objects defined in an ECN gpecification
be all disjoint, but disjoint handle value sets aré\tequired when the identification handle is used to resolve optionality} alternative
selectiof, 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 Fpr an encoding object that éxhibits an identification handle (with a given handle value set), the vhlue of the
identification handle occurring in,each of the possible encodings produced by that encoding object (for all possible
abstract vallues) shall be a membgr-of the specified handle value set.

22.9.2.3 Alll encoding objécts that exhibit the same identification handle shall either have no prefalignment
specificatipn, or shall alignto the same pre-alignment unit.

NOTE + This restrictiomn is imposed so that decoders can move to the alignment position before looking for the handle when the
depends'on/a handle value.

22.9.2.4 This specification is considered set if the "EXH Bl TS- HANDLE" keyword is used. Ifit is not set then|there is no
identification handle exhibited.

22.9.3 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:

[ CONCATENATI ON

[ ORDER &concatenation-aor dnr]

[ ALI GNVENT &concat enati on-al i gnnment ]
[ HANDLE &concat enat i on- handl e] ]

22.10.1.3 This specification determines the order in which the components of an encoding class-in the coj
category afe encoded, the means an encoder uses to identify each component, and any pre-alignment paddin|
be providef between components.

22.10.2 $pecification constraints

22.10.2.1 [if "ORDER" is "r andont', then "HANDLE" assumes the default value of "def@ul t - handl e" if not s
encoding ¢bjects applied to all components shall exhibit that identification handle. The handle value se
encoding dbjects shall all be disjoint.

22.10.2.2 [f "ALI GNVENT" is "al i gned", then the pre-alignment specificationrassumes the default value unleg

22.10.2.3 Iff a component has its own explicit pre-alignment, this is@pplied after any pre-alignment of the
resulting fjom the setting of "ALI GNVENT" in the encoding class of‘thie Concatenation category.

NOTE + The equivalent function is not provided for repetitions, as it\¢an be achieved more simply by pre-alignment
componient.

22.10.2.4 1ff "ORDER" is "t ag", then every component shall' start with an encoding class in the tag category.

number asgociated with this class is called the component-tag.
22.10.2.5 The component-tags of each alternative shall be distinct.

22.10.2.6 This specification is considered set"ifthe "CONCATENATI ON" keyword is used. If it is not set the
and decodg¢rs act as if it was set with each encoding property taking its default value.

22.10.2.7 Iff (through the exercise of optidnality) there is at least one abstract value of a concatenation that ha
its encodirlg, then the concatenation shall have no pre-alignment.

\catenation
o that is to

et, and the
s of those

S set.

romponent

f the single

The tag

h encoders

no bits in

NOTE + This subclause will apply if a concatenation has no mandatory components, or if all its mandatory components can have

(througlp the exercise of optionality) no bits in their encodings.

22.10.3 ncoder actions

22.10.3.1 Iff "ORDER'_is "t ext ual ", the textual order in the ASN.1 type specification or the ECN structure
shall be uspd.

definition

22.10.3.2 [f"GRDER" is "t ag", then the order shall be that of the tag numbers in the component-tags (lowest 1

lag number

first).

22.10.3.3 If "ORDER"is "r andoni', then the encoder shall determine the order of concatenation without constra

int.

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 "AL
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

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

I GNED TO

actions.


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

ISO/IEC 8825-3:2015 (E)

22.10.4 Decoder actions

22.10.4.1 When decoding a component, a decoder shall first perform the decoder actions associated with the 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 value of
the identification handle.

22.10.4.4 Decoding shall proceed until an abstract value for every component has been obtained, and a decoder shall
diagnose an encoder's error if more than one encoding is identified for a component, or if unexpected values appear for
identification handles during the decoding.

NOTE — Unexpected values can occur as part of extensibility provision, but this is not supported in this version of this
Recomrpendation | International Standard, and such occurrences shall be treated as encoder errors.

22.11 Coptained type encoding specification

22.11.1 KEncoding properties, syntax and purpose

22.11.1.1 The contained type encoding specification uses the following encoding properties;

&Pri mar y- encodi ng- obj ect - set #ENCODI NGS OPTI ONAL,
&Secondar y- encodi ng- obj ect - set #ENCCODI NGS OPTI GNAK,
&over -ri de- encoded- by BOOLEAN DEFAULT YFALSE

22.11.1.2 The syntax to be used for contained type encoding specification shallbe:

[ CONTENTS- ENCODI NG &Pr i mar y- encodi ng- obj eCt - set
[ COWPLETED BY &Secondar$-encodi ng- obj ect - set ]
[ OVERRI DE &over -ri de- éacoded- by] ]

22.11.1.3 The purpose of this specification is to determine the_encoding of a contained type, and whether{fan ASN.1
"ENCODED| BY" contents constraint associated with that contained type shall be overridden.

22.11.1.4 This specification provides either one or two_encoding object sets. If two are provided, they are| combined
according fo 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.

22.11.2 Encoder actions

22.11.2.11f "CONTENTS- ENCODI NG' is_rot set, then a contained type shall be encoded using the combined encoding
object set gpplied to the containerdf "ENCODED BY" is not present in the ASN.1 contents constraint, otherwige with the
encoding rples specified by the“ENCODED BY" statement.

22.11.2.2 [ff "CONTENTS- ENGCDI NG' is set, the combined encoding object set formed from "COVPLETED B}" shall be
applied to the containedtype if "ENCODED BY" is not present in the ASN.1 contents constraint, or if "ENCODED BY" is
present andl "OVERRI-BE! is TRUE. Otherwise the combined encoding set applied to the containing type shall|be applied
to the conthined type:

22.11.3 ecoder actions

22.11.3.1A decoder shall decode the contained type in accordance with the encoding applied by the encoder, 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]
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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
post-padding), but does not apply to any pre-alignment padding.

22.12.2 Specification constraints

-padding or

22.12.2.1 This specification is only available when an encoding space or repetition space encoding is Ted

22.12.2.2'|BI T- REVERSAL" shall not be "reverse-half-units" or "reverse-bits-in-half-unit
"MULTI PLE OF" is set to an even number of bits for the encoding space or repetition space of #OUTER rev
requirement means that a value of "r epeti ti ons" for "MULTI PLE OF" is not allowed in this)case.)

22.12.2.3 '|BI T- REVERSAL" shall not be set unless "MULTI PLE- OF" is "r epet i t i ons" or is“greater than one
22.12.2.4 This specification is considered set if the "Bl T- REVERSAL" keyword is used/If it is not set then en|

decoders apt as if it was set with the encoding property taking its default value.
22.12.3 KEncoder actions
22.12.3.1 Except when performing #OUTER actions, an encoder shalf.divide the contents of the encodin

repetitions| space into "MULTI PLE OF" units unless "MJULTI PLE,NOF" is "repetitions". If "MJLTI Pl
"repetitions", then the entire encoding space shall be treated as a single unit. When performing bit-r
#OUTER, the entire encoding (after any "PADDI NG' has been applied) shall be divided into "MULTI PLE OF" ur]
ECN speciffication error if the entire encoding is not an integral multiple of "MULTI PLE OF" units.

22.12.3.2 The encoder shall do no reversal (the default walue), or shall reverse the bits in each unit, or shall
half-units [without changing the order of bits in each half-unit) or shall reverse the bits within each h
specified Yy the value of "Bl T- REVERSAL".

22.12.4 1IDecoder actions

22.12.4.1 The decoder shall first determine (see encoding space and repetition space specification) the
encoding gpace or repetition space or (for bit-reversal specification within #OUTER) the end of the entire eng
shall then perform the reversal actions specified for the encoder before continuing with decoding.

NOTE + Performing the same'reyersals will recover the original bit-order.

23 Defined syntax specification for bit-field and constructor classes

This claus¢ proyides the full syntax for defining encoding objects of each encoding class in the different categ

uired, and

"

s" unless
rsal. (This

bit.

coders and

P Space or

=
[E OF" is
eversal for
its. It is an

Feverse the

h1f-unit, as

bnd of the
oding, and

ories.
broup being

NOTE + Encoder and decoder actions are specified in the following clauses as conditional on an encoding property

set.Ag and.on d 0 alk DAQLA O he groun presen nthe spe alion o he encoding ghle

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:

#ALTERNATI VES : : = ENCODI NG CLASS {
-- Structure-only replacenent specification (see 22.1)
&#Repl acenment - structure OoPT
& epl acenent - st ruct ur e- encodi ng- obj ect  &*#Repl acenent - structure OPT

-- 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,
&Encoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
Oljlcllll.“ c-iu' Flillldbi CQLIiIIg

DEFAULT "def aul t - handl e", 03
&al ternative-ordering ENUMERATED {t extual , tag} N

DEFAULT textual,

-- ldentification handl e specification (see 22.9)

[ ALI GNED TO

[ NEXT] QQ

[ ANY]
&encodi ng- space- pr e- al ié‘g@ent unit
[ PADDI NG &encodi ng- space¥pr e- paddi ng
[ PATTERN &enc@@ng space-pre-pattern]]]
[ START-PO NTER  &start - poi nt &x)
[ MULTI PLE OF &st arq¥poi nter - uni t ]

ALTERNATI VE 3
[ DETERM NED BY &Q'Q ernative-determ nation
[ HANDLE ’Sﬁ.andl e-id]]
[ USI NG &al t ive-reference
[(PD@ al t ernati ve-ordering]
[ ENCODER- TRANSFORMS &Encoder -t r ansf or ms]
R- TRANSFORMVS &Decoder -t r ansf or ns] |
E &exhi bi t ed-handl e AT &Handl e- posi tions
andl e-val ue-set]]

j Q_@

23.1.2  Rurpo restrictions

q/Q

&exhi bi t ed- handl e Printabl eString DEFAUL ef aul t-ha
&Handl e- posi ti ons I NTEGER (0..MAX) OPTI
&handl e- val ue- set Handl eVal ueSet DEF tag any
H WTH SYNTAX { \Q/
[ REPLACE ()\
[ STRUCTURE] %
W TH &#Repl acenent - structure g\\

[ ENCODED BY é&r epl acenent -stru% encodi ng- obj ect]]

[ ENCCDER- TRANSFORVE \Q) &St art - poi nt er - encoder - transf or ns] ]

23.1.2.1 Thi ggx.dax is used to define the start of the encoding space for an encoding class in the alternative

the determiji

hdl e",

B category,

of the alternative that has been encoded, and an optional declaration that the encoding objdct exhibits

a specified identification handle (with a given handle value set).

23.1.2.2 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).

23.1.2.3 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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a) Replacement.

b) Pre-alignment and padding.
c) Start pointer.

d) Alternative determination.

e) Identification handle.

23.1.4 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.

Ay Al 1 dat o 41
P—Adternative-determinatton-

23.2 Defining encoding objects for classes in the bitstring category (19

23.2.1  The defined syntax (b .

Q.)’
The syntay for defining encoding objects for classes in the bitstring category is defined as: (bq/
#BI TS :: = ENCODI NG CLASS {

O

-- Pre-alignment and paddi ng specification (see \g/

&encodi ng- space-pre-alignnment-unit Unit (ALL Exﬁ\repet itions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEF)\ zero,

&encodi ng- space-pre-pattern Non- Nul | - tern (ALL EXCEPT differgnt:any)
DEFAUL&b s:'0' B,

-- Start pointer specification (see 2

&start-pointer R ENCE OPTI ONAL,
&start-pointer-unit ggbtt (ALL EXCEPT repetitions) DEFAULT bit,
&St art - poi nt er - encoder -t ransf or TRANSFORM ORDERED OPTI ONAL,

-- Bits value encodi ng \\g\

&val ue-rever sal . ®$ BOOLEAN DEFAULT FALSE,

&Tr ansforns N\ #TRANSFORM ORDERED OPTI ONAL,
&Bits-repetition-encodings #CONDI TI ONAL- REPETI TI ON ORDERED OPT| ONAL,
&bits-repetition- enc\(ir g #CONDI TI ONAL- REPETI TI ON OPTI ONAL,

-- ldentificatio \Qg)ndl e specification (see 22.9)

&exhi bi t ed- hand|l Printabl eString DEFAULT "defaul t-hapdle",
&Handl e- posi tfons I NTEGER (0..NMAX) OPTI ONAL,

&handl e- vat@set Handl eVal ueSet DEFAULT t ag: any,

|C=r€d type encodi ng specification (see 22.11)

-- Con

&Pri r"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

S
1 {OCH) SYNTAX {

[ 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]
[ 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.

¢) There is an optional transform (specified by "TRANSFORMS") in which each bit is transformed into a (self-
delimiting) bitstring.
d) Either "REPETI TI ON- ENCODI NG' or "REPETI TI ON- ENCODI NGS" specify how the repetition of the

23.2.2.2 B
bits in the

23.2.2.3 W
repetitions
used in thg

2323 |
23.231 T

of the absfract values of that class, an optional declaration that theyéncoding object exhibits a specified i1dg

handle (wi

23.232T
is "REPLA(

23.2.3.3 Ifi
of the #COJ

23.2.3.4 If]
other paraj
value set),
see 22.1.1,

23.235T
shall have
set (see 3.2

NOTE A
23.2.3.6 It

abstract vallue to"which it is applied.

—STquenTes ot bits tor of theorigimat bits; - FTRANSFERVE Ts ot STt are to beencoded
NOTE — The sole purpose of allowing "REPETI TI ON- ENCCDI NG' as well as "REPETI TI ON- ENCOX)
provide a syntax that does not contain a double curly-bracket ("{{") in the common case of .d\single
encoding. Use of "REPETI TI ON- ENCODI NGS" when there is a single conditional encoding is’depre
allowed.

punds (if present) on the class being encoded (a class in the bitstring category) ar¢ bounds on the
bitstring forming each abstract value.

(hen considered as a repetition of a bit, these bounds shall be interpreted-as bounds on the
and can be used in the specification of the encoding objects of class #CONDI TI ONAL- REPETI Tl
specification of this encoding object.

Purpose and restrictions

his syntax is used to define the start of the encoding spacefof a class in the bitstring category, th

h a given handle value set), and a specification of how~to‘encode a contained type.

he #CONDI Tl ONAL- REPETI Tl ON that is applied by this encoding object shall not specify "REPLAC
E STRUCTURE".

any of the #CONDI TI ONAL- REPETI TI ON eficoding objects contain a "REPLACE STRUCTURE" clauyj
NDI TI ONAL- REPETI TI ON encoding objegfs shall contain a "REPLACE STRUCTURE" clause.

there is a "REPLACE STRUCTURE!‘clause in the #CONDI TI ONAL- REPETI Tl ON encoding objec
neters shall be set. If the encoding-object of the replacement structure exhibits a handle (with a gi
the encoding object being defined exhibits the same identification handle (with the same handle
11).

he first transform in "TRANSFORVE" (if any) shall have a source that is a single bit and the las
a result that is bitstring. The bitstrings produced for a one-bit and for a zero-bit shall form a self]
A42).

- This means thatthe final transform is required to be self-delimiting.

is an E€NUspecification or application error if any transform in the "TRANSFORMS" is not revers

NGS" is to
conditional
tated but is

number of

humber of
ON that are

e encoding
ntification

E"' unless it

se, then all

s, then no
ven handle
value set —

transform
delimiting

ble for the

23.23.7E

kactly one of "REPETI TI ON- ENCODI NG' and "REPETI TI ON- ENCODI NGS" shall be set.

23.2.3.8 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".

23.2.3.9 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.
23.2.3.101

f"EXH 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.

e) Contained type encoding.

23.2.4.2 Forbits value encoding -the encoder shall:
[=3

qd) Reverse the order of bits in the entire bitstring abstract value if "VALUE- REVERSAL" is set t0' TIRUE;
) Treat the bitstring value as a repetition of a bit;

q) Apply the specified "TRANSFORMVS" (if any) to each bit to produce a repetition of bits;
d) Encode the repetition by applying the first "REPETI TI ON- ENCODI NG(S)" whose condition is sgtisfied.

23.2.4.3 ItJis an ECN specification error if there is no "REPETI TI ON- ENCODI NG(S)" whese'eondition is satisfjed.

23.2.5 IDecoder actions

23.2.5.1 Fpr any encoding property group that is set, the decoder shall perform-the decoder actions specifiefl in clause
22, in the following order and in accordance with the encoding object definition:

d) Pre-alignment and padding.

B) Start pointer.

q) Bits value decoding (see 23.2.5.2).
d) Contained type decoding.

23.2.5.2 Fpr bits value decoding, the decoder shall use*the "REPETI TI ON- ENCCDI NE(S) " to determine thq repetition
space and fo recover the original bit order using the "BIT- REVERSAL" specification.

23.2.5.3 If] "TRANSFORMB" is set, then the decoderishall use the self-delimiting property of the encoding of ach bit to
determine the end of each repetition, and shallaeverse the transforms to recover the original bitstring value.

23.2.5.4 If] "VALUE- REVERSAL" is set to TRUE, then the final order of the bits in the bitstring abstract valfie shall be
reversed.
23.3 Defining encoding objects for classes in the boolean category

23.3.1  The defined syntax

The syntay for defining{encoding objects for classes in the boolean category is defined as:

#BOOL.-S"= ENCODI NG- CLASS {

-- Structure-only replacenent specification (see 22.1)
GH-H'(E[Ji dCclEelt-Sstractur e ©PT1 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-ali gnnment-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,

-- 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,
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,
REFERENCE OPTI ONAL,

#TRANSFORM ORDERED OPTI ONAL,
#TRANSFORM ORDERED OPTI ONAL,

&encodi ng- space- uni t

&encodi ng- space-ref erence
&Encoder -transforns
&Decoder -t ransf orns

-- Bool ean val ue encodi ng
&val ue-true-pattern
&val ue-fal se-pattern

Pattern DEFAULT bits:'1'B,
Pattern DEFAULT bits:'0'B,

-- Val ue padding and justification (see 22.8)
&val ue-justification Justification DEFAULT right:O0,
&val ue- pr e- paddi ng Paddi ng DEFAULT zer o,

X

&vatue- Pre-patter i

&val ue- post - paddi ng

&val ue- post-pattern
&unused- bi t s-det erni nati on

Paddi ng DEFAULT zer o,

Non- Nul | - Pattern DEFAULT bits:
UnusedBi t sDet er m nati on q/
DEFAULT fi el d-to-be-set,
&unused- bi t s-ref erence REFERENCE OPTI ONAL,

&Unused- bi t s- encoder -t r ansf or ns #TRANSFORM ORDERED OPT, )
&Unused- bi t s-decoder -t ransf or ns #TRANSFORM O?DERED

-- ldentification handl e specification (see 22. 9)

NomT=—NotHt—=FPattermoDEFASET o t=—06"5

e

&exhi bi t ed- handl e PrintableStrin AULT "defaul t-ha
&Handl e- posi ti ons I NTEGER (0. . OPTI ONAL,
&handl| e- val ue- set Handl eVal ue DEFAULT t ag: any,
-- Bit reversal specification (see 22.12)
&bi t-reversal Rever SpeC| fication
DEF, no-reversal
W TH SYNTAX { \§\
[ REPLACE Q
[ STRUCTURE] <&

W TH &#Repl acenent - st ruc e
[ ENCODED BY &r ep@cem&nt -struct ure-encodi ng-obj ect]]

[ ALI GNED TO )
[ NEXT] X\
[ ANY - x0O | |
&encodi n pace-pre-alignment-unit
[ PADDI encodi ng- space- pr e- paddi ng

C[) ATTERN &encodi ng- space-pre-pattern]]]

[ START- PO NTER*, &start-pointer
[ MULTI OF &start-pointer-unit]
[E - TRANSFORVE &St art - poi nter - encoder -transf orns] ]

ENCODI NG(SPACE
ZE &encodi ng- space- si ze
Q_ [ MULTI PLE OF &encodi ng-space-unit]]
DETERM NED BY &encodi ng- space- det erm nati on]
% [USI NG &encodi ng- space-ref erence
C) [ ENCODER- TRANSFORMB &Encoder - t r ansf or ns]
Q/ [ DECCDER- TRANSFORMS &Decoder - t r ansf or ns] |

[ FALSE- PATTERN &val ue-fal se-pattern]
[ 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]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bit s-det erm nati on]
[ USI NG &unused- bits-reference

[ ENCODER- TRANSFORMS &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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}

23.3.2  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 a self-delimiting set (see 3.2.42).

23.3.2.6 "UNUSED BI TS DETERM NED BY" shall not be "not - needed" unless:

d) Both patterns are integral multiples of "ENCODI NG SPACE MULTI PLE OF" units and-'ENCODI [NG SPACE
Sl ZE" is "vari abl e-wi t h- det er mi nant "; or

) Both patterns are the same length; or
d) "JUSTIFIED"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 jthere are any unused bits in the encoding space, then "VALUE- PADDING” shall be set.

23.3.3 IKEncoder actions

23.3.3.1 Fpr any encoding property group that is set, the encoder shdllyperform the encoder actions specifiefl in clause
22, in the following order and in accordance with the encoding objéet definition:

4d) Replacement.

) Pre-alignment and padding.

q) Start pointer.

d) Encoding space (see 23.3.3.2).
q) Value encoding (see 23.3.3.3).

f)  Value padding and justification.
g) Identification handle.

) 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 smallest
number off "MULTI PLE OF' units (subject to 23.3.3.3) that can accommodate the pattern of the value thpt is to be
encoded.

23.3.3.3 Aln encodef (as an encoder's option) may increase the encoding space size "s" (as determined in 23.3.3.2) in

"MULTI PLE OF'-units (subject to any restrictions that the range of values of any "field-to-bg-set" or
"fiel d-tp-besused" imposes) if the "ENCODI NG- SPACE Sl ZE" is set to "encoder - opt i on-wi t h- det er jri nant ".

23334’1" Sazaaals £ ALt PPN dat 3 = +l 1 nt d 65 AN 44 £ 41 .—\1 t b
.3.3.4 Thenumber-ottnused-bis—eanbedeterminedtromthe—vatne s and{romthepatternetthe—aluc 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.

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


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

ISO/IEC 8825-3:2015 (E)

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)
&encodi ng- space-pre-alignnent-unit Unit (ALL EXCEPT repetitions) DEF ULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,

&encodi ng- space- pre-pattern Non- Nul | - Pat t er n (ALL EXCEPT @‘ er ent: any)
DEFAULT bits:'0'B, ﬁ/

-- Start pointer specification (see 22.3)

&st art - poi nter REFERENCE OPTI O\IAL

&start-pointer-unit Unit (ALL EXCEPT rep I ons) DEFAULT bi t,

&St art - poi nter -encoder-transforns #TRANSFORM (RDERE&/ TI ONAL,

-- Chars val ue encodi ng

&val ue-reversal BOOLEAN DEF @FALSE

&Tr ansf or ns #TRANSF RED OPTI ONAL,

&Char s-repetiti on-encodi ngs #CONDI Tl - REPETI TI ON ORDERED OPT| ONAL,

&char s-repetition-encodi ng #CD\IDI - REPETI TI ON OPTI ONAL,

-- ldentification handl e specificati OQ ee 22.9)
&exhi bi t ed- handl e abl eString DEFAULT "def aul t - hapdl e",
&Handl e- posi ti ons EGER (0..MAX) OPTI ONAL,

%

&handl e- val ue- set ndl eVaI ueSet DEFAULT tag: any

1 WTH SYNTAX { S
[ ALl GNED TO D
[ NEXT] R\4
[ ANY]

&encodi ng-@ce- pre-alignnent-unit
[ PADDI I ncodi ng- space- pr e- paddi ng

TERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER C&st art-pointer

[ MULTI P E OF &start-pointer-unit]
[E TRANSFORVS &St art - poi nt er - encoder -transforns] ]
[ VALUE- R L &val ue-reversal ]
[ TRANSE &Tr ansf or ns]
[ 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]]

}\Q/C)

23.4.2  Model 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 "REPLACE STRUCTURE".

234331
of the #CO

ause, then all

(with a givien handle value set), the encoding object being defined exhibits the same identifi¢atioh handle (with the same

23.4.3.5 The first transform of "TRANSFORMS" shall have a source that is a single clfaracter and the last trangform shall
have a resplt that is bitstring. The bitstrings produced for the set of all charaeters’ to be encoded shall fgrm a self-

23.4.3.6 It]is an ECN specification or application error if any transforfivin the "TRANSFORMS" is not reversible for the
abstract vajlue to which it is applied.

23.4.3.7 Ekactly one of "REPETI TI ON- ENCODI NG' and "REPETITI ON- ENCODI NGS" shall be set.

23.4.3.8 Iffan encoding object in the "REPETI TI ON- ENCODBLINGS" ordered list is defined using "I F" or "I F-JALL", then
all precedihg encoding objects in that list shall be defined using "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 on‘the abstract values of the associated type, or the inclusion of redupdant bits in
the encqding of each character, or both.

23.43.100f "EXH BITS HANDLE" isc,set, then "ALIGNED TO' shall not be set in any of the
"REPETI T| ON- ENCODI NG(S)" specifications.
23.4.4 Encoder actions

23.4.4.1 Fpr any encoding propetty group that is set, the encoder shall perform the encoder actions specifiefl in clause
22, in the following order and-in accordance with the encoding object definition:

d) Pre-aligniment and padding.

) Startpeinter.

q) ~ Chars value encoding (see 23.4.4.3).
)

Rppptiﬁnn Pnnnrﬁng as qppoiﬁpd by the first "REPETI] T1 QN ENCODI NG(S)" whase condition iskatisfied.

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 repetition, and shall reverse the transforms to recover a characterstring value.

23.4.5.3 f"VALUE- REVERSAL™ 15 set to TRUE, then the final order of the characters in the charactersiring egs

shall be reyersed.

23.5 Defining encoding objects for classes in the concatenation category

2351  The defined syntax qu’

The syntay for defining encoding objects for classes in the concatenation category is de@%)as
#CONCATENATI ON : : = ENCODI NG CLASS { \\

-- Full replacenent specification (see 22.1) O
O

&#Head- end- st ruct ure2 0\\
-- Pre-alignnment and padd| ng sg&@fl cation (see 22.2)

&encodi ng- space- pre-al i gnment -%x
&encodi ng- space- pr e- paddi ng$ Paddi ng DEFAULT zero,

-- Encodi %ace speci fication (see 22.4)

&#Repl acenent - structure g\ OPT|
&#Repl acenent - st ruct ure2 OPT|
& epl acenent - st ruct ur e- encodi ng- obj ect epl acenent - structure OPT]
&r epl acenent - st ruct ur e- encodi ng- obj ect pl acenent - structure2 OPT
&#Head- end-structure OPT|

OPT|

t Unit (ALL EXCEPT repetitions) DEFAU

&encodi ng- space- pre-patt er@ Non- Nul | - Pattern (ALL EXCEPT differ
3 DEFAULT bits:' 0'B,
xO
-- Start pointer spe@.flcatlon (see 22.3)
&start - pointer \ REFERENCE OPTI ONAL,
&start-pointer- Unit (ALL EXCEPT repetitions) DEFAU

&St art - poi nter —’e;ncoder -transforns #TRANSFORM ORDERED OPTI ONAL,

| ONAL,
| ONAL,
| ONAL,
| ONAL,
| ONAL,
| ONAL,

LT bit,

bnt : any)

LT bit,

&encodi n@pace- si ze Encodi ngSpaceSi ze
. 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
DEFAULT fi el d-to-be-set,
Q/ &encodi ng- space-ref erence REFERENCE OPTI ONAL,
\ SEncoder.transforng HATRANSECRM ORDEDED CORTI CNhAI -
&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,
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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
DEFAULT no-rever sal

} W TH SYNTAX {
[ REPLACE QJ
[ STRUCTURE] N
[ COVPONENT] q/Q
[ ALL COVPONENTS] (b
[ OPTI ONALS] %
[ NON- OPTI ONALS] q/
W TH &#Repl acenent - structure Q)
[ ENCODED BY &r epl acenent - st ruct ur e- encodi —%j ect
[ I NSERT AT HEAD &#Head- end- struct uﬁv
e

[ AND OPTI ONALS W TH &#Repl acenent -stru 2
[ ENCODED BY &repl acement - str u@encodi ng- obj ect 2

[ NSERT AT HEAD &#Head-, “structure2]]] ]
[ ALI GNED TO
[ NEXT] o&
[ ANY]

&encodi ng- space-pre-al i gnr@uni t
[ PADDI NG &encodi ng- space- - paddi ng
[ PATTERN &encodi %\‘&ace- pre-pattern]]]
[ START- PO NTER  &start-pointer Q\
[ MULTI PLE OF &start - padit er - uni t ]
[ ENCCDER- TRANSFORVE &8Part - poi nt er - encoder -t r ansf or ns] ]
ENCODI NG- SPACE
[ SI ZE &encodi ng—spe& I ze
[ MULTI PLE OF &encodi ng- space-unit]]
[ DETERM NED BY &Q'Qodi ng- space-det ermni nati on]
[ USI NG &encodiXg- space-r ef erence
[ E RANSFORVS &Encoder -t r ansf or ns]
[ DE - TRANSFORMS &Decoder -t r ansf or nms] ]
[ CONCATENATI QN *,
[ ORDE! oncat enat i on- order]
[ ALl NT &concat enati on-al i gnnent ]
[ E &concat enati on- handl e] ]
[ VALUE-\RRADDI NG
USTI FI ED &val ue-j ustification]
O [ PRE- PADDI NG &val ue- pr e- paddi ng
[ PATTERN &val ue-pre-pattern]]
C) [ POST- PADDI NG &val ue- post - paddi ng
\Q/ [ PATTERN &val ue- post-pattern]]
[N oI
[ DETERM NED BY &unused- bi t s- det erm nati on]
[ USI NG &unused- bits-reference
[ ENCODER- TRANSFORMS &Unused- bi t s- encoder -t r ansf or ns]
[ DECODER- 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.

q) Start pointer.
d) Encoding space. (See 23.5.3.2.)
q) Concatenation.

f)  Value padding and justification.

d) Identification handle specification.

) Bitreversal.
23.5.3.2 Iff "ENCODI NG SPACE" is "variable-with-determ nant", it shallb”be the minimum number of
"MULTI PLE OF" units needed to contain the concatenation.
23.5.4 IDecoder actions

23.5.4.1 Fpr any encoding property group that is set, the decoder shatlperform the decoder actions specifiefl in clause
22, in the following order and in accordance with the encoding objéct definition:

d) Pre-alignment and padding.

B) Start pointer.

q) Encoding space.

d) Bitreversal.

q) Value padding and justification.

1 Concatenation.

23.6 Defining encoding objects for classes in the integer category

23.6.1 The defined syntax

The syntay for defining encoding objects for classes in the integer category is defined as:

#I NT :: = ENCODI NG CLASS {
=] 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

} WTH SYNTAX {
[ ENCODI NGS &l nt eger - encodi ngs]
[ 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.
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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
conditions are satisfied.

23.7 Defining encoding objects for the #CONDI TI ONAL- | NT class r\<0

23.7.1  The defined syntax .

fb.
SV

The syntay for defining encoding objects for the #CONDI Tl ONAL- | NT class is defined as:

#CONDI TI ONAL- | NT :: = ENCODI NG CLASS { (b
-- Condition (see 21.11) %C)
& ange-condi ti on RangeOondi\Qg n  OPTI ONAL,
&conpari son Conpari s@ OPTI ONAL,
&conpar at or | NTEGER"CPTI ONAL,
&Range- condi ti ons Ran ﬁ\ diti on ORDERED OPTI ONAL,
&Conpari sons ri son ORDERED OPTI ONAL,
&Conpar at or s Q%EGER CORDERED OPTI ONAL,
-- Structure-only repl acenent speci fi\c tion (see 22.1)
&#Repl acenent - st ructure N OPTJ ONAL,
& epl acenent - st ruct ur e- encodi ng- gbNect  &#Repl acenent - structure OPT|l ONAL,
-- Pre-alignnment and paddi ng ”&ci fication (see 22.2)
&encodi ng- space- pre-align unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&encodi ng- space- pr e- paddi § Paddi ng DEFAULT zero,
&encodi ng- space- pr e- patée n Non- Nul | - Pattern (ALL EXCEPT differgnt: any)
L\ DEFAULT bits:' 0' B,

-- Start point erng{ifi cation (see 22.3)

&st art - poi nter REFERENCE OPTI ONAL,
&start-poi nt eg-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&St ar t - poi @encoder -transforns #TRANSFORM ORDERED OPTI ONAL,

-- Encgdﬁlg space specification (see 22.4)

&encodiN- space- si ze Encodi ngSpaceSi ze
DEFAULT sel f-delimting-val ues,
di ng- space-uni t Unit (ALL EXCEPT repetitions)
DEFAULT bit,
C&encodi ng- space- det erm nati on Encodi ngSpaceDet er mi nati on
\@ DEFAULT fi el d-to-be-set,
&ETTCouT Nng-spdce-T1elrerernce REFERENCECOPTH UNAL,
&Encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
-- 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
DEFAULT no-rever sal

W TH SYNTAX {

<

[ F & ange-condition [&conparison &conparator]] QD
[1F-ALL &Range-conditions [&Conparisons &Conparators]] N
[ ELSE] ‘],Q
[ REPLACE (b
[ STRUCTURE]

W TH &#Repl acenent - structure
[ ENCODED BY &r epl acenent - st ruct ur e- encodi ng- Q)Q()l/ct]]
[ ALI GNED TO
[ NEXT]
[ ANY) \\(O
&encodi ng- space- pre-al i gnnment - uni t
[ PADDI NG &encodi ng- space- pre- padcﬂ@
ttern]]]

[ PATTERN &encodi ng- space- pr
[ START- PO NTER &start-pointer

[ MULTI PLE OF &start-pointer-u Q
[ ENCODER- TRANSFORNVS &Start - po'Q%r -encoder -t ransforns] ]
ENCODI NG- SPACE
[ SI ZE &encodi ng- space-si ze
[ MULTI PLE OF &encodin sﬂe\?ace unit]]
[ DETERM NED BY &encodi ng&ce det ermi nati on]
[ USI NG &encodi ng- space-r rence
[ ENCODER- TRANSFC@S &Encoder -t r ansf or ns]
[ DECODER- TRAI @I\/S &Decoder -t r ansf or ms] ]
[ TRANSFORVS &Tr ansf orns]
[ ENCODI NG &gencoding]
[ VALUE- PADDI NG
[ JUSTI FI ED 8\\;@)ue justification]
[ PRE- PADDI &val ue- pre- paddi ng
ATTERN &val ue-pre-pattern]]
[ POST- él)l NG &val ue- post - paddi ng

ATTERN &val ue- post -pattern]]

U US$ED BI TS
+ [ DETERM NED BY &unused- bits-deternination]
Q_ [ USI NG &unused- bi ts-ref erence
O [ ENCODER- TRANSFORMB &Unused- bi t s- encoder - t r ansf or ns]
%( [ DECODER- TRANSFORMS &Unused- bi t s-decoder-transforns] J]]
H BI TS HANDLE &exhi bit ed- handl e AT &Handl e- positions

[ AS &handl e-val ue-set]]

}

DT DE\IEDC/\I Dhi e onzor o all
T

=t ST T v ettt

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
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

applied (use of

"I

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

101


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

ISO/IEC 8825-3:2015 (E)

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.

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, and possible bit-reversal of the encoding space.

23.7.2.4 At most one of "I F", "I F- ALL" and "ELSE" shall be present.

23.7.2.5 If "REPLACE" is set, then no other encoding property groups shall be set

23.7.2.6 It]is an ECN specification or application error if any transform in the "TRANSFORMB" is not rexers|
abstract vallue to which it is applied. The first transform of "TRANSFORVS", if present, shall have a source tha
and the lasf transform shall have a result that is integer.
NOTE + The test for the "I F" and "I F- ALL" condition takes place on the bounds of the original valu¢, and is not
these trgnsforms.

23.7.2.7 The "I NT- TO- | NT" transform with the value "subt r act : | ower - bound" shall bé-included only if
"I F- ALL" condition restricts the application of this encoding to classes of the integer’catégory with a lower |
(if present] shall be the first transform in the list.

23.7.2.8 The "ENCODI NG SPACE S| ZE" shall not be "f i xed- t o- max" unlesstthe ™l F" or "I F- ALL" conditi
the encoding to a class with both an upper and a lower bound.
23.7.2.9 "ENCODI NG- SPACE S| ZE" shall not be set to "sel f - del i m_ti/ng- val ues".

NOTE + This means that the default value (which is set for consistency with other uses of this type) always has to be

23.7.2.10 Iif "EXH BI TS HANDLE" is set, then the encoding objeetexhibits the specified identification handle.

NOTE + This will normally require use of "VALUE- PADDI NG, with justification from the left to allow the padding t
identifidation handle.

23.7.3

23.7.3.1 The encoder shall detect an ECN specification or application error if any of the restrictions in

violated.

23.7.3.2 Fpr any encoding property group'that is set, the encoder shall perform the encoder actions specifie
22, in the following order and in accordance with the encoding object definition:

Encoder actions

d) Replacement.

) Pre-alignmentandpadding.
q) Start pointer,

d) Encoding-space.

d) Value-encoding (see below).

) ~ Value padding and justification.

ble for the
t is integer

affected by

he "I F" or
bound, and

bn restricts

verridden.

exhibit the

23.7.2 are

i in clause

)~ Identification handle

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:

"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 Sl ZE" is "f i xed-t o- max", then the encoder shall determine the minimum number
of "MULTI PLE OF" units that has sufficient bits to encode any of the values of the class, and shall proceed (as specified

o zen At 10t $to ot 1
above) as iF-SHAEwere-a-postive-tntegersetto-thatvalue:

23.7.3.9 If| the "ENCODI NG SPACE SI ZE" is "vari abl e- wi t h- det er mi nant ", then the encoder shall\determine the
minimum humber of "MULTI PLE OF" units ("s", say) that has sufficient bits to encode the actual abstract vialue 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
(subject to|any restrictions that the range of values of any "fi el d-t o- be-set" or "fi el-dif 0- be- used" fmposes) if
"ENCODI SPACE Sl ZE" is set to "encoder - opti on-wi t h- det er mi 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 ecoder actions

23.7.4.1 Fpr any encoding property group that is set, the decoder shall petform the decoder actions specifieql in clause
22, in the following order and in accordance with the encoding object definition:

d) Pre-alignment and padding.

B) Start pointer.

q) Encoding space.

d) Bitreversal.

q) 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 thg specified
encoding, ind shall then reverse the "TRANSFORMS" (if specified) to recover the original abstract value.

23.8 Defining encoding objects for classes in the null category

23.8.1  The defined syntax

The syntay for definingencoding objects for classes in the null category is defined as:
#NUL = ENCODI NG- CLASS {
<- Structure-only replacenment specification (see 22.1)

&#Repl acenent - structure OPTJ 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-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)

&val ue-justification Justification DEFAULT right:O0,

&val ue- pr e- paddi ng Paddi ng DEFAULT zer o,

&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:' 0" B,

&varTe-pUstTpaddi Ty Paddrg—BEFACET—ZzeTT;

&val ue- post-pattern Non- Nul | - Pattern DEFAULT bits:"' O}\ﬁ)

&unused- bi t s-det ermi nati on UnusedBi t sDet er mi nati on Q
DEFAULT fi el d-t o- be- set, K2 )

&unused- bi ts-ref erence REFERENCE OPTI ONAL, .

&Unused- bi t s- encoder -t r ansf or ns #TRANSFORM ORDERED OPTI /

&Unused- bi t s- decoder -t ransf orns #TRANSFORM ORDERED OPT, ,

-- ldentification handl e specification (see 22.9) %

&exhi bi t ed- handl e Printabl eString LT "defaul t-ha

&Handl e- posi ti ons I NTEGER (O. . TI ONAL,

&handl e- val ue- set Handl eVal ueS%M&FAULT tag: any,

-- Bit reversal specification (see 22.12) ‘\\

DEFA no-rever sal

H WTH SYNTAX { Q

[ REPLACE \§\

[ STRUCTURE] Q

W TH &#Repl acerent - st r ucgg

[ ENCODED BY &r epl a nt - st ruct ur e- encodi ng- obj ect]]

[ ALI GNED TO o

[ NEXT] X

[ ANY] X\

&bi t-reversal Rever s% S@ci fication

&encodi ng—g@ce— pre-alignment-unit
[ PADDI ncodi ng- space- pr e- paddi ng
TERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER tart-pointer
[ MULTI PLE OF &start-pointer-unit]
[E TRANSFORVS &St art - poi nt er - encoder -transforns] ]
ENCCODI NG-
[SI@ &encodi ng- space- si ze
+ [ MULTI PLE OF &encodi ng-space-unit]]
ERM NED BY &encodi ng- space-det erm nati on]
O [ USI NG &encodi ng- space-r ef erence
[ ENCODER- TRANSFORMS  &Encoder -t r ansf or ns]
O [ DECODER- TRANSFORMB &Decoder - t r ansf or ms] ]
\Q/ [ NULL- PATTERN &val ue- pattern]

hdl e",

AL DA N
[ 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]]
[ 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 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:

d) Replacement.

) Pre-alignment and padding.

d) Start pointer.

d) Encoding space.

q) Value encoding (see 23.8.3.2).

f)  Value padding and justification.
¢4) Identification handle.
) Bitreversal.

23.8.3.2 The value encoding shall be the bits of the "NULL- PATTERN".

23.8.3.3 Iff "ENCODI NG SPACE SIZE" is "variabl e-w th<determi nant"” or "encoder-optilon-with-
det erem pant ", it shall be the minimum number of "MULTI PLEOF" units needed to contain the pattern|("s", say),
subject to £3.8.3.4.

23.8.3.4 Aln encoder (as an encoder's option) may increas¢’j's" (as determined in 23.8.3.3) in "MULTI PLE| OF" units
(subject 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" fmposes) if
"ENCODI N> SPACE Sl ZE" is set to "encoder - opt i o4=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 IDecoder actions

23.8.4.1 Fpr any encoding property groupthat is set, the decoder shall perform the decoder actions specifieql in clause
22, in the following order and in accerdance with the encoding object definition:

d) Pre-alignment andpadding.

) Start pointer.
q) Encoding‘space.
d) Bitreversal.

q) Value 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
silently accept any value Tor 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,

&Tr ansf or s #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,

&handl e- val ue- set Handl eVal ueSet DEFAULT tag: any,
—Comtared CypT ercoth g :pcbi fcatTon (bUU 22 11)

&Pri mary-encodi ng- obj ect - set #ENCODI NGS OPTI ONAL, @
&Secondar y- encodi ng- obj ect - set #ENCODI NGS OPTI ONAL, Q'\

&over - ri de- encoded- by BOOLEAN DEFAULT FALSE (1/

.

H WTH SYNTAX { (oz
[ ALI GNED TO q/
[ NEXT] >
[ ANY] Q)
&encodi ng- space- pre-al i gnnment -uni t C)
[ PADDI NG &encodi ng- space- pr e- paddi ng \Q/
[ PATTERN &encodi ng- space- pre-p rn]]]
[ START- PO NTER &start-pointer

[ MULTI PLE OF &start-pointer-unit] s\c\

[ ENCODER- TRANSFORVS &St art - poi nt er -@ncoder - t r ansf or ms] |
[ VALUE- REVERSAL &val ue-reversal
[ TRANSFORVS &Tr ansf or ns]

[ REPETI TI ON- ENCODI NGS ~ &Cct et s-repe Qi on- encodi ngs]
[ REPETI TI ON- ENCODI NG &octets-rep \%\ti on-encodi ng]
[ EXHI BI TS HANDLE &exhi bi t ed- handl é& &Handl e- posi tions
[ AS &andl e-val ue-set]] <
[ CONTENTS- ENCODI NG &Pri mary- er?&i ng- obj ect - set
[ COVPLETED B&A&Secondary- encodi ng- obj ect - set ]
[ OVERRI DE&@ver -ride-encoded- by] ]

j xO

23.9.2 Model for the encoding of clﬁﬁz\}‘in the octetstring category
23.9.2.1 The model of octetstring engogﬂlg is:

d) The order of octe@btﬁe octetstring can be reversed.

B) The octets ar considered as a repetition of an octet.

q) There is

ptional transform (specified by "TRANSFORMS") in which each octet is transformed into a
iting bitstring.
PETI TI ON- ENCODI NG' or "REPETI TI ON- ENCODI NGS" specify how the repetition of octet is to
coded.

e
NOTE -—‘&’sole purpose of allowing "REPETI TI ON- ENCODI NG' as well as "REPETI TI ON- ENCCDI NGS" is {o provide a
syntax that docs not contain a double curly-bracket ({1 ) in thc common casc ol a single conditional encoding. Use of
"REPETI 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 Tl ONAL- REPETI Tl 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).

23.9.3.6 It is an ECN specification or application error if any transform in the "TRANSFORMS" is not reversible for the
abstract value to which it is applied.

23.9.3.7 Ekactly one of "REPETI TI ON- ENCODI NG' and "REPETI TI ON- ENCODI NGS" shall be set.

23.9.3.8 Iffan encoding object in the "REPETI TI ON- ENCODI NGS" ordered list is defined using "I F"cor-"I F-JALL", then
all precedipg encoding objects in that list shall be defined using "I F" or "I F- ALL".

23.9.3.9 If{"EXH 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.

23.93.100f "EXH BITS HANDLE" is set, then "ALIGNED TO' shall mnot/ be set in any of the

"REPETI T| ON- ENCODI NG(S)" specifications.

23.94  Encoder actions

23.9.4.1 Fpr any encoding property group that is set, the encoder shall petform the encoder actions specifiefl in clause
22, in the following order and in accordance with the encoding object.definition:

d) Pre-alignment and padding.

B) Start pointer.

q) Value encoding as specified below.

d) Repetition encoding as specified by the first"REPETI TI ON- ENCODI N&(S)" whose condition is fatisfied.
q) Identification handle.

f) Contained type encoding.

23.9.4.2 Fpr value encoding, the encoder shalt:
qd) Reverse the order of ocfets'in the entire octetstring abstract value if "VALUE- REVERSAL" is set fo TRUE;
) Treat the octetstring\value as a repetition of octet;

dq) Apply the "TRANSFORMS" (if any) to each octet to produce a repetition of bitstring.

NOTE + If there are no tzansferms, each octet forms a bitstring.

d) Encodesthetepetition by applying the first "REPETI TI ON- ENCODI NG(S)" whose condition is sdtisfied.
23.9.4.3 It|is an EGN-=specification error if there is no "REPETI TI ON- ENCODI N&(S)" whose condition is satisfjed.

23.9.5 ecoder actions

23.9.5.1 For any encoding property group that 1s set, the decoder shall perform the decoder actions speciiied in clause
22, in the following 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:
#OPEN- TYPE :: = ENCODI NG CLASS {

108

-- 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,
&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALL EXCEPT different: any)

AN

Q/C) DEFAULT no-rever sal
}

DEEALLT hito:' Q" B

-- Start pointer specification (see 22.3)
&st art - poi nter REFERENCE OPTI ONAL, Q
&start-pointer-unit Unit (ALL EXCEPT repetiti orns. EFAULT bit,

&St art - poi nter-encoder-transfornms #TRANSFORM ORDERED OPTI O\%/

(1/

-- Encodi ng space specification (see 22.4) Q)

&encodi ng- space- si ze Encodi ngSpaceSi ze (b
DEFAULT sel f-deli 'C)ng—val ues,

&encodi ng- space- uni t Unit (ALL EXCEP&eti tions)
DEFAULT bit,

&encodi ng- space-det erm nati on Encodi ngSpa@er m nat i on
DEFAULT figl¥-to-be-set,

&encodi ng- space-ref erence REFERE TI ONAL,

&Encoder -t r ansf or ns #TRA ORDERED OPTI ONAL,

&Decoder -transf orns #T M ORDERED OPTI QONAL,

-- Open-type encodi ng \\

&Known- st ruct ur e- encodi ngs NCCDI NGS OPTI ONAL,
&Unknown- structure @ OPTI ONAL,

&Unknown- st ruct ur e- encodi ngs \,\Q #ENCCDI NGS OPTI ONAL,

-- Val ue paddi ng and just&@cation (see 22.8)
&val ue-justification Justification DEFAULT right:O,

&val ue- pr e- paddi ng \O Paddi ng DEFAULT zer o,
&val ue-pre-pattern \{‘ Non- Nul | - Pattern DEFAULT bits:'0'B,
&val ue- post - paddi K| O Paddi ng DEFAULT zer o,
&val ue- post - pat tler Non- Nul | - Pattern DEFAULT bits:'0'B,
&unused- bi t s-dét,erm nati on UnusedBi t sDet ermi nati on

§ DEFAULT fi el d-t o-be-set,
&unused- b'@ ef erence REFERENCE OPTI ONAL,

&Unused- Ri § s- encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&Unus@sbi t s-decoder-transforns #TRANSFORM ORDERED OPTI ONAL,

C??.t reversal specification (see 22.12)

2T -reversal Rever sal Speci fication

MALTLL ONANT AN L
VY TT T N7 UC |

[ REPLACE
[ STRUCTURE]
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]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t s-det erm nati on]

X

FOSHNG&ommused=thrts=reference
[ ENCCDER- TRANSFORMS &Unused- bi t s- encoder -t r ansf or %}
[ DECCDER- TRANSFORMS &Unused- bi t s- decoder -t ransf gNs] ]
[ 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]

23.10.2 Model for the encoding of classes in the open type category

23.10.2.1 The model of open type encodings is:

P

[—
f—

The class in the open type category can be replaced by anotherstructure to provide length delimitation if

required.

The encoding object defined for this category applies.th¢ "ENCODED W TH" encoding objec
type whose value is to be encoded for the open typey\lf there is no "ENCODED W TH", then
combined encoding object set is used.

The decoder will request the application for identification of the type encoded into the open
application will either respond with identifigation of the type, which is then decoded, or will st
type encoded in the open type cannot be detérmined (an "unknown" response).

If the response is "unknown" and the’UNKNOMN | S" is present, then the decoder will use the
| S" structure and the "ENCODED W-FH" within the "UNKNOAN | S" (if present) to determine thg
encoding space.

If the response is "unknown/* and the "UNKNOMN | S" is absent, then the encoding space
determined by the "ENCODI' NG SPACE" (see 23.10.3.3), and the decoder will return to the app
the bits contained in the defined encoding space except for value pre- and post-padding.

23.10.2.2 In the case of an unknown decoding, the decoder will pass the bits forming the unknown encoq
application] as the value of the open type.

23.10.3 TPurpose and restrictions

23.10.3.1 This syntax-is used to define the way an open type is encoded, and the means that a decoder uses to
the end of the eficoding of an unknown type in an open type.

set to the
he current

type. The
hte that the

" UNKNOWN
end of the

ize can be
lication all

ling to the

determine

23.10.3.2 TIf "REPL ACE STRUCTURE" is set no other parameters shall be set

23.10.3.3 If "ENCODI NG SPACE SI ZE" is "sel f -del i mi ting" then "UNKNOWN | 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)
b)
¢)
d)
e)

replacement;

pre-alignment and padding;

start pointer;

encoding space (see 23.10.4.3);
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 SI ZE" is set to "encoder - opt i on-wi t h- det er mi nant ".

23.10.4.5 If the number of unused bits is not zero, then "VALUE- JUSTI FI CATI ON" shall be applied using either the set
values or tiedefauttvatues:
N

23.10.5 IDecoder actions Q

23.10.5.1 Jor any encoding property group that is set, the decoder shall perform the decoder‘B’g{ons specified in

clause 22, |n the following order and in accordance with the encoding object definition: 7

d) pre-alignment and padding; %q/

) start pointer; C)(b

d) encoding space; \\Q/

d) Dbit-reversal; %O

q) value padding and justification; 5\\

f) open-type decoding (see 23.10.5.2). << O©
23.10.5.2 For open type decoding, the decoder shall query the appl?@n for the type which has been encodefl and shall
decode a vplue of that type or of the "UNKNOMN | S" structure in-aecordance with the "ENCODED W TH' specifications in
the "UNKNQW | S". QO

23.10.5.3 If the decoding was of an unknown type \@sq)its forming the unknown encoding (without pfe-padding
bits and without value pre- and post-padding bits, if an&&%all be passed to the application as the value of the jopen type.
N

23.11 Defining encoding objects for claw in the optionality category

23.11.1 The defined syntax .\(\}‘
The syntay for defining encoding obj.eas) or classes in the optionality category is defined as:

ACPTI ONAL : : = ENO@NE;G_ASS{

-- Strucfuye-only replacement specification (see 22.1)
&#Rep%\ement -structure OPT|l ONAL,
&r e;@. nment - st ruct ur e- encodi ng- obj ect  &*#Repl acenent - structure OPT|l ONAL,

% re-al i gnment and paddi ng specification (see 22.2)
@ ncodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
N &encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,

Soncodi Ag-Space-pro- r\::f torn Non- Null _DPattaorn (AI L EXCEDT difforbnt: 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,

-- 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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23.11.2.2

of the repJacement structure exhibits a handle (with a given handle Value
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23.11.3

23.11.3.1
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23.11.3.2

excluding flasses in the optionality cat
becomes almandatory component.

23.11.4
23.11.4.1

clause 22,
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} W TH 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

[DETERI\/I NED BY &opt i onal i ty determ nation
|_ I_V-\I\IL}I_I: OLIICUIUI |Sh I UJ J

[ USI NG &optionality-reference @
[ ENCODER- TRANSFORMS &Encoder -t r ansf or ns] Q'\
[ DECODER- TRANSFORMS &Decoder - t r ansf or ] | q,

} -
SV

Purpose and restrictions Q)
This syntax is used to define the encoding of a class in the optionality categ 1{)

Iff "REPLACE STRUCTURE" is set, then no other encoding property gro all be set. If the encogling object
the encoding object beipg defined

Encoder actions Q

Hor any encoding property group that is set, the encoder perform the encoder actions specifiefl in clause
following order and in accordance with the encoding oﬂc definition:

d) Replacement (see 23.11.3.2).

B) Pre-alignment and padding. s\’\(\g

d) Start pointer. . ®$

d) Optionality determination. A\

Iff "REPLACE STRUCTURE" is se ﬁéﬂ the entire component (including any classes in the tag cafegory, but
) is provided as the actual parameter for the replacement structure, which

Decoder actions @

Hor any encodingcﬁ:erty group that is set, the decoder shall perform the decoder actions specified in
er and in accordance with the encoding object definition:

1)) éﬁionality determination.
AN

23.12 Defining 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-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)
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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,

&encodi ng- space-ref erence REFERENCE OPTI ONAL,

&Encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,

&becoder=tTansTorTs #T

-- Val ue encodi ng N
&pad- pattern Pattern (ALL EXCEPT differentt )
DEFAULT bits:''B, (b

-- ldentification handl e specification (see 22.9) (lio

&exhi bi t ed- handl e Printabl eString DEFAﬁdef aul t - hapdl e",
&Handl e- posi ti ons I NTEGER (0. . NAX) |

&handl| e- val ue- set Handl eVal ueSet T tag: any,

\
-- Bit reversal specification (see 22.12) O
&bi t-reversal Rever sal Spe cation
DEFAULT ng&y &ver sal

1 WTH SYNTAX { &
[ REPLACE Q
[ STRUCTURE] Q
W TH &#Repl acenent - st ruct ure \\
[ ENCODED BY &r epl aceme?f{— struct ur e- encodi ng- obj ect]]
[ ALI GNED TO
[ NEXT] N\
[ ANY]
&encodi ng- spac@re— al i gnment - uni t
[ PADDI NG &encodli ng- space- pr e- paddi ng
[ PATR@\I &encodi ng- space-pre-pattern]]]
[ START- PO NTER  &s t-pointer

[ MULTI PLE \C) &start-pointer-unit]
[ ENCODER- T FORNVB &St art - poi nt er - encoder -transforns] ]

ENCODI NG- SPACE *,
[ SI ZzZE codi ng- space- si ze

LTI PLE OF &encodi ng-space-unit]]
[D@ M NED BY &encodi ng- space-det erm nati on]
NG &encodi ng- space-r ef erence
Q_ [ ENCODER- TRANSFORME &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |

§ PATTERN &pad- patt er n]
(pEXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- posi ti ons
\Q/ [ AS &handl e-val ue-set]]

LD T D\ /CDOAL Qi + - v or ool
LB —a A — I A —maa = o A B A

}

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:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space.

e) Value encoding (see below).
f)  Identification handle.

g) Bitreversal.

23.12.3.2 I£ "ENCODI NG SPACE S| ZE" is positive the value shall be the "PAD PATTERN" replicated and t

fill the enc

23.12.3.3
"encoder
units that
truncated

NOTE
23.12.34

(subject to
"ENCODI N

23.12.4

23.124.1
22, in the

23.12.4.2

ncated to

1

1

A

i
i

]

pding space.

ENCODI NG SPACE  SIZE" is "fixed-to-max", or 1is "variabl e-w th-det e hant
option-w t h-determ nant", then the encoding space shall be the smallest number, 0f""MULT
s greater than the size of "PAD- PATTERN" ("'s", say), and the "PAD- PATTERN" shall-thén be rep
b fill that space (but see 23.12.3.4).

- This will be an empty encoding space if the "PAD- PATTERN" is null.

An encoder (as an encoder's option) may increase "s" (as determined in 23.12°3.3) in "MULTI PLH

or is
| PLE OF"
icated and

OF" units

any restrictions that the range of values of any "fi el d- t o- be- set ".or “f'i el d-t o- be- used" jmposes) if

> SPACE SI ZE" is set to "encoder - opt i on-wi t h- det er m nant 'z

IDecoder actions

or any encoding property group that is set, the decoder shall ‘perform the decoder actions specifie
bllowing order and in accordance with the encoding objéct definition:

) Pre-alignment and padding.
) Start pointer.
) Bitreversal.

) Encoding space.

'he decoder shall determine the sizecof the pad value encoding, and identify those bits in the end

shall silenfly accept any value for those bits,

23.13 De

23.13.1
The synta

]

X

A

fining encoding objects for classes in the repetition category

he defined syntax

for defining encoding objects for classes in the repetition category is defined as:

REPETI TI @Y% = ENCODI NG CLASS {
--(Repetition encoding
&Repet i tion-encodi ngs #CONDI T1 ONAL- REPETI TI ON ORDERED OPTI ONAL,
&repetition-encoding #CONDI T1 ONAL- REPETI TI ON OPTI ONAL

i in clause

oding, but

X

WHMTH SYNTAX {

}

[ REPETI TI ON- ENCODI NGS &Repet i ti on-encodi ngs]
[ REPETI TI ON- ENCODI NG &r epet i ti on-encodi ng]

23.13.2 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 N&(S)"
whose conditions are satisfied.

23.14 Defining encoding objects for the #CONDI TI ONAL- REPETI Tl ON class

23.14.1

The defined syntax .
The syntay for defining encoding objects for the #CONDI TI ONAL- REPETI Tl ON class is deﬁnf%f:

#CONDI TI ONAL- REPETI TI ON : : = ENCODI NG CLASS { (b(b
-- Condition (see 21.13) C)
&si ze-range-condi ti on Si zeRangeCondi t i COPTI ONAL,
&conpari son Conpari son OP ,
&conpar at or | NTEGER CPTI@NAL,
&Si ze-range-condi ti ons Si zeRangeCondi ti on ORDERED OPTI ONAL
&Conpari sons Conpar i o RED OPTI ONAL,
&Conpar at or s | NTE ORDERED OPTI ONAL,
-- Structure or conponent repl acenm\\Qpeci fication (see 22.1)
&#Repl acenent - st ructure OPT]
& epl acenent - st ruct ur e- encodi ng- gbNect  &#Repl acenent - structure OPT|
&#Head- end-structure \(\ OPT|

b

114

&encodi ng- space- pr e- paddi Paddi ng DEFAULT zer o,

O DEFAULT bits:'0'B,
N
-- Start point gr@peci fication (see 22.3)

&st art - point . REFERENCE OPTI ONAL,
&st art - poi @

&Start - pt') r-encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Re i'tion space specification (see 22.7)

P

-- Pre-alignment and paddi pecification (see 22.2)
&encodi ng- space- pre-al i gng -unit Unit (ALL EXCEPT repetitions) DEFAU
g

&encodi ng- space-pre-p rn Non- Nul | -Pattern (ALL EXCEPT differ

Tunit Unit (ALL EXCEPT repetitions) DEFAU

o

| ONAL,
| ONAL,
| ONAL,

LT bit,

bnt : any)

LT bit,

&re tion-space-size Encodi ngSpaceSi ze

DEFAULT sel f-delim ting-val ues,
petition-space-unit Uni t
C) DEFAULT bit,
\@ & epetition-space-determnation Repetiti onSpaceDet erm nation

DEFACET e o-to-be-set,

&mai n-r ef erence REFERENCE COPTI ONAL,

&Encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,

&Decoder -t ransf or ns #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:'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 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,
-- Bit reversal specification (see 22.12)
&bi t-reversal Rever sal Speci fication
PEFACETTTomTeversat
| WTH SYNTAX { '\03
[1F &size-range-condition [&conparison &conparator]] (19
[ F-ALL &Size-range-conditions [&Conparisons &Conpar at ors]] (b
[ ELSE] ,
[ REPLACE (1/
[ STRUCTURE] >
[ COVPONENT] Qf)
[ ALL COVPONENTS] O
W TH &Repl acenent -structure \Q/
[ ENCODED BY &r epl acenent - st ruct ure-encodi n \b] ect

[  NSERT AT HEAD &#Head- end-structu,
[ ALI GNED TO X
O

[ NEXT]
[ ANY]
&encodi ng- space-pre-align unit
[ PADDI NG &encodi ng- space- Q paddi ng
[ PATTERN &encodi %g)ace- pre-pattern]]]
[ START- PO NTER  &start-pointer Q\
[ MULTI PLE OF &start - padit er - uni t ]
[ ENCCDER- TRANSFORVE &8Part - poi nt er - encoder -t r ansf or ns] |
REPETI TI ON- SPACE
[SI ZE &repetition-s -size
[ MULTI PLE OF & epetition-space-unit]]
[ DETERM NED BY &r\'@})eti ti on-space-determ nation
[ HANDLE ndl e-id]]
[ USI NG &mai Rt erence
[E - TRANSFORVS &Encoder - t r ansf or ns]
[ DECODER- TRANSFORMS &Decoder -t r ansf or ns] |
[ PATT & erm nati on-pattern]
[ ALI GNIVEI epetition-alignnent]
[ VALUE- P NG

TI FI ED &val ue-justification]
RE- PADDI NG &val ue- pr e- paddi ng
O [ PATTERN &val ue-pre-pattern]]
% [ POST- PADDI NG &val ue- post - paddi ng
C) [ PATTERN &val ue- post - pattern]]
\Q/ [UNUSE[DD'.:E:'ETIEJ‘J! MeD- By Copnced bt o dotormdantlond
[ USI NG &unused- bi ts-reference
[ ENCODER- TRANSFORMB &Unused- bi t s- encoder -t r ansf or ns]
[ DECODER- TRANSFORMS &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]

}

23.14.2 Purpose and restrictions

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.
23.14.2.5 "REPETI TI ON- SPACE S| ZE" shall not be "f i xed-t o- nax".

23.14.2.6l|f the "REPETI TI ON-SPACE SIZE" is "self-delimting-values", and "MULTI,PLE OF" is
"repetitions", then the number of repetitions shall be constrained by bounds to a single value.

23.14.2.7 Iff there are any unused bits in the encoding space, then "VALUE- PADDI NG' shall be set.

23.14.3 IKncoder actions

23.14.3.1 Jor any encoding property group that is set, the encoder shall perform the encoder actions specifiefl in clause
22, in the following order and in accordance with the encoding object definition:

d) Replacement.

B) Pre-alignment and padding.

q) Start pointer.

d) Repetition space.

q) Repetition encoding (see 23.14.3.4).

f)  Value padding and justification.
g) Identification handle.

) Bitreversal.

23.14.3.2 [f "ALI GNVENT" is set to "al i gned", theinthe settings of pre-alignment and padding shall be used tp pre-align
each encoding of the component.

NOTE + This is performed before any pre-alignment specified by the component.

23.14.3.3 The complete encodings of the’components (with any pre-alignment however specified) shall be concatenated
to form thq bits for the value of the repétition.

23.14.3.4 the "REPETIFTI ON- SPACE Sl ZE" is "vari abl e-wi t h- det er m nant " or
"encoder {option-wi t h- detef m nant ", then the size shall be the smallest multiple of "MULTI PLE OF"[units ("s",
say) that wfill contain the valu€ of the repetition (but see 23.14.3.5).

23.14.3.5 An encoder(as an encoder's option) may increase "s" (as determined in 23.14.3.4) in "MULTI PLH OF" units
(subject to| any restrietions that the range of values of any "fi el d-t o- be-set " or "fi el d-t o- be- used" fmposes) if
"ENCODI SPACE Sl ZE" is set to "encoder - opti on-wi t h- det er mi nant ",

23.14.3.6 The. fepetition value is then placed in the encoding space, using "VALUE- PADDI NG' if there are gny unused
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 :: = 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-alignnent and padding specification (see 22. 2)

AN

&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFR
&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o, N
&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALL EXCEPT @9 er
DEFAULT bits:'0' B, 03
-- Start pointer specification (see 22.3) (ﬁo
&start - pointer REFERENCE CPTI ONAl
&start-pointer-unit Unit (ALL EXCEPT repetdtions) DEFAU
&St art - poi nter - encoder -transfornms #TRANSFORM ORDERE Tl ONAL,
-- Encodi ng space specification (see 22.4) \\
&encodi ng- space- si ze Encodi ngSpac e
DEFAULT sed Ndeliniti ng- val ues,
&encodi ng- space- uni t Unit (ALL CEPT repetitions)
DEFAULE /DI T,
&encodi ng- space- det erm nati on Encq SpaceDet ermi nati on
DE| LT fiel d-to-be-set,
&encodi ng- space-ref erence RENCE OPTI ONAL,
&Encoder -t r ansf or ns NSFORM ORDERED OPTI ONAL,
&Decoder - transf or ns @ #TRANSFORM ORDERED OPTI ONAL,
-- Val ue paddi ng and justifi }Ton (see 22.8)
&val ue-justification ~\Q) Justification DEFAULT right:O0,
&val ue- pr e- paddi ng ) Paddi ng DEFAULT zer o,
&val ue-pre-pattern \O Non- Nul | - Pattern DEFAULT bits:'0' B,
&val ue- post - paddi ng\j: Paddi ng DEFAULT zer o,
&val ue- post - patt eg Non- Nul | - Pattern DEFAULT bits:' 0" B,
&unused- bi t s- det@n nation UnusedBi t sDet erm nati on
., DEFAULT fi el d-to- be-set,
&unused- bi t ference REFERENCE OPTI ONAL,
&Unused- bi ncoder -t ransforns #TRANSFORM ORDERED OPTI ONAL,

&Unused- @ -decoder -t ransf orns #TRANSFORM ORDERED OPTI ONAL,

-- I@ fication handl e specification (see 22.9)
i

& t ed- handl e Printabl eStri ng DEFAULT "defaul t-ha
dl e- posi tions I NTEGER (0..NMAX) OPTI ONAL,
andl e- val ue- set Handl eVal ueSet DEFAULT tag: any,

LT bit,

bnt : any)

LT bit,

hdl e,

-- RBit reversal Qpnrifi catiaon (an 22 1?)

&bi t-reversal Rever sal Speci fication
DEFAULT no-rever sal

} 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]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t s-det erm nati on]
FOSHNG&ommused=thrts=reference
[ ENCODER- TRANSFORMS &Unused- bi t s- encoder -t ransf or
[ DECODER- TRANSFORMS &Unused- bi t s- decoder -t r ansf 1]
[ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions A
[ AS &handl e-val ue-set]] 03
[ BI T- REVERSAL &bit-reversal] q/ 7
Re)

} S

23.15.2 Rurpose and restrictions C)

23.15.2.1 This syntax is used to define the encoding of a class in the tag categoryo\\

23.15.2.2 Iff "REPLACE STRUCTURE" is set, then no other specifications shx@)e set. If the encoding object of the
replacement structure exhibits a handle (with a given handle value set), tlésencoding object being defined gxhibits the
same identfification handle (with the same handle value set — see 22.1 .IQ).

23.15.2.3 The "ENCODI NG SPACE SI ZE" shall not be "fi xed-t o or"sel f-delimting-val ues".
NOTE + This means that the default value (which is set for consist: with other uses of this type) always has to be pverridden.

23.15.3 IEncoder actions (%)

23.15.3.1 Jor any encoding property group that is set, ‘e\'encoder shall perform the encoder actions specified in clause
22, in the following order and in accordance with th@ coding object definition:

4d) Replacement.

B) Pre-alignment and padding. \{:\'
d) Start pointer. \\0

d) Encoding space. ..

q) Value encodin, 3.15.3.3).

f) Value paddinﬁ@ld justification.
4) Identifi handle.

I Bit rversal.

23.15.3.2 The eficoder shall determine the minimum number of bits "n" needed to encode the tag number as the smallest
value of "1" that 2"—1 is greater than or equal to the tag number. If "n" is zero, it shall be increased to 1.

23.15.3.3 The encoding shall be a positive integer encoding. The specification of a positive integer encoding is given in
Rec. ITU-T X.690 | ISO/IEC 8825-1, 8.3.2 and 8.3.3.

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 "S|I ZE" were a positive integer set to
that value (but see 23.15.3.7).

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


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

ISO/IEC 8825-3:2015 (E)

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.

1

23.154.21
encoding.

23.16 De

In this ver:
categories

24 |

24.1 Sul
2411 T

Value decoding.

L
Defined syntax specification for the #TRANSFéaglcoding class
N
mmary of encoding properties and deﬁnsg@yntax
he syntax for defining encoding objects for@ #TRANSFORMCclass shall be:
TRANSFORM : : = ENCODI NG- CLASS {\*

-- int-to-int (see g’&

&

'he decoder shall recover the tag number from the bits used to encode it, decoding frony&osit

(b.

/
fining encoding objects for classes in the other categories cbq/
ion of this Recommendation | International Standard, there is no defined S}@X for classes in thd
objectidentifier \\
open-type %O
real \
tine Os\

& nt-to-int {
T enent I NTEGER (1..MAX),
. ecr enent I NTEGER (1..MAX),
@’rmltiply I NTEGER (2. . MAX),
O di vi de I NTEGER (2..MAX),
C) negat e ENUVERATED{ val ue},
h nodul o I NTEGER (2. . NAX),
@ subt ract ENUVERATED{ | ower - bound} },
nmappi ng I nt eger Mappi ng
O } OPTI ONAL,
Q- bool -t 0- bool (see 24.4)
\@ &bool -t 0- bool CHO CE
{I 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,

ve integer

following
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ENUVERATED
{spaces, zeros} DEFAULT zeros,

& nt -t o-chars- pad

-- 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)

——&cthar-to-brts-encodedTas——— ENOVERATED

{is010646, conpact, napped}
DEFAULT conpact,

&Char -t o-bits-chars

&Char -t 0- bi t s- val ues
&char-to-bits-unit
&char-to-bits-size

Uni versal String (Sl ZE(1))
ORDERED OPTI ONAL,

BI T STRI NG ORDERED OPTI ONAL,
Unit (1..MAX) DEFAULT bit,

e
s

Resul t Si ze DEFAULT vari abl ({bQ)

-- bits-to-char (see 24.11) QS)

&bi t s-t 0- char - decoded- assum ng ENUVERATED \>
{i s010646, }
DEFAULT i so 6,

&Bi t s-t 0- char - val ues BIT STR r\%

&Bi ts-to-char-chars Uni versal S¥ring (Sl ZE(1))
ORDE OPTI ONAL,

-- bit-to-bits (see 24.12) \g
&bit-to-bits-one \
&bit-to-bits-zero

-- bits-to-bits (see 24.13) \'\(\
&Sour ce- val ues %) T STRI NG ORDERED,
&Resul t - val ues 4\ BI T STRI NG ORDERED,

-- chars-to-conposit;-’%gar (see 24.14)

-- There are no enc ng properties for this transformation
N\

-- bi ts-to-con’gog)l e-bits (see 24.15)
&bits-to- cor@\si’t e-bits-unit Unit (1..MAX) DEFAULT bit

-- octet Q—conposite- bits (see 24.16)
-- Ther e no encoding properties for this transformation

-

--&mosite-char-to-chars (see 24.17)
ere are no encoding properties for this transformation

D

Q/C)- conposite-bits-to-bits (see 24.18)
YV -

- There are no encoding properties for this transformation

RED OPTI ONAL,

»
N
0

-

Non-w attern DEFAULT bits:'1'B,
Non-NuM - Patt ern DEFAULT bits:' Q' B,

-- conposite-bits-to-octets (see 24.19)
-- There are no encoding properties for 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- | NT
[ AS &bits-to-int-decoded-assum ng]]

AP ET P
L AN TU DI TO

[ AS &char -t o-bits-encoded- as] 93
[ CHAR- LI ST &Char-to-bits-chars] Q'\

[ BI TS- LI ST &Char-to-bits-val ues] .q/

[ SI ZE &char -t o-bits-size] Ny

[ MULTI PLE OF &char-to-bits-unit]]

[BI TS- TO CHAR (b
[ AS &bits-to-char-decoded-assuni ng] C)
[BI TS-LI ST &Bits-to-char-val ues] Q/
\

[ CHAR- LI ST &Bits-to-char-chars]]

[BIT-TO BI TS \%

[ ZERO- PATTERN &bi t -t o-bi ts-zer o] X
[ ONE- PATTERN &bi t -t 0- bi t s- one] ] (( @)

[BITSSTOBITS Q
SOURCE- LI ST &Sour ce-val ues \\
RESULT- LI ST &Resul t - val ues] 5\0.

: : 2
[ CHARS- TO- COVPCSI TE- CHAR] \\'Q

[BI TS- TO- COWOSI TE- BI TS $

.

[UNI T &bi ts—to—conp& e-bits-unit]]
[ OCTETS- TO- COMPCS| TE- BkQS]
[ COMPCSI TE- CHAR- g@mRS]
[ COMPCSI TE- BIFS-TO BI TS
[ covPCsl EEJCQ TS TO OCTETS]
) N
24.2 Sowrce a@rget of transforms

2421 Th FORMencoding class allows the specification of procedures which transform input abstfact values
(the source i fication of
procedures that map a characterstring, octetstring or bitstring source into a transform composite, and a transform
composite (whose values are a single character, a single octet, or bitstrings with a fixed unit size) into an abstract 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).

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 another (the next) transform in a list of transforms. There are two groups of transforms: those designed to create
composites from ahstract values or to produce an ahstract valne from a compasite: and those designed ta transform
single valyes. The latter can also transform composites of those values, producing a composite as the resulf-which is the
transform ¢f every element in the source composite.

24.2.6 Alsource or target that is a single bit or a single character occurs only when successive transforms fhave these
as output gnd input, or as specified in clauses 22 and 23. The first transform of the ordered list(reférenced irf 19.4 shall
not have a| source which is a single bit or a single character. The last transform of the orderedlist referendged in 19.4
shall not hfive a target which is a single bit or a single character.

24.2.7 When used in 19.4, the source for the first transform and the target for the Jast-transform shall be the same as
the categoty of the source encoding class and target encoding class (respectively), with'the following exceptigns. When
the categoty of the source encoding class is octetstring, the source for the first transform shall be bitstring (tr¢ating each
octetstring|value as a bitstring value). When the last transform is "Bl TS- TOBFTS" with "MULTI PLE OF" sgt to 8, the
target clas§ may be octetstring.

24.2.8 The following subclauses specify conditions on the abstract values of the source which enable a trhnsform to
be defined|as reversible. It is an ECN or application error if such valués are supplied to a transform which is fequired to
be reversifjle, and encoders shall not generate encodings for such\walues.

24.3 The int-to-int transform
NOTE + Examples of this transform are given in D.1.2.2s

24.3.1 The int-to-int transform uses the following encoding property:

& nt-to-int CHO|, CE {
i-ncrenent I NTEGER (1..MAX),
decr enent 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 syntax 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

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
"modul o: n" applied to "i" is defined to be the same as applying "decrenent:j " to "i".

24.3.9 Thetransform for the value "subtract: | ower-hound" 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 value is
replaced with the value associated to the set of values to which it belongs. It is an ECN specification drror if the
intersectiof of the sets of values is not empty; it is an application error if the original integer does not belong to one of
the value spts.

24.3.11 Ehch of these transforms is defined to be reversible if the source is a single value; not a composite] and if the
condition pn the abstract value (to which it is being applied) listed in Table 6 is¢Satistied. It is also defined to be
reversible |f the source is a composite and Table 6 specifies Always reversible as the eondition.

NOTE + While an int-to-int transform with a composite input is formally reversiblg if“Fable 6 specifies Always revefsible as the

conditign, it cannot in practice form part of a chain of reversible transforms sincésthere is no such chain that starts [with a non-
composfte input and produces a composite integer (with currently defined transforms).

Table 6 — Reversal of "INT-TO-INT" transforms

Transform Condition
increment:n Always reversible
decrenent:n Always’reversible

mul tiply:n Alvays 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: isnt:eger Mappi ng  Source value sets, each containing only one value, and
the result values are distinct.

24.4 Thg boel-to-bool transform

24.4.1 Thébeol-to-bool transform uses the following encoding property:

&bool -t o0- bool CHO CE
{l ogi cal ENUMERATED({ not } }
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
composite. The integer result (and each element in the integer composite) has the value zero or one. The result has no
associated bounds

24.5.4

If| the source is a boolean, the result is an integer. If the source is a boolean composite, the result is

composite [in which each element of the source has been transformed as specified in 24.5.5.

24.5.5 The value "t rue-zero" of "BOOL- TO- | NT" produces integer 0 for TRUE and integer 1 fop FALSE.
"t r ue- ong" produces integer 1 for TRUE and integer 0 for FALSE.

24.5.6 This transform is defined to be reversible for all abstract values.

24.6 Thg int-to-bool transform

24.6.1 The int-to-bool transform uses the following encoding properties:

& nt -t o-bool ENUVERATED { zer‘o*true, zero-fal se}
DEFAULT zero-f al se,

&l nt-to-bool-true-is | NTEGER QOPTH.ONAL,

& nt-to-bool-false-is | NTEGER-ORTI ONAL

24.6.2 The syntax for the int-to-bool transform shall be:

[ 1 NT- TO BOCL
[ AS & nt-to-bool]
[TRUE-1S &l nt-to-bool<true-is]
[ FALSE-1S &l nt-to-bool -fal se-is]]

24.6.3 The source for this transform is\intéger or an integer composite and the result is boolean or

composite

24.6.4 Ejther one of "AS", "TRUE- | S"and "FALSE- 1 S" is set, or both "TRUE- | S" and "FALSE- | S" are sef
is not set), [or none are set. If nonelare set, then the default value for "AS" is assumed.

24.6.5

If|"AS" is set (or is defaulted), then the value "zer o- t r ue" produces TRUE for the value zero and FA

non-zero vplues, and the.value "zer o- f al se" produces FALSE for the value zero and TRUE for all non-zero V|

24.6.6

Iff "TRUE- IS 'enly is set, all of the integer values for "TRUE- | S" produce TRUE and all other intg

produce FALSE

24.6.7

If] "FALSE- | S" only is set, all of the integer values for "FALSE- | S" produce FALSE and all other intq

an integer

The value

a boolean
(and HASH
LSE for all
hlues.

ger values

ger values

produce TRYE:

24.6.8

If both "TRUE- 1 S" and "FALSE- | S" is set, then the integer values in "TRUE-1 S" and "FALSE- | S" shall 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

124

The int-to-chars transform uses the following encoding properties:

& 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.

24.7.5 1If the source is an integer, the result is a characterstring. If the source is an integer composite, the result is a

characters{fifig composite in WhiCh cach element of 1€ Source nas been transiormed as specitied in 24.7.0 [0 |
24.7.6 "$l ZE", "PLUS- SI GN", and "PADDI NG' all have default values and can be omitted.

24.7.7 "9

4

q

i

q

24.7.8 "9
class has 1
smallest v§

2479 T
(HYPHEN
SIGN) pre

24710 T

24.7.11 If
a value for

24.7.12 If
transform
encoders s

24.7.13 1]
with eithe
specified s

24.7.14 T

24.8 Thg int-te-bits transform

NOTE A

bl ZE" specifies either:

) afixed size in characters for the resulting size (a positive value of "SI ZE"); or

) that a variable length string of characters is to be produced (the value "var i@ble" of "SI ZE");

) a fixed-size just large enough to contain the transform of all abstract values$ in the source class
"fi xed-to- max" of "SI ZE").

bl ZE" shall not be set to "f i xed-t o- max" unless this is the first transform in an ordered set, and
oth lower and upper bounds. This is synonymous with the specification of a positive value eq
lue needed to contain the transform of every abstract value within' the bounds.

he integer value is first converted to a decimal representafion with no leading zeros and with a pr
-MINUS) if it is negative. If, and only if, "PLUS- SI.GN! is set to true, positive values have a '
fixed to the digits.

he most significant digit shall be at the leading.end of the characterstring.

"SI ZE" is "vari abl e", then this is the resulting string of characters. In this case it is not an errof
"PADDI NG', but the value is ignored.

"S| ZE" is a positive value or "f i xed-t o- max", and the resulting string (in an instance of applical
Huring encoding) is too large forithe fixed size, then this is an ECN specification or application|

hall not generate encodings forsuch abstract values.

"Sl ZE" is a positive valué¢ or "f i xed-t o- max", and the string is smaller than the fixed size, then i
" " (SPACE) or "0(DIGIT ZERO), determined by the value of "PADDI NG', pre-fixed to p|

ze.

his transform is defined to be reversible for all abstract values.

- An example of this transform is given in D.1.5.5.

p4.7.13.

or

(the value

the source
jual to the

e-fixed "-"
+" (PLUS

to specify

lion of this
error, and

[ is padded
roduce the

2481 T

Tatat ita it £ tlha £o11 M = M et N
T tO™ 0TS T arSTOTTIIT O STUS T TOTIO WIS CTICO TS PTOPCTTITST

& 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

24.8.2 The syntax for the int-to-bits transform shall be:

2483 T

[INT-TO-BI TS
[ AS & nt-to-bits-encoded- as]
[SI ZE & nt-to-bits-size]
[ MULTI PLE OF & nt-to-bits-unit]]

he 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..NMAX) -- (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 result is
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.

24.8.7 "SI ZE" has a default value and need not be set if the source is not a composite. It shall be set to a positive
value if the source is a composite.

24.8.8 "$I ZE" shall not be set to "fi xed-t o- max" unless this is the first transform in an ordered set in'|the syntax
defined in|19.4, and the source class has both lower and upper bounds. This is synonymous with the\specififation of a
positive vallue equal to the smallest value needed to contain the transform of every abstract value withinthe bgunds.

NOTE + "SIl ZE" cannot be set to "f i xed- t 0- max" if the source is a transform composite.

24.8.9 "AS" selects the encoding of the integer as either a 2's-complement encoding or as'a positive integel encoding.
The definifion of these encodings is given in Rec. ITU-T X.690 | ISO/IEC 8825-1, 8.3.2-and"8.3.3.

24.8.10 The most significant bit shall be at the leading end of the bitstring.

24.8.11 The integer shall first be encoded into the minimum number of bits meeessary to produce an initigl bitstring.
This mean that a positive integer encoding shall not have zero as the leading bit (unless there is a single zerp bit in the
encoding),|and a 2's-complement encoding shall not have two successive leading zero bits or two successijve leading
one bits.

24.8.12 If|"AS" is set to "posi tive-int", and the value to be transformed is negative, this is an ECN specification or
an applicafion error and encoders shall not encode such values.

24.8.13 If|"SI ZE" is "vari abl e", then the initial bitstring. bécomes the resulting bitstring. In this case it is rjot an error
to specify f value for "MULTI PLE OF", but the value is ighored.

NOTE + This clause cannot apply if the source is compgsite.
24.8.14 If]"SI ZE" is a positive value, the size of the resulting bitstring shall be "MULTI PLE OF" multiplied by "SI ZE".

24.8.15 If] "SI ZE" is "fi xed-to-max", then the size of the resulting bitstring shall be the smallest ultiple of
"MULTI PLE OF" that is large enough to-réceive the encoding of any abstract value of the class to which the tjansform is
applied.

NOTE + This clause cannot apply ifithe source is composite.

24.8.16 If|the initial bitstring (# an instance of application of this transform during encoding) is too large fqr the fixed
size, then this is an ECN specification or an application error and encoders shall not encode such values.

24.8.17 If|the initial-bifstring is smaller than the specified size, then for a positive integer encoding it shall have zero
bits prefix¢d to produee the resulting bitstring. If the encoding is 2's-complement, then it shall have bits prefixed equal
in value to|the gfiginal leading bit to produce the resulting bitstring.

24.8.18 This. transform is defined to be reversible for all abstract values. This transform produces a selfjdelimiting
bitstring if and only if "SI ZE" is not "vari abl e" and the source is not composite. A composite result is never self-
delimiting.

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:

[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

24.10.1 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 abl e

24.10.2 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]y

24.10.3 The definition of the types used in the char-to-bits traasform are:

nit ::= | NTEGER
{repetitions(0), bit(1), nibbl®&¢4), octet(8), wordl6(16),
dword32(32)} (0..256) -- [(See 21.1)
Resul t Size ::= I NTEGER {variabte(-1), fixed-to-max(0)} (-1..MAX) -- (see 2].15)

24.10.4 The source for this transform is a single character from either:
d) the specification of an encdding for the characterstring category (see 23.4.2.1); or

) asingle character composite;
and the reqult is a bitstring in case a) and a bitstring composite in case b).

24.10.5 The source for this‘transform is a single character or a single character composite. If the source [is a single
character, the result is a-bitstring. If the source is a single character composite, the result is a bitstring composijte.

24.10.6 Where the source is a composite, the resulting composite is determined by applying the following specification
to all elempnts pf the source composite to form the result composite. It is an ECN specification error if this tjansform is
applied to p eomposite with "AS" set to "mapped" and the size of the bitstrings in the "Bl TS- LI ST" are not all the same.

24.10.7 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
"CHAR- LI ST", this is an ECN specification or an application error.

NOTE —In _genera only be possible

o A oI 2 e jble abstract
values thay not be formally present in the ASN.1 specification.

24.10.10.5|In this case ("AS" set to "mapped"), the transform is defined to be reversible (for all abstract valpes) if and
only if thq set of all bitstring values in "Bl TS- LI ST" are distinct, otherwise it shall not be used-where a| reversible
transform fis required. The result is self-delimiting if the bitstring values in "BI TS- LI ST" jare-self-delithiting (see
3.2.42). Alcomposite result is never self-delimiting.

24.10.1114"AS" is "i s010646", the transform is specified in 24.10.11.1 to 24.10.11.5.

24.10.11.1| The character is first converted to an integer with the numerical value spe€ified in ISO/IEC 10646
NOTE +ISO/IEC 10646 includes the so-called ASCII control characters, which have positions in row 1.

24.10.11.2|If the character is from a character string that has an associatéd -effective permitted alphabet| constraint
(see 24.10{7), then the integer has effective size constraints just sufficient to contain the numerical values of all
characters [in the effective permitted alphabet.

24.10.11.3|If there is no effective permitted alphabet constraint thén the integer has an associated effgctive size
constraint pf 0..32767.

24.10.11.4| This integer value is then converted to bits using the‘transform:

INT-TOBITS -- (see 24.8)
AS positive-int
SI ZE <si ze>
MULTI PLE OF <mul t j-pl e- of >

where "<slize>" is the value of "SI ZE" and "<multiple-of>" is the value of "MULTI PLE OF" for the ghar-to-bits
transform.| ("SI ZE" and "MULTI PLE OF"\take their default values if not set.)

24.10.11.5|In this case ("AS" set to "i s010646"), the transform is defined to be reversible for all abstract|values. It
produces g self-delimiting stringvof bits if and only if "SI ZE" is not "variable". A composite result is hever self-
delimiting
24.10.1214 "AS" is "compact ", then it is an ECN specification error if there is no effective permittefl alphabet
constraint,|otherwise-the transform is specified in 24.10.12.1 to 24.10.12.4.

24.10.12.1| All characters in the effective permitted alphabet are placed in canonical order using their ISO/[EC 10646
value, lowg¢stvalue first. The first in the list is then assigned the integer value zero, the next one, and so on.

1Ll £ ot rbtadalaloolaat Lo LIPS ) 4 +lo 41 st i) £ ats M 1
24-10.12.2 T O CTTICCTT VO PUITIT OO U AT PTIAOCTCOTITATITS — 1T Il AT TOT ST eI T IO T TU SO TS —alT CITOUTT VOTSTZT constraint Of

0..n-1.

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 COPTI ONAL

24112T 4 £ thalaitc + 1. 4 £ Laoll L
. . TO™S YA A TOT UTU UTIS U= U TTAT (T TS TUTTIT STIdiT OTL

[ 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, i$)a bitstring, the|result is a

single charfacter. If the source is a bitstring composite, the result is a single character composite.

24.11.4 If|the source is a bitstring composite, then the resulting single character composite is an ordered ligt of single

characters resulting from the transformation of each of the elements of the bitstriig'composite.

24.11.5 T|"AS" is "i s010646", then the bitstring shall be interpreted as a positive integer encoding which cpntains the

ISO/IEC 1P646 numerical value of a character. It is an ECN specification étpor if the integer value exceeds 33767.

24.11.6 If|"AS" is "mapped", then the transform is specified by thé values of "CHAR- LI ST" and "BI TS- L| ST".

transform {s defined in 24.11.6.1 to 24.11.6.5.

The

24.11.6.1 '|CHAR- LI ST" and "BI TS- LI ST" are respectively anlerdered list of single characters and of bitstr|ng values.

(These parpmeters are ignored if "AS" is not set to "mapped')

24.11.6.2 There shall be an equal number of values ineach list, and all character values and all bitstring vallues in the

list shall b¢ distinct.

24.11.6.3 The transform of a bitstring in the "BITS- LI ST" is the character specified in the corresponding posjtion in the

"CHAR- LI T".

24.11.6.4 Iff in an instance of appligation of this transform a bitstring is to be transformed that is ot in the

"Bl TS- LI $T", this is an ECN specification or an application error.

NOTE 1 In general it will onlybe\possible for a tool to check for this error at encode time, as restrictions on possible abstract

values thay not be formally présent in the ASN.1 specification.

24.11.6.5 The transform issdefined to be reversible for all abstract values.

24.12 Thg bit-to-bifs transform

24.12.1 The bit-té-bits transform uses the following encoding properties:

Shrt=to—brts-ome Nom=—NoH—=PattermbEFACET brts— 8B
&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
"ONE- PATTERN".

24.12.9 Itr LN MDY, LN ZEDA DAT TN A NN DATTCON 4l £ : initial
Az, IS rerSpeeteatrotrerrot Lo AT e — g — O AT ey —are e saie,ortrofe1s an 1nitia

sub-string pf the other.

24.12.10 This transform is defined to be reversible for all abstract values and the result is self-delimiting|unless the
transform {s 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 bitstrijg. If the source is a bitstring composite the regultis a bitstring composite.

24.13.4 If| the source is a bitstring composite, thensthe resulting bitstring composite is the ordered list of bitstrings
obtained by applying the following specification to\each bitstring in the source.

24.13.5 "$I ZE" and "MULTIPLE OF" bothi have default values and need not be set. '"SOURCE- LI ST" and
"RESULT- LI ST" are required, and shall contain at least one element in the ordered list.

24.13.6 The transform is specified by ‘the values of "SOURCE- LI ST" and "RESULT- LI ST".

24.13.7 There shall be an equalfirnber of bitstring values in each list, and all bitstring values in "SOURCE- §I ST" shall
be distinct

24.13.8 The transform «fi'a’ bitstring in "SOURCE- LI ST" is the bitstring specified in the corresponding position in
"RESULT- LI ST".

24.13.9 If|this transform is applied to a composite, all bitstrings in the "RESULT- LI ST" shall have the same sjze.

24.13.1011 indan instance of application of this transform, a source bitstring is not in the "SOURCE- LI ST"} this is an
ECN specificatiomoram appHcation 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
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]]

24.15.4 The definition of the type used in the bits-to-composite-bits transform is:

nit ::= | NTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordl6({9),
dword32(32)} (0..256) -- (see 21.1)

24.15.5 The source of this transform is a bitstring and the result is a bitstring coraposite of size "UNI T".

24.15.6 The bitstring composite of size "UNI T" is an ordered list of bitstrings ¢ach of which is of size "UNI T|'. The first
bitstring ir] the composite is the first "UNI T" bits from the source bitstping-"The second is the next "UNI T" Bits, and so
on. Ifthe §ource bitstring is not a multiple of "UNI T" bits, this is an ECN specification or application error.

24.15.7 This transform is defined to be reversible for all abstractwalues.

24.16 Thp octets-to-composite-bits transform

24.16.1 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- COMPOSI TE+BINTS]

24.16.3 The source of this transform is-an*octetstring and the result is a bitstring composite of size 8 bits.

24.16.4 The bitstring composite of size 8 is an ordered list of the bitstrings corresponding to the octets in |the source
octetstring

24.16.5 This transform is,defined to be reversible for all abstract values.

24.17 Thp compoSite-char-to-chars transform

24.17.1 The camposite-char-to-chars transform converts a single character composite to a characterstring.

24.17.2 The'syntax for the composite-char-to-chars transform shall be:

[ COVPCSI 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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[ COWPCSI TE- BI TS- TO Bl 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 speci

fication 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:

24193 T
24194 T
24195 T

[ COWPCSI TE- BI TS- TO- OCTETS]
he source of this transform is a bitstring composite and the result is an octetstring.
he octetstring is formed from the ordered list of bitstrings present in the (source) bitstring Composit

his transform is defined to be reversible for all abstract values.

T

ype in the
erties have

ent @ any)

25 Complete encodings and the #OUTER class
If there is [no encoding object of the #OUTER class in the combined encoding 0bject set being applied to a
ELM, then| the encoder and decoder shall assume an encoding object of thisielass in which all encoding prop|
their defauflt values.
25.1 Enfoding properties, syntax and purpose for the #QUTER class
25.1.1 The syntax for defining encoding objects of the #OUTER class is defined as:
#OUTER : : = 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- pattern Non- Nul | - Pattern (ALL EXCEPT differ
DEFAULT bits:'0'B,
-- Bit reversal specification (see 22.12)
&bi t - Lewer sal Rever sal Speci fication
DEFAULT no-reversal ,
—->Added bits action
&added-bits ENUMERATED
{hard-error, signal-application,
cilontl v/ 1 AanAr A nayxt azal 1inl
Si-epty—-gher-e—hexi—yalue}
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 Bl 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 thg alignment
point is to pe reset to the head of the container or is to be the same as that in use for the encoding of the(container.

25.1.6 The "PADDI NG' specification determines that the entire encoding is to be padded with trdiling bits tp make the
number ofbits 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 agtion to be
taken if th¢re are further bits in the PDU after decoding according to encoding specifications has been complgted.
NOTE { This provision is primarily to provide a simple mechanism for extensibility avithout use of the ASN.1 ¢xtensibility
marker.| A later version of this Recommendation | International Standard is expected to give enhanced support for extpnsibility.

25.1.8 "ALI GNVENT", "PADDI NG', and "ADDED BI TS DECODI NG' all take ‘their default values if not set of if there is
no encodir]g object of class #OUTER in the combined encoding object set.

NOTE + The default values are those used by the encoding object of class.#@UTER for PER basic unaligned.

25.2 Enfoder actions for #OUTER

25.2.1 Iff "ALI GNVENT" is "unchanged", then the alignnient point used in encoding a contained type shall be the
alignment point used in encoding the container.

25.2.2 If{"ALI GNMVENT" is "r eset ", then the alignmenit point used in encoding a contained type shall be the tart of the
encoding df that type.

25.2.3 Iff "PADDI NG' is set, then the encoder shall add bits in accordance with the value of "PADDI NG' and
"PATTERN] to make the number of bits from'the alignment point a multiple of "MULTI PLE OF" units. "PATTERN" shall
be replicatpd and truncated as necessary.

25.2.4 The encoder shall diagnose.an ECN specification or application error if the encoding is for a type inja contents
constraint fon an octetstring, and ‘the encoding of the type (after all specified "PADDI NG' actions) is not an integral
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 fpr (or defaulted in) "PADDI NG'.

25.2.6 The ercoder shall ignore "ADDED BI TS DECCDI NG'.

25.3 Decoder 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, of Rec.
ITU-T X.680 T TSOITET 8824-1 are modiiied as follows.

13.1 signedldentifier ::= Definitiveldentifier |
efpty
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 | — The production "Assignedldentifier" is changed because "valuéreference"s can neither be defined nor imported into
ELM o1 EDM modules.

NOTE P — "BuiltinEncodingClassReference" can only be used as _a<'Symbol" in an imports clause. The use of| production
"ExternplEncodingClassReference" in "Reference" is explained ip Ml 1.

where "Deffinitiveldentifier is defined as:

Definitiveldentifier ::=
"{ " DefinitiveObjldComponeritList '} "

| empty

13.13  When the "SymbolsExported" alternative of "Exports" is selected, then each "Symbol" in "Symbol$Exported"
shall satisfly one and only one of the following conditions:

d) it is defined in the module’ from which it is being exported; or

) it appears exactlysonoe in the "SymbolsImported" alternative of "Imports" in the module from [which it is
being exported,

13.16  When the "SymbelsImported" alternative of "Imports" is selected:
d) Each Symbol" in "SymbolsFromModule" shall either:

1)«=b¢ defined in the body of the module denoted by the "GlobalModuleRefgrence" in
"SymbolsFromModule"; or

2) be present precisely once in the imports clause of the module denoted by the
"GlobalModuleReference" in "SymbolsFromModule".
NOTE - This does not prohibit the same symbol name defined in two different modules from being imported into

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.
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A2 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
A3 Notation for character string values

The production "CharsDefn" of Rec. ITU-T X.680 | ISO/IEC 8824-1, 41.8, is modified as follows:
CharsDefn ::=

The "Absd
or BMPSt r

cstring

| Quadrupl e
| Tupl e
| Absol ut eChar Ref erence

bsoluteCharReference ::=
Modul el denti fi er

val uer ef erence

luteCharReference" is a fully-qualified name which references a characterstring value (of type |
ng) defined in the "ASN1- CHARACTER- MODULE" (see Rec. ITU-T X.680 | ISO/IEC 8824-1, 42.1).

ASSt ri ng
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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 following definitions are added to Rec. ITU-T X.681 | ISO/IEC 8824-2, 3.4:

ncoding class field: A field which contains an arbitrary encoding class.
ncoding class field type: A type specified by reference to some type field of an encodingbject cfass.

ncoding object field: A field which contains an encoding object of some specified encoding claps. Such a
eld is either of fixed-class or of variable-class. In the former case, the class of thejenacoding obj¢ct is fixed
By the field specification. In the latter case, the class of the encoding object is-contained is somg (specific)
dncoding class field of the same encoding object.

dncoding object set field: A field which contains a set of encoding objects‘of some specified encoding class.

fixed-type ordered value list field: A field which contains an ordered (possibly empty) list of values of
fome specified type.

Qrdered encoding object list field: A field which contains ah ordered non-empty list of encoding objects of
fome specified encoding class.

leference field: A ficld which contains a reference to an encoding structure field (see also 17.5.15)

B.2 Additional lexical items
NOTE + This modification is introduced for the sole purpose of clause 23.

The followjng definitions are added to Rec. ITU-T_X.681 | ISO/IEC 8824-2, clause 7:

B.2.1 Qrdered value list field references
Name of ittm — orderedvaluelistfieldreférence

An "orderpdvaluelistfieldreference" *shall consist of an ampersand ("&") immediately followed by a sgquence of
characters s specified for a "typSreference” in Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.2.

B.2.2 (Qrdered encoding.object list field references

Name of item — orderedencodingobjectlistfieldreference

An "order¢dencodingobjectlistfieldreference" shall consist of an ampersand ("&") immediately followed by & sequence
of charactdrs as(specified for an "objectsetreference” in Rec. ITU-T X.681 | ISO/IEC 8824-2, 7.3.

B.2.3 Encoding-class-fieldreferenees

Name of item — encodingclassfieldreference

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.
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B.4 FieldSpec additions
NOTE — This modification is introduced for the sole purpose of clause 23.

Rec. ITU-T X.681 | ISO/IEC 8824-2, 9.4, is modified as follows:

Fi

F

The name
the field. ]
an encodif]
(see Rec. |

B.6 Fixed-class encoding object field spec

NOTE -
A "Fixedd

Recommeidation | International Standard):

F

E

The name
the encod
"Encoding
definition,

eldSpec ::=

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

eOrderedValueListFieldSpec" specifies that the field is a fixed-type ordered value list field-(see
dation | International Standard):

xedTypeOrderedValueListFieldSpec ::=
orderedval uel i stfieldreference
Def i nedType
ORDERED
Fi xedTypeOr der edVal ueli st Opti onal i tySpec ?

xedTypeOrderedValueListOptionalitySpec ::= OPTIONAL | DEFAULT . OrderedValueList

pf the field is "orderedvaluelistfieldreference". The "DefinedType!, references the type of values c
'he "FixedTypeOrderedValueListOptionalitySpec", if present, specifies that the field may be uns
g object definition, or, in the "DEFAULT" case, that omission produces the following "Ordered
TU-T X.680 | ISO/IEC 8824-1, 26.3), all of whose values¢shall be of "DefinedType".

- This modification is introduced for the sole purpose of clause 23.

lassEncodingObjectFieldSpec” specifies_that the field is a fixed-class encoding object field (see

xedClassEncodingObjectFieldSpec::=
obj ectfiel dreference
Def i nedOr Bui | ti nEncodi ngCl ass
Encodi ngCbj ect Opt-i'onal i t ySpec?

hcodingObjectOptionalitySpec ::= OPTIONAL | DEFAULT EncodingObject

pf the field is "objectfieldreference". The "DefinedOrBuiltinEncodingClass" references the encodi
ng object contained in the field (which may be the "EncodingClass" currently being defin

or, in the/DEFAULT case, that omission produces the following "EncodingObject" (see 17.

B.7

RecommeIdation Nnternational Standard) which shall be of the "DefinedOrBuiltinEncodingClass".

B.1 of this

ntained in
pecified in
'ValueList"

B.1 of this

hg class of
ed). The

DbjectOptidnalitySpec", if present, specifies that the field may be unspecified in an encodjing object

.5 of this

1aple-Class encoding object 1neld spec

A "VariableClassEncodingObjectFieldSpec" specifies that the field is a variable-class encoding object field (see B.1 of
this Recommendation | International Standard):

\Y%

ariableClassEncodingObjectFieldSpec ::=
obj ectfieldreference
encodi ngcl assfi el dr ef erence
Encodi ngOhj ect Opti onal i t ySpec?

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 ::=
vpjectsclirTerurcrererice

Def i nedOr Bui | ti nEncodi ngd ass
Encodi ngOhj ect Set Opt i onal i t ySpec?

EncodingObjectSetOptionalitySpec ::= OPTIONAL | DEFAULT EncodingObjectSet

The name|of the field is "objectsetfieldreference". The "DefinedOrBuiltinEncodingClass" references the class of the
encoding ¢bjects contained in the field. The "EncodingObjectSetOptionalitySpec", if present; specifies thgt the field
may be urfspecified in an encoding object definition, or, in the DEFAULT case, that omission produces the following
"EncodingbjectSet" (see clause 18), all of whose objects shall be of "DefinedOrBuiltiitEncodingClass".

B.9 Fixed-class ordered encoding object list field spec
NOTE + This modification is introduced for the sole purpose of clause 23.

A "Fixed(JlassOrderedEncodingObjectListFieldSpec" specifies that thefield is a fixed-class ordered encoding object list
field (see B.1 of this Recommendation | International Standard):

FixedClassOrderedEncodingObjectListFieldSpec ::=

or der edencodi ngobj ectli stfi el dref & ence
Def i nedOr Bui | ti nEncodi ngd ass

ORDERED

O der edEncodi ngQoj ect Li st Optional i t ySpec?

OfrderedEncodingObjectListOptionalitySpec ::= OPTIONAL | DEFAULT OrderedEncodingObjectList

The name|of the field is "orderedencodingobjectlistfieldreference". The "DefinedOrBuiltinEncodingClass" [references
the class 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 omission
produces the following "OrderedEncodingObjectList" (see B.11 of this Recommendation | International Stqndard), all
of whose dbjects shall be of "DefinedOrBuiltinEncodingClass".

B.10  Encoding class.field spec
NOTE + This modification is introduced for the sole purpose of clause 23.

An "EncodlingClassFieldSpec" specifies that the field is an encoding class field (see B.1 of this Recomnpendation |
Internatiorjal Standard):

EhcodingClassFieldSpec ::=
encodi ngcl assfi el dref erence
Encodi ngd 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.

Example: | A list of #TRANSFORMencoding objects 1s applied 1n the stated order.

NOTE + The following restrictions arise from normative text and BNF productions: An ordered encoding qbject list|can only be
specifiefl by in-line notation (which is governed by an ordered encoding object list field); encoding objects within thdt list can be
specifiefl 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 corftaining its
specificatipn:

PrimitiveFieldName ::=
val uefi el dref erence
| val ueset fi el dref erence
| orderedval uel i stfiel dreference

B.14  Additional reserved words
Rec. ITU-T X.681 | ISO/IEC 8824-2, 10.6 and 10.7, arexmadified as follows:

10.6 A "word" lexical item used as a "Literal"\cannot be one of the following:

BEG N
BER
CER
DER
ENCODE
ENCODE- DECODE
END
FALSE
M NUS- I NFI NI TY
NON- ECN- BEG N
NULL
OPTI ONS
QUTER
PER- BASI [C-/ALI GNED

PER- BASI E—NAH-GNED
PER- CANONI CAL- UNALI GNED
PER- CANONI CAL- UNALI GNED
PLUS- I NFINI 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 such as:

[ BOOL- TO- I NT [ AS &bool -to-int]]
the 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 th¢ parameter
" &bool[-to-int" (ie, "fal se-zer0")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:

S¢tting ::=
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 ngd ass
| QUTER
If the field|is:
d) avalue field, the "Value" alternative;
) a fixed-type value set field, thes'ValueSet" alternative;
q) a fixed-type ordered value listfield, the "OrderedValueList" alternative;
d) anencoding object field, the "EncodingObject" alternative;
d) an encoding object Set field, the "EncodingObjectSet" alternative;

f) an ordered encoding object list field, the "OrderedEncodingObjectList" alternative;
d4) anencodingclass field, the "DefinedOrBuiltinEncodingClass" alternative;

) areferencefield, the "Value" or the QUTER alternative,

shall be sdlected.<-For a reference field specified using the syntax of clauses 20 to 25, the "Value" shall bq a dummy
parameter.| OJTER can be used whenever a reference is required and identifies a container which is the entire gncoding.

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 I 1.9.

B.17  Encoding 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".
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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 There are parameterized assignment statements corresponding to each of the assignment statements specified
in this Recpmmendation | International Standard. The "Parameterized Assignment" construct is:

ParameterizedAssignment ::=

Par anet eri zedEncodi ngQhj ect Assi gnnent

| Par anet eri zedEncodi ngd assAssi gnnent

| Par anet eri zedEncodi ngQbj ect Set Assi gnnent

8.3 ParameterList ::="{<" Parameter "," + '">}"
Governor ::=
Encodi ngd assFi el dType
| REFERENCE
| Defi nedOr Bui | ti nEncodi ngCl ass
| #ENCODI NGS
| Type

A "DummyReference" in "Parameter" may stand for:
d) an encoding class, in which case there shall be ne 'ParamGovernor",;

qd) an ASN.I value, value set, or fixed-type ardéted value list, in which case the "ParamGoverndr" shall be
present as a "Governor" that is a type extraeted from an encoding class ("EncodingClassFieldTlype");

B) an "identifier", in which case the "ParamGovernor" shall be present as a "Governor" that is REFERENCE;

d) an encoding object, or an ordered encoding object list, in which case the "ParamGovernof" shall be
present as a "Governor" that is anencoding class ("DefinedOrBuiltinEncodingClass");

d) an encoding object set, in'which case the "ParamGovernor" shall be present as a "Governor" that is
#ENCCODI NGS.

NOTE + "DummyGovernor"s are hot allowed in ECN.
C.2 Parameterized encoding assignments
The followjng productions‘are added to Rec. ITU-T X.683 | ISO/IEC 8824-4, 8.2:

ParameterizedEncodingClassAssignment ::=
encodi ngcl assr ef erence
Par amet er Li st

Encodinad ass
=)

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 amet 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:
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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 ::=
Reference
| Ref er. ence " { <ll " >} n

The followjng 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

JimpleDefinedEncodingObject ::=
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 ngd assRefer ence
| 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 "ActualParametérDist" is:

ActualParameterlist ::=
"{<"~Actual Paraneter "," + ">}"

ActualParameter ::=

Val ue
| Val ueSet

| Or der edVal ueli st

I DeTinedT BUi 1 11 nEncodi ngd ass
| Encodi nghj ect

| Encodi ngQhj ect Set
|

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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This annex

Annex D

Examples

(This annex does not form an integral part of this Recommendation | International Standard.)

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

example has a description of the requirements for the encoding and a description of the selected solution

and possible alternative solutions (D.2).

D.1 (seneral examples

The examj
modules a

available ffom the website cited in Annex F.

D.1.1 An encoding object for a boolean type

D.1.1.1 1

1
D.1.1.2 1

K
D.1.1.3 1
length 1. P}
D.1.14 1

Explicitly generated structure examples, which show the use of explicitly generated structure
same specialized encoding is used several times (D.3).

A legacy protocol example which shows three ways of handling the problem of a traditional
approach to sequence-of termination (D.4).

message encodings have been specified using a tabular notation (D.5).

les described in D.1.1 to D.1.14 are part of a complete ECN specification whose ASN.1, EDM
e given in outline in D.1.15, D.1.16 and D.1.17, and are given ¢ompletely in a copy of this anne

'he ASN.1 assignment is:

arri ed : ;= BOOLEAN

'he encoding object assignment (see 23.3.0) is:

ool eanEncodi ng #BOOLEAN Ne= {
ENCCDI NG- SPACE
SIZE 1
MJLTI PLE OF bit
TRUE- PATTERNGhits: ' 1' B
FALSE- PATTERN bits:'0' B}

rar ri edEncoditng-1 #Married :: = bool eanEncodi ng

[here is powpre-alignment, and the encoding space is one bit, so "Marri ed" is encoded as a
atterns£0rTRUE and FALSE values (in this case a single bit) are '1'B and '0'B respectively.

'he values specified above are the values that would be set by default (see 23.3.1) if the corl

5 when the

'more-bit"

A second legacy protocol example, which shows how to construct ECN definitipns for a protgcol whose

and ELM
x which is

bit-field of

esponding

encoding

roperties 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}
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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:

dvenPosi ti vel nt eger Encodi ng #EvenPosi tivel 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)

dvenNegat 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 standardized PER encoding rules for ppsitive and
negative irfteger types.

D.1.3 Another encoding object for an integer type

D.1.3.1 Here we assume the requirement to define an engeding object which encodes an integer in a twotoctet field
starting at pn octet boundary.

D.1.3.2 The ASN.I assignment is:

Altitude ::= I NTEGER (0. .65535)
D.1.3.3 The Encoding object assignment*(see 23.6.1 and 23.7.1) is:

ilnt eger Ri ght Al i ghedEncodi ng #Al titude ::
ENCCDI NG( {
Akl GNED TO NEXT oct et
ENCCDI NG- SPACE
Sl ZE 16}}

{

D.1.4 An ericoding object for an integer type with holes

D.1.4.1 The ASN.1 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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D.1.5 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

negati vel nt eger Encodi ng #Negati vel nteger ::=

nteagerEncodinag
~ J

D.1.5.3 VYalues of "Positivelnteger" and "Negativel nteger" types are encoded by the encodLng object

"i nt eger Encodi ng" as a positive integer or as a twos-complement integer respectively. This is defined

provides djfferent encodings depending on the bounds of the type to which it is applied.

below, and

D.1.5.4 The "i nt eger Encodi ng" encoding object defined here is very powerful, but quit¢ ¢omplex. It contains five
encoding gbjects of the class #CONDI TI ONAL- | NT; they all define an octet-aligned encoding! When the intgger values
being encqded are bounded, the number of bits is fixed; when the values are not bounded, the type is required to be the

last in a PIPU, and the value is right justified in the remaining octets of the PDU.
D.1.5.5 The definition of the encoding object (see 23.6.1 and 23.7.1) is:

ilnt 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 Rnivnant
DETERM NED BY cont ai nef:
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=rax
ENCODI NG t wos- conphenent}
{ I'F semi -bounded- w.th-negati ves
ENCODI NG- SPACE
S| ZEvar'i abl e- wi t h- det er m nant
DETERM NED BY cont ai ner
USKNG QUTER
ENCOBING t wos- conpl enent }
{ I'F sent=bounded- wi t hout - negat i ves
ENCODI 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

S| ZE fi xed-t o- max
ENCODI NG positive-int}}}

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.1.6.2 The ASN.1 assignment is:

Posi tivel nteger BCD :: = | NTEGER( 0. . MAX)
D.1.6.3 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"
SI 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
TRANSFORMS {{
CHAR-TO- BI TS

D.1.6.4 1
variable le
HOH tO H9H
"0", ' 0001
pattern '11

D.1.6.5 4
an octet st

D.1.7 4

D.1.7.1 1
padded wi
contains ef

D.1.7.2 1]

-- 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, '001I(B,
'0100' B, '0101'B, '0110'B, '0141 B,
'1000' B, '1001'B }}}
REPETI TI ON- ENCODI NG {
REPETI TI ON- SPACE
-- W determine the concatenation of the\bi'tstrings for the
-- characters and add a ternminator (e.g.,
-- '0100'B + '0010' B becones '0100 0010 1111'B)
S| ZE vari abl e-wi t h- det er ni nant
DETERM NED BY pattern
PATTERN bits:'1111' B}}

[he positive number is first transformed into a chagacter string by the int-to-chars transform using
hgth and no plus sign, and in addition the default-option of no padding, giving a string containing
Then the character string is encoded such _that each character is transformed into a bit pattern, ' (
"Bfor "1".., ' 1001' B for "9". The bitsfring is aligned on a nibble boundary and terminates with
1 1'B.

A more complex alternative, notsshown here, but commonly used, would be to embed the BCD e
ing, with an external boolean«identifying whether there is an unused nibble at the end or not.

An encoding object of class #Bl TS

[his example definés ah encoding object of class #Bl TS (see 23.2.1) for a bitstring that is oct
th 0, and terminated by an 8-bit field containing ' 00000000' B (it is assumed that an abstract
cht successiveZzeros):

'he ASN.( assignment is:

he options
characters
000' B for
a specific

ncoding in

et-aligned,
alue never

ax™v: = BI T STRING ( CONSTRAI NED BY

1-- hust not contaln elgnt successive zero DIts --})

D.1.7.3 The encoding object assignment (see 23.2.1, 23.13.1 and 23.14.1) is:

f

axEncodi ng #Fax ::= {
ALl GNED TO NEXT oct et
REPETI TI ON- ENCODI NG {
REPETI Tl O\ SPACE
SI ZE vari abl e- wi t h- det er m nant
DETERM NED BY pattern
PATTERN bi t s: ' 00000000' B} }

D.1.7.4 This encoding object (of «class #BITS) contains an embedded encoding object
#CONDI TI ONAL- REPETI Tl ON which specifies the mechanism and the termination pattern.

of class
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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 clause 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 ::= {
ALLGNED TO NEXT octet
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 of the PDU.

D.1.9 An encoding object for a character string type

D.1.9.1 The ASN.1 assignment is:

FPassword ::= PrintableString

D.1.9.2 The encoding object assignment (see 23.4.1 and 23.14.1)%4s:

passwor dEncodi ng #Password :: = {
ALl GNED TO NEXT oct et
TRANSFORMS {{CHAR- TO- BI TS AStconpact
SI ZE fi xed-t o- max
MULTI PLE OF bit }}
REPETI TI ON- ENCODI NG {
REPETI TI O\ SPACE
S| ZE varabl e- wi t h- det er mi nant
DETERM) NED BY cont ai ner
US| NG QUTER} }

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 "conpact ", so each character is encoded in 7 bits using ' 0000000' B for the fiirst ASCII
character df type Pri nt ahl'€St ri ng,' 0000001" B for the next, and so on.

D.1.10 Mapping'character values to bit values

D.1.10.1 The ASN.1 assignment is:

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.1.11.2 The ASN.1 assignment is:

dqg

D.1.11.3 7]

q

!

D.1.114 ]
"par anmet

that TRUE

"a" actuall
in D.2.6.

D.1.12 4

D.1.12.1 4
field, as a
determinaf

bequencel 1= SEQUENCE {
a BOCOLEAN,
| NTEGER OPTI ONAL,
c Bi naryFi |l e

-- "BinaryFile" is defined in D.1.8.1 --}
'he ECN assignments (see 17.5 and 23.11.1) are:

equencelEncodi ng #Sequencel ::= {
ENCCDE STRUCTURE {
b USE- SET OPTI ONAL- ENCCDI NG par anet er izedPr esenceEncodi ng {< a >
¢ bi naryFil eEncodi ng
-- "binaryFil eEncoding” is defined hn D.1.8.2 -- }
W TH PER- BASI C- UNALI| GNED}

aramet eri zedPr esenceEncodi ng {< REFERENCE:ref erence >} #OPTIONAL :: = {
PRESENCE
DETERM NED BY fi el d-to- bgfused
USI NG r ef erence}

bri zedPr esenceEncodi ng" encoding object, because the component "a" was a boolean, and it
meant that "b" was present. If, however, "a" had been an integer field, or if the application value d
y meant that "b" was absent, then we would have included a "DECODER- TRANSFORMS" encoding |

An encoding object for-a‘choice type

\ choice type with three alternatives is encoded using the tag number of class context, encoded in
elector. The enceding object of class #ALTERNATI VES specify that the identification handle "Tag'
t; the encoding object of class #TAG defines the position of the identification handle (three bits

Notice that we did not need to provide the "DECCDERS- TRANSFORMS" encoding propeity in the

s assumed
f TRUE for
property as

a three bit
is used as
. For each

alternative] the value.is encoded with PER basic unaligned.
D.1.12.2 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 and apply it as follows:

D.1.13
D.1.13.1

sequence gs an integral number of octets (padded with zeros) but not necessarily aligned on an octet boundary|.

D.1.13.2

D.1.13.3

D.1.14

M/Encodi ngs #ENCODI NGS :: = { tagEncoding } COVWPLETED BY PER- BASI C- UNAL| GNED

chaoi ceFncodi ng-2 #Choice - = {

ENCCDE STRUCTURE {
STRUCTURED W TH {
ALTERNATI VE
DETERM NED BY handl e
HANDLE " Tag"}}
W TH MyEncodi ngs}

Encoding a bitstring containing another encoding

A bitstring value encoded with PER basic unaligned, contains the PER basic unaligned enc

The ASN.1 assignment are:
$equence2 :: = SEQUENCE {
a BOOLEAN,
b BI T STRI NG ( CONTAI NI NG Sequence3) }
$equencel :: = SEQUENCE {
a | NTEGER( 0. . 10) ,
b BOOLEAN }
The ECN assignments (see 25.1) are:

dequence2Encodi ng #Sequence2 ::= {
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 THNPER- BASI C- UNALI GNED}

dequence3Encodi ng #Sequence3 :: = {
ENCCDE STRUCTURE {

STRUCTURED W TH sequence3St r uct ur eEncodi ng

}
W TH PER- BASI G- 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 }

An encoding object set

ding of a

These encoding object sets contain encoding definitions for some types specified in the ASN.1 module of D.1.15.
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