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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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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.
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nkage provided in an ECN specification to an ASN.1 specification is well-defined and machine procéssal
ers and decoders can be automatically generated from the combined specifications. This is a significant faq

le, so
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ng both the amount of work and the possibility of errors in making interoperable systems. Another significant

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

advantages are available with ASN.1 alone when standardized encoding rules suffice, but-sthe ECN work prd
advantages in circumstances where the standardized encoding rules are not sufficient.

DTE 1 — Currently ECN support only binary-based encodings, but could be extended in thefuture to cover character
codings.

X A forms an integral part of this Recommendation | International Standard, anddetails modifications to be m
TU-T X.680 | ISO/IEC 8824-1 to support the notation used in this Recommendation | International Standard

K B forms an integral part of this Recommendation | International Standard, and details modifications to be m
TU-T X.681 | ISO/IEC 8824-2 to support the notation used in thisd®Reéedommendation | International Standard

K C forms an integral part of this Recommendation | Internatignal’Standard, and details modifications to be m
TU-T X.683 | ISO/IEC 8824-4 to support the notation used in this Recommendation | International Standard
DTE 2 — It is not intended that Annexes A, B and C be progressed as amendments to the referenced Recommendd
ernational Standards. The modifications are solely for the purpdse of ECN definition (see clause 5 and 9.28).

K D does not form an integral part of this Recommendation | International Standard, and contains examples
ECN.

K E does not form an integral part of this Recommendation | International Standard and provides more detail
rt for Huffman encodings in ECN.

XK F does not form an integral part of this Recommendation | International Standard, and identifies a We
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

Information technology —
ASN.1 encoding rules:
Specification of Encoding Control Notation (ECN)
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2.1

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

vides several mechanisms for such specification, including:
— direct specification of the encoding using standardized notation;
—  specification of the encoding by reference to standardized encoding rules;
—  specification of the encoding of an ASN.1 type by reference to an encoding,structure;
—  specification of the encoding using non-ECN notation.

Hoes not currently provide any support for specifications using the OID internationalized resource identifier t
lative OID internationalized resource identifier type (see Rec. ITU-J-X.680 | ISO/IEC 8824-1), and these a
ed to further in this Standard.

Normative references

bllowing Recommendations and International Standards contain provisions which, through reference in thi
tute provisions of this Recommendation | Internatignal Standard. At the time of publication, the editions ind
valid. All Recommendations and International Standards are subject to revision, and parties to agreements bas
ecommendation | International Standard are gncouraged to investigate the possibility of applying the most
h of the Recommendations and Standards-listed below. Members of IEC and ISO maintain registers of cur,
International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of cur
ITU-T Recommendations.

DTE — This Recommendation | International Standard is based on ISO/IEC 10646:2003. It cannot be applied using later vg
this standard.

Identical Recommendations | International Standards

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

— <Regommendation ITU-T X.680 (2021) | ISO/IEC 8824-1:2021, Information technology — Abstract §
Notation One (ASN.1): Specification of basic notation

= Recommendation ITU-T X.681 (2021) | ISO/IEC 8824-2:2021, Information technology — Abstract §

rts of

provides the means to link the specification of encodings to the type definitionSto which they are to be appljed.

pe or
Fe not
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—  Recommendation ITU-T X.682 (2021) | ISO/IEC 8824-3:2021, Information technology — Abstract Syntax

Notation One (ASN.1): Constraint specification.

— Recommendation ITU-T X.683 (2021) | ISO/IEC 8824-4:2021, Information technology — Abstract Syntax

Notation One (ASN.1): Parameterization of ASN.1 specifications.

—  Recommendation ITU-T X.690 (2021) | ISO/IEC 8825-1:2021, Information technology — ASN.1 encoding
Rules: Specification of Basic Encoding Rules (BER), Canonical Encoding Rules (CER), and Distinguished

Encoding Rules (DER).

— Recommendation ITU-T X.691 (2021) | ISO/IEC 8825-2:2021, Information technology — ASN.1 encoding

rules: Specification of Packed Encoding Rules (PER).
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NOTE — The above references shall be interpreted as references to the identified Recommendations | International Standards
together with all their published amendments and technical corrigenda.

2.2 Additional references

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

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

3 Definitions

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

3.1 | ASN.1 definitions

This Recommendation | International Standard uses the terms defined in clause 3 of Rec. ITU-T X.680 | [SOHNEC 8$24-1,
Rec. [TU-T X.681 | ISO/IEC 8824-2, Rec. ITU-T X.682 | ISO/IEC 8824-3, Rec. ITU-T X.683 | ISQ/EC 8824-4f Rec.
ITU-T X.690 | ISO/IEC 8825-1 and Rec. ITU-T X.691 | ISO/IEC 8825-2.

3.2 | ECN-specific definitions

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

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

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

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

NOTE — It is in legacy protocols that "or both™ sometimes occuts.

3.2.4| Dbit-field class: An encoding class whose objectséspecify the encoding of abstract values (of some ASN.1]type)
into Hjits.
NOTE — Other encoding classes are concerned with more general encoding procedures, such as those required to determine the
engd of repetitions of bit-field class encodings, or to,determine which of a set of alternative bit-field encodings is present.

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

3.2.6( choice determinant: A bit-field which determines which of several possible encodings (each represgnting
differpnt abstract values) is present-in some other bit-field.

3.2.7] combined encodingobject set: A temporary set of encoding objects produced by the combination of twio sets
of eng¢oding objects for the purpose of applying encodings.

3.2.8| conditionalencoding: An encoding which is to be applied only if some specified condition is satisfied.
NOTE — The condition may be a bounds condition or a size range condition, or other more complex conditions.

3.2.9| containing type: An ASN.1 type (or encoding structure field) where a contents constraint has been applied to

the values of that type (or to the values associated with that encoding structure field).

N — The ASN.1 types to which a conten onstraint (USINg CONTAININ NCODED B
the octetstring types.

ing and

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.

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.
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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 OPTIONAL 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 #ALTERNATIVES, #CHOICE, #CONCATENATION, #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 ftypes:

3.2.17 encoding object: The specification of some part of the procedures needed to perform the encoding,er dedoding
of an fASN.1 type.

NOTE — Encoding objects can specify the encoding of primitive ASN.1 types, but can also specify the procedures associatgd with
A$N.1 tag notation, the use of opTIONAL and with encoding constructors.

3.2.18 encoding object set: A set of encoding objects.

NOTE — An encoding object set is normally used in the Encoding Link Module to determine the en€oding of all the top-leve] types
uspd in an application.

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

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

3.2.21 encoding structure: The structure of an encoding, defined either.from the structure of an ASN.1 type definition,
or in an EDM using bit-field classes and encoding constructors.
NOTE 1 — Use of an encoding structure is only one of several mechanisms (but an important one) that the Encoding Qontrol
Notation provides for the definition of encodings for ASN.1 types:
NOTE 2 — Definition of an encoding structure is also the definition of a corresponding encoding class.

3.2.22 explicitly generated encoding structure: An.éncoding structure derived from an implicitly generated endoding
structure by use of the renames clause in an EDM.

3.2.23 extensibility: Provisions in an early.version of a standard that are designed to maximize the interwork{ng of
implgmentations of that early version with the expected implementations of a later version of that standard.

3.2.24 fully-qualified name: A reference to an encoding class, object, or object set that includes either the name jof the
EDM|module in which that encodingclass, object, or object set was defined, or (in the case of an implicitly geng¢rated
encoding class) the name of the ASN-1 module in which it was generated. (See also 3.2.43.)

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

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

3.2.2% generated.enceding structure: An implicitly or explicitly generated encoding structure whose purpos¢ is to
defing the encodings-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 ther 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

PR | Nl P-Y) ") PR -y rd oA g " ") £ AGbdd 1 4
(U Ulat Liass ). TTIC LCUTILTPULUTS T 5dllit ds LIS LUTILTPL UT d Ty DT TTITTTTILT TTT AOIN. L aLlily as U1 YUVETTIUT TUT AOINL. L ValutT 1T aton.

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.

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) .
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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

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

some

3.2.3
of the

N
17

3.2.40 recursive instantiation (of a parameterized reference name): An instantiation of a,reference name,

resoly

N
se

3.2.4]
encod

3.2.42 self-delimiting encoding: An encoding for a set of abstract valugs.such that there is no abstract value th

anen
N

encodings"” (see Annex E).

3.2.43 simple reference name: A reference to an encoding class, object, or object set that includes neither the ng

the E

encoding class) the name of the ASN.1 module in which itWwas generated.

N
fu

3.2.44 size range condition: A condition on(he existence of effective size constraints on a string or repetitior

(and
rules

3.2.4% source governor (or source,class): The governor that determines the notation for specifying abstract

assoc

3.2.4¢ start pointer: An auxiliary field indicating the presence or absence of an optional bit-field, and in the ¢

prese

3.2.47 target governor (or target class): The governor that determines the notation for specifying abstract

assoc
3.24

N

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

primitive class: An encoding class which is not an encoding structure, and which cannot be de-referenced to

athar clace (con 16 1 140\
OtHCTCTaoo (OCC—TO %)t

governor of the definition of the reference name, requires resolution of the original reference name.

DTE — Recursive definition of an encoding class (including an encoding structure) or an encoding object is‘permitted (f
.1.4). Recursive definition of an encoding object set is forbidden by 18.1.3.

tion of the actual parameters requires resolution of the original reference name.

DTE — Recursive instantiation of an encoding class (including an encoding structure) or an €ncoding object is permittg
e 17.1.4). Recursive instantiation of an encoding object set is forbidden by 18.1.3.

ing the construction.

coding that is an initial sub-string of the encoding of any other abstractvalue in the set.
DTE — This includes not only fixed-length encodings of a bounded integer, but also encodings generally described as "Hy

DM module in which that encoding class, object, or object set was defined, nor (in the case of an implicitly gen

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

vhether the constraint includes zero, and/or allows multiple sizes) which, if satisfied, means that specified eng
bre to be applied.

ated with a source class whenymapping them to a target class.

nce, containing the pffset from the current position to the bit-field.

ated with a target class when mapping to them from a source class.

DTE-1"— Top-level types may also be used (but usually are not) as components of other ASN.1 types.

recursive definition (of a reference name): A reference name for which resolution of the reference narLe, or

ut see

vhere

d (but

replacement structure: A parameterized structure used to replace some.apall parts of a construction efore

At has

ffman

me of
prated

vise a

field
oding

alues

hse of

alues

top-level type(s): Those ASN.1 type(s) in an application that are used by the application in ways other than to
defing the.components of other ASN.1 types.

N
sp

3.2.49

TE Z— TOp-1eVEI TyPES are SOMeUmeS TeTarTed 10 a5 e appiication's Messages, of - PDUS™. SUCN TypesS are normatty
ecially by tools, as they form the top-level of programming language data-structures that are presented to the application.

reated

transforms: Encoding objects of the class #TRaNsSFORM which 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

assoc

iated 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

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).

transform composites: An ordered list of elements that can itself be the source or the result of transforms.
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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
ECN Encoding Control Notation for ASN.1
EDM Encoding Definition Module

ELM Encoding Link Module

PDU Protocol Data Unit

PER Packed Encoding Rules of ASN.1

5 Definition of ECN syntax

51 This Recommendation | International Standard employs the notational ,Cenvention defined in| Rec.
ITU-T X.680 | ISO/IEC 8824-1, clause 5.

5.2 This Recommendation | International Standard employs the notation forsinformation object classes defied in
Rec. ITU-T X.681 | ISO/IEC 8824-2 as modified by Annex B.

5.3 This Recommendation | International Standard references productions defined in Rec. ITU-T X.680 | ISQ/IEC

882441 as modified by Annex A, Rec. ITU-T X.681 | ISO/IEC 8824-2 as medified by Annex B, and Rec. ITU-T X.683 |
ISO/IEC 8824-4 as modified by Annex C.

6 Encoding conventions and notation

6.1 This Recommendation | International Standard defines the value of each octet in an encoding by use of the[terms
"mos{ 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 assignment
of|bits to parallel channels.

6.2 For the purpose of this Recommendation | International Standard, the bits of an octet are numbered from g to 1,
wherg bit 8 is the "most significant bit"and bit 1 is the "least significant bit".

6.3 For the purposes of this-Recommendation | International Standard, encodings are defined as a string qf bits
startimg from a "leading bit" through to a "trailing bit". On transmission, the first eight bits of this string of bits starting
with the "leading bit" shall be\placed in the first transmitted octet with the leading bit as the most significant bit qf 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 bitg, then
the remaining bits shall-be-transmitted as if they were bits 8 downwards of a subsequent octet.

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 Whensfigures are shown in this Recommendation | International Standard, the "leading bit" is always shoyn on
the left ofdhe 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.

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.
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Table 1 — ECN characters

0 to 9  (DIGIT ZERO to DIGIT 9)

A to z (LATIN CAPITAL LETTER A to LATIN CAPITAL LETTER 2)
a toz (LATINSMALL LETTER A to LATIN SMALL LETTER 2)

" (QUOTATION MARK)

7.4
chara

7.5

8

In ag

# (NUMBER SIGN)
(AMPERSAND)

- (APOSTROPHE)

( (LEFT PARENTHESIS)

) (KIGHT FPARENTHESIS)

, (COMMA)

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

; (SEMICOLON)

< LESS-THAN SIGN

(EQUALS SIGN)
GREATER-THAN SIGN
(LEFT CURLY BRACKET)
(VERTICAL LINE)

(RIGHT CURLY BRACKET)

-~ — .~V

There shall be no significance placed on the typographical style, size, colour, intensity, or other d
Cteristics.

The upper-case and lower-case letters shall be regardéd as distinct.

ECN lexical items
dition to the ASN.1 lexical items spetified in Rec. ITU-T X.680 | ISO/IEC 8824-1, clause 12

Recommendation | International Standard uses lexical items specified in the following subclauses. The general

specif
N

th
88

8.1

Namq

An"d
X.68(
distin

ied in Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.1, apply in this clause.

DTE — Annex G lists all lexical items\and all the productions used in this Recommendation | International Standard, iden
bse that are defined in Rec. ITUSTX:680 | ISO/IEC 8824-1, Rec. ITU-T X.681 | ISO/IEC 8824-2 and Rec. ITU-T X.683 | IS
24-4.

Encoding objectreferences

of item — encédingobjectreference

ncodingabjectreference” shall consist of the sequence of characters specified for a "valuereference" in Rec. |
| ISOAEC 8824-1, 12.4. In analyzing an instance of use of this notation, an "encodingobjectreferen
guished from an "identifier" by the context in which it appears.

splay

this
rules

ifying
O/IEC

TU-T
ce™ is

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.

8.3

Encoding class references

Name of item — encodingclassreference

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

84

Reserved word items

Names of reserved word items:

Items

N
S

8.5

Namg

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

ALL FIELDS PER-BASIC-UNALIGNED
AS FROM PER-CANONICAL-ALIGNED
BEGIN GENERATES PER-CANONICAL-UNALIGNED
BER IF PLUS-INFINITY

BITS IMPORTS REFERENCE

BY IN REMAINDER

CER LINK-DEFINITIONS RENAMES

COMPLETED MAPPING SIZE

DECODE MAX STRUCTURE

DER MIN STRUCTURED
DISTRIBUTION MINUS-INFINITY TO

ENCODE NON-ECN-BEGIN TRANSFORMS
ENCODING-CLASS NON-ECN-END TRUE

ENCODE-DECODE NULL UNION
ENCODING-DEFINITIONS OPTIONAL-ENCODING USE

END OPTIONS USE-SET

EXCEPT ORDERED VALUES

EXPORTS OUTER WITH

FALSE PER-BASIC-ALIGNED

with the above names shall consist of the sequence of characters in the name.
DTE — The words (see Rec. ITU-T X.681 | ISO/IEC 8824-2, 7.9) used in the<efinition of encoding classes (within a "

NTAX" statement) in clause 23 are not reserved words (see also B.14).

Reserved encoding class name items

ALTERNATIVES
BITS

BIT-STRING
BMPString

BOOL

BOOLEAN
CHARACTER-STRING
CHARS

CHOICE
CONCATENATION
CONDITIONAL-INT
CONDITIONAL-REPETITION
DATE

DATE-TIME
DURATION
EMBEDDED-PDV.
ENCODINGS
ENUMERATED

s of reserved encoding class name items:

#EXTERNAL
#GeneralizedTime
#GeneralString
#GraphicString
#IA5String

#INT

#INTEGER

#NUL

#NULL
#NumericString
#OBJECT-IDENTIFIER
#ObjectDescriptor
#OCTETS
#OCTET-STRING
#OPEN-TYPE
#OPTIONAL

#OUTER

#PAD

#PrintableString
#REAL
#RELATIVE-OID
#REPETITION
#SEQUENCE
#SEQUENCE-OF
#SET

#SET-OF

#TAG
#TeletexString
#TIME
#TIME-OF-DAY
#TRANSFORM
#UniversalString
#UTCTime
#UTF8String
#vVideotexString
#VisibleString

WITH

8.6

Name of item — anystringexceptnonecnend

Non-ECN item

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.

9

ECN Concepts

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

C) 1o reldate the components or the abstract value 1o the encoding structure Tietas, ana

d) to define the encoding of each encoding structure field and mechanisms for identifying repetitions of|fields
and identification of alternatives, etc.

9.1.3| The above process normally takes part in several stages. First an ASN.1 definition is produeed detailing the
abstrgct syntax. From this a crude encoding structure is automatically generated (conceptually withinithe ASN.1 module).
This lmplicitly generated structure contains only fields that carry the application semantics, withaubfields 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 is actually required,
incluging all fields needed to support the decoding activity (determinants). These me¢hanisms all involve some fgqrm of
replagement of a simple field carrying application semantics by a more complex strdcture. Such replacements foym an
impoftant part of ECN specification.

9.1.5| We can further define encoding objects for each of the fields inthe final structure. These determine nof only
the emcoding of fields, but also the way in which one field determines‘the’length (for example) of another, or has its
optionality resolved.

9.1.6| The above definitions occur in Encoding Definition Modules (EDMs). The last step is to apply a set of d¢fined
encoding objects to the final encoding structure in order to,e0mpletely determine an encoding. This is done |n the
Encogling Link Module (ELM).

9.2 | Encoding classes

9.2.1 An encoding class is an implicit property of all ASN.1 types, and represents the set of all possible endoding
specifications for that type. It provides a reference that allows Encoding Definition Modules to define encoding rulles for
encoding structure fields corresponding to the’type. Encoding class names begin with the character "#".

Exanpple: Encoding rules for the ASN:&built-in type INTEGER are defined by reference to the encoding class # INTEGER,
and epcoding rules for a user-defined-type "My-Type" are defined by reference to the encoding class #My-Type.

9.2.2| There are several kindsof encoding classes:

9.2.2JL Built-in encoding, classes — There are built-in encoding classes with names such as #INTEGER and #BOO[LEAN.
Thesq enable the defirition of special encodings for primitive ASN.1 types. There are also built-in encoding classes for
encoding constructorSsuch as #SEQUENCE, #SEQUENCE-OF and #CHOICE (see also 9.3.2), and for the definitjon of
encoding rules for,handling optionality through #opTIONAL. Encoding of tags is supported by the #TaG class. Finally,
there pre some-built-in classes (#OUTER, #TRANSFORM and others) that allow the definition of encoding procedures which
are pdrt of the'encoding/decoding process, but which do not directly relate to any actual bit-field or ASN.1 construft.

9.2.2p -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.

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.
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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 constructors (which represent the
set of all possible encoding rules that support their type of construction mechanism, and are hence called encoding
classes). (See D.2.8.4 for an example of an encoding structure definition.)

9.3.2] The most basic encoding constructors are #CONCATENATION, #REPETITION, and #ALTERNAT[VES,
corregponding roughly to ASN.1 sequence (and set), sequence-of (and set-of), and choice types. There is also ah endoding
class [#oPTIONAL that represents the optional presence of encodings, corresponding roughly to ASN.1@EFAUL and
OPTIPNAL markers.

9.3.3| An encoding structure definition defines a structure-based encoding class. Such classes.€annot have the|same
names as encoding classes that are imported into the module. (See Rec. ITU-T X.680 | ISO/IEC 8824-1, 13.13, as moglified
by Al of this Recommendation | International Standard).

9.3.4( Encoding structure names can be exported and imported between Encoding Definition Modules and can b¢ used
whengver an encoding class name in the bit-field group of categories (see 9.6) is required.

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

9.4 | Encoding objects

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

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

9.4.3| For legacy protocols, this may.have to be done by defining a separate encoding object for every compongnt of
an A$N.1 type, but it is more commaonty possible to use encoding objects defined by standardized encoding rules|(such
as PER).

9.4.4] Although BER and.PER encoding specifications pre-date ECN, within the ECN model they simply define
encoding objects for all classes corresponding to the ASN.1 primitive types and constructors (that is, for all the bjilt-in
encoding classes). BER-<and PER are also considered to provide encoding objects for encoding classes used |n 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 thege sets
of eng¢oding 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 #ENCODINGS. (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.

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 (hew types)
from, for example, the types INTEGER or BOOLEAN. The new names identify types that are the same as INTEGER or
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BOOLEAN, 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 "#My-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  All built-in encoding classes are derived from one of a small number of primitive encoding classes. Thus
#SEQUENCE and #SET are both derived from the #CONCATENATION class, #INTEGER and #ENUMERATED are both derived
from e #INT Ciass, and the classes for the aifferent ASN I Tharacter String types are attderived from the #CHARS|class.
An enjcoding structure (for example, one implicitly generated from an ASN.1 type) can contain a mix of different'¢lasses
all dgrived from the same primitive class, enabling different encodings to be applied to #SEQUENCE apd. #SER (for
example).

9.6.4| Itis often convenient to put encoding classes into categories, based on the primitive class theyare derived|from.
Thus we say that # INTEGER, #ENUMERATED and #INT (and any class derived from them in a class’asSignment statment
such s "#My-int ::= #INT") are in the integer category. There are also groups of categories that contain very different
classds 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 the integer
or thgq boolean or the characterstring category are in the bit-field group of categories._Classes that are responsiljle for
grouging or repeating encodings (for example classes in the alternatives or the repetition category) are in the engoding
constfuctor group of categories. There are also two classes whose encoding objeets define procedures not directly rglated
to constructing an encoding (#TRANSFORM and #OUTER): these are described<as being in the encoding procedure group of
categpries. Encoding structures are defined using classes in the bit-field\group of categories that are combined|using
classgs in the encoding constructor group of categories, together with, classes in the optionality (representing endoding
procefures for resolving optionality) and tag (representing encoding,of tags) categories. All such classes are jn the
encoding structure category (and also in the bit-field group of categories).

9.6.5| For the primitive classes, the category is directly assighed. For classes created in an encoding class assighment
statement, the category is determined by the notation to the right of the ": :=" symbol. If that notation is an engoding
structure definition, then the class is in both the encoding Structure category and in the bit-field group of categories. If
the n@tation is a simple class reference name, then the category of the new class is the same as the category of thq class
being|assigned.

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

—  The alternatives category, (Classes that are derived by class assignment from #ALTERNATIVES).

—  The concatenation category (classes that are derived by class assignment from #CONCATENATION).
—  The repetition category (classes that are derived by class assignment from #REPETITION).

—  The optionality,category (classes that are derived by class assignment from #OPTIONAL).

—  The tag,catégory (classes that are derived by class assignment from #TaG).

—  The boeolean, bitstring, characterstring, integer, null, objectidentifier, octetstring, opentype, pad, redl, and
time(categories (categories for classes that are derived from the corresponding primitive classes).

—__<CFhe encoding structure category (classes generated from ASN.1 type definitions, or by explicit defipition
of an encoding structure).

96.7 The fnlln\/\/ing groups of r‘atpgnripc 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.

—  The encoding procedure group of categories (classes not directly related to ASN.1 constructs, and which
cannot be assigned new names — #OUTER, #TRANSFORM, #CONDITIONAL-INT, #CONDITIONAL-
REPETITION). Classes in this group of categories are also referred to as encoding procedure classes.
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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 #B0OLEAN which contains encodings for the ASN.1 type boolean.)

9.7.3  The third, available for all encoding classes, is to define an encoding object as the encoding of the required class
whiclf 1S confained In some existing encoding object sef. This 1S mainly of use In naming an encoding objec] for a
partiqular class that will perform BER or PER encodings for that class.

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

9.7.4( The fourth is to map the abstract values associated with an encoding class ("#a", say) to abstract yalues assofiated
with gnother (typically more complex) encoding class ("#B", say), and to define an encoding object)for "#B" (usirlg any
of thg available mechanisms). An encoding object for the abstract values associated with "#a" cantnow be defined as the
appligation to the corresponding abstract values associated with "#B" of the encoding object-for"#8". (See D.2.4.3 for
an example.) There are many variants of this (see 9.17).

NOTE — This is the model underlying the definition of an object for encoding an integer typein\BER. The integer is mappefl to an

encoding structure that contains a tag class (UNIVERSAL, APPLICATION, PRIVATE, Or context=specific) field, a primitive/consfructor
bdolean, a tag number field, and a value part that encodes the abstract values of the original’integer.

9.7.5| The fifth mechanism is to define an encoding object for a class (for example, one corresponding to a user-d¢fined
ASN [ type) by separately defining encoding objects for the components and for the encoding constructor used in defining
the erjcoding class.

9.7.6| The sixth is to define an encoding object for differentiak.encoding-decoding (see 9.8), using two separate
encoding objects, one of which defines the encoder's behaviourand the other of which tells a decoder what engoding
shoulfl be assumed.

NOTE — An example would be to encode a field which is "“rgserved for future use" as all zeros, but to accept any valug when
decoding.

9.7.7] The seventh is to define an encoding options.encoding object, which contains an ordered list of encoding opjects
of thg same class. It is an encoder's choice whichtencoding object from the list is to be applied, subject to the restriction
that if only one encoding option can encode a-given abstract value, that shall be used, and to the recommendation that the
first gvailable encoding in the list should be\used.
NOTE — An encoding options encoding object could, for example, be used in the specification of short-form length encpdings
wiere these can encode a particular string length, using long-form length encodings where the short-form cannot be used. There is
nd current mechanism for the ECN specifier to require the use of the first available encoding object (if more than one can gncode
the abstract value), other than by cemment.

9.7.8| Finally, an encodingobject can be defined using non-ECN notation. This is a facility to allow use of any dpsired
notation (including naturatlanguage) to define the encoding object (see D.2.7.3).

NOTE — Non-ECINmotation should be used with caution, as tool-support for implementation is generally not possible in thif case.

9.8 Differential encoding-decoding

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

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.

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.
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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 determinant.)
This provides a detailed level of support for encoder's options.

9.9.3] A more global mechanism is similar to the support for differential encoding-decoding (see 9.8), but in thip case
an engoding object for a class can be defined as an encoder's choice of any encoding object from an ordered list of dgfined
encoding objects for that class. In addition to specifying the list of possible encodings, it is also necessary 4o provifle the
specification of an encoding object for a class in the alternatives category (see 9.6). This encoding objeéct specifies the
encodings and procedures needed to enable a decoder to determine which encoding object was used.bysthe encodef.

9.10 | Properties of encoding objects

9.10.1 Encoding objects have some general properties. In most cases, they completelydefine an encoding, but injsome
cases|they are encoding constructors, that is, they define only structural aspects of(the' encoding, requiring endoding
objects for the encoding structure's components to complete the definition of an encoeding.

9.10.2 Another key feature of an encoding object is that it may require infofmation from the environment whgre its
rules pre eventually applied. One aspect of the environment that is fully supported is the presence of bounds in the ASN.1
type definition, provided they are "PER-visible” (see Rec. ITU-T X.69141S@/IEC 8825-2, 10.3).

NOTE — A somewhat different (and not standardized) external dependencyrwould be the definition of a non-ECN encoding|object

fof an #ALTERNATIVES encoding class which determines the selectedialternative based on external data such as the chanfel the
message is being sent on.

9.10.3 A third key feature is that an encoding object may exhibit an identification handle in its encodings. Thjs is a
part (¢onsisting of a fixed set of bit positions) of all the eneddings that it produces and distinguishes those encodingg from
the erjcodings produced by other encoding objects (of any class) that exhibit the same identification handle. Identifigation
handlgs have a name and are visible to decoders without knowledge of either the encoding class or the abstract valye that
was ehcoded (but with knowledge of the name of the identification handle that is being used). This concept modelf (and
generplizes) the use of tags in BER encodings:the’tag value in BER can be determined without knowledge of the endoding
class,|for all BER encodings, and serves to identify the encoding for resolution of optionality, ordering of sets, termipation
of regetitions, and choice alternatives.

9.11 | Parameterization

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

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

9.11.3 Anether important use of parameterization is in the definition of an encoding structure that will be used to r¢place
many|different classes in an encoding (see also 9.16.5). For example, the mechanism used to handle optionality is|often
an | I ||cd;atc:y (I ral Idatul _y) M Cde;I Y "pl Cotl IbC'b;t" fUI ca\.h Upt;Ul |a: CUTTIPUTICT It. I"'\‘\ parart ICtCI ;LCd Dtl uutuu C ban be
defined consisting of a concatenation of a #BOOLEAN (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 #0PTIONAL 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.)

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.
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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, #CHOICE, #REPETITION, #SEQUENCE-OF, Of #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
an encoding object of class #BooLEAN (for example) is very different from the syntax for defining an encoding object of
class #INTEGER (for example). In all cases where an encoding object definition is required, there is some associated
notation that defines the class of that encoding object, and "governs" the syntax to be used in its specification.

9.12.3

-  class
refergnce names.

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

9.13 | General aspects of encodings

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

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

—  Some form of length count.

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

—  Use of an identification handle on each of the repetitians and on following encodings (see 9.13.3).

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

—  Use of a "more bit" with each element, set t8,0ne to indicate that another repetition follows, and set tp zero
to indicate the end of the repetition.

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

9.13.3 In addition to terminating repetitions, the identification handle technique can also be used to determine the
prese
Give
contajn,
bit pg
"poss

9.13.4
guara
value
false. 3 a
that an encoding was self dellmltmg (and requwed no Iength determlnant) 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.

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.
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9.14.2 ECN contains a #Tag class 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 #Tac class, with the number of the
ASN.1 tag associated with that instance of the #TAG class. Subsequent textually present instances of ASN.1 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 #INTEGER
class, and will encode the number in the tag notation.

9.14.4 The full ASN.1 tag-list (multiple tags each with a class and number) is notionally associated with all the abstract
values of a tagged type, in accordance with the ASN.1 model. Such information is, however, only accessible in the current

versigmof ECNthrougha mon-ECNdefimitiom of am encoding object (See 9-7-8)- T11e Jeneration of a #TAG Cia3s is a

separgte mechanism, is simpler and more specific, and has full support within ECN.

9.14.% Itis, however, important to note that for the purposes of generating a #TAG class, it is only textually-presgnt tag
notatijon that is visible. Universal class tags and tags generated by automatic tagging are not visible. Similarly, thq class
of any textually present tag notation is ignored. Only the tag number is available to encoding objects,6fithe #TAG flass.

9.15 | Reference fields and determinants

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

9.15.2 A new concept — a reference field — is introduced to satisfy the need for a dummy parameter that referenges an
encoding structure field. The governor is the reserved word REFERENCE; and the allowed notation for an actual pargmeter
with this governor is any encoding structure field name within thé.encoding structure to which an encoding objkct or
encoding object set with such a parameter is being applied (see-17:5.15). (See D.1.11.3 for an example of referenges to
encoding structure fieldnames.)

9.16 | Replacement classes and structures

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

9.16.2 When such protocols use more than one encoding mechanism to support (for example) SEQUENCE OF
constfuctions in different places in_the protocol, it is not possible (nor would it be appropriate) to formally specifly this
within the ASN.1 itself.

9.16.3 This means thattthe-implicitly generated encoding structure will not distinguish between such constructior|s, nor
will if contain encoding-nelated fields for determinants, and it is necessary to modify it to "correct" both problems before
a strufture is availablethat matches the encoding requirements.

9.16.4 The first/and simplest modification is to replace some instances of a class (within the implicitly gengrated
structure) with.new class names that have been assigned the old class in a class assignment statement. This is dgne by
creatipg.an.explicitly generated structure using a renames clause in an EDM. This clause imports an implicitly gengrated
structure_from an ASN.1 module and makes specified replacements of (textual) occurrences of named classey. 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: "#Replacement-class ::= #0ld-class"), S0 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.)

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
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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
replacement structure needs to have a dummy parameter for this single component, and for it to be instantiated with the
actual parameter set to the old structure. This was described in 9.11.3.

9.16.8 When defining encoding objects for a class (any class), it is always possible to specify that the first action of that
encoding object is to replace the class it is encoding with a parameterized replacement structure, instantiated as des¢ribed
in 9.16.7, and with abstract values mapped from the old class to the component.

9.16.9 Itisalso possible to define encoding objects for the #opTIONAL class (or for any class of the optionality catggory)
that replace the optional component with a parameterized replacement structure (frequently one containing-a #BOOLEAN
field @s a presence determinant). (An example of this is given in D.3.2.3.)

9.16.10 For constructor classes such as #CONCATENATION, #REPETITION, and so on, it.istalso possible to fefine
encoding objects that replace not the entire structure, but each component separately (or just'mandatory, or just opfional,
comppnents).

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

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

9.17.1 Thefirstis to map specified abstract values associated with one simple encoding class to specified abstract yalues
assocjated with another simple encoding class. This can be used.in many ways. For example, values of a character|string
(of dipits) can be mapped to integer values (and hence encoded as integer values). Values of an enumerated type ¢an be
mappkd to integer values, and so on (see 19.2). (See D.1.20.2 for an example.)

9.17.2 The second is to map a complete field of angencoding structure into a field of a compatible encoding structure,
which can contain additional fields — typically for_use as length or choice determinants (see 19.3). (See D.2.8.3 for an
example.)

9.17.3 Thethird is to map by transforming all the abstract values associated with one encoding class into abstract yalues
assocjated with a different (typically,<but not necessarily) encoding class, using a transform encoding object (see P.18).
With [this mechanism, it is, for example, possible to map an #INTEGER into a #CHARS to obtain characters that cap then
be engoded in whatever way is desived (for example, Binary-Coded Decimal or ASCII). (See D.1.6.3 for an example.)

9.17.4 The fourth mapping, mechanism is to use a defined ordering of the abstract values of certain types and
constfuctions, and to map-according to the ordering. This provides a very powerful means of encoding abstract Values
assoc|ated with one erfeadling class as if they were abstract values associated with a wholly unrelated encoding clags (see
19.5)] (See D.1.4.2 foran example.)

9.17.% The fifthmechanism is to distribute the abstract values (using value range notation) associated with one endoding
class [typically # INTEGER) into the fields of another encoding class. (See 19.6 and D.2.1.3 for examples.)

9.17.4
have
encode those values. This is intended to support Huffman encodlngs 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).

The final mechanism allows the ECN specifier to provide an explicit mapping from integer values (whic

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
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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:

9.18.

9.18.% There are transforms from the following abstract values to composites:

9.18.6 There are transforms from the following composites to abstract valdes:

9.18.1 All other transforms can take a value as their source and produce a new value (of the same or of a diff

classi

transforming each element of the source composite inte.ah element of the result composite.

9.19

9.19.1
impo

modulles in the case of implicitly generated encoding structures).

9.19.
struct]
encod

but are also automaticatly-exported for possible import into the Encoding Link Module.

9.19.1

— aninteger;

— aboolean;

—  acharacterstring;
—  abitstring;

— asingle character;
ingle bi r

same
gers.)

If the classification is bitstring, the size of each bitstring value in the composite is the safig} and is staLicaIIy

ined by the transform that produces the composite. (For example, an ordered list of single bits;or of six-bit

—  characterstring to a single character composite;
—  bitstring to a bitstring composite (all bitstring values of the composite-are’of the same size);
— octetstring to a bitstring composite (all bitstring values of the composite are of size 8 bits).

— single character composites to characterstring values;
—  bitstring composites to bitstring values;
—  bitstring composites (with bitstring values of size 8bits) to octetstring values.

fication). They can also take a transform composite as their source and produce a composite as its

Contents of Encoding Definition Modules

t only encoding objects, encoding, object sets, and encoding classes from other EDM modules, or from A

An EDM can also contain’ a renames clause (see clause 15) which references implicitly generated eng
Lires from one or more- ASN.1 modules and generates, by "coloring” them (see 9.16.4), an explicitly gen
ing structure for each.one. These explicitly generated encoding structures are available for use within the

The body:of.lan EDM module contains:

“EncodingObjectAssignment™ statements that define and name an encoding object for some eng
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).

nits.)

Ferent
esult,

Encoding Definition Modules (or'"EDMSs) contain export and import statements exactly like ASN.1 (bdit can

SN.1

oding
brated
EDM,

oding

tncooinguass,l-\ssignment Statements that defite and name New encouing Classes (See Clause 19).

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.

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).
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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
one encoding object set to a specific implicitly generated structure.

9.20.4 Itis possible in simple cases for an ELM module to contain just a single statement (following an imports clause)
that ajpplies 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 Encoding rules for some primitive encoding classes can be defined using a user-frigndly syntax which is
specified in the WITH SYNTaX statements of encoding class definitions (see clauses 23 and 25)0This syntax can ajso be
used o define encoding rules for encoding classes derived from these primitive encoding(Classes (by encoding| class
assigmment statements).

9.21.2 The notation used for the encoding class definitions in clauses 23 and 25 ‘is.based on the notation usg¢d for
information object class definition. This syntax (and its associated semantics) is defined by reference to Rec. ITU-T K.681
| ISOJIEC 8824-2 as modified by Annex B of this Recommendation | InternationahStandard.

9.21.3 The encoding class definition specifies the information that has te"be-supplied in order to define encoding rules
for particular encoding classes. The set of encoding rules that can be defined in this way is not, of course, all passible
rules,|but is believed to cover the encoding specifications that ECN users are likely to require.

9.21.4 These encoding class definitions specify a series of fields (with corresponding ASN.1 types and semantics).
ing rules are specified by providing values for these fields," The values of these fields are effectively providing the

The meaning of the encoding properties is specified using an encoding model (see Figure 1) where the vajue of

The encoding space may have its leading,edge aligned to some boundary (such as an octet boundary) by endoding
space|pre-padding, and its size can be fixedorvariable. The value encoding fits within it, perhaps left or right justified,
ith padding around it. If the size of the encoding space is variable, then either the value encoding has to bg self-
ting, or there has to be some external mechanism to enable a decoder to determine the size of the encoding $pace.

Finally, the completeencoding space with the value encoding and any value pre-padding and value post-padlding,
is mapped to bits-on-the-line-with an optional specification of bit-reversal. This handles encodings that require ['most
signiflicant byte first” or tmost significant byte last" for integers, or that require the bits within an octet to be in the r¢verse
of thg normal order.

9.21.8 Thus there’afe 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 positionjng of
thase hits within the pnr‘nding 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 paddihg-concepts

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

1 Itis also possible to specify an arbitrary amount of encoderpre-padding (beyond that needed for alignmen
vhen the value of an earlier start pointer identifies the start‘ef a field.

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

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

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

) that

0 the
ch an

b 3.

Specify the units of the encoding space (the encoding space will always be an integral multiple of{these

units). (See 22(4)
Specify the'size of the encoding space in these units. This may be fixed (using knowledge of inte

her or

size bounds’associated with the abstract values to be encoded), or variable (different for each alfjstract

value),.-The specification may also (in all cases) specify the use of a length determinant that has

to be

encoded with the length of the field, and either enables decoding or provides redundant information (in the

case of a fixed-size encoding space) that a decoder can check. (See 22.4.)
Specify the alignment of the value encoding within the encoding space. (See 22.8.)
Specify the form of any necessary padding from the start of the encoding space to the start of the

value

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

Specify the form of any necessary padding between the end of the value encoding and the end
encoding space (value post-padding). (See 22.8.)

of the

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

done so far. (See 22.12.)

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

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 encodlng objects is belng applled it always results ina complete encodlng speC|f|cat|on for the

(presé ntW|th|n an encoding structure bemg encoded) for WhICh there are no encodlng objects in the set belng ap plied,
then this is an error (see 13.2.11).
NOTE — Although the specification of the encoding rules will be complete, the precise form of the actual encoding! (for exgmple,

th¢ presence or absence of encoding space pre-padding, or the effect of the values of bounds referenced in the éncoding rulgs) 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 mechpnism
is usqd to define a parameterized encoding object. In such cases the complete encoding-is only defined follpwing
instarftiation with actual parameters. The second exception is when an encoding object is”defined for an engoding
constfuctor (#CONCATENATION, #ALTERNATIVES, #REPETITION, #SEQUENCE, etc.).~In\this latter case, the endoding
rules fassociated with the encoding class simply define the rules associated with thestructuring aspects. A complete
encoding specification for an encoding structure using these encoding classes wilkalso require rules for encoding the
comppnents of that encoding structure.

NOTE — There is a distinction here between encoding objects of class #sEQuENeE{(an encoding constructor) and encoding ¢bjects

for an implicitly generated encoding structure "#My-Type" (which happensghe defined using the ASN.1 type SEQUENCH). The
lafter is not an encoding constructor, and encoding objects of this class will provide full encoding rules for the encoding of values

of|type "My-Type".

9.23 [ Combined encoding object set

9.23.1 Inorder to provide a complete encoding, the ECIN,user can supply a primary encoding object set, and a second
encoding object set introduced by the reserved words COMPLETED BY.

9.23.2 The encoding object set that is applied is defined to be the combined encoding object set formed by adding to
the fifst set encoding objects for any encoding.€lass for which the first set is lacking an encoding object and the second
set cqntains one (see 13.2). A frequent set to use with COMPLETED BY is the built-in set PER-BASIC-UNALIGNED.
(See IP.1.17 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 contain an encoding ‘object for a class #Special-sequence-of (for example) which is defined as
"#special-sequence-of _t:= #SEQUENCE-OF"'. An explicitly generated encoding structure can have both the
#SEQUENCE-OF class and“also the #special-sequence-of class in its definition. In this way, a single combined
encoding object set can-he-applied to produce standard encodings for some of the original SEQUENCE OF constructs, and
specialized encodings:for others.

9.24 | Applieation point

9.24.1 Inany given application of encodings, there is a defined starting point (for the ELM, |t is the  top- -level gengrated
encoding-structure(s) to which encodings are being applied). This is called the "initial appli cture
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 Ifthere 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 (#CHOICE, #SEQUENCE, #SEQUENCE-OF, 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 #0PTIONAL class following a component class (and a #TaG class
preceding it). The application point passes first to the #oPTIONAL, 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 #TRANSFORM encoding 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 #CONDITIONAL-INT
Or #CONDITIONAL-REPETITION.

9.25.2 N ; g cla 3 icted in
their pse. Encoding objects can only be defined for these classes using either the syntax of clause 24, 23.7 and [23.14
respegtively, or by non-ECN definition of an encoding object, and they can only be used in the definition of other endoding
objects. They cannot appear in encoding object sets or be applied directly to encode fields of encoding Structures (see
18.1.7).

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

9.25.4 Encoding specification for encoding classes in the repetition categoery use the #CONDITIONAL-REPETITION
encoding class, which defines the way in which the encoding space for'the repeated items is delimited and how the
repeajed encodings are to be placed into it, for a given range condition, again producing a conditional encoding. Ap with
the erjcoding of classes in the integer category, the final encoding is defined as an ordered list of conditional encodjings.

9.25.% Encoding specification for the encoding classes ip-the octetstring category proceeds as follows: |First,
#TRANSFORM encoding objects are defined to map a single, Octet to a self-delimiting bitstring. Second, one or|more
#CONDITIONAL-REPETITION encoding objects (for specific size-range conditions) are defined to take each ¢f the
bitstrings (transformed from an octet in the octet string).and to concatenate them into a delimited container (the defipition
of sugh encoding objects is not specific to encoding #0cTETS). The final encoding of the class in the octetstring category
is defjned as an ordered list of #CONDITIONAL-REPETITION encoding objects. (See D.1.8.2 for an example.)

9.25.6 Encoding specifications for encodifig classes in the bitstring category proceeds as follows: First, # TRAN§FORM
encoding objects are defined to map a single bit into a bitstring, similar to the encoding of an integer into bits, but {n this
case the mapping of the bit must be ¢e\a self-delimiting string. Secondly, one or more #CONDITIONAL-REPETITION
encoding objects are defined for the\repetition of the bits (these could be the same encoding objects that were defingd for
use with an encoding class in the‘repetition or octetstring categories). Finally, the encoding of the class in the bifstring
categpry is defined as an ordered list of #CONDITIONAL-REPETITION encoding objects. (See D.1.7.3 for an example.)

9.25.T Encoding specifications for encoding classes in the characterstring category proceeds as follows: |First,
#TRANSFORM encodingobjects are defined to map a single character to a self-delimiting bitstring, using several passible
mechanisms for defining the encoding of the character, and using the effective permitted alphabet constraint whete it is
availgble. Secondly, one or more #CONDITIONAL-REPETITION encoding objects are defined, and finally the endoding
of the class inithe characterstring category is defined as an ordered list of these. (See D.1.9.2 for an example.)

9.26 L 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 Itis also possible to require that all of a given list of conditions are to be satisfied.

9.26.3  Atest for a condition uses either a single enumeration value (such as "bounded-without-negatives") which
contains the entire test in the specification of the one enumeration, or a triple of enumerations.

9.26.4 If a triple is used, the first identifies (by an enumeration) the item that is being tested (for example
"test-upper-bound"), the second is the nature of the test (for example "greater-than"), and the third provides an
integer value for the test.

20 Rec. ITU-T X.692 (02/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

ISO/IEC 8825-3:2021 (E)

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 encoded into the open type.

NOTE — This is in recognltlon that many protocols choose touse a dlfferent style of encodlng (often based ona type Iength -value

approa aining a 0 essage
coptaining the open type.

9.27.4 N type

(tabl Fmine

this ffom some other field in the protocol, or in a previous message, or (for vendor-specific additions),based on galling

space
and any value pre- and post-padding, the decoder will ask the application for the type which_has been encoded. (In the
case 0f tools, the application will almost certainly have pre-configured the tool with a list\0fthe known types that might
be prégsent, and would simply return a pointer to one of these.) Decoding can now proceed normally.

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

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

9.28 | Changes to ASN.1 Recommendations | International Standards

9.28.1 This Recommendation | International Standard-references other ASN.1 Recommendations | Interngtional
Standards in order to define its notation without repetition. For such references to be correct, the semantics of the ngtation
(for ekample the imports clause, parameterization, and information object definition) needs to be extended to recdgnize
the reference names of encoding classes, encoding objects, and so on that form part of ECN.

9.28.2 There is also a need to extend the infarmation object class notation to allow fields that are ordered lists of yalues
or objects, not just unordered sets of objects, in order to allow the use of that notation in the definition of ECN syntax for
the ddfinition of encoding objects ofcertain classes.

9.28.3 Finally, the rules for parameterization are relaxed to allow a dummy parameter of an encoding object refgrence
(being assigned in an assignment statement) to be used as an actual parameter of the encoding class reference which
governs the notation defining-the encoding object reference name. In particular, a parameterized encoding class ¢an be
used s a governor in amencoding object assignment statement (see C.2/8.4), with the actual parameter being a dgmmy
paraneter of the enedding object that is being defined.

9.28.4 Thesemadifications to other ASN.1 Recommendations | International Standards are specified in Annexe$ A to
C, andl 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.

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

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

10.4

10.4.

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.

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)

An "encodingclassreference” is a name which is either:

10.4.3

10.4.
but cg

10.4.4
whic
anoth

10.4.1

10.4.4

a) assigned an encoding class in an "EncodingClassAssignment” (see clause 16); or is
b) imported into an EDM from some other EDM from which it has been exported; or is

c) imported as the name of an implicitly generated encoding structure from an ASN.1 modulex(See 14.1
is

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

a) itis defined in or imported into the referenced module, and that module has no exports clause; or
NOTE 1 - If the referenced module has no exports clause, this is equilalent to exporting everything.
b) itis defined in or imported into the referenced module, and appears as a symbol in the exports cla
that module; or
¢) itis one of the reference names explicitly generated by.a renames clause in the module from whic|
being imported.
NOTE 2 — Implicitly generated encoding structures ¢an only be imported from the ASN.1 module which ge
them.

An implicitly generated encoding structure refergfice never appears in the exports clause of any ASN.1 m
n always be imported from any ASN.1 module in\which the corresponding type is defined and exported.

| An explicitly generated encoding structure-reference (which is automatically exported by the renames
generates it) shall not appear in the exports clause of the EDM module in which it is generated, but any use ¢
er EDM or the ELM requires its importation from that EDM module.

An "encodingobjectreference"tis a name which is either:
a) assigned an encoding object in an "EncodingObjectAssignment™ (see clause 17) 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
or is imported;

An "encodingobjectreference” shall not be imported from an EDM if the referenced module has an exports

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

N
10.4.1

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

An “encodingobjectsetreference” is a name which is either:
a)" assigned an encoding object set in an "EncodingObjectSetAssignment” (see clause 18) in an EDM,;

1); or

ther:

se of
h it is
erates

bdule,

lause
fitin

bbject

Clause

DI iS

h) imlr_\nrmrl intoan EDM oran EL M from-some other EDM inwhich it is either nccignnd an nnnnding

bject

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

10.6

22

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

The productions for use of an external reference name are:
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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 referenced in the imports list of the EDM or ELM.

10.6.2 The "ExternalEncodingClassReference" alternative that includes a "BuiltinEncodingClassReference™ shall be

used
"Buil

N

10.6.3
simpl

10.7
with §

10.8

10.9

[«

inEncodingClassReference") which is either:
a) defined implicitly in the ASN.1 module referenced by the "modulereference"” (see 11.4.1); or
b) imported into another EDM referenced by the "modulereference” and exported from that module; o
c) generated in a renames clause of another EDM referenced by the "modulereference; or
d) generated in this EDM in a renames clause, in which case the "modulereferenceshall refer to this E
DTE — The "BuiltinEncodingClassReference™ name can appear as a "Symbol" in the imports clause’(see A.1).

The productions defined in 10.6 (except as specified in 10.6.2) shall be used-if.and only if the correspo
e reference name has been imported from the module identified by the "moduléreference”, and either:

clause in this EDM, or have been both imported and generated;,or
b) the simple reference name is a "BuiltinEncodingClassReference" (see 10.5); or
¢) both conditions hold.

A parameterized reference is a reference name defined in,a"ParameterizedAssignment” (see C.1) and su
n 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)
The productions that allow all forms of identification are:

encoding elasses "EncodingClass' (See clause 16.1.5)
encoding objects "EncodingObject™ (See clause 17.1.5)
encoding object sets "EncodingObjectSet™ (See clause 18.1)

The groductions which allow all forms except in-line definition are:

encoding classes ""DefinedEncodingClass'* and ""DefinedOrBuiltinEncodingClass"
encoding objects ""DefinedEncodingObject™

t of a

DM.

hding

a) identical reference names have been imported from different modules, or have been generated in a reames

pplied

ancadina-ohiact catc "NDaofinadEncadinaObiecectSat' and ""NDaofinodOrRiultinEneadinahinct
e HeaERcotg T cHO— e e o rDutrt = cott

et

CHCOtHTgODJTotrotts JooJeotottT goojtet

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

"Defi

NOTE — A further production "SimpleDefinedEncodingClass" is also used.

nedEncodingObjectSet".

"encodingclassreference” and "ExternalEncodingClassReference".

10.9.1 The "DefinedEncodingClass" and "DefinedOrBuiltinEncodingClass are:

DefinedEncodingClass ::=
encodingclassreference

|  ExternalEncodingClassReference

|  ParameterizedEncodingClass
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DefinedOrBuiltinEncodingClass ::=
DefinedEncodingClass
| BuiltinEncodingClassReference

10.9.2 The "DefinedEncodingObject" is:

DefinedEncodingObject ::=
encodingobjectreference

| ExternalEncodingObjectReference

| ParameterizedEncodingObject

10.9.3 The "DefinedEncodingObjectSet" and "DefinedOrBuiltinEncodingObjectSet" are:

DefinedEncodingObjectSet ::=

11

11.1
11.1.]

is implicitly generated for each ASN.1 type assignment, and is automafically exported from the ASN.1 modul

contal
of thdg
defing

11.1.
areng

11.1.7
encoq
the E
most

11.14
(as sq
built-

11.1.9
encod

11.1.4
and ¢
of the
ASN.,

11.1.7

BMCOUITTYODJECtSELTEfETENTE
| ExternalEncodingObjectSetReference
| ParameterizedEncodingObjectSet

DefinedOrBuiltinEncodingObjectSet ::=
DefinedEncodingObjectSet
| BuiltinEncodingObjectSetReference

Encoding ASN.1 types

General

ns that type assignment. (It does, however, have to be imported.into an EDM module if it is to be used.) The

s an encoding class, and is called an implicitly generated encoding structure.

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

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

| The implicitly generated encoding structure is defined by first simplifying and expanding the ASN.1 no
ecified in 11.3), and then by mapping ASN.1 types, type constructors and component names into correspg
n encoding classes, encoding constructors and encoding structure fieldnames.

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

Each field of,a.generated encoding structure has associated with it the abstract values of the corresponding
pnstraint-related. information derived from the ASN.1 type definition (see 11.4.2). Encodings of the abstract
generated_encoding structure are defined to be the encodings for the corresponding abstract values of the of

1 type.
This clause 11 specifies:

For all ASN.1 types, there is a corresponding implicitly generated_éncoding structure. This encoding strlicture

b that
name

corresponding encoding structure is the name of the type preceded by a character "#". This encoding striicture

using

Df the
nts in
5 to at

tation
nding

brated

type,
alues
iginal

11.2

A T e buitt=imencoding classes that—are used i aefimmngtheimpticitty generated—emncoding —stra
corresponding to ASN.1 types (see 11.2).

ctures

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

structures.

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

structure is produced (see 11.3).
¢) The implicitly generated encoding structure for any ASN.1 type (see 11.4).

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.
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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

Encoding Class

Primitive Class

BIT STRING #BIT-STRING #BITS
BOOLEAN #BOOLEAN #BOOL
CHARACTER STRING #CHARACTER-STRING Defined using
#SEQUENCE
CHOICE #CHOICE #ALTERNATIVES
EMBEDDED PDV #EMBEDDED-PDV Defined using
#SEQUENCE
ENUMERATED #ENUMERATED #INT
EXTERNAL #EXTERNAL Defined using
#SEQUENCE
INTEGER #INTEGER #INT
NULL #NULL #NUL
OBJECT IDENTIFIER #OBJECT-IDENTIFIER #OBJECT-IDENTIFIER
OCTET STRING #OCTET-STRING #OCTETS
open type notation #OPEN-TYPE #OPEN-TYPE
OPTIONAL #OPTIONAL #OPTIONAL
REAL #REAL #REAL
RELATIVE-OID #RELATIVE-OID #OBJECT-IDENTIFIER
SEQUENCE #SEQUENCE #CONCATENATION
SEQUENCE OF #SEQUENCE-OF #REPETITION
SET #SET #CONCATENATION
SET OF #SET-OF #REPETITION
TIME #TIME #TIME
DATE #DATE #TIME
TIME-OF-DAY #TIME-OF-DAY #TIME
DATE-TIME #DATE-TIME #TIME
DURATION #DURATION #TIME
GeneralizedTime #GeneralizedTime #CHARS
UTCTime #UTCTime #CHARS
ObjectDescriptor #ObjectDescriptor #CHARS
BMPString #BMPString #CHARS
GeneralString #GeneralString #CHARS
GraphicString #GraphicString #CHARS
IA5String #IA5String #CHARS
NumericString #NumericString #CHARS
PrintableString #PrintableString #CHARS
TeletexString #TeletexString #CHARS
UniversalString #UniversalString #CHARS
UTF8String #UTF8String #CHARS
VideotexString #VideotexString #CHARS
VisibleString #VisibleString #CHARS
TextGal'ly present #TAG #TAG
tag notation
11.3 | Simplification and expansion of ASN.1 notation for encoding purposes
11.3.1 ECRNrassumes that certain ASN.1 syntactic constructs have been expanded (or reduced) into equivalent or simpler
constfuctions.
NOTE—The Types Uefinet by e SImpler ConSTUTHions are capabie of CarTying the Same Set of- ansiratt Values a5 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

c) 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.

d) 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.
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11.3.3 The ASN.1 syntactic constructs removed by the expansions and simplifications below are not referenced further
in this Recommendation | International Standard.

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

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

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

b) The ASN.1 INSTANCE OF construction shall be expanded into its equivalent sequence type. (See 11.3.2 c.)

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

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

o) \Where an instance of ASN.1 rng notation is fnvﬂlally followed h\J/ ohe-or-more further instancesof 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 environments.
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 is reached:

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

NOTE - This means that where ASN.1 type notation contains an instantiation of ‘an’ ASN.1 parameterized type,
that instantiation becomes an inline definition.

b) All "ComponentsOf"s shall be expanded to their full form. (See 11.3.2-b.)

c) All uses of "SelectionType" shall be resolved. (See 11.3.2 b.)

11.3.4.3 The following transformations shall then be applied:

a) Named number lists in integer type definitions shall be removed. Named numbers are not visible to|[ECN.
ECN sees a single #INTEGER class (possibly with bounds as specified in 11.3.4.3 ).

b) 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. PER-Visible
constraints shall be resolved to provide the_following values that can be referenced in the definitjon of
encoding rules:

i)  Anupper bound on integers and gnumerations;

ii) A lower bound on integers and-enumerations;

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

d) If there is a contents-Constraint with a CONTAINING construction, then the existence of the coptents
constraint, its contents-type, and the presence or absence of an ENCODED BY clause become progerties
associated with the abstract values of such a constrained octetstring or bitstring type, and the congtraint
shall then be disearded. If there is a contents constraint with no CONTAINING construction, then it]is not
visible to ECNand shall be discarded.

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

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

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

g) "DEFAULT Value" shall be replaced by "OPTIONAL-ENCODING #OPTIONAL" and the default value is
associated with the field of the structure to which the ASN.1 component is mapped.

h) opTIONAL shall be replaced by "OPTIONAL-ENCODING #OPTIONAL".

i) T61string shall be replaced by #TeletexString.

j) Isoe46string shall be replaced by #visibleString.

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 ENUMERATED
syntax shall be replaced by the #ENUMERATED encoding class with an upper bound and lower bound set.
(See11.3.4.3¢)
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NOTE 1 — The #ENUMERATED class de-references to the #INT 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.

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¢.)

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
or of version 1, version 2, etc. becomes a property of the component, and the existence of the extensibility
marker becomes a property of the class the construction maps to.

The extensibility marker in constraints is removed, but the existence of the extensibility marker becomes
a property of the class and whether an abstract value is in the root or is in an extension becomes a property

of the abstract value

NOTE 2 — The properties referenced in items c) and d) above can only be interrogated through non-ECN definition of'engoding
objects in this version of this Recommendation | International Standard. Full support for extensibility is expected te-be prpvided
infa later version of this Recommendation | International Standard.
11.3.% With these transformations, all ASN.1 type-related constructs have corresponding encoding .classes, listed in
Tablg 2. The implicitly generated encoding structure shall be constructed by mapping the ASN.1 type-related congtructs
in column 1 to the classes in column 2 of Table 2 (as specified in 11.4).
11.4 | The implicitly generated encoding structure
11.4.1 There is an implicitly generated structure for each ASN.1 type definition-with a name constructed from the
ASN type reference name by the pre-fixing of a "#" character. Where a fully-qualified name is required for an impjicitly
generpted encoding structure, that fully-qualified name shall include the 'Moduleldentifier" of the ASN.1 module
contajning the type definition. (An example of an implicitly generated structure is given in D.1.9.2.)
NOTE — An implicitly generated structure is generated and exported for eaclf ASN.1 type in an ASN.1 module whether or rjot that
type is listed in the EXPORTS clause.
11.4.2 The implicitly generated encoding structure has the same structure as the ASN.1 type definition, with:
a) ASN.1 component identifiers are mapped to eneoding structure fieldnames.
b) ASN.1 notation in column 1 of Table 2 are mapped to the built-in encoding classes in column 2 of Tdble 2.
NOTE 1 — The first textually present tag-maps into a " [#TAG] " construction in the implicitly generated stryicture.
The implicitly generated structure doesnot contain any " [#TAG] " constructions for subsequent textually gresent
tags.

c) ASN.1 "DefinedType"s are mapped to an encoding class name derived from the typereference ljy the
addition of a character\ . J#". If a type is imported into the ASN.1 module,| any
"ExternalEncodingClassReference" to the corresponding class in an implicitly generated structurg shall
reference the ASN.1 module that contains the definition of the referenced type.

NOTE 2 — If thé resulting class is the name of a built-in encoding class, then all references to it in either the
renames clausey or in the ELM, will use the "ExternalEncodingClassReference™ notation.

d) Abstract valueSare mapped from a field of the type definition to the corresponding field of the endoding
structure.

e) Uppet.and lower bounds on integer and enumerated types and all effective size constraints and effpctive
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 #Tag class.

11.4.3 _Three further implicitly generated structures are produced and exported from all ASN.1 modules. [These

structures have names #CHARACTER-STRING, #EMBEDDED-PDV and #EXTERNAL, and the structures that they de-reference
to are the implicitly generated structures corresponding to the associated types for CHARACTER STRING, EMBEDDED PDV
and EXTERNAL, specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 44.5, 36.5 and 37.5 respectively.

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.

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

ELMDefinition ::=
Moduleldentifier
LINK-DEFINITIONS

ll: :=ll
BEGIN

ELMModuleBody
END

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

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

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

12.1.% The "ELMModuleBody" is:

ELMModuleBody ::=
Imports ?
EncodingApplicationList
EncodingApplicationList ::=
EncodingApplication
EncodingApplicationList ?

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

12.1.1 All reference names used in the "ELMModuleBody" shall be imported into the ELM.

NOTE — This is a stronger requirement than that imposed for ASN+1 modules. In ASN.1 modules external references can be used
fo[ types and values that have not been imported. In an ELIMimodule (and in an EDM module) external references can gnly be
uspd for encoding classes that have been referenced in aniimports 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,

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

b) explicitly generated encading structures from an EDM module;

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

¢) 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 fuiction
of an ELM is to apply encedings.

12.2 | Encoding,types
12.2.1 AnEncodingApplication" is:

EncodingApplication ::=
ENCODE
SimpleDefinedEncodingClass "," +
CombinedEncodings

12.2.2 An "EncodingApplication” defines the encoding of the ASN.1 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
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that type when referenced by other types or when exported from that ASN.1 module and imported into a different ASN.1
module.

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

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” completely defines the
encoding of a type unless it contains an instance of a contents constraint.

13 Application of encodings

13.1 | General

13.1.1 Encodings are applied by the ELM to a generated structure (or independently to multiple generated strugtures)
using|a "CombinedEncodings" definition as specified in 13.1.3. This clause, together with 13.2, specifiesthe applitation
of "CpmbinedEncodings" to a generated encoding structure.

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

13.1.3 The "CombinedEncodings" is:

CombinedEncodings ::=
WITH
PrimaryEncodings
CompletionClause ?

CompletionClause ::=
COMPLETED BY
SecondaryEncodings

PrimaryEncodings ::= EncodingObjectSet
SecondaryEncodings ::= EncodingObjectSet

13.1.4 "EncodingObjectSet" is defined in 18.1.1.
13.1.% The use of "CombinedEncodings" is’specified in 13.2.

13.2 | The combined encoding ebject set and its application
13.2.1 A combined encoding bbject set is formed from the "CombinedEncodings" production (see 13.1.3) as fo|lows:
13.2.2 If there is no "CompletionClause", then the "PrimaryEncodings" form the combined encoding object set.
13.2.3 Otherwise,

a) allenicoding objects in the "PrimaryEncodings™ are placed in the combined encoding object set; ther

b)._Severy 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 endoding
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).
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13.2.7 Any encoding class in the alternatives, concatenation, and repetition categories (see 16.1.8, 16.1.9 and 16.1.10)

is an encoding constructor.

13.2.8 The term "component™ in the following text refers to any of the following:
a) The alternatives of a constructor that is in the alternatives category.
b) The field following a constructor that is in the repetition category.
¢) The components of a constructor that is in the concatenation category.
d) A contained type (a type specified in a contents constraint).
e) The type chosen (in an instance of communication) for use with a class in the opentype category.

13.2.9 At later stages in these procedures, the application point may be on any of the following:
a AN encoding class name. 17 ompletely encodable using tne spe ation in an encoding ob
the same class (see 17.1.7).

b) Anencoding constructor (see 16.2.12). The construction procedures can be determined by the'specifigation
contained in an encoding object of the encoding constructor class, but that encoding”ebject dogs not
determine the encoding of the components. The specification of the encoding object¢hat is applied may

require that one or more of the components of the constructor are replaced by-other (paramete
structures before the application point passes to the components.

values (see 11.3.4.3 d). The encoding of the contained type depends on.vvhether there is an ENCODE
present, and on the specification of the encoding object being applied-(See' 22.11).

there is an ENCODED WITH present, and on the specification of\the encoding object being applie
23.10.2).

e) A component which is an encoding class (possibly precedéd by one or more classes in the tag cate
presence or absence are determined by the specification contained in an encoding object of the class
with all its preceding classes in the tag category)'with a (parameterized) replacement structure befo

class is encoded. The application point then;passes to the first class in the tag category (if any), or
component, or to its replacement.

Fized)

c) A class in the bitstring or octetstring category that has a contained type as.& property associated with the

D BY

d) A class in the open type category. The encoding of the component of the open type depends on wiether

i (see

jory),

followed by an encoding class in the optionality categoty: The procedures and encodings for deternmining

in the

optionality category. This encoding object may also-require the replacement of the encoding class (torether

e that
to the

class in the tag category is encogded using the specification in an encoding object of the class in t
category, and the application-point then passes to the tagged class.

f)  Anencoding class preceded by an ericoding class in the tag category. The tag number associated W)I:h the

e tag

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 cprrent
appligation point, then that éncoding object is applied. This application may cause replacement of one or more compgnents
of thelclass to which thé encoding is being applied. If the combined encoding object set does not contain such an endoding
object, then either;
a) theencoding class at the current application point is a reference to another encoding class; in this cage it is
de-referenced, and the procedures of 13.2.10 are recursively applied; or
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 cat
then the application point passes to the (possibly tagged) optional component.

egory

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 a
a contained type, then the procedures of 13.2.10 are applied recursively to each component.

re not
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NOTE - If the encoding object being applied to a class in the open type category contains an ENCODED WITH, this determin

1 (E)

es the

encoding object set that is applied to the component, otherwise the combined encoding object set that is being applied to this class

is applied to the component (see 23.10.2).
13.2.10.6 If an encoding has been applied to an encoding class at the application point that has a component that is a

class

in the bitstring or octetstring category with a contained type associated with the values, then there are four cases that can

occur:

a) The contents constraint contains an ENCODED BY, and the encoding object for this class either does not
contain a specification of the encoding of the contained type, or specifies that it should not override an

ENCODED BY (See 22.11). In this case the ENCODED BY specification shall be used for the contained
and the application point passes to the contained type using this encoding specification.

type,

b) The contents constraint contains an ENCODED BY, but the encoding object for this class contains a

BY". In this case, the specification in the encoding object shall be applied to the contained typepa
application point passes to the contained type using this encoding specification.

specification.

the contained type using this encoding specification.

c) 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-encoding pbject
is applied to the contained type, and the application point passes to the contained type)using this endoding

d) The contents constraint does not contain an ENCODED BY, and the encoding, abject for this class dops not
contain a specification of the encoding of the contained type. In this case\the’combined encoding pbject
set being applied to the class shall also be applied to the contents type, and‘the application point pagses to

13.2.10.7 If there is no encoding object in the combined encoding object set of the'same class (see 17.1.7) as the clrrent
appligation point, and the current application point is a reference name, then'it is de-referenced and these procedures are

appligd recursively to the new encoding structure.
13.2.10.8 Otherwise the ECN specification is in error.

13.2.11 The above algorithm can be summarized as follows: Thezcombined encoding object set is applied in a top

down

manngr. If in this process an encoding structure reference name'is encountered and there is an object in the combined
encoding object set that can encode it, that object determings its encoding. Otherwise, the reference name is exppnded

by dg-referencing. If at any stage an encoding is requiréd (and does not exist) for an encoding class that cani

ot be

de-referenced, then the ECN specification is incorrect, and the combined encoding class is said to be incomplete. When

a primitive bit-field class is reached, the encoding-terminates with the encoding of that class, except that if it

has a

contajned type, encoding proceeds to the generatedencoding structure corresponding to the contained type. When p type

with gomponents is reached, the process continues by applying the combined encoding object set to each comp

onent

indeppndently. When tags and optionality are involved, the optionality class is encoded first, then the encoding class in
the tap category, and finally the element:\When encodings are applied to constructor classes they may cause replacgment
of ong or more components. When they are applied to an optionality class they may cause replacement of the jentire

elemgnt (apart from the optionality_¢lass, but including any encoding class in the tag category).

13.2.12 In the encoding proeess, encoding objects applied to encoding constructors (and to classes in the optig
categpry) may require that the encoding objects applied to the components of the constructions defined by

nality
those

constfuctors exhibit identification handles (of a given name) to resolve alternatives, or optionality, or terminatiop of a

repetition, or order.in{@set-like concatenation. They may also require that the encoding objects applied to other eng
classgs (following, those constructions) exhibit the same identification handle, and that the handle value sets of

OTE,— This problem is most likely to arise if BER encoding objects are applied to encoding constructors and not t

14 The Encoding Definition Module (EDM)

oding
Il the
ECN

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.
141 The "EDMDefinition" is:
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14.2

EDMDefinition ::=
ModuleIdentifier
ENCODING-DEFINITIONS
BEGIN
EDMModuleBody
END

In any given application of ECN, there are zero, one or more EDMs which define encoding objec

application 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 Rec. ITU-T X.680 | ISO/IEC 8824-1,

ts for

13.1.

14.4
EDM

145

14.6
1SO/I

14.7
impo
refere
or an
N
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14.8

14.9
encod
these

14.10]
expor

The "Moduleldentifier” provides unambiguous identification of any module in the set of all ASN.1, ELN
modules.

The "EDMModuleBody" is:

EDMModuleBody ::=
Exports ?
RenamesAndExports ?
Imports ?
EDMAssignmentList ?

EDMAssignmentList ::=
EDMAssignment
EDMAssignmentList ?

EDMAssignment ::=
EncodingClassAssignment
| EncodingObjectAssignment
| EncodingObjectSetAssignment
| ParameterizedAssignment

The productions "Exports” and "Imports" <(ahd their semantics) are defined in Rec. ITU-T X.
FC 8824-1, 13.1, as modified by A.1 of this Recommendation | International Standard.

The "Exports" makes available for import“into other EDMs (and the ELM) any reference name defineg
ted into the current EDM except that of'an implicitly generated structure. The "Symbol" in the "Exports
nce any encoding class (except a built-in"encoding class or an implicitly generated structure), an encoding d
encoding object set. The "Symbol' shall have been defined in this EDM, or imported into it.

DTE — When the name of an imperted implicitly generated encoding structure is a built-in encoding class reference, it

bd within the EDM with a fully~qualified name. An implicitly generated encoding structure can never be exported from ar
bwever, encoding structures.defined using it can, of course, be exported).

The production "RenamesAndExports" is defined in clause 15.

The "RenamésSAndExports" (called the renames clause) makes available (within the EDM) explicitly gen

TheTmports" makes available (within the EDM) encoding classes, encoding objects and encoding obje
tedfrom other EDMs or automatically exported from ASN.1 modules.

14.11

, and

680 |

in or
can
bject,

Can be
EDM

prated

ing structures derived from the implicitly generated encoding structures in specified ASN.1 modules. It also makes
explicitly generated encoding structures available for import into other EDMs (and the ELM). (See clause 15,

~

Lt sets

AL ACNL A ool

+ froo o oy torioad Hna paforaon BAEA it 1 rnrad and
Aot T rriotare STtrac GChe o pararic itz oty pererererietame Saotoranca Ty protattarnt Tt

rtan

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

32

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.
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14.13  There is no requirement that any reference name used in one assignment be defined (in another assignment
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
ParameterizedAssignment Subclause C.1
NOTE - The "ParameterizedAssignment” allows the parameterization of an "EncodingClassAssignment”, an

"EncodingObjectAssignment”, and an "EncodingObjectSetAssignment”, as specified in C.1.

15 The renames clause

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

RenamesAndExports ::=
RENAMES
ExplicitGenerationList ";"

ExplicitGenerationList ::
ExplicitGeneration
ExplicitGenerationList ?

ExplicitGeneration ::=
OptionalNameChanges
FROM GlobalModuleReference

OptionalNameChanges ::
NameChanges | GENERATES

NOTE — An example of the use of the renames clause to produce.gxplicitly 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
an ASN.1 module.

The "RenamesAndExports" is called a renames clause.

Each "ExplicitGeneration" generates, and exports from this module, an explicitly generated encoding striicture
for egch of the implicitly generated encoding.structures of the ASN.1 module referenced by "GlobalModuleRefergnce".
Each|field of the explicitly generated. encoding structure has associated with it the same abstract values 3s the
corregponding field of the implicitly~-generated encoding structure (which are those associated with the correspgnding

If a renames clausg. references more than one ASN.1 module and as a result of this two explicitly gengrated
structpres have the same_simple name, then neither structure is available for explicit import into an ELM or an |EDM

OTE — These explicitly generated structures nonetheless exist, and are likely to be implicitly referenced by other exglicitly

Thesprimary purpose of the renames clause is to make available the explicitly generated structures for import
hersmedules, particularly the ELM. However, this clause also makes these structures available for reference yvithin
M-module containing the renames clause except as specified in 15.1.7. If the simple name is ambiguous, then a
quy--.;";i';"*"; betsectwrithin-the EDVEmodttecontatnine-thererames e—as-speciftecHn -5

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.
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15.1.9 If an EDM produces explicitly generated encoding structures from more than one ASN.1 module, it is possible
that some of these structures may have the same simple encoding class names. If any of these structures are referenced
in the body of this EDM, then the reference shall be an "ExternalEncodingClassReference” containing 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 clause except where required
by clause 15.1.9.

15.1.11 If a name which has been imported using an "ExternalEncodingClassRefererence” is used in the body of a
module, then the simple "encodingclassreference” can be used unless an "ExternalEncodingClassReference" is required
as specified in clause 15.1.9.

15.1.12 If the "OptionalNameChanges" is GENERATES, then all the explicitly generated encoding structures are the same
structure as the implicitly generated encoding structures used in their generation, except as specified in 15.1.14.

NOTE — (Tutorial) If, in an EDM module, there are multiple structures with the same simple reference name (whether thése names
ar{se from an imports clause or from a renames clause, or from clashes with built-in classes, or from any combination of fhese),
th¢n a fully-qualified name is used except for references to a built-in class. For implicitly generated structures, thefully-qualified
e always uses the ASN.1 module name. For structures generated by the renames clause in an EDM modulesthe.fUlly-qualified
e is used. This fully-qualified name in the body of this EDM always uses the ASN.1 module name refeteneed by the regnames
use. For structures imported from another EDM module, the fully-qualified name uses the name of that)EBM module. [This is
alfvays unambiguous, as importation is not permitted if an EDM module generates multiple explicitly generated structures with the
same simple reference name.

15.1.13 If "OptionalNameChanges" is "NameChanges", then 15.1.14 still applies, but the'explicitly generated endoding
structpres are further modified as specified in 15.2.

15.1.14 Consider an implicitly generated encoding structure (A say) which contains.an encoding class reference to[some
other [implicitly generated encoding structure (B say). Then:

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

b) Ifthere is no explicitly generated encoding structure corresponding to B, then the reference in the gengrated
encoding structure corresponding to A is a reference to B.

15.2 | Name changes
15.2.1 The "NameChanges" production is:

NameChanges ::=
NameChange
NameChanges ?

NameChange ::=
OriginalClassName
AS
NewClassName
IN
NameChangeDomain

OriginalClassName ::= SimpleDefinedEncodingClass | BuiltinEncodingClassReference
NewClassName ::= encodingclassreference

15.2.2 Each>"NameChanges" specifies that, in the generation of explicitly generated encoding structurgs, all
occurfences of "OriginalClassName" within "NameChangeDomain" in the implicitly generated encoding structurgs are
to belrenamed 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 "ExternalTypeReference" in the ASN.1 type definition shall use the "SimpleDefinedEncodingClass" notation
with the same "modulereference" as the "External TypeReference”. 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 "BuiltinEncodingClassReference™ then the "SimpleDefinedEncodingClass" notation shall be used
with the same "modulereference” as the ASN.1 module that generated the implicitly generated encoding structure.
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15.2.4 When an ELM imports an explicitly generated encoding structure from an EDM, renames clauses in other EDMs
have no effect on the encoding of that structure.

NOTE — This means in practice that all the "coloring” (see 9.16.4) needed for any particular message has to be done in a single
EDM.

15.2.5 The "NewClassName" shall be defined in an encoding class assignment statement (see clause 16) of the form:
<NewClassName> ::= <OriginalClassName>

where "<NewClassName>" and "<originalClassName>" are the names of the new and original classes appearing in
the "NameChanges" production. The assignment shall be in the EDM module with the renames clause.

NOTE - The "<OriginalClassName>" is required to reference a built-in encoding class or an externally generated encoding
structure produced by the renames clause in this module. In case of ambiguity, this will require the use of an external reference in
"<QriginalClassName>"

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

NameChangeDomain ::=
IncludedRegions
Exception ?

Exception ::=
EXCEPT
ExcludedRegions

IncludedRegions ::=
ALL | RegionList

ExcludedRegions ::= RegionList

RegionList ::=
Region "," +

Region ::=
SimpleDefinedEncodingClass |
ComponentReference

ComponentReference ::=
SimpleDefinedEncodingClass,

won

ComponentIdList

ComponentldList ::=
identifier "." &

15.3.2 Each "SimpleDefinedEncodingClass" shall be the name of an implicitly generated encoding structure from the
ASN.JL module referenced by-the "GlobalModuleReference” in the "ExplicitGeneration”. When used in "Regign", it
identifies the whole of that encoding structure definition.

NOTE — The "ExternalEngodingClassReference" form of "SimpleDefinedEncodingClass" is used if the referenced class is derived
frgm a "typereference!’ hame which (when preceded by "#") is a "BuiltinEncodingClassReference™ (see 15.2.3).

15.3.3 Each "identifier" shall be the "identifier" in a "NamedField" of the implicitly generated encoding strlicture
identiffied by the “encodingclassreference” in the "ComponentReference”. The "ComponentReference" identifigs the
entirg definition of the identified component of that encoding structure.

The first "identifier" of the "ComponentldList" shall be an "identifier" in a "NamedField" of the impjicitly

. R - . : ertifies 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 "RegionL.ist".

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 identified by the
"IncludedRegions".
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15.3.8 The "NameChangeDomain" specification identifies the definitions in which the name changes are to be made.
The definitions in the "NameChangeDomain™ are the definitions identified by the "IncludedRegions" which are not also

identi

16

16.1

fied by "ExcludedRegions".

Encoding class assignments

General

16.1.1 The "EncodingClassAssignment™ is:

EncodingClassAssignment ::=
encodingclassreference

16.1.3

as

16.1.1

ar

16.1.4

of|

16.1.1

16.1.6

EncodingClass

The "EncodingClassAssignment™ assigns the "EncodingClass" to the "encodingclassreference”.
DTE — Any "EncodingObject" notation that was valid with "EncodingClass" as a governor is valid with "encodingclassrefe
a governor.

An encoding class is in one of the following categories:

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

¢) The concatenation category (see 16.1.9).

d) The repetition category (see 16.1.10).

e) The optionality category (see 16.1.11).

f)  The tag category (see 16.1.12).

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

DTE — The term encoding constructor is used for any class in thec@lternatives, concatenation, and repetition categories.
P also called the encoding constructor group of categories.

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

DTE — If an encoding class is a tagged class (see 16.2.1),'0r has bounds (see 16.2.6), then the category of the class is the c&
the class with the tag and the bounds removed.

The "EncodingClass" is:

EncodingClass ::=
BuiltinEncodingClassReference
| EncodingStructure

The "BuiltinEncodingClassReference" is:

BuiltinEncodingClassReference ::=
BitfieldClassReference
| AlternativesClassReference
| ConcatenationClassReference
| RepetitionClassReference
| OptionalityClassReference
| TagClassReference
| EncodingProcedureClassReference

16.1.1

Fence"

These

tegory

The "BitfieldClassReference" is:

36

BitfieldClassReference ::=
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#NUL

#BOOL

#INT

#BITS
#OCTETS
#CHARS

#PAD
#BIT-STRING
#BOOLEAN

#CHARACTER-STRING

#EMBEDDED-PDV
#ENUMERATED
#EXTERNAL
#INTEGER

ISO/IEC 8825-3:2021 (E)

#NULL

#OBJECT-IDENTIFIER

|

|

|

|

|

|

|

|

|

|

|

|

|

I

|

| #OCTET-STRING
| #OPEN-TYPE
| #REAL

| #RELATIVE-OID
| #TIME

| #DATE

| #DATE-TIME
| #TIME-OF-DAY
| #DURATION
|

|

|

|

|

|

|

|

|

|

|

|

|

|

#GeneralizedTime

#UTCTime

#ObjectDescriptor

#BMPString
#GeneralString
#GraphicString
#IAS5String
#NumericString

#PrintableString

#TeletexString

#UniversalString

#UTF8String
#VideotexString
#VisibleString

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

16.1.6

16.1.9

16.1.10

The "AlternativesClassReference". is:

AlternativesClassReference(::s
#ALTERNATIVES
| #CHOICE

The "ConcatenationClassReference" is:

ConcatenationClassReference ::=
#CONCATENATION
| #SEQUENCE
| #SET

The"'RepetitionClassReference™ is:

Pppnfifinn(‘laccﬁpfprnnm =

16.1.11

16.1.12

16.1.13

#REPETITION
I #SEQUENCE-OF
| #SET-OF

The "OptionalityClassReference" is:

OptionalityClassReference ::=
#OPTIONAL

The "TagClassReference" is:

TagClassReference ::=
#TAG

The "EncodingProcedureClassReference” is:
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EncodingProcedureClassReference ::=
#TRANSFORM
| #CONDITIONAL-INT
| #CONDITIONAL-REPETITION
| #OUTER

16.1.14 Some of these classes are defined to be primitive, and can only be encoded by encoding objects of their own
class. Others are derived from a primitive class through class assignment statements, and can be de-referenced to these
classes. Their category is that of the class from which they are derived. The following are the primitive classes that each
built-in class is derived from through class assignment statements. When defining encoding objects of derived classes,
any syntax permitted for the corresponding primitive class can be used for the derived class. The third column of the

table gives the category for each of the built-in classes that are not derived from other classes.

Built-in class Derived from

Categorv

#ALTERNATIVES (primitive) alternatives
#BITS (primitive) bitstring
#BIT-STRING #BITS

#BOOL (primitive) boolean

#BOOLEAN #BOOL
#CHARACTER-STRING
#CHARS (primitive) characterstring
#CHOICE #ALTERNATIVES

#CONCATENATION (primitive) concatenation
#CONDITIONAL-INT

#CONDITIONAL-REPETITION (primitive)
#EMBEDDED-PDV (defined using #SEQUENCE)
#ENUMERATED #INT

#EXTERNAL (defined using #SEQUENCE)
#INT (primitive) integer

#INTEGER #INT

#NUL (primitive) null

#NULL #NUL
#OBJECT-IDENTIFIER
#OCTETS (primitive) octetstring
#OCTET-STRING #OCTETS

#OPEN-TYPE (primitive) opentype
#OPTIONAL (primit ix7e) optionality
#OUTER (primitive)-encoding procedure
#PAD (primitivé)) pad

#REAL (primitive) real

#RELATIVE-OID'. #OBJECT-IDENTIFIER

#REPETITION (primitive) repetition
#SEQUENCE #CONCATENATION
#SEQUENCE~OF #REPETITION

#SET #CONCATENATION

#SET-QF #REPETITION
#TAG (primitive) tag
#TIME (primitive) time
#DATE #TIME
#TIME-OF-DAY
#DATE-TIME
#DURATION
#TRANSFORM
#GeneralizedTime
#UTCTime #CHARS
#ObjectDescriptor #CHARS

#TIME
#TIME
#TIME

#CHARS

(defined using #SEQUENCE)

(primitive) encoding procedure

(primitive)/objectidentifier

(primitive) encoding procedure

encoding procedure

#BMPString #CHARS
#GeneralString #CHARS
#GraphicString #CHARS
#IAS5String #CHARS
#NumericString #CHARS
#PrintableString #CHARS
#TeletexString #CHARS
#UniversalString #CHARS
#UTF8String #CHARS
#videotexString #CHARS
#VisibleString #CHARS
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16.2 Encoding structure definition
16.2.1 The "EncodingStructure™ is:

EncodingStructure ::=
TaggedStructure
| UntaggedStructure

TaggedStructure ::=
" ["
TagClass
TagValue ?
” ] ”
UntaggedStructure

ISO/IEC 8825-3:2021 (E)

Untaggedstructure .=
DefinedEncodingClass
| EncodingStructureField
| EncodingStructureDefn

TagClass ::=
DefinedEncodingClass |
TagClassReference

TagValue ::=
" (" number ll) "

16.2.2 An "EncodingStructure” defines a structure-based encoding class using the-notation specified below. | This
notation permits the definition of arbitrary encoding classes using built-in encodingctasses and defined encoding dlasses
(whigh may be generated encoding structures) for bit-fields, encoding constructors, and the encoding procedure classes
in theloptionality category. All classes defined by "EncodingStructure™ are in‘the encoding structure category. (Examples
of anlencoding structure assignment illustrating many of the syntactic structures is given in D.2.8.4 and D.2.2.3 is an

example of the use of #TaG.)

NOTE - The syntax prohibits the specification of a tag class immediately following another tag class in the definition| of an

encoding structure, nor can such structures be produced by multiple textual tags in an ASN.1 type definition (see 11.3.4.1 ¢).
16.2.3 The "DefinedEncodingClass" is specified in 10.9.1 and'shall be a class in the bit-field group of categories|
16.2.4 The "DefinedEncodingClass" in the "TagClass:\shall be a class in the tag category (see 16.1.3).

16.2.% The "number" in "TagValue" specifies a tag.number which is associated with the class in the tag categoryj

16.2.6 The "EncodingStructureField" is:

EncodingStructureField ::=
#NUL
#BOOL
#INT, Bounds?
#BITS Size?
#OCTETS Size?
#CHARS  Size?
#PAD
#BIT-STRING Size?
#BOOLEAN
#CHARACTER-STRING
#EMBEDDED-PDV
#ENUMERATED Bounds?
#EXTERNAL
#INTEGER Bounds-?

#OBJECT-IDENTIFIER
#OCTET-STRING Size?
#OPEN-TYPE

#REAL

#$RELATIVE-OID

#TIME

#DATE

#TIME-OF-DAY
#DATE-TIME
#DURATION
#GeneralizedTime
#UTCTime
#ObjectDescriptor Size?

I
|
I
|
I
J
|
|
I
|
I
|
|
] #NULL
|
|
I
|
I
|
I
|
I
|
I
|
I
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| #BMPString Size?

| #GeneralString Size?

| #GraphicString Size?

| #IA5String Size?

| #NumericString Size?

| #PrintableString Size?
| #TeletexString Size?
| #UniversalString

| #UTF8String Size?
| #VideotexString

| #VisibleString Size?

Size?

Size?

16.2.7 The "EncodingStructureField"s represent all possible bitstring encodings for the corresponding ASN.1 types,

and can be assigned values of those types in a value mapping (see clause 19).

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

#NUL The null value

#BOOL The boolean values
#INT The integer values
#BITS Bitstring values

#OCTETS Octetstring values
#CHARS Character string values
#PAD None

#OBJECT-IDENTIFIER
#OPEN-TYPE Open type values
#REAL Real values
#TIME Time values
#TAG Tag numbers

Object identifier wvalues

NOTE — The #pab field cannot have associated ASN.1 values, and is never visibléoutside the encoding and decoding procgdures.

16.2.9 The "Bounds" and "Size" specify the bounds or effective size.constraint respectively on the abstract valugs 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 aspigned

thyough the value mappings of clause 19.

16.2.10 "Bounds" and "Size" are:

Bounds ::

Size

EffectiveRange ::=

SizeEffectiveRange ::=

MinMax-. \ *

ValueOrMin ::=

="("" EffectiveRange "")""

MinMax
| Fixed

::= "(! SIZE SizeEffectiveRange ")"

" (~EffectiveRange ")"

ValueOrMin

" "

ValueOrMax

SignedNumber |
MIN

ValueOrMax ::=

Fixed :

SignedNumber |
MAX

:= SignedNumber

16.2.11 m1N and Max specify that there is no lower or upper bound respectively. MIN shall not be used in "Size". "Fixed"
means 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 "ValueOrMax" specify lower and upper bounds respectively.
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16.2.12 The "EncodingStructureDefn" is:

EncodingStructureDefn ::=
AlternativesStructure
| RepetitionStructure
| ConcatenationStructure

16.2.13 These encoding structures are defined in the following clauses:

16.3

AlternativesStructure 16.3
RepetitionStructure 16.4
ConcatenationStructure 16.5

Alternative encoding structure

16.3.]

16.3.
in its
mech
objec

16.3.1
as spe
point
16.4
16.4.]

The "AlternativesStructure" is:

AlternativesStructure ::=
AlternativesClass
" { "
NamedFields
" } "

AlternativesClass ::=
DefinedEncodingClass |
AlternativesClassReference

NamedFields ::= NamedField ","" +

NamedField ::=
identifier
EncodingStructure

The "AlternativesStructure" identifies the presence in an encading of precisely one of the "EncodingStruc|
"NamedFields". The "DefinedEncodingClass" shall be a_class in the alternatives category (see 16.1.8).
hnisms used to identify which of the "EncodingStructurels.is present in an encoding are specified by an eng
of the "AlternativesClass".

cified in 13.2, the encoding of the "AlternativesClass" determines the selection of alternatives, and the appli
then proceeds to each of the "EncodingStructure”s in its "NamedFields".

Repetition encoding structure
The "RepetitionStructure™ is:

RepetitionStructure ::=
RepetitionClass
" { "
identifier ?
EnceodingStructure
" } w

Size?

RepetitionClass ::=
DefinedEncodingClass |
RepetitionClassReference

fure"'s
The
oding

The "AlternativesStructure" is an encoding constructor: when an encoding object set is applied to this striicture

cation

16.4.2—The “Repetitionstructure“—Taentifies e Presence im_an encoding  of  TEpeated  OCCUTTENTES 0

the

"EncodingStructure" 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™ are present in an encoding
are specified by an encoding object of the "RepetitionClass" class. The "DefinedEncodingClass" shall be a class in the

repeti

tion 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 in clause 13.2, the encoding of the "RepetitionClass" determines the mechanisms for determining the number
of repetitions, and the application point then proceeds to the "EncodingStructure” in the production.

NOTE — The characters "{" and "}" are used in this construction, but are not present in the related ASN.1 SEQUENCE OF

co

©

nstruction. This was done to help avoid syntactic ambiguities in structure definition.
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16.5

Concatenation encoding structure

16.5.1 The "ConcatenationStructure" is:

16.5.
"Encq
in the

ConcatenationStructure ::=
ConcatenationClass
" { "
ConcatComponents

vv}"

ConcatenationClass ::=
DefinedEncodingClass |
ConcatenationClassReference

ConcatComponents ::=

CTonca EComponent ’ *

ConcatComponent ::=
NamedField
ConcatComponentPresence ?

ConcatComponentPresence ::=
OPTIONAL-ENCODING
OptionalClass

OptionalClass ::=
DefinedEncodingClass |
OptionalityClassReference

The "ConcatenationStructure” identifies the presence in an encoding of<zero or one encodings for each

optiomality category (see 16.1.3).

16.5.
shall

16.5.4
corre

16.5.4
mean
"Con

16.5.4
as sp§
appli

17

17.1
17.1.]

If "ConcatComponentPresence" is absent from a "Component}; then the "EncodingStructure™ in that name
hppear precisely once in the encoding.

| If "ConcatComponentPresence" is present, the mechanism used to determine whether there is an encoding
ponding "EncodingStructure” is specified by the enegding object which encodes the "OptionalClass".

The order in which the encodings of each ‘NamedField" appear in an encoding of the concatenation (a
5 of identifying which "NamedField" an encoding represents) is determined by an encoding object
atenationClass" class.

The "ConcatenationStructure” is an-encoding constructor: when an encoding object is applied to this str
cified in clause 13.2, the encoding, of the "ConcatenationClass" determines the concatenation procedures a
ation point then proceeds to eachrof the "EncodingStructure”s in its named fields.

Encoding objéct assignments

General
The "EncodingObjectAssignment” is:

EncodingObjectAssignment ::=

encodingobjectreference

Df the

dingStructure”s in its "NamedField"s. The "DefinedEncodingClass" in the' "ConcatenationClass" shall be g class
concatenation category (see 16.1.9), and the "DefinedEncodingClass™in the "OptionalClass" shall be a class|in the

g field
of the

d the
f the

mcture
d the

DefinedOrBuiltinEncedingClass
=4

EncodingObject

17.1.2 The "EncodingObjectAssignment™ defines the "encodingobjectreference" as an encoding object reference to the
"EncodingObject”, which is required to be a production which generates an object of the encoding class
"DefinedOrBuiltinEncodingClass". (D.1.2.2, D.1.7.3 and D.1.8.2 provide examples of encoding object assignment for

the di

fferent syntactic constructions for "EncodingObject" specified below.)

17.1.3 The "DefinedOrBuiltinEncodingClass" is called the governor of the "EncodingObject" notation in this

produ

ction.

NOTE 1 - Whenever the "EncodingObject" production appears in ECN, there is a governor, and the syntax of the governed notation

de

42

pends on the encoding class of the governor.
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NOTE 2 — The syntax of the governed notation has been designed so that a parser can find the end of it without knowledge of the
governor.

17.1.4 There shall be no recursive definition (see 3.2.39) of an "encodingobjectreference”, and there shall be no
recursive instantiation (see 3.2.40) of an "encodingobjectreference™ if these recursions lead to an infinite recursion in the
definition of the encoding.

17.1.5 The "EncodingObject" is:

EncodingObject ::=
DefinedEncodingObject
DefinedSyntax
EncodeWith
EncodeByValueMapping

17.1.4

"DefipedEncodingObject” shall be of the same encoding class as the governor, or of a class which ganbe obtained

the gc

17.1.7
interp
or sha

17.1.
mean

17.2

17.2.]
by B.
encod
specil

17.2.
(or of
corre

N

W
en

ap
N

DifferentialEncodeDecodeObject
EncodingOptionsEncodingObject

|
|
|
| EncodeStructure
|
|
| NonECNEncodingObject

"DefinedEncodingObject” identifies an encoding object and is specified in, '10.9.2.

vernor by de-referencing.

In this Recommendation | International Standard, "the same encoding class" and “the same class" sh
reted as meaning that the notation used for defining the two classes shall be the same-éricoding class reference
Il be reference names that de-reference to the same encoding class name.

The remaining productions of "EncodingObject" are defined in the following clauses and provide alter

5 of defining encoding objects of the governor class:
DefinedSyntax 17.2 with clauses 20.t0 25
EncodeWith 17.3
EncodeByValueMapping 17.4
EncodeStructure 17.5

DifferentialEncodeDecodeObject  17.6
EncodingOptionsEncodingObject  17.7
NonECNEnNcodingObject 178

Encoding with a defined syntax

The "DefinedSyntax" production is-specified in Rec. ITU-T X.681 | ISO/IEC 8824-2, 11.5 and 11.6, as mo
| 6 of this Recommendation | International Standard, and is used for the definition of encoding objects for a gove

ied in clause 22.

This notation for defiping-encoding objects is only available for the governing encoding classes in the cate

ponding category or encoding class (specified in clauses 23 to 25).

DTE 1 - The use ofthis Syntax frequently requires the inclusion of a parameter for a determinant. Parameterized encoding
th such parametefs-(possibly included as part of a parameterized encoding object set) are only useful for applicatior]
coding structurg“in an EDM, or for inclusion as encoding objects to be applied as part of a replacement action. They can
plied in the'\ELM.

#s]EQUENCE, and vice versa. Users are expected to be responsible in their use of this notation.

DTE 2¢<.This notation enables users to specify encoding objects which encode #seT in the way PER normally e

The
from

Al be
hame,

native

dified
rning

ing class. The detailed syntax foridoing this is specified in clauses 23 to 25, and the semantics of the constrycts is

jories

the class) listed in Table-3 below. The syntax to be used for each encoding object is the "DefinedSyntax" fpr the

bjects
to an
not be

codes
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17.2.3 The information required (and the syntax to be used) to specify an encoding object of one of.these catego
classds using the "DefinedSyntax" is specified by the definitions in clauses 23 to 25.

17.2.4

of the

17.2.9
"Defi
flag

replag

17.2.6
handl

17.3
17.3.]

17.3.3

17.3.
encog

17.3.4

17.3.4
the aq
defing

17.3.4
encod
(see 1
handl

Table 3 — Categories and classes supported by a defined syntax

null category
boolean category
integer category
bitstring category
octetstring category
characterstring category
pad category
alternatives category
repetition category
concatenation category
optionality category
#CONDITIONAL-INT class
—  #CONDITIONAL-REPETITION cla

tag category
#TRANSFORM class
#OUTER class

"EncodingClassFieldType" notation.

Where the syntax defined in clause 23 requires the provision of a REFERENCE;this can only be supplied
hedSyntax" construction by using a dummy parameter of the encoding object that is being defined or, in the ¢

The "DefinedSyntax" notation specifies whether the encodingobject being defined exhibits an identifi

D

Encoding with encoding object sets

The "EncodeWith" is:

EncodeWith ::=
"{" ENCODE CombinedEncodings "}"

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

The encoding object defined thy ‘the "EncodeWith" is the application of the "CombinedEncodings"
ing class that is the governor (see-17.1.3) of the "EncodeWith" notation.

| It is a specification errortif’this does not produce a complete encoding specification for the governor class

tual parameter supptied in this construction can only be a dummy parameter of the encoding object that is
d.

Call E_the/encoding object (within the "CombinedEncodings") which is applied to the governor class.
ing object.E’exhibits an identification handle (with a given handle value set), then the encoding object being d

a}

ies or

| If a governor for a value of one of the fields appearing in the "DefinedSyntax" is needed for use in a dgmmy
paranpeter list, then the notation "EncodingClassFieldType" (specified in B.17) shall be used.\ No other use shall be

made

in the
hse of

-to-be-used OF flag-to-be-set, by using a reference name that,is(textually present in the definition of a
ement structure. A REFERENCE that is used as a determinant shall not-be the named component of a repetitign.

>

Cation

0 the

If an encoding objéctset in the "CombinedEncodings™ is parameterized with a parameter that is 8 REFERENCE,

being

If the
efined

7.1.5)\exhibits the same identification handle as E (with the same handle value set); otherwise, it does not exfibit a

17.4

Encoding using value mappings

17.4.1 The "EncodeByValueMapping" is:

44
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EncodeByValueMapping ::=
"{"
USE
DefinedOrBuiltinEncodingClass
MAPPING
ValueMapping
WITH
ValueMappingEncodingObjects
"}"

ValueMappingEncodingObjects ::=
EncodingObject
| DefinedOrBuiltinEncodingObjectSet

i The production "DefinedOrBuiltinEncodingClass" and its semantics are defined in 10.9.1. It shall
efined encoding structure or a built-in class in the bit-field group of categories (see 16.1.7).

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

4 The "ValueMappingEncodingObjects" specifies the encoding of the "DefinedOrBuiltinEncodingClass"
‘EncodingObiject” shall define an encoding object using notation governed by that class, er by a class to which

be a

3 The production "ValueMapping" is specified in 19.1.7, and shall be a mapping of values assaciated with the
fning encoding class to the class identified by the "DefinedOrBuiltinEncodingClass". The governingencoding class

The
it can

be dg-referenced (see 17.1.3). The "DefinedOrBuiltinEncodingObjectSet" can alternatively be used to specify the
encoding of the "DefinedOrBuiltinEncodingClass" and shall contain sufficient encoding objects to fully speci
encoding of that class through the application of encodings specified in clause 13.

17.4.

% The syntax for "EncodingObject" allows both in-line definition of encoding objects (recursive application

[y the

pf this

clausg) and the use of reference names. (D.2.9.3 gives an example of in-line\definition to perform two value magpings
in a s{ngle assignment.)

17.4.

& Where the "EncodingObject” requires the provision of.-@)REFERENCE, this can only be supplied i

constfuction by using a dummy parameter of the encoding objecthat is being defined.

17 4.
speci

Where there are bounds or effective size constraints,on fields of the "DefinedOrBuiltinEncodingClass", al

constfaints, then such values are not mapped, and the encoding of such values is not possible. Itisan ECN or appli

error
17.4.

f such values are submitted for encoding.

N this

nd the

fications in clause 19 require values to be mapped.te;those fields that violate the specified bounds or effective size

Cation

8  Call E the encoding object which is agplied to the "DefinedOrBuiltinEncodingClass". If the encoding object E

exhibjts an identification handle (with a given'handle value set), then the encoding object being defined (see 1j7.1.5)
exhibjts the same identification handle as E (with the same handle value set); otherwise, it does not exhibit a handl

N

"HefinedOrBuiltinEncodingObjectSet”.

17.5
17.5.

Encoding an encoding structure
1 The "EncodeStrlcture” is:

EncodeStructure ::=
" { "
ENCODE STRUCTURE
" { n
ComponentEncodingList
StructureEncoding ?

1

DTE — The encoding object E may_be-either the "EncodingObject" in the "ValueMappingEncodingObjects”, or a member of the

n } "
CombinedEncodings ?
n } "
StructureEncoding ::=
STRUCTURED WITH
TagEncoding ?
EncodingOrUseSet

TagEncoding ::= "'["" EncodingOrUseSet "]
EncodingOrUseSet ::=

© ISO/IEC 2021 - All rights reserved Rec. ITU-T X.692 (02/2021)
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EncodingObject |
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.

—oHBHea=RceaHg Ad 6—Be—He5en Ae—aHHeHHeERceaHd aBSeRt—o aHSe—a—Ccoprete—eH &HA .tObe
prpduced. 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 goverpihg endoding
constfuctor (whether from "StructureEncoding” or from "CombinedEncodings™) shall not specify any.'feplacgment
actiors.

17.5.% If the "EncodingOrUseSet" in the "StructureEncoding"” is an "EncodingObject", it shallybe governed Ry the
governing encoding constructor.

17.5.6 If use-sET is specified in any "EncodingOrUseSet", then the encoding of the cotresponding class is objained
by applying the "CombinedEncodings", which shall be present, and shall be sufficient fo‘encode the corresponding|class,
otheryvise the ECN specification is in error.

17.5.1 The "ComponentEncodingList" is:

ComponentEncodingList ::=
ComponentEncoding "," *

ComponentEncoding ::=
NonOptionalComponerntEncodingSpec |
OptionalComponentEncodingSpec

17.5.8 There shall be at most one "ComponentEncoding’; for each component of the governing encoding constructor.
The "ComponentEncoding"s shall be in the same textuahorder.

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

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

17.5.10 If the "ComponentEncodingy for any component is not present in the "ComponentEncodingList", th¢n the
"CompbinedEncodings" shall be ptesent (but see also 17.5.6), and is required, on application to the component (see [L3.2),
to prgvide a complete encoding of that component (possibly including use of dummy parameters), otherwise it is ar] error
in the|l ECN specification.

NonOptionalConponentEncodingSpec ::=
identifier ?
TagAndElementEncoding

OptienalComponentEncodingSpec ::=
identifier
TagAndElementEncoding
OPTIONAL-ENCODING
OptionalEncoding

TagAndElementEncoding ::=
TagEncoding ?
EncodingOrUseSet

OptionalEncoding ::= EncodingOrUseSet

17.5.11 The "identifier" shall be the "identifier" of the component of the governing encoding constructor. The
"identifier" in "NonOptional ComponentEncodingSpec" 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 2 REFERENCE is needed asan actual parameter of any of the encodmg objects or encodmg object sets used in

17.5.16 If the governor is not a constructor in the repetition category, then the first (or only) "identifier" [n the
"ComponentldList" shall be the "identifier" of a textually present "NamedType" (at some level of nesting — see 17]5.17)
of the| construction that is obtained by de-referencing the governor. It identifies the entire definition of that "Named['ype"

17.5.17 If there is more than one such matching identifier, then the chosen matching identifier shall be determirjed by
the fifst match in a scan (in textual order) of the outer-level identifiers, then by a scan \(invtextual order) of the spcond

17.5.18 Each subsequent "identifier" of the "ComponentldList" (if any) shall be an "identifier" in a "NamedType" of
the structure identified by the previous part of the "ComponentldList”, and\identifies the entire definition of that
"NarredType" component, whether it is textually present or not in the definition of the structure identified by the prgvious
part gf the "ComponentldList".

17.5.19 If the governor is a constructor in the repetition category,then the actual parameter for the REFERENCE shall be
a "ComponentldList" whose first "identifier" identifies a component that is textually present in the "EncodingStrufture"
in the|"RepetitionStructure™ obtained by de-referencing the repégtition (see 17.5.17). Subclauses 17.5.17 and 17.5.18 then
apply|
17.5.20 If the REFERENCE is required to identify a container, it can also be supplied as:

a) STRUCTURE (provided the constructorfor the structure being encoded is not an alternatives category)|when
it refers to that structure;

b) ouTeR when it refers to the container of the complete encoding.

NOTE — The "EncodeStructure” is the only production in which REFERENCES can be supplied, except through the use of dummy
parameters or the use of OUTER, or.Wwhere references are in support of £lag-to-be-used or f£lag-to-be-set|in the
deffinition of an encoding object for'a_class in the repetition category which uses replacement.

17.5.21 Determination of whether the encoding object being defined (see 17.1.5) exhibits an identification handlg shall
be dope as follows:

a) if the "TagEncoding" is present in "StructureEncoding”, call E the encoding object which is applied|to the
encoding-Class in the tag category; or

b) ifthe "TagEncoding" is not present in "StructureEncoding"”, call E the encoding object which is applied to
the’governing encoding constructor (this may be either the "EncodingObject" in the "EncodingOrUgeSet"
in the "StructureEncoding", or may be a member of the "CombinedEncodings").

If the|enCoding object E exhibits an identification handle (with a given handle value set), then the encoding objectbeing
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:
DifferentialEncodeDecodeObiject ::=
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" { "
ENCODE-DECODE
SpecForEncoding
DECODE AS IF
SpecForDecoders

" } "
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 IT the encoder had appligd the
"SpedForDecoders".
NOTE 1 — The "SpecForDecoders" is still an encoding specification. It tells decoders to assume that encoders-have usg¢d this
specification.
NOTE 2 — The behaviour of decoders that decode on the assumption that an encoder has used the "SpecForDetoders", but|detect
engoding errors, is not standardized.

17.6.4 The "SpecForEncoding" and the "SpecForDecoders" encoding objects shall not-have been defined Jusing
ENCOPE-DECODE, nor shall any encoding objects used in their definition have been defined using ENCODE-DECODH.

NOTE — This restriction is present because otherwise specification of the meaning of the encode/decode construction would become
mere complex with no added functionality.

17.6.% If the "SpecForEncoding” and the "SpecForDecoders" exhibit the same identification handle with the[same
handle value set, then the encoding object being defined (see 17.1.5) exhibits that identification handle (with the[same
handl value set); otherwise, it does not exhibit a handle.

17.7 Encoding options
17.7.1 The "EncodingOptionsEncodingObject" is:

EncodingOptionsEncodingObject :J=
" { "
OPTIONS
Encoding@ptionsList
WITH AlternativesEncodingObject
" } "

EncodingOptionsList, ::= OrderedEncodingObjectList

AlternativesEncodingObject ::= EncodingObject

17.7.2 The "EncodingOptiopsEncodingObject” specifies that the encoder may encode (subject to 17.7.6) using any of
the "EEncodingObject"s in they"EncodingOptionsList”. These "EncodingObject"s shall all be encoding objects pf the
goverping class.
NOTE — New impletnentations are strongly recommended to encode using the earliest "EncodingObject" in the ordered list|that is
capable of encoding, the abstract value to be encoded (see 17.7.6). The encoding options specification is provided only becpuse it
is hecessary te-reflect options provided in legacy protocols and to support different forms of length encoding for strings. All the
encoding options can, of course, occur when decoding.

17.7.3 The "AlternativesEncodingObject” shall be an encoding object of any class in the alternatives category, and
encodefrsand decoders shall use the encodings and procedures specified by that encoding object as if the encoding options
were encodings Tor alternatives of an Instance of that class. The "AlernativeSEncodingODbject™ shall not contain a
REPLACE specification (see 23.1.1). The DETERMINED BY parameter shall be set to handle, and an identification handle
shall be specified.
NOTE - If the "AlternativesEncodingObject" is parameterized with a reference field parameter, then the "encodingobjectreference™
being defined has to be parameterized with a dummy reference field parameter that is used as the actual parameter for the
"AlternativesEncodingObject”.

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

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

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

NOTE 1 - Itis 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-ETN definition of encoding objects
17.8.1 The "NonECNEncodingObject" is:

17.8.3

NonECNEncodingObject: :=
NON-ECN-BEGIN
AssignedIdentifier
anystringexceptnonecnend
NON-ECN-END

used fo do this is contained in "anystringexceptnonecnend" and is not standardized.

17.8.3 The production "Assignedidentifier" and its semantics is defined in Reci ITU-T X.680 | ISO/IEC 8824-1
as mpdified by A.1 of this Recommendation | International Standard. ItVidentifies the notation used i
"anystringexceptuserdefinedend" to specify the encoding.

17.8.4 If the "empty" alternative of "Assignedldentifier" is used, then'the notation is determined by means outs

this Recommendation | International Standard.

17.8.9

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

17.8.6 An identification handle (with a given handle value set) is exhibited by the encoding object being define
17.1.%) if and only if the "anystringexceptnonecnend' specifies that it does so. The means of such specification
defingd in this Recommendation | International Standard.

18

Encoding object set assignments

18.1 | General
18.1.1 The "EncodingObjectSetAssignment™ is:

EncodingObjectSetAssignment ::=
encodingobjectsetreference
#ENCODINGS
EncodingObjectSet
CompletionClause ?

EncodingObjectSet ::=

The "NonECNEnNcodingObject" shall specify an encoding object of the governorelass (see 17.1.3). The ng

The assignment of object identifiers to any notation for'use in "anystringexceptnonecnend" follows the n

tation

13.1,
n the

de of

prmal

1 (see
is not

DefinedOrBuiltinEncodingObjectSet |
EncodingObjectSetSpec

18.1.2 The "EncodingObjectSet" notation is governed by the reserved word #ENCODINGS, and shall satisfy the
conditions given below.

18.1.3 There shall be no recursive definition (see 3.2.39) of an "encodingobjectsetreference", and there shall be no
recursive instantiation (see 3.2.40) of an "encodingobjectsetreference".

18.1.4 "DefinedOrBuiltinEncodingObjectSet" is defined in 10.9.3.
18.1.5 The "EncodingObjectSetSpec” is:
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18.1.6

EncodingObjectSetSpec ::=
"{"
EncodingObjects UnionMark *
"}"

EncodingObjects ::=
DefinedEncodingObject |
DefinedEncodingObjectSet

UnionMark ::=
n I n I
UNION

sets.

18.1.]
in the

18.1.§

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 objectsin the EDM, §
infport into the ELM for the application of encodings.

“EnecodingObjectSetSpecdefinesan-encoding-objectsetusing-one-ermeore-encoding-objects-ereneedingpbject
Encoding objects forming an encoding object set shall all be of distinct encoding classes, and shallmotbe cjasses
nd for

If "CompletionClause" is present, then the encoding object set defined by "EncodingObjectSetSpgc" is

consiglered to be "PrimaryEncodings” (see 13.2), and the encoding object set assigned to the ’encodingobjectsetrefefence™

is the[combined encoding object set formed as specified in 13.2.

18.2
18.2.]

18.2.7

ISO/IEC 8825-1 and Rec. ITU-T X.691 | ISOHEC 8825-2. The object identifiers for the encoding rules providing
ing object sets are given in Table 4.

NOTE — These Recommendations | International Standards were written before this ECN Recommendation | Intern
Standard, and do not use the encoding,abject terminology. They define, for example, the way an ASN.1 INTEGER or BO(
type is to be encoded. This should-be-interpreted as the definition of an encoding object of class # INTEGER or class #B0O]

encodg

Built-in encoding object sets

The "BuiltinEncodingObjectSetReference™ is:

BuiltinEncodingObjectSetReference ::=
PER-BASIC-ALIGNED
| PER-BASIC-UNALIGNED
| PER-CANONICAL-ALIGNED
| PER-CANONICAL-UNALIGNED
| BER
| CER
| DER

These encoding object set names reference the sets of encoding objects defined by Rec. ITU-T X|690 |
these

tional

LEAN.

Table 4 =Built-in encoding object set names and associated object identifiers

PER-BASIC-ALIGNED {joint-iso-itu-t(2) asnl (1) packed-encoding(3)
basic(0).‘@ligned(0)}

PER-BASIC-UNALIGNED {joint-iso-itu-t(2) asnl(l) packed-encoding(3)
basie(0Q) unaligned(1l)}

PER-CANONICAL-ALIGNED {joint-iso-itu-t(2) asnl(l) packed-encoding(3)
canonical (1) aligned(0)}

PER-CANONICAL-UNALIGNED {joint-iso-itu-t(2) packed-encoding(3)
canonical(l) unaligned(1l)}

BER [Joint-iso-1itu-t(Z2) asnl(l) basic-encoding (1) J
CER {joint-iso-itu-t(2) asnl(l) ber-derived(2) canonical-encoding(0)}
DER {joint-iso-itu-t(2) asnl(l) ber-derived(2)

distinguished-encoding (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
#INT, #BOOL, #NUL, #CHARS, #OCTETS, #BITS, #CONCATENATION. They do not contain encoding objects for
#ALTERNATIVES, #REPETITION, 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 #INT is encoded as a PER-BASIC-UNALIGNED #INTEGER encoding, provided itisbounded. Itisan ECN design
error if the #INT does not have both a lower and an upper bound when this encoding object is applied to the #INT.

18.2.5.2 #BoOL and #NUL are encoded as PER-BASIC-UNALIGNED #BOOLEAN and #NULL respectively.

18.2.5.3 #CHARS, #OCTETS, and #BITS are encoded as PER-BASIC-UNALIGNED UTF8String, #OCTET-STRING, and
TS do

tional
ECN

18.2.¢6 The #0PEN-TYPE encoding objects in the BER, CER, and DER built-in encoding-object sets produgce no
additional encoding for the #OPEN-TYPE class. When these encoding objects are applied(to a class in the opgntype
categpry, it is an ECN specification error if the encodings of the values of the typ€chosen (in an instarjce of
comnjpunication) for use with the #0PEN-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 #OPEN-{TYPE

clgss is always the same as the combined encoding object set applied to the #OPEN-TYPE class as these encoding objects [do not
contain an ENCODED WITH (see 13.2.10.5 and 13.2.9 d).

19 Mapping values

19.1 | General

19.1.1 This clause specifies the syntax for mapping. valtues (and tag numbers) to be encoded by the fields df one
encoding structure (which may be a generated encoding-structure or any other encoding structure) to the fields of afother
encoding structure.
NOTE — The power provided in a single use of thisinotation has been limited (to avoid complexity). More complex mappirjgs can
bel achieved by using multiple instances of "EncedeByValueMapping™ (see 17.4 and the example in D.1.10.2). These mapping
méchanisms can be extended and generalized, but this will not be done unless further user requirements are identified.

19.1.2 In specifying the "EncadeByValueMapping" notation (see 17.4.1) the structure to whicl} the
"DefinedOrBuiltinEncodingClass" in the "EncodingObjectAssignment” (see 17.1.1), of which it is a part, de-refefences
is called the source governor or_the source encoding class (depending on context). The structure to whigh the
"DefinedOrBuiltinEncodingClass" in the "EncodeByValueMapping" itself de-references is called the target goverpor or
the tafget encoding class (depending on context).

19.1.3 If the source.governor has an initial class in the tag category, then the target governor shall have an initial class
in the|tag category.andthe tag number of the class in the source governor is mapped to the tag number of the class|in the
tag cdtegory in the'target governor. If the class in the tag category in the target governor has an associated tag number,
then it is an ECN¥Specification error if this differs from the tag number being mapped from the source governor.

19.1.4 _1fthe source governor does not have an initial class in the tag category, then the target governor is not reTuired
to haye an initial class in the tag category, but if it does, then there shall be a tag number associated with that tag jin 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).

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.
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19.1.7 The "ValueMapping" is:

ValueMapping ::=

MappingByExplicitValues
MappingByMatchingFields
MappingByTransformEncodingObjects
MappingByAbstractValueOrdering
MappingByValueDistribution

| MappingIntToBits

NOTE — All occurrences of this syntax are preceded by the reserved word MAPPING. (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 The "ValueMapping" productions are specified as follows:

MappingBykxplicitValues 19.
MappingByMatchingFields 19.3
MappingByTransformEncodingObjects 19.4
MappingByAbstractValueOrdering 19.5
MappingByValueDistribution 19.6
MappingIntToBits 19.7

NOTE — It is frequently the case that several of the value mappings can be used to define the same encoding, but some will pfoduce
a more obvious or less verbose specification than others. ECN designers should select carefully the fotm of value mapping to be
usgd.
19.2 | Mapping by explicit values
19.2.1 This clause provides notation for specifying the mapping of values between different primitive bit-field endoding
classgs. (D.1.10.2 gives an example.)
19.2.2 This clause uses the notation for ASN.1 values (ASN.1 value notation) specified in Rec. ITU-T X.680 | ISQ/IEC
882441 for the type which corresponds to an encoding class.
19.2.3 Table 5 specifies the ASN.1 value notation to be used with each governing encoding class. In each case thg class
may @gr may not have an associated size or value range constraint.
19.2.4 ECN supports mapping by explicit values (either-to*or from the encoding class) for all encoding classes fin the
categpries listed in column 1 of Table 5. Column 2 of the table specifies the value notation (as either an ASN.1 produiction
or by|reference to a clause of Rec. ITU-T X.680 | ISQ/IEC 8824-1 or both) that shall be used when an encoding class in
the category listed in column 1 is specified as the governor of the notation. It also specifies the clause in Rec. ITU-T
X.680Q | ISO/IEC 8824-1 that defines the value notation.
NOTE — None of the following ASN.1 value hotations can use "DefinedValue"s (as defined in Rec. ITU-T X.680 | ISO/IEC 8824-1,
14 1) because "valuereference"s cannot beimported nor defined in an EDM or ELM module.
Table 5 — Categories of éncoding classes and value notation used in mapping by explicit values
Category of governing encoding class ASN.1 value notation
bitstring "bstring"* or "hstring"
(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.10 and 12.12)
boolean "BooleanValue"
(see Rec. 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"
(see Rec. ITU-T X.680 | ISO/IEC 8824-1, 38.3.2)
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19.2.5 The "MappingByExplicitValues" is:

MappingByExplicitValues ::=
VALUES
" { "
MappedValues "," +
" } "

MappedValues ::=
MappedValuel
TO
MappedValue2

MappedValuel ::= Value

19.2.6
value

mapp
19.2.1

target,

19.3

19.3.]
encod

19.3.

19.3.1
encog

A Lol a LW |
viappcuvaracz—. . = varac

The "MappedValuel" shall be value notation governed by the source governor and "MappedValue2” sh
notation governed by the target governor (see 19.1.2). The value in the source specified by "MappedValu
bd to the value in the target specified by "MappedValue2".

It is an ECN specification error if "MappedValue2" is a value which violates a bound or(Sjze constraint

Mapping by matching fields

This mapping is provided primarily to enable the encoding of an ASN.1 type.te-be defined as the encoding
ing structure that has fields corresponding to the components of the type, but also has added fields for determi

The "MappingByMatchingFields" is:

MappingByMatchingFields ::=
FIELDS

If either the source or the target encoding classes are user-defined encoding structures (see 9.2.2.3) or gen
ing structures, then these references are resolved until the source and target start with an encoding construct

this encoding constructor in the target is in the repetitions category, then de-referencing of the component of this repg

encod
result]

19.3.4
"Defi
specif

19.3.4
const

ing constructor is performed until the componentCstarts with an encoding constructor. References with
ng structures are not resolved.

| The effect of the possible presence (of” classes in the tag category on the initial de-referenci
hedOrBuiltinEncodingClass" names in thé.source and target was fully specified in 19.1.3 to 19.1.5. It is an
ication error if further initial classes if the tag category are introduced by the application of 19.3.3.

After the application of 19.3,3,\the source and the target encoding classes shall start with the same eng
uctor. This shall be either an éngoding constructor in the concatenation category, or an encoding constructor

repetitions category. If this encoding constructor is in the repetitions category, then its component in the target sha

class
the sq

19.3.6
to the

N
in

19.3.]

n the concatenation catégory. For the purposes of this subclause 19.3, the resulting encoding structures are
urce and target encoding structures respectively.

The fieldnamés of the (top-level) components of the encoding constructor produced by the application of
source are called-the source fields.

DTE — SourCeyfields are restricted to the top-level fields of a concatenation or the component of a repetition. This restrig
posed to-ease’ implementation of ECN, and could be relaxed in the future.

The fieldnames of the components of the encoding constructor in the concatenation categories produced

appli

all be
1" is

in the

of an
hants.

prated
pr. If
tition
n the

ng of
ECN

oding
in the
I bea
called

19.3.3
tion is

by the

ation 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.

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

©

ISO/IEC 2021 - All rights reserved Rec. ITU-T X.692 (02/2021)

53


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

ISO/IEC 8825-3:2021 (E)

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 humber associated with that tag in the
definition of the matching target field.

19.3.12 Apart from the presence or absence of classes in the tag category and optionality categories (as specified in
19.3.9 to 19.3.11), the matching target field and the source field shall have the same encoding class (see 17.1.7) or shall
be defined using the same sequence of lexical items, ignoring comment and whitespace and bounds specifications.

19.3.13 All abstract values are mapped from each of the source fields to the matching target fields. Additional fields in
the target encoding structure do not acquire abstract values. In a correct ECN specification, the value of such fields has
to be specified by reference as a determinant.

19.3.14 If the source and target encoding constructors are classes in the repetition category, then the number of repelitions
in the abstract value associated with the source encoding structure is mapped to the number of repetitions inythe ftarget
encoding structure.

19.3.15 If a source field has an associated contents constraint, this is mapped as an associated contents constraint fto the
matching target field.

19.3.16 If, due to the presence of bounds or size constraints, there are values in the source(field that are not present in
the mptching target field, then 17.4.7 shall apply.

19.4 | Mapping by #TRaNSFORM encoding objects
19.4.1 This mapping permits one or more #TRANSFORM encoding objects to be.applied to produce the mapping.

19.4.2 The #TRANSFORM encoding class is defined in clause 24. It enables/encoding objects to be specified which will
transform source abstract values into result abstract values. The rulesfor forming an ordered list of transforms (for
"OrdgredTransformList") are specified in clause 24. The completedistis defined to transform from a source to a rgsult.

NOTE — Examples of mappings defined with these transforms are given in D.1.2.2 and D.2.4.2. The example in D.1.6.3 shaws the
usp of this production to define BCD encodings of an ASN.1 integer:

19.4.3 The "MappingByTransformEncodingObjects” is:

MappingByTransformEncoding@bjects ::=

TRANSFORMS

n { n

OrderedTransformList

n } ™
OrderedTransformlist ::= Transform "," +
Transform . :='EncodingObject

19.4.4  All the "EncodingQbject"s in the "Ordered TransformList" shall be governed by the encoding class #TRANSFORM.

19.4.% The target and source classes for this mapping (see 19.1.2) shall be of the bitstring, boolean, charactergtring,
integer, or octetstring category. The source of the first transform in the list and the result of the last transform in the list
shall ggree with/the category of the source and target categories as specified in 24.2.7.

19.4.6 Itis.an ECN specification or application error if any "Transform™ in the "OrderedTransformList" is not reversible
for thp 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.

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 #INT. 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.
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19.5.2 The "MappingByAbstractValueOrdering" is:

MappingByAbstractValueOrdering ::=
ORDERED 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 A finite set of ordered abstract values is defined for encoding classes in the following categories:

a) null;

- haalean-
H—B00teah 0

c) bounded integer;

d) real constrained to a finite number of values;

e) an encoding structure defined using the alternatives category, provided that all of the alternative§ have
a finite ordering defined,;

f) an encoding structure defined using the concatenation category that haS-a”’single non-optional
component, provided that the component has a finite ordering defined.

19.5.4.2 An infinite set of ordered abstract values is defined for encoding classes in the follewing categories:
a) integer, constrained to have a finite lower bound,;

b) an encoding structure defined using the alternatives category, provided that all of the alternatives gxcept
the last are defined to have a finite set of ordered values, and the last alternative is defined to hgve an
infinite set of ordered values;

c) an encoding structure defined using the concatenation catégory that has a single non-optional comppnent,
provided that the component is defined to have an infinjte set of ordered abstract values.

19.5.% Classes in the null category have a single abstract valug:’ Classes in the boolean category are defined td have
TRUE |before FALSE. Classes in the integer category are defined to have higher integer values following lower integer
value. Classes in the real category are defined to have higher values following lower values.

NOTE — The number of abstract values associated with a-class in the integer category is not necessarily finite.

19.5.6 Any bounds present in the source or destination shall be taken fully into account in determining the ordergd set
of abgtract values.

19.5.1 The ordering of the abstract valugstassociated with a class in the alternatives category (all of whose alterngtives
have & defined ordering of abstract valués) is defined to be the (ordered) abstract values from the textually first alterrjative,
followed by those from the textuallyseeond alternative, and so on to the textually last alternative.

19.5.8 The ordering of the abstract values associated with a class in the concatenation category that has a pingle
non-dptional 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 spcond
encoding class by theirpaosition 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 yalue.
Therd need notbe’a defined last value (either or both sets may be infinite).

19.5.11 _4fthe number of abstract values in the destination ordering is less than the number of abstract values in the Jource
order|ng._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.

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.
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19.6 Mapping by value distribution

19.6.1 This mapping takes ranges of values from an encoding class in the integer category, mapping each range to a
different integer field in a more complex encoding structure. Fields which receive no abstract values shall have their
values determined by the application of determinants.

19.6.2 All encoding structure names are de-referenced (recursively) before the application of this mapping.

19.6.3 The source encoding class shall then be a class in the integer category, possibly with a preceding class in the tag
category which is mapped according to 19.1.3 to 19.1.5.

19.6.4 The target encoding class may be any encoding structure of the concatenation category where all the components
are optional, or of the alternatives category, and may contain classes in the tag category, but all fieldnames in the entire
encoding structure shall be distinct, and all classes in the tag category in the target (except those mapped by 19.6.3) shall
have g Tag number In their definition and are otNerwise ignored N the mapping.

19.6.% Values shall be mapped only to fields defined at the top-level of the target structure that are classes in-the ipteger
categgry, possibly preceded by classes in the tag category (see 19.6.4), and possibly with bounds.

19.6.¢ The "MappingByValueDistribution™ is:

MappingByValueDistribution ::=
DISTRIBUTION
" { "
Distribution "," +

n}n

Distribution ::=
SelectedValues
TO
identifier

SelectedValues ::=
SelectedValue
| DistributionRange
| REMAINDER

DistributionRange ::=
DistributionRangeValuel

" "

DistributionRangeValue2
SelectedValue ::= SignedNumber

DistributionRangeValuel ::= SignedNumber
DistributionRangeValue2 ::= SignedNumber

19.6.7 "SignedNumber" is spegified 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 eqpal to
"DistributionRangeMaluel" and less than or equal to "DistributionRangeValue2", are mapped to the field specified by
"identifier".
19.6.10 Thereserved word REMAINDER shall only be used once for the last "SelectedValues", and specifies all aljstract
valuep 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.

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.
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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

(possi

bly 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

5 and

d and

category.
19.7.3 The destination encoding class shall be a class in the bitstring category, possibly preceded by classes in the tag
category.
19.7.4 Classesin the tag category are mapped as Specitied in 19.1.3 10 19.1.5.
19.7.% The "MappingIntToBits" is:
MappingIntToBits ::=

TO BITS

" { "

MappedIntToBits "," +

" } "

MappedIntToBits ::=

SingleIntValMap |

IntValRangeMap
19.7.6 Each "SingleIntValMap" maps a single integer value to a single bitstring value.
19.7.7 Each "IntValRangeMap" maps a range of contiguous and increasing integer values to a range of contiguodis and
incregsing bitstring values.
19.7.8 Bitstring values are defined to be contiguous if:

a) They are all the same length in bits.
b) When interpreted as a positive integer value, the corresponding integer values are contiguou
increasing integer values.

19.7.9 Only values specified in the mapping are.encodable. Other abstract values of the source are not mappg
canngt be encoded by the encoding object defined-by the encoding object assignment using this construct. It is an

or application error if such values are presented.to an encoder.

N
in

19.7.1

DTE — This limitation of the encoding should'be reflected by constraints on the ASN.1 type to which it is applied, or by co
the ASN.1 specification.

0 The "SingleIntValMap" js:

SinglelIntValMap ::=
IntValue
TO
BitValue

IntvValue ::= SignedNumber
BitValue ::=

bstring

hstring

ECN

nment

19.7.
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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 ::=
IntRange
TO
BitRange

IntRange ::=
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IntRangeValuel

" "

IntRangeValue2

BitRange ::=
BitRangeValuel

BitRangeValue2
IntRangeValuel ::= SignedNumber
IntRangeValue2 ::= SignedNumber

BitRangeValuel ::=
bstring |

hstxring
b

19.7.
19.7.]

19.7.1
"BitR

say),
('B"

19.7.1

19.7.]
the "H

19.7.

20
20.1

BitRangeValue2 ::=
bstring |
hstring

14 The bitstrings "BitRangeValuel" and "BitRangeValue2" shall be the same number of bits,

5 The value "IntRangeValue2" shall be greater than the value "IntRangeValuel".

6 When interpreted as a positive integer encoding (see Rec. ITU-T X.69Q” \ISO/IEC 8825-1, ¢
angeValue2" shall represent an integer value ("B", say) greater than that represented-by "BitRangeValuel®
and the difference between the integer values corresponding to "BitRangeValue2" and "BitRangeVa
"A") shall equal the difference between the values of "IntRangeValue2" and*IntRangeValuel".

7 The "BitRange" represents the ordered set of bitstrings corresponding to-the integer values between "A" an

8 The "IntValRangeMap" maps each of the integers in the specified.range to the corresponding bitstring va
itRange". (Annex E gives examples of an "IntValRangeMap".)

19 Itis an ECN specification error if any "BitRange" includes‘avalue which violates a size constraint on the {

Defining encoding objects using defined syntax

Clauses 21 to 25 specify the information_needed to define encoding objects for each encoding class cats

and the syntax to be used. This syntax is called thedefined syntax, and is specified using the information object

notati

20.2
of tha
aclag

20.3
Intern

20.4
defin

20.5
with {
use o

The defined syntax for each category can also be used to define encoding objects for structures which are ¢
t category, preceded by one or more instances of a class in the tag category. Where the following text require
5 be in a specified category, this‘includes the case where the class is preceded by a class in the tag category.

The use of the modified”information object class notation is solely for use within this Recommendd
ational Standard.

The use of the.defined syntax notation to define encoding objects is specified in 17.2. The defined synt
ng encoding objects shall be the syntax specified by the WITH syNTAx statements in clauses 23 to 25.

3.3),
(A"
luel”

i "B".

lue in

arget.

gory,
class

ion of Rec. ITU-T X.681 | ISO/IEC 88242 @s modified by Annex B of this Recommendation | International Stapdard.

asses
s that

tion |

hx for

The wITH SYNTAX statements impose constraints on the values of some encoding properties, in conjumction
he values-of other encoding properties, to enforce some (but not all) semantic constraints. Other constraints
theWITH SYNTAX statements are specified in text.

bn the

20.6

with values of the ASN.1 types deflned 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

NOTE — This differs from the use of a WITH 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 WITH SYNTAX statement used to set those values (see B.15).

20.7

58

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.
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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 "unit" typeis:
Unit ::= INTEGER

{repetitions (0), bit(1l), nibble(4), octet(8), wordlé6(1l6),
dword32(32)} (0..256)

21.1.2  The default value for this type is always bit.

21.1.3 Anencoding property of this type specifies the unit in which other encoding properties or determinant fields are
counting.

21.1.4 The value of an encoding property of this type is restricted in all casesbut one to the non-zero values. Inthese
cases|the encoding property specifies a number of bits. That number of bits determines the unit in which other endoding
propefrties or determinant fields are counting.

21.1.% When used in the definition of an encoding object of a class.ifithe repetition category, the value repetitions
is alsg allowed, and specifies that the associated count gives the number of repetitions in the encoding.

21.2 | The EncodingSpaceSize type

21.2.1 The "EncodingSpaceSize" type is:

EncodingSpaceSize ::= INTEGER
{ encoder-option-with-determinant(-3),
variable-with-determinant (-2),
self-delimiting-values (-1),
fixed-to-max (00} (-3..MAX)

21.2.2 The default value for thistype is always self-delimiting-values.
21.2.3 An 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 "unit" multipl{ed by
the v3lue of type "EncédingSpacesSize"”, in bits. If the value of type "Unit" is "repetitions", then the engoding
space|size may be variable (since the encoding space needed for each component may be different), but is always that
fixed jnumber ofrepetitions, 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.% The value "encoder-option-with-determinant" specifies that the size of the encoding space may vary
accorfling to the abstract value being encoded, and that the encoder shall choose the encoding space size, recordifng the
chosen size in the associated determinant. In this case, a value of type "EncodingSpaceDetermination" (see 21.3) or
"RepetitionSpaceDetermination" (See 21.7) is required.
NOTE — A value of type "EncodingSpaceDetermination" or "RepetitionSpaceDetermination” (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 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 "variable-with-determinant" specifies that the size of the encoding space may vary according
to the abstract value being encoded. In this case, a value of type "EncodingSpaceDetermination” (See 21.3) or
"RepetitionSpaceDetermination” (See 21.7) is required (to provide a precise means of determining the size of the
encoding space).

© ISO/IEC 2021 - All rights reserved Rec. ITU-T X.692 (02/2021) 59


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

ISO/IEC 8825-3:2021 (E)

21.2.7 The value "self-delimiting-values" specifies that the value encoding is self-delimiting, that is, each value
encodes into a multiple of the specified value of type "unit". 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 "fixed-to-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 "unit" that can contain the
specified encoding of any one (all) of the abstract values. This value shall not be used if the abstract value to be encoded
into the encoding space is an abstract value associated with a class in the concatenation (see 23.5.2.3) or repetition
category (see 23.14.2.5).
NOTE 1 — A special case is when there is a single abstract value whose value encoding is zero bits. This results in an empty
engoding space (zero bits).

NOTE 2 — If such a specification is applied when a maximum size cannot be determined (for example, for encoding art unbqunded
infeger), this is an ECN specification error, but conforming encoders are required to refuse to generate encodings imsuch cases.

21.3 | The EncodingSpaceDetermination type

21.3.1 The "EncodingSpaceDetermination" type is:

EncodingSpaceDetermination ::= ENUMERATED
{field-to-be-set, field-to-be-used, container}

21.3.2  The default value for this type is always "field-to-be-set".

21.3.3 Anencoding property of this type specifies the way in which the encoding space is determined when an endoding
property of type "EncodingSpaceSize" (see 21.2) is set 0/ "variable-with-determinant| oOr
"encdder-option-with-determinant".

21.3.4 The value "field-to-be-set" requires the specification of‘a REFERENCE to a field that will be set iy the
encoder to carry length information, and used by a decoder. The encoding specification determines how an encodgr is to
set the value of this field from the size (in encoding space units)<of the encoding space. If a field is set more thar] once
through the use of "field-to-be-set" Or "flag-to-be-set" (see 21.7), then it is an ECN specification |or an
appligation error if different values are produced by the different encoding procedures, and encoders shall not geperate
encodings in this case.

21.3.% The value "field-to-be-used" requires the specification of a REFERENCE to a field whose value may pe set
from fhe abstract syntax (i.e., a corresponding-field appears within the ASN.1 specification) or may be set by some|other
encoder actions invoked by "field-to-bel-set" Or "flag-to-be-set". The encoding specification determines how a
decoder is to obtain the size of the encodinhg space from the value of this field. A conforming encoder shall not prpduce
encodings in which the decoder's tranSforms of this field do not correctly identify the end of the encoding space.

21.3.6 The value "container” requires either the specification of a REFERENCE to another field whose encoding class
(the cpntainer) has a length determinant and whose contents include this encoding space, or of a specification that the end
of thd PDU determines the.end of the encoding space (using OUTER). The encoding space terminates when the specified
contajner terminates or-when the end of the PDU is encountered. This specification can only be used if the engoding
space|of the element/being encoded is the last encoding to be placed in the container.

NOTE — It is an'EEN encoder's error (possibly resulting from an ECN specification or application error) if additional encpdings
ar¢ placed inthe/container.

21.4 | The UnusedBitsDetermination type

21.4.1 The "UnusedBitsDetermination" type is:

UnusedBitsDetermination ::= ENUMERATED
{field-to-be-set, field-to-be-used, not-needed}

21.4.2 The default value for this type is always "field-to-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.

21.4.4 The value "field-to-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 "field-to-be-set" Or "flag-to-be-set" (see 21.7), then it is an ECN

60 Rec. ITU-T X.692 (02/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

ISO/IEC 8825-3:2021 (E)

specification or an application error if different values are produced by the different encoding procedures, and encoders
shall not generate encodings in this case.

21.45 The value "field-to-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 "field-to-be-set" or "flag-to-be-set". The encoding specification determines how a
decoder is to determine the number of unused bits 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 number of unused bits.

21.4.6 The value "not-needed" identifies that a decoder does not require an explicit determinant in order to discover
the number of unused bits. The number of unused bits will be deducible from the encoding specification without
knowledge of the actual abstract value that has been encoded. This determination is described for each value encoding.

21.5| The optionalityDetermination type

21.5.1 The "oOptionalityDetermination" type is:

OptionalityDetermination ::= ENUMERATED
{field-to-be-set, field-to-be-used, container, handle, pointer}

21.5.2 The default value for this type is always "field-to-be-set".

21.5.3 An encoding property of this type specifies the way in which the presence or absence-of an optional comgonent
is determined.

2154 The value "field-to-be-set" requires the specification of a REFERENCE, 10 a field that will be set py the
encoder to carry optionality information, and used by a decoder. The ECN spegification will also include an engoding
propelrty that specifies how an encoder is to set the value of this field from a conceptual boolean value which is trugif the
optiomal component is present and false if the optional component is absentIf a field is set more than once through the
use of "field-to-be-set" Or "flag-to-be-set" (See 21.7), then it iS,an"ECN specification or an application efror if
differpnt values are produced by the different encoding procedures, anghencoders shall not generate encodings in thig case.

21.5.% The value "field-to-be-used" requires the specification of a REFERENCE to a field whose value may pe set
from fhe abstract syntax (i.e., a corresponding field appears within the ASN.1 specification) or may be set by some|other
encoder actions invoked by "field-to-be-set" Or "flag=to-be-set". The specification will also include an endoding

that

Il be

may Re a.€omponent of the concatenation containing the optional component, or may be an encoding class followipg the
concgtenation. The handle value sets specified by all the involved encoding objects (exhibiting the same identifigation
handle)yshaltattbe 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).

21.5.8 If 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 "pointer" requires the specification of a start-of-encoding REFERENCE to another field. If that 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)
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21.6 The AlternativeDetermination type

21.6.1 The "AlternativeDetermination" type is:

AlternativeDetermination ::=
ENUMERATED {field-to-be-set, field-to-be-used, handle}

21.6.2 The default value for this type is always "field-to-be-set".

21.6.3 An encoding property of this type specifies the way in which a decoder determines which alternative is present
in an encoding of a class in the alternatives category.

21.6.4 The value "field-to-be-set" requires the specification of a REFERENCE to a field that will be set by the
encoder to carry |nf0rmat|on |dent|fy|ng an alternative and used by a decoder The specmcation WI|| also include an

if different values are produced by the different encoding procedures, and encoders shall not generate encadings in this

21.6.% The value "field-to-be-used" requires the specification of a REFERENCE to a field whasé value may pe set
from fhe abstract syntax (i.e., a corresponding field appears within the ASN.1 specification) or may be set by some|other
encoder actions invoked by "field-to-be-set" Or "flag-to-be-set". The specification will also include an endoding
propelrty that specifies how a decoder is to determine (from the value of the referenced field)y a conceptual integer{value
whicl} identifies the alternative (using an order specified in other encoding properties)y

21.6.6  The value "handle" requires that an identification handle be specified:\This identification handle shall be
exhibjted by the encoding objects applied to each of the alternatives in the construction defined by the class |n the
alterngtives category. The handle value sets specified by those encoding objects shall all be disjoint. (Violation ¢f this
rule if an ECN specification error, and conforming encoders are requiredhnot to generate encodings where this fule is
violated.)

21.6.7 A decoder shall determine the alternative that is present by decoding the remaining parts of the encodjng to
produce a value for the specified identification handle. The alternative whose handle value set matches this valuelis the
alternitive that is present. If the end of any open container_(or-the end of the PDU) is reached before the identifitation
handlg can be decoded, or if the value of the identification-handle does not match the handle value set of any alterrjative,
then this is an encoding error.

NOTE — Every abstract value of a given alternative is required to have a handle value matching the handle value set of the altefnative
(sge 22.9.2.2).

21.7| The rRepetitionSpaceDetermination type

21.7.1 The "RepetitionSpaceDetermination" type is:

RepetitionSpaceDetermination ::= ENUMERATED
{field-totbe-set, field-to-be-used, flag-to-be-set, flag-to-be-used,
containe®, pattern, handle, not-needed}

21.7.2 The default valueor this type is always "field-to-be-set".

21.7.3 Anencoding property of this type specifies the way in which a decoder determines the end of the encoding|space
in an encoding Jof a class in the repetition category. It replaces use of an encoding property of| type
Enc¢dingSpaceDetermination" in the encoding of repetitions.

21.7.4 CThe value "field—to—be—set" requires the specification of a REFERENCE to a field that will be set y the

how
an encoder is to set the value of this field from the size (|n repetition space units) of the repetition space. If a field is set
more than once through the use of "field-to-be-set" Or "flag-to-be-set", 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.

21.7.5 The value "field-to-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 "field-to-be-set" Or "flag-to-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.
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21.7.6 The value "flag-to-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 "£1lag-to-be-set" or "field-
to-be-set", 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.

21.7.7 The value "flag-to-be-used" requires the specification of a REFERENCE to a field that is part of the repeated
element and whose value may be set from the abstract syntax (i.e., a corresponding field appears within the ASN.1
specification) or may be set by some other encoder actions invoked by "flag-to-be-set"” Or "field-to-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 otherwise. A conforming encoder shall not

produce_encodings in which the decoder's transforms of this field do not correctly identify the last element of the
repetition.

21.7.8 The value "container" requires either the specification of a REFERENCE to another field whose ercoding class
(the cpntainer) has a length determinant and whose contents include the encoding class in the repetitioncategory, qr of a
specification (using ouTER) that the end of the PDU determines the end of the repetitions. The repetitions terminatelwhen
the specified container terminates or when, following the complete encoding of one repetition, the end of the PPU is
encoyntered.

NOTE — This specification can only be used if the encoding of the (repetition category) class is the last encoding to be pldced in

th¢ container. It is an ECN specification error if additional encodings are placed in the containér; but conforming encoderg shall
ngt generate such encodings.

21.7.9 The value "pattern" specifies that some specified pattern of bits (see 21.10) will terminate the repetitigns. In
this cpse additional encoding properties will require the insertion by an encoder.of. a specified pattern, and the detgction
of thip pattern by a decoder. It is an ECN specification error if the encoding’of the pattern can be the initial part pf the
encoding of an abstract value of a repetition. A conforming encoder shall detect such errors and shall not geperate
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 "handle" requires that an identification handle be specified. This identification handle shall be
exhibjted both by the encoding object applied to the component being repeated, and by the encoding object appljed to
each possible (taking account of optionality) following encoding class. The handle value sets specified by those endoding
objects shall all be disjoint.

NOTE — Every abstract value of a given component(is required to have a handle value matching the handle value set|of the
component (see 22.9.2.2).

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

NOTE - It is an ECN specification error (which shall be detected and blocked by encoders) if this encoding is specified gnd the
nuUmber of repetitions are not so restricted; or if the application violates that restriction.

21.8| The Justification type

21.8.1 The "Justification" type is:

Justification ::= CHOICE
{ left INTEGER (0. .MAX),
right INTEGER (0..MAX)}

21.8.2 The'default value for this type is always "right:0"

21.8.3 ~An encoding property of this type specifies right or left justification of the encoding of a value withjn the

encodiracspace—with-an-offset-in-bits-from-the-ends-of the-encoding-space
Hg-Sp —AHR-aH-eHSeHRHHSHOG R RG 3 RGEEHIG-SP -

21.8.4 The "1eft" 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 "right" 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.
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21.8.6 The setting of the bits (if any) before or after the value encoding is determined by encoding properties of type
"Padding” and "Pattern” (see 21.9 and 21.10).

21.9 The Padding type
21.9.1 The "Padding" type is:

Padding ::= ENUMERATED {zero, one, pattern, encoder-option}
21.9.2 The default value for an encoding property of this type is always "zero".

21.9.3 Anencoding property of this type specifies details of the padding for pre-padding, for classes in the pad category,
and for the post-padding of a PDU specified in the #0UTER encoding class.

21.9.4 Trthe value 1s "zero", then the padding Is with zero Dits.
21.9.% If the 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 encoding property of type "Pattéern™ (see 21.10).

21.9.7 If the value is "encoder-option", then the encoder freely chooses the bit values.

21.1¢ The Pattern and Non-Null-Pattern types

21.10{1 The "Pattern” type is:

Pattern ::= CHOICE
{bits BIT STRING,
octets OCTET STRING,
char8 IASString,
charlé BMPString,
char32 UniversalString,
any-of-length INTEGER (2. rMAX),
different ENUMERATED {any} }

21.10{2 The "Non-Null-Pattern" type is:

Non-Null-Pattern ::= Pattern
(ALL EXCEPT (bits:''B | octets:''H | char8:"" | charlé6:""
char32:""))

21.1013 The default value for an encoding property of this type is always "bits: '0'B".

21.10{4 The "bits" or "octets" alternative’specifies a pattern of length and value equal to the given bitstring of octet
string| respectively.

21.105 The "char8" alternative specifies a (multiple of 8-bits) pattern where each character in the given string is
convdrted to its ISO/IEC 10646-value as an 8-bit value.

21.1016 The "char1é" alternative specifies a (multiple of 16-bits) pattern where each character in the given stiing is
convqrted to its ISO/IEC\10646 value as a 16-bit value.

21.1017 The "chax32" alternative specifies a (multiple of 32-bits) pattern where each character in the given striiing is
convqrted to its1SO/IEC 10646 value as a 32-bit value.

21.108 The*any-of-length" alternative specifies a size for the pattern. The actual value of the pattern is an encpder's
optiovll.
21.10.9 The "different:any" value is permitted only when there is another encoding property of type "Pattern” in
the same encoding property group. In this case, either (but not both) of the encoding properties of type "Pattern" can
be set to "different:any". The "different: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.

21.10.10When used for pre-padding and for justification (but not for other uses), the "Non-Null-Pattern" 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 "different:any" value of type "Pattern" 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 "different:any" can be
used to specify the pattern for the other boolean value (FALSE in this case). When used in this way, "different:any"
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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 The rRangeCondition type

21.11.1 The "RangeCondition" type is:

21.11
21.11

existgnce and nature of bounds on the integer values associated with an encoding class in the integer Category.

21.11
condi

21.11
provi
provi

21.12
21.12

21.12

RangeCondition ::= ENUMERATED
{ unbounded-or-no-lower-bound,
semi-bounded-with-negatives,
bounded-with-negatives,
semi-bounded-without-negatives,
bounded-without-negatives,
test-lower-bound

test-upper-bound,
test-range}

2 The default value for an encoding property of this type is always "unbounded-or-no-lower-bound".

3 An encoding property of type "RangeCondition" is used in the specification of a predicate which teg

4 The predicate is satisfied for each of the first five enumeration values of 21.11.1 {f and only if the foll
fions are satisfied by the bounds on the encoding class in the integer category:

no lower bound.
b) semi-bounded-with-negatives: there isa lower bound that is’less than zero, but no upper boun
C) bounded-with-negatives: there is a lower bound that isdess than zero, and an upper bound.

d) semi-bounded-without-negatives: there isa lower béund that is greater than or equal to zero,
upper bound.

€) bounded-without-negatives: there isa lower bound that is greater than or equal to zero, and an
bound

DTE — For any given set of bounds, exactly one predicate will be satisfied.

5 If the last three enumeration values of 21.11.Tare used, a value of the "Comparison" type (see 21.12) sh
ed, together with an integer comparator, Value. If the other enumeration values are used, these shall
fed.

The Comparison type

1 The "Comparison" type.is:

Comparison ::= ENUMERATED
{equal-to,
not-equal-to,
greater-than,
léss<than,
greater-than-or-equal-to,
less-than-or-equal-to}

2 _There is no default value for an encoding property of this type.

ts the

bwing

a) unbounded-or-no-lower-bound: either there are no bounds, or elsé there is only an upper bournd but

but no

Lpper

all be
ot be

21.12

32An encoding property of type "Comparison" is used to test an identified property of a class against an ipteger

value

(the comparator).

21.12.4 The predicate using a "Comparison" is satisfied for each enumeration value if and only if the identified property
satisfies the following conditions:

©

a) equal-to: its value equals that of the specified integer comparator value.

b) not-equal-to: itsvalue is different from that of the specified integer comparator value.
C) greater-than: itsvalue is greater than that of the specified integer comparator value.
d) less-than: itsvalue is less than that of the specified integer comparator value.

€) greater-than-or-equal-to: its value is greater than or equal to that of the specified integer

comparatorvame.
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f) less-than-or-equal-to: its value is less than or equal to that of the specified integer comparator

value.

21.13 The sizeRangeCondition type

21.13

21.13

21.13
size ¢

21.13
const

N

21.13
provi
provi

21.14
21.14

21.14

21.14
encod

N
re
w

.1 The "sizeRangeCondition" type is:

SizeRangeCondition ::= ENUMERATED
{ no-ub-with-zero-1b,
ub-with-zero-1b,
no-ub-with-non-zero-1b,
ub-with-non-zero-1b,
fixed-size,
_  test-lower-bhound

test-upper-bound,
test-range}

2 The default value for an encoding property of this type is always "no-ub-with-zero-1b".

3 An encoding property of type "sizeRangeCondition" is used to test properties of the boufds in an eff
pnstraint associated with a class in the repetition or characterstring category.

4 The predicate is satisfied for each of the first five enumeration values of 21.13.1 if and only if the effectiy
aint satisfies the following conditions:
a) no-ub-with-zero-1b: there is no upper bound on the size and the lower bound is zero.
b) ub-with-zero-1b: there isan upper bound on the size and the lowerbound is zero.
C) no-ub-with-non-zero-1b: there is no upper bound on the size'and the lower bound is non-zero.
d) ub-with-non-zero-1b: there isan upper bound on the size and the lower bound is non-zero.
e) fixed-size: the lower bound and the upper bound on\the size are the same value.
DTE — Only the "fixed-size" case overlaps with other predicates.
5 If the last three enumeration values of 21.13.1 are used, a value of the "Comparison" type (see 21.12) sh

led, together with an integer comparator value. Ifsthe other enumeration values are used, these shall
Hed.

The ReversalSpecification type

1 The "ReversalSpecification"(fype is:

ReversalSpecification %\:=" ENUMERATED
{no-reversal,
reverse-bits~in-<units,
reverse-half-units,
reverse-bits-in-half-units}

2 The default valde-for an encoding property of this type is always "no-reversal".

3 An encoding-property of type "ReversalSpecification" is used in the final transform of bits frg
ing space int@ an output buffer for transmission (with the reverse transform being applied for decoding).
DTE — Bitsuriserted as a result of pre-padding specified by an encoding object do not form part of the encoding to whi

ersal specified by that encoding object, but may be subject to bit-reversal specified by an encoding object for a conta
ich the complete encoding is embedded.

pCtive

e size

all be
ot be

m an

Ch bit-
ner in

21.14 7 Values of this type are always Used In conjunction with an encoding property of type "Unit " that SPecIIes a unit
size in bits (see 21.1).

21.14.5 Itis an ECN specification error if the values "reverse-half-units" and "reverse-bits-in-half-units"
are used when the encoding property of type "unit" is not an even number of bits.

21.14

66

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

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

21.15 The ResultsSize type
21.15.1 The "ResultSize" type is:

ResultSize ::= INTEGER {variable(-1), fixed-to-max(0)} (-1..MAX)

21.15.2 The default value for an encoding property of this type is always "variable".

21.15[3~Anencoding property of thisS type SpeciTies the Size of the result In a #TRANSFORM CIlass.

21.15{4 The value "variable" specifies that the size of the #TRaNsFORM result will vary for different abstract values,
and i determined by the detailed specification of the transform.

21.155 The value "fixed-to-max" specifies that the size of the #TRANSFORM result is to be the same;for the transform
of allfabstract values. It specifies that the target size is to be the smallest size that can contain theyspecified encodjng of
any ofe (all) of the abstract values. The precise details of this specification are defined for each tramsform in which Yalues
of thi type are used.

21.15(6 A positive value of type "Resultsize" specifies that the size of the #TRANSFORM result is fixed. This vglue is
used In the specification of the actual transform.

21.1¢ The HandlevalueSet type

21.16|1 The "HandleValueSet" type is:

HandleValueSet ::= CHOICE {
bits BIT STRING,
octets OCTET STRING,
number INTEGER (0..MAX),
tag ENUMERATED {any},
range SEQUENCE {

low INTEGER(0..MAX),
high INTEGER(0..MAX) },
ranges SET (SIZE(1.\MAX)) OF SEQUENCE {
low “\INTEGER (0. .MAX),
high) INTEGER(O..MAX) }}

21.16{2 The "HandlevValueSet" 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.

21.1613 The value of an identification handle can be used to identify the presence or absence of optional compopents,
the choice of alternatives, the-ordering of sets, or the end of a repetition. There are requirements in such circumsfances
that the handle value sets.ef*the encoding objects applied to the different alternatives or components be all disjoirt (see
21.5.1,21.6.6,21.7.105and 22.10.2.1), and requirements that all the possible values of the identification handle occfirring
in thg encodings of any given alternative or component all match the specified handle value set of the encoding pbject
appligd 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 clags) the

hahdle«valte set consists of a single value and depends on the tag number associated with that tag class, either directly tfirough
infplicit generation from an ASN.1 tag, or by mapping from an implicitly generated structure.

21.16.4 The "bits", "octets" and "number" 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 "tag: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 "range" alternative specifies a range of integer values, with high greater than or equal to 1ow.

21.16.7 The "ranges" alternative specifies a set of ranges of integer values, each with high greater than or equal to Low.
One or more such ranges can be specified, and they shall not overlap.
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21.17 The IntegerMapping type

21.17.1 The "IntegerMapping" type is:

IntegerMapping ::= SET OF SEQUENCE {
source SET OF INTEGER,
result INTEGER} (CONSTRAINED BY {/* the intersection of the source
components shall be empty */})

21.17.2 The "IntegerMapping" is used to specify explicitly an ints-to-ints transform.

22 Commonly used encoding property groups

This ¢TauSe SpeciTies groups of encoding properties that are commonly Used In the defined syniax (See clause 20). The
purpdse of each group, the restrictions on both the values of encoding properties and the syntax that can be used, ap well
as thg encoder and decoder actions for each group are also specified.

22.1 | Replacement specification

Therg are three variants of replacement specification:

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

b)  Structure or component replacement specification: This is used for classes in the alternatives categofy and
for the #CONDITIONAL-REPETITION encoding class, where replacément can be of the entire structure or
of the component.

NOTE — When an encoding object of the #CONDITIONAL-REPETITION class is used to define encodings for a class|in the
bitstring, characterstring, or octetstring category, it can only perform structuresonly replacement.

¢) Structure-only replacement specification: This is used:far classes that do not have components.

22.1.1 Encoding properties, syntax and purpose
22.1.1.1 Full replacement specification uses the following encoding properties:
&#Replacement-structure OPTIONAL,
&#Replacement-structure2 OPTIONAL,
&replacement-structure-encoding-object &#Replacement-structure OPTIONAL,
&replacement-structure-encoding-object2 &#Replacement-structure2 OPTIONAL,
&#Head-end-structure OPTIONAL,
&#Head-end-structure2 OPTIONAL
22.1.1.2 The syntax to be used for fulkreplacement specification shall be:
[REPLACE
[STRUGTURE]
[COMPONENT ]
[ALL COMPONENTS]
[OPTIONALS]
[NON-OPTIONALS]
WITH &#Replacement-structure
[ENCODED BY &replacement-structure-encoding-object
[INSERT AT HEAD &#Head-end-structure]]
[AND OPTIONALS WITH &#Replacement-structure2
[ENCODED BY &replacement-structure-encoding-object2
[INSERT AT HEAD SH#Hcad—end-structurs2iit—i
22.1.1.3 Structure or component replacement specification uses the following encoding properties:
&#Replacement-structure OPTIONAL,
&replacement-structure-encoding-object &#Replacement-structure OPTIONAL,
&#Head-end-structure OPTIONAL

22.1.1.4 The syntax to be used for structure or component replacement specification shall be:

[REPLACE
[STRUCTURE]
[COMPONENT]
[ALL COMPONENTS]
WITH &Replacement-structure
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[ENCODED BY &replacement-structure-encoding-object
[INSERT AT HEAD &#Head-end-structure]]]

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

&#Replacement-structure OPTIONAL,
&replacement-structure-encoding-object &#Replacement-structure OPTIONAL

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

22.1.T

22.1.]

[REPLACE
[STRUCTURE ]
WITH &#Replacement-structure
[ENCODED BY &replacement-structure-encoding-object]]

WITH SYNTAX 1 Yy u 1Tl 1

a) the encoding class to which this encoding object is applied is to be replaced completely. (REE
STRUCTURE); in the case of an encoding class in the optionality category, the entire compongnt;is rep
in the case of a #CONDITIONAL-REPETITION encoding object used in defining an encoding objec

satisfied), the entire bitstring, characterstring, octetstring or repetition structure is replaced; or

b) all its components (except for the structure-only specification) are to be~replaced (with the
replacement action for all components) ("REPLACE COMPONENT" Of "REPLACE “ALL COMPONENTS"

c) all its optional components (only for full replacement specification) ‘dre to be replaced ("REE
OPTIONALS"); Or

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

e) all its components (only for full replacement specification) are to be replaced, with different replac
actions for optionals and for non-optionals ("REPLACE \NON-OPTIONALS AND OPTIONALS").

to usq this if there is only a single component.

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

22.1.]
all co

mponents of the (constructor) class performing'the replacement. There is one head-end insertion for each comp

that i§ replaced, and they are inserted in the textual order of the original components.

22.1.1.11 In a full replacement specificatian] if the encoding object applied to the replacement structure exhib
identification handle (with a given handle-value set), then the encoding object whose defined syntax contains th

repla
exhib

ement specification exhibits the,same identification handle (with the same handle value set), otherwise it do
ta handle.

22.1.7 Specification restrictions

22.1.2.1 Exactly one of theypermitted syntaxes between "REPLACE" and "WITH" shall be used.

22.1.2.2 The "wrTH'/replacement structures shall be parameterized encoding structures with a single encoding

para

eter. When, théy are specified in the above defined syntax, only the class reference name of the structure sh

givenf It shall'not'have any parameter list in this use of the names.

22.1.2.3 These parameterized structures are instantiated during the replacement action with an actual parame
specifiedin 22.1.3. The use of the dummy parameter in the replacement parameterized structures shall be consisten
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.

LACE
aced;
for a

class in the bitstring, characterstring, octetstring or repetition category, then (if the\range condition is

same
, or
LACE

LACE

bment

.8 "REPLACE COMPONENT" is a synonym for "REPLACE ALL COMPONENTS". It would be normal but not required

.10 The optional "INSERT AT HEAD"S specify anencoding structure (the head-end insertion) to be inserted pefore

onent

its an
e full
bS not

class
all be

ter as
t with

22.1.2.4 The "ENCODED BY" encoding objects shall be parameterized encoding objects for the "wITH" 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 "WITH" parameterized encoding
structure, instantiated with #p. 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 "wITH" replacement encoding structures. They may also have:
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—  (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 parameter is the current
combined encoding object set;

—  (conditionally) another (but only one) dummy parameter that is a REFERENCE parameter. This parameter
shall be present if and only if "INSERT AT HEAD" is specified. When the encoding objects are instantiated
during the replacement action, the actual parameter for this dummy parameter is a reference to the
corresponding "INSERT AT HEAD" structure.

22.1.2.6 All fields of the replacement structure that are not part of the encoding class parameter are auxiliary fields, and
shall be set by the encoding of the replacement structure.

22.1.2.7 The "INSERT 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.*.8 If an encoding object has a "REPLACE STRUCTURE" clause, it shall not have an "INSERT AT HEAD" ¢lause
and shall have an "ENCODED BY" clause.

22.1.] Encoder actions

22.1.3.1 If an encoding object of a class in the bit-field group of categories or in the tag category specifies "REBLACE
STRUCTURE", then an encoder shall replace the structure with an instantiation of the replacementStructure, using the|name
of the original structure as the actual parameter.

22.1.3.2 If an encoding object of a class in the encoding constructor category specifies "REPLACE STRUCTURE", then an
encoder shall replace the entire construction with an instantiation of the replacement structure, using the entire orjiginal
constfuction as the actual parameter.

22.1.3.3 If an encoding object of a class in the optionality category specifies "REPLACE STRUCTURE", then an erjcoder
shall feplace the entire optional component with a non-optional instantiation of the replacement structure. The pctual
paranfeter shall be a hidden structure name (which matches no other<structure, and which can never have engoding
objects). This hidden structure name shall de-reference to the entire @riginal optional component (including any classes
in the|tag category) except for the class in the optionality category.

22.1.3.4 If an encoding object of any class specifies "REPLACE ‘\COMPONENT", "REPLACE ALL COMPONENTS", "REFLACE
OPTIPNAL COMPONENTS", Or "REPLACE NON-OPTIONAL-\ COMPONENTS", then an encoder shall replace the [entire
specified component(s) with a non-optional instantiation‘of the replacement structure. The actual parameter shall be a
hiddeph structure 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 catdgory)
except for any class in the optionality category.

22.1.3.5 All abstract values and tag numbers)of the original structure or component shall be mapped to corresponding
abstrgct values and tag numbers in the_actual parameter of the replacement structure. Values of other fields |n the
replagement structure shall be set acearding 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 compongnts of
the structure whose encoding(objéect is performing the replacement. Head-end insertions shall be inserted in the|same
textugl order as the components being replaced. The values of fields of this structure shall be set in accordance with the
specification in the replacément structure encoding object.

NOTE — These strycturés will normally be a simple integer field providing a location determinant for the field being replacgd.

22.1.3.7 The encoder shall instantiate the replacement structure encoding-object(s) with actual parameters as folloyvs:

a)._~T'he dummy parameter that is an encoding class shall be given an actual parameter that is the same ps the
actual parameter of the instantiation of the replacement structure.

At is a

reference to the inserted head-end structure.

¢) The dummy parameter (if any) that is an encoding object set (whose governor is #ENCODINGS) 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).
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22.2 Pre-alignment and padding specification

22.2.1 Encoding properties, syntax and purpose

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

&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT bit,

&encoding-space-pre-padding Padding DEFAULT zero,

&encoding-space-pre-pattern Non-Null-Pattern (ALL EXCEPT different:any)
DEFAULT bits:'0'B

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

[ALIGNED TO
[NEXT]
[ANY]

&encoding-space-pre-alignment-unit
[PADDING &encoding-space-pre-padding
[PATTERN &encoding-space-pre-pattern]]]

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

Unit ::= INTEGER

{repetitions(0), bit(l), nibble(4), octet(8), wordl6(16) (

dword32(32)} (0..256) -- (see 21.1)
Padding ::= ENUMERATED {zero, one, pattern, encoder-optiof})*- (see 21.9)
Pattern ::= CHOICE

{bits BIT STRING,

octets OCTET STRING,

char8 IA5String,

charlé BMPString,

char32 UniversalStxing,

any-of-length INTEGER (AN MAX),

different ENUMERATED {any} }
Non-Null-Pattern ::= Pattern

(ALL EXCEPT (bits:''B | octets/NH | char8:"" | charlé6:"" |

char32:"")) -- (se€ 21.10)

22.2.1.4 The pre-alignment encoding properties use-a value of type "unit" to specify that a container is to staft at a
multiple of "unit" bits from the alignment point:--The alignment point is the start of the encoding of the type to yvhich
an EYM applied an encoding, except when reset for the encoding of a contained type by the use of a #OUTER endoding
object (see clause 25). Encoding properties of type "Padding" and "Pattern" are used to control the bits that pfovide
padding to the required alignment. Specification of "ALIGNED TO NEXT" produces the minimum number of insertefl bits.
Specification of "ALIGNED TO ANY" leaves the actual number of inserted bits (subject to the above restriction to a myltiple
of "Uhit") as an encoders option, and requires the specification of a start pointer.

22.2.] 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 "ALIGNED' TO ANY" is specified, then the encoding object specification shall include the "START-POINTER"
clausg.

22.2.] Encoder actions

is a multiple of the encoding property of type "unit".

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 "unit".

22.2.3.3 The inserted bits shall be set so that the first inserted bit is the leading bit of "Pattern”, 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.
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22.2.4.2 The decoder shall determine the number of inserted bits from the start pointer specification if "aNy" is specified.

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

22.3

Start pointer specification

22.3.1 Encoding properties, syntax and purpose

22.3.1.1 Start pointer specification uses the following encoding properties:

22.3.]

22.3.]
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"START-POINTER" field\(after any pre-alignment of that field) to the start of the encoding of the element with the|
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22.3.1
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&start-pointer REFERENCE OPTIONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT b
rt-pointer-en r—transform TRANSFORM ORDERED OPTIONAL

.2 The syntax to be used for start pointer specification shall be:

[START-POINTER &start-pointer
[MULTIPLE OF &start-pointer-unit]
[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]i]

.3 The definition of the type used in start pointer specification is:

Unit ::= INTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordlq(}s),
dword32(32)} (0..256) -- (see 21.1)

.4 This specification identifies the start of the encoding space for an element. If the start of the encoding spd
ement is an offset of "n" "MULTIPLE OF" units, then the value placed in the field referenced by the "s1
'ER" encoding property is the value obtained by applying "ENCODER-TRANSFORMS" t0 "n".

DTE 1 — If "MULTIPLE OF" is not "bits", this implies that that.offset from the start of the field referenced
TART-POINTER" encoding property to the start of the encoding space.is-required to be an integral multiple of "MULTIPL:
its.

DTE 2 — There will in general be encodings of other elements,.:and perhaps of other start-pointers between the field refe
the "START-POINTER" encoding property and the start of.the encoding of this element.

Specification constraints

.2 |f "ENCODER-TRANSFORMS" is present,-then "START-POINTER" shall be a class with a category that can e
e of the result of the final transform in."ENCODER-TRANSFORMS".

.3 Itis an ECN specification orapplication error if any transform in the "ENCODER-TRANSFORMS" iS Not reve
b abstract value to which it is.applied. The first transform shall have a source which is integer.

Encoder actions

.1 The encoder shall determine the number "n" of "MULTIPLE OF" units from the start of the encoding

r specificationafter any pre-alignment of that element). It is an ECN specification error if "n" is not integ
bment beingséncoded is optional, and is absent, then "n" shall be set to zero.

.2 The.value "n" shall be transformed using the "ENCODER-TRANSFORMS" (if present) to produce a conceptual
If this'resulting value "m" is not an abstract value that can be associated with the encoding class of the "s1

POIN

.1 If "ENCODER-TRANSFORMS" is not present;\then "START-POINTER" shall be a class in the integer category.

it,

ce for
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Dy the
E OF"

renced

ncode

rsible
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start-
al. If

value
ART-

rER”, then it is an ECN specification error, and encoding shall not proceed. Otherwise the value "m" shall

e the

value

encoded in the field referenced by "START-POINTER".

NOTE — The encoding object applied to the field referenced by "START-POINTER" will determine the encoding of the value "m".

22.3.4 Decoder actions

22.3.4.1 The decoder shall determine the conceptual value "m" in the field referenced by "sTART-POINTER", 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 the
decoder shall determine that the element is absent.

72

Rec. ITU-T X.692 (02/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

ISO/IEC 8825-3:2021 (E)

22.3.4.3 The value "n" is multiplied by "MULTIPLE OF", and the start of the encoding of the "sSTART-POINTER" field is
added to produce a position "p". If "p" is a position in the encoding that is earlier than the current decoding 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 point, then the decoder shall

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

22.4 Encoding space specification

22.4.1 Encoding properties, syntax and purpose

22.4.1.1 Encoding space specification uses the following encoding properties:

———————Senecoding-space-sis EncedingSpaeceSizge
DEFAULT self-delimiting-values,
&encoding-space-unit Unit (ALL EXCEPT repetitions)
DEFAULT bit,
&encoding-space-determination EncodingSpaceDetermination
DEFAULT field-to-be-set,
&encoding-space-reference REFERENCE OPTIONAL,
&Encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Decoder-transforms #TRANSFORM ORDERED OPTIONAL

22.4.1.2 The syntax to be used for encoding space specification shall be:

ENCODING-SPACE
[SIZE &encoding-space-size
[MULTIPLE OF &encoding-space-unit]]
[DETERMINED BY &encoding-space-determination]
[USING &encoding-space-reference
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder~transforms]]

22.4.1.3 The definition of types used in this specification is:

EncodingSpaceSize ::= INTEGER
{ encoder-option-with-determinapf¥-3),
variable-with-determinant (-&)~
self-delimiting-values(-1),

fixed-to-max(0)} (-3..MARY -- (see 21.2)
Unit ::= INTEGER
{repetitions (0) , bi€(3), nibble(4), octet(8), wordl6(1l6),
dword32(32)} (0..256) -- (see 21.1)
EncodingSpaceDetermjngtion ::= ENUMERATED
{field-to-befFsapt, 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 decodgr can
corregtly determine the end.af’an encoding space.

NOTE — An actual value-encoding does not necessarily fill the entire encoding space, and recovery of the value encoding by a
deroder will in generalalso require actions specified for value padding and justification (see 22.8).

22415 The /medning of the encoding properties of type "Unit", "EncodingSpaceSize",| and
"Enc¢dingSpacéDetermination" Were given in 21.1, 21.2, and 21.3. Together these specify the way in which the end
of thg encoding space for this element is determined.

NQTE,- "variable-with-determinant" can be specified even if the encoding space is fixed size, if the ECN specifier

H oot o1 o oot H daadta o so 1 1o ] iE " PP |
re urico tidt A 1Tyt utTichimmriarit 1o tU UT e Tuutuy, TVCTTIT TTUL TICTUTU.

22.4.1.6 The "usING" 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
"DETERMINED BY".

22.4.2  Specification restrictions

22.4.2.1 If "s1ZE" is "variable-with-determinant"” and "DETERMINED BY" is not present, then the default value
("field-to-be-set") is assumed.

22.4.2.2 "usiNG" shall be specified if and only if "SIZE" is "variable-with-determinant” oOf
"encoder-option-with-determinant".
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22.4.2.3 "ENCODER-TRANSFORMS" shall be present only if "DETERMINED BY" is set to (or defaults to)
"field-to-be-set". The "USING" reference in this case shall be an auxiliary field of category bitstring, characterstring
or integer.

22.4.2.4 Itis 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 and the last transform
shall have a result which can be encoded by the class of the field referenced by "usING".

22.4.2.5 "DECODER-TRANSFORMS" shall be present only if "DETERMINED BY" iS Set t0 "field-to-be-used". The first
transform shall have a source which is the same as the category of the field referenced by "usING" which shall not be an
auxiliary field. The last transform shall have a result which is integer.

22.4.2.6 The "USING" encodlng property, |f present shall be a reference toa freld that is present in the encodrng earlier
than the field
belng encoded is present but the field referenced by the "usING" encoding property is absent (through the exerdise of

22.4.2.7 If "DETERMINED BY" is "container", the "UsING" reference shall be to a concatenation or to a repetition (¢r to a
bitstring or octetstring with a contained type) in which the element being encoded is a component (at.a component of a
comppnent, to any depth). It is an application or an ECN specification error if, in an instance of encading, later elements
withi the same concatenation or repetition are to be encoded.

22.4.2.8 This specification is considered set if the "ENCODING-SPACE" keyword is used, and-it is mandatory for if to be
set injall places in the defined syntax where it is allowed. Defaulting all encoding propertiés of this group (e.g., ise of
"ENCQDING-SPACE" alone) would not satisfy the above constraints.

22.4.3 Encoder actions
22.4.3.1 Encoders shall not generate encodings if the conditions of 22.4.2 arednot satisfied.

22.4.3.2 If "s1ZE" is a positive value, then the encoding space is that multiple of "MULTIPLE OF" units and therq is no
furthgr encoder action.

22.4.3.3 If "s1ZE" is not set to a positive value, then the encoder shall determine the size ('s", say) of the encoding|space
in "MPLTIPLE OF" units from the value encoding specification: This determination is specified in the clauses on|value
encoding specification.

22.4.3.4 If "s1ZE" iS "encoder-option-with-determinant" then the encoder (as an encoder's option) may in¢rease
the size "s" (as determined in 22.4.3.3) in "MULTIPLE OF" units from that determined from the value engoding
specification to any value which can be encoded-ib-the associated determinant.

22.4.3.5 If "s1zE" is "fixed-to-max" Or 10 'Jself-delimiting-values", then there is no further encoder actio

-

22.4.3.6 If "s12E" is "variable-with~determinant" and "DETERMINED BY" iS "container", then there is no flurther
encoder action.

22.4.3.7 If "DETERMINED BY" IS""field-to-be-set", then the encoder shall apply the transforms specifigd by
"ENCODER-TRANSFORMS" (if-any) to the value "s" to produce a value that shall be encoded in the "usING" referenge.
NOTE — The encoding 0f-the "USING" reference (bit-field "A", say) in this case appears earlier in the encoding than the engoding

offthis 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
bepn determined by/the encoding of bit-field "B".

22.4.3.8 If "DETERMINED BY" iS "field-to-be-used" then the encoder shall check that the value in the "ugING"
refergnce when transformed by the "DECODER-TRANSFORMS" (if any) is equal to "s". It is an application error |f this
condifionis not met, and encoding shall not proceed.

224.

22.4.4.1 If "s1zE" is a positive value, then the decoder determines the encoding space as that multiple of "MULTIPLE OF"
units.

15

22.4.4.2 If "SIZE" is "fixed-to-max" Or t0 "self-delimiting-values", 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.

22.4.4.3 If "S12ZE" is "variable-with-determinant" and "DETERMINED BY" is sett0o "container", then the decoder
shall use the end of the container specified by "UsING" as the end of the encoding space.
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22444 If "sIZE" IS "variable-with-determinant" and "DETERMINED BY" is set to (or defaults to)
"field-to-be-set", then the decoder shall recover the value "s" by applying the reversal of the "ENCODER-
TRANSFORMS" (if any) to the value of the "usING" reference.

22.4.45 If "DETERMINED BY" is "field-to-be-used" then the decoder shall recover the value "s" by applying the
"DECODER-TRANSFORMS" (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:

[ soptionatity-determinatiom — optionaliitybetermination
DEFAULT field-to-be-set,

&optionality-reference REFERENCE OPTIONAL,
&Encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Decoder-transforms #TRANSFORM ORDERED OPTIONAL,
&handle-id PrintableString

DEFAULT "default-handle"

22.5.1.2 The syntax to be used for optionality determination shall be:

PRESENCE
[DETERMINED BY &optionality-determination
[HANDLE &handle-id]]
[USING &optionality-reference
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]

22.5.1.3 The definition of types used in optionality determination is:

OptionalityDetermination ::= ENUMERATED
{field-to-be-set, field-to-be-used, gonttainer, handle, pointer} -- (see 21.5)

22.5.1.4 The purpose of this specification is to specify rules,that ensure that a decoder can correctly determine wmether
an engoder has encoded a value of an optional component. \Where a pointer is used to determine optionality, pre-alighment
and sfart pointer specification is also required.

22.5.1.5 An encoder will encode the value of an optiehal component if required to do so by the application, unles$ such
an engoding would be in violation of rules goverhing the presence of optional components.

NPTE — An example of violation of such @& rule would be where the presence of an (absent) optional component wag to be
defermined by the end of a container, and the application requested that later optional components in the same container be enpoded.

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 plpces in the defined syntax awhere it is allowed. Defaulting all other parts of this defined syntax (e.g., Use of
"PRE$ENCE" alone) would notsatisfy the above constraints.

22.5.7 Specification restrictions

22.5.2.1 If "DETERMINED BY" is not present, then the default value ("field-to-be-set") is assumed.
22.5.2.2 "HaNDLE'\Shall not be specified unless "DETERMINED BY" iS "handle".

22.5.2.3 "usING" shall not be specified if "DETERMINED BY" iS "handle" Or "pointer".

22.5.2. 4 If V'DETERMINED BY" is "pointer", there shall be a "START-POINTER" specification in the same endoding
objecHsee22-3)-

NOTE — A start pointer specification normally also needs a pre-alignment specification with "ALIGNED TO ANY" (see 22.2).

22.5.2,5 If "DETERMINED BY" is "handle", then 21.5.7 applies.

22.5.2.6 "ENCODER-TRANSFORMS" shall be present only if "DETERMINED BY" is set to (or defaults to)
"field-to-be-set". The "USING" reference in this case shall be an auxiliary field of category bitstring, boolean,
characterstring or integer.

22.5.2.7 Itis 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 boolean and the last transform
shall have a result which can be encoded by the class of the field referenced by "UsING".
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22.5.2.8 "DECODER-TRANSFORMS" shall be present only if "DETERMINED BY" is set t0 "field-to-be-used". The first
transform shall have a source which is the same as the category of the field referenced by "usING" which shall not be an
auxiliary field. The last transform shall have a result which is boolean.

22.5.2.9 The "usING" encoding property, if present, shall be a reference to a field that is present in the encoding earlier
than the field whose presence is being determined. It is an application or an ECN specification error if, in an instance of
encoding, the field referenced by the "usING" encoding property is required by a decoder but is absent (through the
exercise of optionality).

22.5.2.10 If "DETERMINED BY" iS "container", the "UsING" reference shall be to a concatenation or to a repetition (or
to a bitstring or octetstring with a contained type) in which the element being encoded is a component (or a component
of a component, to any depth). It is an application or an ECN specification error if, in an instance of encoding, later
elements within the same concatenation or repetition are to be encoded when the component whose optionality is being
deterqimed-sabsent:

22.5.2.11 If "DETERMINED BY" is "container", then it is an ECN specification error if any of the abstract values pf the
optiomal component have an encoding that is zero bits.

22.5.3 Encoder actions
22.5.3.1 Encoders shall not generate encodings if the conditions of 22.5.2 are not satisfied.

22.5.3.2 An encoder shall determine whether the application wishes the optional componentjto be encoded, and shall
creatq a conceptual boolean value "element-is-present" set to "TRUE" if a value of theccomponent is to be enqoded,
and tq "FALSE" otherwise.

22.5.3.3 If "DETERMINED BY" is "field-to-be-set", then the encoder shallapply the transforms specifigd by
"ENCODER-TRANSFORMS" (if any) to the conceptual boolean value "element-is=present" to produce a value thaf shall
be engoded in the "usING" reference.

NOTE — The encoding of the "USING" reference in this case appears earlierdn thé encoding than the encoding of this field, pnd an

encoder will need to suspend the encoding of that field until the value tofe encoded has been determined by the encoding pf this
figld.

22.5.3.4 If "DETERMINED BY" iS "field-to-be-used" then-thé encoder shall check that the value in the "ugINnG"
refergnce when transformed by the "DECODER-TRANSFORMS" (if any) is a boolean value equal to the conceptual [value
"elemment-is-present”. It is an application error if this condition is not met, and encoding shall not proceed.

22.5.3.5 If "DETERMINED BY" iS "container" there.isno further action needed by the encoder, except to detect ar) error
and tg cease encoding if the application requests theencoding of further components in the "USING" container when the
concgptual value "element-is-present"” is.false for this optional component.

22.5.3.6 If "DETERMINED BY" is "handle'there is no further action needed by the encoder.

22.5.3.7 If "DETERMINED BY" iS "pointer" then there are no encoder actions needed except those of the accompgnying
ignment (if any) and start pointer specifications.

Decoder actions

22.54.1 If "DETERMINED_-BY" iS set to (or defaults to) "field-to-be-set", then the decoder shall recover the|value
"element-is-present! by applying the reversal of the "ENCODER-TRANSFORMS" (if any) to the value of the "usING"
refergnce.

22.54.2 If "DETERMINED BY" is "field-to-be-used" then the decoder shall recover the conceptual |value
"element-is>~present" by applying the "DECODER-TRANSFORMS" (if any) to the value of that field.

22.5.4.3°if "DETERMINED BY" iS "container" then the decoder shall set the conceptual value "element-is-pregent”
to TRUET i T T mmg COMAITET,

22.5.4.4 If "DETERMINED BY" iS "handle", 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 "element-is-present" t0 TRUE, otherwise the decoder shall set it to FALSE.

22.5.4.5 If "DETERMINED BY" iS "pointer" then the decoder shall proceed as specified in 22.3 in order to determine the
conceptual value of "element-is-present".

22.5.4.6 If the decoder determines (by any of the above means) that the conceptual value "element-is-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.

76 Rec. ITU-T X.692 (02/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

22.6

ISO/IEC 8825-3:2021 (E)

Alternative determination

22.6.1 Encoding properties, syntax and purpose

22.6.1.1 Alternative determination uses the following encoding properties:

&alternative-determination AlternativeDetermination

DEFAULT field-to-be-set,
&alternative-reference REFERENCE OPTIONAL,
&Encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Decoder-transforms #TRANSFORM ORDERED OPTIONAL,
&handle-id PrintableString

DEFAULT "default-handle",
&alternative-ordering ENUMERATED {textual, tag}
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DEFAULT textual
.2 The syntax to be used for alternative determination shall be:

ALTERNATIVE
[DETERMINED BY &alternative-determination
[HANDLE &handle-id]]
[USING &alternative-reference
[ORDER &alternative-ordering]
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]

.3 The definition of types used for alternative determination is:

AlternativeDetermination ::=
ENUMERATED {field-to-be-set, field-to-be-used; handle} -- (see 21.6)

.4 The purpose of this specification is to determine the rules that ensure that a decoder can correctly identify
pbnent of an encoding class in the alternatives category has been enceded.

Specification restrictions
.1 If "DETERMINED BY" is not present, then the default Value ("£field-to-be-set") is assumed.
.2 "HANDLE" shall not be specified unless "DETERMINED BY" iS "handle".
.3 "usING" shall not be specified if "DETERMINED BY" iS "handle".
4 If "DETERMINED BY" iS "handle", then'21.6.6 applies.

.5 "ENCODER-TRANSFORMS" shall ‘be "present only if "DETERMINED BY" is set to (or default
d-to-be-set". The first transfarm-shall have a source which is integer and the last transform shall have a
can be encoded by the class of-the field referenced by "usiNG".

.6 Itis an ECN specification.or application error if any transform in the "ENCODER-TRANSFORMS" iS N0t reve
b abstract value to which.it)is applied.

.7 "DECODER-TRANSFORMS" shall be present only if "DETERMINED BY" is Set t0 "field-to-be-used". Th
prm shall have a‘source which is the same as the category of the field referenced by "usING" which shall not
ary field. The last transform shall have a result which is integer.

.8 The "usING" encoding property, if present, shall be a reference to a field that is present in the encoding ¢
he encoding of the alternative. It is an application or an ECN specification error if, in an instance of encodin
reférenced by the "UsING" encoding property is required by a decoder but is absent (through the exerc

optiomality)
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22.6.2.9 This specification is considered set if the "ALTERNATIVE" 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
"ALTERNATIVE" alone) would not satisfy the above constraints.

22.6.2.10 If "oRDER" is "tag", 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.
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22.6.3.2 An encoder shall determine which alternative the application wishes to be encoded, and shall create a conceptual
integer value "alternative-index" to identify that alternative.

22.6.3.3 The value "alternative-index" shall be zero for the first alternative, one for the next, and so on, where the

order

of the alternatives is determined by "ORDER".

22.6.3.4 If "ORDER" is "textual", the textual order in the ASN.1 type specification or the ECN structure definition shall
be used. If "ORDER" is "tag", then the order shall be that of the tag numbers in the component-tags (lowest tag number

first).

22.6.3.5 If "DETERMINED BY" i "field-to-be-set"”, then the encoder shall apply the transforms specified by
"ENCODER-TRANSFORMS" (if any) to the conceptual value "alternative-index" t0o produce a value that shall be

encoded in the "UsING" reference.
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[ an encoder will need to suspend the encoding of that field until the alternative to be encoded has been determined.

nce when transformed by the "DECODER-TRANSFORMS" (if any) is an integer value equal to the egngéptual
ernative-index". It is an application error if this condition is not met, and encoding shall not proceed.

.7 If "DETERMINED BY" is "handle" there is no further action needed by the encoder.

Decoder actions

|.1 The decoder shall use "oRDER" as specified for encoder actions to determine the\"alternative-index"
associated with each alternative, and shall assume the presence of an encoding,of the associated alternative
L ternative-index" conceptual value has been determined.

|.2 If "DETERMINED BY" is set to (or defaults to) "field-to-be-set’, then the decoder shall recover the
e rnative-index" by applying the reversal of the "ENCODER-TRANSEORMS" (if any) to the value of the "u
nce.

|.3 If "DETERMINED BY" iS "field-to-be-used" then*the decoder shall recover the conceptual
brnative-index" by applying the "DECODER-TRANSFORMS” (if any) to the value of that field.

|.4 |If "DETERMINED BY" iS "handle", then the decodershall determine the value of the identification handle
shall be compared to the handle value set of each of the alternatives. 1f none match, then the decoder shall dig

Repetition space specification

Encoding properties, syntax and purpose

.1 Repetition space specification‘uses the following encoding properties:

&repetitioncspace-size EncodingSpaceSize
DEFAULT self-delimiting-values,
&repetition-space-unit Unit

DEFAULT bit,
&repetition-space-determination RepetitionSpaceDetermination
DEFAULT field-to-be-set,

coder's error. Otherwise the conceptual value "alternative-index" shall be set to the matching alternative,

hative,

.6 If "DETERMINED BY" iS "field-to-be-used" then the encoder shall check that the value in-the "'ug$ING"

value

value
once

value
BING"

value

This
gnose

§main-reference REFERENCE OPTIONAL,
&Encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Decoder-transforms #TRANSFORM ORDERED OPTIONAL,
&handle-id PrintableString

DEFAULT "default-handle"
&termination-pattern Non-Null-Pattern (ALL EXCEPT

different:any) DEFAULT bits '0'B

22.7.1.2 The syntax to be used for repetition space specification shall be:

78

REPETITION-SPACE
[SIZE &repetition-space-size
[MULTIPLE OF &repetition-space-unit]]
[DETERMINED BY &repetition-space-determination
[HANDLE &handle-id]]
[USING &main-reference
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]
[PATTERN &termination-pattern]
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22.7.1.3 The definition of types used in this specification is:

EncodingSpaceSize ::= INTEGER
{ encoder-option-with-determinant(-3),
variable-with-determinant(-2),
self-delimiting-values(-1),

fixed-to-max(0)} (-3..MAX) -- (see 21.2)
Unit ::= INTEGER
{repetitions(0), bit(l), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)
RepetitionSpaceDetermination ::= ENUMERATED
{field-to-be-set, field-to-be-used, flag-to-be-set, flag-to-be-used,
container, pattern, handle, not-needed} -- (see 21.7)
Non-Null-Pattern ::= Pattern
(ALL EXCEPT (bits:''B | octets:''H | char8:"" | charlé:"" |
char32:"")) -- (see 21.10.2)

22.7.1.4 The purpose of this specification is to determine encoder and decoder actions to ensure that-a decodgr can
corregtly 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 recoveny,0f-the repetition en¢oding
byl a decoder will in general also require actions specified for value padding and justification (see 22:8).

22.7.1.5 The meaning of the encoding properties of type "Unit", !EfcodingSpaceSize",| and
"RepétitionSpaceDetermination" were given in 21.1, 21.2 and 21.7. Together these specify the way in whig¢h the
end of the encoding space for repetitions is determined.

NOTE - If the ECN specifier requires that a length determinant is to be included, the palue "variable-with-determiphant"
of|"SIZE" can be specified even if the repetition space is fixed size.

22.7.1.6 The "usING" specification is a reference to an auxiliary field-or/to a field carrying abstract values, of to a
contajner, depending on the value of "DETERMINED BY".

22.7.] Specification constraints

22.7.2.1 If "s1ZE" iS "variable-with-determinant"” and “DETERMINED BY" is not present, then the default|value
("fidld-to-be-set") is assumed.

22.7.2.2 "usING" shall be specified if and only if "SIZE" is "variable-with-determinant"” and "DETERMINED BY"

is "field-to-be-set" Or "field-to-be-used' 0 "'flag-to-be-set" Or "flag-to-be-used", Or "container".

22.7.2.3 "ENCODER-TRANSFORMS" shall bespresent only if "DETERMINED 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 |f the
"DETERMINED BY" iS"field-to-be-§et" and which is boolean if the "DETERMINED BY"iS "flag-to-be-set'|l The
last transform shall have a result which Can be encoded by the class of the field referenced by "uUsING".

22.7.2.4 1tis an ECN specification-or application error if any transform in the "ENCODER-TRANSFORMS" is not revqrsible
for thp abstract value to whiehitis applied.

22.7.2.5 "DECODER-TRANSFORMS" shall be present only if "DETERMINED BY" is Set t0 "field-to-be-used" oOf
"flag-to-be-used”, ‘The first transform shall have a source which is the same as the category of the field refergnced
by "usING". The tast transform shall have a result which is integer if the "DETERMINED BY" is "field-to-be-yised"
and which is bgeléan if the "DETERMINED BY" iS "flag-to-be-used".

22.7.2.6 The'usING" encoding property, if present, for a "field-to-be-set" Or a "field-to-be-used" shall be a
refergnce-to a field that is present in the encoding earlier than the field being encoded. It is an application or anfECN
specitiegtt or-H—-an-asta oeRg—the ittor-being i btt-thefie
"USING" encoding property is absent (through the exercise of optionality).

22.7.2.7 The "usING" encoding property, if present, for a "flag-to-be-set" Or a "flag-to-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 "usING" 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 "DETERMINED BY" iS "container", the "UsING" reference shall be to a concatenation or to a repetition (or
to a bitstring or octetstring with a contained type) in which the repetition being encoded is a component (or a component
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of a component, to any depth). It is an application or an ECN specification error if, in an instance of encoding, later
elements within the same concatenation or repetition are to be encoded.

22.7.2.9 "HANDLE" shall be specified only if "SIZE" iS "variable-with-determinant"” and "DETERMINED BY" is
"handle".

22.7.2.10 If "DETERMINED BY" is "handle", then 21.7.10 applies.

22.7.2.11 "paTTERN" shall be specified only if "sIzE" is "variable-with-determinant” and "DETERMINED BY" is
"pattern".

22.7.2.12 "eaTTERN" shall not be the initial sub-string of the encoding of any value of the repeated element.
NOTE — There is no prohibition on the occurrence of "PATTERN" within an encoding of the repeated element other than at its start.
22.7.2 Jr it to

be setin all places in the defined syntax where it is allowed. Defaulting all other parts of this defined syntax (e.gs, bise of
"REPETITION-SPACE" alone) would not satisfy the above constraints.

hi necifi 1oni ansidered cet if the "pEp ON-—SP2 evanord i ed_and it is mandato

22.7.3 Encoder actions
22.7.3.1 Encoders shall not generate encodings if the conditions of 22.7.2 are not satisfied.

22.7.3.2 If "s1ZE" is a positive value, then the encoding space is that multiple of "MULTIPLE OF" units. If "MULTIPLE
OF" 1§ repetitions, then the encoder shall cease encoding if the abstract value to be encoded.is not "SIZE" repet{tions,
diagnpsing a specification or application error.

22.7.3.3 If "s1ZE" is not set to a positive value, then the encoder shall determine the,size "s" of the repetition spfce in
"MULTIPLE OF" units from the value encoding specification. This determination:is'specified in the subclauses on|value
encoding specification.

22.7.3.4 If "S1ZE" iS "encoder-option-with-determinant" then thesencoder (as an encoder's option) may in¢rease
the sfze "s" (as determined in 22.7.3.3) in "MULTIPLE OF" units.from that determined from the value engoding
specification to any value which can be encoded in the associated detefminant.

22.7.3.5 If "SIZE" is "fixed-to-max" Or t0 "self-delimiting-values", then there is no further encoder actiop.

22.7.3.6 If "s12E" is "variable-with-determinant"” and{'DETERMINED BY" iS "container", then there is no flurther
encoder action.

22.7.3.7 If "DETERMINED BY" is "field-to-be<set", then the encoder shall apply the transforms specifigd by
"ENCODER-TRANSFORMS" (if any) to the value "s:.to produce a value that shall be encoded in the "USING" referende.

NOTE — The encoding of the "USING" reference-in this case appears earlier in the encoding than the encoding of the repgtition,
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 "DETERMINED BY" is "field-to-be-used" then the encoder shall check that the value in the "ugING"
refergnce when transformed by the."DECODER-TRANSFORMS" (if any) is equal to "s". It is an application error |f this
condifion is not met, and encoding-shall not proceed.

22.7.3.9 If "DETERMINED , BY," IS "flag-to-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 ig false for the last\element. The result of the "ENCODER-TRANSFORMS" shall be encoded in the "usING" referepce.

22.7.3.10 If "DETERMINED BY" iS "flag-to-be-used" then the encoder shall check (for each repeated element) that the
value|in the "'usING" reference when transformed by the "DECODER-TRANSFORMS" (if any) is a boolean value wtjich is
true for all élements except the last, and is false for the last element. It is an application error if this condition is ngt met,
and epceding shall not proceed.

22.7.3TTTf "DETERMINED BY' IS "handle" there IS no further action needed by the encoder.

22.7.3.12 If "DETERMINED BY" is "pattern", 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 "s1zE" is a positive value, then the decoder determines the encoding space as that multiple of "MULTIPLE OF"
units. If "MULTIPLE OF" is repetitions, then the actual end of the repetition space is determined by decoding and counting
repetitions.
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22.7.4.2 If "s12E" is not set to a positive value, then the encoder shall determine the size "s" of the repetition space in
"MULTIPLE OF" units from the value encoding specification. This determination is specified in the subclauses on value
encoding specification.

22.7.4.3 If "s1ZE" is "variable-with-determinant" and "DETERMINED BY" is sett0 "container", then the decoder
shall use the end of the container specified by "UsSING" as the end of the encoding space.

22744 If "sIZE" IS "variable-with-determinant” and "DETERMINED BY" is set to (or defaults to)
"field-to-be-set"”, then the decoder shall recover the value "s" by applying the reversal of the "ENCODER-
TRANSFORMS" (if any) to the value of the "USING" reference.

22.7.45 If "DETERMINED BY" is "field-to-be-used" then the decoder shall recover the value "s" by applying the
"DECODER-TRANSFORMS" (if any) to the value of the "UsING" reference.

22.7.46 T "DETERMINED BY' IS flag-to-be-set", then the decoder shall recover a boolean value Dy applyihg the
revergal of the "ENCODER-TRANSFORMS" (if any) to the value of the "USING" reference. The element is thedast pf the
repetition if and only if the boolean value is false.

22.7.4.7 If "DETERMINED BY" is "flag-to-be-used" then the decoder shall recover a boolean value, by applying the
"DECQDER-TRANSFORMS" (if any) to the value of the "UsING" reference. The element is the last ofithe repetition jf and
only if the boolean value is false.

22.7.4.8 If "DETERMINED BY" iS "handle", then the decoder shall determine the value of,thejidentification hand|e and
attempt to decode the following encoding (in parallel) as either a further occurrence of thé repetition or as a follpwing
encoding class, using the value of the identification handle to distinguish these alternatives. If decoding succeefs for
more [than one of these or for none of these, it is an encoding or a specification error:

22.7.4.9 If "DETERMINED BY"iS "pattern" then the decoder shall, at the start of decoding each repetition, check whether
"PATTERN" is present. If "PATTERN" is present, the bits of pattern shall be diSearded, and the repetition terminated.

22.8 | Value padding and justification

22.8.1 Encoding properties, syntax, and purpose

22.8.1.1 Value padding and justification uses the following.gncoding properties:

&value-justification Justification DEFAULT right:O0,
&value-pre-padding Padding DEFAULT zero,
&value-pre-pattern Non-Null-Pattern DEFAULT bits:'0'B,
&value-post-padding Padding DEFAULT zero,
&value-post-pattern Non-Null-Pattern DEFAULT bits:'0'B,
&unused-bits-determination UnusedBitsDetermination

DEFAULT field-to-be-set,
&unused-bits-réference REFERENCE OPTIONAL,

&Unused-bitsF~encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Unused-bits-decoder-transforms #TRANSFORM ORDERED OPTIONAL

22.8.1.2 The syntax to be used for value padding and justification shall be:

[VALUE-PADDING
[JUSTIFIED &value-justification]
[PRE-PADDING &value-pre-padding
[PATTERN &value-pre-pattern]]
[POST-PADDING &value-post-padding
[PATTERN &value-post-pattern]]
[UNUSED BITS
[DETERMINED BY &unused-bits-determination]
[USING &unused-bits-reference
[ENCODER-TRANSFORMS &Unused-bits-encoder-transforms]
[DECODER-TRANSFORMS &Unused-bits-decoder-transforms]]]]

22.8.1.3 The definition of types used in justification is:

Justification ::= CHOICE
{ left INTEGER (0. .MAX),
right INTEGER (0..MAX)} -- (see 21.8)
Padding ::= ENUMERATED {zero, one, pattern, encoder-option} -- (see 21.9)
Pattern ::= CHOICE
{bits BIT STRING,
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octets OCTET STRING,

char8 IA5String,

charlé BMPString,

char32 UniversalString,

any-of-length INTEGER (1..MAX),

different ENUMERATED {any} }
Non-Null-Pattern ::= Pattern

(ALL EXCEPT (bits:''B | octets:''H | char8:"" | charlé:""

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

UnusedBitsDetermination ::= 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 encoding in an
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INg space, and enables a decoder 1o determine the position ot the value encoding.

.5 The precise number of bits to be added by an encoder depends on both the encoding space specification g
lue encoding specification, and is specified for each instance of value encoding.

.6 "USING" is a reference that enables a decoder to determine the number of padding bits inserted: 1t is a refe

nd on

rence

puxiliary field or to a field carrying abstract values, depending on "DETERMINED BY'.

Specification restrictions
.1 The number of bits specified in justification shall be less than or equal to the total-humber of padding bits "b"
elow).
.2 "UsING" shall be specified if and only if "DETERMINED BY" is not "notsneeded".
.3 "ENCODER-TRANSFORMS" shall be present only if "DETERMINED BY" is set to (or defaults to)
d-to-be-set". The first transform shall have a source which is integer and the last transform shall have aresult

can be encoded by the class of the field referenced by "usING".

4 Itis an ECN specification or application error if any transform in the "ENCODER-TRANSFORMS" iS NOt reve
e abstract value to which it is applied.

.5 "DECODER-TRANSFORMS" shall be present only if "DETERMINED BY" is set t0 "field-to-be-used". Th
orm shall have a source which is the same as the category of the field referenced by "usING" which shall not
ary field. The last transform shall have a result which is integer.

.6 The "usiNG" encoding property, if present,”shall be a reference to a field that is present in the encoding 4

being|encoded is present but the field refefenced by the "usING" encoding property is absent (through the exerd

optio
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than lhe field being encoded. It is an application’or an ECN specification error if, in an instance of encoding, the

ality).

.7 This specification is considered set if the "vALUE-PADDING" keyword is used. Actions if it is not set are spe
places where that syntax is pefmitted.

Encoder actions
.1 Encoders shali mot generate encodings if the conditions of 22.8.2 are not satisfied.

.2 This specification is applied if and only if the encoding space or the repetition space encoding specifig

ion epcading within the encoding or repetition space. Let the determined number of added padding bits
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encoding, and "n" bits shall be added as post-padding after it.

ce of encoding be "b" (where "b" is greater than or equal to 0).

22.8.3.4 If "JUusSTIFIED" is "left:n", then "n" bits shall be added as pre-padding before the value or repetition encoding,
and "b"-"n" bits shall be added as post-padding after it.

22.8.3.5 The padding bits shall be set in accordance with the "PRE-PADDING" and "POST-PADDING" specifications, with
the leading bit of the pattern as the first inserted bit in each case.

22.8.3.6 If "DETERMINED BY" iS "not-needed" then this completes the encoders actions.

22.8.3.7 If "DETERMINED BY" is "field-to-be-set", then the encoder shall apply the transforms specified by
"ENCODER-TRANSFORMS" (if any) to the value "b" to produce a value that shall be encoded in the "usING" reference.
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NOTE - The encoding of the "USING" reference in this case appears earlier in the encoding than the encoding of this field, and an
encoder will need to suspend the encoding of that field until the value to be encoded has been determined by the encoding of this
field.

22.8.3.8 If "DETERMINED BY" iS "field-to-be-used" then the encoder shall check that the value in the "usING"
reference when transformed by the "DECODER-TRANSFORMS" (if any) is equal to "b". It is an application error if this
condition is not met, and encoding shall not proceed.

22.8.4 Decoder actions

22.8.4.1 If "DETERMINED BY" is "not-needed", then the decoder shall determine the value of "b" as determined by the
specification of value encoding and encoding space or repetition determination.

22.8.4.2 If "DETERMINED BY" is set to (or defaults to) "field-to-be-set", then the decoder shall recover the value "b"

byap: HRgREFEVEFSaH-HtHe—ENCODER

22.8.4.3 If "DETERMINED BY" is "field-to-be-used" then the decoder shall recover the value "b" by applyi
"DECQDER-TRANSFORMS" (if any) to the value of that field.

22.8.4.4 The decoder shall use the "gusTIFIED" and the value of "b" to determine the position of the value endoding
withii the encoding space, and shall ignore the value of all padding bits.

22.9 | Identification handle specification

22.9.1 Encoding properties, syntax and purpose

22.9.1.1 Identification handle specification uses the following encoding properties:

&exhibited-handle PrintableString DEFAULT "default-handle|',
&Handle-positions INTEGER (0% ‘:MAX) OPTIONAL,
&handle-value-set HandleValueSet DEFAULT tag:any

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

[EXHIBITS HANDLE é&exhibited-handle AT &Handle-positions
[AS &handle-value-set]]

22.9.1.3 The definition of the type used in identificationhandle specification is:

HandleValueSet ::= CHOICE {
bits BIT STRING,
octets OCTET STRING;
number INTEGER (O\'MAX),
tag ENUMERATED {any},
range SEQUENCE {

low INTEGER(0..MAX),
high INTEGER(O..MAX) 1},
ranges SET (SIZE(1..MAX)) OF SEQUENCE ({
low INTEGER (0. .MAX) ,
high INTEGER(0..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:

a) _the/name of the handle;

b)\7~the bit positions that form the handle; and

c) the possible bit patterns (for the bit positions forming the handle) occurring in the encodings produded by
this encoding object (the handle value sef).

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 #OUTER 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 (the
first bit in that part of the encoding that is exhibiting the handle) upwards, and the bits in those positions form a conceptual
handle field.
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22.9.1.7 For a "number" value of "HandlevValueSet" or the encoding of a tag number, the bit in the conceptual handle
field nearest to the zero position is the high-order bit, and the "number" or tag number that specifies the
"HandleValueSet" is right-justified within this field. If the "number" or tag number is too large for the field, this is an
ECN specification error.

22.9.1.8 Ifthe "bitstring" or "octetstring" alternatives of "HandlevalueSet" are used, then their values shall have
the same number of bits as those specified for the identification handle by "aAT". The bit in the conceptual handle field
nearest to the zero position is the leading bit of the "bitstring" oOr "octetstring" that specifies the
"HandleValueSet".

22.9.1.9 The "HandleValueSet" shall not be specified as "tag:any" unless the specification is for an encoding object
of the #TacG class. In this case the value of the identification handle is determined by either the tag number in the ECN
specification or by the tag number mapped from an ASN.1 tag (as specified in clause 19), and need not be specified using
"Han{lTlevalueSet . IT, NOWEVET, a value IS5 SpPecITied by "HandlevalueSet and diifers from that assigned inan ECN
specification of a tag class or in an ASN.1 tag that maps to an ECN tag, that is an ECN specification error.

22.9.] Specification constraints

22.9.2.1 Inany ECN specification, all identification handles with the same name shall specify the samésset of bit posjtions.

NOTE — There is no general requirement that the handle value sets of different encoding objects definedinan ECN specification
bejall disjoint, but disjoint handle value sets are required when the identification handle is used to resalve optionality, altefnative
selection, repetition termination, or ordering of set (see 21.5.7, 21.6.6, 21.7.10, and 22.10.2.1).

22.9.2.2 For an encoding object that exhibits an identification handle (with a given handle value set), the value pf the
identiffication handle occurring in each of the possible encodings produced by that‘ercoding object (for all possible
abstrgct values) shall be a member of the specified handle value set.

22.9.2.3 All encoding objects that exhibit the same identification handle shall-either have no pre-alignment specifidation,
or shall align to the same pre-alignment unit.

NOTE - This restriction is imposed so that decoders can move to the alignment position before looking for the handle when the
deroding depends on a handle value.

22.9.2.4 This specification is considered set if the "EXHIBITS-HANDLE" keyword is used. If it is not set then therg is no
identiffication handle exhibited.

22.9.] Encoders actions

22.9.3.1 If an encoding object exhibits an identification handle, the encoder shall check that the value of the identifigation
handlg occurring in the encoding produced is a member of the specified handle value set, and shall diagnose a specifigation
or application error otherwise.

22.9.4 Decoders actions

22.9.4.1 There are no decoders actignsdirectly resulting from the exhibition of an identification handle. Decoder aftions
only tesult from use of the identification handle to determine optionality, end of repetitions, or choice of alternatives.

22.1Q Concatenation specification

22.10t1 Encoding properties, syntax and purpose

22.1011.1 Concatenation specification uses the following encoding properties:

&concatenation-order ENUMERATED {textual, tag, random}
DEFAULT textual,

&concatenation-alignment ENUMERATED {none, aligned}
PEFAUET—eatligned;

&concatenation-handle PrintableString

DEFAULT "default-handle"

22.10.1.2 The syntax to be used for concatenation specification shall be:

[CONCATENATION
[ORDER &concatenation-order]
[ALIGNMENT &concatenation-alignment]
[HANDLE &concatenation-handle]]

22.10.1.3 This specification determines the order in which the components of an encoding class in the concatenation
category are encoded, the means an encoder uses to identify each component, and any pre-alignment padding that is to
be provided between components.
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22.10.2 Specification constraints

22.10.2.1 If "ORDER" iS "random", then "HANDLE" assumes the default value of "default-handle" if not set, and the
encoding objects applied to all components shall exhibit that identification handle. The handle value sets of those
encoding objects shall all be disjoint.

22.10.2.2 If "ALIGNMENT" iS "aligned", then the pre-alignment specification assumes the default value unless set.
22.10.2.3 If a component has its own explicit pre-alignment, this is applied after any pre-alignment of the component
resulting from the setting of "ALIGNMENT" in the encoding class of the concatenation category.
NOTE — The equivalent function is not provided for repetitions, as it can be achieved more simply by pre-alignment of the single
component.

22.10.2.4 If "OoRDER" is "tag", then every component shall start with an encoding class in the tag category. The tag
NnuMpeT-—<asso tatedHwrt t a t arnet e componenttac:

22.1012.5 The component-tags of each alternative shall be distinct.

22.10{2.6 This specification is considered set if the "CONCATENATION" keyword is used. If it is not set then encodefs and
decoders act as if it was set with each encoding property taking its default value.

22.1012.7 If (through the exercise of optionality) there is at least one abstract value of a concatenation that has no bits in

its engoding, then the concatenation shall have no pre-alignment.

NOTE - This subclause will apply if a concatenation has no mandatory components, or if all its,mandatory components cap have
(through the exercise of optionality) no bits in their encodings.

22.10{3 Encoder actions

22.1013.1 If "oRDER" is "textual", the textual order in the ASN.1 type specification or the ECN structure definition shall
be usgd.

22.10{3.2 If "oRDER" is "tag", then the order shall be that of the tag numbers in the component-tags (lowest tag ngimber
first).

22.1013.3 If "oRDER"is "random", then the encoder shall determine,the order of concatenation without constraint.
22.1013.4 If "ALIGNMENT" is "none", the encoder shall juxtapose the encodings of components with no inserted bits.

22.1013.5 If "ALIGNMENT" is "aligned", then the encodershall apply the pre-alignment specification of the class|in the
concdtenation category before encoding each component, except that a pre-alignment specification of "ALIGNED TO| ANY"
shall pe interpreted as a specification of "ALIGNED TO NEXT" (see 22.2).

NOTE 1 — This is because there can only be a single start pointer for "ALIGNED TO ANY".

NOTE 2 — Any pre-alignment specified for acomponent (including "ALIGNED TO ANY") is applied after the above actio

«

22.10{4 Decoder actions

22.10{4.1 When decoding a component, a decoder shall first perform the decoder actions associated with th¢ pre-
alignment specification for "ALTGNMENT" if it is set t0 "aligned", treating "ALIGNED TO ANY" aS "ALIGNED TO NEXT"
(see 42.2). If "ALIGNMENT" (ss€t to "none", then the decoder shall proceed directly to decoding the component.

22.1014.2 The decodersshal determine the order of the components from the defined order for the encoder if "ORDER" is
"textual" or "tag¥,

22.10{4.3 If "ORDER" is "random", the decoder shall determine the order of the components by examining the value of the
identiffication fiandle.

22.10144 Decoding shall proceed until an abstract value for every component has been obtained, and a decodel shall

diagnbse=an-encoder's-errorif more-than-one-encoding-is-identified-for-a-component,-orif unexpected-values-appdar 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
Recommendation | International Standard, and such occurrences shall be treated as encoder errors.

22.11 Contained type encoding specification

22.11.1 Encoding properties, syntax and purpose

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

&Primary-encoding-object-set #ENCODINGS OPTIONAL,
&Secondary-encoding-object-set #ENCODINGS OPTIONAL,
&over-ride-encoded-by BOOLEAN DEFAULT FALSE
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22.11.1.2 The syntax to be used for contained type encoding specification shall be:

[CONTENTS-ENCODING &Primary-encoding-object-set
[COMPLETED BY &Secondary-encoding-object-set]
[OVERRIDE &over-ride-encoded-by]]

22.11.1.3 The purpose of this specification is to determine the encoding of a contained type, and whether an 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 to clause 13.2 to produce a combined encoding object set.

22.11.1.5 This specification is considered set if the "CONTENTS-ENCODING" keyword is used.

22.11.2_Encoder-actions

22.1142.11f "CONTENTS-ENCODING" iS not set, then a contained type shall be encoded using the combined encoding pbject
set applied to the container if "ENCODED BY" is not present in the ASN.1 contents constraint, otherwise with-the engoding
rules ppecified by the "ENCODED BY" statement.

22.1112.2 If "CONTENTS-ENCODING" is set, the combined encoding object set formed from "coMpPLETED BY" shall be
appligd to the contained type if "ENCODED BY" is not present in the ASN.1 contents constraint;, anif "ENCODED BY" is
present and "OVERRIDE" is TRUE. Otherwise the combined encoding set applied to the containing type shall be applied
to thefcontained type.

22.11|13 Decoder actions

22.1113.1A decoder shall decode the contained type in accordance with the encoding-applied by the encoder, as specified
abovg.

22.12 Bit reversal specification

22.12t1 Encoding properties, syntax, and purpose

22.12|1.1 Bit reversal specification uses the following encoding-property:

§bit-reversal ReversalSpecification
DEFAULT no-reversal

22.1211.2 The syntax to be used for bit reversal specification shall be:

[BIT-REVERSAL &bit-reversal]

22.1211.3 The definition of types used in this group is:

ReversalSpecificatién)® := ENUMERATED
{no-reversalf,
reverse-bi¥tg~in-units,
reverse-Batrf-units,
revergePits-in-half-units} -- (see 21.14)

22.12|1.4 The purpase ‘of this specification is to enable the order of bits in the final encoding to be different from|those
bits generated as partof an encoding-space or repetition-space, or in the complete encoding of a PDU (see clause 35).

NOTE 1 — Bit.reversal can be specified for individual bit-field encodings and also for the results of concatenation or repgtition.
CIE should\be taken to ensure that one reversal does not negate the other.

NOTE"2 * Bit reversal applies to the contents of an encoding space or repetition space (including any value pre-padding or
past-padding), but does not apply to any pre-alignment padding.

22.12.2 Specification constraints

22.12.2.1 This specification is only available when an encoding space or repetition space encoding is required, and within
#OUTER.

22.12.2.2 "BIT-REVERSAL" shall not be "reverse-half-units" Or "reverse-bits-in-half-units" unless
"MULTIPLE OF" is set to an even number of bits for the encoding space or repetition space or #OUTER reversal. (This
requirement means that a value of "repetitions" for "MULTIPLE OF" is not allowed in this case.)

22.12.2.3 "BIT-REVERSAL" shall not be set unless "MULTIPLE-OF" is "repetitions" Or is greater than one bit.

22.12.2.4 This specification is considered set if the "BIT-REVERSAL" keyword is used. If it is not set then encoders and
decoders act as if it was set with the encoding property taking its default value.
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.3 Encoder actions

22.12.3.1 Except when performing #OUTER actions, an encoder shall divide the contents of the encoding space or
repetitions space into "MULTIPLE OF" units unless "MULTIPLE OF" iS "repetitions". If "MULTIPLE OF" is
"repetitions", then the entire encoding space shall be treated as a single unit. When performing bit-reversal for
#OUTER, the entire encoding (after any "PADDING" has been applied) shall be divided into "MULTIPLE OF" units. It is an
ECN specification error if the entire encoding is not an integral multiple of "MULTIPLE OF" units.

22.12.3.2 The encoder shall do no reversal (the default value), or shall reverse the bits in each unit, or shall reverse the
half-units (without changing the order of bits in each half-unit) or shall reverse the bits within each half-unit, as specified
by the value of "BIT-REVERSAL".

22.12

.4 Decoder actions

22.12
space
perfo

N

23
This

N
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23.1

23.1.1
The s

4.1 The decoder shall first determine (see encoding space and repetition space specification) the end of the en

m the reversal actions specified for the encoder before continuing with decoding.
DTE — Performing the same reversals will recover the original bit-order.

Defined syntax specification for bit-field and constructor classes

DTE — Encoder and decoder actions are specified in the following clauses as conditional(on an encoding property groug
. A group is set if and only if the initial keyword of the group is present in the specification of the encoding object.

Defining encoding objects for classes in the alternatives catégory

The defined syntax

yntax for defining encoding objects for classes in the alternati\ies category is defined as:
#ALTERNATIVES ::= ENCODING-CLASS {

-- Structure-only replacement specification (see 22.1)

lause provides the full syntax for defining encoding objects of each encoding class.inche different categoried.

ding

or repetition space or (for bit-reversal specification within #ouTER) the end of the entire encoding, and’shall then

being

&#Replacement-structure OPTIONAL,
&replacement-structure-encoding-object &#Replacement-structure OPTIONAL,

-- Pre-alignment and padding specification (see 22.2)
&encoding-space-pre-alidgnment-unitUnit (ALL EXCEPT repetitions) DEFAULT bjit,
&encoding-space-pre-pddding Padding DEFAULT zero,
&encoding-space-pre~pattern Non-Null-Pattern (ALL EXCEPT different:jany)

DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start-pginger REFERENCE OPTIONAL,
&start—pginter-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&Start~pdinter-encoder-transforms #TRANSFORM ORDERED OPTIONAL,

--‘Alternative determination (see 22.6)

¢8lternative-determination AlternativeDetermination

DEFAULT field-to-be-set,
&alternative-reference REFERENCE OPTIONAL,
&Encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Decoder-transforms #TRANSFORM ORDERED OPTIONAL,
&handle-1d PrintableString

DEFAULT "default-handle",
&alternative-ordering ENUMERATED {textual, tag}

DEFAULT textual,

-- Identification handle specification (see 22.9)

&exhibited-handle PrintableString DEFAULT "default-handle",
&Handle-positions INTEGER (0..MAX) OPTIONAL,
&handle-value-set HandleValueSet DEFAULT tag:any
} WITH SYNTAX {
[REPLACE
[STRUCTURE]

WITH &#Replacement-structure
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[ENCODED BY &replacement-structure-encoding-object]]
[ALIGNED TO
[NEXT]
[ANY]
&encoding-space-pre-alignment-unit
[PADDING &encoding-space-pre-padding
[PATTERN &encoding-space-pre-pattern]]]
[START-POINTER &start-pointer

[MULTIPLE OF &start-pointer-unit]
[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]]
ALTERNATIVE

[DETERMINED BY &alternative-determination
[HANDLE &handle-id]]
[USING &alternative-reference
[ORDER sl termative-oraering]
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]
[EXHIBITS HANDLE &exhibited-handle AT &Handle-positions
[AS &handle-value-set]]

}

23.1.2 Purpose and restrictions

23.1.2.1 This syntax is used to define the start of the encoding space for an encoding class’in the alternatives cat¢gory,
the dgtermination of the alternative that has been encoded, and an optional declaration that the encoding object exhjbits a
specified identification handle (with a given handle value set).

23.1.2.2 If "REPLACE STRUCTURE" is set, then no other encoding property groupssshall be set. If the encoding object of
the replacement structure exhibits a handle (with a given handle value set), the-encoding object being defined exhibjts 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 "EXHIBITS 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 "EXHIBITS 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 claugse 22,
in the| following order and in accordance with:theencoding object definition:

a) Replacement.

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

d) Alternative detefmination.
e) Identificationhandle.

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 claugse 22,
in the|following.erder and in accordance with the encoding object definition:

&)\ “Pre-alignment and padding.
b) Start pointer.
c) Alternative determination.

23.2 Defining encoding objects for classes in the bitstring category

23.2.1 The defined syntax

The syntax for defining encoding objects for classes in the bitstring category is defined as:
#BITS ::= ENCODING-CLASS {

-- Pre-alignment and padding specification (see 22.2)
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&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT bit,

&encoding-space-pre-padding Padding DEFAULT zero,

&encoding-space-pre-pattern Non-Null-Pattern (ALL EXCEPT different:any)

DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)
&start-pointer REFERENCE OPTIONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&Start-pointer-encoder-transforms #TRANSFORM ORDERED OPTIONAL,

-- Bits value encoding

&value-reversal BOOLEAN DEFAULT FALSE,
&Transforms #TRANSFORM ORDERED OPTIONAL,
&Bits-repetition-encodings #CONDITIONAL-REPETITION ORDERED OPTIONAL,

14

-- Identification handle specification (see 22.9)

&exhibited-handle PrintableString DEFAULT "default#handle]',
&Handle-positions INTEGER (0..MAX) OPTIONAL,
&handle-value-set HandleValueSet DEFAULT tag:axdyy

-- Contained type encoding specification (see 22.11)

&Primary-encoding-object-set #ENCODINGS OPTIONAL,
&Secondary-encoding-object-set #ENCODINGS OPTIONAL,
&over-ride-encoded-by BOOLEAN DEFAULT FALSE

} WITH SYNTAX {

}

[ALIGNED TO
[NEXT]
[ANY]
&encoding-space-pre-alignmenddunit
[PADDING &encoding-space-pre-padding
[PATTERN &encodingépace-pre-pattern]]]
[START-POINTER &start-pointer

[MULTIPLE OF &start-pQithter-unit]

[ENCODER-TRANSFORMS &3fart-pointer-encoder-transforms]]
[VALUE-REVERSAL &value-reversal]
[ TRANSFORMS &Transforms]
[REPETITION-ENCODINGS &Bits-repetition-encodings]
[REPETITION-ENCODING &bits-repetition-encoding]

[EXHIBITS HANDLE &exhjbited-handle AT &Handle-positions
[AS &handle-value-set]]
[CONTENTS-ENCODENG* &Primary-encoding-object-set
[COMPLETED BY &Secondary-encoding-object-set]
[OVERRIDE &over-ride-encoded-by] ]

(self-

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.
p)>~The bits are then considered as a repetition of bit.
c) There is an optional transform (specified by "TRANSFORMS") in which each bit is transformed into a
detimiting) bItsring.
d) Either "REPETITION-ENCODING" Or "REPETITION-ENCODINGS" specify how the repetition of the

sequences of bits (or of the original bits, if "TRANSFORMS™ is not set) are to be encoded.

NOTE — The sole purpose of allowing "REPETITION-ENCODING" as well as "REPETITION-ENCODINGS" is to
provide a syntax that does not contain a double curly-bracket ("{{") in the common case of a single conditional

encoding. Use of "REPETITION-ENCODINGS" when there is a single conditional encoding is deprecated
allowed.

but is

23.2.2.2 Bounds (if present) on the class being encoded (a class in the bitstring category) are bounds on the number of
bits in the bitstring forming each abstract value.
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23.2.2.3 When considered as a repetition of a bit, 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 #CONDITIONAL-REPETITION that are used in the
specification of this encoding object.

23.2.3  Purpose and restrictions

23.2.3.1 This syntax is used to define the start of the encoding space for a class in the bitstring category, the encoding of
the abstract values of that class, an optional declaration that the encoding object exhibits a specified identification handle

(with

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

23.2.3.2 The #CONDITIONAL-REPETITION that is applied by this encoding object shall not specify "REPLACE" unless it
iS "REPLACE STRUCTURE".

23.2.3.3 If any of the #CONDITIONAL-REPETITION encoding objects contain a "REPLACE STRUCTURE" clause, then all

of thd
23.2.3

#CONDITIONAL-REPETITION encoding objects shall contain a "REPLACE STRUCTURE" clause.

4 If there is a "REPLACE STRUCTURE" clause in the #CONDITIONAL-REPETITION encoding objects, thenng

paraneters shall be set. If the encoding object of the replacement structure exhibits a handle (with a given handle

set),
see 21

23.2.1
have
(see 3

N
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specil
23.2.4

23.2.4
in the|

he encoding object being defined exhibits the same identification handle (with the same handle value
.1.1.11).

.5 The first transform in "TRANSFORMS" (if any) shall have a source that is a single bit arig-the last transform
b result that is bitstring. The bitstrings produced for a one-bit and for a zero-bit shall form a self-delimiti
.2.42).

DTE — This means that the final transform is required to be self-delimiting.

.6 It is an ECN specification or application error if any transform in the “TRANSFORMS" is not reversible fi
ct value to which it is applied.

.7 Exactly one of "REPETITION-ENCODING" and "REPETITION-ENCODINGS" shall be set.

.8 If an encoding object in the "REPETITION-ENCODINGS" ordered'list is defined using "IF" or "IF-ALL", th
ling encoding objects in that list shall be defined using "IF" 6fIF-ALL".

.9 If "DETERMINED BY" is "not-needed" in one or more0f the "REPETITION-ENCODING(S)" specificationg
stract values of the original bitstring to which that encoding object is applied shall be constrained to a finit
ting set that can be identified from the ECN specification.

eger values to bits (see 19.7), or if the bitstring values’had an ECN-visible bound restricting them to a fixed number of bi

.10 If "EXHIBITS HANDLE" is set, then theencoding object exhibits the specified identification handle.

DTE — This will in general require restrictions on the abstract values of the associated type or the addition of redundant
P transform into bits, or both.

ications.

Encoder actions

.1 For any encoding-property group that is set, the encoder shall perform the encoder actions specified in clau
following ordenand in accordance with the encoding object definition:

a) PRre-alignment and padding.
b)_<Start pointer.
€)' Bits value encoding (see 23.2.4.2).

other
value
set —

shall
g set

Dr the

en all

, then
self-

DTE — This would be the case if the bitstring values resutted from a Huffman-style encoding (see Annex E) specified by mapping

(S.

bits in

.11 If "EXHIBITS HANDLE" i$Set, then "ALIGNED TO" shall not be set in any of the "REPETITION-ENCODING(S)"

5e 22,

PAAY Ll

fifioati o o
\%J} TOCTTO TICTrOTT T I ToTeT

e) Contained type encoding.

23.2.4.2 For bits value encoding, the encoder shall:

a) Reverse the order of bits in the entire bitstring abstract value if "VALUE-REVERSAL" iS Set t0 TRUE;
b) Treat the bitstring value as a repetition of a bit;
c) Apply the specified "TRANSFORMS" (if any) to each bit to produce a repetition of bits;

d) Encode the repetition by applying the first "REPETITION-ENCODING(S)" whose condition is satisfied.

23.2.4.3 Itis an ECN specification error if there is no "REPETITION-ENCODING(S)" whose condition is satisfied.
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23.2.5 Decoder actions

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

23.2.5.2 For bits value decoding, the decoder shall use the "REPETITION-ENCODING(S) " to determine the repetition
space and to recover the original bit order using the "BIT-REVERSAL" specification.

bit to

23.2.%.4 If "VALUE-REVERSAL" is set to TRUE, then the final order of the bits in the bitstring abstract value shall be

reverged.

23.3 | Defining encoding objects for classes in the boolean category

23.3.1 The defined syntax

The syntax for defining encoding objects for classes in the boolean category is defined-as:

#BOOL :

:= ENCODING-CLASS {
-- Structure-only replacement specification (see’22.1)
&#Replacement-structure OPTIONAL,
&replacement-structure-encoding-object &fReplacement-structure OPTIONAL,

-- Pre-alignment and padding specification (see 22.2)

&encoding-space-pre-alignment-unitUnpst"’ (ALL EXCEPT repetitions) DEFAULT Hit,

&encoding-space-pre-padding Padding DEFAULT zero,
&encoding-space-pre-pattern Non-Null-Pattern (ALL EXCEPT different:jany)
DEFAULT bits:'0'B,
-- Start pointer specification (see 22.3)
&start-pointer REFERENCE OPTIONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&Start-pointer-encodedgtransforms #TRANSFORM ORDERED OPTIONAL,
-- Encoding space\specification (see 22.4)
&encoding-spagexsize EncodingSpaceSize
DEFAULT self-delimiting-values,
&encoding-spacde-unit Unit (ALL EXCEPT repetitions)
DEFAULT bit,
&encodings/space-determination EncodingSpaceDetermination
DEFAULT field-to-be-set,
&epgading-space-reference REFERENCE OPTIONAL,
&Ericoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Decoder-transforms #TRANSFORM ORDERED OPTIONAL,
-- Boolean value encoding
&value-true-pattern Pattern DEFAULT bits:'l'B,
&value-false-pattern Pattern DEFAULT bits:'0'B,
-- Value padding and justification (see 22.8)
&value-justification Justification DEFAULT right:0,
&value-pre-padding Padding DEFAULT zero,
&value-pre-pattern Non-Null-Pattern DEFAULT bits:'0'B,
&value-post-padding Padding DEFAULT zero,
&value-post-pattern Non-Null-Pattern DEFAULT bits:'0'B,
&unused-bits-determination UnusedBitsDetermination
DEFAULT field-to-be-set,
&unused-bits-reference REFERENCE OPTIONAL,
&Unused-bits-encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Unused-bits-decoder-transforms #TRANSFORM ORDERED OPTIONAL,
-- Identification handle specification (see 22.9)
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&exhibited-handle PrintableString DEFAULT "default-handle",
&Handle-positions INTEGER (0..MAX) OPTIONAL,
&handle-value-set HandleValueSet DEFAULT tag:any,

-- Bit reversal specification (see 22.12)
&bit-reversal ReversalSpecification
DEFAULT no-reversal

} WITH SYNTAX ({
[REPLACE
[STRUCTURE]
WITH &#Replacement-structure
[ENCODED BY &replacement-structure-encoding-object]]
[ALIGNED TO
[NEXT]
[ANY] N
&encoding-space-pre-alignment-unit (1/
[PADDING &encoding-space-pre-padding (19
[PATTERN &encoding-space-pre-pattern]]] (b .
[START-POINTER &start-pointer

’
[MULTIPLE OF &start-pointer-unit] (‘l?)

[ENCODER-TRANSFORMS &Start-pointer-encoder-transfo
ENCODING-SPACE
[SIZE &encoding-space-size C)
[MULTIPLE OF &encoding-space-unit]] \\Q/
[DETERMINED BY &encoding-space-determination] O
[USING &encoding-space-reference
[ENCODER-TRANSFORMS &Encoder-transfo Q
[DECODER-TRANSFORMS &Decoder—transft&s]]
[TRUE-PATTERN &value-true-pattern]
[FALSE-PATTERN &value-false-pattern] Q
[VALUE-PADDING Q
[JUSTIFIED &value-justification] §
[PRE-PADDING &value-pre-paddin
[PATTERN &value—pre—pz@n]]
[POST-PADDING &value-post-p ing
[PATTERN &value-po f@attern]]
[UNUSED BITS ‘\
[DETERMINED BY &uﬂ:{sed—bits—determination]
[USING &unusecb\' ts-reference
[ENCODEQ:TRANSFORMS &Unused-bits-encoder-transforms]
[DEG%E’R—TRANSFORMS &Unused-bits-decoder-transforms]]]]
[EXHIBITS HANDLE &e:@j ited-handle AT &Handle-positions
[AS &handlg—value—set]]

[BIT-REVERSAL &khit>-reversal]
I O
23.3.2 Purpose and restrictions

23.3.2.1 This syntax iﬁg}to define the start of the encoding space for a class in the boolean category, the encodjng of
the alpstract values t class, their positioning within the encoding space, an optional declaration that the engoding
object exhibits a specified identification handle (with a given handle value set), and possible bit-reversal of the endoding
space]for the n.

23.32.2 1 LACE" is set, then no other encoding property groups shall be set.

23.3. .@\t most one of "TRUE-PATTERN" and "FALSE-PATTERN" shall be set t0 "different:any".

23.3.2.4 If the alternative "any-of-length" is selected for either pattern (or both), then the length in bits of the two
patterns shall be different.

23.3.2.5 If "ENCODING-SPACE SIZE" iS "self-delimiting", then "TRUE-PATTERN" and "FALSE-PATTERN" shall
form a self-delimiting set (see 3.2.42).

23.3.2.6 "UNUSED BITS DETERMINED BY" shall not be "not-needed" unless:

a) Both patterns are integral multiples of "ENCODING-SPACE MULTIPLE OF" Units and "ENCODING SPACE
SIZE" is "variable-with-determinant”; Or

b) Both patterns are the same length; or
C) "JUSTIFIED"Iis "left" and the patterns form a self-delimiting set; or
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"JUSTIFIED" iS "right" and the reverse of the patterns form a self-delimiting set (see 3.2.42).

23.3.2.7 If there are any unused bits in the encoding space, then "VALUE-PADDING" shall be set.

23.3.3

Encoder actions

23.3.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause 22,
in the following order and in accordance with the encoding object definition:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space (see 23.3.3.2).

e) Value encoding (see 23.3.3.3).

f)  Value padding and justification.

g) Identification handle.

h) Bitreversal.
23.3.3.2 If "ENCODING-SPACE SIZE" is notsetto apositive value, then the encoding space size ts"is the smallest niimber
of "MPLTIPLE OF" units (subject to 23.3.3.3) that can accommodate the pattern of the valuethat'is to be encoded.
23.3.3.3 An encoder (as an encoder's option) may increase the encoding space size "s'(as determined in 23.3.3.2) in
"MULTIPLE OF" units (subject to any restrictions that the range of values.of)any "field-to-be-sef" or
"field-to-be-used" imposes) if the "ENCODING-SPACE SIZE" iS Sett0 "encoder~option-with-determingnt"”.
23.3.3.4 The number of unused bits can be determined from the value "s" and from the pattern of the value to be enqoded.
23.3.3.5 If the number of unused bits is non-zero, then "vALUE-PADDING' 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 thelfollowing 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.

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 BITS" determination, if any; or

b) Using theself-delimiting property of the patterns or their reversals.
23.4 | Defining éncoding objects for classes in the characterstring category
23.4.]1 Thedefined syntax
The syntaxfor defining encoding objects for classes in the characterstring category is defined as:

#CHARS ::= ENCODING-CLASS {

-- Pre-alignment and padding specification (see 22.2)

&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT bit,

&encoding-space-pre-padding Padding DEFAULT zero,

&encoding-space-pre-pattern Non-Null-Pattern (ALL EXCEPT different:any)
DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTIONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&Start-pointer-encoder-transforms #TRANSFORM ORDERED OPTIONAL,

-- Chars value encoding
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&value-reversal BOOLEAN DEFAULT FALSE,

&Transforms #TRANSFORM ORDERED OPTIONAL,
&Chars-repetition-encodings #CONDITIONAL-REPETITION ORDERED OPTIONAL,
&chars-repetition-encoding #CONDITIONAL-REPETITION OPTIONAL,

-- Identification handle specification (see 22.09)

&exhibited-handle PrintableString DEFAULT "default-handle
&Handle-positions INTEGER (0..MAX) OPTIONAL,
&handle-value-set HandleValueSet DEFAULT tag:any

} WITH SYNTAX {

[ALIGNED TO
[NEXT]
[ANY]

Sencoding-space-nre—alignment-1nit
=t 3 >

"
’

23.4.]
23.4.

N
SY|

23.4.1
of chg

23.4.

repetitions, and can be used’in-the specification of the encoding objects of class #CONDITIONAL-REPETITION th
n the specification ofthis encoding object.

used

23.4.]

23.4.3
encod
specil

}

Model for the encoding of classes in the characterstring category

.1 The model of characterstring encodings is:

a)
b)

c)

d)

DTE — The sole purpose of allowing "REPETITION-ENCODING" as well as "REPETITION-ENCODINGS" is to prdg
htax that does not contain a double curly=bracket ("{{") in the common case of a single conditional encoding.
"REPETITION-ENCODINGS" when there is.a’single conditional encoding is deprecated but is allowed.

[PADDING &encoding-space-pre-padding
[PATTERN &encoding-space-pre-pattern]]]
[START-POINTER &start-pointer

[MULTIPLE OF &start-pointer-unit]

[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]}
[VALUE-REVERSAL &value-reversal]
[ TRANSFORMS &Transforms]

[REPETITION-ENCODINGS &Chars-repetition-encodings]

[REPETITION-ENCODING &chars-repetition-encoding]

[EXHIBITS HANDLE &exhibited-handle AT &Handle-position¥
[AS &handle-value-set]]

The order of characters in the character string can be reversed.
The chars are considered as a repetition of a char.

There is a transform (specified by "TRANSFORMs") in which each character is transformed into 3
delimiting bitstring.

Either "REPETITION-ENCODING" Or "REPETITION-ENCODINGS" specify how the repetition of bit
is to be encoded.

self-

string

vide a
Jse of

.2 Bounds (if present) on the class\being encoded (a class in the characterstring category) are bounds on the ndimber

rs in the character string forming each abstract value.

.3 When considered asra, repetition of chars, these bounds shall be interpreted as bounds on the number of

Purpose and-restrictions

.1 This syntax is used to define the start of the encoding space for a class in the characterstring categor
ing of the*abstract values associated with that class, an optional declaration that the encoding object exh
iedddentification handle (with a given handle value set).

23.4.

at are

y, the
bits a

iS "REPLACE STRUCTURE".

less it

23.4.3.3 If any of the #CONDITIONAL-REPETITION encoding objects contain a "REPLACE STRUCTURE" clause, then all
of the #CONDITIONAL-REPETITION encoding objects shall contain a "REPLACE STRUCTURE" clause.

23.4.3.4 If there is no "REPLACE STRUCTURE" clause in the #CONDITIONAL-REPETITION encoding objects, then
"TRANSFORMS" shall be set. If there is a "REPLACE STRUCTURE" clause in the #CONDITIONAL-REPETITION 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).
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23.4.3.5 The first transform of "TRANSFORMS" shall have a source that is a single character and the last transform shall
have a result that is bitstring. The bitstrings produced for the set of all characters to be encoded shall form a self-delimiting
set (see 3.2.42).

NOTE — This means that the final transform is required to be self-delimiting.

23.4.3.6 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.

23.4.3.7 Exactly one of "REPETITION-ENCODING" and "REPETITION-ENCODINGS" shall be set.

23.4.3.8 If an encoding object in the "REPETITION-ENCODINGS" ordered list is defined using "IF" or "IF-aLL", then all
preceding encoding objects in that list shall be defined using "IF" or "IF-ALL".

23.4.3.9 If "EXHIBITS 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 inclusion of redundantfbits in
th¢ encoding of each character, or both.

23.4.3.10 If "EXHIBITS HANDLE" is Set, then "ALIGNED TO" shall not be set in any of the "REPETITION-ENCODING(S)
specifications.

23.4.4 Encoder actions

23.4.4.1 For any encoding property group that is set, the encoder shall perform the encoder agtions 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) Chars value encoding (see 23.4.4.3).

d) Repetition encoding as specified by the first "REPETITION<ENCODING(S)" whose condition is satisfied.
e) Identification handle specification.

23.4.4.2 Itis an ECN specification error if there is no "REPETITION-ENCODING(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;eharacter 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 "TRANSFORMS;" (if any) to each char to produce a repetition of bits;
d) Encode the repetition by applying the "REPETITION-ENCODING(S)".

23.4.5 Decoder actions

23.4.%.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.

¢) Repetition decoding as specified by the first "REPETITION-ENCODING(S)" whose condition is satisfied.
d) .Characterstring value decoding (see 23.4.5.2).

23.4.%.2 Foricharacterstring value decoding, the decoder shall use the "REPETITION-ENCODING(S)" to determime the
repetitiorhspace and to recover the original characters. If "TRANSFORMS" is set, then the decoder shall use theT 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 If "VALUE-REVERSAL" is set to TRUE, then the final order of the characters in the characterstring abstract value
shall be reversed.
23.5 Defining encoding objects for classes in the concatenation category

23.5.1 The defined syntax

The syntax for defining encoding objects for classes in the concatenation category is defined as:

#CONCATENATION ::= ENCODING-CLASS {
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-- Full replacement specification (see 22.1)
&#fReplacement-structure

&#Replacement-structure2

&replacement-structure-encoding-object &#Replacement-structure
&replacement-structure-encoding-object2 &#Replacement-structure2
&#fHead-end-structure

&#Head-end-structure2

-- Pre-alignment and padding specification (see 22.2)

OPTIONAL,
OPTIONAL,
OPTIONAL,
OPTIONAL,
OPTIONAL,
OPTIONAL,

&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT bit,

&encoding-space-pre-padding Padding DEFAULT zero,

&encoding-space-pre-pattern Non-Null-Pattern (ALL EXCEPT different:any)

DEFAULT bits:'0'B,

==—Start pointer sSpecifictatiom (see 22739

sstart-pointer REFERENCE OPTIONAL, N
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAqg}/bit,
&Start-pointer-encoder-transforms #TRANSFORM ORDERED OPTIONAL, A
-- Encoding space specification (see 22.4) ngb
&encoding-space-size EncodingSpaceSize (],
DEFAULT self—delimiting—tggaes,
&encoding-space-unit Unit (ALL EXCEPT repet(:} ns)
DEFAULT bit,
&encoding-space-determination EncodingSpaceDeterq ion
DEFAULT field-to-Ke}ket,
&encoding-space-reference REFERENCE OPTIONAD,
&Encoder-transforms #TRANSFORM O D OPTIONAL,
&Decoder-transforms #TRANSFORM<? RED OPTIONAL,
-- Concatenation specification (see 22.10§é§>
&concatenation-order ENUMEQ$ D {textual, tag, random}
DEF, textual,
&concatenation-alignment E RATED {none, aligned}
ULT aligned,
&concatenation-handle rintableString
N ®$ DEFAULT "default-handle",
-- Value padding and justifssétion (see 22.8)
&value-justification 3 Justification DEFAULT right:O0,
&value-pre-padding ’€*~ Padding DEFAULT zero,
&value-pre-pattern N\ Non-Null-Pattern DEFAULT bits:'0'B,
&Value—post—padding<:) Padding DEFAULT zero,
&value-post-pattegn- Non-Null-Pattern DEFAULT bits:'0'B,
&unused—bits—1:§;§hination UnusedBitsDetermination
DEFAULT field-to-be-set,
&unused-bits ference REFERENCE OPTIONAL,
&Unused- (f}lencoder—transforms #TRANSFORM ORDERED OPTIONAL,
&Unus%ED ts-decoder-transforms #TRANSFORM ORDERED OPTIONAL,
- tification handle specification (see 22.9)
bited-handle PrintableString DEFAULT "default-handlq',
andle-positions INTEGER (0..MAX) OPTIONAL,
‘s; handle-value-set HandleValueSet DEFAULT tag:any,
’<5?~ -- Bit reversal specification (see 22.12)
CE) &bit-reversal ReversalSpecification

DEFAULT no-reversal

} WITH SYNTAX ({
[REPLACE

[STRUCTURE ]

[COMPONENT ]

[ALL COMPONENTS]

[OPTIONALS]

[NON-OPTIONALS]

WITH &#Replacement-structure
[ENCODED BY &replacement-structure-encoding-object

[INSERT AT HEAD &#Head-end-structure]]

[AND OPTIONALS WITH &#Replacement-structure2

[ENCODED BY &replacement-structure-encoding-object2
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[INSERT AT HEAD &#Head-end-structure2]]] ]
[ALIGNED TO
[NEXT]
[ANY]
&encoding-space-pre-alignment-unit
[PADDING &encoding-space-pre-padding
[PATTERN &encoding-space-pre-pattern]]]
[START-POINTER &start-pointer
[MULTIPLE OF &start-pointer-unit]
[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]]
ENCODING-SPACE
[SIZE &encoding-space-size
[MULTIPLE OF &encoding-space-unit]]
[DETERMINED BY &encoding-space-determination]

23.5.]

23.5.
which
decla
bit-re

23.5.1
of the
the s3

23.5.7

valu

23.5.2

23.5.]
23.5.1

[USING sencoding-sSpace-IreLerelce
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]

[CONCATENATION

[ORDER &concatenation-order]

[ALIGNMENT &concatenation-alignment]

[HANDLE &concatenation-handle]]

[VALUE-PADDING

[JUSTIFIED &value-justification]

[PRE-PADDING &value-pre-padding
[PATTERN &value-pre-pattern]]

[POST-PADDING &value-post-padding
[PATTERN &value-post-pattern]]

[UNUSED BITS
[DETERMINED BY &unused-bits-determinetion]

[USING &unused-bits-reference
[ENCODER-TRANSFORMS &UnugedAbits-encoder-transforms]
[DECODER-TRANSFORMS &Upused-bits-decoder-transforms]]]]
[EXHIBITS HANDLE &exhibited-handle AT ¢(&Handle-positions
[AS &handle-value-set]]
[BIT-REVERSAL &bit-reversal]

}

Purpose and restrictions

.1 This syntax is used to define the start of the'encoding space for a class in the concatenation category, the V
the encodings of the components are.to\be combined, their positioning within the encoding space, an op
ation that the encoding object exhibits.a specified identification handle (with a given handle value set), and pg
versal of the encoding space.

.2 If "REPLACE STRUCTURE' i$)5¢et, then no other encoding parameter groups shall be set. If the encoding
replacement structure exhibits a handle (with a given handle value set), the encoding object being defined ex
me identification handle{(with the same handle value set — see 22.1.1.11).

.3 "ENCODING-SPACE~ SIZE" shall be either "variable-with-determinant" Or "self-delimit

PS .
4 If "EXHIBITS HANDLE" is set, then the encoding object exhibits the specified identification handle.

Encoder actions

.J-For‘any encoding property group that is set, the encoder shall perform the encoder actions specified in clau

in thel

vay in
tional
ssible

bbject
hibits

ting-

5e 22,

©

foltowing order and in accordance with the encading abject definition:
a) Replacement.
b) Pre-alignment and padding.
c) Start pointer.
d) Encoding space. (See 23.5.3.2.)
e) Concatenation.
f)  Value padding and justification.
g) ldentification handle specification.
h) Bit reversal.
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"MULTIPLE OF" units needed to contain the concatenation.

23.5.4 Decoder actions

is "variable-with-determinant”, it shall be the minimum number of

23.5.4.1 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.

23.6

23.6.]
Thes

23.6.1

23.6.
of the
23.6.

N
cu
is

23.6.2
encod

23.6.]
23.6.3

condifions are satisfied: It is an ECN specification error if none of the conditional encodings have conditions th

satisf

N
be

Y | (H (LY -
<) v diut gauuiny armua jusurieativurt.

f)  Concatenation.

Defining encoding objects for classes in the integer category

The defined syntax

yntax for defining encoding objects for classes in the integer category is defined as:
#INT ::= ENCODING-CLASS {
-- Integer encoding

&Integer-encodings #CONDITIONAL-INT ORDERED OPTIONAL,
&integer-encoding #CONDITIONAL-INT ,ORTIONAL

} WITH SYNTAX {
[ENCODINGS &Integer-encodings]
[ENCODING &integer-encoding]

}

Purpose and restrictions

.1 This syntax is used to define the encoding of a ¢lass in the integer category by specifying one or more encg
#CONDITIONAL-INT class.
.2 Exactly one of "ENCODING" and "ENCODENGS" shall be set.

DTE — The sole purpose of allowing "ENCODING" as well as "ENCODINGS" is to provide a syntax that does not contain a
Fly-bracket (" { {") in the common case of asingle encoding object. Use of "ENCODINGS" when there is a single encoding
Heprecated but is allowed.

.3 If an encoding object in_the ENcopINGS" ordered list is defined using "IF" or "IF-ALL", then all preg
ing objects in that list shall be’defined using "IF" or "IF-ALL".
Encoder actions

.1 The encoder &hall select and apply the first #CONDITIONAL-INT encoding object in "ENCODING(S)"

ed.

DTE — Itwould be unusual but not illegal if there were #CONDITIONAL-INT encoding objects present that could never i
Ccause the-conditions on use of earlier encoding objects would always be satisfied.

dings
louble
object

eding

vhose
at are

e used

23.6.4

| —Decoder actions

23.6.4.1 The decoder shall select and use the first #CONDITIONAL-INT encoding object in "ENCODING(S)" whose
conditions are satisfied.

23.7

Defining encoding objects for the #CONDITIONAL-INT class

23.7.1 The defined syntax

The syntax for defining encoding objects for the #CONDITIONAL-INT class is defined as:

98

#CONDITIONAL-INT ::= ENCODING-CLASS {

-- Condition (see 21.11)
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&range-condition RangeCondition OPTIONAL,
&comparison Comparison OPTIONAL,

&comparator INTEGER OPTIONAL,
&Range-conditions RangeCondition ORDERED OPTIONAL,
&Comparisons Comparison ORDERED OPTIONAL,
&Comparators INTEGER ORDERED OPTIONAL,

-- Structure-only replacement specification (see 22.1)

&#Replacement-structure OPTIONAL,
&replacement-structure-encoding-object &#Replacement-structure OPTIONAL,

-- Pre-alignment and padding specification (see 22.2)

&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT bit,

&encoding-space-pre-padding Padding DEFAULT zero,

DEFAULT bits:'0'B, (1:\
-- Start pointer specification (see 22.3) (i;>
&start-pointer REFERENCE OPTIONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions FAULT bfi
&Start-pointer-encoder-transforms #TRANSFORM ORDERED OPTION (f?yE
-- Encoding space specification (see 22.4)
&encoding-space-size EncodingSpaceSize g/

DEFAULT self-delim g-values,
&encoding-space-unit Unit (ALL EXCEPT tltlons)

DEFAULT bit, CE)
&encoding-space-determination EncodingSpace t%rmination

DEFAULT fiel o-be-set,
&encoding-space-reference REFERENC TIONAL,
&Encoder-transforms #TRANS ORDERED OPTIONAL,
&Decoder-transforms #TRAN§§ ORDERED OPTIONAL,
-- Value encoding
&Transform S€8§M ORDERED OPTIONAL,
&encoding TED

i%tnﬁe int, twos-complement,
erse-positive-int, reverse-twos-complement

‘e
c{éEFAULT twos-complement,

-- Value padding and j fication (see 22.8)
&value—justificatioxt)\\ Justification DEFAULT right:0,
&value-pre-padding Padding DEFAULT zero,
&value-pre-patte . Non-Null-Pattern DEFAULT bits:'0'B,
&value-post-p g Padding DEFAULT zero,
&value-post- ern Non-Null-Pattern DEFAULT bits:'0'B,
&unused-bi termination UnusedBitsDetermination
(f) DEFAULT field-to-be-set,
&unusedxb ts-reference REFERENCE OPTIONAL,
its-encoder-transforms #TRANSFORM ORDERED OPTIONAL,

&Unu
z???d—blts -decoder-transforms #TRANSFORM ORDERED OPTIONAL,

<:£?~Ident1f1catlon handle specification (see 22.9)

)

ny)

—~

‘s; exhibited-handle PrintableString DEFAULT "default-handle|',
VN, &Handle-positions INTEGER (0..MAX) OPTIONAL,
’<\ &handle-value-set HandleValueSet DEFAULT tag:any,

-- Bit reversal specification (see 22.12)
&bit-reversal ReversalSpecification
DEFAULT no-reversal

} WITH SYNTAX ({

[IF &range-condition [&comparison &comparator]]
[IF-ALL &Range-conditions [&Comparisons &Comparators]]
[ELSE]
[REPLACE

[STRUCTURE]

WITH &#Replacement-structure

[ENCODED BY &replacement-structure-encoding-object]]

[ALIGNED TO

[NEXT]
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[ANY]
&encoding-space-pre-alignment-unit
[PADDING &encoding-space-pre-padding
[PATTERN &encoding-space-pre-pattern]]]
[START-POINTER &start-pointer
[MULTIPLE OF &start-pointer-unit]
[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]]
ENCODING-SPACE
[SIZE &encoding-space-size
[MULTIPLE OF &encoding-space-unit]]
[DETERMINED BY &encoding-space-determination]
[USING &encoding-space-reference
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]

[ ITRANSFORMS— &TTransforms]
[ENCODING &encoding]
[VALUE-PADDING
[JUSTIFIED &value-justification]
[PRE-PADDING &value-pre-padding
[PATTERN &value-pre-pattern]]
[POST-PADDING &value-post-padding
[PATTERN &value-post-pattern]]
[UNUSED BITS
[DETERMINED BY &unused-bits-determination]
[USING &unused-bits-reference
[ENCODER-TRANSFORMS &Unused-bits-encgder-transforms]
[DECODER-TRANSFORMS &Unused-bitsgdecoder-transforms]]]]
[EXHIBITS HANDLE &exhibited-handle AT &Handle-po$itions
[AS &handle-value-set]]
[BIT-REVERSAL &bit-reversal]

}

Purpose and restrictions

.1 This syntax is used to define a #CONDITIONAL-INT€ncoding object. The only use of such an encoding
he specification of an encoding object of a class in thesinteger category.

.2 The syntax allows the specification of a single ‘condition on the bounds of the integer for this encoding
d (use of "1F"). It also allows the specification that all of a set of conditions are to be satisfied (use of "1F-2
allows the specification that there is no condition. The use of "ELSE", or omission of "IF", "IF-ALL" and "}

ies that there is no condition. "1F-aLL"shall be used with three lists if one or more of the size-range-cond

e a comparison or comparator (if any) shall follow all those that require a comparison, and shall ha
ponding entry in the second andthird lists. In using "1F-ALL" with three lists, the lists shall be interpreted as
dicates using the values in corresponding positions in the three lists.

DTE — It is recommended thatjthe three lists be formatted to provide a condition in each column.

MPLE:
IF-ALL {test-lower-bound, test-range , bounded-with-negatives }
{greater-than , less-than-or-equal-to }
{~10 , 20 }

.3 Using this syntax the ECN specifier can define the start of the encoding space for the encoding of a class
r category, the encoding of the abstract values associated with that class, their positioning within the eng

hbject

to be
\T.L").
ELSE"
itions

e a comparison, and shall be used with-ane list otherwise. When using three lists, size-range-conditions that ¢lo not

/e no
a list

in the
oding

space|

and possible bit-reversal of the encoding space.

23.7.2.4 At most one of "IF", "IF-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 "TRANSFORMS" is not reversible for the
abstract value to which it is applied. The first transform of "TRANSFORMS", if present, shall have a source that is integer
and the last transform shall have a result that is integer.

NOTE — The test for the "IF" and "IF-ALL" condition takes place on the bounds of the original value, and is not affected by these
transforms.

23.7.2.7 The "INT-TO-INT" transform with the value "subtract: lower-bound" shall be included only if the "1F" or
"IF-ALL" condition restricts the application of this encoding to classes of the integer category with a lower bound, and
(if present) shall be the first transform in the list.
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23.7.2.8 The "ENCODING-SPACE SIZE" shall not be "fixed-to-max" unless the "IF" or "IF-ALL" condition restricts
the encoding to a class with both an upper and a lower bound.

23.7.2.9 "ENCODING-SPACE SIZE" shall not be setto "self-delimiting-values".
NOTE — This means that the default value (which is set for consistency with other uses of this type) always has to be overridden.

23.7.2.10 If "EXHIBITS HANDLE" is set, then the encoding object exhibits the specified identification handle.

NOTE — This will normally require use of "VALUE-PADDING" with justification from the left to allow the padding to exhibit the
identification handle.

23.7.3 Encoder actions

23.7.3.1 The encoder shall detect an ECN specification or application error if any of the restrictions in 23.7.2 are violated.
lause 22,

23 7 29 Cor amvancadina nranariyg SHOHD that 1c cat tha ancadar chall nnvfnrm tha anecnday aotinne cnacifind
Oty CHCOHRGPropeHty-GHoupthot oSt tHE-ERCOaErSrapeH o tRE-EREBEE B SpecHce

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)  Value padding and justification.

g) ldentification handle.

h) Bitreversal.

23.7.3.3 The encoder shall apply the "TRaNsFORMS", if any to the value being.encoded.

U7

23.7.3.4 The encoder shall use the following table giving the range of integer values that can be encoded in "n" bit

"ENCODING" Min value Max value
"positive-int" 0 2"—-1
"reverse-positive- 0 2"-1

int"

"twos-complement" 201 2n-1_1
"reverse-twos- -2t 2n-1_1
complement”

23.7.3.5 The "ENCODING" parameter selects the encoding as 2's-complement encoding or as a positive integer encgding,
or as the reversal of one of these. The'specification of 2's-complement encoding and positive integer encoding is|given
in Re¢. 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, follpwing
production of the "n" bits, the©rder 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 numper of
bits which is insufficient as specified in 23.7.3.4.

23.7.3.7 If the "ENCODING-SPACE SIZE" is a positive integer, then its size in bits is calculated as "s1zE" multiplied by
"MULTIPLE OF. Units. If "VALUE-PADDING" is not set, then this shall be the number of bits "n" that the intege shall
encode into and-there are no unused bits. If "VALUE-PADDING" is set, then the number of bits that the integer shall encode
into i$ reducéd by the integer value "m" specified for "gusTIFIED", and there will be "m" unused bits.

23.7.3.8<1f the S d mber
of "MULTIPLE OF" un|ts that has suff|C|ent blts to encode any of the vaIues of the class and shaII proceed (as specified
above) as if "SIZE" were a positive integer set to that value.

23.7.3.9 If the "ENCODING-SPACE SIZE" iS "variable-with-determinant”, then the encoder shall determine the
minimum number of "MULTIPLE OF" units ("'s", say) that has sufficient bits to encode the actual abstract value being
encoded, and shall proceed (as specified above) as if "SIZE" 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 "MULTIPLE OF" units
(subject to any restrictions that the range of values of any "field-to-be-set" Or "field-to-be-used" imposes) if
"ENCODING-SPACE SIZE" iS Sett0 "encoder-option-with-determinant".

23.7.3.11 The encoder shall then proceed (as specified above) as if "SIZE" were a positive integer set to "s".
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23.7.4

Decoder actions

23.7.4.1 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.
f)  Value decoding (see 23.7.4.2).
23.7.4-2-Fhedecodershattrecover the-integer vatve fromrthe-hitsused-toencode-itdecodingaccordingtothespecified
encoding, and shall then reverse the "TRaNsForMS" (if specified) to recover the original abstract value. (1:\
23.8 | Defining encoding objects for classes in the null category 0;1/
’,
23.8.1 The defined syntax q;f/’,)
The syntax for defining encoding objects for classes in the null category is defined as: C)Cb
#NUL ::= ENCODING-CLASS { \\Q/
-- Structure-only replacement specification (see 2é>
&#Replacement-structure OPTIONAL,
&replacement-structure-encoding-object &#Repla@ ent-structure OPTIONAL,
-- Pre-alignment and padding specification ée 22.2)
&encoding-space-pre-alignment-unitUnit ( XCEPT repetitions) DEFAULT Hit,
&encoding-space-pre-padding Paddi DEFAULT zero,
&encoding-space-pre-pattern Non 11-Pattern (ALL EXCEPT different:pgny)
DEFAULT bits:'0'B,
. s X\
-- Start pointer specification (see 22.3)
&start-pointer ~\® REFERENCE OPTIONAL,
&start-pointer-unit A Unit (ALL EXCEPT repetitions) DEFAULT bit,
&Start—pointer—encoder—trg\L@forms #TRANSFORM ORDERED OPTIONAL,
-- Encoding space spe@}lﬁ‘cation (see 22.4)
&encoding—space—siz() EncodingSpaceSize
. DEFAULT self-delimiting-values,
&encoding—space@\it Unit (ALL EXCEPT repetitions)
DEFAULT bit,
&encoding-s —determination EncodingSpaceDetermination
. DEFAULT field-to-be-set,
&encodi gace—reference REFERENCE OPTIONAL,
&Enco ransforms #TRANSFORM ORDERED OPTIONAL,
&De -transforms #TRANSFORM ORDERED OPTIONAL,
-Y\%Ialue pattern
Q alue-pattern Pattern (ALL EXCEPT different:any)
?§ DEFAULT bits:''B,
é -- Value padding and justification (see 22.8)
s&val 11e—j11q1-1' fication Justification DEFAULT ri gh'l- -0
&value-pre-padding Padding DEFAULT zero,
&value-pre-pattern Non-Null-Pattern DEFAULT bits:'0'B,
&value-post-padding Padding DEFAULT zero,
&value-post-pattern Non-Null-Pattern DEFAULT bits:'0'B,
&unused-bits-determination UnusedBitsDetermination
DEFAULT field-to-be-set,
&unused-bits-reference REFERENCE OPTIONAL,
&Unused-bits-encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Unused-bits-decoder-transforms #TRANSFORM ORDERED OPTIONAL,
-- Identification handle specification (see 22.9)
&exhibited-handle PrintableString DEFAULT "default-handle",
&Handle-positions INTEGER (0..MAX) OPTIONAL,
&handle-value-set HandleValueSet DEFAULT tag:any,
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-- Bit reversal specification (see 22.12)
&bit-reversal ReversalSpecification
DEFAULT no-reversal

} WITH SYNTAX {
[REPLACE
[STRUCTURE]
WITH &#Replacement-structure
[ENCODED BY &replacement-structure-encoding-object]]
[ALIGNED TO
[NEXT]
[ANY]
&encoding-space-pre-alignment-unit
[DAHT\TN{" Sencodi ng—ep:ﬁn—prn—r:ddi ng

[PATTERN &encoding-space-pre-pattern]]] r\
[START-POINTER &start-pointer (1/
[MULTIPLE OF &start-pointer-unit] (19
[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]] .
ENCODING-SPACE /’

[SIZE &encoding-space-size (1/
[MULTIPLE OF &encoding-space-unit]] %
[DETERMINED BY &encoding-space-determination] Q)
[USING &encoding-space-reference C)
[ENCODER-TRANSFORMS &Encoder-transforms] \Q/
[DECODER-TRANSFORMS &Decoder-transforms]
[NULL-PATTERN §value-pattern] %
[VALUE-PADDING g\\
[JUSTIFIED &value-justification] (@)
[PRE-PADDING &value-pre-padding Q
[PATTERN &value-pre-pattern]] Q
[POST-PADDING &value-post-padding Q
[PATTERN &value-post-patte @
[UNUSED BITS ‘r\
[DETERMINED BY &unused&@s—detemination]
[USING &unused-bits-refegrence
[ENCODER—TRANS@RMS &Unused-bits-encoder-transforms]
[DECODER—TRS@'ORMS &Unused-bits-decoder-transforms]]]]
[EXHIBITS HANDLE &exhibited-handle AT &Handle-positions
[AS &handle-value-s
[BIT-REVERSAL &bit—reveiseal]

} >
23.8.2 Purpose and restrictions
23.8.2.1 This syntax is used to decj:a)he encoding of a class in the null category.

23.8.2.2 If "REPLACE STRUC'@.E" is set, then no other encoding property groups shall be set. If the encoding object of

the replacement structure its a handle (with a given handle value set), the encoding object being defined exhibjts the
same [identification ha ith the same handle value set — see 22.1.1.11).
23.8.2.3 If the "E NG-SPACE SIZE" is positive, it shall be sufficient to hold the size of the "NULL-PATTERN"

together with al ts added as a result of a "VALUE-PADDING" specification.

23.8.24 If @are unused bits in the encoding space, then "vALUE-PADDING" 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:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space.

e) Value encoding (see 23.8.3.2).
f)  Value padding and justification.
g) Identification handle.
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h) Bit reversal.
23.8.3.2 The value encoding shall be the bits of the "NULL-PATTERN".

23.8.3.3 If "ENCODING-SPACE SIZE" iS 'variable-with-determinant” Or "encoder-option-with-
detereminant", it shall be the minimum number of "MULTIPLE OF" units needed to contain the pattern ("'s", say),
subject to 23.8.3.4.

23.8.3.4 An encoder (as an encoder's option) may increase "s" (as determined in 23.8.3.3) in "MULTIPLE OF" units
(subject to any restrictions that the range of values of any "field-to-be-set” Or "field-to-be-used" imposes) if
"ENCODING-SPACE SIZE" iS Sett0 "encoder-option-with-determinant".

23.8.3.5 If there are unused bits in the encoding space, then "vALUE-PADDING" shall be applied.

23.8.4—PDecoder-actions

23.8.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified jrf ¢lause 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.

23.8.4.2 The decoder shall determine the size of the null pattern, and identify thosedits in the encoding, but shall silently
accept any value for those bits.

23.9 | Defining encoding objects for classes in the octetstring eategory

23.9.1 The defined syntax

The syntax for defining encoding objects for classes in the octetstring category is defined as:
#OCTETS ::= ENCODING-CLASS {

-- Pre-alignment and padding“specification (see 22.2)
&encoding-space-pre-alignm@pt-unitUnit (ALL EXCEPT repetitions) DEFAULT Wbjit,
&encoding-space-pre-padding Padding DEFAULT zero,
&encoding-space-pre-patiern Non-Null-Pattern (ALL EXCEPT different:jany)

DEFAULT bits:'0'B,

-- Start pointex.specification (see 22.3)

&start-pointex REFERENCE OPTIONAL,
&start-pointerjunit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&Start-poynter-encoder-transforms #TRANSFORM ORDERED OPTIONAL,

-- Octets value encoding

&valie=reversal BOOLEAN DEFAULT FALSE,

&Transforms #TRANSFORM ORDERED OPTIONAL,
&0ctets-repetition-encodings #CONDITIONAL-REPETITION ORDERED OPTIONA[L,
goctets-repetition-encoding #CONDITIONAL-REPETITION OPTIONAL,

-- Identification handle specification (see 22.09)

&exhibited-handle PrintableString DEFAULT "default-handle]',
——— INTBG-E-R—(-O—DEQ(—)—O-PM

&handle-value-set HandleValueSet DEFAULT tag:any,

-- Contained type encoding specification (see 22.11)

&Primary-encoding-object-set #ENCODINGS OPTIONAL,
&Secondary-encoding-object-set #ENCODINGS OPTIONAL,
&over-ride-encoded-by BOOLEAN DEFAULT FALSE

} WITH SYNTAX ({
[ALIGNED TO
[NEXT]
[ANY]
&encoding-space-pre-alignment-unit
[PADDING &encoding-space-pre-padding
[PATTERN &encoding-space-pre-pattern]]]
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[START-POINTER &start-pointer

[MULTIPLE OF &start-pointer-unit]

[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]]
[VALUE-REVERSAL &value-reversal]
[TRANSFORMS &Transforms]

[REPETITION-ENCODINGS &Octets-repetition-encodings]
[REPETITION-ENCODING &octets-repetition-encoding]
[EXHIBITS HANDLE &exhibited-handle AT &Handle-positions
[AS &handle-value-set]]
[CONTENTS-ENCODING &Primary-encoding-object-set
[COMPLETED BY &Secondary-encoding-object-set]
[OVERRIDE é&over-ride-encoded-by]]

}

.2  Model for the encoding of classes in the octetstring category

.2.1 The model of octetstring encoding is:
a) The order of octets in the octetstring can be reversed.
b) The octets are then considered as a repetition of an octet.

¢) Thereisan optional transform (specified by "TRANSFORMS") in which each octet iStransformed into
delimiting bitstring.

d) Either "REPETITION-ENCODING" OF "REPETITION-ENCODINGS" specify\how the repetition of octg
be encoded.

NOTE — The sole purpose of allowing "REPETITION-ENCODING" as well as "REPETITION-ENCODINGS" is to prg
syptax that does not contain a double curly-bracket ("{{") in the common case~0f a single conditional encoding.
"REPETITION-ENCODINGS" 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 ogtetstring category) are bounds on the num

octetq in the octetstring forming each abstract value.

23.9

repetitions, and can be used in the specification of the encoding.6bjects of class #CONDITIONAL-REPETITION th

used

239
23.9

n the specification of this encoding object.

.3  Purpose and restrictions

1

.1 This syntax is used to define the start of the'\ehcoding space for a class in the octetstring category, the end

of thq abstract values associated with that class;an optional declaration that the encoding object exhibits a spe
identification handle (with a given handle value'set), a specification of how to encode a contained type.

23.9

iS "REPLACE STRUCTURE".

23.9

1

.3 If any of the #CONDITIONAL-REPETITION encoding objects contain a "REPLACE STRUCTURE" clause, th

of the #CONDITIONAL-REPETITION encoding objects shall contain a "REPLACE STRUCTURE" clause.

23.9
para
set),

.3.4 If there is a "REPLACE STRUCTURE" clause in the #CONDITIONAL-REPETITION encoding objects, then ng
meters shall be set. I the encoding object of the replacement structure exhibits a handle (with a given handle
he encoding.object being defined exhibits the same identification handle (with the same handle value

see 22.1.1.11).

23.9

.3.5 The. first transform of "TrRansFoRMS" (if any) shall have a source that is bitstring and the last transforny

have @ result'that is a self-delimiting bitstring (see 3.2.42).

23.9.36 of
abstract value to which it is applied.

23.9

h self-

tisto

vide a
Use of

ber of

.2.3 When considered as a repetition of an octet, these bounds~shall be interpreted as bounds on the numiper of

at are

pding
cified

.3.2 The #CONDITIONAL-REPETITION that is applied by this encoding object shall not specify "REPLACE" unjless it

en all

other
value
set —

shall

S—af —SPeC Ca

.3.7 Exactly one of "REPETITION-ENCODING" and "REPETITION-ENCODINGS" shall be set.

or the

23.9.3.8 If an encoding object in the "REPETITION-ENCODINGS" ordered list is defined using "IF" or "IF-aALL", then all
preceding encoding objects in that list shall be defined using "IF" or "IF-ALL".

23.9

3.9 If "EXHIBITS 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.

23.9.3.10 If "EXHIBITS HANDLE" is set, then "ALIGNED TO" shall not be set in any of the "REPETITION-ENCODING(S)"

spec

ifications.
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23.9.4 Encoder actions

23.9.4.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause 22,

in the

23.9.4

23.9.4

23.9.1

23.9.1
in the

23.9.4

23.91
rever

23.1( Defining encoding objects for classes in the open type category

23.10
Thes

following order and in accordance with the encoding object definition:
a) Pre-alignment and padding.
b) Start pointer.
¢) Value encoding as specified below.

d) Repetition encoding as specified by the first "REPETITION-ENCODING(S)" whose condition is satisfied.

e) Identification handle.
f)  Contained type encoding.

F-2-For vatueencoding; theencoder statt
a) Reverse the order of octets in the entire octetstring abstract value if "VALUE-REVERSAL" is set {0 TR
b) Treat the octetstring value as a repetition of octet;

c) Apply the "TRaNSFORMS" (if any) to each octet to produce a repetition of bitstring.
DTE — If there are no transforms, each octet forms a bitstring.

d) Encode the repetition by applying the first "REPETITION-ENCODING(S)" whose condition is satisfie

1.3 It is an ECN specification error if there is no "REPETITION-ENCODING(S)" whose/condition is satisfied.

Decoder actions

.1 For any encoding property group that is set, the decoder shall perform the'decoder actions specified in clau
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.
.2 The decoder shall reverse the "TRaNsFORMS" (if @y) to recover the original octets.

.3 If "VALUE-REVERSAL" is set to TRUE, then the Tinal order of the octets in the octetstring abstract value sh
ed.

1 The defined syntax
yntax for defining encoding‘objects for classes in the open type category is defined as:

#OPEN-TYPE : := ENCODING-CLASS {

-- Structure-only replacement specification (see 22.1)
&#iRepdacement-structure OPTIONHA
8neplacement-structure-encoding-object &#Replacement-structure OPTIONA

-- Pre-alignment and padding specification (see 22.2)

UE,

5e 22,

all be

106

DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTIONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT b
&Start-pointer-encoder-transforms #TRANSFORM ORDERED OPTIONAL,

-- Encoding space specification (see 22.4)

&encoding-space-size EncodingSpaceSize
DEFAULT self-delimiting-values,
&encoding-space-unit Unit (ALL EXCEPT repetitions)
DEFAULT bit,
&encoding-space-determination EncodingSpaceDetermination

DEFAULT field-to-be-set,

&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT Hit,
&encoding-space-pre-padding Padding DEFAULT zero,
—&anggdj_ng;spame—92++prn Non-Nunll-Pattern (ALI EXCEPT di ‘F'Fer;anj;any)

it,

Rec. ITU-T X.692 (02/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

ISO/IEC 8825-3:2021 (E)

&encoding-space-reference REFERENCE OPTIONAL,
&Encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Decoder-transforms #TRANSFORM ORDERED OPTIONAL,

-- Open-type encoding

&Known-structure-encodings #ENCODINGS OPTIONAL,
&Unknown-structure OPTIONAL,
&Unknown-structure-encodings #ENCODINGS OPTIONAL,

-- Value padding and justification (see 22.8)

&value-justification Justification DEFAULT right:O0,
&value-pre-padding Padding DEFAULT zero,
&value-pre-pattern Non-Null-Pattern DEFAULT bits:'0'B,
&value-post-padding Padding DEFAULT zero,
svalue-post-pattern Nom=-Nuii=patt 7
&unused-bits-determination UnusedBitsDetermination h\
DEFAULT field-to-be-set, lel
&unused-bits-reference REFERENCE OPTIONAL, (1,

-- Bit reversal specification (see 22.12) Qb
&bit-reversal ReversalSpecification (:)
DEFAULT no-reversal Q/

}
WITH SYNTAX {

&encoding-space-pre-alig §§%—unit
[PADDING &encoding-sp QQ\ re-padding
[PATTERN &encodiny-space-pre-pattern]]]
[START-POINTER &start-pointe
[MULTIPLE OF sstarty
[ENCODER- TRANSFORMS
ENCODING-SPACE
[SIZE &encoding-s, -size
[MULTIPL. &encodlng space-unit]]
[DETERMINED B encoding-space-determination]
[USING &encgding-space-reference
[EZ%R—TRANSFORMS &Encoder-transforms]
DER-TRANSFORMS &Decoder-transforms] ]
[ENCODED W &Known-structure-encodings]
[UNKNOWN &Unknown structure
@DED WITH &Unknown-structure-encodings]]
[VAL DING
[JUSTIFIED &value-justification]
<2‘ [PRE-PADDING &value-pre-padding

<:§?~ [PATTERN &value-pre-pattern]]

inter-unit]

[POST-PADDING &value-post-padding
[PATTERN &value-post-pattern]]

&v [UNUSED BITS

CE) [DETERMINED BY &unused-bits-determination]

&Unused-bits-encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Unused-bits-decoder-transforms #TRANSFORM ORDERED OPTIONAL

{-l/%/

[REPLACE \
[STRUCTURE] \
WITH &#Replacement-structure
[ENCODED BY &replacement-struct%encodlng—object]]
[ALIGNED TO Q
[NEXT] Qb
[ANY]

& tart-pointer-encoder-transforms]]

[USING &unused-bits-reference

[ENCODER-TRANSFORMS &Unused-bits-encoder-transforms]
[DECODER-TRANSFORMS &Unused-bits-decoder-transforms]]]]

[EXHIBITS HANDLE &exhibited-handle AT &Handle-positions
[AS &handle-value-set]]
[BIT-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:

a) The class in the open type category can be replaced by another structure to provide length delimitation if

required.
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b) The encoding object defined for this category applies the "ENCODED WITH" encoding object set to the type

whose value is to be encoded for the open type. If there is no "ENCODED WITH", then the current com
encoding object set is used.

bined

¢) The decoder will request the application for identification of the type encoded into the open type. The

application will either respond with identification of the type, which is then decoded, or will state th
type encoded in the open type cannot be determined (an "“unknown" response).

at the

d) If the response is "unknown" and the "UNKNOWN Is" is present, then the decoder will use the "UNKNOWN
Is" structure and the "ENCODED WITH" within the "UNKNOWN Is" (if present) to determine the end of the

encoding space.

e) If the response is "unknown™ and the "UNKNOWN IS" is absent, then the encoding space size can be
determined by the "ENCODING-sSPACE" (see 23.10.3.3), and the decoder will return to the application all

23.10
appli

23.10

23.10
the er

23.10
23.10

23.10]

23.10
in the|

23.10
objec

23.10
dete
to 23,

23.10

e DI cortalned In the derimned encodaing space except 10r value pre- and post-padding.

2.2 In the case of an unknown decoding, the decoder will pass the bits forming the unknown enceding
ation as the value of the open type.

3 Purpose and restrictions

3.1 This syntax is used to define the way an open type is encoded, and the means that a decoder uses to dete
d of the encoding of an unknown type in an open type.

3.2 If "REPLACE STRUCTURE" is set no other parameters shall be set.

3.3 If "ENCODING-SPACE SIZE" (S "self-delimiting" then "UNKNOWN Is”-shall be set.

4 Encoder actions

4.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clau
following order and in accordance with the encoding object definition:

a) replacement;

b) pre-alignment and padding;

c) start pointer;

d) encoding space (see 23.10.4.3);

e) open-type encoding (see 23.10.4.2);

f)  value padding and justification (see23.10.4.5);
g) Dit reversal.

4.2 The encoder shall encode the ralue of the type supplied by the application using the "ENCODED WITH" eng
set if this is present, otherwise the current combined encoding object set shall be used.

4.3If "ENCODING-SPACE,~ SIZE" iS 'variable-with-determinant” O "encoder-option-y
rminant", it shall be the-minimum number of "MuLTIPLE OF" units needed to contain the pattern (*'s", say), s
10.4.5.

4.4 An encoder(as an encoder's option) may increase "s" (as determined in 23.10.4.3) in "MULTIPLE OF'

(subjg
"ENC

23.1014.54f the number of unused bits is not zero, then "vALUE-JUSTIFICATION" shall be applied using either t
valuep orthe default values.

ct to any_‘restrictions that the range of values of any "added-field" or "asnl-field" impos
DING-SPACE SIZE" IS Sett0 "encoder-option-with-determinant".

o the

'mine

5e 22,

oding

jith-
ibject

units
s) if

he set

23.10

.5 Decoder actions

23.10.5.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clause 22,

in the

108

following order and in accordance with the encoding object definition:
a) pre-alignment and padding;
b) start pointer;
¢) encoding space;
d) bit-reversal,
e) value padding and justification;
f)  open-type decoding (see 23.10.5.2).
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23.10.5.2 For open type decoding, the decoder shall query the application for the type which has been encoded and shall
decode a value of that type or of the "UNKNOWN IS" structure in accordance with the "ENCODED WITH" specifications in
the "UNKNOWN IS".

23.10.5.3 If the decoding was of an unknown type, the bits forming the unknown encoding (without pre-padding bits and
without value pre- and post-padding bits, if any) shall be passed to the application as the value of the open type.
23.11 Defining encoding objects for classes in the optionality category

23.11.1 The defined syntax

The syntax for defining encoding objects for classes in the optionality category is defined as:
#QEIIQNEI = ENCODING-CIASS {

-- Structure-only replacement specification (see 22.1) (1/

&#Replacement-structure @ONP L,
&replacement-structure-encoding-object &#Replacement-structure (bO IONAL,

%
-- Pre-alignment and padding specification (see 22.2) (‘ﬁi)
&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitjé; DEFAULT Hbit,

&encoding-space-pre-padding Padding DEFAULT zero,
&encoding-space-pre-pattern Non-Null-Pattern (AL EPT different:jpny)

DEFAULT bits:'0'B, \\
-- Start pointer specification (see 22.3) ?
&start-pointer REFERENCE E\s ONAL,
&start-pointer-unit Unit (ALL E Cé’l‘ repetitions) DEFAULT Hit,
&Start-pointer-encoder-transforms #TRANSFO RDERED OPTIONAL,
-- Optionality determination (see 22.5) Q
&optionality-determination Opti%lityDetemination

DEF. T field-to-be-set,
&optionality-reference RENCE OPTIONAL,
&Encoder-transforms RANSFORM ORDERED OPTIONAL,
&Decoder-transforms $ #TRANSFORM ORDERED OPTIONAL,
&handle-id ‘\® PrintableString

A DEFAULT "default-handle"
} WITH SYNTAX ({ \];\

[REPLACE @

[STRUCTURE] gg\\
WITH &#Replacem@nt-structure
[EN@ED’ BY &replacement-structure-encoding-object]]
[ALIGNED TO O
[NEXT]C)
[AN .
% &encoding-space-pre-alignment-unit
\ [PADDING &encoding-space-pre-padding
c.) [PATTERN &encoding-space-pre-pattern]]]
[s@—POINTER &start-pointer
?\ [MULTIPLE OF &start-pointer-unit]
Q [ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]]
% RESENCE
&v [DETERMINED BY &optionality-determination
% [HANDLE &handle-id]]
[USING goptionality-reference
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]

}

23.11.2 Purpose and restrictions
23.11.2.1 This syntax is used to define the encoding of a class in the optionality category.

23.11.2.2 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).
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23.11

.3 Encoder actions

23.11.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause

22,1in

the following order and in accordance with the encoding object definition:
a) Replacement (see 23.11.3.2).
b) Pre-alignment and padding.
c) Start pointer.
d) Optionality determination.

23.11.3.2 If "REPLACE STRUCTURE" is set then the entire component (including any classes in the tag category, but
excluding classes in the optionality category) is provided as the actual parameter for the replacement structure, which
becomes a mandatory component.

23.11

23.11
in the|

23.12

23.12
The s

4 Decoder actions

4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified)in‘clau
following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.
b) Start pointer.
¢) Optionality determination.

Defining encoding objects for classes in the pad category

1 The defined syntax

yntax for defining encoding objects for classes in the pad category iscdefined as:
#PAD ::= ENCODING-CLASS {

-- Structure-only replacement specification (see 22.1)
&#Replacement-structure OPTIONA

&replacement-structure-encoding-qbject &#Replacement-structure OPTIONA

-- Pre-alignment and padding sépecification (see 22.2)

DEFAULT bits:'0'B,

-- Start pointer (specification (see 22.3)

110

Be 22,

&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT Hlit,
&encoding-space-pre-padding Padding DEFAULT zero,
&encoding-space-pre-patite€rn Non-Null-Pattern (ALL EXCEPT different:jany)

&start-pointer, REFERENCE OPTIONAL,
&start-pointersunit Unit (ALL EXCEPT repetitions) DEFAULT Hit,
&Start-pointer-encoder-transforms #TRANSFORM ORDERED OPTIONAL,
-- Encoding space specification (see 22.4)
&encodi#ng-space-size EncodingSpaceSize
DEFAULT self-delimiting-values,
&eNcdding-space-unit Unit (ALL EXCEPT repetitions)
DEFAULT bit,
&encoding-space-determination EncodingSpaceDetermination
DEFAULT field-to-be-set,
&encoding-space-reference REFERENCE OPTIONAL,
&Encoder-transforms #TRANSFORM ORDERED OPTIONAL,
—__ &Decoder-transforms  #TRANSFORM ORDERED OPTIONAL,
-- Value encoding
&pad-pattern Pattern (ALL EXCEPT different:any)
DEFAULT bits:''B,
-- Identification handle specification (see 22.9)
&exhibited-handle PrintableString DEFAULT "default-handle",
&Handle-positions INTEGER (0..MAX) OPTIONAL,
&handle-value-set HandleValueSet DEFAULT tag:any,

-- Bit reversal specification (see 22.12)
&bit-reversal ReversalSpecification
DEFAULT no-reversal
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} WITH SYNTAX {
[REPLACE
[STRUCTURE ]
WITH &#Replacement-structure
[ENCODED BY &replacement-structure-encoding-object]]
[ALIGNED TO
[NEXT]
[ANY]
&encoding-space-pre-alignment-unit
[PADDING &encoding-space-pre-padding
[PATTERN &encoding-space-pre-pattern]]]
[START-POINTER &start-pointer
[MULTIPLE OF &start-pointer-unit]
[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]]
ENCUDLNG=OFALL
[SIZE &encoding-space-size
[MULTIPLE OF &encoding-space-unit]]
[DETERMINED BY &encoding-space-determination]
[USING &encoding-space-reference
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]
[PAD-PATTERN &pad-pattern]
[EXHIBITS HANDLE &exhibited-handle AT &Handle-positions
[AS &handle-value-set]]
[BIT-REVERSAL &bit-reversal]

}

23.1212 Purpose and restrictions
23.12|2.1 This syntax is used to define the encoding of a class in the pad catégory.

23.12|2.2 If "ENCODING-SPACE SIZE" 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 encading 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 exhibjts the
same [identification handle (with the same handle value set-'see 22.1.1.11).

23.1213 Encoder actions

23.12{3.1 For any encoding property group that-is-set, the encoder shall perform the encoder actions specified in ¢lause
22, infthe following order and in accordancewith the encoding object definition:

a) Replacement.

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

d) Encoding space:

e) Value encoeding (see below).
f)  Identification handle.

g) Bit\reversal.

23.1213.2 If 'ENCODING-SPACE SIZE" is positive, the value shall be the "pPAD-PATTERN", replicated and truncated|to fill
the erjcoding space.

23.12'33* s—F4 — rois
"encoder-option-with-determinant"”, then the encoding space shall be the smallest number of "MULTIPLE OF"
units that is greater than the size of "pAD-PATTERN" ("s", say), and the "pPAD-PATTERN" shall then be replicated and
truncated to fill that space (but see 23.12.3.4).

NOTE — This will be an empty encoding space if the "PAD-PATTERN" is null.

23.12.3.4 An encoder (as an encoder's option) may increase "s" (as determined in 23.12.3.3) in "MULTIPLE OF" units
(subject to any restrictions that the range of values of any "field-to-be-set" Or "field-to-be-used" imposes) if
"ENCODING-SPACE SIZE" is Sett0 "encoder-option-with-determinant".

23.12.4 Decoder actions

23.12.4.1 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:
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a) Pre-alignment and padding.
b) Start pointer.

c) Bitreversal.

d) Encoding space.

23.12.4.2 The decoder shall determine the size of the pad value encoding, and identify those bits in the encoding, but shall
silently accept any value for those bits.

23.13 Defining encoding objects for classes in the repetition category

23.13.1 The defined syntax

Thes

23.13

23.13
encod

23.13

N
SY|

"REPETITION-ENCODINGS" when there is a single encoding object is deprecated but is allowed.

23.13
all pr

23.13

23.13
whos
are sg

N
ne

23.13

23.13
whos

23.14

yntax Tor detining encoding objects Tor classes In the repetition category IS deTined as:

#REPETITION ::= ENCODING-CLASS {
-- Repetition encoding
&Repetition-encodings #CONDITIONAL-REPETITION ORDERED OPTIONAL
&repetition-encoding #CONDITIONAL-REPETITION OPTIONAL

} WITH SYNTAX {
[REPETITION-ENCODINGS &Repetition-encodings]
[REPETITION-ENCODING &repetition-encoding]

}

2 Purpose and restrictions

2.1 This syntax is used to define the encoding of a class in the repetition category by specifying one or
ings of the #CONDITIONAL-REPETITION class.

2.2 Exactly one of "REPETITION-ENCODING" and "REPETITION-ENCODINGS" shall be set.

DTE — The sole purpose of allowing "REPETITION-ENCODINGaswell as "REPETITION-ENCODINGS" is to prd
htax that does not contain a double curly-bracket ("{{") insthe common case of a single encoding object.

2.3 If an encoding object in the "REPETITION-ENCODINGS" ordered list is defined using "IF" or "IF-ALL'
bceding encoding objects in that list shall be definediusing "IF" or "IF-ALL".

3 Encoder actions

p conditions are satisfied. It is an ECN-specification error if none of the conditional encodings have conditio
tisfied.

DTE — It would be unusual but not\illegal if there were #CONDITIONAL-REPETITION encoding objects present that
er be used because the conditionson use of earlier encoding objects would always be satisfied.

4 Decoder actions

b conditions are-satisfied.

Defining-encoding objects for the #CONDITIONAL-REPETITION class

23.14[1 " The defined syntax
Thes i i j - i i .

112

more

vide a
se of

, then

3.1 The encoder shall select and apply the-first #CONDITIONAL-REPETITION encoding object in "ENCODING(S)"

s that

could

4.1 The decoder shall select and use the first #CONDITIONAL-REPETITION encoding object in "ENCODING(S)"

#CONDITIONAL-REPETITION ::= ENCODING-CLASS {

-- Condition (see 21.13)

&size-range-condition SizeRangeCondition OPTIONAL,
&comparison Comparison OPTIONAL,

&comparator INTEGER OPTIONAL,
&Size-range-conditions SizeRangeCondition ORDERED OPTIONAL,
&Comparisons Comparison ORDERED OPTIONAL,
&Comparators INTEGER ORDERED OPTIONAL,

-- Structure or component replacement specification (see 22.1)

&#Replacement-structure OPTIONAL,
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&replacement-structure-encoding-object &#Replacement-structure OPTIONAL,
&#Head-end-structure OPTIONAL,

-- Pre-alignment and padding specification (see 22.2)

&encoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT bit,

&encoding-space-pre-padding Padding DEFAULT zero,

&encoding-space-pre-pattern Non-Null-Pattern (ALL EXCEPT different:any)
DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTIONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&Start-pointer-encoder-transforms #TRANSFORM ORDERED OPTIONAL,

&repetition-space-size EncodingSpaceSize '\
DEFAULT self-delimiting-values, QQ/
&repetition-space-unit Unit A
DEFAULT bit, N
&repetition-space-determination RepetitionSpaceDetermination (o’
DEFAULT field-to-be-set,
&main-reference REFERENCE OPTIONAL, (ﬁ?
&Encoder-transforms #TRANSFORM ORDERED OPTg}:I1 ,
&Decoder-transforms #TRANSFORM ORDERED O AL,
&handle-id PrintableString \\
DEFAULT "default: dle",
&termination-pattern Non-Null-Patte ALL EXCEPT
different:anyé\D FAULT bits '0'B,
-- Repetition alignment Q
&repetition-alignment ENUMERP@{none, aligned}
DEFAI one,

-- Value padding and justification % 22.8)

&value-justification tification DEFAULT right:0,
&value-pre-padding adding DEFAULT zero,
&value-pre-pattern N $ Non-Null-Pattern DEFAULT bits:'0'B,
&value-post-padding \® Padding DEFAULT zero,

&value-post-pattern Non-Null-Pattern DEFAULT bits:'0'B,

&unused-bits-determinati ﬁ\.o UnusedBitsDetermination

. C\)L DEFAULT field-to-be-set,
&unused-bits-refere §\\ REFERENCE OPTIONAL,
&Unused—bits—encodgbransforms #TRANSFORM ORDERED OPTIONAL,

&Unused—bits—de@er—transforms #TRANSFORM ORDERED OPTIONAL,

- Identificc;?n handle specification (see 22.9)
1

&exhibited-h e PrintableString DEFAULT "default-handle]',
&Handle- tions INTEGER (0..MAX) OPTIONAL,
&handle\ lue-set HandleValueSet DEFAULT tag:any,
- reversal specification (see 22.12)
=reversal ReversalSpecification
Q$~ DEFAULT no-reversal
} SYNTAX {
« [IF &size-range-condition [&comparison &comparator]]
% [IF-ALL &Size-range-conditions [&Comparisons &Comparators]]
fEESE}
[REPLACE
[STRUCTURE ]
[COMPONENT ]

[ALL COMPONENTS]
WITH &Replacement-structure
[ENCODED BY &replacement-structure-encoding-object
[INSERT AT HEAD &#Head-end-structure]]]
[ALIGNED TO
[NEXT]
[ANY]
&encoding-space-pre-alignment-unit
[PADDING &encoding-space-pre-padding
[PATTERN &encoding-space-pre-pattern]]]
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[START-POINTER &start-pointer
[MULTIPLE OF &start-pointer-unit]
[ENCODER-TRANSFORMS &Start-pointer-encoder-transforms]]
REPETITION-SPACE
[SIZE &repetition-space-size
[MULTIPLE OF &repetition-space-unit]]
[DETERMINED BY &repetition-space-determination
[HANDLE &handle-id]]
[USING &main-reference
[ENCODER-TRANSFORMS &Encoder-transforms]
[DECODER-TRANSFORMS &Decoder-transforms]]
[PATTERN &termination-pattern]
[ALIGNMENT &repetition-alignment]
[VALUE-PADDING

[OUSTIFIED svarlue—justification]
[PRE-PADDING &value-pre-padding
[PATTERN &value-pre-pattern]]
[POST-PADDING &value-post-padding
[PATTERN &value-post-pattern]]
[UNUSED BITS
[DETERMINED BY &unused-bits-determination]
[USING &unused-bits-reference
[ENCODER-TRANSFORMS &Unused-bits-encodey=transforms]
[DECODER-TRANSFORMS &Unused-bits-decodéx™~transforms]]]]
[EXHIBITS HANDLE é&exhibited-handle AT &Handle-positiong
[AS &handle-value-set]]
[BIT-REVERSAL &bit-reversal]

}

2 Purpose and restrictions

23.1412.1 This syntax is used to define the encoding of a class in the. repetition category subject to satisfactiop of a

condifion based on the bounds of the repetition (use of "1¥"). It also\aHows the specification that all of a set of cond

itions

are tg be satisfied (use of "IF-aLL"). It also allows the specifieation that there is no condition. The use of "ELSE", or

omisdion of "IF", "IF-ALL" and "ELSE" specifies that there is no condition. "IF-aALL" shall be used with three lists
or mgre of the size-range-conditions require a comparison;-and shall be used with one list otherwise. When using
lists, pize-range-conditions that do not require a compakison or comparator (if any) shall follow all those that req
compprison, and shall have no corresponding entry. inythe second and third lists. In using "IF-aALL" with three lis
lists shall be interpreted as a list of predicates usitig 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

23.1412.2 At most one of "IF", "IF-ALL" and "ELSE" shall be present.

23.1412.3 If "REPLACE STRUCTURE! iS'set, then no other encoding property groups shall be set. If the encoding obj
the replacement structure exhibitsa handle (with a given handle value set), the encoding object being defined exhib)
same [identification handle (withthe same handle value set — see 22.1.1.11).

23.1412.4 If "EXHIBITS HANDLE" is set, then the encoding object exhibits the specified identification handle.
23.1412.5 "REPETITION~SPACE SIZE" shall not be "fixed-to-max".

23.1412.6 If the JREPETITION-SPACE SIZE" S "self-delimiting-values", and "MULTIPLE OF"iS "repetitil
then the numberef repetitions shall be constrained by bounds to a single value.

23.1412. 741 there are any unused bits in the encoding space, then "vALUE-PADDING" shall be set.

if one
three
Lire a
s, the

D.2).

ect of
ts the

ons'',

23.14.3 Encoder actions

23.14.3.1 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) Repetition space.
e) Repetition encoding (see 23.14.3.4).
f)  Value padding and justification.
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g) Identification handle.
h) Bit reversal.

23.14.3.2 If "ALIGNMENT" is Set t0 "aligned", then the settings of pre-alignment and padding shall be used to 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 the bits for the value of the repetition.

23.14.3.41f the "REPETITION-SPACE SIZE" is "variable-with-determinant" or
"encoder-option-with-determinant”, then the size shall be the smallest multiple of "MULTIPLE OF" units (*'s", say)
that will contain the value of the repetition (but see 23.14.3.5).

23.143.5 An encoder (as an encoder's option) may increase "s" (as determined in 23.14.3.4) in "MULTIPLE OF'| units
(subjgct to any restrictions that the range of values of any "field-to-be-set" Or "field-to-be-used'-imposes) if
"ENCPDING-SPACE SIZE" iS Sett0 "encoder-option-with-determinant".

23.1413.6 The repetition value is then placed in the encoding space, using "vALUE-PADDING" if there are-any unusefl bits.

23.144 Decoder actions

23.14{4.1 For any encoding property group that is set, the decoder shall perform the decodet actions specified in ¢lause
22, inthe 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).

23.1414.2 Each repetition shall be extracted, and decoded in aceordance with the encoding specification of the component
of the repetition class.

23.13 Defining encoding objects for classes inthe tag category

23.15l1 The defined syntax

The syntax for defining encoding objects for-classes in the tag category is defined as:

#TAG ::= ENCODING-CLASS {

-- Structure-only replacement specification (see 22.1)
&#Replacement-structure OPTIONAL,
&replacenént-structure-encoding-object &#Replacement-structure OPTIONAL,

-- Pre-alignment and padding specification (see 22.2)
&eRCoding-space-pre-alignment-unitUnit (ALL EXCEPT repetitions) DEFAULT hWbjit,
&€ncoding-space-pre-padding Padding DEFAULT zero,
Lencoding-space-pre-pattern Non-Null-Pattern (ALL EXCEPT different:jany)

DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTIONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&Start-pointer-encoder-transforms #TRANSFORM ORDERED OPTIONAL,

-- Encoding space specification (see 22.4)

&encoding-space-size EncodingSpaceSize

DEFAULT self-delimiting-values,
&encoding-space-unit Unit (ALL EXCEPT repetitions)

DEFAULT bit,
&encoding-space-determination EncodingSpaceDetermination

DEFAULT field-to-be-set,
&encoding-space-reference REFERENCE OPTIONAL,
&Encoder-transforms #TRANSFORM ORDERED OPTIONAL,
&Decoder-transforms #TRANSFORM ORDERED OPTIONAL,
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-- Value padding and justification (see 22.8)

&value-justification
&value-pre-padding
&value-pre-pattern
&value-post-padding
&value-post-pattern
&unused-bits-determination

&unused-bits-reference
&Unused-bits-encoder-transforms
&Unused-bits-decoder-transforms

Justification DEFAULT right:O0,
Padding DEFAULT zero,
Non-Null-Pattern DEFAULT bits:'0'B,
Padding DEFAULT zero,
Non-Null-Pattern DEFAULT bits:'0'B,
UnusedBitsDetermination

DEFAULT field-to-be-set,

REFERENCE OPTIONAL,

#TRANSFORM ORDERED OPTIONAL,
#TRANSFORM ORDERED OPTIONAL,

[ &exXnipited-nandie

} WITH SYNTAX {

?\
Y

-- Identification handle specification (see 22.9)

N
Y
P

Primtabt
INTEGER (0..MAX) OPTIONAL,
HandleValueSet DEFAULT tag:any,

&Handle-positions
&handle-value-set

-

%
P

-- Bit reversal specification (see 22.12)
&bit-reversal ReversalSpecification
DEFAULT no-reversal

[REPLACE

‘b%
[STRUCTURE]

WITH &#Replacement-structure \\

[ENCODED BY &replacement-structure-en d%j g-object]]
S\

& O
&encoding—space—pre—alignment?:fz>
[PADDING &encoding-space-prezpddding

[PATTERN &encoding-spa: pre-pattern]]]
[START-POINTER &start-pointer EK

[MULTIPLE OF &start—poin%\@unit]

[ENCODER-TRANSFORMS &Stafk,pointer—encoder—transforms]]
ENCODING-SPACE R\

[SIZE &encoding—spacej;S§§

[MULTIPLE OF &en ing-space-unit]]
[DETERMINED BY &enc g-space-determination]
[USING &encoding- ce-reference

[ALIGNED TO
[NEXT]
[ANY]

[ENCODER- SFORMS &Encoder-transforms]
[DECODERLT SFORMS &Decoder-transforms]]
[VALUE-PADDING c.
[JUSTIFIE alue-justification]

[PRE-P. &value-pre-padding
TTERN &value-pre-pattern]]

[POQEDPADDING &value-post-padding

[PATTERN &value-post-pattern]]
SED BITS

Q [DETERMINED BY &unused-bits-determination]
<3~ [USING &unused-bits-reference

[ENCODER-TRANSFORMS &Unused-bits-encoder-transforms]
[DECODER-TRANSFORMS &Unused-bits-decoder-transforms]]]]
[EXHIBITS HANDLE &exhibited-handle AT &Handle-positions

?\

[AS &handle-value-set]]
[BIT-REVERSAL &bit-reversal]

o)

}

23.15.2 Purpose and restrictions

23.15.2.1 This syntax is used to define the encoding of a class in the tag category.

23.15.2.2 If "REPLACE STRUCTURE" is set, then no other specifications shall be set.
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).

23.15.2.3 The "ENCODING-SPACE SIZE" shall not be "fixed-to-max" Or "self-delimiting-values".

NOTE — This means that the default value (which is set for consistency with other uses of this type) always has to be overridden.
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23.15.3 Encoder actions

23.15.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:

23.15
value

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space.

e) Value encoding (see 23.15.3.3).
f)  Value padding and justification.

PR ldantification handla
97 TOCTTIC TCTtroT o oTes

h) Bitreversal.

of "n" such that 2"-1 is greater than or equal to the tag number. If "n" is zero, it shall be increased to°1.

23.153.3 The encoding shall be a positive integer encoding. The specification of a positive integer eficoding is gi

Rec.

TU-T X.690 | ISO/IEC 8825-1, 8.3.2 and 8.3.3.

23.153.4 An encoder shall detect an ECN specification error if a tag number is to be encoded\into a number of bits
is insyifficient, as specified above.

23.15(3.5 If "ENCODING-SPACE SIZE" is a positive integer, then its size in bits isCealculated as "s1zE" multipl

encodg
encodg

23.15
dete
1o eng
value

23.15
(subjq

MULTIPLE OF" units. If "VALUE-PADDING" is not set, then this shall be the numberof bits "n" that the tag numbe

e into and there are no unused bits. If "VALUE-PADDING" is set, then the number of bits that the tag numbe
e into is reduced by the integer value "m" specified for "gusTIiFIED;"and there will be "m" unused bits.

rminant”, then the encoder shall determine the minimum number of "MULTIPLE OF" units that has sufficie
ode the tag number ("s", say), and shall proceed (as specified,above) as if "s1zE" were a positive integer set
(but see 23.15.3.7).

3.7 An encoder (as an encoder's option) may increase "s" (as determined in 23.15.3.6) in "MULTIPLE OF'
ct to any restrictions that the range of values of-any "field-to-be-set" Or "field-to-be-used" impo

"ENCPDING-SPACE SIZE" iS Sett0 "encoder-option-with-determinant".

23.15

23.15
in the|

23.19
encog

4 Decoder actions

4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clau
following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.

b) Start pointer.

¢) Encoding space.

d) Bit reversat

e) Valug'padding and justification.
f) _\/alue decoding.

ing-

3.2 The encoder shall determine the minimum number of bits "n" needed to encode the tag number as the smallest

en in

vhich

ed by
shall
shall

3.6If "ENCODING-SPACE SIZE" (S ‘'variable-with-determinant" Of “encoder-option-with-

Nt bits
o0 that

units
es) if

Be 22,

4.2The"decoder shall recover the tag number from the bits used to encode it, decoding from a positive ipteger

23.16 Defining encoding objects for classes in the other categories

In this version of this Recommendation | International Standard, there is no defined syntax for classes in the following
categories:

©
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objectidentifier
open-type

real

time

24

Defined syntax specification for the #TransrorM encoding class

24.1 Summary of encoding properties and defined syntax

24.1.1 The syntax for defining encoding objects for the #TRANSFORM class shall be:

#TRANSFORM ::= ENCODING-CLASS {

-- int-to-int (see 24.3)

&int-to-int CHOICE {
increment
decrement
multiply
divide
negate
modulo
subtract

mapping

-- bool-to-bool (see 24.4)
&bool-to-bool

-- bool-to-int (see 24.5)
&bool-to-int

-- int-to-bool (see 24.6)
&int-to-bool

&Int-to-bool-true-is
&Int-to-bool-false-is, ()

-- int-to-chars (seé:24 7)
&int-to-chars-si .
&int-to-chars-
&int-to-char d

(:).

- inta%bits (see 24.8)
&int—é%) its-encoded-as

<:§ nt-to-bits-unit
< F int-to-bits-size
é&v -- bits-to-int (see 24.9)

} OPTIONAL,

CHOICE

{logical w@(mn{not} }
DEFAULT logical: no<2

ENUMERATED {t
DEFAULT tr.xgie ,

C)D FAULT zero-false,
%> INTEGER OPTIONAL,

&bits-to-int-decoded-assuming

INTEGER (1..MAX), f'l/
INTEGER (1..MAX),

INTEGER (2..MAX), (0’
INTEGER (2..MAX), Q)
ENUMERATED {value}, (b

INTEGER (2..MAX),

ENUMERATED { lower- bouQ/g)

IntegerMapping

\%

\
sE—zero ,

true-one}

N

RATED {zero-true, zero-false}

INTEGER OPTIONAL,

ResultSize DEFAULT variable,
BOOLEAN DEFAULT FALSE,
ENUMERATED

{spaces, zeros} DEFAULT zeros,

ENUMERATED

{positive-int, twos-complement}
DEFAULT twos-complement,

Unit (1..MAX) DEFAULT bit,
ResultSize DEFAULT variable,

ENUMERATED

-- char-to-bits (see 24.10)
&char-to-bits-encoded-as
&Char-to-bits-chars
&Char-to-bits-values
&char-to-bits-unit

&char-to-bits-size

-- bits-to-char (see 24.11)
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{positive-int, twos-complement}
DEFAULT twos-complement,

ENUMERATED

{is0l10646, compact, mapped}
DEFAULT compact,
UniversalString (SIZE (1))
ORDERED OPTIONAL,

BIT STRING ORDERED OPTIONAL,
Unit (1..MAX) DEFAULT bit,
ResultSize DEFAULT variable,
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&bits-to-char-decoded-assuming ENUMERATED
{is0l10646, mapped}
DEFAULT isol0646,

&Bits-to-char-values

&Bits-to-char-chars UniversalString (SIZE(1))
ORDERED OPTIONAL,

-- bit-to-bits (see 24.12)

&bit-to-bits-one Non-Null-Pattern DEFAULT bits:'l'B,
&bit-to-bits-zero Non-Null-Pattern DEFAULT bits:'0'B,

-- bits-to-bits (see 24.13)
&Source-values BIT STRING ORDERED,
&Result-values BIT STRING ORDERED,

BIT STRING ORDERED OPTIONAL,

v
S

%QYITIT—TO—BITS

-- chars-to-composite-char (see 24.14)
-- There are no encoding properties for this transformation

-- bits-to-composite-bits (see 24.15)

&bits-to-composite-bits-unit Unit (1..MAX) DEFAULT bit

-- There are no encoding properties for this transformat{E&

-- composite-char-to-chars (see 24.17) \\
-- There are no encoding properties for this trans&égaation

-- composite-bits-to-bits (see 24.18) k:\
-- There are no encoding properties for this<2r sformation

-- composite-bits-to-octets (see 24.19) <é<>
-- There are no encoding properties for&x s transformation

} WITH SYNTAX { S\\}

%]
-- Only one of the following cl3§& can be used.
[INT-TO-INT &int-to-int] A\Q
[BOOL-TO-BOOL [AS &bool-t&Bool]]

[BOOL-TO-INT AS &boo ’\\Q’—int]

[INT-TO-BOOL o,
[AS &int- ool]
[TRUE- nt-to-bool-true-is]
[FALSE &Int-to-bool-false-is]]

.

[INT—TX S
%? ZE &int-to-chars-size]
Q LUS-SIGN &int-to-chars-plus]
Q~ [PADDING &int-to-chars-pad]]

[AS &int-to-bits-encoded-as]
[SIZE &int-to-bits-size]
[MULTIPLE OF é&int-to-bits-unit]]

N
o
QD.

-- octets-to-composite-bits (see 24.16) Qb

© ISO/IEC 2021 - All rights reserved

[BITS-TO-INT
[AS &bits-to-int-decoded-assuming]]

[CHAR-TO-BITS
[AS &char-to-bits-encoded-as]
[CHAR-LIST &Char-to-bits-chars]
[BITS-LIST &Char-to-bits-values]
[SIZE &char-to-bits-size]
[MULTIPLE OF &char-to-bits-unit]]

[BITS-TO-CHAR
[AS &bits-to-char-decoded-assuming]
[BITS-LIST &Bits-to-char-values]

Rec. ITU-T X.692 (02/2021)

119


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

ISO/IEC 8825-3:2021 (E)
[CHAR-LIST &Bits-to-char-chars]]
[BIT-TO-BITS
[ZERO-PATTERN &bit-to-bits-zero]
[ONE-PATTERN &bit-to-bits-one]]
[BITS-TO-BITS
SOURCE-LIST &Source-values
RESULT-LIST &Result-values]
[CHARS-TO-COMPOSITE-CHAR]

[BITS-TO-COMPOSITE-BITS
[UNIT &bits-to-composite-bits-unit]]

[OCTETS-TO-COMPOSITE-BITS]
[COMPOSITE-CHAR-TO-CHARS]
[COMPOSITE-BITS-TO-BITS]

[COMPOSITE-BITS-TO-OCTETS]

24.2 | Source and target of transforms

24.2.1 The #TRANSFORM encoding class allows the specification of procedures which transform input abstract yalues
(the gource) into output abstract values of the same or a different type (the(result). It also allows the specificatjon of
procefures that map a characterstring, octetstring or bitstring source ifto ‘a transform composite, and a trangform
comppsite (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 obfained
from | source class (see 19.4). The result is either the source for, a*following transform, or becomes associated Yvith a
targef| 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 objeqts for
encoding classes in the bit-field group of categories (sge clauses 20 to 23).

24.2.3 The source and result are indicated by words ("INT-TO-INT", "BOOL-TO-BOOL", etc.) in the specificatiop of a
#TRANSFORM encoding 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 farget
classgs of a list of transforms.

24.2.4.1 When encoding objects‘of the class #TRANSFORM are specified in an ordered list, the source of a follpwing
#TRANSFORM encoding object'shall be the result of the preceding #TRANSFORM encoding 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 42 and
23, teixt in those clausés 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 transfofms in
19.4, [text in that.subclause specifies a source class and a target class, both of which will be of the bitstring, boplean,
charafterstring; integer or octetstring category (see 19.4.2). The required source for the first transform and the required
resultjof-the last transform (for each of these categories) are specified in 24.2.7.

characterstrmg a brtstrrng a single character, or a srngle bit (source onIy) The source and result ofa 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 abstract values or to produce an abstract value from a composite; and those designed to transform single
values. The latter can also transform composites of those values, producing a composite as the result which is the
transform of every element in the source composite.

24.2.6 A source or target that is a single bit or a single character occurs only when successive transforms have these as
output and input, or as specified in clauses 22 and 23. The first transform of the ordered list referenced in 19.4 shall not
have a source which is a single bit or a single character. The last transform of the ordered list referenced in 19.4 shall not
have a target which is a single bit or a single character.

120 Rec. ITU-T X.692 (02/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

ISO/IEC 8825-3:2021 (E)

24.2.7 When used in 19.4, the source for the first transform and the target for the last transform shall be the same as the
category of the source encoding class and target encoding class (respectively), with the following exceptions. When the
category of the source encoding class is octetstring, the source for the first transform shall be bitstring (treating each
octetstring value as a bitstring value). When the last transform is "BITS-TO-BITS" with "MULTIPLE OF" Set to 8, the
target class may be octetstring.

24.2.8 The following subclauses specify conditions on the abstract values of the source which enable a transform to be
defined as reversible. It is an ECN or application error if such values are supplied to a transform which is required to be
reversible, and encoders shall not generate encodings for such values.

24.3 The int-to-int transform
NOTE — Examples of this transform are given in D.1.2.2.

24.3.1 The int-to-int transform uses the following encoding property:

&int-to-int CHOICE {
increment INTEGER (1. .MAX),
decrement INTEGER (1. .MAX),
multiply INTEGER (2..MAX),
divide INTEGER (2..MAX),
negate ENUMERATED {value},
modulo INTEGER (2. .MAX),
subtract ENUMERATED { lower-bound}},
mapping IntegerMapping
} OPTIONAL

24.3.2  The syntax for the int-to-int transform shall be:
[INT-TO-INT &int-to-int]
24.3.3 The definition of the type used in the int-to-int transform is:

IntegerMapping ::= SET OF SEQUENCE {
source SET OF INTEGER,
result INTEGER} (CONSTRAINED, BY {/* the intersection of the source
components shall be empty
(see 21.17) */})

24.3.4 Both the source and result of this transform‘are integer or an integer composite. There are no bounds assofiated
with the result unless this is the last transform inalmapping by transforms (see 19.4) (which means that neither the qource
nor the target can be a composite) and the targetclass of the mapping by transforms has bounds. In that case, it is arf ECN
specification or application error if the transform is applied to source integer values that do not map into the bounds of
the tafget class.

24.3.% An int-to-int transform is-defined by giving a value to "INT-TO-INT", permitting any given encoding object to
specify precisely one arithmetic operation. General arithmetic can, however, be defined by the use of an ordered Jist of
transforms (this is permitted-wherever transforms involving integers are allowed).

24.3.6 The values "increment:n", "decrement:n", "multiply:n
mean|ng.

negate:n" have their normal mathenjatical

24.3.1 The value("divide:n" is defined to produce an integer result which is the integer value that is closest fo the
mathgmaticalresult, but is no further from zero than that result. In programming terms, "divide:n" truncates topvards
zero, po axvalte of -1 with "divide: 2" will give zero.

24.3.8 The transform for the value "modulo:n" is defined as follows: Let "i" be the original integer value, lpt the
transform be "modulo:n". Let "j" be the result of applying "divide:n" followed by "multiply:n" to "i". Then

"modulo:n" applied to "i" is defined to be the same as applying "decrement:j" to "i".

24.3.9 The transform for the value "subtract:lower-bound" shall only be used as the first of an ordered list of
transforms (and hence can never be used if the source is a composite). The source shall have a lower bound.

24.3.10 The transform for the value "mapping: integerMapping” 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 error if the intersection
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 sets.

24.3.11 Each of these transforms is defined to be reversible if the source is a single value, not a composite, and if the
condition on the abstract value (to which it is being applied) listed in Table 6 is satisfied. It is also defined to be reversible
if the source is a composite and Table 6 specifies Always reversible as the condition.
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NOTE — While an int-to-int transform with a composite input is formally reversible if Table 6 specifies Always reversible as the
condition, it cannot in practice form part of a chain of reversible transforms since there is no such chain that starts with a non-

co

mposite input and produces a composite integer (with currently defined transforms).

Table 6 — Reversal of "INT-TO-INT" transforms

24.4
24.4.]

24.4.7

24.4.3

24.4.4
comp

24.45
conve

24.4.¢

24.5
24.5.]

24.5.

Transform Condition
increment:n Always reversible
decrement:n Always reversible
multiply:n Always reversible
divide:n Value is a multiple of n
negate:value Always reversible
modulo:n Never reversible

subtract: lower-bound Always reversible

mapping:integerMapping Source value sets, each containing only one valuej-and
the result values are distinct.

The bool-to-bool transform
The bool-to-bool transform uses the following encoding property:
&bool-to-bool CHOICE
{logical ENUMERATED{not}}

DEFAULT logical:not
The syntax for the bool-to-bool transform shall be:
[BOOL-TO-BOOL [AS &bool-to-bool]]
Both the source and result of this transform are hoolean or a boolean composite.

| If the source is a boolean, the result is a boelean. If the source is a boolean composite, the result is a bqg
bsite in which each element of the source has been transformed as specified in 24.4.5.

There is only one value for "BOOL~T0-BOOL",
rts boolean TRUE to FALSE, and vice versa.

AS logical:not", which may be omitted. This tran

This transform is defined to-be-reversible for all abstract values.

The bool-to-int transform
The bool-to-int transform uses the following encoding property:

&bool+-to-int ENUMERATED {true-zero, true-one}
DEFAULT true-one

Thesyntax for the bool-to-int transform shall be:

[BOOL-TO-INT AS &bool-to-int]

olean

sform

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.

2454

composite in which each element of the source has been transformed as specified in 24.5.5.

If the source is a boolean, the result is an integer. If the source is a boolean composite, the result is an integer

2455 The value "true-zero" of "BOOL-TO-INT" produces integer O for TRUE and integer 1 for FALSE. The value
"true-one" produces integer 1 for TRUE and integer O for FALSE.

24.5.6 This transform is defined to be reversible for all abstract values.

122

Rec. ITU-T X.692 (02/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=eeab27108969d5b39925231d16551ac3

24.6

ISO/IEC 8825-3:2021 (E)

The int-to-bool transform

24.6.1 The int-to-bool transform uses the following encoding properties:

&int-to-bool ENUMERATED {zero-true, zero-false}
DEFAULT zero-false,

&Int-to-bool-true-is INTEGER OPTIONAL,

&Int-to-bool-false-is INTEGER OPTIONAL

24.6.2 The syntax for the int-to-bool transform shall be:

[INT-TO-BOOL
[AS &int-to-bool]
[TRUE-IS &Int-to-bool-true-is]

24.6.3

24.6.4
not sq

24.6.4
non-z

24.6.¢
produ

24.6.]
produ

24.6.

disjoi
"TRUE
24.6.9
specif
24.7
24.7.]

24.7.2

24.7.3

L 1 1.1
FALSE—IS—&Int—to—beool—false—is 3

| Either one of "as",
t), or none are set. If none are set, then the default value for "as" is assumed.

CE€ FALSE

Ceé TRUE.

[y a single integer value.
The int-to-chars transform
The int-to-chars transform uses the following encoding properties:
&int-to-chars-size ResultSize DEFAULT variable,
&int-to-chars-plus BOOLEAN DEFAULT FALSE,
&int-to-chars-pad ENUMERATED

{spaces, zeros} DEFAULT zeros

The syntax for the int-to-chars transform shall be:

[INT-TO~CHARS
[SIZE &int-to-chars-size]
[PLUS-SIGN &int-to-chars-plus]
[PADDING &int-to-chars-pad]]

The definition of the type used in the int-to-chars transform is:

ResultSize ::= INTEGER {variable(-1), fixed-to-max(0)} (-1..MAX)

24.7.4

characterstring composite.
24.75

The source for this transform is integer or an integer composite and the result is boolean or a boolean. composite.

TRUE-IS" and "FALSE-IS" is Set, or both "TRUE-IS" and "FALSE-IS" arg.set(and "As" is

If "as" is set (or is defaulted), then the value "zero-true" produces TRUE for the valuezeré and FALSE for all
ero values, and the value "zero-false" produces FALSE for the value zero and TRUE for all non-zero valued.

If "TRUE-IS" only is set, all of the integer values for "TRUE-Is" produce TRUE_and all other integer yalues

If "FALSE-IS" only is set, all of the integer values for "FALSE-IS" produce FALSE and all other integer yalues

If both "TRUE-1IS" and "FALSE-IS" is set, then the integer values in "TRUE-Is" and "FALSE-IS" shpll be
ht. In this case, it is an ECN specification or application error if abstract values which are not included in [either
L-1S" or "FALSE-1IS" are included in the source, and encoders.shall not generate encodings for such values.

This transform is defined to be reversible if and only if-both "TRUE-1s" and "FALSE-IS" are set, and they each

(see 21.15

If the source is an integer, the result is a characterstring. If the source is an integer composite, the result is a

characterstring composite in which each element of the source has been transformed as specified in 24.7.6 to 24.7.13.

24.7.6 "sIizE", "PLUS-SIGN", and "PADDING" all have default values and can be omitted.

24.7.7 "s1zE" specifies either:

©

a) afixed size in characters for the resulting size (a positive value of "s1zE"); or

b) that a variable length string of characters is to be produced (the value "variable" of "SIZE"); or

c) afixed-size just large enough to contain the transform of all abstract values in the source class (the value

"fixed-to-max" of "SIZE").
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24.7.8 "s1zE" shall not be set to "fixed-to-max" unless this is the first transform in an ordered set, and the source
class has both lower and upper bounds. This is synonymous with the specification of a positive value equal to the smallest
value needed to contain the transform of every abstract value within the bounds.

24.7.9 The integer value is first converted to a decimal representation with no leading zeros and with a pre-fixed "-"
(HYPHEN-MINUS) if it is negative. If, and only if, "PLUS-SIGN" is set to true, positive values have a "+" (PLUS SIGN)
pre-fixed to the digits.

24.7.10 The most significant digit shall be at the leading end of the characterstring.

24.7.11 If "s12E" is "variable", then this is the resulting string of characters. In this case it is not an error to specify a
value for "PADDING", but the value is ignored.

24.7.12 If "s1ZE" is a positive value or "£ixed-to-max", and the resulting string (in an instance of application of this
transform during encoding) is too large for the fixed size, then this is an ECN specification or application errof, and
encoders shall not generate encodings for such abstract values.

24.7.13 If "sIZE" is a positive value or "fixed-to-max", and the string is smaller than the fixed size, then.t is ppdded
with gither " "' (SPACE) or "0" (DIGIT ZERO), determined by the value of "PADDING", pre-fixed to produce the specified
size.

24.7.14 This transform is defined to be reversible for all abstract values.

24.8 | The int-to-bits transform
NOTE — An example of this transform is given in D.1.5.5.

24.8.1 The int-to-bits transform uses the following encoding properties:

&int-to-bits-encoded-as ENUMERATED
{positive-int,/ twos-complement}
DEFAULT twosccomplement,
&int-to-bits-unit Unit (1..MAX) DEFAULT bit,
&int-to-bits-size ResultSize DEFAULT variable

24.8.2 The syntax for the int-to-bits transform shall be:

[INT-TO-BITS
[AS &int-to-bits-encoded-as]
[SIZE &int-to-bits-size]
[MULTIPLE OF &int~to-bits-unit]]

24.8.3 The definition of the types used in'thé int-to-bits transform are:

Unit ::= INTEGER
{repetitions (Q) )*bit (1), nibble(4), octet(8), wordl6(16),
dword32 (32)( §(0..256) -- (see 21.1)
ResultSize ::5~INTEGER {variable(-1), fixed-to-max(0)} (-1..MAX) -- (see 21.15

24.8.4 The source for this transform is an integer or an integer composite and the result is a bitstring or a bitstring
comppsite. There are,no/bounds associated with the result. The following clauses use the term resulting bitstring.

24.8.% If the seurce is an integer, the result is the resulting bitstring. If the source is an integer composite, the repult is
a bitsfring compesite in which each element of the source has been transformed to the resulting bitstring as specified
in245.5.

24.8.6 “"as" and "MULTIPLE OF" have default values and need not be set.

24.8.7 "s1zE" 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 "s1zE" shall not be set to "fixed-to-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 specification of a
positive value equal to the smallest value needed to contain the transform of every abstract value within the bounds.

NOTE - "SIZE" cannot be set to "fixed-to-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 integer encoding.
The definition 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.
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24.8.11 The integer shall first be encoded into the minimum number of bits necessary to produce an initial bitstring. This
means that a positive integer encoding shall not have zero as the leading bit (unless there is a single zero bit in the
encoding), and a 2's-complement encoding shall not have two successive leading zero bits or two successive leading one

bits.

24.8.12 If "as" is set to "positive-int", and the value to be transformed is negative, this is an ECN specification or
an application error and encoders shall not encode such values.

24.8.13 If "s1zE" is "variable", then the initial bitstring becomes the resulting bitstring. In this case it is not an error
to specify a value for "MULTIPLE OF", but the value is ignored.

NOTE — This clause cannot apply if the source is composite.

24.8.14 If "sIzE" is a positive value, the size of the resulting bitstring shall be "MuLTIPLE OF" multiplied by "s1zE".

oF" t
N

24.8.]
size, 1

24.8.]
prefix
value

24.8.]
bitstri
delim

24.9
24.9.]

24.9.2

24.9.3
comp

24.9.4
comp|

2491
as spq

determines the encoading to be assumed.

24.9.4

24.8.;15 If "SIZE" is "fixed-to-max", then the size of the resulting bitstring shall be the smallest multiple of "MyL1
at is large enough to receive the encoding of any abstract value of the class to which the transform is applied,

DTE — This clause cannot apply if the source is composite.

6 If the initial bitstring (in an instance of application of this transform during encoding) is tog large for the
hen this is an ECN specification or an application error and encoders shall not encode such values.

7 If the initial bitstring is smaller than the specified size, then for a positive integer encoding it shall have ze
ed to produce the resulting bitstring. If the encoding is 2's-complement, then it shall\have bits prefixed eq
to the original leading bit to produce the resulting bitstring.

ng if and only if "sIZE" is not "variable" and the source is not compaosite. A composite result is neve
ting.
The bits-to-int transform
The bits-to-int transform uses the following encoding property:
&bits-to-int-decoded-assuming ENUMERATED
{positive-int, twos-complement}
DEFAULT twos-complement

The syntax for the bits-to-int transform shall be:
[BITS-TO-INT
[AS &bits-to-inht~decoded-assuming]]
psite. There are no bounds associated with the result.
Dsite in which each integer/is the result of the specification in 24.9.5.
The integer value'shall be produced by interpreting the bits as 2's-complement or as a positive integer enc

cified in Rec. H'U-T X.690 | ISO/IEC 8825-1, 8.3.2 and 8.3.3. The value of "as" (or its default value if n

Thistransform shall not be used where reversible transforms are required.

24.1q TPhe char-to-bits transform

IPLE

fixed

o0 bits
ual in

8 This transform is defined to be reversible for all abstract values. This transform produces a self-delifiting

self-

The source for this transformtis a bitstring or a bitstring composite and the result is an integer or an integer

| If the source is a bitstring;“the result is an integer. If the source is a bitstring composite, the result is an integer

ding,
t set)

24.10

24.10

©

.1 The char-to-bits transform uses the following encoding properties:

&char-to-bits-encoded-as ENUMERATED
{is010646, compact, mapped}
DEFAULT compact,

&Char-to-bits-chars UniversalString (SIZE (1))
ORDERED OPTIONAL,
&Char-to-bits-values BIT STRING ORDERED OPTIONAL,
&char-to-bits-unit Unit (1..MAX) DEFAULT bit,
&char-to-bits-size ResultSize DEFAULT variable

.2 The syntax for the char-to-bits transform shall be:
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[CHAR-TO-BITS
[AS &char-to-bits-encoded-as]
[CHAR-LIST &Char-to-bits-chars]
[BITS-LIST &Char-to-bits-values]
[SIZE &char-to-bits-size]
[MULTIPLE OF &char-to-bits-unit]]

24.10.3 The definition of the types used in the char-to-bits transform are:

Unit ::= INTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordl6(1l6),
dword32(32)} (0..256) -- (see 21.1)
ResultSize ::= INTEGER {variable(-1), fixed-to-max(0)} (-1..MAX) -- (see 21.15
24.10M4 he-sotreefor-thistransformisasingtecharacte ofret

a) the specification of an encoding for the characterstring category (see 23.4.2.1); or
b) asingle character composite;

and the result is a bitstring in case a) and a bitstring composite in case b).

24.1015 The source for this transform is a single character or a single character composite. Afthé source is a
charafter, the result is a bitstring. If the source is a single character composite, the result is a bitstring composite.

24.1006 Where the source is a composite, the resulting composite is determined by applyirigrthe following specifi

)

Single

Cation

to all lelements of the source composite to form the result composite. It is an ECN speCification error if this transfgrm is

appligd to a composite with "As" set to "mapped" and the size of the bitstrings in the"BITS-LIST" are not all the

24.1017 Where the following text refers to a possible "effective permitted alphabet constraint™, such a constraint ex

ame.

ists if

and oply 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 istapplied is part of an implicitly or explicitly gen
stucture. This clause can never apply to a composite, whose elementsinever have effective permitted alphabet constraints.

24,1018 "as", "s1zE" and "MULTIPLE OF" all have default values‘and need not be set. "CHAR-LIST" and "BITS-]
are only used if "as" is set to "mapped", in which case theinpresence is mandatory, and they shall then contain a
one element in the ordered list.

24.1019 ECN supports only characters in the ISO/IEE,10646 character set. Where ASN.1 types such as "General§
are ir] use, characters outside of this character, set*can in theory appear. Such characters are not supported b
transform.

24.101101f "as" is "mapped", then the transferm is specified by the values of "cHAR-LIST" and "BITS-LIST", b
which shall be specified, and the valugs, of "MULTIPLE OF" and "sIzE" are ignored. The transform is specif
24.10110.1 to 24.10.10.5.

24.10{10.1 "cHAR-LIST" and *BITS-LIST" are respectively an ordered list of single characters and of bitstring
(These parameters are ignored;if "as" is not set to "mapped".)

24.10110.2 There shall be-an equal number of values in each list, and all character values in "cHAR-LIST" shall be di

24.10{10.3 The transform of a character in "cCHAR-LIST" is the bitstring specified in the corresponding posit
"BIT$-LIST".

24.10110.4 Ifin an instance of application of this transform a character is to be transformed that is not in the "CHAR-II
this i§ an"ECN specification or an application error.

erated

LIST"
least

tring"
y this

bth of
ed in

alues.

Stinct.

on in

IST",

NQ — In aeneral it will only be possible for a tool to check for this error at encode time as restrictions on possible ah

may not be formally present in the ASN.1 specification.

values

24.10.10.5 In this case ("as" set to "mapped"), the transform is defined to be reversible (for all abstract values) if and
only if the set of all bitstring values in "BITS-LIST" are distinct, otherwise it shall not be used where a reversible
transform is required. The result is self-delimiting if the bitstring values in "BITs-LIST" are self-delimiting (see 3.2.42).

A composite result is never self-delimiting.
24.10.111f "as" is "iso10646", 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 specified in ISO/IEC 10646.
NOTE — ISO/IEC 10646 includes the so-called ASCII control characters, which have positions in row 1.
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24.10.11.2 If the character is from a character string that has an associated 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, then the integer has an associated effective size constraint
of 0..32767.

24.10.11.4 This integer value is then converted to bits using the transform:

INT-TO-BITS -- (see 24.8)
AS positive-int
SIZE <size>
MULTIPLE OF <multiple-of>

24.10{11.5 In this case ("As" set to "iso010646"), the transform is defined to be reversible for all abstract-valugs. It
prodyces a self-delimiting string of bits if and only if "sIzE" is not "variable". A composite result is nevenself-delinpiting.

24.101121f "as" is "compact", then it is an ECN specification error if there is no effective permitted)alphabet consfraint,
otheryvise the transform is specified in 24.10.12.1 to 24.10.12.4.

24.10112.1 All characters in the effective permitted alphabet are placed in canonical order‘using their ISO/IEC 10646
value| lowest value first. The first in the list is then assigned the integer value zero, the next/one, and so on.

24.10{12.2 If the effective permitted alphabet contains "n" characters, then the integer.has an effective size constrgint of
0..n-1.

24.10{12.3 This integer is then converted to bits using the transform:

INT-TO-BITS -- (see 24.8)
AS positive-int
SIZE <size>
MULTIPLE OF <multiple-of>

wherg "<size>" is the value of "s1zE" and "<multiple-of>" is,the value of "MuLTIPLE OF" for the char-to-bits trangform.
("sIZE" and "MULTIPLE OF" take their default values if not'set.)
NOTE — The PER encoding of character string types uses‘the equivalent of "compact" only if the application of this algprithm

refluces the number of bits required to encode characters'(using "fixed-to-max"). This degree of control is not possiblelin this
version of this Recommendation | International Standard.

24.10112.4 In this case ("As" set to "compact")ythe transform is defined to be reversible for all abstract values. It prgduces
a selftdelimiting string of bits if and only if "SIZE" is not "variable". A composite result is never self-delimiting.

24.11 The bits-to-char transform
24.1111 The bits-to-char transform uses the following encoding properties:

&bits~to-char-decoded-assuming ENUMERATED

{is0l1l0646, mapped}

DEFAULT isol0646,
&Bits-to-char-values BIT STRING ORDERED OPTIONAL,
&Bits-to-char-chars UniversalString (SIZE (1))

ORDERED OPTIONAL

24.1142-The syntax for the bits-to-char transform shall be:

[BITS-TO-CHAR
[AS &bits-to-char-decoded-assuming]
[BITS-LIST &Bits-to-char-values]
[CHAR-LIST &Bits-to-char-chars]]

24.11.3 The source for this transform is a bitstring or a bitstring composite. If the source is a bitstring, the result is a
single character. 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 list of single
characters resulting from the transformation of each of the elements of the bitstring composite.

24.11.5 If "as" is "iso10646", then the bitstring shall be interpreted as a positive integer encoding which contains the
ISO/IEC 10646 numerical value of a character. It is an ECN specification error if the integer value exceeds 32767.
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24.11.6 If "as" is "mapped"”, then the transform is specified by the values of "cHAR-LIST" and "BITS-LIST". The
transform is defined in 24.11.6.1 to 24.11.6.5.

24.11.6.1 "cHAR-LIST" and "BITS-LIST" are respectively an ordered list of single characters and of bitstring values.
(These parameters are ignored if "aAs" is not set to "mapped".)

24.11.6.2 There shall be an equal number of values in each list, and all character values and all bitstring values in the list
shall be distinct.

24.11.6.3 The transform of a bitstring in the "BITS-LIST" is the character specified in the corresponding position in the
"CHAR-LIST".

24.11.6.4 If in an instance of application of this transform a bitstring is to be transformed that is not in the "BITS-LIST",
this is an ECN specification or an application error.

NOTE — In general it will only be possible for a tool to check for this error at encode time, as restrictions on possible abstractjvalues
mqy not be formally present in the ASN.1 specification.

24.11]16.5 The transform is defined to be reversible for all abstract values.

24.12 The bit-to-bits transform
24.1211 The bit-to-bits transform uses the following encoding properties:

&bit-to-bits-one Non-Null-Pattern DEFAULT bits:'l'B,
&bit-to-bits-zero Non-Null-Pattern DEFAULT“bits:'0'B

24.1212 The syntax for the bit-to-bits transform shall be:

[BIT-TO-BITS
[ZERO-PATTERN &bit-to-bits-zero]
[ONE-PATTERN &bit-to-bits-one]]

24.1213 The definition of the type used in the bit-to-bits transformds;

Non-Null-Pattern ::= Pattern
(ALL EXCEPT (bits:''B | octets:''HNY char8:"" | charlé:""
char32:"")) -- (seel21.10.2)

24.1204 The source for this transform is a single bit fromeither:
a) the specification of an encoding for the bitstring category (see 23.2); or
b) abitstring composite with a unit'ef 1 bit.

The result is a bitstring in case a) and a bitstring composite in case b).

24.125 The bitstring composite in~case b) shall be the ordered sequence of bitstrings produced by the follpwing
transformations applied to each(element of the source bitstring composite. It is an ECN specification error [if the
"ZERQ-PATTERN" and the "ONE=PATTERN" have different sizes.

24.1216 At most one of YZERO-PATTERN" and "ONE-PATTERN" shall be "different:any".
NOTE — A value of “*different:any" here means a pattern that is not the same as the other pattern, but is the same length.

241217 The "anytef-length" alternative shall not be used for either "zZERO-PATTERN" Or "ONE-PATTERN".
24.1218 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".

24.1219.-1tis'an ECN specification error if "ZERO-PATTERN" and "ONE-PATTERN" are the same, or if one is an initigl sub-
stringLof-the other

24.12.10This transform is defined to be reversible for all abstract values and the result is self-delimiting unless the
transform is applied to a composite. A composite result is never self-delimiting.

24.13 The bits-to-bits transform

24.13.1 The bits-to-bits transform uses the following encoding properties:

&Source-values BIT STRING ORDERED,
&Result-values BIT STRING ORDERED

24.13.2 The syntax for the bits-to-bits transform shall be:
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[BITS-TO-BITS
SOURCE-LIST &Source-values
RESULT-LIST &Result-values]

24.13.3 The source for this transform is either a bitstring or a bitstring composite. If the source is a bitstring the result is
a bitstring. If the source is a bitstring composite the result is a bitstring composite.

24.13.4 If the source is a bitstring composite, then the resulting bitstring composite is the ordered list of bitstrings
obtained by applying the following specification to each bitstring in the source.

24.13.5 "s1izE" and "MULTIPLE OF" both have default values and need not be set. "SOURCE-LIST" and "RESULT-LIST"
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-LIST" and "RESULT-LIST".
24.13{7 There shall be an equal number of bitstring values in each list, and all bitstring values in "SOURCE-LIST'
be digtinct.
24.1318 The transform of a bitstring in "SOURCE-LIST" is the bitstring specified in the corresponding’posit
"RESYLT-LIST"
24.1319 If this transform is applied to a composite, all bitstrings in the "RESULT-LIST" shall have-the same size.
24.131101f, in an instance of application of this transform, a source bitstring is not in the "SOURGE-LIST", this is ar]
specification or an application error.

NOTE — In general it will only be possible for a tool to check for this error at encode time, astestrictions on possible abstract

m

24.13

delim
applig
24.14
24.14
24.14

24.14
24.14
24.14

24.19

24.15
has th

24.15

y not be formally present in the ASN.1 specification.

11The transform is defined to be reversible (for all abstract values) if and only if the set of all bitstring val

RESYLT-LIST" are distinct, otherwise it shall not be used where a reversible transform is required. The result i

ting if the bitstring values in "REsSULT-LIST" are distinct and self-delimiting (see 3.2.42) and the transfq
d to a bitstring. A composite result is never self-delimiting.

The chars-to-composite-char transform
1 The chars-to-composite-char transform converts a gharacterstring to a single character composite.
2 The syntax for the chars-to-composite-char transform shall be:
[CHARS-TO-COMPOSITE-CHAR]
3 The source of this transform is a characterstring and the result is a single character composite.
4 The single character composite.is an ordered list of the characters in the source characterstring.

5 This transform is defined.to be reversible for all abstract values.

The bits-to-compasite-bits transform

1 The bits-to-compasite-bits transform converts a bitstring to a bitstring composite, where each bitstring el
e same (known)size.

2 The bits-to-composite-bits transform uses the following encoding properties:

&bits-to-composite-bits-unit Unit (1..MAX) DEFAULT bit

shall

on in

ECN

values

es in
self-
rm is

ement

24.15

3The syntax for the bits-to-composite-bits transform shall be:

24.15

24.15

©

[BITS-TO-COMPOSITE-BITS
[UNIT &bits-to-composite-bits-unit]]

4 The definition of the type used in the bits-to-composite-bits transform is:
Unit ::= INTEGER
{repetitions(0), bit(1l), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)

.5 The source of this transform is a bitstring and the result is a bitstring composite of size "uNIT".
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24.15.6 The bitstring composite of size "UNIT" is an ordered list of bitstrings each of which is of size "uNIT". The first
bitstring in the composite is the first "uNIT" bits from the source bitstring. The second is the next "uNIT" bits, and so on.
If the source bitstring is not a multiple of "uNIT" bits, this is an ECN specification or application error.

24.15.7 This transform is defined to be reversible for all abstract values.

24.16 The 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-COMPOSITE-BITS]

24.1613 The source of this transform is an octetstring and the result is a bitstring composite of size 8 bits.

24.1614 The bitstring composite of size 8 is an ordered list of the bitstrings corresponding to the octets.in the Jource
octetgtring.

24.16|5 This transform is defined to be reversible for all abstract values.

24.17 The composite-char-to-chars transform

24.17)1 The composite-char-to-chars transform converts a single character composite to aeharacterstring.
24.17)12 The syntax for the composite-char-to-chars transform shall be:

[COMPOSITE-CHAR-TO-CHARS]

24.17)3 The source of this transform is a single character composite and theyresult is a characterstring.

24.1714 The characterstring is formed from the ordered list of characters present in the (source) single character
comppsite.

24175 This transform is defined to be reversible for all abstract values.

24.18 The composite-bits-to-bits transform

24.1811 The composite-bits-to-bits transform converts a bitstring composite of a known unit size to a bitstring.
24.1812 The syntax for the composite-bits-to=hits‘transform shall be:

[COMPOSITE-BITS-TO-BITS]

24.1813 The source of this transforpmis.a bitstring composite and the result is a bitstring.

24.184 The bitstring is formed frem the ordered list of bitstrings present in the (source) bitstring composite.

24.185 This transform is defined to be reversible for all abstract values. The result bitstring is not self-delimiting.
NOTE — This transformn’is reversible because the units used in its generation are specified in the transform that produded the

bifstring composite~and are associated with that composite.
24.19 The composite-bits-to-octets transform

24.1911 The composite-bits-to-octets transform converts a bitstring composite of unit size 8 to an octetstring. If is an
ECN ppecification 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:
[COMPOSITE-BITS-TO-OCTETS]
24.19.3 The source of this transform is a bitstring composite and the result is an octetstring.
24.19.4 The octetstring is formed from the ordered list of bitstrings present in the (source) bitstring composite.

24.19.5 This transform is defined to be reversible for all abstract values.
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25 Complete encodings and the #ouTeRr class

If there is no encoding object of the #0UTER class in the combined encoding object set being applied to a type in the ELM,
then the encoder and decoder shall assume an encoding object of this class in which all encoding properties have their
default values.

25.1 Encoding properties, syntax and purpose for the #0oUTER class

25.1.1 The syntax for defining encoding objects of the #OUTER class is defined as:
#OUTER ::= ENCODING-CLASS {
-- Alignment point

———————Salignment-pein ENUMERATED
{unchanged, reset } DEFAULT reset,

-- Padding

&post-padding-unit Unit (1..MAX) DEFAULT octet,

&post-padding Padding DEFAULT zero,

&post-padding-pattern Non-Null-Pattern (ALL EXCEPT (different:fny)

DEFAULT bits:'0'B,

-- Bit reversal specification (see 22.12)
&bit-reversal ReversalSpecificationy
DEFAULT no-reversaly

—- Added bits action

&added-bits ENUMERATED
{hard-errorx, ‘signal-application,
silently-ignore, next-value}
DEFAULT -hard-error

} WITH SYNTAX {

[ALIGNMENT &alignment-point]
[PADDING
[MULTIPLE OF &post-paddingsunit]
[POST-PADDING &post-padding
[PATTERN &post-padding-pattern]]]
[BIT-REVERSAL &bit-reversal]
[ADDED BITS DECODING &added-bits]

}

25.1.2 The definition of the types used. in-the #OUTER specification are:

Unit ::= INTEGER

{repetitions\(0) , bit(l), nibble(4), octet(8), wordl6(16),

dword32 (32)} (0..256) -- (see 21.1)
Padding ::=,ENWUMERATED {zero, one, pattern, encoder-option} -- (see 21.9)
Non-Null-Ragtern ::= Pattern

(AKL"EXCEPT (bits:''B | octets:''H | char8:"" | charlé:"" |

char32:"")) -- (see 21.10.2)

25.1.3 Eneoding objects of the #0OUTER class specify encoder and decoder actions in relation to the entire encodjng of
a typg which is encoded by either:

a) app"gatign of an gnggding n-the El I\II; 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 "ALIGNMENT" specification is applicable only for a contained type, and determines whether the alignment
point is to be reset to the head of the container or is to be the same as that in use for the encoding of the container.

25.1.6 The "pADDING" specification determines that the entire encoding is to be padded with trailing bits to make the
number of bits from the alignment point an integral multiple of some unit.

25.1.7 The "ADDED BITS DECODING" specification is applicable only to decoders, and determines the action to be
taken if there are further bits in the PDU after decoding according to encoding specifications has been completed.
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NOTE - This provision is primarily to provide a simple mechanism for extensibility without use of the ASN.1 extensibility marker.
A later version of this Recommendation | International Standard is expected to give enhanced support for extensibility.

25.1.8 "ALIGNMENT", "PADDING", and "ADDED BITS DECODING" all take their default values if not set or if there is no
encoding object of class #oUTER in the combined encoding object set.

NOTE — The default values are those used by the encoding object of class #0UTER for PER basic unaligned.

25.2 Encoder actions for #0UTER

25.2.1 If "ALIGNMENT" is "unchanged", then the alignment point used in encoding a contained type shall be the
alignment point used in encoding the container.

25.2.2 If "ALIGNMENT" is "reset", then the alignment point used in encoding a contained type shall be the start of the
encodingof thattype:

25.2.3 If "pADDING" is set, then the encoder shall add bits in accordance with the value of "PADDING" andPATTERN
to make the number of bits from the alignment point a multiple of "MULTIPLE OF" units. "PATTERN" shall be’repljcated
and tuncated as necessary.

25.2.4 The encoder shall diagnose an ECN specification or application error if the encoding is forlatype in a coptents
constfaint on an octetstring, and the encoding of the type (after all specified "PADDING" actions) iS-het an integral miltiple
of eight bits.

25.2.% If bit-reversal is set, the encoder actions specified in 22.12 shall be applied usingthe value of "MULTIPLE OF
specified for (or defaulted in) "PADDING".

25.2.6  The encoder shall ignore "ADDED BITS DECODING'.

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 "MULTIPLE OF
specified for (or defaulted in) "PADDING".

25.3.2 If "ALIGNMENT" is "unchanged", then the alignment point used in encoding a contained type shall e the
alignment point used in encoding the container.

25.3.3 If "ALIGNMENT" is "reset", then the alignment point used in encoding a contained type shall be the start jof the
encoding of that type.

25.3.4 The decoder shall determine the bits.added by "PADDING" (if any), and shall silently ignore the added bits, no
mattef what their value.

25.3.% If the PDU (or the containersef*a contained type) contains further bits after the end of the encoding, th¢n the
decoder shall take the following actions:

a) if "ADDED BITS~DECODING" iS "hard-error": diagnose an encoder error;

b) If"ADDED BITS DECODING"iS "signal-application': ignore all further bits and signal the appligation
that there.may be critical extensions to the protocol;

C) |If"ADDED BITS DECODING" iS"silently-ignore": ignore all further bits;

d) |f “ADDED BITS DECODING" iS "next-value': cease decoding and expect the application to ipitiate
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 pj
ITU-T

13.1

Ell

M £

wherg

13.13
shall

13.16

[ X.680 | ISO/IEC 8824-1 are modified as follows:

AssignedIdentifier ::= Definitiveldentifier |
empty

Symbol ::=
Reference
| BuiltinEncodingClassReference
| ParameterizedReference

Reference ::=
encodingclassreference
| ExternalEncodingClassReference
| encodingobjectreference
| encodingobjectsetreference

| M or EDM modules.

xternalEncodingClassReference" in "Reference" is explained in 14,11:
"Definitiveldentifier is defined as:

Definitiveldentifier ::=
" {"" DefinitiveObjldComponentList **}**
| empty
When the "SymbolsExported™ alternative of "Exports" is selected, then each "Symbol" in "SymbolsExp
atisfy one and only one of the following conditions:
a) itis defined in the module.from which it is being exported; or

b) it appears exactly onee/in the "Symbolsimported™ alternative of "Imports™ in the module from whig
being exported.

When the "Symbolsimported" alternative of "Imports™ is selected:
a) Each "Symbol" in "SymbolsFromModule™ shall either:

1) . bé—defined in the body of the module denoted by the "GlobalModuleReferenc
"SymbolsFromModule"; or

2) be present precisely once in the imports clause of the module denoted by
"GlobalModuleReference™ in "SymbolsFromModule™.

roductions "Assignedldentifier”, "Symbol" and "Reference" of 13.1, as well as subclauses 13.13 and 13.16, of Rec.

DTE 1 — The production "Assignedldentifier" is changed because "valuereference"s can neither be defined nor importgd into

DTE 2 — "BuiltinEncodingClassReference™ can only be used as a<'Symbol" in an imports clause. The use of production

prted”

h it is

the

NOTE — This does not prohibit the same symbol name defined in two different modules from being importd

d into

A2

another module. However, if the same "Symbol™ name appears more than once in the imports clause of modu
that "Symbol™ name cannot be exported from "A" for import to another module "B".

e "A",

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
modules) and from the "modulereference” associated with the referencing module; and

EDM

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.

Addition of REFERENCE

NOTE — This modification is introduced for the sole purpose of clause 23.

©
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The production "Type" in Rec. ITU-T X.680 | ISO/IEC 8824-1, 17.1, is modified as follows:

Type ::=
BuiltinType
| ReferencedType
| ConstrainedType
| 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 ::=
cstring
I Quadruple
| Tuple
| AbsoluteCharReference

AbsoluteCharReference ::=
ModulelIdentifier

" "
valuereference

The "AbsoluteCharReference" is a fully-qualified name which references a character string.value (of type 1a5String or
BMPString) defined in the "ASN1-CHARACTER-MODULE" (see Rec. ITU-T X.680 | ISO/IEC.8824-1, 42.1).
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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:

encoding class field: A field which contains an arbitrary encoding class.
encoding class field type: A type specified by reference to some type field of an encoding object class.

encoding object field: A field which contains an encoding object of some specified enCoding class. Juch a
field is either of fixed-class or of variable-class. In the former case, the class of the encading object is fided by
the field specification. In the latter case, the class of the encoding object is contained-is some (specific) engoding
class field of the same encoding object.

encoding object set field: A field which contains a set of encoding objects 0f some specified encoding ¢lass.

fixed-type ordered value list field: A field which contains an ordered¢(possibly empty) list of values offsome
specified type.

ordered encoding object list field: A field which contains ap-erdered non-empty list of encoding objdcts of
some specified encoding class.

reference field: A field 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 purposeof clause 23.

The following definitions are added to Rec. ITU-T X®81 | ISO/IEC 8824-2, clause 7:

B.2.1 Ordered value list field references
Namd of item — orderedvaluelistfieldreference

An "drderedvaluelistfieldreference" shall consist of an ampersand ("&") immediately followed by a sequence of charpcters
as spdcified for a "typereference”dn Rec. ITU-T X.680 | ISO/IEC 8824-1, 12.2.

B.2.2 Ordered encoding object list field references
Namgq of item — orderedencodingobjectlistfieldreference

An "drderedencodirgobjectlistfieldreference™ shall consist of an ampersand ("&") immediately followed by a sequepce of
charafters as specified for an "objectsetreference” in Rec. ITU-T X.681 | ISO/IEC 8824-2, 7.3.

B.2.3 Encoding class field references

Namg 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.

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:
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B.S

FieldSpec ::=

FixedTypeValueFieldSpec
FixedTypeValueSetFieldSpec
FixedTypeOrderedValuelistFieldSpec
FixedClassEncodingObjectFieldSpec
VariableClassEncodingObjectFieldSpec
FixedClassEncodingObjectSetFieldSpec
FixedClassOrderedEncodingObjectListFieldSpec
EncodingClassFieldSpec

Fixed-type ordered value list field spec

NOTE — This modification is introduced for the sole purpose of clause 23.

The n
the fi
encog
Rec.

B.6
N

A'"F

mendation | International Standard):

FixedTypeOrderedValueListFieldSpec ::=
orderedvaluelistfieldreference
DefinedType
ORDERED
FixedTypeOrderedValuelListOptionalitySpec ?

FixedTypeOrderedValueListOptionalitySpec ::= OPTIONAL | DEFAULT OrderedValueL ist

ld. The "FixedTypeOrderedValueListOptionalitySpec", if present, specifies that'the field may be unspecified
ing object definition, or, in the "DEFAULT" case, that omission produces the following "OrderedValueL.ist
TU-T X.680 | ISO/IEC 8824-1, 26.3), all of whose values shall be of "DefinedType".

Fixed-class encoding object field spec
DTE — This modification is introduced for the sole purpose of clause 23;

xedClassEncodingObjectFieldSpec™ specifies that the fieldis a fixed-class encoding object field (see B.1 ¢

Recommendation | International Standard):

The n
the e
"Encg
or, in
Intern

B.7

A"V
this R

FixedClassEncodingObjectFieldSpec ::=
objectfieldreference
DefinedOrBuiltinEncodingClass
EncodingObjectOptionalitySpec?

EncodingObjectOptionalitySpec ::=,ORPTIONAL | DEFAULT EncodingObject

ame of the field is "objectfieldreference”. The "DefinedOrBuiltinEncodingClass" references the encoding cl
ncoding object contained in the\field (which may be the "EncodingClass" currently being defined).

the DEFAULT case, that omission produces the following "EncodingObject"” (see 17.1.5 of this Recommend
ational Standard) whigh'shall be of the "DefinedOrBuiltinEncodingClass".

Variable-class encoding object field spec

hriableClassErncodingObjectFieldSpec™ specifies that the field is a variable-class encoding object field (see
ecommendation | International Standard):

MarjableClassEncodingObjectFieldSpec ::=

ame of the field is "orderedvaluelistfieldreference”. The "DefinedType" references\the type of values contaifed in

inan
' (see

f this

hss of
The

dingObjectOptionalitySpec’ if present, specifies that the field may be unspecified in an encoding object definition,

tion |

B.1 of

objectfieldreference

encodingelassfieldreference
EncodingObjectOptionalitySpec?

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:

a) if the type field denoted by the "encodingclassfieldreference” has an "EncodingClassOptionalitySpec™ of

136

OPTIONAL, then the "EncodingObjectOptionalitySpec” shall also be opTIONAL; 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.
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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 ::=
objectsetfieldreference
DefinedOrBuiltinEncodingClass
EncodingObjectSetOptionalitySpec?

EncodingObjectSetOptionalitySpec ::= OPTIONAL | DEFAULT EncodingObjectSet

The name of the field is "objectsetfieldreference”. The "DefinedOrBuiltinEncodingClass™ references the class of the

ing-objects containedinthe-field. The "EncodingObjectSetOptionalitySpec™ if present,-specifies that the field may
be unspecified in an encoding object definition, or, in the DEFAULT case, that omission produces the follpwing
"EncagdingObjectSet" (see clause 18), all of whose objects shall be of "DefinedOrBuiltinEncodingClass".

B.9 Fixed-class ordered encoding object list field spec
NOTE — This modification is introduced for the sole purpose of clause 23.

A "FikedClassOrderedEncodingObjectListFieldSpec™ specifies that the field is a fixed-class erdered encoding objdct list
field {see B.1 of this Recommendation | International Standard):

FixedClassOrderedEncodingObjectListFieldSpec ::=
orderedencodingobjectlistfieldreference
DefinedOrBuiltinEncodingClass
ORDERED
OrderedEncodingObjectListOptionalitySpec?

OrderedEncodingObjectListOptionalitySpec ::= OPTIONAL | DEFAULT OrderedEncodingObjectL.ist

The name of the field is "orderedencodingobjectlistfieldreference”. The "DefinedOrBuiltinEncodingClass” referenges the
class [of the encoding objects contained in the field. The "OrderedEncodingObjectListOptionalitySpec”, if present,
specifies that the field may be unspecified in an encoding ebject definition, or, in the DEFAULT case, that omjission
produces the following "OrderedEncodingObjectList” (see.Bx11 of this Recommendation | International Standard),all of
whosg objects shall be of "DefinedOrBuiltinEncodingClass’.

B.10| Encoding class field spec
NOTE — This modification is introduced for the'sole purpose of clause 23.

An "EncodingClassFieldSpec™" specifies that the field is an encoding class field (see B.1 of this Recommendadtion |
Interrjational Standard):

EncodingClassFieldSpec {:=
encodingclassfieldreference
EncodingClassOptionalitySpec?

EncodingClassOptionalitySpec ::= OPTIONAL | DEFAULT DefinedOrBuiltinEncodingClass

The rlame of the field-is "encodingclassfieldreference”. If the "EncodingClassOptionalitySpec" is absent, all engoding
object definitions-for that class are required to include a specification of an encoding class for that field. If oPTIONAL is
present, then the.field can be left undefined. If DEFAULT is present, then the following "DefinedOrBuiltinEncodingClass"
provifles the default setting for the field if it is omitted in a definition.

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
OrderedEncodingObijectList ::= "'{"" EncodingObject "*,"" + "'}"
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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 #TRANSFORM encoding objects is applied in the stated order.

NOTE — The following restrictions arise from normative text and BNF productions: An ordered encoding object list can only be
specified by in-line notation (which is governed by an ordered encoding object list field); encoding objects within that list can be
specified using either a reference name or in-line notation; the governor cannot be #ENCODINGS.

B.13 Primitive field names

Rec. ITU-T X.681 | ISO/IEC 8824-2, 9.13, is modified as follows:

The caonstruct "PrimitiveEieldName" is used to identifi a field relative to the encoding class containi i
. y g g IS

specification:

PrimitiveFieldName ::=
valuefieldreference
| valuesetfieldreference
| orderedvaluelistfieldreference

B.14 Additional reserved words

Rec. ITU-T X.681 | ISO/IEC 8824-2, 10.6 and 10.7, are modified as follows:

10.6 A "word" lexical item used as a "Literal" cannot be one of the following:

BEGIN
BER
CER
DER
ENCODE
ENCOPE-DECODE
END
FALSE
MINUBS-INFINITY
NON-ECN-BEGIN
NULL
OPTIDNS
OUTER
PER-BASIC-ALIGNED
PER-BASIC-UNALIGNED
PER-CANONICAL-UNALIGNED
PER-CANONICAL-UNALIGNED
PLUS{+INFINITY

TRUE
UNION
USE
USE-BET
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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-INT [AS &bool-to-int]]
the user is allowed to write:
BOOL-TO-INT

wihen defining an encoding object of this class. In such a case, the DEFAULT value associated,with™ the pargmeter
"g§bool-to-int" (i.e., "false-zero") is used in the definition of the transform "BOOL-TO-INT".

B.16| Additions to "Setting"
Rec. ITU-T X.681 | ISO/IEC 8824-2, 11.7, is modified as follows:
11.7 A "Setting" specifies the setting of some field within an encoding object being defined:

Setting ::=
Value
| ValueSet
| OrderedValuelist
| EncodingObject
| EncodingObjectSet
| OrderedEncodingObjectLisk
| DefinedOrBuiltinEncodingClass
I OUTER

If thelfield is:

a) avalue field, the "Value" alternative;

b) a fixed-type value set field, the:*\alueSet" alternative;

¢) afixed-type ordered value list-field, the "OrderedValueL.ist" alternative;

d) an encoding object field,.the "EncodingObject™ alternative;

e) an encoding objectsetfield, the "EncodingObjectSet" alternative;

f) an ordered encading object list field, the "OrderedEncodingObjectList" alternative;
g) an encoding:class field, the "DefinedOrBuiltinEncodingClass" alternative;

h) areference field, the "Value" or the OUTER alternative,

shall pe selected.. \For a reference field specified using the syntax of clauses 20 to 25, the "Value" shall be a d];mmy
paranfeter. OUTER can be used whenever a reference is required and identifies a container which is the entire encogling.

NOTE - The setting is further restricted as described in Rec. ITU-T X.681 | ISO/IEC 8824-2, 9.51t0 9.12, and 11.8 to 11.9.

B.17| “2Encoding 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 ::=

DefinedOrBuiltinEncodingClass

FieldName

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.

Cl

Parameterized assignments

Clauses 8.1 and 8.3 of Rec. ITU-T X.683 | ISO/IEC 8824-4 are modified as follows:

8.1
in thi

8.3

A"D

N
C.2

The following productionS-are added to Rec. ITU-T X.683 | ISO/IEC 8824-4, 8.2:

a)
a)

b)
c)

d)

ParameterizedAssignment ::=

ParameterList ::=""{<" Parameter "," + "">}"
Governor ::=
EncodingClassFieldType
[ REFERENCE
| DefinedOrBuiltinEncodingClass
| #ENCODINGS
I Type

mmyReference™ in "Parameter” may stand for:

DTE — "DummyGovernor"s are-not-allowed in ECN.

Parameterized encoding assignments

ParameterizedEncodingClassAssignment ::=

ParameterizedEncodingObjectAssignment ::=

There are parameterized assignment statements corresponding to each of the assignment statements specified
Recommendation | International Standard. The "ParameterizedAssignment" construct is:

ParameterizedEncodingObjectAssignment
ParameterizedEncodingClassAssignment
ParameterizedEncodingObjectSetAssignment

an encoding class, in which case there shall be no~'ParamGovernor";
an ASN.1 value, value set, or fixed-type ordered value list, in which case the "ParamGovernor" shall be
present as a "Governor" that is a type extracted from an encoding class ("EncodingClassFieldType");
an "identifier", in which case the "ParamGovernor" shall be present as a "Governor" that is REFERENCE;

an encoding object, or an ordered.-encoding object list, in which case the "ParamGovernor" shall be pfesent
as a "Governor" that is an encoding class ("DefinedOrBuiltinEncodingClass");

an encoding object set, .in° which case the "ParamGovernor" shall be present as a "Governor" that is
#ENCODINGS.

encedingclassreference
ParameterList

We ozt

EncodingClass

encodingobjectreference
ParameterList
DefinedOrBuiltinEncodingClass

We ezt

EncodingObject

ParameterizedEncodingObjectSetAssignment ::=

encodingobjectsetreference
ParameterList
#ENCODINGS

EncodingObjectSet

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-Class" of the
encoding object "new-component-encoding" is used as an actual parameter for the encoding class "#New-component":
new-component-encoding {< #Any-class >} #New-component {< #Any-class >} ::=
{ —- encoding object definition -- }

C.3 Referencing parameterized definitions
The production "ParameterizedReference" of Rec. ITU-T X.683 | ISO/IEC 8824-4, 9.1, is modified as follows:

ParameterizedReference ::=
Reference
| Reference " {<" ">}

The following productions are added to Rec. ITU-T X.683 | ISO/IEC 8824-4, 9.2:

ParameterizedEncodingObject ::=
SimpleDefinedEncodingObject
ActualParameterList

SimpleDefinedEncodingObject ::=
ExternalEncodingObjectReference
| encodingobjectreference

ParameterizedEncodingObjectSet ::=
SimpleDefinedEncodingObjectSet
ActualParameterList

SimpleDefinedEncodingObjectSet ::=
ExternalEncodingObjectSetReference
| encodingobjectsetreference

ParameterizedEncodingClass ::=
SimpleDefinedEncodingClass
ActualParameterList

SimpleDefinedEncodingClass ::=
ExternalEncodingClassReference
| encodingclassreference

C4 Actual parameter list
Rec. ITU-T X.683 | ISO/IEC 8824-4, 9:5;"is modified as follows:
9.5 The "ActualParameterLiist'" is:

ActualParameterLdst =
"{<" ActwalParameter "," + ">}"

ActualParanieter ::=
Value
| ValueSet
| OrderedValuelist
| DefinedOrBuiltinEncodingClass
| EncodingObject
| EncodingObjectSet
|
|
|
|

OrderedEncodingObjectList
ComponentIdList

STRUCTURE

OUTER

If the corresponding dummy parameter is:
a) avalue: the "Value" alternative shall be used:;
b) avalue set: the "ValueSet" alternative shall be used;
¢) afixed-type ordered value list: the "OrderedValueL.ist" alternative shall be used;
d) anencoding class: the "DefinedOrBuiltinEncodingClass" alternative shall be used,;
e) an encoding object: the "EncodingObject™ alternative shall be used;
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f) anencoding 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 OUTER alternative shall be used.

STRUCTURE shall only be used when the actual parameter is used as specified in 17.5.15. OUTER can be used whenever a
reference is required to identify a container, and identifies the container of the entire encoding.
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Annex D

Examples

(This annex does not form an integral part of this Recommendation | International Standard.)

This annex contains examples of the use of ECN. The examples are divided into five groups:
—  General examples, which show the look-and-feel of ECN definitions (D.1).

—  Specialization examples, which show how to modify some parts of a standardized encoding. Each example
has a description of the requirements for the encoding and a description of the selected solution and
possibteattermative sotutions {D-2):

—  Explicitly generated structure examples, which show the use of explicitly generated structure$ when the
same specialized encoding is used several times (D.3).

— A legacy protocol example which shows three ways of handling the problem of a traditional "more-bit"
approach to sequence-of termination (D.4).

— A second legacy protocol example, which shows how to construct ECN definitions-for a protocol yhose
message encodings have been specified using a tabular notation (D.5).

D.1 General examples

The gxamples described in D.1.1 to D.1.14 are part of a complete ECN specification whose ASN.1, EDM, and|ELM
modulles are given in outline in D.1.15, D.1.16 and D.1.17, and are given completely in a copy of this annex wtfich is
availgble from the website cited in Annex F.

D.1.1 An encoding object for a boolean type
D.1.141 The ASN.1 assignment is:

Married ::= BOOLEAN

D.1.142 The encoding object assignment (see 23.3.1) is:

booleanEncoding #BOOLEAN ::=>{
ENCODING-SPACE
SIZE 1
MULTIPLE OF bit
TRUE-PATTERN/bits:'1l'B
FALSE-PATTERN-bits:'0'B}

marriedEncodingz1l #Married ::= booleanEncoding

D.1.1)3 There is no pfesalignment, and the encoding space is one bit, so "Married" is encoded as a bit-field of length 1.
Pattefns for TRUE and FALSE values (in this case a single bit) are '1'B and '0'B respectively.

D.1.1}4 The values specified above are the values that would be set by default (see 23.3.1) if the corresponding endoding
propefrties were omitted, so the same encoding can be achieved with less verbosity by:

marriedEncoding-2 #Married ::= {
ENCODING-SPACE
SIZE 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.

marriedEncoding-3 #Married ::= {
ENCODE WITH PER-BASIC-UNALIGNED}

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.
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An encoding object for an integer type

.1 The ASN.1 assignments are:
EvenPositiveInteger ::= INTEGER (1..MAX) (CONSTRAINED BY {-- Must be even --})
EvenNegativeInteger ::= INTEGER (MIN..-1) (CONSTRAINED BY {-- Must be even --})

.2 The encoding object assignments are:

evenPositiveIntegerEncoding #EvenPositiveInteger ::= {
USE #NonNegativelnt

[ MAPPING TRANSFORMS {{INT-TO-INT divide:Z2Jf
WITH PER-BASIC-UNALIGNED}

#NonNegativeInt ::= #INT (0. .MAX)

evenNegativeIlntegerEncoding #EvenNegativeInteger ::= {
USE #NonPositiveInt
MAPPING TRANSFORMS {{INT-TO-INT divide:2
-- Note: -1 / 2 = 0 - see clause 24.3.7 -- }}
WITH PER-BASIC-UNALIGNED}

#NonPositiveInt ::= #INT (MIN..O)

3 An even value is divided by two, and is then encoded using standardized PER encoding rules for positiy
Ve integer types.

Another encoding object for an integer type

1 Here we assume the requirement to define an encoding object.which encodes an integer in a two-octe

startifg at an octet boundary.

D.1.3

D.1.3

D.1.4
D.14

D.14

2 The ASN.1 assignment is:

Altitude ::= INTEGER (0..65535)

3 The Encoding object assignment (see 23.6.%'and 23.7.1) is:

integerRightAlignedEncoding’ #Altitude ::= {
ENCODING {
ALIGNED TO NEXT octet
ENCODING=~SPACE
SIZE 16}}

An encoding object for an integer type with holes

1 The ASN.l-assignment is:

IntegerWithHole ::= INTEGER (-256..-1 | 32..1056)

2" The encoding object assignment (see 19.5.2) is:

D.14
range

D.1.5
D.1.5

integerWithHoleEncoding #IntegerWithHole ::= {
USE #IntFrom0Tol1280
MAPPING ORDERED VALUES
WITH PER-BASIC-UNALIGNED}

#IntFrom0Tol280 ::= #INT (0..1280)

.3 "IntegerWithHole" isencoded as a positive integer. Values in the range -256..-1 are mapped to values

0..255 and values in the range 32..1056 are mapped to 256..1280.

A more complex encoding object for an integer type

.1 The ASN.1 assignments are:
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PositiveInteger ::= INTEGER (1..MAX)

NegativeInteger ::= INTEGER (MIN..-1)

D.1.5.2 The encoding object assignments are:

positiveIntegerEncoding #PositiveInteger ::=
integerEncoding

negativeIntegerEncoding #Negativelnteger ::=
integerEncoding

D.15

phject

"integerEncoding" as a positive integer or as a twos-complement integer respectlvely ThIS is defined belov and

provigles different encodings depending on the bounds of the type to which it is applied.

D.1.5/4 The "integerEncoding™ encoding object defined here is very powerful, but quite compleX.’it-contains five

encoding objects of the class #CONDITIONAL-INT; they all define an octet-aligned encoding. When“the integer
being|encoded are bounded, the number of bits is fixed; when the values are not bounded, the type,is required to
last i a PDU, 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:

integerEncoding #INT ::= {ENCODINGS {
{ IF unbounded-or-no-lower-bound
ENCODING-SPACE
SIZE variable-with-determinant
DETERMINED BY container
USING OUTER
ENCODING twos-complement} ,
{ IF bounded-with-negatives
ENCODING-SPACE
SIZE fixed-to-max
ENCODING twos-complement}l/,
{ IF semi-bounded-with-negatives
ENCODING-SPACE
SIZE variable-with-determinant
DETERMINED ‘BY container
USING OUTER
ENCODING twos-complement} ,
{ IF semi-bounded:-without-negatives
ENCODING—-SPACE
SIZE variable-with-determinant
DETERMINED BY container
USING OUTER
ENCODING positive-int} ,
{ IF bounded-without-negatives
ENCODING-SPACE
SIZE fixed-to-max
ENCODING positive-int}}}

D.1.6] Positive integers encoded in BCD

transforms: from mteger to character strlng then from character strlng to bltstrlng
D.1.6.2 The ASN.1 assignment is:

PositiveIntegerBCD ::= INTEGER (0. .MAX)

D.1.6.3 The encoding object assignment (see 19.4, 24.1 and 23.4.1) is:

positiveIntegerBCDEncoding #PositiveIntegerBCD ::= {
USE #CHARS
MAPPING TRANSFORMS { {

alues
De the

pSsive
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INT-TO-CHARS
-- We convert to characters (e.g., integer 42
—-- becomes character string "42") and encode the characters
-- with the encoding object "numeric-chars-to-bcdEncoding"
SIZE variable
PLUS-SIGN FALSE}}
WITH numeric-chars-to-bcdEncoding }

numeric-chars-to-bcdEncoding #CHARS ::= {
ALIGNED TO NEXT nibble
TRANSFORMS { {
CHAR-TO-BITS
-- We convert each character to a bitstring
--(e.g., character "4" becomes '0100'B and "2" becomes
—— '0010'R)
AS mapped
CHAR-LIST { "o" , wqw ,"2" , n3n ,
4", "sm e", "7,
ngn , llgll}
BITS-LIST { '0000'B, '0001'B, '0010'B, '0011'B,
'0100'B, '0101'B, '0110'B, '0111'B,
'1000'B, '1001'B }}}

REPETITION-ENCODING {
REPETITION-SPACE
-—- We determine the concatenation of the bitstrihgs” for the
-—- characters and add a terminator (e.g.,
-— '0100'B + '0010'B becomes '0100 0010 1111(B)
SIZE variable-with-determinant
DETERMINED BY pattern
PATTERN bits:'1111'B}}

D.1.6}4 The positive number is first transformed into a character stringcy the int-to-chars transform using the options
varialple length and no plus sign, and in addition the default option of\no padding, giving a string containing charpcters
"0" tq "9". Then the character string is encoded such that each character is transformed into a bit pattern, '0000|B for
"o", 1ooo1'B for "1".., '1001'B for "9". The bitstring is alignéd on a nibble boundary and terminates with a specific
pattern '1111'B.

D.1.6{5 A more complex alternative, not shown here, but'commonly used, would be to embed the BCD encodind in an
octet ptring, with an external boolean identifying whether there is an unused nibble at the end or not.

D.1.7]  An encoding object of class #BITS

D.1.7{1 This example defines an encoding.object of class #BITs (see 23.2.1) for a bitstring that is octet-aligned, ppdded
with {, and terminated by an 8-bit field.containing '00000000'B (it is assumed that an abstract value never coptains
eight puccessive zeros):

D.1.7}2 The ASN.1 assignmentis:

Fax ::= BIT, STRING (CONSTRAINED BY
{-#)must not contain eight successive zero bits --})

D.1.7]3 The encoding object assignment (see 23.2.1, 23.13.1 and 23.14.1) is:

faxEncoding #Fax ::= {
ALIGNED TO NEXT octet
REPETITION-ENCODING {
REPETITION-SPACE
SIZE variable-with-determinant
DETERMINED BY pattern
PATTERN bits:'00000000'B}}

D.1.7.4 This encoding object (of class #BITS) contains an embedded encoding object of class
#CONDITIONAL-REPETITION Which specifies the mechanism and the termination pattern.

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.
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D.1.8 An encoding object for an octetstring type
D.1.8.1 The ASN.1 assignment is:

BinaryFile ::= OCTET STRING

D.1.8.2 The encoding object assignment (see 23.9.1) is:

binaryFileEncoding #BinaryFile ::= {

ALIGNED TO NEXT octet

PADDING one

REPETITION-ENCODING {

REPETITION-SPACE

SIZE variable-with-determinant
DETERMINED BY container
USING OUTER}}

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:

Password ::= PrintableString

D.1.9{2 The encoding object assignment (see 23.4.1 and 23.14.1) is:

passwordEncoding #Password ::= {
ALIGNED TO NEXT octet
TRANSFORMS {{CHAR-TO-BITS AS compact
SIZE fixed-to-max
MULTIPLE OF bit }}
REPETITION-ENCODING {
REPETITION-SPACE
SIZE variable-with-determinant
DETERMINED BY container
USING OUTER}}

D.1.9{3 The string is octet-aligned using ‘padding with "0" and terminates with the end of the PDU; the character-
encoding is specified as "compact", so.€ach character is encoded in 7 bits using ' 0000000 ' B for the first ASCII character
of tyge PrintableString, '0000001" B for the next, and so on.

D.1.1D Mapping character values to bit values

D.1.1p.1 The ASN.1 assighment is:

CharacterStringToBit ::= IA5String ("FIRST" | "SECOND" | "THIRD")

D.1.1p.2 Théeencoding object assignment (see 19.2) is:

characterstringloBitEncoding #CharacterstringlToBit ::= [
USE #IntFrom0To2
MAPPING VALUES {

"FIRST" TO O,
"SECOND" TO 1,
"THIRD" TO 2}

WITH integerEncoding}
#IntFrom0To2 ::= #INT (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.
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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:

Sequencel : := SEQUENCE ({
a BOOLEAN,
b INTECGER—ORTIONAL
c BinaryFile

-- "BinaryFile" is defined in D.1.8.1 --}

D.1.11.3 The ECN assignments (see 17.5 and 23.11.1) are:

sequencelEncoding #Sequencel ::= {
ENCODE STRUCTURE {
b USE-SET OPTIONAL-ENCODING parameterizedPresenceEncoding {< a >},
c binaryFileEncoding
-- "pinaryFileEncoding" is defined in D.1.8.2 =)'}
WITH PER-BASIC-UNALIGNED}

parameterizedPresenceEncoding {< REFERENCE:reference 5} #OPTIONAL ::= {
PRESENCE
DETERMINED BY field-to-be-used
USING reference}

D.1.111.4 Notice that we did not need to provide the "DECODERS-TRANSFORMS" encoding property ip the

"pargmeterizedPresenceEncoding™ encoding object, becausesthe component "a" was a boolean, and it is asjumed

that TIRUE meant that "b" was present. If, however, "a" had been an integer field, or if the application value of TRYE for

a" aftually meant that "b" was absent, then we would have included a "DECODER-TRANSFORMS" encoding propgrty as
in D.2.6.

D.1.12  An encoding object for a choice type

D.1.1p.1 A choice type with three alternatives\is encoded using the tag number of class context, encoded in a thijee bit
field, Jas a selector. The encoding object of class #ALTERNATIVES specify that the identification handle "Tag" is used as
determinant; the encoding object of class #Tac defines the position of the identification handle (three bits). Fof each
alternitive, the value is encoded with"'PER basic unaligned.

D.1.1p.2 The ASN.1 assignment is:

Choice ::= CHOICE {
boblean [1] BOOLEAN,
integer [3] INTEGER,
string [5] IA5String}

D.1.1p.3 TheECN assignments (see 23.1.1 and 23.15.1) are:

choiceEncoding-1 #Choice ::= {
ENCODE STRUCTURE ({
boolean [tagEncoding] USE-SET,
integer [tagEncoding] USE-SET,
string [tagEncoding] USE-SET
STRUCTURED WITH {
ALTERNATIVE
DETERMINED BY handle
HANDLE "Tag"}}
WITH PER-BASIC-UNALIGNED}

tagEncoding #TAG ::= {
ENCODING-SPACE
SIZE 3
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MULTIPLE OF bit
EXHIBITS 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.1.1

D.11
as an

D.1.1

D.11

MyEncodings #ENCODINGS ::= { tagEncoding } COMPLETED BY PER-BASIC-UNALIGNED

choiceEncoding-2 #Choice ::= {
ENCODE STRUCTURE {
STRUCTURED WITH {
ALTERNATIVE
DETERMINED BY handle

HANDEE—Fag“}}
WITH MyEncodings}

B Encoding a bitstring containing another encoding

B.1 A bitstring value encoded with PER basic unaligned, contains the PER basic unaligned encading of a seq|
integral number of octets (padded with zeros) but not necessarily aligned on an octet boundary!

3.2 The ASN.1 assignment are:
Sequence2 ::= SEQUENCE {
a BOOLEAN,
b BIT STRING (CONTAINING Sequence3) }
Sequence3 ::= SEQUENCE ({
a INTEGER (0. .10),
b BOOLEAN }
3.3 The ECN assignments (see 25.1) are:
sequence2Encoding #Sequence2 ::= {
ENCODE STRUCTURE ({
b { REPETITION-ENCODING {
REPETITION-SPACE
SIZE 8

MULTIPLE OF bit}
CONTENTS<ENCODING {sequence3Encoding}
COMPLETED BY PER-BASIC-UNALIGNED} }
WITH PER-BASIC-UNALIGNED}

sequence3Encoding (#Sequence3 ::= {
ENCODE STRUCTURE ({
STRUCTURED WITH sequence3StructureEncoding

}
WITH BRER-BASIC-UNALIGNED }

sequence3StructureEncoding #CONCATENATION ::= {
ENCODING-SPACE
MULTIPLE OF octet
VALUE-PADDING
JUSTIFIED left:0

Lience

POST-PADDING zero

UNUSED BITS
DETERMINED BY not-needed }

D.1.14 An encoding object set

These encoding object sets contain encoding definitions for some types specified in the ASN.1 module of D.1.15.
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ExamplelEncodings #ENCODINGS ::= {
marriedEncoding-1
integerRightAlignedEncoding
evenPositiveIntegerEncoding
evenNegativeIntegerEncoding
integerRightAlignedEncoding
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integerWithHoleEncoding |
positivelIntegerEncoding |
negativeIntegerEncoding |
positiveIntegerBCDEncoding |
faxEncoding |
binaryFileEncoding |
passwordEncoding |
characterStringToBitEncoding |
sequencelEncoding |
choiceEncoding-1 |
sequence2Encoding |
sequence3Encoding }

D.1.15 ASN.1 definitions

D.1.1p.1 This ASN.1 module groups all the ASN.1 definitions from D.1.1 to D.1.13 together. They will be 'enfoded
accorfling to the encoding objects defined in the EDM of D.1.16, together with the PER basic unaligned encoding fules.

Examplel-ASNl1-Module {joint-iso-itu-t(2) asnl(l) ecn(4) examples(5)_-asnl-
modulel (2) }
DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

MyPDU ::= CHOICE {
marriedMessage Married,
altitudeMessage Altitude
-- etc.
}

Married ::= BOOLEAN

Altitude ::= INTEGER (0..65535)

-- etc.

END

D.1.1p EDM definitions
D.1.16.1 This EDM module groups all the ECN definitions from D.1.1 to D.1.13 together.

Examplel-EDM {joint-iso-itu*t(2) asnl(l) ecn(4) examples(5) edm-modulel(3)}
ENCODING-DEFINITIONS ::=
BEGIN

EXPORTS ExamplelErncodings;

IMPORTS #Married,’ #Altitude, #EvenPositivelnteger, #EvenNegativelnteger,
#IntegexWithHole, #PositivelInteger, #NegativeInteger, #PositiveIntegerBCD
#Fax, #BinaryFile, #Password, #CharacterStringToBit, #Sequencel, #Choice
FROM\ Examplel-ASN1-Module { joint-iso-itu-t(2) asnl(l) ecn(4) examples(5)
asnl-modulel (2) };

ExamplelEncodings #ENCODINGS ::= {
marriedEncoding-1 |
-- etc
sequence3Encoding}

-- etc

END

D.1.17 ELM definitions
The following ELM encodes the ASN.1 module defined in D.1.15, using objects specified in the EDM defined in D.1.16.

Examplel-ELM {joint-iso-itu-t(2) asnl(l) ecn(4) examples(5) elm-modulel (1)}
LINK-DEFINITIONS ::=
BEGIN
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IMPORTS
ExamplelEncodings FROM Example-EDM
{joint-iso-itu-t(2) asnl(l) ecn(4) examples(5) edm-modulel (3)}
#MyPDU, #Sequence2 FROM Examplel-ASN1-Module
{joint-iso-itu-t(2) asnl(l) ecn(4) examples(5) asnl-modulel(2)};

ENCODE #MyPDU WITH ExamplelEncodings
COMPLETED BY PER-BASIC-UNALIGNED

END

D.2 Specialization examples

The examples in thls clause show how to modlfy selected parts of an encoding for glven types in order to minimize the
size g 3 ever,
there pre some cases when speuahzed encodmgs might be deswed

—  There are some special semantics associated with message components that make it possible-to rgmove
some of the PER-generated auxiliary fields.

—  The user wants different encodings for PER auxiliary fields that are generated by default) such as vatfiable-
width determinant fields.

D.2.1 Encoding by distributing values to an alternative encoding structure

D.2.41 The ASN.1 assignment is:

NormallySmallValues ::= INTEGER (0..1000)
-- Usually values are in the range’ 0..63, but sometimes the wHole

value range
-- 1s used.

D.2.142 PER would encode the type using 10 bits. We wish to mifimize the size of the encoding such that the nprmal
case i encoded using as few bits as possible.

NOTE — In this example we take a simple direct approach. A mere sophisticated approach using Huffman encodings ig| given
in|E.1.

D.2.143 The encoding object assignment (see 19.6) is:

normallySmallValuesEncoding=1-#NormallySmallValues ::= {
USE #NormallySmallValuesStruct-1
MAPPING DISTRIBUTION {
0..63 TO small,
REMAINDER. TO large }
WITH PER-BASIC-UNALIGNED}

D.2.14{4 The encoding strueture assignment is:

#NormallySmallValuesStruct-1 ::= #CHOICE {
small #INT (0..63),
large #INT (64..1000)}

D.2.145 ~\alues which are normally used are encoded using the "sma11" field and the ones used only occasionally are
encoded-using the "large" field. The selection between the two is done by a one-bit PER-generated selector field. The
length of the "sma11" field is 6 bits and the length of the "1arge" field is 10 bits, so the normal case is encoded using 7
bits and the rare case using 11 bits.

D.2.2 Encoding by mapping ordered abstract values to an alternative encoding structure

D.2.2.1 Example D.2.1 used explicit definition of how value ranges are mapped to fields of the encoding structure. The
same effect can be achieved more simply by using "mapping by ordered abstract values". However, as illustration, we
here also modify the requirement: Arbitrarily large values may occasionally occur, and the ASN.1 assignment is assumed
to have its constraint removed.

D.2.2.2 The encoding object assignments (see 19.5) are:
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