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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established—by—the—respective—organization—to—deal—with—particttar—fields—oftechnical—activity- 6 and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, devernmental
d non-governmental, in liaison with ISO and IEC, also take part in the work. In the field~of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Parf 2.

The main task of the joint technical committee is to prepare International Standards. Draft International
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Aftention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any or-all such patent rights.

ISO/IEC 8825-3 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information telchnology,
Subcommittee SC 6, Telecommunications and information.exchange between systems, in collaborption with
ITIU-T. The identical text is published as Rec. ITU-T X.692(11/2008).
This second edition cancels and replaces the first edition (ISO/IEC 8825-3:2002), which has been
technically revised. It also incorporates thes Amendments [ISO/IEC 8825-3:2002/Amd.1:2p05 and
ISO/IEC 8825-3:2002/Amd.2:2006, and the Technical Corrigendum ISO/IEC 8825-3:2002/Cor.1:2006.

ISO/IEC 8825 consists of the following, parts, under the general title Information technology +— ASN.1
emcoding rules:

— Part 1: Specification of Basic Encoding Rules (BER), Canonical Encoding Rules (CER) and Distinguished
Encoding Rules (DER)

— Part 2: Specification_of\Packed Encoding Rules (PER)

—+ Part 3: Specification of Encoding Control Notation (ECN)
— Part 4: XMLEncoding Rules (XER)

— Part5:Mapping W3C XML schema definitions into ASN.1

—t CPRart 6: Registration and application of PER encoding instructions

© ISO/IEC 2008 — All rights reserved ix
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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 (ITU-T Rec. X.690 | ISO/IEC 8825-1 and ITU-T Rec.
X.691 | ISO/IEC 8825-2) to specify only the encoding of types that have specia requirements.

An ASN.1 type specifies a set of abstract values. Encoding rules specify the representation of these abstract values as a
HIS Of k |to ECI’\‘II IQ dmul |m'j tU IIIW“‘IL thC fU”U\I\I;I Iy <1 I\.:ULJI;I Iu 1 ICGLJIO.
B) The need to write ASN.1 types (and get the support of ASN.1 tools in implementations) for estallishad
("legacy") protocols where the encoding is already determined and differs from al standardized
encoding rules.

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

The linkape provided in an ECN specification to an ASN.1 specification is well-defined and machine processable, g0
encoders and decoders can be automatically generated from the combined specifications. This {s a significant factor in
reducing poth the amount of work and the possibility of errors in making interoperable systems. Another significant
advantage is the ability to provide automatic tool support for testing.

These adyantages are available with ASN.1 alone when standardized encoding sules suffice, but the ECN wotk
provides these advantages in circumstances where the standardized encoding rules are'not sufficient.

NOTE|1 — Currently ECN support only binary-based encodings, but could be extended in the future to cover character-basgd
encodings.

Annex A fforms an integral part of this Recommendation | International Standard, and details modifications to be made
to ITU-T Rec. X.680 | ISO/IEC 8824-1 to support the notation used in this Recommendation | International Standard.

Annex B forms an integral part of this Recommendation | International Standard, and details modifications to be made
to ITU-T Rec. X.681 | ISO/IEC 8824-2 to support the notation-Used in this Recommendation | International Standard.

Annex C forms an integral part of this Recommendation |‘hternational Standard, and details modifications to be made
to ITU-T Rec. X.683 | ISO/IEC 8824-4 to support the natation used in this Recommendation | International Standard.

NOTE(2 — It is not intended that Annexes A, B andC be progressed as amendments to the referenced Recommendationg
Interngtional Standards. The modifications are solely-for the purpose of ECN definition (see clause 5 and 9.28).

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

Annex E does not form an integral part of this Recommendation | International Standard and provides more detail gn
the support for Huffman encodings in ECN.

Annex F [does not form an integral part of this Recommendation | International Standard, and identifies a Web sife
providing|access to furtherinformation and links relevant to ECN.

Annex G |does not foriran integral part of this Recommendation | International Standard, and provides a summary ¢f
ECN using the notation of clause 5.

X © ISO/IEC 2008 — All rights reserved
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

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

1 Scope

This Recommendation | International Standard defines a notation for specifying encodings of ASN/Atypes or of| parts
of types.

It proyides several mechanisms for such specification, including:

—  direct specification of the encoding using standardized notation;

—  gpecification of the encoding by reference to standardized encoding rules;

—  gpecification of the encoding of an ASN.1 type by reference to anencoding structure;
—  gpecification of the encoding using non-ECN notation.

It alsp provides the meansto link the specification of encodings to thetype definitions to which they are to be applied.

ECN |does not currently provide any support for specifications using the OID internationalized resource identifig type
or the relative OID internationalized resource identifier type (see’l TU-T Rec. X.680 | ISO/IEC 8824-1), and these are
not rgferred to further in this Standard.

2 Nor mative references

The fpllowing Recommendations and International Standards contain provisions which, through reference in this text,
constftute provisions of this Recommendation | International Standard. At the time of publication, the editions ind]cated
were vaid. All Recommendations and4nternational Standards are subject to revision, and parties to agreements |based
on th|s Recommendation | International Standard are encouraged to investigate the possibility of applying thg most
recent edition of the Recommendations and Standards listed below. Members of IEC and SO maintain registers of
currently valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains aist of
currently valid ITU-T Recomniendations.

2.1 | ldentical Recommendations| I nter national Sandards
—  |FJ<T Recommendation X.660 (1992) | |SO/IEC 9834-1:1993, Information technology — Open Sjstems
Interconnection — Procedures for the operation of OS Registration Authorities: General proceflures.
(plus amendments).

~ ITU-T Recommendation X.680 (2008) | ISO/IEC 8824-1:2008, Information technology — Abstract
Syntax Notation One (ASN.I): pecification of basic notation

— ITU-T Recommendation X.681 (2008) | ISO/IEC 8824-2:2008, Information technology — Abstract
Syntax Notation One (ASN.1): Information object specification.

— ITU-T Recommendation X.682 (2008) | ISO/IEC 8824-3:2008, Information technology — Abstract
Syntax Notation One (ASN.1): Constraint specification.

— ITU-T Recommendation X.683 (2008) | ISO/IEC 8824-4:2008, Information technology — Abstract
Syntax Notation One (ASN.1): Parameterization of ASN.1 specifications.

— ITU-T Recommendation X.690 (2008) | ISO/IEC 8825-1:2008, Information technology — ASN.1
encoding Rules: Specification of Basic Encoding Rules (BER), Canonical Encoding Rules (CER), and
Distinguished Encoding Rules (DER).

ITU-T Rec. X.692 (11/2008) 1
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— ITU-T Recommendation X.691 (2008) | ISO/IEC 8825-2:2008, Information technology — ASN.1

encoding rules: Specification of Packed Encoding Rules (PER).

NOTE 1 — Notwithstanding the SO publication date, the above specifications are normally referred to as "ASN.1:2008".

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

2.2

Additional references

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

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

3

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

31
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321
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directly by the encoder without the use of any abstract value provided'by the application.
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of engoding obyects for the purpose of applying encodings.

328

Definitions

ASN.1 definitions

Recommendation | International Standard uses the terms defined in clause 3 of ITU-TCRec. X.680 | 1(
1, ITU-T Rec. X.681 | ISO/IEC 8824-2, ITU-T Rec. X.682 | ISO/IEC 8824-3, ITU-T Rec. X.683 | 1
4, ITU-T Rec. X.690 | ISO/IEC 8825-1 and ITU-T Rec. X.691 | ISO/IEC 8825-2.

ECN-gpecific definitions

alignment point: The point in an encoding (usualy its start) which serves as a reference point wh
ing specification requires alignment to some boundary.

auxiliary field: A field of a replacement structure (that is added in the ECN specification) whose value

DTE — An example of an auxiliary field is alength determinant-for-an integer encoding or for a repetition.

bit-field: Contiguous bits or octets in an encoding:which are decoded as a whole, and which either rep
Stract value, or provide information (such as a length determinant for some other field — see 3.2.31) need
ssful decoding, or both.

DTE — It isin legacy protocolsthat "or both" sometimes occurs.

bit-field class: An encoding classwhose objects specify the encoding of abstract values (of some ASN.1
its.
DTE — Other encoding classes are eencerned with more general encoding procedures, such as those required to determ
0 of repetitions of bit-field class éncodings, or to determine which of a set of aternative bit-field encodingsis present.

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

choice determipant: A bit-field which determines which of several possible encodings (each represt
ent abstract vallies) is present in some other bit-field.

combineg encoding object set: A temporary set of encoding objects produced by the combination of tw

conditional encoding: An encoding which isto be applied only if some specified condition is satisfied.

D/IEC
D/IEC

en an

S set

resent
ed for

type)

ne the
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bnting

O sets
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DT Tk ditian oo
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H P =Y bharuad Ltion o o oo Ltion otk (| Lt onc
T THCCOnGrtrorTTy ot TrioOunGS Cort o O o SrZC oG e~ Contr o, O OtCHorCCormpreXContrtrons:

containing type: An ASN.1 type (or encoding structure field) where a contents constraint has been appl

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

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

ied to

3.210 current application point: The point in an encoding structure at which a combined encoding object set is

being

applied.

3.211 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.

ITU-T Rec. X.692 (11/2008)
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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 alater version of that standard. Thisis
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.
NOTE - Encoding classes are defined for the encoding of primitive ASN.1 types, but are also defined for the procedures
associated with ASN.1 tag notation, the use of OPTI ONAL and for encoding constructors.
3.2.13 encoding class category: Encoding classes with some common characteristics.
NOTE — Examples are the integer category, the boolean category, and the concatenation category.

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

3.21% Encoding Definition Modules (EDM): Modules that define encodings for application in the Encoding Link
Moddle.

3.216 Encoding Link Module (ELM): The (unique, for any given application) module that assigns encodifngs to
ASN types.

3.217 encoding object: The specification of some part of the procedures needed t@ perform the encoding or
decoding of an ASN.1 type.

NOTE — Encoding objects can specify the encoding of primitive ASN.1 types, but can al'so,'specify the procedures assgciated
with ASN.1 tag notation, the use of OPTI ONAL and with encoding constructors.

encoding object set: A set of encoding objects.
NOTE — An encoding object set is normally used in the Encoding Link Module’to determine the encoding of all the top-level

encoding property: A piece of information used to define anrencoding using the notation specified in clauses

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

encoding structure: The structure of an encoding, defined either from the structure of an ASN.1 type

NOTE 1 — Use of an encoding structure is only-ane of several mechanisms (but an important one) that the Encoding Gontrol

explicitly generated encoding structure: An encoding structure derived from an implicitly gengrated

extensibility: Provisions in an early version of a standard that are designed to maximize the interwork|ng of
entations of that early.version with the expected implementations of alater version of that standard.

fully-qualified nhame: A reference to an encoding class, object, or object set that includes either the ngme of
M module.in,Which that encoding class, object, or object set was defined, or (in the case of an impglicitly
generpted encoding class) the name of the ASN.1 module in which it was generated. (Seealso 3.2.43.)
NOTE — Acfully-qualified name (see production "ExternalEncodingClassReference” in 10.6) has to be used in the body of a

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

3.2.25 generated encoding structure: An implicitly or explicitly generated encoding structure whose purpose is to
define the encodings of the corresponding ASN.1 type through application of encodingsin the ELM.

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

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

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

ITU-T Rec. X.692 (11/2008) 3
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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 handlesin BER encodings.

3.2.29 implicitly generated encoding structure: The encoding structure that is implicitly generated and exported
whenever atypeisdefined 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
isfirst applied (in the ELM and in EDMS) .

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

3.2.32 negativeinteger value: A value lessthan zero.

non-positive integer value: A value lessthan or equal to zero.

3.2.3% optional bit-field: A bit-field that is sometimes included (to encode an abstract value) and iS somégtimes

3.23¢ positiveinteger value: A value greater than zero.
3.237 presencedeterminant: A bit-field that determines whether an optional bit-field is jpresent or not.

3.2.38 primitive class: An encoding class which is not an encoding structure, and which cannot be de-referenged to
someother class (see 16.1.14).

3.2.39 recursive definition (of a reference name): A reference name for which resolution of the reference nagne, or
of thg governor of the definition of the reference name, requires resolution of the original reference name.
NOTE — Recursive definition of an encoding class (including an encoding structure) or an encoding object is permitted (lput see
17.1.4). Recursive definition of an encoding object set isforbidden by 18.1.3,

3.240 recursive instantiation (of a parameterized reference name): An instantiation of a reference name, where
resolytion of the actual parameters requires resolution of the original reference name.
NOTE — Recursive instantiation of an encoding class (including“an encoding structure) or an encoding object is permittgd (but
sep 17.1.4). Recursiveinstantiation of an encoding object setis forbidden by 18.1.3.

3.241 replacement structure: A parameterized structure used to replace some or al parts of a construction Ipefore
encoding the construction.

3.242 self-delimiting encoding: An encoding’for a set of abstract values such that there is no abstract value that has
an enfoding that is an initial sub-string of thelencoding of any other abstract value in the set.

NOTE — This includes not only fixetklength encodings of a bounded integer, but also encodings generally described as
"Huffman encodings" (see Annex E):

3.243 simple reference namerA reference to an encoding class, object, or object set that includes neither thelname
of the EDM module in which.that encoding class, object, or object set was defined, nor (in the case of an implicitly
generpted encoding class).the‘hame of the ASN.1 module in which it was generated.

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

3.2.44 field
(and whetherthe constraint includes zero, and/or alows multiple sizes) which, if satisfied, means that specified

s : o) yalues
associated with a source class when mapping them to atarget class.

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

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

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

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

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

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

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

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

4 Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply:;
ASN.1 Abstract Syntax Notation One

BCD Binary Coded Decimal

BER Basic Encoding Rules of ASN.1

CER Canonica 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 convention defined in I[TU-T
Rec. X.680 | ISO/IEC 8824-1, clause 5.

52 This Recommendation | International Standard employs the notation for information object classes defiped in
ITU-T Rec. X.681 | ISO/IEC 8824-2-asmodified by Annex B.

53 This Recommendation“} International Standard references productions defined in ITU-T Rec. X680 |

ISO/IEC 8824-1 as modified by Annex A, ITU-T Rec. X.681 | ISO/IEC 8824-2 as modified by Annex B, and I[TU-T
Rec. X.683 | ISO/IEC 8824-47as 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 pf the

termg" most significant bit" and "least significant bit".
NOQIE — | ower layer specifications use the same naotation to define the order of bit transmission on a serial line lor the
assignment of bitsto parallel channels.

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

6.3 For the purposes of this Recommendation | International Standard, encodings are defined as a string of bits
starting 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 of that
octet. The next eight bits shall be placed in the next octet, and so on. If the encoding is not a multiple of eight bits,
then the remaining bits shall be transmitted asif 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.
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6.4 When figures are shown in this Recommendation | International Standard, the "leading bit" is always shown
on the left of the figure.

7 The ECN character set

7.1 Use of the term "character" throughout this Recommendation | International Standard refers to the characters
specified in 1SO/IEC 10646, and full support for al possible ECN specifications can require the representation of all
these characters.

7.2 With the exception of comment (as defined in ITU-T Rec. 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
inTable 1.

7.3 Lexical items defined in clause 8 consist of a sequence of the characterslisted in Table 1.
NQTE — Additional restrictions on the permitted characters for each lexical item are specified in clause 8.

Table1l—-ECN characters

0to9 (DIGITZEROtoDIGIT9)
Ato Z (LATINCAPITAL LETTERA to LATIN CAPITAL LETTER Z)
atoz (LATINSMALL LETTERA toLATIN SMALL LETTER 2)
" (QUOTATION MARK)
# (NUMBER SIGN)
& (AMPERSAND)
(APOSTROPHE)
( (LEFT PARENTHESIS)
) (RIGHT PARENTHESIS)
: (COMMA)
- (HYPHEN-MINUS)
(FULL STOP)
: (COLON)
: (SEMICOLQON)
LESS- THAN SIGN
(EQUALS SIGN)
GREATER-THAN SIGN
(UEFT CURLY BRACKET)
(VERTICAL LINE)
(RIGHT CURLY BRACKET)

N

— — ~ v

7.4 There shall be no significance placed on the typographical style, size, colour, intensity, or other djsplay
charatteristics.

75 Theupper-case and lower-case |etters shall be regarded as distinct.

8 ECN lexical items

In addition to the ASN.1 lexical items specified in ITU-T Rec. X.680 | ISO/IEC 8824-1, clause 12, this
Recommendation | International Standard uses lexical items specified in the following subclauses. The general rules
specified in ITU-T Rec. X.680 | ISO/IEC 8824-1, 12.1, apply in this clause.

NOTE — Annex G lists al lexical items and all the productions used in this Recommendation | International Standard, identifying
those that are defined in ITU-T Rec.X.680 | ISO/IEC 8824-1, ITU-T Rec. X.681 | ISO/IEC 8824-2 and ITU-T Rec. X.683 |
ISO/IEC 8824-4.

8.1 Encoding object references

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

8.2

Name of item - encodingobjectsetreference

Encoding object set references

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

8.3

Encoding classreferences

Namg

An "encodingclassreference” shall consist of the character "#" followed by the sequence of characters specified

of item — encodingclassreference

for a

"typefeference” in ITU-T Rec. X.680 | ISO/IEC 8824-1, 12.2. It shall not be one of the character sequences ligted in
8.5 ekcept in an EDM imports list (see ITU-T Rec. X.680 | ISO/IEC 8824-1, 13.20, as modified by’ A.1) or|in an
"Extgrnal EncodingClassReference” (seethe Notein 14.11).
8.4 | Reserved word items
Namgs of reserved word items:
ALL FI ELDS PER- BASI C- UNALI GNED
AS FROM PER- CANONI CAL- ALI GNBD
BEG N CENERATES PER- CANONI CAL- UNALI GNED
BER I F PLUS- I NFI NI TY
BI TS | MPORTS REFERENCE
BY I'N RENMAI NDER
CER L1 NK- DEFI NI TI ONS RENANMES
COVPLETED MAPPI NG Sl ZE
DECCDE MVAX STRUCTURE
DER M N STRUCTURED
DI STRI BUTI ON M NUS- | NFVNITY TO
ENCODE NON- ECN-BEG N TRANSFORVB
ENCODI NG- CLASS NON--ECN- END TRUE
ENCODE- DECODE NULL UNI ON
ENCODI NG- DEFI NI TI ONS CPTI ONAL- ENCODI NG USE
END CPTI ONS USE- SET
EXCEPT CORDERED VALUES
EXPORTS QUTER W TH
FALSE PER- BASI C- ALI GNED
with the above names shall‘cansist of the sequence of charactersin the name.
DTE — The words (see | FU-T Rec. X.681 | ISO/IEC 8824-2, 7.9) used in the definition of encoding classes (within a "WITH
NTAX" statement) in.clause 23 are not reserved words (see also B.14).
Reserved encoding class nameitems
Namgs of reserved encoding class name items:
AL TERNATI VES #ENUVERATED #OUTER
7Bl TS #EXTERNAL #PAD
BI-T- STRI NG #CGeneral i zedTi ne #PrintableString
#BMPSt ri ng #Ceneral String #REAL
#BOOL #G aphicString #RELATI VE-AQ D
#BOOLEAN #1 ASString #REPETI TI1 ON
#CHARACTER- STRI NG #1 NT #SEQUENCE
#CHARS #| NTEGER #SEQUENCE- OF
#CHO CE #NUL #SET
#CONCATENATI ON #NULL #SET- OF
#CONDI TI ONAL- | NT #NunericString #TAG
#CONDI TI ONAL- REPETI TI ON #OBJECT- | DENTI FI ER #Tel etexString
#DATE #Qbj ect Descri ptor #TI ME
#DATE- TI ME #OCTETS #T1 ME- OF- DAY
#DURATI ON #OCTET- STRI NG #TRANSFORM
#EMBEDDED- PDV #OPEN- TYPE #Uni versal String
#ENCCDI NGS #OPTI ONAL #UTCTi ne
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#UTF8St ri ng #Vi deot exString #Vi si bl eString

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

8.6 Non-ECN item
Name of item — anystringexceptnonecnend

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

9 ECN Concepts

This ¢lause describes the main concepts underlying this ITU-T Recommendation | Internationa Standard.

9.1 | Encoding Control Notation (ECN) specifications

9.1.1( ECN specifications consist of one or more Encoding Definition Modules (EDMs) which define encoding rules
for ABN.1 types, and asingle 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 ¢lefine
complex abstract values using primitive types and constructors. In the same way, complex encodings can be dgfined
using| a similar notation where construction mechanisms are used to combine simiple' bit-fields into more conplex
encodings, and eventually into complete messages. This is called encoding struetdre definition. In using ECN with
ASNJ, itisnecessary in principle to:

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

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 produced detailipg the
abstract syntax. From this a crude encoding structure is automatically generated (conceptually within the ASN.1
modue). Thisimplicitly generated structure contaiis’'only fields that carry the application semantics, without fields for
things like length determination, alternative selection, and so on.

9.1.4( This structure can be transformed by a series of mechanisms into the structure of fields that is agtualy
requifed, including al fields needed te_support the decoding activity (determinants). These mechanisms al irjvolve
some| form of replacement of a simple field carrying application semantics by a more complex structure. | Such
replagements form an important part-ef ECN specification.

9.1.5| We can further define encoding objects for each of the fieldsin the final structure. These determine not only
the emcodi ng of fields, but.dso 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 pet of
defingd encoding objects to the final encoding structure in order to completely determine an encoding. Thisisdpnein
the Epcodingtink Module (ELM).

9.2 | Encoding classes

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

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

#MW- Type.
9.2.2  Thereare severa kinds of encoding classes:

9.2.2.1 Built-in encoding classes — There are built-in encoding classes with names such as#| NTEGER and #BOOLEAN.
These enable the definition of special encodings for primitive ASN.1 types. There are aso built-in encoding classes for
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encoding constructors such as #SEQUENCE, #SEQUENCE- OF and #CHO CE (see also 9.3.2), and for the definition of
encoding rules for handling optionality through #0PTI ONAL. Encoding of tags is supported by the #TAG class. Finaly,
there are some built-in classes (#OUTER, #TRANSFORM and others) that allow the definition of encoding procedures
which are part of the encoding/decoding process, but which do not directly relate to any actual bit-field or ASN.1
construct.

9.2.2.2 Encoding classes for implicitly generated encoding structures — These have names consisting of the
character "#" followed by the "typereference” appearing in a " TypeAssignment” in an ASN.1 module. Such encoding
classes are implicitly generated whenever a (non-parameterized) "typereference” is assigned in an ASN.1 module, and
can be imported into an Encoding Definition Module to enable the definition of special encodings for the
corresponding ASN.1 type. These encoding classes represent the structure of an ASN.1 encoding, and are formed from
the built-in encoding classes mirroring the structure of the ASN.1 type definition.

9.2.2[3 ENcoding classes Tor User-adglined encoding SITuctures — These are encoding classes derined by thg ECN
user lpy 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 centrol of their
structure. These classes enable complex encoding rules to be defined, and are important for the use of ASN71 with ECN
for sgecifying legacy protocols, where additional bit-fields are needed in the encoding for determinants:

9.2.24 Encoding classes for explicitly generated encoding structures — These are encoding‘¢lasses produced from
an implicitly generated encoding structure by selectively changing the names of certain classés 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 {he character "#", then an upper-case letter. Each encoding structure definition defines a new encoding clags (the
set of| al possible encodings of that encoding structure). Encoding structures are formed from fields which arejeither
built-|n encoding classes or the names of other encoding structures, combined using encoding constructors (yvhich
represent the set of all possible encoding rules that support their typeof construction mechanism, and are hence falled
encoding classes). (See D.2.8.4 for an example of an encoding structure definition.)

9.3.2] The most basic encoding constructors are #CONCATENATI ON, #REPETI TI ON, and #ALTERNAT] VES,
corregponding roughly to ASN.1 sequence (and set), .sequence-of (and set-of), and choice types. There is also an
encoding class #0OPTI ONAL that represents the optiehal presence of encodings, corresponding roughly to ASN.1
DEFAULT and OPTI ONAL markers.

9.3.3] An encoding structure definition defiries a structure-based encoding class. Such classes cannot have thg same
namep as encoding classes that are imported into the module. (See ITU-T Rec. X.680 | ISO/IEC 8824-1, 13.13, as
modified by A.1 of this Recommendation’|.International Standard).

9.3.4| Encoding structure namescan be exported and imported between Encoding Definition Modules and dan be
used yvhenever an encoding classiname in the bit-field group of categories (see 9.6) isrequired.

9.35( Values of ASN.1types (primitive or user-defined) can be mapped to fields of an encoding structur¢, and
encoding rules for that structure then provide encodings of the ASN.1 type. (Values mapped to encoding structures can
be further mapped tolfields of more complex encoding structures.) This provides a very powerful mechanign for
defining complex encoding rules.

9.4 | Encoding objects

9.4.1| CEncodi ng objects represent the specific definition of encodl ng rules for a given encodi ng class. Usual y the
rules
example theway in WhICh the presence or absence of opt|onal componentsis determl ned.

9.4.2 In order to fully define the encoding of ASN.1 types (typicaly the top-level type(s) of an application), it is
necessary to define (or obtain from standardized encoding rules) encoding objects for al the classes that correspond to
components 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 component of
an ASN.1 type, but it is more commonly possible to use encoding objects defined by standardized encoding rules (such
as PER).

9.4.4  Although BER and PER encoding specifications pre-date ECN, within the ECN model they simply define
encoding objects for all classes corresponding to the ASN.1 primitive types and constructors (that is, for al the built-in
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encoding classes). BER and PER are also considered to provide encoding objects for encoding classes used in the
definition of encoding structures (see 18.2).

9.5 Encoding object sets

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

9.5.2 A fundamental rule of encoding object set construction is that any set can contain only one encoding object of
agiven encoding class (see also 9.6.2). Thus there is no ambiguity when an encoding object set is applied to atype to
defineits encoding.

9.5.3[ There are built-in encoding Object SetSTor all the variants of BER and PER, and these can be used 1o coplete
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 (new fypes)
from,| for example, the types | NTEGER or BOOLEAN. The new names identify types that are the-same as | NTEGER or
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 classas that
perfofm 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 stil| an encoding class concerned with the concatenation of components. We say that such encoding classes arefin the
same(category.

9.6.2| If anew encoding class is created from an existing encoding- class, encoding objects of both the old endoding
class pnd the new encoding class can appear in an encoding object sat)

9.6.3] All built-in encoding classes are derived from one ef\a small number of primitive encoding classes. | Thus
#SEQUENCE and #SET are both derived from the #CONCATENATI ON class, #I NTEGER and #ENUMERATED are both
derived from the #1 NT class, and the classes for the different ASN.1 character string types are al derived from the
#CHARS class. An encoding structure (for example, one'implicitly generated from an ASN.1 type) can contain a thix of
differpnt classes al derived from the same primitive’class, enabling different encodings to be applied to #SEQUENCE
and #SET (for example).

9.6.4| It is often convenient to put encoding classes into categories, based on the primitive class they are dgrived
from.| Thus we say that #1 NTEGER, #ENUMERATED and #I NT (and any class derived from them in a class assighment
statement such as "#MW-int ::= #hNI") are in the integer category. There are also groups of categories that cpntain
very flifferent classes that share Somme characteristic. Thus any class that can have abstract values directly assopiated
it, and hence which proddces bits in an encoding, is said to be in the bit-field group of categories. Thus al dasses
that gfe in the integer or the-bpodlean or the characterstring category are in the bit-field group of categories. Classgs that
onsible for grouping or repeating encodings (for example classes in the aternatives or the repetition catggory)
the encoding~constructor group of categories. There are also two classes whose encoding objects ¢lefine
procedures not directly related to constructing an encoding (# TRANSFORMand #QUTER): these are described as bgng in
coding procedure group of categories. Encoding structures are defined using classes in the bit-field grqup of
categpries that-are combined using classes in the encoding constructor group of categories, together with classes|in the
optionality, (representing encoding procedures for resolving optionality) and tag (representing encoding of| tags)
categpries. All such classes are in the encoding structure category (and also in the hit-field group of categories).

9.6.5 For the primitive classes, the category is directly assigned. For classes created in an encoding class assignment
statement, the category is determined by the notation to the right of the ": : =" symbol. If that notation is an encoding
structure definition, then the class is in both the encoding structure category and in the bit-field group of categories. If
the notation is a simple class reference name, then the category of the new class is the same as the category of the class
being assigned.
9.6.6  The categories of encoding class (see 16.1.3) are:

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

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

—  Therepetition category (classes that are derived by class assignment from #REPETI Tl ON).
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9.6.7

9.7

Therg are eight mechanisms available for defining an encoding object of a givenencoding class. They are 1
available for all encoding classes.

9.7.1
nothi

9.7.2

the infformation needed to define an encoding object of that class<:Much of the information needed is common
encoding classes, but some of the information always depends<on the specific encoding class. (See D.1.1.2 {
example of defining an encoding object of class #BOOLEAN which contains encodings for the ASN.1 type boolean

9.7.3
class

partiqular class that will perform BER or PER encodings for that class.

N
9.74

assoc|ated with another (typically moré:complex) encoding class ("#B", say), and to define an encoding object fo

(usin
defin
(See

N

an encoding structure~that contains a tag class (UNI VERSAL, APPLI CATI ON, PRI VATE, or context-specific) fi
pr|mitive/constructerbgol ean, atag number field, and a value part that encodes the abstract values of the original integer.

9.75
user-
used

9.7.6
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— Theoptionality category (classes that are derived by class assignment from #0PTI ONAL).
—  Thetag category (classesthat are derived by class assignment from #TAG).

—  Theboolean, bitstring, characterstring, integer, null, objectidentifier, octetstring, opentype, pad, real, and

time categories (categories for classes that are derived from the corresponding primitive classes).

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

The following groups of categories are defined:

nition

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

this group of categories are also referred to as bit-field classes.

— The encoding constructor group of categories (classes that are in the alternatives, concatenati
repetition categories). Classes in this group of categories are also referred to as encoding-const
classes.

—  Theencoding procedure group of categories (classes not directly related to ASN.1 construicts, and
cannot be assigned new names — #OUTER, #TRANSFORM #CONDI Tl ONAL- | NT,-#CONDI Tl ¢
REPETI TI ON). Classesin this group of categories are also referred to as encodingprocedure classe

Defining encoding abjects

The first is to specify it as the same as some other defined encodifng object of the required class. Thig
hg more than provide a synonym for encoding objects.

The second, available for a restricted set of encoding classes;.is to use a defined syntax (see 17.2) to g

Which is contained in some existing encoding abject set. Thisis mainly of use in naming an encoding objec

DTE — This can often be useful, but requires kmowledge of the encodings produced by standardized encoding rules.
The fourth is to map the abstract-values associated with an encoding class ("#A", say) to abstract

any of the available mechanisms). An encoding object for the abstract values associated with "#A" can n
as the application to thelcorresponding abstract values associated with "#B" of the encoding object for

D.2.8.3 for an example.) (There are many variants of this (see 9.17).

DTE — This is the model underlying the definition of an object for encoding an integer type in BER. The integer is may

The fifth\imechanism is to define an encoding object for a class (for example, one corresponding
Tefined ASN.1 type) by separately defining encoding objects for the components and for the encoding const|
n defining the encoding class.

pn, or
ructor

vhich
DNAL -
5.

ot all

5 does

becify
to all
or an
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The sixth is to define an encoding object for differential encoding-decoding (see 9.8), using two sg

Darate

encoding objects, one of which defines the encoder's behaviour, and the other of which tells a decoder what encoding
should be assumed.

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

9.7.7

The seventh is to define an encoding options encoding object, which contains an ordered list of encoding
objects of the same class. It is an encoder's choice which encoding object from the list is to be applied, subject to the
restriction that if only one encoding option can encode a given abstract value, that shall be used, and to the
recommendation that the first available 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 encodings
where these can encode a particular string length, using long-form length encodings where the short-form cannot be used. There
is no current mechanism for the ECN specifier to require the use of the first available encoding object (if more than one can
encode the abstract value), other than by comment.
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9.7.8 Finaly, an encoding object can be defined using non-ECN notation. This is a facility to alow use of any
desired notation (including natural language) to define the encoding object (see D.2.7.3).

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

9.8 Differential encoding-decoding

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

9.8.2 Differentia 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 normaly includgs the
requifement that a decoder accepts (and silently ignores) padding fields (usually variable length) which later. versipns of
astandard 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 rulgs for
encoding. The first encoding object defines the rules that an encoder uses. The decoder-uses the second endoding
object as a specification of the way the encoding was done.

NOTE — In ECN, the rules a decoder uses (in an early version of a standard) are always'expressed by giving the rufes 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 Encoder s optionsin encodings

9.9.1] Encoders options in protocols are generally regarded today ‘as something to be avoided, but ECN has to
provifle support for such optionsif aprotocol designer decides (or hasin the past decided) to include them.

9.9.2] When values are being encoded into an encoding spaceyit is possible to specify that the size of the endqoding
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.forencoder's options.

9.9.3| A more globa mechanismissimilar to the'support for differential encoding-decoding (see 9.8), but in this case
an encoding object for a class can be definedas an encoder's choice of any encoding object from an ordered |ist of
defingd encoding objects for that class. Ingaddition to specifying the list of possible encodings, it is aso necessary to
provigle the specification of an encoding object for a class in the alternatives category (see 9.6). This encoding pbject
specities the encodings and procedures needed to enable a decoder to determine which encoding object was used by the
encoder.

9.10 | Properties of encading objects

9.10.1 Encoding objects’have some general properties. In most cases, they completely define an encoding, put in
some| cases they ar€lencoding constructors, that is, they define only structural aspects of the encoding, requiring
encoding objects forthe encoding structure's components to compl ete the definition of an encoding.

9.10.2 Anothér key feature of an encoding object is that it may require information from the environment where its
ruleslareeventually applied. One aspect of the environment that is fully supported is the presence of bounds |n the
ASN L type definition, provided they are "PER-visible" (see ITU-T Rec. X.691 | ISO/IEC 8825-2, 10.3).

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

object for an #ALTERNATI VES encoding class which determines the selected alternative based on external data such as the
channel 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. Thisisa
part (consisting of a fixed set of bit positions) of all the encodings that it produces and distinguishes those encodings
from the encodings produced by other encoding objects (of any class) that exhibit the same identification handle.
Identification handles have a name and are visible to decoders without knowledge of either the encoding class or the
abstract value that was encoded (but with knowledge of the name of the identification handle that is being used). This
concept models (and generalizes) the use of tags in BER encodings: the tag value in BER can be determined without
knowledge of the encoding class, for al BER encodings, and serves to identify the encoding for resolution of
optionality, ordering of sets, termination of repetitions, and choice alternatives.

12 ITU-T Rec. X.692 (11/2008)


https://standardsiso.com/api/?name=384bd4252076e2b6c3428e8dd9201601

| SO/IEC 8825-3:2008 (E)

9.11 Parameterization

9.11.1 As with ASN.1 types and values, encoding objects, encoding object sets and encoding classes can be
parameterized. Thisisjust an extension of the normal ASN.1 mechanism.

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

9.11.3 Another important use of parameterization is in the definition of an encoding structure that will be used to
replace many different classes in an encoding (see also 9.16.5). For example, the mechanism used to handle optionality
is often an immediately (mandatory) preceding "presence-bit" for each optional component. A parameterized structure
can be deflned consstl ng of a concatenation of a#BOOLEAN (used asa pr%nce determl nant) foIIowed by an optiona

- ' : : : e will

‘ 5 NOW
defin as the replacement of the original component with thls mandatory structure, using the origigal~ogtional
comppnent as the actual parameter. (D.3.2 isamore complete example of this process.)

9.11.4 Dummy parameters may be encoding objects, encoding object sets, encoding classes, reférences to endoding
structpre fields, and values of any of the ASN.1 types used in the built-in encoding classes defined in clause P3, as
specified in ITU-T Rec. X.683 | ISO/IEC 8824-4 as modified by B.10 of this Recommendation‘{International Starjdard.

9.11.% The modification of parameterization syntax that is specified in Annex C requires the use of the symbo| "{ <"
(withput spaces) instead of "{" to start adummy or actual parameter list, and of ">} " toend one.

NOTE — This was done to make parsing of ECN syntax easier for computers, and to avéid)ambiguity when user-defined ¢lasses
are used in structure definitions in place of #SEQUENCE, #CHO CE, #REPETI Tl ON, #SEQUENCE- OF, or #SET- OF.

9.12| Governors

9.12.1 The concept of a governor and of governed notation will befamiliar from ASN.1 value notation, wherg there
is always atype definition that "governs' the value notation and determines its syntax and meaning.

9.12.2 The same concept extends to the definition of enceding 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 engoding
object of class #1 NTEGER (for example). In al caseswhere an encoding object definition is required, there is|some
assoclated notation that defines the class of that-encoding object, and "governs' the syntax to be used |in its
specification.

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

9.12.4 If the governed notation is atreference name for an encoding object, then that encoding object is required to be
of thg 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 encoding rules (not just|those
techn|ques used in BER or PER). For example, it recognizes that optionality can be resolved in any of three ways: by
use qf a presence determinant, by use of an identification handle (see 9.13.3), or by reaching the end| of a
length-delimited eontainer (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 Imgfh count.

—  Detecting the end of a container (or PDU) in which it isthe last item.
— Useof anidentification handle on each of the repetitions 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
isanull-terminated character string.)

— Use of a"more hit" with each element, set to one to indicate that another repetition follows, and set to
zero to indicate the end of the repetition.

ECN supports al these mechanisms for delimitation of repetitions, and similar mechanisms for identification of
alternatives and for resolution of optionality.
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9.13.3 In addition to terminating repetitions, the identification handle technique can also be used to determine the
presence of optional components or of alternatives and the ordering of sets. The mechanism is similar in all these
cases. Given an encoding class that is a "possible next class' and an encoding object applied to it, any encoding
produced will contain, at some bit positions (the identification handle), a bit pattern that matches a bit pattern within a
specified set of bit patterns (the handle value set) characterizing that class, but does not match any bit pattern
characterizing any other "possible next class’. All such encodings can be interpreted by a decoder as an encoding of a
"possible next class', and the bit pattern found in the encoding will determine which "possible next class' encoding is
present. The concept is similar to that of using tags for such purposes in BER. ldentification handles have hames that
are required to be unique within an ECN specification.

9.13.4 It is important here to note that ECN alows the definition of encodings in a very flexible way, but cannot
guarantee that an encod| ng specification is correct — that is, that adecoder can succ&sfully recover the original abstract
e and
be to
clai that an encoding was self delimiting (and required no length determinant), when in fact it was not~\Thig error
could also be detected by atool. In more subtle and complex cases, however, atool may find it very hard to diggnose
an erfoneous (one that cannot always be successfully decoded) specification.

9.14| ldentification of infor mation elements

9.14.1 Many protocols have an encoding (usualy of a fixed number of bits) to identify what are often falled
"infofmation elements" or "data elements’ in a protocol. These identifications correspendroughly to ASN.1 tags, but
are ugually less complex. They are often used asidentification handles, but are not always so used.

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
refergnce 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
textuplly-present ASN.1 tag notation in that definition generates an instance of the #TAG class, with the number jof the
ASNJL tag associated with that instance of the #TAG class. Subsequent textually present instances of ASN|1 tag
notatilon are not mapped into #TAG classes in the implicitly genérated structure, but these tags and their values b¢come
properties of the element. An encoding for this encoding-class can be defined in a similar way to an encoding fpr the
#| NTEGER class, and will encode the number in the tag notétion.

9.14.4 The full ASN.1 tag-list (multiple tags each’ with a class and number) is notionally associated with dll the
abstract values of atagged type, in accordance with the ASN.1 model. Such information is, however, only accessible in
the cyrrrent version of ECN through a non-ECNdefinition of an encoding object (see 9.7.8). The generation of a#TAG
class |s a separate mechanism, is simpler and-more specific, and has full support within ECN.

9.14.% It is, however, important to-fote that for the purposes of generating a #TAG class, it is only textually-present
tag notation that is visible. Universal“class tags and tags generated by automatic tagging are not visible. Similarly, the
class pf any textually present tag notation is ignored. Only the tag number is available to encoding objects of the #TAG
class.

9.15| Referencefields and deter minants

9.15.1 A veryedmmon (but not the only) way of determining the presence of an optiona field, the length of a
repetiftion, or<the'selection of an aternative is to include (somewhere in the message) a determinant field. Determinant
fieldq have tobe identified if this mechanism is used for determination, and this frequently requires a dummy parameter
of an encodmg object def|n|t|on W|th the actual parameter prowdmg the encodmg structure fieldname o¢f the

9.15.2 A new concept — a reference field — is introduced to satisfy the need for a dummy parameter that references
an encoding structure field. The governor is the reserved word REFERENCE, and the allowed notation for an actual
parameter with this governor is any encoding structure field name within the encoding structure to which an encoding
object or encoding object set with such a parameter is being applied (see 17.5.15). (See D.1.11.3 for an example of
references 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 for new
protocoals), it is normal to ignore encoding issues and, in particular, determinant fields that are present solely to support
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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
constructions in different places in the protocal, it is not possible (nor would it be appropriate) to formally specify this
within the ASN.1 itself.

9.16.3 This means that the implicitly generated encoding structure will not distinguish between such constructions,
nor will it contain encoding-related fields for determinants, and it is necessary to modify it to "correct" both problems
before a structure is available that matches the encoding requirements.

9.16.4 The first and simplest modification is to replace some instances of a class (within the implicitly generated
structure) with new class names that have been assrgned the old class ina class assrgnment statement ThIS Is done by
credti 3 ici

gener
classgs.
to thg ASN.1 type definitions in a module), or within components of one of those classes, or "all occurrences except
thoselin a given definition or a given component (see 15.3). It is important here to note that these replacemerts are
restri¢ted to the use of classes that have been defined with an encoding class assignment statement that assigps the
name| of a replacement class to an old class (for example: "#Repl acenent -cl ass ::=_,#0'd-cl ass"), P this
mechpnism is sometimes colloquialy referred to as "coloring". The "coloring" identifies those parts of the specifitation
that require different encodings from other parts. (An example of "coloring” is given in D/3.%)

9.16.%5 Even with "coloring", the explicitly generated encoding structure, like the)implicitly generated endoding
structpre, contains only fields corresponding to the fields in the ASN.1 specifieation, and it is usually necesspry to
modify the generated structures to add fields for determinants, etc. A new replacement structure is needed (for|all or
part df the original structure), with added fields. It is also important to identify (for each field in the original structure)
which fields of the replacement structure (and what abstract values of thet field) are used to carry the semantics pf the
origina 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 obj¢ct for
atotdly different replacement structure, with defined value fappings between the old structure and the replacement
structure. These mechanisms are described in 9.17.

9.16.T A simpler situation frequently occurs, however, in which the designer requires the old structure to form{in its
entirgty) a single component of the replacement strueture, with all abstract values being mapped from the old stryicture
to thg corresponding value of that component of-the replacement structure. For this mechanism to be of general uge, the
replagement structure needs to have a dummy~parameter for this single component, and for it to be instantiated with the

9.16.8 When defining encoding objects for a class (any class), it is always possible to specify that the first actjon of
that gncoding object is to replace the class it is encoding with a parameterized replacement structure, instantiated as

idnality
ining a

efine
gr just

ion of

aspecified freld at the head of a#OO\JOATENATI O\l (or srmrlar structure) An exampleof thisisgiveninD.3.1. 5

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

9.17.1 The first is to map specified abstract values associated with one simple encoding class to specified abstract
values associated with another simple encoding class. This can be used in many ways. For example, values of a
character string (of digits) can be mapped to integer values (and hence encoded as integer values). Values of an
enumerated type can be mapped to integer values, and so on (see 19.2). (See D.1.10.2 for an example.)
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9.17.2 The second is to map a complete field of one encoding 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 The third is to map by transforming all the abstract values associated with one encoding class into abstract
values associated with a different (typically, but not necessarily) encoding class, using a transform encoding object (see
9.18). With this mechanism, it is, for example, possible to map an #1 NTEGER into a #CHARS to obtain characters that
can then be encoded in whatever way is desired (for example, Binary-Coded Decimal or ASCII). (See D.1.6.3 for an
example.)

9.17.4 The fourth mapping mechanism is to use a defined ordering of the abstract values of certain types and
constructions, and to map according to the ordering. This provides a very powerful means of encoding abstract values
associated with one encoding class as if they were abstract values associated with a wholly unrelated encoding class
-5). (See D.L.Z.ZTor an example.)

The fifth mechanism is to distribute the abstract values (using value range notation) associated with one
encoding class (typically #1 NTEGER) into the fields of another encoding class. (See 19.6 and D.2.1.3 for examples)|)

The final mechanism allows the ECN specifier to provide an explicit mapping from integerivél ues (which may
have peen produced by earlier mappings from, for example, an #ENUMERATED class) to the bitsithat are to be used to
encode those values. Thisis intended to support Huffman encodings, where the frequency of accurrence of each|value
is (at Jeast approximately) known, and where the optimum encoding is required. Annex E déscribes Huffman encgdings
in mqre detail, and gives examples of this mechanism, together with a reference to software’that will generate thg ECN
for these mappings, given only the relative frequency with which each value of the integer is expected to b¢ used

Transforms are encoding objects of the class #TRANSFORM They can be used to transform abstract yalues
different encoding classes, and can also be used to define simple arithmetic functions such as multiplication by
value, subtraction of a fixed value, and so on. When applied in succession, they enable general arithmetid to be

9.18.2 A transform can take a single value as its source;and then produces a single value as its result. The follpwing
isa classification of the values that can be sources and résults of transforms:

— aninteger;

— aboolean;

— acharacterstring;

—  abitstring;

— asingle character;

— asingle bit (souree only, supporting the encoding of a bitstring — see 23.2).
9.18.3 Transform composites are an ordered list of elements, each of which is a single value and has the| same

classification (as listedin-9.18.2). (For example, an ordered list of single characters, or of single octets, or of integgers.)
They lare only produced-as the result of transforms, and can only be used as the source of afollowing transform.

9.18.4 If the €lassification is bitstring, the size of each bitstring value in the composite is the same, and is statically
determined by the transform that produces the composite. (For example, an ordered list of single bits, or of $ix-bit

—  characterstring to a single character composite;

—  hitstring to a bitstring composite (all bitstring values of the composite are of the same size);
— octetstring to a bitstring composite (all bitstring values of the composite are of size 8 bits).

9.18.6 There are transforms from the following composites to abstract values:
— single character composites to characterstring values;
—  hitstring composites to bitstring values,
—  bitstring composites (with bitstring values of size 8 bits) to octetstring values.
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9.18.7 All other transforms can take a value as their source and produce a new value (of the same or of a different
classification). They can also take a transform composite as their source and produce a composite as its result,
transforming each element of the source composite into an element of the result composite.

9.19 Contents of Encoding Definition Modules

9.19.1 Encoding Definition Modules (or EDMs) contain export and import statements exactly like ASN.1 (but can
import only encoding objects, encoding object sets, and encoding classes from other EDM modules, or from ASN.1
modules in the case of implicitly generated encoding structures).

9.19.2 An EDM can aso contain a renames clause (see clause 15) which references implicitly generated encoding
structures from one or more ASN.1 modules and generates, by "colori ng" them (see 9 16. 4) an epr|C|tIy generar[ed

9.19.3 Thebody of an EDM module contains:

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

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

9.19.4 The EDM can also contain parameterized versions of these statements, as specified’in clause 14 and in CJ1.

9.19.%5 Encoding objects can be defined for built-in encoding classes within any.EBDM module. Encoding objegts can
be ddfined for a generated encoding structure only in EDM modules that import the implicitly generated endoding
structure from the ASN.1 module that defines the corresponding type (using either an imports or a renames clausge), 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 clas$ name

(se 8.5), it can still be imported into an EDM, but must be referenced inthe body of the EDM using a fully-qualified name (see
"Bxternal EncodingClassReference” in 10.6).

9.20| Contents of the Encoding Link Module

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

9.20.2 The ELM module applies encoding. gbject sets to ASN.1 types (formally, to a generated encoding striicture
corregponding 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.

9.20.8 There are restrictions on the\application of encoding object sets to ensure that there is no ambiguity abgut 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 gne encoding object set toa specific implicitly generated structure.

9.20.4 It is possible in-simple cases for an ELM module to contain just a single statement (following an imports
clausg) that applies aneneoding object set to the implicitly generated encoding structure corresponding to the gingle
top-lgvel type of angpplication. (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-friendly syntax whjch is
speci iedin the W TH SYNTAX statements of encaodi ng class definitions (on clauses 23 and 7‘;) This syntax can aso be
used to define encoding rules for encoding classes derived from these primitive encoding classes (by encoding class
assignment statements).

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

9.21.3 The encoding class definition specifies the information that has to 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, al
possiblerules, but is believed to cover the encoding specifications that ECN users are likely to require.
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9.21.4 These encoding class definitions specify a series of fields (with corresponding ASN.1 types and semantics).
Encoding rules are specified by providing values for these fields. The values of these fields are effectively providing
the values of a series of encoding properties which collectively define an encoding.

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

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

all= S value
post-addl ng is mapped to blts-on the—lme Wlth an optlonal specn‘lcatlon of blt reversal ThIS handl&s encodl ngs that
requife "most significant byte first" or "most significant byte last” for integers, or that require the bits within-an ogtet to
be in the reverse of the normal order.

9.21.8 Thusthere are three broad categories of information needed:
—  thefirst 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 enceding), and the positionjng of
those bits within the encoding space; and

—  thethird relatesto 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
valuelpost-padding). Figure 1 also illustrates the specification of an encodingspace unit. The encoding space is gways
an integral multiple of this specified number of bits.
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Figure 1 — Encoding space, value-encoding and padding concepts

9.21.10 If the encoding space is not the same size for al vaues encoded by an encoding object, then some additional
mechanism is needed to determine the actual encoding space used in an instance of an encoding.

9.21.11 It is also possible to specify an arbitrary amount of encoder pre-padding (beyond that needed for alignment)
that ends when the value of an earlier start pointer identifies the start of afield.

9.21.12 The stepsin adefinition of an encoding for a primitive bit-field encoding class are;
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Specify the alignment (if any) required for the leading edge of the encoding space (relative to the
alignment point — normally the start of the encoding of the top-level type, that is, the type to which an

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). (See22.2.)

—  Specify (if necessary) afield that provides a pointer to the start-point of the encoding space. (See 22.3.)

—  Specify the encoding of abstract values into bits (value encoding).

—  Specify the units of the encoding space (the encoding space will aways be an integral multiple of
units). (See22.4.)

these

—  Specify the size of the encoding space in these units. This may be fixed (using knowledge of integer or
size bounds associated with the abstract values to be encoded), or variable (different for each abstract
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encoded W|th the length of the field, and either enables decod| ng or prowdes redundant informiati
the case of afixed-size encoding space) that a decoder can check. (See22.4.)

—  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 thejstart of the
encoding (value pre-padding). (See22.8.)

—  Specify the form of any necessary padding between the end of the value encoding and the end
encoding space (value post-padding). (See22.8.)

—  Specify any necessary bit-reversals of the encoding space contents befgre adding the bits to the eng
donesofar. (See22.12))

|3 Encoding properties are available to support the specification of the encoding rules for all these steps.

|4 In real cases, only some (or none!) of these encoding properties will*have unusual values, and defaults o

xed two-octet field, starting at an octet boundary.)

Application of encodings

| Application of encodings (encoding rules) to emeoding structures is a key part of the ECN work, but i
ct from the definition of the encoding rules. Final application of encodings (to an encoding structure gen
an ASN.1 type definition) only occurs withincan Encoding Link Module, but application of encodings to fig
coding structure may be used in the definition of encodings for alarger encoding structure.

P Encodings are applied by referénce to an encoding object set (or to a single encoding object).
ation can occur in an EDM in the definition of encoding objects for any class (including encoding objects
pted encoding structure and fofta user-defined encoding structure). Such application in an EDM is mere

L M.

B When a set of encoding objects is being applied, it always results in a complete encoding specification f
ing classes to which’the objects are applied. If, in any given application, encodings are needed for end
s (present withinan encoding structure being encoded) for which there are no encoding objects in the set
bd, then this iS:an error (see 13.2.11).

DTE — Although the specification of the encoding rules will be complete, the precise form of the actual encoding (for ex

b presence, or absence of encoding space pre-padding, or the effect of the values of bounds referenced in the encoding
h only be determined when the encoding definition is applied to atop-level ASN.1 type.
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are not specified. (See D.1.3 for an example of the definition of\the encoding for an integer that is right-aligned
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is used to define a parameterized encoding object.

nism

In such cases the complete encod| ng is only defined following

instantiation with actual parameters. The second exception is when an encoding object is defined for an encoding

constructor (#CONCATENATI ON, #ALTERNATI VES, #REPETI TI ON, #SEQUENCE, etc.).

In this latter case, the encoding

rules associated with the encoding class simply define the rules associated with the structuring aspects. A complete
encoding specification for an encoding structure using these encoding classes will also require rules for encoding the
components of that encoding structure.

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

objects for an implicitly generated encoding structure "#My- Type" (which happens to be defined using the ASN.1 type
SEQUENCE). The latter is not an encoding constructor, and encoding objects of this class will provide full encoding rules for the

en

coding of values of type"My- Type".
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9.23 Combined encoding object set

9.23.1 In order to provide a complete encoding, the ECN user can supply a primary encoding object set, and a second
encoding object set introduced by the reserved words COVPLETED BY.

9.23.2 Theencoding object set that is applied is defined to be the combined encoding object set formed by adding to
the first set encoding objects for any encoding class for which the first set is lacking an encoding object and the second
set contains one (see 13.2). A frequent set to use with COVPLETED BY is the built-in set PER- BASI C- UNALI GNED.
(See D.1.17 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 aso contain an encoding object for a class #Speci al - sequence- of (for example) which is defined as
"#Speci al - sequence-of ::= #SEQUENCE-OF'. An epr|C|tIy generated encodlng structure can have both the
#SEQ) = at= bined
encoding object set can be applied to produce standard encodi ngs for some of the origi nal SEQJENCE OF eansfructs,
and specialized encodings for others.

9.24( Application point

9.24.1 In any given application of encodings, there is a defined starting point (for the ELM, it is the top-level
generpted encoding structure(s) to which encodings are being applied). Thisis called the "initial application point" for
the stfucture 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 défined
for the abstract values of this encoding structure that encode the abstract values of the’ASN.1 type.

9.24.8 If there is an encoding object in the combined encoding object set that matches a bit-field encoding class
(initidlly a generated encoding structure) at the application point, it is appliedand the process terminates. Otherwilse the
classfat the application point is "expanded" by de-referencing. This éxpansion by de-referencing will continug until
eithel an encoding object is found, or a primitive class is reached. Ifithe class at the application point is an endoding
constfuctor, and there is an encoding object for that encoding censtructor (#CHO CE, #SEQUENCE, #SEQUENCE- COF,
etc.), then it is applied, and the application point then passes te,edeh component (as a parallel activity).

9.24.4 In a more complex case, there may be an #OPTILONAL class following a component class (and a #TAG class
precefling it). The application point passes first to the #GPTI ONAL, and the encoding object for that class may réplace
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 dimple
arithmetic on integer values (see 9.17:3). This encoding class does, however, play a more fundamental role |n the
specification of encodings for someprimitive classes. In general, the specification of encodings for many of the ASN.1
built-|n types is a two or a three stage process, using encoding objects of class #TRANSFORMand (for example) of class
#CONDI T1 ONAL- | NT or #C@NDITI ONAL- REPETI T1 ON.

9.25.2 The #TRANSEGRM #CONDI Tl ONAL- | NT, and #CONDI TI ONAL- REPETI Tl ON encoding classes are restrigted in
their pse. Encoding abjects can only be defined for these classes using either the syntax of clause 24, 23.7 and|23.14
respegtively, or byrnon-ECN definition of an encoding object, and they can only be used in the definition of|other
encoding objects,) They cannot appear in encoding object sets or be applied directly to encode fields of endoding
structpres (see18.1.7).

9.25.3 CEncoding speC|f|cat|on for encod| ng classes in the mteger category proceeds as foIIows Encod| ngs (pf the

) - ‘ (and
how it is del|m|ted) the transform of the integer to bits (us ng etther two's complement or positive integer encod| ngs),
and the way these hits fit into the container. (An example of a bounds condition is the existence of an upper bound and
anon-negative lower bound.) Thisis called a conditional encoding. The encoding of the classin the integer category
is defined as a list of these conditional encodings, with the actual encoding to be applied in any given circumstance
being the one 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 category use the #CONDI Tl ONAL- REPETI TI ON
encoding class, which defines the way in which the encoding space for the repeated items is delimited and how the
repeated encodings are to be placed into it, for a given range condition, again producing a conditional encoding. As
with the encoding of classes in the integer category, the final encoding is defined as an ordered list of conditional
encodings.
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9.25.5 Encoding specification for the encoding classes in the octetstring category proceeds as follows. First,
#TRANSFORM encoding objects are defined to map a single octet to a self-delimiting bitstring. Second, one or more
#CONDI TI ONAL- REPETI TI ON encoding objects (for specific size-range conditions) are defined to take each of the
bitstrings (transformed from an octet in the octet string) and to concatenate them into a delimited container (the
definition of such encoding objects is not specific to encoding #OCTETS). The fina encoding of the class in the
octetstring category is defined as an ordered list of #CONDI TI ONAL- REPETI Tl ON encoding objects. (See D.1.8.2 for an
example.)

9.25.6 Encoding specifications for encoding classes in the hitstring category proceeds as follows: First, #TRANSFORM
encoding objects are defined to map a single bit into a bitstring, similar to the encoding of an integer into bits, but in
this case the mapping of the bit must be to a self-delimiting string. Secondly, one or more
#CONDI TI ONAL- REPETI TI ON encoding objects are defined for the repetition of the bits (these could be the same
encol ing nhj ects that were defined for usewith-an encaodi ng class inthe rapd‘ifinn or-octetstri Ag r‘nfognrim) Ej na”y,
the epcoding of the class in the bitstring category is defined as an ordered list of #CONDI TI ONAL- REPEF|TI ON
encoding objects. (See D.1.7.3 for an example.)

9.25.T Encoding specifications for encoding classes in the characterstring category proceeds as-fellows: |First,
#TRANSFORM encoding objects are defined to map a single character to a self-delimiting bitstring, using several pgssible
mechpnisms for defining the encoding of the character, and using the effective permitted alphabet constraint whete it is
available. Secondly, one or more #CONDI TI ONAL- REPETI Tl ON encoding objects are defined,“and finally the endoding
of thg class in the characterstring category is defined as an ordered list of these. (See D.1.9:2.for an example.)

9.26| Other conditionsfor applying encodings

9.26.1 There are anumber of different conditions that can be tested in order td-select an appropriate encoding. [These
includle the actual value and the range of bounds.

9.26. Itisalso possible to require that all of agiven list of conditionSiare to be satisfied.

9.26. A test for a condition uses either a single enumeration,vatue (such as "bounded- wi t hout - negat i bes"
which contains the entire test in the specification of the one enumeration, or atriple of enumerations.

9.26. If a triple is used, the first identifies (by an enumeration) the item that is being tested (for expmple
"t est|- upper - bound"), the second is the nature of the test: (for example "gr eat er - t han™), and the third providles an
integgr value for the test.

9.27| Encoding control for the open type

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

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

9.27.3 The encoding.'stpport provided for the open type is the same as that for most other classes in the bjtfield
categpry, but with the added ability to specify that a different encoding object set isto be applied to the type which isto
be entoded into the,open type.

NQTE — This.is in recognition that many protocols choose to use a different style of encoding (often based on a type-length-

vgue approach) for the type contained in an open type, while retaining a more compact style of encoding for the fields|of the
message ¢ontaining the open type.

9.27. The model used for decodi ng-an open type mr‘ngni7m that a decoder will not know what type fills the open
type (table and relational constraints are not visible to either PER or to ECN), but that the application may be able to
determine this from some other field in the protocol, or in a previous message, or (for vendor-specific additions) based
on calling address.

9.27.5 The modd is therefore that, having dealt with any specified pre-padding, and determined the encoding space
and any value pre- and post-padding, the decoder will ask the application for the type which has been encoded. (In the
case of tools, the application will amost certainly have pre-configured the tool with alist of the known types that might
be present, 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 how 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 decoding
unknown types in the open type. Thereis syntax provided in clause 23 for this purpose.
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NOTE — An example of such an encoding structure could be one that specifies an encoding that is commonly known asa"Type,
Length, Value" encoding, whose end can be determined without knowledge of the type being encoded.

9.28 Changesto ASN.1 Recommendations| International Sandards

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

9.28.2 There is aso a need to extend the information object class notation to allow fields that are ordered lists of
values 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 definition of encoding objects of certain classes.

9.28.3 Finaly, the rulesfor parameterization are relaxed to allow a dummy parameter of an encoding object refJarence
(being assigned in an assignment statement) to be used as an actual parameter of the encoding class referenee which
governs the notation defining the encoding object reference name. In particular, a parameterized encoding.elass ¢an be
used gs a governor in an encoding object assignment statement (see C.2/8.4), with the actual parameter, being a dbmmy
paranpeter of the encoding object that is being defined.

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

10 I dentifying encoding classes, encoding objects, and encading 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 asimple reference name.

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

c) Using an external reference (also called aftlly-qualified name).
d) Using aparameterized reference.

€) In-line definition.

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

10.3 There are productions (or lexical items) for al of these means of identification. There are also produftions
that @llow several alternatives. [These lexical items or production names are used where appropriate in|other
proddctions, and are defined in thie remainder of this clause.

104 Thelexical items faruse of asimple reference name are;

encogding class " encodingclassr eference” (see 8.3)
encoding object " encodingobj ectreference" (see 8.1)
encoding object set " encodingobj ectsetreference” (see 8.2)

10.4.1 An-encodingclassreference” is aname which is either:
a@) assigned an encoding classin an "EncodingClassAssignment” (see clause 16); or is

D) 1mported Into an EDIVI Trom some other EDM Trom which 1T has been exported, or IS

c) imported as the name of an implicitly generated encoding structure from an ASN.1 module (see 14.11);
oris

d) generated by arenames 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).
10.4.2 An "encodingclassreference” shall not be imported from an EDM module (as specified in 10.4.1) unless either:

a) itisdefinedin or imported into the referenced module, and that module has no exports clause; or
NOTE 1 - If the referenced module has no exports clause, thisis equivalent to exporting everything.

b) itisdefined in or imported into the referenced module, and appears as a symbol in the exports clause of
that module; or
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c) itisone of the reference names explicitly generated by a renames clause in the module from which it is
being imported.

NOTE 2 — Implicitly generated encoding structures can only be imported from the ASN.1 module which
generates them.

10.4.3 An implicitly generated encoding structure reference never appears in the exports clause of any ASN.1
module, but can always be imported from any ASN.1 module in which the corresponding type is defined and exported.

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

10.4.5 An "encodingobjectreference” is aname which is either:

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

10.4.6 An "encodingobjectreference” shall not be imported from an EDM if the referenced module-has an exports
clausg and the "encodingobjectreference” does not appear as a symbol in that exports clause.

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

10.4.7 An "encodingobjectsetreference” isaname which is either:

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

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

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

NQTE — If the referenced module has no exports clause, thisis equivalent\to exporting everything.
10.5 The productions for use of a built-in reference name are;

encoding class " BuiltinEncodingClassReference" (see 16.1.6)
encoding object set " BuiltinEncodingObj ectSetReference” (see 18.2.1)

10.6 The productions for use of an external reference name are:

Exter nalEncodingClassReference ::=
moduler eference( .""*encodingclassr eference |
modulereference."." BuiltinEncodingClassRefer ence
Exter nalEncoding@bjectReference ::=

modulereference”." encodingobjectreference

Exter nalEncodingObj ectSetReference ::=

modulereference"." encodingobjectsetreference

10.6.1 The"modulereference" isdefined in ITU-T Rec. X.680 | ISO/IEC 8824-1, 12.5, and identifies a module hich
isref¢renced in theiimportslist of the EDM or ELM.

10.6.2 The'BExternalEncodingClassReference” alternative that includes a "BuiltinEncodingClassReference” shjall be
used |n the hody of an EDM if and only if there is a generated encoding structure (whose name is the same as thgt of a
"BuilfinEncodingClassReference") which is either:

a) defined implicitly in the ASN.1 module referenced by the "modul ereference” (see 11.4.1); or

b) imported into another EDM referenced by the "modul ereference” and exported from that module; or

c) generated in arenames clause of another EDM referenced by the "modul ereference”; or

d) generated in this EDM in arenames clause, in which case the "modulereference” shall refer to this EDM.
NOTE — The "BuiltinEncodingClassReference” name can appear asa " Symbol" in the imports clause (see A.1).

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

a) identica reference names have been imported from different modules, or have been generated in a
renames clause in this EDM, or have been both imported and generated; or
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b) thesimplereference nameis a"BuiltinEncodingClassReference" (see 10.5); or
¢) both conditions hold.

A parameterized reference is a reference name defined in a "ParameterizedAssignment” (see C.1) and

ied with an actual parameter in accordance with the syntax of C.3. The productionsinvolved are:

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

encoding objects " Par ameterizedEncodingObjectAssignment” (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 classes " EncodingClass" (See clause 16.1.5)
encoding objects " EncodingObject" (Seeclause 17.1.5)

encoding object sets " EncodingObjectSet" (See clause 18.1)

The productions which allow all forms except in-line definition are:
encoding classes " DefinedEncodingClass' and " DefinedOpBuiltinEncodingClass'
encoding objects " DefinedEncodingObject™

encoding object sets " DefinedEncodingObjectSet" and " DefinedOr BuiltinEncodingObj ect

hcodingclassreference” and "External EncodingClassReference”.
| The "DefinedEncodingClass' and "DefinedOrBuiltinEncodingClass are:

DefinedEncodingClass::=
encodingclassr eference
| Exter nalEncodingClassReférence
| Par ameterizedEncodingClass

DefinedOrBuiltinEncodingClass ::=
DefinedEncodingClass
|  BuiltinEncedingClassReference
P The "DefinedEncodingObject" is:

DefinedEncodingObject ::=
encodingobj ectr eference
| Exter nalEncodingObj ectReference
| Par ameterizedEncodingObj ect

B The."DefinedEncodingObjectSet” and " DefinedOrBuiltinEncodingObjectSet" are:
DefinedEncodingObjectSet ::=

encodingobjectsetreference

%tu

t that built-in encoding classes and built-in encoding object sets are(not allowed by "DefinedEncodingClass' and
nedEncodingObjectSet”.
DTE — A further production "SimpleDefinedEncodingClass' is, also” used. This is defined in C.3 and allow

5 only

24

[ Exter nalEncodingODbjectSetRefer ence
| Par ameterizedEncodingObj ect Set

DefinedOrBuiltinEncodingObjectSet ::=
DefinedEncodingObj ect Set
| BuiltinEncodingObj ect SetReference
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Encoding ASN.1 types

General

11.1.1  For all ASN.1 types, there is a corresponding implicitly generated encoding structure. This encoding structure
is implicitly generated for each ASN.1 type assignment, and is automatically exported from the ASN.1 module that
contains that type assignment. (It does, however, have to be imported into an EDM module if it is to be used.) The
name of the corresponding encoding structure is the name of the type preceded by a character "#". This encoding
structure defines an encoding class, and is called an implicitly generated encoding structure.

11.1.2 There may aso be one or more explicitly generated encoding structures. These are generated in an EDM

using

arenames clause.

11.1.

encoding structures (implicitly or explicitly) generated from the ASN.1 type. The encodings are applied by Statg
inthg ELM (see clause 12), using encoding objects in a combined encoding object set. An ELM shall apply-encqg
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The encoding of an ASN.1 type is formally defined as the result of encodings applied to precisely one

ost one of the generated encoding structures corresponding to any given ASN.1 type.

I The implicitly generated encoding structure is defined by first simplifying and expanding)the ASN.1 ng
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 renames clause.

Each field of a generated encoding structure has associated with it the abstract values of the correspd
and constraint-related information derived from the ASN.1 type definition-(see 11.4.2). Encodings of the al
5 of the generated encoding structure are defined to be the encodings{or the corresponding abstract values
al ASN.1 type.

[ Thisclause 11 specifies:

a) The built-in encoding classes that are used in-defining the implicitly generated encoding stru
corresponding to ASN.1 types (see 11.2).

NOTE - Subclause 16.1.14 specifies additional; ¢lasses that are used in the definition of user-defined en
structures.

b) Transformations of the ASN.1 syntax (simplification and expansion) before the implicitly gen
structure is produced (see 11.3).
¢) Theimplicitly generated encoding structure for any ASN.1 type (see 11.4).

Built-in encoding classesused for implicitly generated encoding structures

they correspond are ljsted'in Table 2 below.
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| The encoding classes used'for implicitly generated encoding structures, and the ASN.1 types or construcfors to

Column 1 givésthe ASN.1 notation which is replaced by an encoding class in the implicitly gengrated
ing structure. ~Column 2 gives the encoding class that replaces the column 1 notation. Column 3 gives the
ive class that-the column 2 classis derived from.

Table 2 — Encoding classes for ASN.1 notation
ASN.1 notation Encoding Class Primitive Class
Bl SITRKING #BIT-STRKING #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
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RELATIVE-OID

#RELATIVE-OID

#OBJECT-IDENTIFIER

11.3
11.3.1

1132

11.3.3

11.34

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

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 #Obj ectDescriptor #CHARS
BMPString #BMPString #CHARS
GeneralString #GeneralString #CHARS
GraphicString #GraphicString #CHARS
IA5String # A5String #CHARS
NumericString #NumericString #CHARS
PrintableString #PrintableString #CHARS
TeletexString #TeletexString #CHARS
UniversalString #UniversalString #CHARS
UTF8String #UTF8String #CHARS
VideotexString #VideotexString #CHARS
VisibleString #VisibleString #CHARS
Textually present tag notation ~ #TAG #TAG

Simplification and expansion of ASN.1 notation for encoding purposes

ECN assumes that certain ASN.1 syntactic constructs have heen)expanded (or reduced) into equival
simpler constructions.

NOTE — The types defined by the simpler constructions are capableof ‘carrying the same set of abstract values as the o
A$N.1 syntactic structures, and those abstract values are mapped to the'simpler constructions.

The expansion or simplification of ASN.1 syntactic productionsis either:

a)
b)

0)

d)

The ASN.1 syntactic~canstructs removed by the expansions and simplifications below are not refer]
further in this Recommendation’| International Standard.

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

a)

b)

fully-defined in clause 11.3.4 below; or

referenced in those clauses as "See 11.3:2 b" and fully-defined in ITU-T Rec. X.680 | ISO/IEC 8
(including Annex C) with al published amendments and technical corrigenda; or

referenced in those clauses asSee 11.3.2 ¢" and fully-defined in ITU-T Rec. X.681 | ISO/IEC 8
with all published amendments and technical corrigenda.

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

All 'VaueSetTypeAssignment"s shall be replaced by their equivaent "TypeAssignment”s with sU
constraints. (See 11.3.2 b.)

The ASN.1 I NSTANCE CF construction shall be expanded into its equivalent sequence type

ent or

igina

824-1
824-2

824-4

enced

btype

(See

113 2¢c)
- }

0)
d)
e

"TypeFromODbject" shall be replaced with the type that is referenced. (See 11.3.2 c.)
"V alueSetFromObjects' shall be replaced with the type that is referenced. (See 11.3.2 ¢.)

Where an instance of ASN.1 tag notation is textually followed by one or more further instances of ASN.1

tag notation, the second and subsequent instances of tag notation are discarded.

NOTE - This is similar to the rules for implicit tagging in ASN.1, but applies for all tagging environ
Multiple tagging of the sametypeis still possible through the use of type reference names.

ments.

11.3.4.2 Thefollowing transformations shall be applied recursively in the specified order, until afixed-point is reached:
a) All ASN.1 parameterization shall be fully resolved by the substitution of actual parameters for dummy

26

parameters. (See11.3.2d.)
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NOTE — This means that where ASN.1 type notation contains an instantiation of an ASN.1 parameterized type,
that instantiation becomes an inline definition.

All "ComponentsOf"s shall be expanded to their full form. (See 11.3.2 b.)
All uses of "SelectionType" shall beresolved. (See 11.3.2b.)

11.3.4.3 The following transformations shall then be applied:

a)

b)
c)

Named number lists in integer type definitions shall be removed. Named numbers are not visible to
ECN. ECN seesasingle #I NTEGER class (possibly with bounds as specified in 11.3.4.3 ¢).

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 definition of

d)

e

f)
0)

h)
i)
)

11.3.4.4 Finally, the following transformations shall then be applied:

a)

b)

encoaing rures.
i) Anupper bound on integers and enumerations;
ii) A lower bound on integers and enumerations;

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

If there is a contents constraint with a CONTAI NI NG 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 discarded. If thereis a contents constraint with no CONFALNI NG construction, then it|is not
visible to ECN and shall be discarded.

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

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

Textually present tag notation has the class of the tag removed. (Seeaso 11.3.4.1€)

"DEFAULT Vaue' shal be replaced by :!@2TI ONAL- ENCODI NG #OPTI ONAL" and the default vdue is
associated with the field of the structure to which the ASN.1 component is mapped.

OPTI ONAL shall be replaced by "GRTI'ONAL- ENCODI NG #CPTI ONAL".
T61St ri ng shall be replaced by #Tel et exStri ng.
| SO646St ri ng shall bereplaced by #Vi si bl eSt ri ng.

Automatic allocatien of values to enumerations (if applicable) shall be performed. The ENUVERATED
syntax shall be\replaced by the #ENUMERATED encoding class with an upper bound and lower bound set.
(See11.3.4.3¢€)

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

into-bounded integer values of the class. The actual names of enumerations are not visible to ECN.
At occurrences of "ObjectClassFieldType" (see ITU-T Rec. X.681 | ISO/IEC 8824-2, clause 14) that
refer to atype field, a variable-type value field, or a variable-type value set field shall be replaced by the
#OPEN- TYPE encoding class. (See11.3.2c.)

Extensibility markers and version brackets in sequence, set and choice constructions are removed, hut (in

d)

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 encoding
objects in this version of this Recommendation | International Standard. Full support for extensibility is expected to be provided
in alater version of this Recommendation | International Standard.
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11.3.5 With these transformations, all ASN.1 type-related constructs have corresponding encoding classes, listed in
Table2. The implicitly generated encoding structure shall be constructed by mapping the ASN.1 type-related
constructs in column 1 to the classesin column 2 of Table 2 (as specified in 11.4).

11.4 Theimplicitly generated encoding structure

11.4.1 Thereis an implicitly generated structure for each ASN.1 type definition with a name constructed from the
ASN.1 type reference name by the pre-fixing of a "#" character. Where a fully-qualified name is required for an
implicitly generated encoding structure, that fully-qualified name shall include the "Moduleldentifier" of the ASN.1
modul e containing the type definition. (An example of an implicitly generated structure isgivenin D.1.9.2)

NOTE — An implicitly generated structure is generated and exported for each ASN.1 type in an ASN.1 module whether or not
that typeislisted in the EXPORTS clause.

11.4.2

1143

1144

12

121

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

a)
b)

0)

d)

e

f)

Three further implicitly generated structures are produced and exported from al ASN.1 modules.
structures have names #CHARACTER- STRI NG -#ENMBEDDED- PDV and #EXTERNAL, and the structures that the
refergnce to are the implicitly generated structures corresponding to the associated types for CHARACTER ST]
EMBEPDED PDV and EXTERNAL, specified in ITU-T Rec. X.680 | ISO/IEC 8824-1, 44.5, 36.5 and 37.5 respectively.

All implicitly generated encoding structures can be encoded by the built-in encoding object sets (see 18.2
will groduce the same encodings-as are specified by the corresponding Recommendation | International Standg
those|encodings when appliedito’ ASN.1 types.

TheEnceding Link Module (ELM)

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

Structure of the ELM

ASN.1 component identifiers are mapped to encoding structure fieldnames.

ASN.1 notation in column 1 of Table2 are mapped to the built-in encoding classes in.column
Table 2.
NOTE 1 — The first textually present tag maps into a "[ #TAG " construction incthe/implicitly ger
structure. The implicitly generated structure does not contain any "[ #TAG " corstructions for subg
textually present tags.

2 of

erated
bquent

ASN.1 "DefinedType"s are mapped to an encoding class name derived ffom the typereference by the

addition of a character "#". If a type is imported into'the ASN.1 module,
"ExternalEncodingClassReference” to the corresponding class in anirmplicitly generated structure
reference the ASN.1 module that contains the definition of the reférenced type.

any
shall

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

renames clause, or in the ELM, will use the "External EncodirigClassReference” notation.

Abstract values are mapped from a field of the type definition to the corresponding field of the eng
structure.

Upper and lower bounds on integer and enumerated types and all effective size constraints and eff
permitted alphabet constraints (see ITU-T Rec. X.691 | ISO/IEC 8825-2, 10.3) are mapped from th
definition to the corresponding field of the-encoding structure.

The tag number of the first textually present tag maps to the #TAG class.

oding
ective

b type

These
y de-
Rl NG,

), and
rd for

hition"

12.1.1 The"ELMDefinition" is:

121.2

28

EL M Definition ::=

Modulel dentifier
LI NK- DEFI NI TI ONS

BEG N
ELMM oduleBody
END

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'.
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12.1.3 The production "Moduleldentifier" (and its semantics) is defined in ITU-T Rec. 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.

12.1.5 The"ELMModuleBody" is:

ELMModuleBody ::=
Imports ?
EncodingApplicationList

EncodingApplicationList ::=
EncodingApplication
EncodingApplicationList ?

12.1.6 The production "Imports' (and its semantics) is defined in ITU-T Rec. X.680 | ISO/IEC 8824-1, 13.1,)13.16,
and 1B.17, as modified by A.1 of this Recommendation | International Standard.

12.1.7 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 externa references fan be
used for types and values that have not been imported. Inan ELM module (and in an EDM modul€) external references cgn only
bg 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
medules.

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

b) explicitly generated encoding structures from an EDM module;

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

¢) objects and encoding object sets from an EDM modulé:

12.1.9 The"EncodingApplicationList" is required to containateast one "EncodingApplication”, as the sole fupction
of an[ELM isto apply encodings.

12.2| Encoding types
12.21 An"EncodingApplication” is:

EncodingApplication ::=
ENCODE
SimpleDefinedEncodingClass" " +
CombinedEncodings

12.22 An "EncodingApplication" defines the encoding of the ASN.1 types corresponding td the
"SimpleDefinedEncodingClass’es which shall be generated encoding structures. The encoding of the typesis specified

, ECN
erated

ASN. 1 module.

12.24 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.

12.25 AnELM shal 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 atype unlessit contains an instance of a contents constraint.
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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 structures)
using a "CombinedEncodings' definition as specified in 13.1.3. This clause, together with 13.2, specifies the
application of "CombinedEncodings' to a generated encoding structure.

13.1.2 Inthe ELM, the application is to the generated encoding structures identified in the "EncodingApplication".
Later clauses also specify the application of encodings to all or part of an arbitrary encoding structure definition. This
clause is applicable in both cases.

13.1.3 The"CombinedEncodings' is:

CombinedEncodings ::=
WITH
PrimaryEncodings
CompletionClause ?

CompletionClause ::=
COMPLETED BY
SecondaryEncodings

PrimaryEncodings ::= EncodingObj ect Set
SecondaryEncodings ::= EncodingObj ect Set
13.1.4 "EncodingObjectSet" is defined in 18.1.1.

13.1.% Theuse of "CombinedEncodings" is specified in 13.2.

13.2| The combined encoding object set and its application

13.2.1 A combined encoding object set is formed from“the "CombinedEncodings' production (see 13.143) as
follows:

13.2.2 If thereisno "CompletionClause", then the “PrimaryEncodings" form the combined encoding object set.
13.2.3 Otherwise,

a) al encoding objectsin the "RfimaryEncodings" are placed in the combined encoding object set; thep

b) every encoding object inithe " SecondaryEncodings" is added to the combined encoding object set if (and
only if) there is no encoding object already in the combined encoding object set that has the| same
encoding class (see17-1.7 and 9.23.2).

13.2.4 Following this conceptual construction of the combined encoding object set, encoding commences with the
"encadingclassreference’-hame of the encoding structures identified in the encoding application (see 13.1.2 and 11.5).

13.2% Where there'are several encoding applications in the ELM, the rules of 12.2 ensure that applications are
non-qverlapping. {hey proceed independently. Similarly, the application of encodings to encoding structuresin EDMs
(specffied in 18.2,10) are aways non-overlapping. The following subclauses provide the rules for applicatiof to a
singl¢ encoding'structure.

13.2.6 Encodl ng Obj ects from the combi ned encodlng object set are applled a an appllcatlon p0| nt. The appll ation
pointh “Wr=' erenc C .
specmed in 13 1 2) or |sacomponent of an encodlng structure (when apphcatlon isinan EDM asspecmed in 17.5).

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 Theterm "component” in the following text refers to any of the following:
a) Thealternatives of aconstructor that isin the alternatives category.
b) Thefield following a constructor that isin the repetition category.
c) Thecomponents of a constructor that isin the concatenation category.
d) A contained type (atype specified in a contents constraint).
€) Thetype chosen (in an instance of communication) for use with a class in the opentype category.
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13.29 At later stagesin these procedures, the application point may be on any of the following:

a)

b)

c)

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

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

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

d)

f)

¢))

13.2.10 Encoding proceeds as follows:

A class in the open type category. The encoding of the component of the open type depends oncwhether
there is an ENCODED W TH present, and on the specification of the encoding object being appli
23.10.2).

the class in the optionality category. This encoding object may aso require the replacement of the
encoding class (together with al its preceding classes in the tag category) with a (parametqrized)
replacement structure before that class is encoded. The application point then passes to the first clfass in
the tag category (if any), or to the component, or to its replacement.

An encoding class preceded by an encoding class in the tag category. The tag number associated with
the class in the tag category is encoded using the specification in"an encoding object of the class|jin the
tag category, and the application point then passes to the tagged class.

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

13.2.10.11f the combined encoding object set contains an.encoding object of the same class (see 17.1.7) as the current
appli¢ation point, then that encoding object is applied’ This application may cause replacement of one or|more
comppnents of the class to which the encoding is being applied. If the combined encoding object set does not cpntain

such @n encoding object, then either:

a)

b)

the encoding class at the current application point is a reference to another encoding class; in this ¢ase it
is de-referenced, and the procetiures of 13.2.10 are recursively applied; or

the encoding class at the\current application point is not a reference to another encoding class; in this
case the ECN specification isin error.

13.2.10.2If an encoding has been-applied at the application point to the encoding class, and it is not in the optignality
or tag category and does not-have any components (see 13.2.7), then that application completely determings the

encoding of the class andteriminates these procedures.

13.2.10.3 If an encoding’has been applied at the application point to an encoding class that isin the optionality caegory

then the applicati onrpoint passes to the (possibly tagged) optional component.

13.2.10.41f 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.

13.2.10:51f an encoding has been applied at the application point to an encoding class that has components whi¢h are

not a contained type, then the procedures of 13.2.10 are applied recursively to each component.

NOTE - If the encoding object being applied to a class in the open type category contains an ENCODED W TH, this determines the
encoding object set that is applied to the component, otherwise the combined encoding object set that is being applied to this
classis 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 hitstring 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 ENCCDED 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
type, and the application point passes to the contained type using this encoding specification.
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b) The contents constraint contains an ENCCDED BY, but the encoding object for this class contains a
specification of the encoding of the contained type, and specifies that it should override an "ENCODED
BY". Inthis case, the specification in the encoding object shall be applied to the contained type, and the

application point passes to the contained type using this 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
object is applied to the contained type, and the application point passes to the contained type using this

encoding specification.

d) The contents constraint does not contain an ENCODED BY, and the encoding object for this class does not
contain a specification of the encoding of the contained type. In this case the combined encoding object
set being applied to the class shall aso be applied to the contents type, and the application point passes

to-the contained-tvne usina-this encodina-snecification
I~ J b By o *

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]
ation point, and the current application point is a reference name, then it is de-referenced and these-procedures
are ajplied recursively to the new encoding structure.

13.2.10.8 Otherwise the ECN specificationisin error.

appli

13.2.11 The above agorithm can be summarized as follows. The combined encoding object set is applieg
top-dpwn manner. If in this process an encoding structure reference name is encountered and there is an object
ned encoding object set that can encode it, that object determines its encoding. Qtherise, the reference nameis
ded by de-referencing. If at any stage an encoding is required (and does not exist) for an encoding clags that

comb
expar
cannd

t be de-referenced, then the ECN specification is incorrect, and the combined encoding class is said

urrent

in a
in the

to be

incomplete. When a primitive bit-field class is reached, the encoding terminateswith the encoding of that class, gxcept

that i
type.
each
encod

may

replagement of the entire element (apart from the optionality~class, but including any encoding class in t

categ

13.2.]

categ
const

repetition, or order in a set-like concatenatiofl,* They may also require that the encoding objects applied to

encod
of al

then the ECN specification isin error;

N
CQ

14

S
141

it has a contained type, encoding proceeds to the generated encoding structure corresponding to the con
When a type with components is reached, the process continues by<pplying the combined encoding object
component independently. When tags and optionality are involved; the optionality class is encoded first, th

Cause replacement of one or more components. When they “are applied to an optionality class they may

Dry).

|2 In the encoding process, encoding objects applied to encoding constructors (and to classes in the optia
Dry) may require that the encoding objects applied to the components of the constructions defined by

ing classes (following those constructions) exhibit the same identification handle, and that the handle vall
the involved encoding objects (exhibiting the same handle) be all disioint. If these conditions are not sat

DTE — This problem is most Jikely to arise if BER encoding objects are applied to encoding constructors and not t
Imponents, as BER is heavily.reliant on identification handles. PER encoding objects make no use of identification hand

The Encoding Definition Module (EDM)

DTE — There aré\two top-level productions in ECN, the "EDMDefinition" specified in this clause and the "ELMDefi
ecified in clause 12. These specify the syntax for defining EDMs and the ELM respectively.

The*EDMDefinition" is:

EDM Definition ::=

aned
set to
en the

ing class in the tag category, and finaly the element. When-encodings are applied to constructor classef they

cause

je tag

nality
those

uctors exhibit identification handles (of a given name) to resolve aternatives, or optionality, or terminatiop of a

other
e sets
sfied,

b their
€s.

hition"

14.2

14.3
13.1.

32

Modulel dentifier
ENCODING-DEFINITIONS
BEGIN

EDM M oduleBody

END

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

The production "Moduleldentifier" (and its semantics) is defined in ITU-T Rec. X.680 | ISO/IEC 8824-1,
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144 The "Moduleldentifier" provides unambiguous identification of any module in the set of all ASN.1, ELM,

and EDM modules.
14.5 The "EDMModuleBody" is:

EDMM oduleBody ::=
Exports ?
RenamesAndExports ?
Imports ?
EDM AssignmentList ?

EDMAssignmentList ::=
EDM Assignment
o)

EDMA oo +l ot
TV v SorgrT et e

EDMAssignment ::=
EncodingClassAssignment
|EncodingObj ectAssignment
|EncodingObj ect SetAssignment
|ParameterizedAssignment

14.6 The productions "Exports' and "Imports' (and their semantics) are defined_in ITU-T Rec. X680 |

ISO/IEC 8824-1, 13.1, as modified by A.1 of this Recommendation | International Standard:

14.7 The "Exports' makes available for import into other EDMs (and the EL M), any reference name defined

inor

ted into the current EDM except that of an implicitly generated structure, “The "Symbol" in the "Export$' can

bject,

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

The production "RenamesAndExports" is defined insctadse 15.
The "RenamesAndExports' (called the renamés clause) makes available (within the EDM) exp

Each "EDMASsignment" defines a reference name, and may make use of other reference names.

e.

TE —\Fhis is a stronger requirement than that imposed for ASN.1 modules. In ASN.1 modules, external references
fortypes and values that have not been imported. In an EDM module (and in an ELM module) external references ca
used for encoding classes that have been referenced in an imports clause. The purpose of externa references is so|

icitly
les. It
(See

The "Imports' makes available (withif'the EDM) encoding classes, encoding objects and encoding objegt sets

All ASN.1 modules that define non-parameterized type reference names automatically produce and export an

an be

ied in

Each

ce name useein a module shall either be imported into that module or shall be defined precisely once within that

Ccan be
in only
ely to

resolve ambiguities between imported names and built-in names, or between two 1dentical names imported from di
modules.

ferent

14.13  Thereis no requirement that any reference name used in one assignment be defined (in another assignment

statement) textually before its use.

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

EncodingClassAssignment Clause 16
EncodingObj ectAssignment Clause 17
EncodingObj ect SetAssignment Clause 18
ParameterizedAssignment Subclause C.1

ITU-T Rec. X.692 (11/2008)
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NOTE - The "ParameterizedAssignment” allows the parameterization of an "EncodingClassAssignment”, an
"EncodingObjectAssignment”, and an "EncodingObjectSetAssignment", as specified in C.1.

15 Therenames clause

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

RenamesAndExports::=
RENAMES
ExplicitGenerationList " ;"

ExplicitGenerationList ::=
ExplicitGeneration
ExplicitGenerationList ?

ExplicitGeneration ::=

OptionalNameChanges
FROM GlobalM oduleRefer ence

OptionalNameChanges ::=
NameChanges| GENERATES
NOTE — An example of the use of the renames clause to produce explicitly generated encoding'structuresis givenin D.3.7

15.1.2 The production "GlobaModuleReference” is defined in ITU-T Rec. X680 ISO/IEC 8824-1, 13.1, and shall
identify an ASN.1 module.

15.1.

15.1.4 Each "ExplicitGeneration" generates, and exports from this module, an explicitly generated encoding striicture
for egch of the implicitly generated encoding structures of the ASN.3’module referenced by "GlobalM oduleRefergnce’”.
Each|field of the explicitly generated encoding structure has’associated with it the same abstract values as the
onding field of the implicitly generated encoding structure (which are those associated with the correspgnding

The "RenamesAndExports" is called a renames clause.

If a renames clause references more than one“ASN.1 module and as a result of this two explicitly gengrated
structures have the same simple name, then neithéx structure is available for explicit import into an ELM or an|EDM

NOTE — These explicitly generated structures nonetheless exist, and are likely to be implicitly referenced by other explicitly
gdnerated structures that are exported withoutfestriction.

15.1.6 The primary purpose of the-renames clause is to make available the explicitly generated structures for import
into gther modules, particularly the-ELM. However, this clause also makes these structures available for refgrence
within the EDM module containing the renames clause except as specified in 15.1.7. If the simple name is ambiguous,
then & fully-qualified name ghalt’ be used within the EDM module containing the renames clause, as specified in 1%.1.9.

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

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

15.1.8 These epr|C|tIy generated encodlng structures have the same smple reference name as the implicitly

requi red for an eprrcrtIy 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 "Modulel dentifier" of the ASN.1 module in which the corresponding type was defined.

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.
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15.1.11 If a name which has been imported using an "External EncodingClassRefererence” is used in the body of a
module, then the simple "encodingclassreference” can be used unless an "External EncodingClassReference” 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 — (Tutoria) If, in an EDM module, there are multiple structures with the same simple reference name (whether these
names arise from an imports clause or from a renames clause, or from clashes with built-in classes, or from any combination of
these), then a fully-qualified name is used except for references to a built-in class. For implicitly generated structures, the
fully-qualified name always uses the ASN.1 module name. For structures generated by the renames clause in an EDM module,
the fully-qualified name is used. This fully-qualified name in the body of this EDM aways uses the ASN.1 module name
referenced by the renames clause. For structures imported from another EDM module, the fully-qualified name uses the name of
that EDM module. This is always unambiguous, as importation is not permitted if an EDM module generates multiple explicitly
[o[c eorated structireswith the same si mpln reference name

15.1.13 If "OptionalNameChanges' is "NameChanges', then 15.1.14 till applies, but the explicitly Cgenerated
encoding structures 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
somelother 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 (B1 say), then the corresponding reference (inythe explicitly gengrated
encoding structure corresponding to A is areference to B1.

b) If there is no explicitly generated encoding structure corresponding. to' B, then the reference |n the
generated encoding structure corresponding to A is areference to B

15.2| Name changes
15.2.1 The"NameChanges' productionis:

NameChanges ::=
NameChange
NameChanges ?

NameChange ::=
OriginalClassName
AS
NewClassName
IN
NameChangeDomain

OriginalClassName ::= SimpleDgfinedEncodingClass | BuiltinEncodingClassReference
NewClassName ::= encodjngclassr efer ence

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 structures are
to be|renamed as the class "NewClassName". "NameChangeDomain" is specified in 15.3, and identifies one or| more
impligitly generated,enceding structures (or components of those structures) from the ASN.1 module referenced by the
"Gloljal M oduleReference” in the "ExplicitGeneration”.

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

NOTE 2= Thisimplies that "OriginalClassName" can only be a name implicitly generated from an ASN.1 type, that is, th¢ name
of|auser-defined ASN.1 type (preceded by "#"), or one of the class names listed in column 2 of Table 2.

15.2. 3—Reterences-by—OrigHalClassName—to-fields-of-the-Haphetthy-generated-encading-struetdre-whieh-eerrespond
to use of "External TypeReference" in the ASN.1 type definition shall use the "SimpleDefinedEncodingClass' notation
with the same "modulereference” as the "Externa 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 "modul ereference" asthe ASN.1 module that generated the implicitly generated encoding structure.

15.24 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 asingle
EDM.

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

where "<Newd assName>" and "<Ori gi nal O assName>" 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"<Cri gi nal A assNanme>" 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"<Ori gi nal A assName>".

15.3 Specifying theregion for name changes
15.3.1 The production "NameChangeDomain" is:

I\Inmn{"hs\ngnnnmai no =

IncludedRegions
Exception ?

Exception ::=
EXCEPT
ExcludedRegions

IncludedRegions::=
ALL | RegionList

ExcludedRegions ::= RegionList
RegionList ::=
Region"," +

Region ::=
SimpleDefinedEncodingClass |
ComponentReference

ComponentReference ::=
SimpleDefinedEncodingClass

ComponentldList
ComponentldList ::=
identifier "." +

15.3.2 Each "SimpleDefinedEncodingClass' shall be the name of an implicitly generated encoding structure frgm the
ASNJL module referenced by the "Globa ModuleReference” in the "ExplicitGeneration". When used in "Regi¢n", it
identiffies the whole of that encoding structure definition.

NOTE — The "ExternalEncodingClassReference” form of "SimpleDefinedEncodingClass' is used if the referenced dass is

15.3.3 Each "identifier" shall.be'the "identifier" in a "NamedField" of the implicitly generated encoding strlicture
identified by the "encodingclassreference” in the "ComponentReference”. The "ComponentReference” identifies the

15.34 The first "identifier" of the "ComponentldList" shall be an "identifier" in a "NamedField" of the impicitly
generpted encoding-structure identified by the "encodingclassreference” in the "ComponentReference”, and ideftifies
the entire definition of that component of the encoding structure. Each subsequent “identifier" df the

] e . iled by
"RegionList" if and only if it isidentified by a"Region" in "RegionList".

15.3.6 If "IncludedRegions" is ALL, it identifies all parts of all the implicitly generated encoding structures from the
ASN.1 module referenced by the "GlobalModuleReference” in the "ExplicitGeneration™.

15.3.7 The definitions identified by the "ExcludedRegions' shall be a proper subset of the definitions identified by
the "IncludedRegions".

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
identified by "ExcludedRegions’.
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Encoding class assignments

General

16.1.1 The "EncodingClassAssignment” is:

EncodingClassAssignment ::=
encodingclassr eference

E.r'lcodingCIass

16.1.2 The "EncodingClassAssignment” assigns the "EncodingClass’ to the "encodingclassreference”.
NOTE - Any "EncodingObject" notation that was valid with "EncodingClass' as a governor is valid with

16.1.

16.1.6

16.1.1

(H ! & i
TCUUIMTYUIASII TITITT LT as A YUVTITIUT.

B An encoding classisin one of the following categories:
a) A category in the bit-field group of categories (see 16.1.7).
b) Thealternatives category (see 16.1.8).
¢) The concatenation category (see 16.1.9).
d) Therepetition category (see 16.1.10).
€) Theoptionality category (see 16.1.11).
f) Thetag category (see 16.1.12).

g) A category in the encoding procedure group of categories (see 164.13).

DTE — The term encoding constructor is used for any class in the alternatives, coneatenation, and repetition categories.
b also called the encoding constructor group of categories.

4 The category of each built-in encoding classis specified in 16.1514.

DTE — If an encoding class is a tagged class (see 16.2.1), or hasdaounds (see 16.2.6), then the category of the clasg
fegory of the class with the tag and the bounds removed.

b The "EncodingClass’ is:

EncodingClass ::=
BuiltinEncodingClassReference
|[EncodingStructure

b The "BuiltinEncodingClassReferenceis:

BuiltinEncodingClassReference ::=
BitfieldClassReference
|Alter nativesClassReference
|ConcatenationClassReference
|RepetitionClassRefer ence
|OptionalityClassRefer ence
|TagClassReference
|[EncedingPr ocedur eClassReference

 The "BitfieldClassReference” is:

BitfieldClassReference ::=
#NUL
[#BOOL

[ NT

#BITS

HOCTETS

HCHARS

[#PAD

[#BI T-STRING
[#BOOLEAN
HCHARACTER-STRING
[#EM BEDDED-PDV
HENUMERATED
HEXTERNAL
[#NTEGER

BNUL L
[#OBJECT-IDENTIFIER

ITU-T Rec. X.692 (11/2008)
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Thed

of carg

16.1.

16.1.
16.1.]

16.1.]
16.1.]

16.1.]

[#OCTET-STRING
[#OPEN-TYPE
[#REAL
[#RELATIVE-OID
[#TIME

[#DATE
[#DATE-TIME
[#TIME-OF-DAY
[#DURATION
[#GeneralizedTime
[H#UTCTime
[#ObjectDescriptor
[#BM PString
[#GeneralString

[#GraphicString
[#1 A5String
[#NumericString
[#PrintableString
[#T eletexString
[#UniversalString
[#UTF8String
[#VideotexString
[#VisibleString

ategories of the classes that these built-in names reference (see 16.1.14) are al défined to be in the bit-field

ories.
The " AlternativesClassReference’ is:

AlternativesClassReference ::=
#ALTERNATIVES
[#CHOICE

The "ConcatenationClassReference” is:

ConcatenationClassReference ::=
#CONCATENATION
[#SEQUENCE
[#SET

The "RepetitionClassReference” is:

RepetitionClassReference ::=
#REPETITION
[#SEQUENCE-OF
[#SET-OF

The "OptionalityClassReference” is:

OptionalityClassReference ::=
#OPHONAL

The "TagClassReference” is:

TagClassReference ::=
#TAG

T he "EncodingProcedureClassReference” is:

group

EncodingProcedur eClassReference ::=
#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.

38
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Built-in class
#ALTERNATIVES
#BITS

#BIT-STRING

#BOOL

#BOOLEAN
#CHARACTER-STRING
#CHARS

#CHOICE
#CONCATENATION
#CONDITIONAL-INT
#CONDITIONAL-REPETITION
#EMBEDDED-PDV
HENUMERATED

Derived from
(primitive)
(primitive)
#BITS
(primitive)
#BOOL

(defined using #SEQUENCE)

(primitive)
#ALTERNATIVES
(primitive)
(primitive)
(primitive)

(defined using #SEQUENCE)

HINT

| SO/IEC 8825-3:2008 (E)

Category
alternatives

bitstring

boolean

characterstring

concatenation
encoding procedure
encoding procedure

#EXTERNAL
#INT

#NTEGER
#NUL

#NULL
#OBJECT-IDENTIFIER
#OCTETS
#OCTET-STRING
#OPEN-TYPE
#OPTIONAL
#OUTER

#PAD

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

#SET-OF

#TAG

#TIME

#DATE
#TIME-OF-DAY
#DATE-TIME
#DURATION
#TRANSFORM
#GeneralizedTime
#UTCTime

#Obj ectDescr jptor
#BMPString
#Gener alString
#GraphicString

# A5String
#NdmericString
#PrintableString
#TeletexString
#UniversalString
#UTF8String
#VideotexString
#VisibleString

(defined using #SEQUENCE)

(primitive)
#INT
(primitive)
#NUL
(primitive)
(primitive)
#OCTETS
(primitive)
(primitive)
(primitive)
(primitive)
(primitive)

#OBJECT-IDENT{FIER

(primitive)
#CONCATENATION
#REPETITION
#CONCATENATION
#REPETITION
(primitive)
(primitive)
H#TIME

#TIME

#TIME

#TIME
(primitive)
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS
#CHARS

integer
null

obj ectidentifier

octetstring
Opentype
optionality
encoding procedure
pad

real

repetition

tag

time

encoding procedure

16.2 Encoding structure definition
16.2.1 The"EncodingStructure" is:

EncodingStructure ::=
TaggedStructure
|UntaggedStructure

TaggedStructure::=
TagClass

TagValue?
n ]II
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UntaggedStructure

UntaggedStructure::=
DefinedEncodingClass
|[EncodingStructur eField
|[EncodingStructureDefn

TagClass::=
DefinedEncodingClass |
TagClassReference

TagValue::=
" (" number ")"

16.2.2 An "EncodingStructure" defines a structure-based encoding class using the notation specified below. This

notati
classs
classs
(Exar
D.2.2

N
en

16.2.
16.2.4

16.2.6

3isan example of the use of #TAG)

b The "EncodingStructureField" is:
EncodingStructureField ::=

on permits the definition of arbitrary encoding classes using built-in encoding classes and defined end
s (which may be generated encoding structures) for bit-fields, encoding constructors, and the encoding(preq
s in the optionality category. All classes defined by "EncodingStructure" are in the encoding structure cat
nples of an encoding structure assignment illustrating many of the syntactic structures is givemnin"D.2.8|

DTE — The syntax prohibits the specification of a tag class immediately following another tag class.in the definition
coding structure, nor can such structures be produced by multiple textual tagsin an ASN.1 type definition (see 11.3.4.1 ¢
B The "DefinedEncodingClass’ is specified in 10.9.1 and shall be a class in the bit<field group of categories.
I The "DefinedEncodingClass' in the "TagClass' shall be aclass in the tag category (see 16.1.3).

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

oding
edure
bgory.
4 and

of an

).
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#NUL
[ #BOOL
[ #NT Bounds?
[ #BITS Size?
[ #OCTETS Size?
[ #CHARS Size?
[ #PAD
[ #BIT-STRING Size?
[ #BOOLEAN
[ #CHARACTER-SFRING
[ #EMBEDDED-PDV
[ #ENUMERATED Bounds?
[ H#EXTERNAL
[ #INTEGER Bounds?
[ #NULL
[ #OBJECT-IDENTIFIER
[ #OCTET-STRING Size?
| #OPEN-TYPE
| #REAL
| #RELATIVE-OID
[ #TIME
[ #DATE
[ #TIME-OF-DAY
[ #DATE-TIME
| #DURATION
| #GeneralizedTime
[ #UTCTime
[ #Obj ectDescriptor Size?
[ #BMPString Size?
| #GeneralString Size?
| #GraphicString Size?
[ # A5String Size?
[ #NumericString Size?
[ #PrintableString Size?
[ #T eletexString Size?
| #Univer salString Size?
| #UTF8String Size?
[ #VideotexString Size?
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[ #VisbleString 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:

ri

16.2.
canb

askigned through the value mappings of clause 19.
16.2.10 "Bounds’ and "Size" are:

#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 Object identifier values
#OPEN-TYPE Open type values
#REAL Real values

#TIME Time values

#TAG Tag numbers

DTE — The #PAD field cannot have associated ASN.1 values, and is never visible outside the éncoding and de
bcedures.

b mapped to the field (see clause 19).
DTE — Effective permitted aphabet constraints cannot be assigned in an encoding structure definition. They can o

Bounds::=" (" EffectiveRange")"

EffectiveRange ::=

MinMax

|Fixed

Size ::="(" SIZE SizeEffectiveRange" )

SizeEffectiveRange ::=
" (" EffectiveRange")"

MinMax ::=
ValueOrMin
ValueOr Max

ValueOrMin::=
SignedNumber |
MAN

ValueOrMax::=
SignedNumber |
MAX

Fixed ::= SignedNumber

16.2.]

coding

) The "Bounds' and "Size" specify the bounds or effective size constraint respectively on the abstract valugs that

nly be

[ 1M N and MAX specify that there is no lower or upper bound respectively. M N shall not be used in "Size".

"Fixed™ means a sngle vaue or a sngle size. signedNumber: 1s specified 1n TTU-T Rec. X.680 [ I
8824-1,19.1. It shall be non-negative when used in "Size". "VaueOrMin" and "VaueOrMax" specify lower and
upper bounds respectively.

16.2.12 The "EncodingStructureDefn" is:

EncodingStructureDefn ::=
AlternativesStructure
|RepetitionStructure
|ConcatenationStructure

16.2.13 These encoding structures are defined in the following clauses:

AlternativesStructure 16.3

ITU-T Rec. X.692 (11/2008)
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RepetitionStructure  16.4
ConcatenationStructure 16.5

16.3 Alternative encoding structure

16.3.1

The "AlternativesStructure” is:

AlternativesStructure ::=
AlternativesClass
n {ll

NamedFields

n }ll

AlternativesClass::=

16.3.2

"EncadingStructure”s in its "NamedFields'. The "DefinedEncodingClass' shall be a class’in the alternatives ¢
(see 16.1.8). The mechanisms used to identify which of the "EncodingStructure!s)is present in an encodir]
specified by an encoding object of the "AlternativesClass".

16.3.
as sp

pointthen proceeds to each of the "EncodingStructure'sin its "NamedFields'.

DefinedEncodingClass|
AlternativesClassRefer ence

NamedFields ::= NamedField " " +
NamedFidld ::=
identifier
EncodingStructure

The "AlternativesStructure” identifies the presence in an encoding of\_Jprecisely one ;)J

the

egory

g are

The "AlternativesStructure" is an encoding constructor: when an encoding object set is applied to this strlicture
ified in 13.2, the encoding of the "AlternativesClass' determines the-selection of alternatives, and the applitation

16.4| Repetition encoding structure
16.4.1 The"RepetitionStructure” is:
RepetitionStructure ::=
RepetitionClass
" {ll
identifier ?
EncodingStructure
n }ll
Size?
RepetitionClass ::=
DefinedEncodingClass |
RepetitionClassReference
16.4.2 The "RepetitionStructure" identifies the presence in an encoding of repeated occurrences of the
"EncgdingStructure" irthe production. The optional "Size" construction (see 16.2.9) specifies bounds on the nllimber
of re;tetitions. Thedmechanisms 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 |n the repetition category (see 16.1.10).
16.4.3 The "RepetitionStructure” is an encoding constructor: when an encoding object is applied to this structpre as

specifiedin clause 13.2, the encoding of the "RepetitionClass" determines the mechanisms for determining the nimber

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

16.5
1651

42

Concatenation encoding structure
The "ConcatenationStructure” is:

ConcatenationStructure ::=
ConcatenationClass
n {ll
ConcatComponents

e
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ConcatenationClass ::=
DefinedEncodingClass |
ConcatenationClassReference

ConcatComponents ::=
ConcatComponent " " *

ConcatComponent ::=
NamedField
ConcatComponentPresence ?

ConcatComponentPresence ::=
OPTIONAL-ENCODING
OptionalClass

OptionaClass .=
DefinedEncodingClass |
OptionalityClassRefer ence

16.5.2 The "ConcatenationStructure" identifies the presence in an encoding of zero or one encodingsfor each pf the
"EncgdingStructure”s in its "NamedField"s. The "DefinedEncodingClass’ in the "ConcatenationClass' shall be 4 class
in thg concatenation category (see 16.1.9), and the "DefinedEncodingClass’ in the "Optional Class shall be a clgss in
the optionality category (see 16.1.3).

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

16.5.4 If "ConcatComponentPresence” is present, the mechanism used to determine whether there is an encod|ng of
the cqrresponding "EncodingStructure” is specified by the encoding object which 'encodes the "Optional Class'.

16.5.% The order in which the encodings of each "NamedField" appearsin ‘an encoding of the concatenation (apd the
meang of identifying which "NamedField" an encoding represents)<is ‘determined by an encoding object ¢f the
"CongatenationClass' class.

16.5.6 The "ConcatenationStructure” is an encoding constructar; when an encoding object is applied to this stryicture
as specified in clause 13.2, the encoding of the "ConcatenationClass" determines the concatenation procedures and the
appligation point then proceeds to each of the "EncodingStructure”sin its named fields.

17 Encoding object assignments

17.1| General
17.1.1 The"EncodingObjectAssignment" is:

EncodingObjectAssignment ::=
encodingobj ectr eference
DefinedOrBuiltinEncodingClass

EncodingObject
17.1.2 The "EncodingObjectAssignment” defines the "encodingobjectreference” as an encoding object reference to
the "Encoding®bject”, which is required to be a production which generates an object of the encoding| class

"Defiped@rBuiltinEncodingClass'. (D.1.2.2, D.1.7.3 and D.1.8.2 provide examples of encoding object assignment for
the dirferent syntactic constructions for "EncodingObject" specified below.)

17.1.3 The "DefinedOrBuiltinEncodingClass' is called the governor of the "EncodingObject” notation in this
production.

NOTE 1 — Whenever the "EncodingObject” production appears in ECN, there is a governor, and the syntax of the governed
notation depends on the encoding class of the governor.

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:
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EncodingObject ::=
DefinedEncodingObj ect
|DefinedSyntax
|[EncodeWith
|EncodeByValueM apping
|[EncodeStructure
|Differential EncodeDecodeObj ect
|EncodingOptionsEncodingObj ect
[INonECNENcodingObject

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

17.1.7 Tn this Recommendation [ Tnternational Standard, "the same encoding class' and "the same class' Sl be
intergreted as meaning that the notation used for defining the two classes shall be the same encoding class ré&fgrence
name| or shall be reference names that de-reference to the same encoding class name.

17.1.8 The remaining productions of "EncodingObject” are defined in the following clauses and jrovide alterpative
meank of defining encoding objects of the governor class:

DefinedSyntax 17.2 with clauses 20 to 25
EncodeWith 17.3
EncodeByValueM apping 17.4
EncodeStructure 175

DifferentialEncodeDecodeObject  17.6
EncodingOptionsEncodingObject  17.7
NonECNEnNcodingObj ect 17.8

17.2| Encoding with a defined syntax

17.2.1 The "DefinedSyntax" production is specified in ITU<T, Rec. X.681 | ISO/IEC 8824-2, 11.5 and 116, as
modified by B.16 of this Recommendation | International Standard, and is used for the definition of encoding opjects
for agoverning encoding class. The detailed syntax for doing thisis specified in clauses 23 to 25, and the semantfics of
the constructsis specified in clause 22.

17.2.2 This notation for defining encoding objects is only available for the governing encoding classes |n the
categpries (or of the class) listed in Table 3-below. The syntax to be used for each encoding object |s the
"DefipedSyntax" for the corresponding category-or encoding class (specified in clauses 23 to 25).
NOTE 1 — The use of this syntax frequently-requires the inclusion of a parameter for a determinant. Parameterized engoding
oljjects with such parameters (possibly included as part of a parameterized encoding object set) are only useful for applicgtion to
ar| encoding structure in an EDM, orfor inclusion as encoding objects to be applied as part of areplacement action. They fannot
bg applied in the ELM.
NOTE 2 — This notation enables users to specify encoding objects which encode #SET in the way PER normally encodes
#9EQUENCE, and vice versa_Users are expected to be responsible in their use of this notation.

Table 3 — Categories and classes supported by a defined syntax

nullhcategory

boolean category

integer category

bitstring category

octetstring category
nhargﬁtnrdring r\afmunr\]l

pad category

alternatives category
repetition category
concatenation category
optionality category

#CONDI TI ONAL- | NT class
#CONDI TI ONAL- REPETI TI ONclass
tag category
#TRANSFORMCclass
#OUTER class

17.2.3 The information required (and the syntax to be used) to specify an encoding object of one of these categories
or classes using the "DefinedSyntax" is specified by the definitions in clauses 23 to 25.
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17.2.4 If agovernor for avalue of one of the fields appearing in the "DefinedSyntax" is needed for use in a dummy
parameter list, then the notation "EncodingClassFieldType" (specified in B.17) shall be used. No other use shall be
made of the "EncodingClassFieldType" notation.

17.25 Where the syntax defined in clause 23 requires the provision of a REFERENCE, this can only be supplied in the
"DefinedSyntax" construction by using a dummy parameter of the encoding object that is being defined or, in the case
of fl ag-to-be-used or fl ag-t o- be- set, by using a reference name that is textually present in the definition of a
replacement structure. A REFERENCE that is used as a determinant shall not be the named component of a repetition.

17.2.6 The "DefinedSyntax" notation specifies whether the encoding object being defined exhibits an identification
handle.

17.3 Fnrnding with pnrnrling nhj ect satg

17.3.1 The"EncodeWith" is:

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

17.3.2 "CombinedEncodings" and its application to an encoding classis specified in clause 13.

17.3.3 The encoding object defined by the "EncodeWith" is the application of the "CGombinedEncodings" fo the
encoding class that isthe governor (see 17.1.3) of the "EncodeWith" notation.

17.3.4 Itisaspecification error if this does not produce a complete encoding specification for the governor clasg

17.3.% If an encoding object set in the "CombinedEncodings’ is parameterizedwith a parameter that is a REFERENCE,
the agtual parameter supplied in this construction can only be a dummy parameter of the encoding object that is|being
defin

17.3.6 Call E the encoding object (within the "CombinedEncodings:) which is applied to the governor class. (If the
encoding object E exhibits an identification handle (with a givefithandle value set), then the encoding object |being
defingd (see 17.1.5) exhibits the same identification handle as E (with the same handle value set); otherwise, it dogs not
exhibjt ahandle.

17.4| Encoding using value mappings
17.4.1 The"EncodeByVaueMapping" is:

EncodeByValueM apping :(=

" {ll

USE

DefinedOr BuiltinEncodingClass
MAPPING

ValueM apping

WITH
ValueMappingEncodingObjects
" }ll

VialueM appingEncodingObjects ::=
EncodingObject
|DefinedOr BuiltinEncodingObj ect Set

17.4.2 CThe production "DefinedOrBuiltinEncodingClass’ and its semantics are defined in 10.9.1. It shall| be a

(P ! N ‘- " TR P ! ) [T S B | e - : Vi EW-S BN
user-dermea CHCUUITIY strutiurc Ul a buime=iirurass 1 tre ore=ietu groupy Ul Laleyurnies (e 10. 1.7 ).

17.4.3 The production "VaueMapping" is specified in 19.1.7, and shall be a mapping of values associated with the
governing encoding class to the class identified by the "DefinedOrBuiltinEncodingClass’. The governing encoding
class shall be aclassin the bit-field group of categories.

17.4.4 The "VaueMappingEncodingObjects" specifies the encoding of the "DefinedOrBuiltinEncodingClass'. The
The "EncodingObject" shall define an encoding object using notation governed by that class, or by a class to which it
can be de-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 specify the
encoding of that class through the application of encodings specified in clause 13.
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17.45 The syntax for "EncodingObject" allows both in-line definition of encoding objects (recursive application of
this clause) and the use of reference names. (D.2.9.3 gives an example of in-line definition to perform two value
mappings in asingle assignment.)

17.4.6 Where the "EncodingObject” requires the provision of a REFERENCE, this can only be supplied in this
construction by using a dummy parameter of the encoding object that is being defined.

17.4.7 Where there are bounds or effective size constraints on fields of the "DefinedOrBuiltinEncodingClass"’, and
the specifications in clause 19 require values to be mapped to those fields that violate the specified bounds or effective
size constraints, then such values are not mapped, and the encoding of such values is not possible. It is an ECN or
application error if such values are submitted for encoding.

17.4. 8 CaII E the encod| ng object wh|ch is applled to the "Def|nedOrBU|It|nEncod|ngCIass‘ If the encoding object

exhib ts the same |dent|f|cat|on handle as E (Wlth the same handle value set) otherW|se |t does not exhl blt a handl e.

NOTE — The encoding object E may be either the "EncodingObject” in the "VaueM appingEncodingObjects’, ar(aymenjber of
the "DefinedOrBuiltinEncodingObjectSet".

17.5| Encoding an encoding structure
1751 The"EncodeStructure” is:

EncodeStructure::=
"
ENCODE STRUCTURE
"
ComponentEncodingL ist
StructureEncoding ?

CombinedEncodings ?
nyn

StructureEncoding ::=
STRUCTURED WITH
TagEncoding ?
EncodingOr UseSet

TagEncoding ::="[" EncodingOrUseSet "'

EncodingOrUseSet ::=
EncodingObject ~
USE-SET

17.5.2 The "EncodeStructure" can.beiused to define an encoding only if the governing encoding class de-refefences
to a ¢pnstruction defined using an-encoding constructor in the alternatives, concatenation, or repetition categorieg or to
a congtruction defined using one of these categories preceded by a class in the tag category. This encoding constfuctor
is called the governing encoding constructor.

17.5.3 "StructureEncoding", if this production is present, shall define an encoding for the governing endoding
constfuctor and for any/preceding class in the tag category that precedes the governor encoding constructor. |If the
proddction is absent,-the "CombinedEncodings' shall be present, and shall contain encoding objects which can ehcode
the governing €ncoding constructor and any preceding class in the tag category, otherwise the ECN specification isin
error.

NOTE - "CombinedEncodings' has to be present if the "StructureEncoding” is absent, because a complete encoding has to be
prpduced. If it is desired to defer the specification of part of an encoding, then adummy parameter should be used. aT

17.5.4 If the "ComponentEncodingList" is not empty, then the encoding object applied to the governing encoding
constructor (whether from "StructureEncoding” or from "CombinedEncodings") shall not specify any replacement
actions.

17.5.,5 If the "EncodingOrUseSet" in the "StructureEncoding” is an "EncodingObject”, it shall be governed by the
governing encoding constructor.

17.5.6 If USE- SET is specified in any "EncodingOrUseSet", then the encoding of the corresponding class is obtained
by applying the "CombinedEncodings’, which shall be present, and shall be sufficient to encode the corresponding
class, otherwise the ECN specificationisin error.

17.5.7 The "ComponentEncodingList" is:
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ComponentEncodingList ::=
ComponentEncoding " ," *

ComponentEncoding ::=
NonOptional ComponentEncodingSpec|
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 textual order.
NOTE - The absence of "ComponentEncoding's can be detected by following named fields, or by the end of the
"ComponentEncodingList".

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

17.5.10 If the "ComponentEncoding” for any component is not present in the "ComponentEncodingListy; th(Ln the
"CombinedEncodings" shall be present (but see also 17.5.6), and is required, on application to the componertt (see
13.2)] to provide a complete encoding of that component (possibly including use of dummy parameters),” otherwisge it is
an ertfor in the ECN specification.

NonOptional ComponentEncodingSpec ::=
identifier ?
TagAndElementEncoding

OptionalComponentEncodingSpec ::=
identifier
TagAndElementEncoding
OPTIONAL-ENCODING
OptionalEncoding

TagAndElementEncoding ::=
TagEncoding ?
EncodingOr UseSet

OptionalEncoding ::= EncodingOr UseSet

17.5.11 The "identifier" shall be the "identifier" of theseomponent of the governing encoding constructor.| The
"idenfifier" in "NonOptional ComponentEncodingSpe¢'<shall be omitted if and only if the governing endoding
constfuctor isaclassin the repetition category for which there is no identifier on the repeated element.

17.5.12 "TagAndElementEncoding" in the "€emponentEncoding” shall provide a complete encoding fgr the
comppnent (including any class in the tag-eategory that is prefixed to the element, but excluding any class |n the
optionality category that follows the element).

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

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

17.5.15 If aREFERENCE is needed as an actual parameter of any of the encoding objects or encoding object sets used in
this productien;xthen it can either be supplied as a dummy parameter of the encoding object that is being defined, or it
can be supplied as a "ComponentldList” (see 15.3.1 for the syntax of the "ComponentldList" — the meaning pf the
"ComponentldList" in this context is specified below).

17.5.16 If the governor is not a constructor in the repetition category, then the first (or only) "identifier" in the
"ComponentldList" shall be the "identifier" of atextually 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
"NamedType"' component, whether that definition is textually present or not.

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

17.5.18 Each subsequent "identifier" of the "ComponentldList" (if any) shall be an "identifier" in a"NamedType" of
the structure identified by the previous part of the "ComponentldList", and identifies the entire definition of that
"NamedType" component, whether it is textually present or not in the definition of the structure identified by the
previous part of the "ComponentldList”.
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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 textualy present in the
"EncodingStructure” in the "RepetitionStructure” obtained by de-referencing the repetition (see 17.5.17). Subclauses
17.5.17 and 17.5.18 then apply.

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

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

b) QUTERwhen 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 QUTER, or where references are in support of f | ag-t o- be- used or f1 ag-t o- be-set in
the definition 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-handle
shall pe done as follows:

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

b) if the "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
"EncodingOrUseSet" in the " StructureEncoding”, or may be a member of the':CombinedEncoding$’).

If thg encoding object E exhibits an identification handle (with a given handle value 'set), then the encoding pbject
being| defined exhibits the same identification handle as E (with the same handle-yalue set); otherwise, it dogs not
exhibjt ahandle.

17.6 Differential encoding-decoding
17.6.1 The "Differentia EncodeDecodeObject” is:

Differential EncodeDecodeObject ::=
" {ll
ENCODE-DECODE
SpecFor Encoding
DECODE ASIF

SpecFor Decoders

}
SpecFor Encoding ::= EncodingObj eet
SpecFor Decoder s ::= Encoding@bj ect

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

17.6.3 The "SpecForEncoding" shall be applied by encoders. Decoders shall decode as if the encoder had appligd the
"SpegForDecoders’.

NOTE 1 — The £SpecForDecoders” is still an encoding specification. It tells decoders to assume that encoders have used this
specification.

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

17.6.4 The "SpecForEncoding" and the "SpecForDecoders' encoding objects shall not have been defined Jusing

ENCCDE- DECODE, nor shall any encoding objects used in their definition have been defined using ENCODE- DECCODE.

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

17.6.5 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
handle value set); otherwise, it does not exhibit a handle.

17.7 Encoding options
17.7.1 The "EncodingOptionsEncodingObject” is:

EncodingOptionsEncodingObject ::=
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"
OPTIONS

EncodingOptionsList

WITH AlternativesEncodingObj ect
nyn

EncodingOptionsList ::= OrderedEncodingObjectList

AlternativesEncodingObject ::= EncodingObj ect

17.7.2 The "EncodingOptionsEncodingObject" specifies that the encoder may encode (subject to 17.7.6) using any of
the "EncodingObject"s in the "EncodingOptionsList". These "EncodingObject"s shall all be encoding objects of the
governing class

N
is
bg

17.7.

capable of encodlng the abstract vaI ue to be encoded (see 17 7 6) The encodlng optlons speC|f|cat|on is prOV|d 0 only
cause it is necessary to reflect options provided in legacy protocols and to support different forms of length encodiing for
stiings. All the encoding options can, of course, occur when decoding.

B The "AlternativesEncodingObject” shall be an encoding object of any class in the alternatives category, and

N
h

17.7.
encol
least

N
di

TH

17.8
17.8.]

ers and decoders shall use the encodings and procedures specified by that encoding object as if the endoding
s were encodings for alternatives of an instance of that class. The "AlternativesEneodingObject” shdll not
n a REPLACE specification (see 23.1.1). The DETERM NED BY parameter shall be set to handl e, ahd an

TE — |If the "AlternativesEncodingObject” is parameterized with a reference field parameter, thep the
codingobjectreference” being defined has to be parameterized with a dummy reference-field parameter that is used|as the
ual parameter for the "AlternativesEncodingObject”.

All "EncodingObject”s in the "EncodingOptionsList" shall exhibitthatidentification handle, and their handle

If the "AlternativesEncodingObject" exhibits an identification handle (with a given handle value set), then the

TE — The identification handle exhibited by the "AlternativesEncodingObject” (if any) is unrelated to the identif{cation
dle exhibited by the "EncodingObject"s in the "EncodingOptionsList”, even if they have the same name.

The encoder shall restrict its choice of "EncodingObject”s in the "EncodingOptionsList” to those that pfovide
ings for the actual abstract value being encoded. It is an ECN specification or application error if there isjnot at
ne such "EncodingObject” for any abstractivalue that is to be encoded.
TE 1 — It is possible that the sets of abstract values encoded by the "EncodingObject”s in the "EncodingOptionsLigt" are
joint. This is not an error, and can be a‘eonvenient way of specifying different structures for encoding different rarjges of
ract values of the governing class, for example short form and long form encodings where the short form is mandatgry for
all values.

DTE 2 — It is possible to uSeyan encoding options encoding object as the "SpecForDecoders' (see 17.6), where the
pecForEncoding” is an enceding options encoding object that contains exactly one of the options in the " SpecForDecgders”.
isis another approach to-extensibility.

Non-ECN definition of encoding objects

| The "NenECNEnNcodingObject” is:

NonECNEncodingObject::=
NON-ECN-BEGIN

Assignedl dentifier

anystringexceptnonecnend
NON-ECN-END

17.8.2 The "NonECNEnNcodingObject" shall specify an encoding object of the governor class (see 17.1.3). The

notati

on used to do thisis contained in "anystringexceptnonecnend" and is not standardized.

17.8.3 The production "Assignedldentifier" and its semanticsis defined in ITU-T Rec. X.680 | ISO/IEC 8824-1, 13.1,
as modified by A.1 of this Recommendation | International Standard. It identifies the notation used in the
"anystringexceptuserdefinedend” to specify the encoding.

17.8.4 If the "empty" alternative of "Assignedidentifier” is used, then the notation is determined by means outside of
this Recommendation | International Standard.
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17.85 The assignment of object identifiers to any notation for use in "anystringexceptnonecnend" follows the normal
rules for the assignment of object identifiers as specified in the ITU-T Rec. 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 defined (see
17.1.5) if and only if the "anystringexceptnonecnend” specifies that it does so. The means of such specification is not
defined in this Recommendation | International Standard.

18 Encoding object set assignments
18.1 General
18.1.] - ' ' ; "

EncodingObjectSetAssignment ::=
encodingobj ectsetr eference
#ENCODINGS

E.ﬁcodi ngObj ect Set
CompletionClause ?
EncodingObjectSet ::=

DefinedOr BuiltinEncodingObjectSet |
EncodingObjectSetSpec

18.1.2 The "EncodingObjectSet" notation is governed by the reserved word #ENCODI NGS, and shall satisly the
condifions 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.% The "EncodingObjectSetSpec” is:

EncodingObj ectSetSpec ::=

EncodingObjects UnionMark *
"y

EncodingObjects::=
DefinedEncodingObj ect|
DefinedEncodingObject Set

UnionMark =
"
UNION

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

18.1.7 Enceding objects forming an encoding object set shall all be of distinct encoding classes, and shall fot be
classgs intherencoding procedure group of categories unless they are of the #OUTER class (see 16.1.13).

NOTE,— An encoding object set is used for defining other encoding object sets, for defining encoding objects in the EDM, and
fokrapertirte-the-EEM-Fortheappheation-of-encodhgs:

18.1.8 If "CompletionClause" is present, then the encoding object set defined by "EncodingObjectSetSpec” is
considered to be "PrimaryEncodings' (see 13.2), and the encoding object set assigned to the
"encodingobjectsetreference” is the combined encoding object set formed as specified in 13.2.

18.2 Built-in encoding object sets

18.2.1 The "BuiltinEncodingObjectSetReference” is:
BuiltinEncodingObj ectSetReference ::=

PER-BASIC-ALIGNED
|PER-BASIC-UNALIGNED
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|PER-CANONICAL-ALIGNED
[PER-CANONICAL-UNALIGNED
IBER

|CER

IDER

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

NOTE — These Recommendations | International Standards were written before this ECN Recommendation | International

Standard, and do not use the encoding object terminology. They define, for example, the way an ASN.1 | NTEGER or BOOLEAN
typeisto be encoded. This should be interpreted as the definition of an encoding object of class#| NTEGER or class #BOOLEAN.

Tabte-4—BuHi--encoding-obrect-setRames-ane-assoctated-objectaentiiers
PER-BASIC-ALIGNED {joint-iso-itu-t(2) asn1(1) packed-encoding(3) basic(0) aligned(Q)}
PER-BASIC-UNALIGNED {joint-iso-itu-t(2) asn1(1) packed-encoding(3) basic(0) unaligned(1)}

PER-CANONICAL-ALIGNED  {joint-iso-itu-t(2) asn1(1) packed-encoding(3) canonical (1) aligned(Q
PER-CANONICAL-UNALIGNED {joint-iso-itu-t(2) packed-encoding(3) canonical(1) unaligned(1)}

o

BER {joint-iso-itu-t(2) asn1(1) basic-encoding(1)}
CER {joint-iso-itu-t(2) asn1(1) ber-derived(2) canonical<encoding(0)}
DER {joint-iso-itu-t(2) asn1(1) 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 endoding
structure (either implicitly generated from an ASN.1 type or defined by the user), with\appropriate de-referencipg, to
specify the corresponding BER or PER encodings.

NOTE — An encoding object for a user-defined or implicitly-generated encoding class can be added to such a set, and willl take
precedence over any encoding which could be obtained by de-referencing.

18.2.4 The above sets all contain encoding objects for the classes used.in implicitly generated encoding struftures
(see 11.2) which are different for each set of encoding rules. They also each contain identical encoding objects fpr the
classgs #1 NT, #BOCOL, #NUL, #CHARS, #OCTETS, #Bl TS, #CONCATENATI ON. They do not contain encoding objegts for
#ALTERNATI VES, #REPETI Tl ON, and #PAD.

18.2.% These encoding classes represent basic building blocks of encodings, and are encoded simply by all the gbove
built-|n encoding object sets. The encoding objects for these classes specify encodings as follows:

18.2.%.1 #1 NT is encoded as a PER- BASI G- UNAL| GNED #| NTEGER encoding, provided it is bounded. It is an| ECN
desigh error if the #1 NT does not have both a lower and an upper bound when this encoding object is applied fo the
#| NT

18.2.%.2 #BOOL and #NUL are encoded as PER- BASI G- UNALI GNED #BOOLEAN and #NULL respectively.

18.2.5.3 #CHARS, #OCTETS, and #BI-I'S' are encoded as PER- BASI C- UNALI GNED UTF8St ri ng, #OCTET- STRI NG, and
#Bl T{ STRI NG, respectively, provided they are asingle size. It isan ECN design error if #CHARS, #OCTETS, or #BI TS
do not have an effective size gonstraint restricting them to asingle size.

18.2.%.4 #CONCATENATI ON.is encoded as a PER- BASI G- UNALI GNED encoding of a #SEQUENCE with no ogtional
comppnents. If these enceding objects are applied to a #CONCATENATI ON with optional components, then it is arf ECN
specification error.

18.2.6 The #OPEN- TYPE encoding objects in the BER, CER, and DER built-in encoding object sets produce no
additilonal encoding for the #OPEN- TYPE class. When these encoding objects are applied to a class in the opantype
categprysSit'is an ECN specification error if the encodings of the values of the type chosen (in an instarjce of
comnpunication) 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 #0PEN- TYPE

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

19 Mapping values

19.1 General

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

19.1.2 In gpecifying the "EncodeByValueMapping” notation (see 17.4.1) the structure to which the
"DefinedOrBuiltinEncodingClass" in the "EncodingObjectAssignment” (see 17.1.1), of which it is a part, de-references
is called the source governor or the source encoding class (depending on context). The structure to which the
"DefinedOrBuiltinEncodingClass" in the "EncodeByVaueMapping” itself de-referencesis called the target governor or
the target encoding class (depending on context).

19.1.3 If the source governor has an initia classin the tag category, then the target governor shall have an initial class
in the tag category and the tag number of the class in the source governor is mapped to the tag number of the class in
the tag category |n the target governor. If the class in the tag category in the target governor has an associated tag

19.1.4 If the source governor does not have an initial class in the tag category, then the target governor isnot required
to haye an initial class in the tag category, but if it does, then there shall be atag number associated with that tag(in the

19.1.% The effect of the presence of an initial class in the tag category in the source or target-governors is comgletely
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.thé encodings of those yalues
in thg source encoding class.

NOTE 1 — If the total ECN specification maps only some of the values from an ASN.I\type into encodings, that is not ar 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 enc€oding produced by a single encoding objeqt, then
thét is an ECN specification error. Such errors can be detected by ECN toals, ‘but rules for their avoidance are not comglete in
thls Recommendation | International Standard, and responsibility rests with.the ECN user.

19.1.7 The"VaueMapping" is:

ValueMapping ::=
MappingByExplicitValues

M appingByM atchingFields

M appingByTransformEncodingObjects
M appingByAbstractValueOrdering
[MappingByValueDistribution

M appingIntToBits

NOTE — All occurrences of this syntax.are preceded by the reserved word MAPPI NG (D.1.2.2, D.1.4.2, D.1.10.2, and [}.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:

M appingByEXxplicitValues 19.2
MappingByM atchingFields 19.3
MappingByTransformEncodingObjects 194
M appingByAbstractValueOrdering 195
M appingByValueDistribution 19.6
M appingl ntToBits 19.7

prpduce.a more obvious or less verbose specification than others. ECN designers should select carefully the form off value
m@pping to be used.

NOTE —\lt~i's frequently the case that several of the value mappings can be used to define the same encoding, but sor;‘ve will

19.2 Mapping by explicit values

19.2.1 This clause provides notation for specifying the mapping of values between different primitive bit-field
encoding classes. (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 ITU-T Rec. X.680 |
| SO/IEC 8824-1 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 the
class may or may not have an associated size or value range constraint.
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19.2.4 ECN supports mapping by explicit values (either to or from the encoding class) for all encoding classes in the
categories listed in column 1 of Table 5. Column 2 of the table specifies the value notation (as either an ASN.1
production or by reference to a clause of ITU-T Rec. X.680 | ISO/IEC 8824-1 or both) that shall be used when an
encoding classin the category listed in column 1 is specified as the governor of the notation. It also specifies the clause
inITU-T Rec. X.680 | ISO/IEC 8824-1 that defines the value notation.

NOTE — None of the following ASN.1 value notations can use "DefinedValue's (as defined in ITU-T Rec. X.680 |
ISO/IEC 8824-1, 14.1) because "val uereference”s cannot be imported nor defined in an EDM or ELM module.

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

Category of governing encoding class ~ ASN.1 value notation

bitstring “Hstrimg*-or-“hstrimg*

(see ITU-T Rec. X.680 | ISO/IEC 8824-1, 12.10 and 12.12)
boolean " BooleanValue"

(see ITU-T Rec. X.680 | ISO/IEC 8824-1, 18.3)
characterstring " RestrictedChar acter StringValue"

(see ITU-T Rec. X.680 | ISO/IEC 8824-1, 41.8)
integer " SignedNumber"

(see ITU-T Rec. X.680 | ISO/IEC 8824-1,19.1)
null "NullValue"

(see ITU-T Rec. X.680 | ISO/IEC 8824-1, 24.3)
objectidentifier " Definitivel dentifier" (seeA.1)
octetstring "bstring" or " hstring”

(see ITU-T Rec. X.680 | ISOAIEC 8824-1, 12.10 and 12.12)
real "RealValue'

(see ITU-T Rec. X.680 [YSO/IEC 8824-1, 21.6)
time "TimeValue"

(see ITU-T Rec.’X:680 | ISO/IEC 8824-1, 38.3.2)
19.2.% The"MappingByExplicitValues' is:
MappingByExplicitValues ::=
VALUES
" {II
MappedValues"," +
" }II
MappedValues::=
MappedValuel

TO
M appedValue2

MappedValuel ::= Valuge
MappedValue2 ;=\Value

19.2.6 The "MappedValuel" shall be value notation governed by the source governor and "MappedVaue2" stal be
valuelnotation governed by the target governor (see 19.1.2). The value in the source specified by "MappedVauel" is
mapped to theval e in the target specified by "MappedValue2".

19.2.7 It is'ah ECN specification error if "MappedVaue2" is a value which violates a bound or size constraint in the
target]

19.3 Mapping by matching fields

19.3.1 Thismapping is provided primarily to enable the encoding of an ASN.1 type to be defined as the encoding of
an encoding structure that has fields corresponding to the components of the type, but also has added fields for
determinants.

19.3.2 The"MappingByMatchingFields" is:

MappingByMatchingFields::=
FIELDS

19.3.3 |If either the source or the target encoding classes are user-defined encoding structures (see 9.2.2.3) or
generated encoding structures, then these references are resolved until the source and target start with an encoding
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congtructor.  If this encoding constructor in the target is in the repetitions category, then de-referencing of the
component of this repetition encoding constructor is performed until the component starts with an encoding
constructor. References within the resulting structures are not resolved.

19.34 The effect of the possible presence of classes in the tag category on the initial de-referencing of
"DefinedOrBuiltinEncodingClass' names in the source and target was fully specified in 19.1.3t0 19.1.5. Itisan ECN
specification error if further initial classesin the tag category are introduced by the application of 19.3.3.

19.3.5 After the application of 19.3.3, the source and the target encoding classes shall start with the same encoding
constructor. This shall be either an encoding constructor in the concatenation category, or an encoding constructor in
the repetitions category. If this encoding constructor is in the repetitions category, then its component in the target shall
be a class in the concatenation category. For the purposes of this subclause 19.3, the resulting encoding structures are
called the source and target encoding structures respectively.

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

NOTE — Source fields are restricted to the top-level fields of a concatenation or the component of arepetition. Thisrestrigtion is
inposed 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 by the
ion 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.
field)
NOTE — A component of a repetition class can only be mapped if it contains an,identifier (matching one in the target). Jse of
mepping by matching fields would not be legal if the identifier was absent.

For every source field, there shall be a potential target field with the same-fieldname (the matching target

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 associateql with
the squrce encoding structure determines the presence or absence of\the target field in the target encoding structuré.

19.3.10 If the source field has an initial class in the tag category, then the matching target field shall have an jnitial
class|n the tag category and the tag number of the class inithe source field is mapped to the tag number of the cliass in
the tag category in the matching target field. If theclass in the tag category in the matching target field has an
assoc|ated tag number, then it is an ECN specificatien error if this differs from the tag number being mapped frgm the
sourcg field.

19.3.11 If the source field does not have-antinitial class in the tag category, then the matching target field js not
requifed to have an initial class in the tag category, but if it does, then there shall be a tag number associated with that
tag inthe 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 specifjed 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) of shall
be defined using the same seguience 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 theg target encoding.structure do not acquire abstract values. In a correct ECN specification, the value of such|fields
has tq 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 numiper of
repet#ions in the abstract value associated with the source encoding structure is mapped to the number of repetitipnsin

the tafgetyencoding structure.

19.3.15 If asource field has an associated contents constraint, thisis mapped as an associated contents constraint to 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 matching target field, then 17.4.7 shall apply.

19.4 Mapping by #TRANSFORMencoding objects
19.4.1 This mapping permits one or more # TRANSFORMencoding objects to be applied to produce the mapping.
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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 rules for forming an ordered list of transforms (for
"OrderedTransformList") are specified in clause 24. The complete list is defined to transform from a source to a result.

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

19.4.3 The"MappingByTransformEncodingObjects’ is:

M appingByTransformEncodingObjects::=
TRANSFORMS

{
OrderedTransformList

}

rever:

19.4.]

195

19.5.1
of coj
simpl

OrderedTransformList ::= Transform " " +

Transform ::= EncodingObj ect

All the "EncodingObject"s in the "OrderedTransformList" shall be governed by thesencoding
FORM

The target and source classes for this mapping (see 19.1.2) shall be of the hitstring, beolean, characters
, Or octetstring category. The source of the first transform in the list and the result of the last transformin t
hgree with the category of the source and target categories as specified in 24.2.7.

.6 It is an ECN specification or application error if any "Transform" in‘the "OrderedTransformList"

ible for the abstract value being mapped.
DTE — Clause 24 specifies, for each transform, the abstract values for which itisdefined to be reversible.

[ If there are bounds or effective size constraints on the target encoding class, then 17.4.7 shall apply.

Mapping by abstract value ordering

| This mapping enables abstract values associated with.simple encoding classes to be distributed into the
mplex encoding structures, and abstract values assocrated with complex encoding structures to be mapy
e encoding classes such as #I NT. It adso allows the compaction of integer values or enumerations

contiguous set of integer values (see D.1.4).

N

1952

19.5.1
null,
shall

19.54
19.5.

DTE — The tag numbers associated with classesifi.the tag category are not abstract values.
The "MappingByAbstractVaueOrdering"” is:

MappingByAbstractValueOrdering ::=
ORDERED VALUES

B For this mapping, all encoding class names are de-referenced (recursively), and the result shall be a class
poolean, integer or real-category, or shall be a construction defined using a class in the alternatives catega
be a class in the concaténation category which has a single non-optional component.

I The ordered set’of values may be finite or infinite.

.1 A finite'set of ordered abstract valuesis defined for encoding classes in the following categories:

a)  null;

b) boolean;

class

ftring,
he list

S not

fields
ed to
nto a

inthe
ry, or

CJ_bounaed Imteger,;
d) rea constrained to afinite number of values;

€) an encoding structure defined using the alternatives category, provided that al of the atern
have afinite ordering defined;

atives

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 Aninfinite set of ordered abstract valuesis defined for encoding classes in the following categories:

a) integer, constrained to have afinite lower bound;
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b) an encoding structure defined using the alternatives category, provided that all of the alternatives except
the last are defined to have a finite set of ordered values, and the last alternative is defined to have an
infinite set of ordered values,

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

19.5.5 Classesin the null category have a single abstract value. Classes in the boolean category are defined to have
TRUE before FALSE. Classes in the integer category are defined to have higher integer values following lower integer
values. Classesintherea category are defined to have higher values following lower values.

NOTE — The number of abstract values associated with a classin 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 ordered set
of abstract values

19.5.7 The ordering of the abstract values associated with a class in the alternatives category (all (of-“Avhose
aternatives have a defined ordering of abstract values) is defined to be the (ordered) abstract values fromithe textually
first gternative, followed by those from the textually second 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 gingle
non-dptional component shall be the order determined by the ordering of the abstract values of itssingle componeft.

19.5.9 The mapping is defined from the abstract values in the first encoding class to the abstract values in the second
encoding class by their position in the above ordering.

19.5.10 Note that the above rules ensure that there is a defined first value in eachordering, and a defined next yalue.
Therg need not be a defined last value (either or both sets may be infinite).

19.5.11 If the number of abstract values in the destination ordering is less than the number of abstract values jn the
source ordering, this is not an error. However, the ECN specification will) be unable to encode some of the aljstract
values of the ASN.1 specification and this should be identified by comment in either the ASN.1 specification pr the
ECN fpecification.

19.5.12 If the number of abstract values in the destination ardering exceeds those in the source ordering, then| there
may Ipe 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 caseswhere the only abstract values in the target structure are|those
assoc|ated with a single instance of the same class asthe source structure.

NOTE — This case would occur if the target structure'was the same as the source structure preceded by one or more instarpces of
cl@ssesin the tag category.

19.5.14 Classes in the tag category may be-present in the target structure, but are required to have an associated tag
number specified in the structure definition. Their presence has no affect on the mapping of abstract values.

19.6 | Mapping by value distribution

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

19.6.2 All enceding 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 19.1.3to 19.1.5.

19.6.4 he—target—eneoding—elass—ray—be—any troetd tend ; vy Il 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 al classes in the tag category in the target (except those mapped
by 19.6.3) shall have atag number in their definition and are otherwise ignored in the mapping.

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

19.6.6 The"MappingByVaueDistribution" is:

MappingByValueDistribution ::=
DISTRIBUTION
n {ll

Distribution " " +
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"y

Distribution ::=
SelectedValues
TO

identifier

SelectedValues::=
SelectedValue
|DistributionRange
|[REMAINDER

DistributionRange ::=
DistributionRangeValuel

19.6.]

19.6.8 "DistributionRangeVauel" shall be less than "DistributionRangeValue2'.

19.6.

"Dist
"iden
19.6.]
value

19.6.]
destin

19.6.]

19.6.]
of alt
such

19.7

19.7.1
prece
(possi

N
fol

19.7.2

categ

19.7.
categ

DistributionRangeValue2
SelectedValue ::= SignedNumber

DistributionRangeValuel ::= SignedNumber
DistributionRangeValue? ::= SignedNumber

 "SignedNumber" is specified in ITU-T Rec. X.680 | ISO/IEC 8824-1, 19.1.

D The value specified by "SelectedValue" in "SelectedValues', or the set of values greater than or eq
ibutionRangeValuel" and less than or equal to "DistributionRangeVaue2'; are mapped to the field specifi
ifier".

|0 The reserved word REMAI NDER shall only be used once for thellast " SelectedValues', and specifies al al
5 in the source encoding class that have not been distributed by earlier " SelectedValues'.

|1 A value shall not be mapped to more than one target field, but several "SelectedVaues' may have the
ation.

|2 |f there are bounds on the target field, then 17.4.7 shall apply.

|3 If avalue from the source is mapped into afield in the target whose presence depends on optionality or ¢
brnatives or both, this is not an error, but the optionality and choice of alternatives in the target (when eng
alues) shall be such that the encoding of.the target includes the target field.

Mapping integer valuesto bits

| This mapping takes single values or ranges of values from an encoding class in the integer category (po
Hed by classes in the tag,eategory as specified in 19.1.3 to 19.1.5), mapping each integer value to a bitstring
bly preceded by classesin‘the tag category).

further discussion and’examples of Huffman encodings.)

The sourte-encoding class shall be a class in the integer category, possibly preceded by classes in t
Dry.

B The'destination encoding class shall be a class in the bitstring category, possibly preceded by classesin t
DI/

ial to
ed by

pstract

same

hoice
oding

ssibly
value

DTE — This mapping(sntended to support self-delimiting encodings of integers, such as Huffman encodings. (See Apnex E

e tag

ne tag

19.7.4 Classesin the tag category are mapped as specified in 19.1.3 to 19.1.5.
19.7.5 The"MappingIntToBits' is:

M appinglntToBits::=
TOBITS
n {ll
MappedintToBits"," +
n }ll

MappedIntToBits ::=
SinglelntValMap |
IntValRangeM ap

ITU-T Rec. X.692 (11/2008)

57


https://standardsiso.com/api/?name=384bd4252076e2b6c3428e8dd9201601

| SO/IEC 8825-3:2008 (E)

19.7.6 Each"SinglelntVaMap" maps asingle 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 contiguous
and increasing bitstring values.

19.7.8 Bitstring values are defined to be contiguousif:
a) They areadl the samelength in bits.
b) When interpreted as a positive integer value, the corresponding integer values are contiguous and
increasing integer values.

19.7.9 Only values specified in the mapping are encodable. Other abstract values of the source are not mapped and
cannot be encoded by the encoding object defined by the encoding object assignment using this construct. It isan ECN
or application error if such values are presented to an encoder.

NOTE — This limitation of the encoding should be reflected by constraints on the ASN.1 type to which it is applied,| or by
camment in the ASN.1 specification.

19.7.10 The"SinglelntVaMap" is:

SinglelntValMap ::=
IntValue
TO
BitValue

IntValue ::= SignedNumber
BitValue::=

bstring |

hstring

19.7.11 The "SignedNumber", "bstring", and "hstring" are specified id\ TU-T Rec. X.680 | ISO/IEC 8824-1,(19.1,
12.10and 12.12, respectively.

19.7.12 The"SinglelntVaMap" maps the specified integer value to.the specified bitstring value.
19.7.13 The"IntVaRangeMap" is:

IntValRangeMap ::=
IntRange
TO
BitRange

IntRange::=
IntRangeValuel
IntRangeValue2

BitRange::=
BitRangeValuel

BitRangeyalue2
IntRangeValuel ::= SignedNumber
IntRangeValue? ::= SignedNumber

BitRangeValuel ::=
bstring |
hstring

BitRangeValue2 ::=
bstring |
hstring

19.7.14 The bitstrings "BitRangeVauel" and "BitRangeValue2" shall be the same number of bits.
19.7.15 Thevaue "IntRangeVaue2" shall be greater than the value "IntRangeValuel".

19.7.16 When interpreted as a positive integer encoding (see ITU-T Rec. X.690 | ISO/IEC 8825-1, 8.3.3),
"BitRangeValue2" shall represent an integer value ("B", say) greater than that represented by "BitRangeValuel" ("A",
say), and the difference between the integer values corresponding to "BitRangeVaue2" and "BitRangeVauel" ("B" -
"A") shall equal the difference between the values of "IntRangeVaue2" and "IntRangeValuel".
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19.7.17 The "BitRange" represents the ordered set of bitstrings corresponding to the integer values between "A" and
"B".

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

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

20 Defining encoding objects using defined syntax

20.1 Clauses 21 to 25 specn‘y the |nf0rmat|on needed to define encodl ng Obj ects for each encodl ng class category,

al class
notation of ITU T Rec. X 681 | ISO/IEC 8824 2 as mod|f|ed by Annex B of this Recommendanon | Interngtional
Standard.

20.2 The defined syntax for each category can also be used to define encoding objects for structures whi¢h are
classgs of that category, preceded by one or more instances of a class in the tag category. Wheréthe following text
requites that a class be in a specified category, this includes the case where the class is precedetby a class in the tag

categpry.

20.3 The use of the modified information object class notation is solely for usewithin this Recommendation |
Interrjational Standard.

204 The use of the defined syntax notation to define encoding objects is specified in 17.2. The defined syntpx for
defining encoding objects shall be the syntax specified by the W TH SYNTAX statements in clauses 23 to 25.

205 The W TH SYNTAX statements impose constraints on the values of ‘'some encoding properties, in conjunction
with fhe values of other encoding properties, to enforce some (but not all) semantic constraints. Other constraints pn the
use of the W TH SYNTAX statements are specified in text.

20.6 The defined syntax for each encoding class specifies.asfiumber of encoding properties which can be supplied
with palues of the ASN.1 types defined in clause 21 (or in.some cases with other encoding classes and endoding
objects) in order to provide the information needed to spegify 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
instarjce of defined syntax used to specify those values

NQTE — This differs from the use of a W TH SYNTAX statement in normal information object definition, where the senpantics

aspociated with the information object depends Solely on the values set for the fields of the information object class, not |on the
fofm of the W TH SYNTAX statement used to set those values (see B.15).

20.7 The encoding properties speéified 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 uged in
the specification of these encoding properties.

20.8 Some definitive textyin clauses 21 and 22 is copied into clauses 22 to 25. Where this occurs, the copied fext is
grayefl-out, and areferenceisgiven to the definitive text.

20.9 Clause 25.specifies a number of transforms that can be applied to abstract values. Severa encoding property
grougs require an‘ordered list of transforms that are to be applied by an encoder. For decoding to be possiblie, the
transfiorms applied by an encoder have to be reversible by a decoder in order to recover the original abstract vialues.
Clauses 23 and 24 specify when transforms have to be reversible, and clause 25 specifies the abstract values for which
any g|veritransform isreversible.

21 Typesused in defined syntax specification
NOTE — All ASN.1 type definitions given here assume automatic tags and no extensibility.

21.1 Theunit type

21.1.1 The"unit" typeis:
Unit ::= I NTEGER
{repetitions(0), bit(1), nibble(4), octet(8), wordl6(16),
dwor d32(32)} (0..256)

21.1.2 Thedefault value for thistypeisalwaysbi t .
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21.1.3 An encoding property of this type specifies the unit in which other encoding properties or determinant fields
are counting.

21.1.4 Thevalue of an encoding property of thistypeisrestricted in all cases but one to the non-zero values. In these
cases the encoding property specifies a number of bits. That number of bits determines the unit in which other
encoding properties or determinant fields are counting.

21.1.5 When used in the definition of an encoding object of aclassin the repetition category, the valuer epeti ti ons
isalso alowed, and specifies that the associated count gives the number of repetitionsin the encoding.

21.2 TheEncodi ngSpaceSi ze type

21.2.1 The"Encodi ngSpaceSi ze" typeis.

Encodi ngSpaceSi ze :: = | NTEGER
{ encoder-option-with-determnant(-3),
vari abl e-wi t h-det erm nant (- 2),
sel f-delimting-val ues(-1),
fixed-to-max(0)} (-3..MX)

21.2.2 Thedefault valuefor thistypeisalwayssel f - del i mi ti ng- val ues.
21.2.3 Anencoding property of this type specifies the size of the encoding space (see 9.21.5).

21.2.4 Positive (non-zero) values specify a fixed size for the encoding space, as the-value of type "Uni t " multiplied
by the value of type "Encodi ngSpaceSi ze", in hits. If the value of type "Unit.~"is "repetitions", thgn the
encoding space size may be variable (since the encoding space needed for each component may be different), jput is
always that fixed number of repetitions, and it is an ECN specification or application error if an abstract value igto be
encoded which does not have that number of repetitions.

21.2% The value "encoder - opti on-wi t h- det er mi nant " specifiesithat 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, recording the
chosan size in the associated determinant. In this case, a value of type "Encodi ngSpaceDet er mi nat i on" (seg21.3)

"Rg¢petitionSpaceDet ernination" (see2l.7) isrequired,
OTE — A value of type "Encodi ngSpaceDet er imi nat i-on" or "Repet i ti onSpaceDet er mi nat i on" (to determ|ne the
oding space size) is required in this case (and in the ¢ase of 21.2.6), but the provision of a determinant is allowed injall the
other cases, to support encodings (similar to BER) that tise length determinants even when they are redundant. Any difference

een the two determinations is an error. It may;-however, not aways be possible to determine whether this is aj ECN
ification error or is an application error, but cehforming encoders are required not to transmit such encodings.

to the abstract value being encoded. |n‘this case, a value of type "Encodi ngSpaceDet er i nat i on" (see 21.3) or
"Repetiti onSpaceDet er mi nat i an~(See 21.7) is required (to provide a precise means of determining the size pf the

The value "sel f-dél i ting-val ues" specifies that the value encoding is self-delimiting, that is| each
encodes into a multipleof the specified value of type "Uni t *. There shall be no pair of abstract values for which
coding of one abstract value isthe first part of the encoding of the other abstract value.

OTE — A decodef can (after possible determination of unused bits and justification) determine the end of the encoding sppce by

Thevaue "fi xed-t o- max" specifies that the encoding space is to be the same for the encoding of all ahstract
It ‘specifies that the size of the encoding space is to be the smallest multiple of "Uni t " that can contgn the
i y—oRe—{a v, RE-aRSHact—ardeS i vy-arde-SAat RETHOEHSES } REe—auSHae vm-‘ 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
encoding space (zero hits).

NOTE 2 — If such a specification is applied when a maximum size cannot be determined (for example, for encoding an
unbounded integer), thisis an ECN specification error, but conforming encoders are required to refuse to generate encodings in
such cases.

21.3 TheEncodi ngSpaceDet er mi nat i on type

21.3.1 The"Encodi ngSpaceDet er ni nati on" typeis:
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Encodi ngSpaceDet er m nati on ::= ENUMERATED
{field-to-be-set, field-to-be-used, container}

21.3.2 Thedefault valuefor thistypeisaways"fi el d-t o- be-set".

21.3.3 An encoding property of this type specifies the way in which the encoding space is determined when an
encoding property of type "Encodi ngSpaceSi ze" (see 21.2) is set to "vari abl e-wi th-determinant" or
"encoder - opt i on-wi t h- det er mi nant ".

21.3.4 Thevalue "fiel d-to-be-set" requires the specification of a REFERENCE to a field that will be set by the
encoder to carry length information, and used by a decoder. The encoding specification determines how an encoder is
to set the value of this field from the size (in encoding space units) of the encoding space. If afield is set more than
once through the use of "fi el d-to- be-set" or "f| ag-t o- be-set " (see 21.7), then it is an ECN specification or an
appli ation errar if different values are produced by the different encoding procedures. and encoders shall not generate
encodings in this case.

21.3% Thevaue"fiel d-to-be-used" requires the specification of a REFERENCE to afield whose value.may pe set
from [the abstract syntax (i.e., a corresponding field appears within the ASN.1 specification) or may-be'set by|some
other lencoder actions invoked by "fi el d-t o- be-set " or "f | ag- t o- be- set ". The encoding specification determines
how & decoder is to obtain the size of the encoding space from the value of thisfield. A conforming encoder shall not
prodyce encodings in which the decoder's transforms of this field do not correctly identify the“end of the endoding
space

21.3.6 The vaue "container" requires either the specification of a REFERENCE to anethier field whose encoding class
(the dontainer) has a length determinant and whose contents include this encodingspace, or of a specification that the
end df the PDU determines the end of the encoding space (using QUTER). The encoding space terminates when the
specified container terminates or when the end of the PDU is encountered. , This specification can only be used|if the
encoding space of the element being encoded is the last encoding to be placed in the container.

NOTE — It is an ECN encoder's error (possibly resulting from an ECN specification or application error) if additional encpdings
are placed in the container.
21.4| The UnusedBi t sDet er i nat i on type

21.4.1 The"UnusedBit sDet ernination" typeis:

UnusedBi t sDet erm nati on ::= ENUVERATED
{field-to-be-set, field-te{be-used, not-needed}

21.42 Thedefault valuefor thistypeisaways"fi el d-t o- be-set".

21.4.83 An encoding property of this type specifies the way in which a decoder can determine the unused bits when a
valuelencoding is left or right justified inh.an encoding space.

21.4.4 The value "fi el d-to- be-set" requires the specification of a REFERENCE to a field that will be set lhy the
encoder to carry unused bits-information, and used by a decoder. The encoding specification determines how an
encoder is to determine the“ntmber of unused bits, and how to set the value of this field from the number of unused
bits. [f afield is set morgthan once through the use of "f i el d-t o- be- set " or "f| ag-t o- be- set " (see 21.7), then it
is an [ECN specification jor an application error if different values are produced by the different encoding procefiures,
and encoders shall.net generate encodings in this case.

21.4% Thevalue"fi el d-to-be-used" requires the specification of a REFERENCE to afield whose value may pe set
from [the abstract syntax (i.e., a corresponding field appears within the ASN.1 specification) or may be set by|some
other lencoder actions invoked by "fi el d-t o- be- set " or "f | ag-t o- be- set ". The encoding specification determines
how d&.decoder isto determine the number of unused bi om the value of thisfield. 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 Thevalue "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 TheptionalityDeternination type

2151 The"OptionalityDeternination"typeis

OptionalityDeternination ::= ENUVERATED
{field-to-be-set, field-to-be-used, container, handle, pointer}
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21.5.2 Thedefault valuefor thistypeisaways"fi el d-t o- be-set ".

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

2154 Thevaue "fiel d-to-be-set" requires the specification of a REFERENCE to a field that will be set by the
encoder to carry optionality information, and used by a decoder. The ECN specification will also include an encoding
property that specifies how an encoder is to set the value of this field from a conceptual boolean value which is true if
the optional component is present and false if the optional component is absent. If afield is set more than once through
the use of "fi el d-to-be-set" or "fl ag-to-be-set" (see 21.7), then it is an ECN specification or an application
error if different values are produced by the different encoding procedures, and encoders shall not generate encodings
in this case.

21.5.5 ; v y-pe set
from [the abstract g/ntax (| e, a correspondl ng field appears W|th|n the ASN 1 specrf|cat|on) or may be set by some

other|encoder actions invoked by "fi el d-t o- be- set " de an
encod from

the value of this field. A conforming encoder shall ensure that the value of this field correctly determines the prgsence
or abgence of the optional field.

21.5.6 The value "cont ai ner" requires either the specification of a REFERENCE to anothepfield whose endoding
class [the container) has a length determinant and whose contents include this optional compohent, or of a specifigation
that the container is the end of the PDU (using QUTER). If the container end is presentwhen a decoder is looking for
the start of this optional component, then the decoder shall determine that this optional component is absent.

NOTE — This specification can only be used if the abstract values being encoded are‘such that no further encodings ar¢ to be
ed in the container. This may require restrictions to be placed on the abstract-values of the ASN.1 type, for example, to

prphibit the inclusion of a later optional component unless all earlier optiona’ ,components are present. It is either aj ECN
ification error or an application error if additional encodings are to be placed\in the container following a component whose

The value "handl e" requires that an identification handleybe specified. This identification handle shall be
ted both by the encoding object for the optional component and by the encoding object applied to each pdssible
ive encoding class that can follow if this optional compenent is absent. Each possible alternative encoding class
may Ibe a component of the concatenation containing the gptional component, or may be an encoding class follpwing
ncatenation. The handle value sets specified By al the involved encoding objects (exhibiting the|same

NOTE — Every abstract value of a given component'is required to have a handle value matching the specified handle vgue set
22.9.2.2).

If the end of any open container (of the end of the PDU) is detected at the time a decoder is attempt|ng to
the presence or absence of an optional component, then the decoder shall determine that the optional comgonent
t. Otherwise, the decoder shall*determine that the component is present if and only if decoding the remgining
parts f the encoding produces ayalue for the specified identification handle which matches the handle value set pf the
al component. It is an ECN specification error if this does not result in correct identification of the presefce or
abserice of an encoding of theoptional component, but conforming encoders shall not generate such encodings.

21.5.9 The value "poinat'er " requires the specification of a start-of-encoding REFERENCE to another field. If that
field |s zero, then this.component is absent. If it is non-zero, then the rules for a start-of-encoding pointer apply (see

21.6| The'W't er nat i veDet er ni nat i on type

21.6. The"AlternativeDetermnation” fypnic‘

Al ternativeDeterm nation ::=
ENUMERATED {fi el d-t o-be-set, field-to-be-used, handl e}

21.6.2 Thedefault valuefor thistypeisaways"fi el d-t o- be-set".

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

21.6.4 The value "fi el d-to-be-set" requires the specification of a REFERENCE to a field that will be set by the
encoder to carry information identifying an aternative, and used by a decoder. The specification will aso include an
encoding property that specifies how an encoder is to set the value of this field from a conceptual integer value that
identifies each aternative (using an order specified in other encoding properties). |If a field is set more than once
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through the use of "fiel d-to-be-set" or "fl ag-to-be-set" (see 21.7), then it is an ECN specification or an
application error if different values are produced by the different encoding procedures, and encoders shall not generate
encodingsin this case.

21.6.5 Thevaue"fiel d-to-be-used" requires the specification of a REFERENCE to afield whose value may be set
from the abstract syntax (i.e., a corresponding field appears within the ASN.1 specification) or may be set by some
other encoder actions invoked by "fi el d-to- be-set" or "f| ag-t o- be- set ". The specification will also include an
encoding property that specifies how a decoder is to determine (from the value of the referenced field) a conceptual
integer value which identifies the alternative (using an order specified in other encoding properties).

21.6.6 The value "handl e" requires that an identification handle be specified. This identification handle shall be
exhibited by the encoding objects applied to each of the alternatives in the construction defined by the class in the
alternatives category. The handle value sets specified by those encoding objects shall all be digoint. (Violation of this
rule if an ECN specification error, and conforming encoders are required not to generate encodings where this jule is
viol )

21.6.T A decoder shall determine the alternative that is present by decoding the remaining parts of the.encodjng to
prodyce a value for the specified identification handle. The aternative whose handle value set matches this valuglis the
alterniative that is present. If the end of any open container (or the end of the PDU) is reached before’'the identifitation
handle can be decoded, or if the value of the identification handle does not match the handle value set gf any
alterngtive, then thisis an encoding error.

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

21.7| TheRepetitionSpaceDet er ni nat i on type

21.7.1 The"RepetitionSpaceDet erm nation" typeis:

RepetitionSpaceDet erminati on ::= ENUVERATED
{field-to-be-set, field-to-be-used, flag-to-be-set, flag-to-be-used,
contai ner, pattern, handle, not-needed}

21.7.2 Thedefault valuefor thistypeisaways"fi el d-t o=be-set ".

21.7.3 An encoding property of this type specifies the-way in which a decoder determines the end of the endoding
spacg in an encoding of a class in the repetition-category. It replaces use of an encoding property of| type
"Encqdi ngSpaceDet er mi nat i on" in the encoding(of repetitions.

encoder to carry information which identifies'the size of the repetition space. The encoding specification determines
how a@n encoder isto set the value of thisfield from the size (in repetition space units) of the repetition space. If afield
is set|more than once through the uséef'fi el d-t o- be-set " or "f | ag-t o- be-set ", then it is an ECN specifitation
or an|application error if different‘values are produced by the different encoding procedures, and encoders shall not
generpte encodingsin this case.

21.7.4 Thevalue "fi el d-to-be-set" requires the specification of a REFERENCE to a field that will be set P the

21.7% Thevaue"fi el d-to- be- used" requires the specification of a REFERENCE to afield whose value may pe set
from [the abstract syntax{i’.e., a corresponding field appears within the ASN.1 specification) or may be set by|some
other lencoder actionsinvoked by "fi el d-t o- be-set " or "f | ag-t o- be- set ". The encoding specification determines
how @ decoder istoe-obtain the size (in repetition space units) of the encoding space from the value of this field. A
confgrming encoder shall not produce encodings in which the decoder's transforms of this field do not correctly

determines how an encoder is to set the value of th|sf|eld from a boolean value which |sfa|se if the element isthe Iast
in the repetition, and is true otherwise. If a field is set more than once through the use of "f | ag-t o- be- set"
"field-to-be-set", thenitisan 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 "f1 ag-t o- 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 "f | ag- t o- be-set" or "fi el d-t o- 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.
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21.7.8 The vaue "cont ai ner" requires either the specification of a REFERENCE to another field whose encoding
class (the container) has a length determinant and whose contents include the encoding class in the repetition category,
or of a specification (using QUTER) that the end of the PDU determines the end of the repetitions. The repetitions
terminate when the specified container terminates or when, following the complete encoding of one repetition, the end
of the PDU is encountered.

NOTE — This specification can only be used if the encoding of the (repetition category) classis the last encoding to be placed in

the container. It is an ECN specification error if additional encodings are placed in the container, but conforming encoders shall
not generate such encodings.

21.7.9 Thevaue"pattern" specifiesthat some specified pattern of bits (see 21.10) will terminate the repetitions. In
this case additional encoding properties will require the insertion by an encoder of a specified pattern, and the detection
of this pattern by a decoder. It is an ECN specification error if the encoding of the pattern can be the initial part of the
encoding of an abstract value of a repetition. A_conforming encoder shall detect such errors and shall not generate
encodings that violate thisrule.

NOTE — An example is anull-terminated character string whose contents are not allowed to include anull character-

21.7.10 The value "handl e" requires that an identification handle be specified. This identificationshandle shall be
exhibjted both by the encoding object applied to the component being repeated, and by the encoding.object applied to
each Jpossible (taking account of optionality) following encoding class. The handle value sets specified by |those
encoding objects shall al be digoint.

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

21.7.11 Thevalue"not - needed" specifies that the number of repetitionsis fixed in the abstract syntax.

NOTE — It isan ECN specification error (which shall be detected and blocked by encoders) if this encoding is specified gnd the
nymber of repetitions are not so restricted, or if the application violates that restrictian,

21.8| TheJustificationtype
21.8.1 The"Justification"typeis:

Justification ::= CHAO CE
{ left I NTEGER (0. . MAX),
right I NFEGER (0. . MAX) }

21.8.2 Thedefault valuefor thistypeisaways"ri ght: 0"

21.8.3 An encoding property of this type spegifiés right or left justification of the encoding of a value withjn the
encoding space, with an offset in bits from the-ends of the encoding space.

21.8.4 The"l ef t" aternative specifiesthat the leading bit of the value encoding is positioned relative to the lgading
edge pf the encoding space. The integer value specifies the number of bits between the leading edge of the endoding
spacd and the leading bit of the value encoding.

NOTE — If the value encoding-is hot fixed length or self-delimiting, then the use of value padding in afixed size container{can in

some circumstances make-it_impossible for a decoder to recover the origina abstract values. This would be al ECN
specification error.

21.8% The"ri ght'<aternative specifies that the trailing bit of the value encoding is positioned relative to the trjailing
edge |of the encoding space. The integer value specifies the number of bits between the trailing bit of the|value
encoding and thetrailing edge of the encoding space.

21.8.6 Thesetting of the bits (if any) before or after the value encoding is determined by encoding properties of type
"Paddi ag".and "Pat t er n" (see 21.9 and 21.10).

21.9 The Paddi ng type

21.9.1 The"Paddi ng" typeis:
Paddi ng ::= ENUMERATED {zero, one, pattern, encoder-option}

21.9.2 Thedefault value for an encoding property of thistypeisaways"zer o".

21.9.3 An encoding 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 #QUTER encoding class.

21.9.4 |If thevaueis"zero", then the padding iswith zero bits.
21.9.5 |If thevaueis"one", then the padding is with one bits.
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21.10).

21.9.7 |If thevaueis"encoder - opti on", then the encoder freely chooses the bit values.

21.10 ThePattern and Non- Nul | - Pat t er n types

21.10

If the value is "pat t er n" then the bits are set according to the encoding property of type "Pattern’

' (see

21.10

21.10

21.10
string

21.10
conve
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21.10
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21.10
encod

21.10
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21.10
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21.10
of tyqd
used
mean

.1 The"Pattern"typeis.
Pattern ::= CHO CE
{bits BI T STRI NG
octets OCTET STRI NG
char8 | A5String,
char16 BVPString
char 32 Uni versal String,
any-of -1 ength I NTEGER (1..MAX),
di fferent ENUMERATED {any} }

.2 The"Non- Nul | - Pat t er n" typeis:

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

.3 The default value for an encoding property of thistypeisaways"bits:' 0' B"

respectively.

5 The "char 8" aternative specifies a (multiple of 8-bits) patternwhere each character in the given str
rted to its | SO/IEC 10646 value as an 8-bit value,

rted to its |SO/IEC 10646 value as a 16-bit value.

rted to its | SO/IEC 10646 value as a 32-bit value.

8 The "any-of - | engt h" aternative specifies a size for the pattern. The actual value of the pattern
ler's option.

L9 The"di f f erent : any" value is permitted only when there is another encoding property of type "Patt e

to"different:any". The"different: any" value specifies that the length of the pattern shall be the sg
hgth of the pattern specified for'the other encoding property. It also specifies that its value is an encoder's 0
ed that the value is different from the value of the pattern specified for the other encoding property.

L 10When used for precpadding and for justification (but not for other uses), the "Non- Nul | - Patt er n" ig
ne pattern is truncatett and/or replicated as necessary to provide sufficient bits for the pre-padding, valu
ng, or value postépadding.

.11 The "dif fer ent : any" value of type "Pat t er n" is excluded from most uses of this type. When a parg
e "Pattern'\js used to specify the pattern for a boolean value (TRUE, say), then the value "di f f er ent : any"
0 specify the pattern for the other boolean value (FALSE in this case). When used in thisway, "di f f er ent

lengtiasthe other pattern and shall differ from it in at least one hit poasition

5 an ‘encoder's option for the pattern. The encoder may use any pattern it chooses, but it shall be of the

L[4 The"bi ts" or "oct et s" aternative specifies a pattern of length and valué-equal to the given bitstring orf octet

ng is

6 The "char 16" aternative specifies a (multiple of 16-bits). pattern where each character in the given stiing is

7 The"char 32" dternative specifies a (multiple of 32-bits) pattern where each character in the given stiing is

is an

n" in

Ime encoding property group. In this case, either (but not both) of the encoding properties of type "Patt er " can

Ime as
ption,

used,
B pre-

Imeter
an be
any"
same

21.11 TheRangeCondi ti on type

2111

.1 The"RangeCondi ti on" typeis:

RangeCondi tion ::= ENUVERATED

{ unbounded- or - no-| ower - bound,
seni - bounded- wi t h- negati ves,
bounded-wi t h- negati ves,
seni - bounded- wi t hout - negat i ves,
bounded- wi t hout - negat i ves,
t est - | ower - bound,
t est - upper - bound,
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t est - range}

21.11.2 The default value for an encoding property of thistype is always "unbounded- or - no- | ower - bound".

21.11.3 An encoding property of type "RangeCondi tion" is used in the specification of a predicate which tests the
existence and nature of bounds on the integer values associated with an encoding classin the integer category.

21.11.4 The predicate is satisfied for each of the first five enumeration values of 21.11.1 if and only if the following
conditions are satisfied by the bounds on the encoding class in the integer category:

be pr
provi
21.17
21.12

21.12

21.12
value

21.12
prope

a) unbounded- or - no- | ower - bound: either there are no bounds, or else there is only an upper bound but
no lower bound.

b) seni-bounded-wit h- negati ves: thereisalower bound that is less than zero, but no upper bound.

o) bowandad it b ~anat v ac-tharaicaloavvar hanmnd that o laccthan 2ara AnA AN oAy hen il

e—bounded—wi--h—regati-res—theretsalowerbeund-thatistessthanzereand-ar-dpperbedhe:

d) seni-bounded-wit hout - negat i ves: there is a lower bound that is greater than or equal tgzerp, but
no upper bound..

€) bounded-wi t hout - negat i ves: there is a lower bound that is greater than or equa' to°zero, gnd an

fled.

a)
b)
0)
d)
e

f)

DTE — For any given set of bounds, exactly one predicate will be satisfied.
2111

P The Conpari son type

.1 The"Conpari son" typeis:
Conpari son ::= ENUMERATED

.2 Thereisno default value for an encoding ‘property of thistype.

upper bound

5 If the last three enumeration values of 21.11.1 are used, a value of the "Conparilson” type (see 21.12] shall
pvided, together with an integer conpar at or value. If the other enumeration valueSare used, these shall ot be

{equal -to,
not - equal -t o,
greater-than,
| ess-t han,
greater-than-or-equal -to,
| ess-t han- or-equal -t o}

.3 An encoding property of type "Conpari son" is used to test an identified property of a class against an integer
(the conpar at or).

.4 The predicate using a "Conpari son” is satisfied for each enumeration value if and only if the identified
Irty satisfies the following cenditions:

equal -t o: its value equals that of the specified integer conpar at or value.

not - equak>t-0: itsvalue is different from that of the specified integer conpar at or value.
gr eat.€r-t han: itsvalueis greater than that of the specified integer conpar at or value.

| ess=t han: itsvalueisless than that of the specified integer conpar at or value.

greéat er-than-or-equal -t o: its value is greater than or equal to that of the specified integer
conpar at or vaue.

| ess-t han-or - equal -t o: its value is less than or equal to that of the specified integer conparat or

value.

21.13 The Si zeRangeCondi ti on type

21.13.1 The"Si zeRangeCondi ti on" typeis:
Si zeRangeCondi ti on ::= ENUMERATED

66

{ no-ub-with-zero-Ib,
ub-wi t h-zero-1 b,
no- ub- wi t h-non- zero- | b,
ub-wi t h-non-zero-1 b,
fixed-size,
t est - | ower - bound,
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t est - upper - bound,
t est - range}

21.13.2 Thedefault value for an encoding property of thistype isaways "no- ub- wi t h- zer o- 1 b".

21.13.3 An encoding property of type"Si zeRangeCondi ti on" is used to test properties of the bounds in an effective
size constraint associated with aclass in the repetition or characterstring category.

21.13.4 The predicate is satisfied for each of the first five enumeration values of 21.13.1 if and only if the effective
size constraint satisfies the following conditions:

a) no-ub-with-zero-Ib:thereisno upper bound on the size and the lower bound is zero.
b) ub-with-zero-Ib:thereisan upper bound on the size and the lower bound is zero.

r) no-ub-with-non-zero-lh:thereis no upper hound.on the size and.the lower bound.is non-zero

d) ub-with-non-zero-I b:thereisan upper bound on the size and the lower bound is non-zero.
e) fixed-size:thelower bound and the upper bound on the size are the same value.
NOTE — Only the"f i xed- si ze" case overlaps with other predicates.

21.135 |If the last three enumeration values of 21.13.1 are used, a value of the "Conpar i son/~type (see 21.12] shall
be prpvided, together with an integer conpar at or value. If the other enumeration values aréused, these shall pot be
provigled.

21.14 TheRever sal Speci fi cati on type

21.141 The"Reversal Speci fi cati on" typeis:

Rever sal Speci fication ::= ENUVERATED
{no-reversal,
reverse-bits-in-units,
reverse-hal f-units,
reverse-bits-in-half-units}

21.142 The default value for an encoding property of thistypeisaways "no-reversal ".
21.143 An encoding property of type "Rever sal Spe€isfi cation" is used in the final transform of bits frgm an

encoding space into an output buffer for transmission (with the reverse transform being applied for decoding).

NOTE — Bits inserted as a result of pre-padding specified by an encoding object do not form part of the encoding to whigh bit-
reyersal specified by that encoding object, but may-be subject to bit-reversal specified by an encoding object for a contgner in
wihich the complete encoding is embedded.

21.144 Values of this type are always used in conjunction with an encoding property of type "Uni t " that specifies a
unit §zein bits (see 21.1).

21145 It is an  ECN\Uspecification error if the vaues “"reverse-half-units" | and
"revgrse-bits-in-hal f-units" areused when the encoding property of type "Uni t " is not an even number of bits.

21.146 The enumerationsspecify (in the order of enumerations listed above) either:

a) no reversa of bits; or

b) reversal of the order of half-units (without changing the order of bitsin each half unit); or
¢)_<reversal of the order of bitsin each half-unit but without reversing the order of the half-units; or
d)' reversal of the order of the bitsin each unit.

21.14 71T 1S an ECN Specification error 1T the number of DItS in an encoding 1o which Dit-reversal 1S appiied 1Isnot an
integral multiple of "Uni t ".

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 TheResul t Si ze type

21.15.1 The"Resul t Si ze" typeis:
Resul t Size ::= I NTEGER {variabl e(-1), fixed-to-max(0)} (-1..MAX)

21.15.2 Thedefault value for an encoding property of thistypeisalways"vari abl e".
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21.15.3 An encoding property of this type specifies the size of the result in a # TRANSFORMCclass.

21.15.4 Thevalue"vari abl e" specifies that the size of the #TRANSFORMresult will vary for different abstract values,
and is determined by the detailed specification of the transform.

21.155 The value "fi xed-t o- max" specifies that the size of the #TRANSFORM result is to be the same for the
transform of all abstract values. It specifies that the target size is to be the smallest size that can contain the specified
encoding of any one (all) of the abstract values. The precise details of this specification are defined for each transform
in which values of thistype are used.

21.15.6 A positive value of type "Resul t Si ze" specifies that the size of the #TRANSFORMresult is fixed. Thisvalueis

used

21.1

21.1681 The"Handl eVal ueSet " typeis:

21.16

in the specification of the actual transform.

‘TheHandl eval ueSet type

Handl eVal ueSet ::= CHA CE {
bits BIT STRING
octets OCTET STRI NG
nunber I NTEGER (0. . MAX),
tag ENUMERATED { any},
range SEQUENCE {

low | NTEGER(O..MNMAX),

high | NTEGER(O..NMAX) },
ranges SET (Sl ZE(1..MAX)) OF SEQUENCE {

low | NTEGER(O..NMAX),

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

.2 The "Handl eVal ueSet " is used to specify the set of hit pattéerns (the handle value set) characterizing the
encodings produced by an encoding object that exhibits an identification‘handle.

21.16.3 The value of an identification handle can be used to identify the presence or absence of optional components,

the chioice of alternatives, the ordering of sets, or the end of arepetition. There are requirements in such circumsfances

that t

21.5/]

N
th
th

21.184 The"bits", "oct et s" and “nunber " aternatives specify a handle value as a bitstring, octetstring or i
value

ough implicit generation from an ASN.1 tag) or by mapping from an implicitly generated structure.

he handle value sets of the encoding objects applied tothe different alternatives or components be al digoint (see
(, 21.6.6, 21.7.10, and 22.10.2.1), and requirements that all the possible values of the identification handle
occurfing in the encodings of any given alternative-ar component al match the specified handle value set
encoding object applied to that alternative or compoeheént (see 22.9.2.2).

DTE — The ECN specifier is required to specify~the handle value set in all cases except where (for encodings of the tag class)
b handle value set consists of a single value.and depends on the tag number associated with that tag class, either directly

of the

hteger

respectively. It isan ECN specification error if this value cannot be encoded within the number of bits specified
for the identification handle (see 22.9).

21.185 The "t ag: any" aternative specifies a handle value determined by the number specified in an ECN endoding

structure for a class in thetag category, or by the tag number mapped from an ASN.1 tag construction. It shall ol

used

21.1686 The"range" aternative specifies arange of integer values, with hi gh greater than or equal to | ow.

vhen specifying,the handle identification for the encoding of a classin the tag category.

nly be

21.16.7 The“ranges" dternative specifies a set of ranges of integer values, each with hi gh greater than or equal to

| ow.

Dne‘er'more such ranges can be specified, and they shall not overlap.

21.17 Thel nt eger Mappi ng type

21.17.1 The"l nt eger Mappi ng" typeis:

I nt eger Mappi ng ::= SET OF SEQUENCE ({
source SET OF | NTEGER,
result I NTEGER} (CONSTRAI NED BY {/* the intersection of the source
conponents shall be enmpty */})

21.17.2 The"I nt eger Mappi ng" isused to specify explicitly an ints-to-ints transform.

68
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22 Commonly used encoding property groups

This clause specifies groups of encoding properties that are commonly used in the defined syntax (see clause 20). The
purpose of each group, the restrictions on both the values of encoding properties and the syntax that can be used, as
well as the encoder and decoder actions for each group are a so specified.

22.1 Replacement specification

There are three variants of replacement specification:

a) Full replacement specification: This is used for classes in the concatenation category, 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 cafegory
and for the #CONDI TI ONAL- REPETI TI ON encoding class, where replacement can be of \the  [entire
structure or of the component.

NOTE — When an encoding object of the #CONDI Tl ONAL- REPETI Tl ON class is used to define encodingsfor a clasgin the

bifstring, characterstring, or octetstring category, it can only perform structure-only replacement.

c) Structure-only replacement specification: Thisisused for classes that do not havecomponents.

22.1.1 Encoding properties, syntax and purpose

22.1.1.1 Full replacement specification uses the following encoding properties:

&#Repl acenent - structure OPTI ONAL,
&#Repl acenent - st ruct ur e2 OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &#Replacenent - structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect 2 &#Repl'acenent -structure2  OPTI ONAL,
&t#tHead- end- st ruct ure OPTI ONAL,
&f#tHead- end- st ruct ure2 OPTI ONAL

22.1.1.2 The syntax to be used for full replacement specificationshall be:

[ REPLACE
[ STRUCTURE]
[ COMPONENT]
[ ALL COVPONENTS]
[ OPTI ONALS]
[ NON- OPTI ONALS]
W TH &#Repl acement - structure
[ ENCODED *BY &r epl acenent - st r uct ur e- encodi ng- obj ect
[l NSERT AT HEAD &#Head- end-structure]]
[ ANDOPTI ONALS W TH &#Repl acenent - st ruct ur e2
[ ENCCDED BY é&r epl acenent - struct ur e- encodi ng- obj ect 2
[ I NSERT AT HEAD &#Head- end-structure2]]] ]

22.1.1.3 Structure or component replacement specification uses the following encoding properties:

&#Repl)acenent - structure OPTI ONAL,
& eplracenent - struct ure- encodi ng-obj ect  &*#Repl acenent -structure OPTI ONAL,
&#Head- end- structure OPTI ONAL

22.1.1.4 The syntax to be used for structure or component replacement specification shall be:

[ REPLACE
FSTROCTORE
[ COVPONENT]
[ ALL COMPONENTS]
W TH &Repl acenent - structure
[ ENCODED BY &r epl acenent - st r uct ur e- encodi ng- obj ect
[ NSERT AT HEAD &#Head- end-structure]]]

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

&#Repl acenent - structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &*#Repl acenent - structure OPTI ONAL

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

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

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

.1.9 The optional "ENCODED BY"s specify an encoding object for the replacement structure.

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

aced (with the same

COVPENENTSY; or

b) al its components (except for the structure-only specification) are to be repl

EPEACE A

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

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

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

.1.8 "REPLACE COMPONENT" isa synonym for "REPLACE ALL COVPONENTS'. It would be normal but not required

thisif there is only a single component.

.1.10The optional "I NSERT AT HEAD's specify an encoding structuré (the head-end insertion) to be ingerted

b all components of the (constructor) class performing the replacemeént. There is one head-end insertion fof each
bnent that is replaced, and they are inserted in the textual order @f.the original components.

.2.1 Exactly one of the permitted syntaxes befween "REPLACE" and "W TH" shall be used.

1.11 In a full replacement specification, if the encoding object applied to the replacement structure exhiljits an
ification handle (with a given handle value set), then theencoding object whose defined syntax contains the full

ement specification exhibits the same identification handle (with the same handle value set), otherwise it dogs not
t ahandle.

Specification restrictions

2.2 The "W TH" replacement structures.shall be parameterized encoding structures with a single encoding class

22.1.

Speci

with
N
Ol

22.1.
struc
par

struc

eter. When they are specified in‘the'above defined syntax, only the class reference name of the structure shal be
It shall not have any parameter; list in this use of the names.

.3 These parameterized_struetures are instantiated during the replacement action with an actual parameter as
ied in 22.1.3. The use'of'the dummy parameter in the replacement parameterized structures shall be congistent
he class of the actual parameter that will be supplied in the replacement action.

TE — In particulaf, if *"REPLACE STRUCTURE" is used for an encoding class in the tag category, the dummy paramefer can
ly occur in the réplacement structure where an encoding class in the tag category is permitted.

4 The "ENCODED BY" encoding objects shall be parameterized encoding objects for the "W TH' endoding
res. .They shall have a dummy parameter (#D, say) that is an encoding class, and they shall be definefl in a
eterized encoding object assignment in which the governor is the corresponding "W TH' parameterized endoding
repinstantiated with #D. When they are specified in the above defined syntax, the encoding object refgrence

name

only shall be given. They shall not have any parameter list in this use of the names.

22.1.2.5 They are instantiated during the replacement action with an actual parameter which is the same as the actual
parameter used to instantiate the corresponding "W TH' replacement encoding structures. They may also have:

70

—  (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 "I NSERT AT HEAD' structure.
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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 "I NSERT AT HEAD' encoding structures shall not have dummy parameters. All their fields are auxiliary
fields, and shall be set by the "ENCODED BY" encoding object through its REFERENCE parameter.

22.1.2.8 If an encoding object has a "REPLACE STRUCTURE" clause, it shall not have an "INSERT AT HEAD" clause
and shall have an "ENCODED BY" clause.
22.1.3 Encoder actions

22.1.3.1 If an encoding object of aclass in the hit-field group of categories or in the tag category specifies "REPLACE
STRUCTURE", then an encoder shall replace the structure with an instantiation of the replacement structure, using the
name of the original structure as the actual parameter.

22.1.8.2 If an encoding object of a class in the encoding constructor category specifies "REPLACE STRUCTURE!), then
an erjcoder shall replace the entire construction with an instantiation of the replacement structure, using)the jentire
origina construction 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
paraneter shall be a hidden structure name (which matches no other structure, and which. can never have endoding
objecfs). This hidden structure name shall de-reference to the entire original optional component (including any dasses
in thgtag category) except for the classin the optionality category.

22134 If an encoding object of any class specifies "REPLACE COVPONENTZ#"“REPLACE ALL COVPONENTS',
"REPIACE OPTI ONAL COVPONENTS'", or "REPLACE NON- OPTI ONAL COMPONENTS", then an encoder shall replate the
entirg specified component(s) with a non-optional instantiation of the replacement structure. The actual parametef shall
be a hidden 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 optiona’ component (including any classes in tie tag
categpry) 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 correspgnding

abstrgct values and tag numbers in the actual parameter ofxthe replacement structure. Values of other fields |n the
replagement structure shall be set according to the specification in the replacement structure encoding object.

22.1.3.6 If ahead-end insertion is specified, then the encoder shall insert the head-end structure before all compgnents
of the structure whose encoding object is performing the replacement. Head-end insertions shall be inserted |n the
same(textual order as the components being replaced. The values of fields of this structure shall be set in accordance
with fhe specification in the replacement structuré encoding object.
NOTE — These structures will normally be asimple integer field providing alocation determinant for the field being replaged.

22.1.8.7 The encoder shall instantiateithe replacement structure encoding-object(s) with actual parameters as follows:

@) Thedummy paraméterthat is an encoding class shall be given an actual parameter that is the samejas the
actual parameter-of. the instantiation of the replacement structure.

b) The dummy.parameter (if any) that is a REFERENCE parameter shall be given an actual parameter thgt isa
reference.tothe inserted head-end structure.

¢) The dummy parameter (if any) that is an encoding object set (whose governor is #ENCODI NGS) shall be
given an actual parameter that is the current combined encoding object set.

22.1.8.8 The encoder shall then use this instantiated encoding object to encode the corresponding replacement stryicture
instegd of‘the combined encoding object set.
NQTE- 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:

&encodi ng- space-pre-alignnent-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALL EXCEPT different: any)

DEFAULT bits:'0'B
22.2.1.2 The syntax to be used for pre-alignment and padding specification shall be:

[ ALI GNED TO

FNEXH
[ ANY]
&encodi ng- space- pre-al i gnnent -uni t
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space-pre-pattern]]]

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

Unit ::= | NTEGER
{repetitions(0), bit(1), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)
Paddi ng ::= ENUMERATED {zero, one, pattern, encoder-option} )- (see 21.9)
Pattern ::= CHO CE
{bits BI T STRI NG
octets OCTET STRI NG
char 8 | A5String,
char 16 BWPSt ri ng,
char 32 Uni ver sal St\dng,
any-of -1 ength | NTEGER (4™ MAX) ,
di fferent ENUVERATED {any} }
Non-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:"'B | octetsg,®H | char8:"" | charl6:"" |

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

22.2.1.4 The pre-alignment encoding properties use-a value of type "Uni t " to specify that a container is to stal
multiple of "Uni t " bits from the alignment point;s The alignment point is the start of the encoding of the type to
an EUM applied an encoding, except whenfeset for the encoding of a contained type by the use of a #QUTER end

tat a
which
oding

object (see clause 25). Encoding properties of type "Paddi ng" and "Pat t er n" are used to control the bits that piovide

padding to the required alignment. Specification of "ALI GNED TO NEXT" produces the minimum number of in
bits. $pecification of "ALI GNED FO.ANY" leaves the actual number of inserted bits (subject to the above restrictig

multiple of "Unit") as an encoders-eption, and requires the specification of a start pointer.

22.2.2 Specification constraints
22.2.2.1 At most one.of JNEXT" and "ANY" shall be specified. When not specified, "NEXT" is assumed.

22222 If "ALI GNED TO ANY" is specified, then the encoding object specification shall include the "START- PQ

claus
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22.2.3 “Encoder actions

Lol

serted
ntoa

NTER"

222 ALE _Va o il L + ek +la <l laall . okl HI Lo £ o i
LWL T INCAT 1o apcullcu \UI 1o UCIOIJII.CLA), UI1IC THCUUCTT ST TTISCTU UTC TTIHTITTiunTT TTUarTiJcl Ul UI'to TITUTOX

y to

ensure that the total number of bits in the encoding (from the alignment point up to the beginning of the container, see

22.2.1.4) isamultiple of the encoding property of type "Uni t ".

22.2.3.2 If "ANY" is specified, the encoder shall insert an encoder-dependent number of bits, provided that the total

number of bitsin the encoding (from the alignment point) is a multiple of the encoding property of type "Uni t .

22.2.3.3 The inserted bits shall be set so that the first inserted bit is the leading bit of "Patt ern", and so on. If more
bits are needed than are present in the encoding property of type "Pat t er n", 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 actionsif "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 al 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 Sart pointer specification

22.3.1 Encoding properties, syntax and purpose

22.3.1.1 Start pointer specification uses the following encoding properties:

&start-pointer REFERENCE OPTI ONAL,
Pot art ool ot Ay o Liait LALL EXCERT v opnat it onc) PEEALLT Kb t
<Start—pethter—uhtt T t—{A— Xt e pe RS —bBEtAoet+—B

&St art - poi nt er - encoder -transforns #TRANSFORM ORDERED OPTI ONAL

22.3.1.2 The syntax to be used for start pointer specification shall be:

[ START- PO NTER  &start-pointer
[ MULTI PLE OF &start-pointer-unit]
[ ENCODER- TRANSFORVS &St art - poi nt er - encoder -t ransf.orns] |

22.3.1.3 The definition of the type used in start pointer specificationis;

Unit ::= | NTEGER
{repetitions(0), bit(1), nibble(4), octet(8), wordltl16),
dwor d32(32)} (0..256) -- (see 21.1)

22.3.1.4 This specification identifies the start of the encoding space for an’element. If the start of the encoding|space
for the element is an offset of "n" "MULTI PLE OF" units, then the valueyplaced in the field referenced by the "START-
PO N[ER' encoding property isthe value obtained by applying "ENCGBER- TRANSFORMS" to "n".

NOTE 1 — If "MULTI PLE OF" is not "bi t s", this implies that that offset from the start of the field referenced py the
"YTART- PO NTER' encoding property to the start of the entoding space is required to be an integra multiple of
"MULTI PLE OF" units.

NOTE 2 — There will in general be encodings of other elemerits, and perhaps of other start-pointers between the field refefenced
byl the "START- PO NTER" encoding property and the start'of the encoding of this element.

22.3.2 Specification constraints
22.3.2.1 If "ENCODER- TRANSFORMB" is not present, then "START- PO NTER" shall be a classin the integer category.

22.3.2.2 If "ENCODER- TRANSFORMS" is present, then "START- PO NTER' shall be a class with a category that can
encode avalue of the result of the final transform in "ENCODER- TRANSFORMS".

223231t is an ECN specification’or application error if any transform in the "ENCODER- TRANSFORMS" [s not
revergible for the abstract valueto which it is applied. The first transform shall have a source which isinteger.

22.3.3 Encoder actions

22.3.8.1 The encoder, shall determine the number "n" of "MULTI PLE OF" units from the start of the encoding pf the
"START- PO NTER'field (after any pre-alignment of that field) to the start of the encoding of the element with the start-
pointgr specification (after any pre-alignment of that element). It isan ECN specification error if "n" isnot integfal. If
the elpment.being encoded is optional, and is absent, then "n" shall be set to zero.

"START- PO| NTER', then itisan ECN specmcatlon error, and encod| ng shaII not proceed OtherW|sethe vaI ue"m" shall
be the value encoded in the field referenced by "START- PO NTER".

NOTE — The encoding object applied to the field referenced by "START- PO NTER" 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- PO NTER", and shall
use knowledge of the encoder's actions to reverse the transforms (if any) to produce the integer value "n"

22.3.4.2 If "n" is zero, then the decoder shall diagnose an encoder's error if the element being decoded is not an
optional element with an optionality specification determining optionality by the start pointer. If "n" is zero, and the
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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.

22.3.4.3 Thevalue "n" ismultiplied by "MULTI PLE OF", and the start of the encoding of the "START- PQ NTER' field is
added to produce a position "p". If "p" isaposition 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" isaposition 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:

&encodi ng- space- si ze Encodi ngSpaceSi ze
DEFAULT sel f-delimting-val ues,
&encodi ng- space-uni t Unit (ALL EXCEPT repetitions)
DEFAULT bi t,
&encodi ng- space-det erm nati on Encodi ngSpaceDet er m nati on
DEFAULT fi el d-t o- be-set;
&encodi ng- space-r ef erence REFERENCE OPTI ONAL,
&Encoder -t ransf orms #TRANSFORM ORDERED ORT ONAL,
&Decoder - t r ansf or s #TRANSFORM ORDERED OPTI ONAL

22.4.1.2 The syntax to be used for encoding space specification shall be:

ENCODI NG- SPACE
[ SI ZE &encodi ng- space-si ze
[ MULTI PLE OF &encodi ng- space-unit]]
[ DETERM NED BY &encodi ng- space- detserm nati on]
[ USI NG &encodi ng- space-r ef erence
[ ENCODER- TRANSFORVS  &Encoder - t r ansf or ns]
[ DECODER- TRANSFORMS &Decoder -t r ansf or ns] ]

22.4.1.3 The definition of types used in this specificationgs:

Encodi ngSpaceSi ze ::= | NTECER
{ encoder-option-wi th-detéxm nant (-3),
vari abl e-wi t h-deter pi@ant (-2),
self-delimting-vades(-1),
fixed-to-max(0)} (W3..MAX) -- (see 21.2)

Unit ::= | NTEGER
{repetitions(0),) bit(1), nibble(4), octet(8), wordl6(16),
dword32(32)%_X0..256) -- (see 21.1)
Encodi ngSpacelelef m nation ::= ENUVERATED
{fiel g-tNo<be-set, field-to-be-used, container} -- (see 21.3)

22.4.1.4 The purpose of this specification is to determine encoder and decoder actions to ensure that a decodgr can
corregtly determinethe end of an encoding space.
NOTE — An.actua value encoding does not necessarily fill the entire encoding space, and recovery of the value encoding by a
dgcoder willlin general also require actions specified for value padding and justification (see 22.8).
22.4.1.5-The meaning of the encoding properties of type "Unit", "Encodi ngSpaceSize",| and
"Enc adi ng‘:pnnol‘br ermnation" wero gi\lm in-21 1, 21 ’)' and 213 Tngd‘hnr these. $cr-if\]/ the Way m-which the
end of the encoding space for this element is determined.

NOTE — "vari abl e-wi t h-det er mi nant " can be specified even if the encoding space is fixed size, if the ECN specifier
requires that alength determinant is to be included, even if not needed.

22.4.1.6 The "UsI NG' specification is a reference which enables a decoder to determine the end of the encoding space.
It is areference to an auxiliary field or to afield carrying abstract values, or to a container, depending on the value of
"DETERM NED BY".

22.4.2  Specification restrictions

22.4.2.1 If "SI ZE" is"vari abl e-wi t h- det er mi nant " and "DETERM NED BY" is not present, then the default value
("fiel d-to-be-set")isassumed.
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22422 "USING' shall be gspecified if and only if "SIZE' is "variable-with-deterninant" or
"encoder - opti on-wi t h- det er m nant ".

22.4.2.3 "ENCODER- TRANSFORMS"  shall be present only if "DETERM NED BY" is set to (or defaults to)
"field-to-be-set". The "USING' reference in this case shal be an auxiliary field of category bitstring,
characterstring or integer.

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

22.4.2.5 "DECODER- TRANSFORMS" shall be present only if "DETERM NED BY" isset to "fi el d- t o- be- used". The first
transform shall have a source which is the same as the category of the field referenced by "USI NG' which shall not be

ality).

22.4.2.7 If "DETERM NED BY" is"container", the "USI NG' reference shall be to a concatenation,0pto a repetition|(or to
a bitgjring 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 @n instance of encoding| later
elemgnts within the same concatenation or repetition are to be encoded.

22.4.2.8 This specification is considered set if the "ENCODI NG- SPACE" keyword is.used, and it is mandatory for if to be
set injal places in the defined syntax where it is allowed. Defaulting all encoding properties of this group (e.g., lise of
"ENCODI NG SPACE" alone) would not satisfy the above constraints.

2243 Encoder actions
22.4.8.1 Encoders shall not generate encodings if the conditions ofi22:4.2 are not satisfied.

22.4.3.2 If "SI ZE" is a positive value, then the encoding spaceisthat multiple of "MULTI PLE OF" units and therg is no
further encoder action.

22.4.3.3If "SI ZE" is not set to a positive value, then the’encoder shall determine the size ("'s’, say) of the endoding
spacgin "MULTI PLE OF" units from the value encoding specification. This determination is specified in the clauges on
valuelencoding specification.

22.4.8.4 If "SI ZE" is"encoder - opt i on- wi-tth-"det er m nant " then the encoder (as an encoder's option) may in¢rease
the sjze "s" (as determined in 22.4.3.3) in""MULTI PLE OF" units from that determined from the value endoding
specification to any value which can be'encoded in the associated determinant.

22435 1f "SI ZE" is"fi xed-t oymax" or to "sel f-del i mi ti ng-val ues", then thereis no further encoder action.

22.4.3.6 If "SI ZE" is "varj.able-wi t h-determ nant" and "DETERM NED BY" is "cont ai ner", then therelis no
further encoder action.

22.4.8.7 If "DETERM.NED BY" is "fi el d-to- be-set", then the encoder shall apply the transforms specified by
"ENCODER- TRANSEORVE" (if any) to the value "'s" to produce a value that shall be encoded in the "USI NG' referen%en.

the
to be

NOTE — Theé encoding of the "USI NG' reference (bit-field "A", say) in this case appears earlier in the encoding t
encoding of:this field (bit-field "B", say), and an encoder will need to defer the encoding of bit-field "A" until the valu
ercoded has been determined by the encoding of bit-field "B".

22.4.8.8]f "DETERM NED BY" is "fi el d-t o- be- used" then the encoder shall check that the value in the "U§l NG'
reference when transformed by the "DECODER- TRANSFORMB" (if any) is equal to "s'. It is an application error if this
condition is not met, and encoding shall not proceed.

2244 Decoder actions

22.4.4.1 If "SI ZE" is a positive value, then the decoder determines the encoding space as that multiple of "MULTI PLE
OF" units.

22442 1f "SI ZE" is"fi xed-t o- max" or to "sel f - del i nmi ti ng- val ues", then the decoder shall determine the end
of the encoding space in accordance with the specification of the value encoding. This determination is specified in the
clauses on value encoding specification.
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22443 |f "SI ZE" is "vari abl e-wi t h-det erm nant" and "DETERM NED BY" is set to "cont ai ner", then the
decoder shall use the end of the container specified by "USI NG' as the end of the encoding space.

22444 1f "SIZE" is "variable-with-deternminant” and "DETERM NED 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-
TRANSFORME" (if any) to the value of the "USI NG' reference.

22.4.45 If "DETERM NED BY" is "fi el d-t o- be- used" then the decoder shall recover the value "s' by applying the
"DECODER- TRANSFORMB' (if any) to the value of that field.

22.5 Optionality determination

22.5.1 Encoding properties, syntax and purpose

22.5.1.1 Optionality determination uses the following encoding properties:

&optionality-determ nation OptionalityDeternination
DEFAULT fi el d-t o- be-set,

&optionality-reference REFERENCE OPTI ONAL,

&Encoder - t r ansf or s #TRANSFORM ORDERED OPTI ONAL,

&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL;

&handl e-id PrintableString

DEFAULT "def aul t - handle"
22.5.1.2 The syntax to be used for optionality determination shall be:

PRESENCE
[ DETERM NED BY &optional ity-determ nation
[ HANDLE &handl e-i d]]
[ USI NG &optionality-reference
[ ENCODER- TRANSFORMS  &Encoder -t rransf or ns]
[ DECODER- TRANSFORMS &Decodertr ansf or nms] ]

22.5.1.3 The definition of types used in optionality determinationdis:

OptionalityDeterm nation ::= ENUVERATER
{field-to-be-set, field-to-bes;gg2d, container, handle, pointer} -- (see 21.5)

22.5.1.4 The purpose of this specification is to specify rules that ensure that a decoder can correctly determine whether
an erjcoder has encoded a value of an optional ,component. Where a pointer is used to determine optionality], pre-
alignment and start pointer specification is alsoequired.

22.5.1.5 An encoder will encode the value of‘an optional component if required to do so by the application, unless such
an enfoding would be in violation of rutes governing the presence of optional components.

NOTE — An example of violation(of)such a rule would be where the presence of an (absent) optional component wag to be
dgtermined by the end of a container, and the application requested that later optional components in the same contaiper be
encoded.

22.5.1.6 This specification.is considered set if the "PRESENCE" keyword is used, and it is mandatory for it to be|set in
al plpces in the defined-syntax where it is alowed. Defaulting al other parts of this defined syntax (e.g., Uise of
"PRE$ENCE" aone)veuld not satisfy the above constraints.

2252 Specification restrictions

22.5.2.1 If "DETERM NED BY" is not present, then the default value ("f i el d- t o- be- set ") is assumed.

22.5.2.2-"HANDLE" shall not be specified unless "DETERM NED BY" is"handl e

22.5.2.3 "USI NG' shall not be specified if "DETERM NED BY" is"handl e" or "poi nt er ".

22.5.2.4 If "DETERM NED BY" is "poi nter", there shall be a "START- PO NTER' specification in the same encoding
object (see 22.3).
NOTE — A start pointer specification normally also needs a pre-alignment specification with "ALI GNED TO ANY" (see 22.2).

22.5.2.5 If "DETERM NED BY" is"handl e", then 21.5.7 applies.

22.5.2.6 "ENCODER- TRANSFORMS"  shall be present only if "DETERM NED BY" is set to (or defaults to)
"field-to-be-set". The "USI NG' reference in this case shall be an auxiliary field of category bitstring, boolean,
characterstring or integer.

76 ITU-T Rec. X.692 (11/2008)


https://standardsiso.com/api/?name=384bd4252076e2b6c3428e8dd9201601

| SO/IEC 8825-3:2008 (E)

225271t is an ECN specification or application error if any transform in the "ENCODER- TRANSFORMS" is not
reversible for the abstract value to which it is applied. The first transform shall have a source which is boolean and the
last transform shall have aresult which can be encoded by the class of the field referenced by "USI NG'.

22.5.2.8 "DECODER- TRANSFORMS" shall be present only if "DETERM NED BY" isset to "fi el d- t o- be- used". The first
transform shall have a source which is the same as the category of the field referenced by "USI NG' which shall not be
an auxiliary field. The last transform shall have aresult which is boolean.

22.5.2.9 The"USI NG' encoding property, if present, shall be areferenceto afield 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 "USI NG' encoding property is required by a decoder but is absent (through the
exercise of optionality).

22.5.2.10 DETERM-NED-BY" |5 contai-ner— the "USI NG  reference shall be to-aconcatenation-orto-atrgpetition (or
to algitstring or octetstring with a contained type) in which the element being encoded is a component (or a comgonent
of a gomponent, to any depth). It is an application or an ECN specification error if, in an instance of encading, later
elemants within the same concatenation or repetition are to be encoded when the component whose optionality is|being

deterfnined is absent.

22.5.2.111f "DETERM NED BY" is"cont ai ner ", thenitisan ECN specification error if any of the abstract valuesiof the
optional component have an encoding that is zero bits.

22.5. Encoder actions
22.5.8.1 Encoders shall not generate encodings if the conditions of 22.5.2 are not satisfied.

22.5.8.2 An encoder shall determine whether the application wishes the optional component to be encoded, and shall
create a conceptual boolean value "el enent -i s- present " set to "TRUE" if a value of the component is to be engoded,
and t¢ "FALSE" otherwise.

22583 If "DETERM NED BY" is "fi el d-t o- be-set", then the encoder shall apply the transforms specified by
"ENCPDER- TRANSFORMB" (if any) to the conceptual boolean value. el enent -i s- present " to produce a value that
shall pe encoded in the "USI NG' reference.

NOTE — The encoding of the "USI NG' reference in this case appears earlier in the encoding than the encoding of this field, and
an encoder will need to suspend the encoding of that field untifsthe value to be encoded has been determined by the encoding of
this field.
225.3.4 If "DETERM NED BY" is "fi el d-t o- be,uSed" then the encoder shall check that the value in the "U§l NG'
refergnce when transformed by the "DECODER- TRANSFORMS' (if any) is a boolean value equal to the conceptual [value
"element-is-present”. It is an application error.if-this condition is not met, and encoding shall not proceed.

22.5.8.5 If "DETERM NED BY" is "cont ai ner" there is no further action needed by the encoder, except to detgct an
error fand to cease encoding if the applieation requests the encoding of further components in the "USI NG' corftainer
when(the conceptua value "el enent.>)i s- present " isfalse for this optional component.

22.5.8.6 If "DETERM NED BY'{i5"handl e" thereis no further action needed by the encoder.

22.5.8.7 If "DETERM NED\BY" is "poi nter" then there are no encoder actions needed except those qf the
accompanying pre-alighiment (if any) and start pointer specifications.

22.5.4 Decoder\actions

22.5.4.1 If "DEFERM NED BY" is set to (or defaults to) "f i el d- t o- be- set ", then the decoder shall recover the|value
"el erent< i\s- present " by applying the reversal of the "ENCODER- TRANSFORMS" (if any) to the value of the "U§I NG'
refergnce;

22542 If "DETERM NED BY" is "fi el d-to-be-used" then the decoder shall recover the conceptual value
"el enent -i s- present " by applying the "DECODER- TRANSFORMS" (if any) to the value of that field.

22543 If "DETERM NED BY" is "contai ner" then the decoder shall set the conceptual value "el ement -i s-
present " to TRUEif and only if thereisat least one bit remaining in the "USI NG' container.

22.5.4.4 If "DETERM NED BY" is "handl e", then the decoder shall determine the value of the specified identification
handle. If the value matches the handle value set of the optional component, then the decoder shall set the conceptual
value"el enent - i s- present " to TRUE, otherwise the decoder shall set it to FALSE.

22545 If "DETERM NED BY" is "poi nt er " then the decoder shall proceed as specified in 22.3 in order to determine
the conceptual value of "el enent - i s- present ".
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22.5.4.6 If the decoder determines (by any of the above means) that the conceptual value "el enent -i s- present " is
FALSE, then decoding proceeds to the next component, otherwise the decoder expects an encoding of a value of the
optional component and will diagnose an encoding error if one is not present.

22.6 Alternative determination

22.6.1 Encoding properties, syntax and purpose

22.6.1.1 Alternative determination uses the following encoding properties:

&al ternati ve-determ nation Al ternativeDeterm nation
DEFAULT fi el d-to- be-set,
&al t ernati ve-reference REFERENCE OPTI ONAL,
RENCOJEr -1 ranst or ms FTRANSFORM CRDERED CPTIONAL,
&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI QNAL,
&handl e-id Printabl eString
DEFAULT "def aul t - handl e",
&al ternative-ordering ENUMERATED {t ext ual , tag}

DEFAULT t ext ual
22.6.1.2 The syntax to be used for alternative determination shall be:

ALTERNATI VE
[ DETERM NED BY &al ternati ve-determ nation
[ HANDLE &handl e-i d]]
[USI NG &al ternative-reference
[ ORDER &al t er nati ve-orderi ng]
[ ENCODER- TRANSFORVS &Encoder - t r ansf orns]
[ DECODER- TRANSFORMS &Decoder -t r ansf or ns] ]

22.6.1.3 The definition of types used for aternative determination is:

AlternativeDeterm nation ::=
ENUVERATED {fi el d-to-be-set, field-tg,be-used, handl e} -- (see 21.6)

22.6.1.4 The purpose of this specification is to determine the* rules that ensure that a decoder can correctly identify
which component of an encoding class in the alternativescategory has been encoded.

22.6.2 Specification restrictions

22.6.2.1 If "DETERM NED BY" isnot present, therithe default value ("f i el d- t o- be- set ") is assumed.
22.6.2.2 "HANDLE" shall not be specified unless "DETERM NED BY" is"handl e".

22.6.2.3 "UsI NG' shall not be specified.if "DETERM NED BY" is"handl e".

22.6.2.4 If "DETERM NED BY" is('handl e", then 21.6.6 applies.

22.6.2.5 "ENCODER- TRANSFORMS"  shall be present only if "DETERM NED BY" is set to (or defaults to)
"fielld-to-be-set". Thefifst transform shall have a source which isinteger and the last transform shall have ajresult
which can be encodeddby; the class of the field referenced by "USI NG'.

22.6.2.6 It is an ECN specification or application error if any transform in the "ENCODER- TRANSFORMS" (S not
revergible for the abstract value to whichit is applied.

22.6.2.7 "DECODER- TRANSFORMS" shall be present only if "DETERM NED BY" isset to "fi el d-t o- be- used". The first

transIErm shall have a source which is the same as the category of the field referenced by "USI NG' which shall pot be
an auxt t 5 e-arresutt vvh;bh;ailltcgu.

22.6.2.8 The"UsSI NG' encoding property, if present, shall be areference to afield that is present in the encoding earlier
than the encoding of the aternative. It is an application or an ECN specification error if, in an instance of encoding, the
field referenced by the "USI NG' encoding property is required by a decoder but is absent (through the exercise of
optionality).

22.6.2.9 This specification is considered set if the "ALTERNATI VE" keyword is used, and it is mandatory for it to be set
in all places in the defined syntax where it is allowed. Defaulting all other parts of this defined syntax (e.g., use of
"ALTERNATI VE" aone) would not satisfy the above constraints.

22.6.2.101f "ORDER" is "t ag", then every aternative shall start with an encoding class in the tag category. The tag
number associated with this classis called the component-tag.
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22.6.2.11 The component-tags of each alternative shall be distinct.

22.6.3 Encoder actions
22.6.3.1 Encoders shall not generate encodings if the conditions of 22.6.2 are not satisfied.

22.6.3.2 An encoder shall determine which alternative the application wishes to be encoded, and shall create a
conceptua integer value "al t er nat i ve- i ndex" to identify that alternative.

22.6.3.3 Thevalue "al t er nat i ve-i ndex" shal be zero for the first alternative, one for the next, and so on, where the
order of the aternativesis determined by "ORDER".

22.6.3.4 If "ORDER" is "t ext ual ", the textual order in the ASN.1 type specification or the ECN structure definition
shall be used. If "ORDER" is "t ag", then the order shall be that of the tag humbers in the component-tags (lowest tag
numberfirst):

22.6.8.5 If "DETERM NED BY" is "fi el d-t o- be-set", then the encoder shall apply the transforms specified by
"ENCODER- TRANSFORMB" (if any) to the conceptual value "al t er nat i ve-i ndex" to produce a value that shill be
encoded in the "USI NG' reference.

NOTE — The encoding of the "USI NG' reference in this case appears earlier in the encoding than the encoding of the alterpative,

ard an encoder will need to suspend the encoding of that field until the alternative to be encoded has beemdétermined.
22.6.8.6 If "DETERM NED BY" is "fi el d-t o- be- used" then the encoder shall check that the value in the "U§I NG'
refergnce when transformed by the "DECODER- TRANSFORMS" (if any) is an integer value'equal to the conceptual [value
"al t ¢rnati ve-index". Itisan application error if this condition is not met, and encoding shall not proceed.

22.6.8.7 If "DETERM NED BY" is"handl e" thereis no further action needed by thé-encoder.

22.6.4 Decoder actions

22.6.4.1 The decoder shall use "ORDER" as specified for encoder actionsto determine the "al t er nat i ve- i ndex"|value
that i$ associated with each alternative, and shall assume the presence.of an encoding of the associated alternative once
an"alternative-index" conceptua value has been determined.

22.6.4.2 If "DETERM NED BY" is set to (or defaults to) "f i ehd:'t o- be- set ", then the decoder shall recover the|value
"al t ¢rnati ve-index" by applying the reversal of the "ENCCDER- TRANSFORMVE" (if any) to the value of the "UBI NG'
refergnce.

22.6.4.3 If "DETERM NED BY" is "fi el d-to-he-used" then the decoder shall recover the conceptua |value
"al t ¢rnati ve-i ndex" by applying the "DECODER- TRANSFORMB" (if any) to the value of that field.

22.6.4.4 If "DETERM NED BY" is "handl €", then the decoder shall determine the value of the identification hpndle.
This yalue shall be compared to the handle value set of each of the alternatives. If none match, then the decodef shall
diagnpse an encoder's error. Otherwise'the conceptual value "al t er nati ve-i ndex" shall be set to the maiching
alterritive.

22.7 | Repetition space specification
22.7.1 Encoding pfoperties, syntax and purpose

22.7.1.1 Repetitiofispace specification uses the following encoding properties:

& epetition-space-size Encodi ngSpaceSi ze

DEFAULT sel f-delimting-val ues,
& epetition-space-unit Uni t

DEFAULTF—bi-

& epetition-space-determn nation Repetiti onSpaceDet ernm nati on
DEFAULT fi el d-t o- be-set,

&mai n-ref erence REFERENCE OPTI ONAL,
&Encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&Decoder -t ransf or s #TRANSFORM ORDERED OPTI ONAL,
&andl e-i d PrintableString

DEFAULT "def aul t - handl e",
& erm nation-pattern Non- Nul | -Pattern (ALL EXCEPT

different:any) DEFAULT bits '0'B

22.7.1.2 The syntax to be used for repetition space specification shall be:

REPETI T1 ON- SPACE
[ SI ZE &repetition-space-size
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[ MULTI PLE OF &repetition-space-unit]]
[ DETERM NED BY &repetition-space-determ nation
[ HANDLE &handl e-i d]]
[ USI NG &mai n-ref erence
[ ENCODER- TRANSFORMS &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMS &Decoder -t r ansf or nms] ]
[ PATTERN &t erm nati on-pattern]

22.7.1.3 The definition of types used in this specification is:

Encodi ngSpaceSi ze ::= | NTECER
{ encoder-option-wth-determ nant(-3),
vari abl e-w t h-det erm nant (-2),
sel f-delimting-values(-1),
fixed-to-max(0)} (-3..NMAX) -- (see 21.2)

Unit ::= | NTEGER
{repetitions(0), bit(1), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)
RepetitionSpaceDet erninati on ::= ENUVERATED
{field-to-be-set, field-to-be-used, flag-to-be-set, flag-to-hg-used,
container, pattern, handle, not-needed} -- (see 21.7)
Non-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:"'B | octets:'""H | char8:"" | charlG&/|

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_éacoding space, and recovery of the regetition
ercoding by a decoder will in general also require actions specified for valuepadding and justification (see 22.8).

22.715The meaning of the encoding properties of type "Unit", "Encodi ngSpaceSize",| and
"Repetiti onSpaceDet er mi nati on" were given in 21.1, 21.2 and~21.7. Together these specify the way in whigh 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 value "vari abl e- Wi t h-
dgt er mi nant " of "SI ZE" can be specified even if the repetition space isfixed size.

22.7.1.6 The "USI NG' specification is a reference to ‘an auxiliary field or to a field carrying abstract values, ¢ to a
conta|ner, depending on the value of "DETERM NED\BY".

22.7.2 Specification constraints

22.7.2.11f "SI ZE" is"vari abl e-wi t h- det er mi nant " and "DETERM NED BY" is not present, then the default|value
("fi ¢l d-to- be-set") isassumed.

22.7.2.2 "USI NG' shall be specifiedif and only if "SI ZE" is"vari abl e- wi t h- det er mi nant " and "DETERM NED BY"
is"filel d-to-be-set" or"fie) d-to-be-used" or"fl ag-to- be-set" or "f| ag-t o- be- used", or "cont ai ngr"

pid

22.7.2.3 "ENCODER- TRANSFORMS"  shall be present only if "DETERM NED BY" is set to (or defaults to)
"fielld-to-be-set"<op "flag-to-be-set". The first transform shall have a source which is integer |f the
"DETERM NED BY-_iS™fi el d-to- be-set" and which is boolean if the "DETERM NED BY" is "fl ag-t o- be-|set ".
The lgst transform,shall have aresult which can be encoded by the class of the field referenced by "USI NG'.

22.7.2.4 1t is<an ECN specification or application error if any transform in the "ENCODER- TRANSFORMS" |S not

reverz’ ble for the abstract value to which it is applied.
22.7.2. - e present only | 1S 0 'Tield-to-be-used" or

"f1 ag-t o- be- used". The first transform shall have a source which is the same as the category of the field referenced
by "USI NG'. The last transform shall have a result which isinteger if the "DETERM NED BY" is"fi el d-t o- be- used"
and which is boolean if the "DETERM NED BY" is"f | ag-t o- be- used".

22.7.2.6 The "USI NG' encoding property, if present, for a"fi el d-to-be-set" or a"fi el d-t o- be-used" shal be a
reference to afield that is present in the encoding earlier than the field being encoded. It is an application or an ECN
specification error if, in an instance of encoding, the repetition being encoded is present but the field referenced by the
"USI NG' encoding property is absent (through the exercise of optionality).

22.7.2.7 The "USI NG' encoding property, if present, for a "f| ag-t o- be-set" or a "f| ag- t o- be- used" shall be a
reference to afield that is present in the repeated element of a repetition. It is an application or an ECN specification
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error if, in an instance of encoding, the field referenced by the "USI NG' encoding property is absent (through the
exercise of optionality) from any of the repeated elements.
NOTE — The requirement that the referenced field be present in an element of the repetition is satisfied if it is an identifier that is
visible in accordance with 17.5 (encode structure), 19.3 (mapping by matching fields), 19.6 (mapping by value distribution), or if

it istextualy present in the definition of a replacement structure when "REPLACE COMPONENT" is used by an encoding object
of aclassin the repetition category.

22.7.2.8 If "DETERM NED BY" is"cont ai ner ", the "USI NG' reference shall be to a concatenation or to a repetition (or
to a bitstring or octetstring with a contained type) in which the repetition 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.

22.7.2.9 "HANDLE" shall be specified only if "SI ZE" is "vari abl e-wi t h-det er mi nant" and "DETERM NED BY" is
"hangl-e=-

22.7.2.101f "DETERM NED BY" is"handl e", then 21.7.10 applies.

22.7.2.11"PATTERN' shall be specified only if "SI ZE" is "variable-with-determinant” and "DETERM INED BY" is
"pat lern".

22.7.2.12"PATTERN' shall not betheinitial sub-string of the encoding of any value of the repeatedl.element.

NQTE — There is no prohibition on the occurrence of "PATTERN' within an encoding of the repeated’element other than at its
Start.

22.7.2.13 This specification is considered set if the "REPETI TI ON- SPACE" keyword istsed, and it is mandatory far it to
be sef in al places in the defined syntax where it is allowed. Defaulting all other parts’of this defined syntax (e.g., use
of "REPETI TI ON- SPACE" alone) would not satisfy the above constraints.

22.7.3 Encoder actions
22.7.3.1 Encoders shall not generate encodings if the conditions of 22.7:2 are not satisfied.

22.7.3.2 If "SI ZE" is a positive value, then the encoding space is thabmultiple of "MULTI PLE OF" units. If "MULTI PLE
OF" i repetitions, then the encoder shall cease encoding if the @bstract value to be encoded is not "SIZE" repetitions,
diagnpsing a specification or application error.

22.7.8.3 If "SI ZE" is not set to a positive value, then thegencoder shall determine the size "'s" of the repetition sppce in
"MULTI PLE OF" units from the value encoding specification. This determination is specified in the subclauses on|value
encoding specification.

22.7.8.4 If "SI ZE" is"encoder - opt i on- wi t'H<det er m nant " then the encoder (as an encoder's option) may in¢rease
the slze "s' (as determined in 22.7.3.3) in)"MULTI PLE OF" units from that determined from the value endoding
specification to any value which can be.encoded in the associated determinant.

22.7.351f "SI ZE" is"fi xed-t o-nax/"or to "sel f - del i mi ti ng-val ues", then thereis no further encoder action.

22.7.3.6 If "SI ZE" is "vari able-wi t h-determ nant" and "DETERM NED BY" is "cont ai ner", then therelis no
furthgr encoder action.

22.7.8.7 If "DETERM NED-BY" is "fi el d-t o- be-set", then the encoder shall apply the transforms specified by
"ENCPDER- TRANSF@QRMVE" (if any) to the value s’ to produce a value that shall be encoded in the "USI NG' referenI‘e.

NOTE — The encoding of the "USI NG' reference in this case appears earlier in the encoding than the encoding of the rep:
and an encoder.will need to suspend the encoding of that field until the repetition to be encoded has been determined.

22.7.3.8 £ "DETERM NED BY" is "fi el d-t o- be- used" then the encoder shall check that the value in the "U§l NG'
refergnée)when transformed by the "DECODER- TRANSFORMB" (if any) is equal to "s". It is an application error |f this
condifion 1SNot met, and encoding shall not proceed.

ition,

22.7.3.9 If "DETERM NED BY" is "fl ag-t o- be-set ", then the encoder shall apply (for each repeated element) the
transforms specified by "ENCODER- TRANSFORMS" (if any) to a boolean value which is true for all elements except the
last and is false for the last element. The result of the "ENCODER- TRANSFORMS" shall be encoded in the "USI NG'
reference.

22.7.3.101f "DETERM NED BY" is"f| ag-t o- be- used" then the encoder shall check (for each repeated element) that
thevalue in the "USI NG' reference when transformed by the "DECODER- TRANSFORVE" (if any) is a boolean value which
istrue for all elements except the last, and is false for the last element. It is an application error if this condition is not
met, and encoding shall not proceed.

22.7.3.111f "DETERM NED BY" is"handl e" thereis no further action needed by the encoder.
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22.7.3.121f "DETERM NED 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 "SI ZE" is a positive value, then the decoder determines the encoding space as that multiple of "MULTI PLE
OF" units. If "MULTI PLE OF" is repetitions, then the actual end of the repetition space is determined by decoding and
counting repetitions.

22.7.4.2 If "SI ZE" is not set to a positive value, then the encoder shall determine the size "'s" of the repetition space in
"MULTI PLE OF" units from the value encoding specification. This determination is specified in the subclauses on value
encodmgspecifreation:

22.7.4.31f "SI ZE" is "vari abl e-wi t h-det erm nant" and "DETERM NED BY" is set to "cont ai net._then the
decoder shall use the end of the container specified by "USI NG' as the end of the encoding space.

22744 1f "SIZE" is "variable-with-deternminant” and "DETERM NED BY" is set to,.(or defaulfs to)
"fielld-to-be-set", then the decoder shall recover the value "s' by applying the reversd | of the "ENC(DER-
TRANBFORME" (if any) to the value of the "USI NG' reference.

22.7.4.5 If "DETERM NED BY" is "fi el d-t o- be- used" then the decoder shall recover the-value "s' by applying the
"DECODER- TRANSFORMB" (if any) to the value of the "USI NG' reference.

22.7.4.6 If "DETERM NED BY" is"f| ag-t o- be- set ", then the decoder shall recover a boolean value by applying the
revergal of the "ENCODER- TRANSFORMVE" (if any) to the value of the "USI NG' reference. The element is the last pf the
repetition if and only if the boolean valueis false.

22.7.4.7 If "DETERM NED BY" is"f| ag-t o- be- used" then the decoder)shall recover a boolean value by applying the
"DE R- TRANSFORMS" (if any) to the value of the "USI NG' refereniee. " The element is the last of the repetition jf and
only iff the boolean value is false.

22.7.4.8 If "DETERM NED BY" is"handl e", then the decoder, shall determine the value of the identification hand|e and
attempt to decode the following encoding (in parallel) as either a further occurrence of the repetition or as a follpwing
encoding class, using the value of the identification handle to distinguish these alternatives. |f decoding succeeds for
morelthan one of these or for none of these, it is an encading or a specification error.

22.7.4.9 If "DETERM NED BY" is "pattern" then'the decoder shal, at the start of decoding each repetition, check
er "PATTERN' is present. If "PATTERN'\.iS present, the bits of pattern shall be discarded, and the repgtition
termipated.

22.8 | Value padding and justification

22.8.1 Encoding properties)syntax, and purpose
22.8.1.1 Value padding and justification uses the following encoding properties:

&abte-justification Justification DEFAULT right:O,
&val ue- pr e- paddi ng Paddi ng DEFAULT zero,
&val ue-pre-pattern Non- Nul | - Patt ern DEFAULT bits:'0'B,
&val ue- post - paddi ng Paddi ng DEFAULT zero,
&val ue- post-pattern Non- Nul | - Patt ern DEFAULT bits:'0'B,
&unused- bi ts-determ nation UnusedBi t sDet er m nati on
DEFAULT field-to-be-set
&unused- bi ts-reference REFERENCE OPTI ONAL,

&Unused- bi t s- encoder -tr ansf or s #TRANSFORM ORDERED OPTI ONAL,
&Unused- bi t s- decoder -transforns #TRANSFORM ORDERED OPTI ONAL

22.8.1.2 The syntax to be used for value padding and justification shall be:

[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI NG &val ue- pr e- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ PCST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t s-det er m nati on]
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[ USI NG &unused- bi ts-reference
[ ENCODER- TRANSFORVS &Unused- bi t s- encoder - t r ansf or ns]
[ DECODER- TRANSFORVS &Unused- bi t s- decoder -transforns]]]]

22.8.1.3 The definition of typesused in justification is:

Justification ::= CHO CE
{ left | NTEGER (0..MAX),
right I NTEGCER (0..NMAX)} -- (see 21.8)
Paddi ng ::= ENUMERATED {zero, one, pattern, encoder-option} -- (see 21.9)
Pattern ::= CHO CE
{bits BI T STRI NG
octets OCTET STRI NG
charg LASSE ¢ i Ag
char 16 BWPSt ri ng,
char 32 Uni versal String,
any-of -1 ength | NTEGER (1..MAX),
di fferent ENUVERATED {any} }
Non-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:''B | octets:""H | char8"" | charl6:"" |
char32:"")) -- (see 21.10)
UnusedBi t sDet erm nation ::= ENUVERATED
{field-to-be-set, field-to-be-used, not-needed} -- (s€e\21.4)

22.8.1.4 The purpose of this specification is to determine the way in which an eneoder places a value encoding|in an
encoding space, and enables a decoder to determine the position of the value encoeding.

22.8.1.5 The precise number of bits to be added by an encoder depends on.beth the encoding space specification gnd on
the value encoding specification, and is specified for each instance of value.encoding.

22.8.1.6 "USI NG' is a reference that enables a decoder to determine the number of padding bits inserted. It is a
refergnce to an auxiliary field or to afield carrying abstract values, depending on "DETERM NED BY".

22.82  Specification restrictions

22.8.2.1 The number of hits specified in justification shad’be less than or equal to the total number of padding bits "b"
(see helow).

22.8.2.2 "USI NG' shall be specified if and only if “DETERM NED BY" isnot "not - needed".

22.8.2.3 "ENCODER- TRANSFORMS"  shall be~present only if "DETERM NED BY" is set to (or defaults to)
"fielld-to-be-set". Thefirst transform shall have a source which isinteger and the last transform shall have afresult
which can be encoded by the class of thefield referenced by "USI NG'.

22.82.4 1t is an ECN specification or application error if any transform in the "ENCODER- TRANSFORMS" [S not
reversible for the abstract value'to which it is applied.

22.8.2.5 "DECODER- TRANSFORMS" shall be present only if "DETERM NED BY" isset to "fi el d- t o- be- used". The first
transfiorm shall have a’saurce which is the same as the category of the field referenced by "USI NG' which shall not be
an aukiliary field. Thelast transform shall have aresult which isinteger.

22.8.2.6 The "USI)NG' encoding property, if present, shall be areferenceto afield that is present in the encoding ¢arlier
than the fieldbeing encoded. It is an application or an ECN specification error if, in an instance of encoding, the field
being| encaded is present but the field referenced by the "USI NG' encoding property is absent (through the exerdise of
optionality).

22.8.2.7 This specification is considered set if the "VALUE- PADDI NG' keyword is used. Actions if it is not set are
specified in al places where that syntax is permitted.

22.8.3 Encoder actions
22.8.3.1 Encoders shall not generate encodings if the conditions of 22.8.2 are not satisfied.

22.8.3.2 This specification is applied if and only if the encoding space or the repetition space encoding specification,
together with the value encoding specification, determine that there may be added padding bits around the value or
repetition encoding within the encoding or repetition space. Let the determined number of added padding bits in an
instance of encoding be "b" (where"b" is greater than or equal to 0).
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22.8.3.3 If "JUSTI FI ED" is "ri ght : n", then "b"-"n" bits shall be added as pre-padding before the value or repetition
encoding, and "n" bits shall be added as post-padding after it.

22.8.3.4 If "JUSTI FI ED" is "l eft: n", then "n" bits shall be added as pre-padding before the value or repetition
encoding, and "b"-"n" bits shall be added as post-padding after it.

22.8.3.5 The padding bits shall be set in accordance with the "PRE- PADDI NG' and "POST- PADDI NG' specifications,
with the leading hit of the pattern as the first inserted bit in each case.

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

22.8.3.7 If "DETERM NED BY" is "fi el d-t o- be-set", then the encoder shall apply the transforms specified by
"ENCODER- TRANSFORMB" (if any) to the value "b" to produce a value that shall be encoded in the "USI NG' reference.

NOTE — The encoding of the "USI NG' reference in this case appears earlier in the encoding than the encoding of 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 encodling of
thisfield.
22.8.3.8 If "DETERM NED BY" is "fi el d-t o- be- used" then the encoder shall check that the value in the "UBl NG'
refergnce when transformed by the "DECODER- TRANSFORMS" (if any) is equal to "b". It is an application error |f this
condifion is not met, and encoding shall not proceed.
2284 Decoder actions
22.8.4.1 If "DETERM NED BY" is"not - needed", then the decoder shall determine the valGe of "b" as determined py the
specification of value encoding and encoding space or repetition determination.
22.8.4.2 If "DETERM NED BY" is set to (or defaults to) "f i el d- t o- be- set ", thenthe decoder shall recover the|value
"b" by applying the reversal of the "ENCCDER- TRANSFORMS" (if any) to the valueof the "USI NG' reference.
22.8.4.3 If "DETERM NED BY" is "fi el d-t o- be- used" then the decoder-shall recover the value "b" by applying the
"DECODER- TRANSFORME" (if any) to the value of that field.
22.8.4.4 The decoder shall use the "JUSTI FI ED" and the value of,*b™ to determine the position of the value endoding
within the encoding space, and shall ignore the value of all padding bits.
22.9| ldentification handle specification
22.9.1 Encoding properties, syntax and purpose
22.9.1.1 Identification handle specification usesithe following encoding properties:
&exhi bi t ed- handl e Printabl eStri ng DEFAULT "defaul t - handl e,
&Handl e- posi ti ons | NTEGER (0..MAX) OPTI ONAL,
&handl e- val ue- sét Handl eVal ueSet DEFAULT t ag: any
22.9.1.2 The syntax to be used for identification handle specification shall be:
[ EXH Bl TS<HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[AS &handl e- val ue-set]]
22.9.1.3 The definition'ef the type used in identification handle specification is:
HandleV@l ueSet ::= CHO CE {
bits BIT STR NG
octets OCTET STRI NG
nunmber | NTEGER (0. . MAX),
tag ENUVERATED { any},
range SEQUENCE {

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

ranges SET (SIZE(1..MAX)) OF SEQUENCE ({
low | NTEGER(O..MAX),
high | NTEGER(O..MAX) }} -- (see 21.16)

22.9.1.4 The purpose of this specification is to declare that an encoding object exhibits an identification handle and to
specify its properties, which are;

84

a) the name of the handle;
b) the bit positions that form the handle; and
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c) the possible hit patterns (for the bit positions forming the handl€) occurring in the encodings produced
by this encoding object (the handle value set).

22.9.1.5 The list of positions in "AT" shall be the positions of the bits forming the identification handle in the final
encoding, after any pre-alignment has been applied, and after any encoder bit-reversal actions have occurred, except
those bit-reversals that result from the specification of an encoding object in the #0UTER class.

NOTE — This means that a decoder needs to perform any bit-reversals specified in #0UTER 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

UTRP=\ I dla fialdl
form (M LUTNUCPLUA TIAE TUNS Ty,

22.9.1.7 For a"nunber " value of "Handl eVal ueSet " or the encoding of atag number, the bit in the concepfual-handle
field [nearest to the zero position is the high-order bit, and the "nunber" or tag number that cspecifigs the
"Handl eVval ueSet " is right-justified within this field. If the "nunber " or tag number is too large for the field, thisis
an ECQN specification error.

22.9.1.8 If the "bitstring" or "octetstring" aternatives of "Handl eval ueSet " are used)-then their valueg shall
have the same number of bits as those specified for the identification handle by "AT". The bit,in the conceptual handle
field [nearest to the zero position is the leading bit of the "bitstring” or "oct€tstring” that specifigs the
"Handl eVal ueSet ".

22.9.1.9 The "Handl eVal ueSet " shall not be specified as"t ag: any" unless the Specification is for an encoding pbject
of thg #TAG class. In this case the value of the identification handle is determined by either the tag number in thg ECN
specification or by the tag number mapped from an ASN.1 tag (as specified in clause 19), and need not be specified
using|"Handl eval ueSet ". If, however, a value is specified by "Handl-eVal ueSet " and differs from that assigned in
an EQN specification of atag class or in an ASN.1 tag that maps to an\ECN tag, that is an ECN specification error.

229.2  Specification constraints

22.9.2.1 In any ECN specification, al identification handles-with the same name shall specify the same set jof bit
positipns.
NQTE — There is no general requirement that the handlevatue sets of different encoding objects defined in an ECN specification

bg al digoint, but disoint handle value sets are required when the identification handle is used to resolve optionality, altefnative
sejection, 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 exhibitsan’identification handle (with a given handle value set), the value pf the
identification handle occurring in each of ‘the possible encodings produced by that encoding object (for all pdssible
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-alighment
specification, or shall align to the 'same pre-alignment unit.

NOTE — This restriction isTmposed so that decoders can move to the alignment position before looking for the handle when the

22.9.2.4 This specifieation is considered set if the "EXH Bl TS- HANDLE" keyword is used. If it is not set then there is

22.9.4 Decodersactions

22.9.4.1 There are no decoders actions directly resulting from the exhibition of an identification handle. Decoder
actions only result from use of the identification handle to determine optionality, end of repetitions, or choice of
aternatives.

22.10 Concatenation specification

22.10.1 Encoding properties, syntax and purpose

22.10.1.1 Concatenation specification uses the following encoding properties:
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&concat enat i on- or der ENUVERATED {textual, tag, randomn}
DEFAULT textual,

&concat enat i on- al i gnment ENUVERATED { none, al i gned}
DEFAULT al i gned,

&concat enat i on- handl e PrintableString

DEFAULT "def aul t - handl e"

22.10.1.2 The syntax to be used for concatenation specification shall be:

[ CONCATENATI ON
[ ORDER &concat enati on-order]
[ ALI GNVENT &concat enat i on-al i gnrent ]
[ HANDLE &concat enati on- handl e]]

22.10
categ
be pr

22.10

22.10
encod
€ncod

22.10

22.10
result

N
co

22.10
numb

22.10

22.10
and d

22.10
itsen
N
(t

22.10

22.10
shall

22.10
firs).

22.10
22.10

pvided between components.

2 Specification constraints

ing objects applied to all components shall exhibit that identification handle. The handle value sets of
ing objects shall all be digoint.

12.21f "ALI GNMVENT" is"al i gned", then the pre-alignment specification assumes the default value unless set

ng from the setting of "ALI GNVENT" in the encoding class of the concatenation category.

mponent.

.2.41f "ORDER" is "t ag", then every component shall start withvan encoding class in the tag category. T
er associated with this classis called the component-tag.

.2.5 The component-tags of each alternative shall be distinct.

pcoders act asif it was set with each encoding property taking its default value.

2.7 If (through the exercise of optionality).there is at least one abstract value of a concatenation that has no
Coding, then the concatenation shall have fio'pre-alignment.

rough the exercise of optionality) nobitsin their encodings.

3 Encoder actions

13.11f "ORDER" is "t extrual-", the textual order in the ASN.1 type specification or the ECN structure defi
De used.

.3.31f "ORDER'is "r andont', then the encoder shall determine the order of concatenation without constraint.

3.4 IfUALI GNVENT" is"none", the encoder shall juxtapose the encodings of components with no inserted bi

22.10

3:5)If "ALI GNMVENT" is"al i gned", then the encoder shall apply the pre-alignment specification of the class

11.3 This specification determines the order in which the components of an encoding class in the concatenation
Dry are encoded, the means an encoder uses to identify each component, and any pre-alignment padding that is to

.2.11f "ORDER" is "r andont', then "HANDLE" assumes the default value of "def aul t - handle" if not set, apd the

those

.2.3If a component has its own explicit pre-alignment, this is applied after any pre-alignment of the component

DTE — The equivalent function is not provided for repetitions, as it can be achiéved more ssimply by pre-alignment of thesingle

he tag

.2.6 This specification is considered set if the "CONCATENATI ON' keyword is used. If it is not set then engoders

hitsin

DTE — This subclause will apply if a concatehation has no mandatory components, or if all its mandatory components cah have

hition

13.21f "ORDER" is™t-ag", then the order shall be that of the tag numbers in the component-tags (lowest tag ngimber

S.

in the

concatenation category before encoding each component, except that a pre-alignment specification of "ALI GNED TO
ANY" shall be interpreted as a specification of "ALI GNED TO NEXT" (see 22.2).

NOTE 1 - Thisis because there can only be asingle start pointer for "ALI GNED TO ANY".
NOTE 2 — Any pre-alignment specified for acomponent (including "ALI GNED TO ANY") is applied after the above actions.

22.10

.4 Decoder actions

22.10.4.1When decoding a component, a decoder shall first perform the decoder actions associated with the pre-
alignment specification for "ALI GNMENT" if it is set to "al i gned”, treating "ALI GNED TO ANY" as "ALI GNED TO
NEXT" (see 22.2). If "ALI GNMVENT" is set to "none", then the decoder shall proceed directly to decoding the component.

22.10.4.2 The decoder shall determine the order of the components from the defined order for the encoder if "ORDER" is

"t ext

86

ual " or "t ag".

ITU-T Rec. X.692 (11/2008)


https://standardsiso.com/api/?name=384bd4252076e2b6c3428e8dd9201601

| SO/IEC 8825-3:2008 (E)

22.10.4.31f "ORDER' is "r andon', the decoder shall determine the order of the components by examining the value of
the identification handle.

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

identi

fication 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

2211

2211

2211

2211
IIE’\O

22.11
accor

22.11

22.11]

22.11
objec]
encoq

22.11

applig
presey
to the

22.11]
22.11

specit
22.17

22.12
22.12

.1 Encoding properties, syntax and purpose

1.1 The contained type encoding specification uses the following encoding properties:
&Pri mar y- encodi ng- obj ect - set #ENCCODI NGS OPTI ONAL,
&Secondar y- encodi ng- obj ect - set #ENCODI NGS OPTI ONAL,
&over - ri de- encoded- by BOOLEAN DEFAULT FALSE

1.2 The syntax to be used for contained type encoding specification shall be:

[ CONTENTS- ENCODI NG &Pri mar y- encodi ng- obj ect - set
[ COWPLETED BY &Secondar y- encodi ng- obj ect’>s€t ]
[ OVERRI DE &over-ri de- encoded- by] ]

1.3 The purpose of this specification is to determine the encoding of a contained type, and whether an A
DDED BY" contents constraint associated with that contained type shall be overridden.

1.4 This specification provides either one or two encoding object sets. If two are provided, they are con
Hing to clause 13.2 to produce a combined encoding object set.

1.5 This specification is considered set if the "CONTENTS- ENCCDINNG' keyword is used.

2 Encoder actions

12.11f "CONTENTS- ENCCODI NG' is not set, then a contained type shall be encoded using the combined eng

ing rules specified by the "ENCODED BY" statement.

2.2 |f "CONTENTS- ENCODI NG' is set, the ‘combined encoding object set formed from "COVPLETED BY" sh
bd to the contained type if "ENCODED BY':is not present in the ASN.1 contents constraint, or if "ENCCDED
nt and "OVERRI DE" is TRUE. Otherwise'the combined encoding set applied to the containing type shall be g
contained type.

3 Decoder actions

3.1A decoder shall decodé the contained type in accordance with the encoding applied by the encod
ied above.

 Bit rever salspecification

1 Encoding properties, syntax, and purpose

1.1Bitreversal specification uses the following encoding property:

SN.1

bined

oding

set applied to the container if "ENCODED BY" is notjpresent in the ASN.1 contents constraint, otherwise with the

al be
BY" is
bplied

er, as

22.12

22.12

(%'A. 1 [ [ — i
LY rocver odal NCVTT odl opTullTruatT Ul

DEFAULT no-rever sal
.1.2 The syntax to be used for bit reversal specification shall be:

[ Bl T- REVERSAL &bit-reversal]

.1.3The definition of types used in thisgroup is:

Rever sal Speci fication ::= ENUVERATED
{no-reversal,
reverse-bits-in-units,
reverse-half-units,
reverse-bits-in-half-units} -- (see 21.14)
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22.12.1.4 The purpose of this specification is to enable the order of bits in the final encoding to be different from those
bits generated as part of an encoding-space or repetition-space, or in the complete encoding of a PDU (see clause 25).

NOTE 1 - Bit reversal can be specified for individua bit-field encodings and also for the results of concatenation or repetition.
Care should be taken to ensure that one reversal does not negate the other.

NOTE 2 — Bit reversal applies to the contents of an encoding space or repetition space (including any value pre-padding or
post-padding), but does not apply to any pre-alignment padding.

22.12.2 Specification constraints

22.12.2.1 This specification is only available when an encoding space or repetition space encoding is required, and
within #0UTER.

22.12.2.2"BI T- REVERSAL" shal not be "reverse-hal f-units" or "reverse-bits-in-half-units" unless
VUL , i i titi = al- (This

22.122.3"Bl T- REVERSAL" shall not be set unless "MULTI PLE- OF" is"repet i ti ons" or is greater than ane bit.

22.122.4 This specification is considered set if the "Bl T- REVERSAL" keyword is used. If it is not sef then encodefs and
decoders act asif it was set with the encoding property taking its default value.

22.123 Encoder actions

22.123.1 Except when performing #OUTER actions, an encoder shall divide the contents of the encoding space or
repetitions space into "MULTI PLE OF" units unless "MULTI PLE OF" is "repetiti‘ons". If "MULTI PLE QF" 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 "PADDI NG' has been applied) shall be divided into "MULTI PLE OF" units. It is
an EQN specification error if the entire encoding is not an integral multiple of,"MJULTI PLE OF" units.

22.123.2 The encoder shall do no reversal (the default value), or shall reverse the bits in each unit, or shall reverge the
half-ynits (without changing the order of bits in each half-unit) of\shall reverse the bits within each half-unit, as
specified by the value of "Bl T- REVERSAL".

22.1214 Decoder actions

22.124.1 The decoder shall first determine (see encoding space and repetition space specification) the end ¢f the

encoding space or repetition space or (for bit-reversal -specification within #0UTER) the end of the entire encoding, and

shall then perform the reversal actions specified for. the encoder before continuing with decoding.
NQTE — Performing the same reversals will recover-the original bit-order.

23 Defined syntax specification for bit-field and constructor classes

This ¢lause provides the full syntax for defining encoding objects of each encoding class in the different categorie

NOTE — Encoder and decoder actions are specified in the following clauses as conditional on an encoding property groug being
se1. A group is set if and onlyyif'the initial keyword of the group is present in the specification of the encoding object.

U7

23.1| Defining encoding objectsfor classesin the alter natives category

23.1.1 Thedefined syntax

The gyntax for defining encoding objects for classes in the aternatives category is defined as:

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

-- Pre-alignnent and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space-pre-pattern Non- Nul | -Pattern (ALL EXCEPT different:any)
DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTI ONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
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&St art - poi nter-encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Alternative determ nation (see 22.6)

&al ternati ve-determ nation Al ternativeDeterm nation
DEFAULT fi el d-to-be-set,
&al ternative-reference REFERENCE OPTI ONAL,
&Encoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
&Decoder -t ransf orns #TRANSFORM ORDERED OPTI ONAL,
&handl e-id PrintableString
DEFAULT "def aul t - handl e",
&al ternative-ordering ENUVERATED {t extual, tag}

DEFAULT t extual ,

-- ldentification handl e specification (see 22.9)

W TH &#Repl acenent - structure
[ ENCCDED BY é&repl acenent - struct ur e- encodi ng- ohj. e&?] ]
[ ALI GNED TO
[ NEXT]
[ ANY]
&encodi ng- space-pre-alignnent-unit
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space- pre; p@dtern]]]
[ START- PO NTER &start-pointer

[ MULTI PLE OF &start-pointer-unit)}
[ ENCODER- TRANSFORVS &St art - poi n{ €X- encoder -t ransf or ns] |
ALTERNATI VE

[ DETERM NED BY &al ternati ve-det eNY nati on
[ HANDLE &handl e-id]]
[ USI NG &al ternative-referencé
[ ORDER &al ternati ve-gRderi ng]
[ ENCODER- TRANSFORY®Z&ENncoder -t r ansf or ns]
[ DECODER- TRANSFORMS &Decoder -t ransf or ns] |
[ EXH BI TS HANDLE &exhi bi t edhandl e AT &Handl e- posi tions
[ AS &handl e- val ue-det | ]

}

23.1.2 Purposeand restrictions

Sextbrted=tandte PrtatteSt g DEFASET—defautt—=tardt=|
&Handl e- posi ti ons | NTEGER (0..MAX) OPTI ONAL,
&handl e- val ue- set Handl eVal ueSet DEFAULT t ag: any
} WTH SYNTAX {
[ REPLACE
[ STRUCTURE]

23.1.2.1 This syntax is used to define’the start of the encoding space for an encoding class in the alternatives catggory,

ified identification handle’/(with a given handle value set).

replacement (Structure exhibits a handle (with a given handle value set), the encoding object being d
ts the same identification handle (with the same handle value set — see 22.1.1.11).

is set jandthe encoding object of the replacement structure exhibits an identification handle (see 22.1.1.11).

ermination of the alternativethat has been encoded, and an optional declaration that the encoding object eXhibits

bbj ect
f i ned

is set
[URE"

23.1.2.4 If "BEXH BI TS HANDLE" is set, then the encoding object exhibits the specified identification handle.

23.1.3 Encoder actions

23.1.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause

22, in the following order and in accordance with the encoding object definition:
a) Replacement.
b) Pre-alignment and padding.
c) Start pointer.
d) Alternative determination.
e) ldentification handle.
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23.1.4 Decoder actions

23.1.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:

a) Pre-aignment and padding.
b) Start pointer.
c) Alternative determination.

23.2 Defining encoding objectsfor classesin the bitstring category
2321 Thedefined syntax

The gyntax for defining encoding objects for classes in the bitstring category is defined as:
#BI TS :: = ENCODI NG CLASS {

-- Pre-alignment and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignnent-unit Unit (ALL EXCEPT repetitions){HEFAULT b

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,

&encodi ng- space- pre-pattern Non- Nul | - Pattern (ALL EX@ERY different: pny)
DEFAULT bits:'0'B,

—

-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTI ONAK,

&start-pointer-unit Unit (ALL EXCEPUepetitions) DEFAULT b
&St art - poi nter-encoder-transforns #TRANSFORM ORRERED OPTI ONAL,

—

-- Bits val ue encoding

&val ue-reversal BOOLEAN"DEFAULT FALSE,

&Tr ansf orns #TRANSEFORM ORDERED OPTI ONAL,

&Bi ts-repetition-encodings #CONDITI ONAL- REPETI TI ON ORDERED OPTI ONAL,
&bits-repetition-encoding #CONDI TI ONAL- REPETI TI ON OPTI ONAL,

-- ldentification handl e specification (see 22.9)

&exhi bi t ed- handl e Printabl eStri ng DEFAULT "def aul t - handl ef,
&Handl e- posi tions | NTEGER (0..MAX) OPTI ONAL,

&handl| e- val ue- set Handl eVal ueSet DEFAULT tag: any,

-- Contained type encodirng specification (see 22.11)

&Pr i mary- encodi ng- ohj&gt- set #ENCODI NGS OPTI ONAL,

&Secondar y- encodi ng-'e8j ect - set #ENCODI NGS OPTI ONAL,

&over - ri de- encodeg- by BOOLEAN DEFAULT FALSE

} WTH SYNTAX {

[ ALI GNEBAO
CNEXT]
[ ANY]
&encodi ng- space-pre-al i gnnent-unit
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER &start - pointer

[ MULTI PLE OF &start-pointer-unit]
[ ENCODER- TRANSFORVS &St art - poi nt er - encoder -t ransf or ns] |
—['WZUE-_REV‘ERSAL &vatve-Treversat ]
[ TRANSFORVS &Tr ansf or ns]
[ REPETI TI ON- ENCODI NGS &Bits-repetition-encodi ngs]
[ REPETI TI ON- ENCODI NG &bi ts-repetition-encodi ng]

[ EXHI BI TS HANDLE &exhi bit ed- handl e AT &Handl e-positions
[ AS &handl e-val ue-set]]
[ CONTENTS- ENCODI NG &Pri mar y- encodi ng- obj ect - set
[ COWLETED BY &Secondary- encodi ng- obj ect - set ]
[ OVERRI DE &over -ri de-encoded- by] ]

}

2322 Mode for the encoding of classesin the bitstring category
23.2.2.1 The model of bits encodingsis:
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a) Theorder of bitsin the hitstring can be reversed.
b) The bits are then considered as a repetition of bit.

c) Thereis an optional transform (specified by "TRANSFORMS") in which each bit is transformed into a
(self-delimiting) bitstring.

d) Either "REPETI TI ON- ENCODI NG' or "REPETI TI ON ENCODI NGS" specify how the repetition of the
sequences of bits (or of the original bits, if "TRANSFORVB" is not set) are to be encoded.

NOTE — The sole purpose of alowing "REPETI TI ON- ENCODI NG' as well as "REPETI TI ON- ENCCODI NGS' is to

provide a syntax that does not contain a double curly-bracket (“{{") in the common case of a single conditional

encoding. Use of "REPETI TI ON- ENCODI NGS" when there is a single conditional encoding is deprecated but is
allowed.

23.2.2.2 Bounds (if present) on the class being encoded (a class in the bitstring category) are bounds on the number of
bitsin the bitstring forming each abstract value.

23.2.2.3 When considered as a repetition of a hit, these bounds shall be interpreted as bounds on the fiumiper of
repetitions, and can be used in the specification of the encoding objects of class #CONDI TI ONAL- REPETI T¥ON that are
used in the specification of this encoding object.

23.2.3

23.2.3.1 This syntax is used to define the start of the encoding space for a class in the bitstring category, the endoding
of the abstract values of that class, an optional declaration that the encoding object exhibits a specified identifitation
handle (with a given handle value set), and a specification of how to encode a containeditype.

23.2.
is"
23.2.
of th

Purpose and restrictions

.2 The #CONDI TI ONAL- REPETI TI ON that is applied by this encoding object'shall not specify "REPLACE" unjess it
PLACE STRUCTURE".

.3 If any of the #CONDI TI ONAL- REPETI Tl ON encoding objects contaiira"REPLACE STRUCTURE" clause, then all
#CONDI TI ONAL- REPETI TI ON encoding objects shall contain a""REPLACE STRUCTURE" clause.

A4 If there is a "REPLACE STRUCTURE" clause in the #CONDLTI ONAL- REPETI TI ON encoding objects, then no
other jparameters shall be set. If the encoding object of the replacement structure exhibits a handle (with a given handle
set), the encoding object being defined exhibits the same identification handle (with the same handle valug set —

.5 The first transform in "TRANSFORMS" (if any)ishall have a source that is a single bit and the last transform
ave aresult that is bitstring. The bitstrings‘praduced for a one-bit and for a zero-bit shall form a self-delimiting

OTE — This means that the final transformyis required to be self-delimiting.

23.2.8.6 It is an ECN specification or gpplication error if any transform in the "TRANSFORVB" is not reversible fpr the
abstract value to which it is applied,

23.2.

23.2.3.8 If an encoding ohjéet in the "REPETI TI ON- ENCODI NGS" ordered list is defined using "I F* or "I F- ALL"}, then
all preéceding encoding objectsin that list shall be defined using "I F* or "I F- ALL".

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

.9 If "DETERM_NED BY" is "not-needed" in one or more of the "REPETI TI ON- ENCODI NX(S)" specificationg, then
the alpstract values\of the original bitstring to which that encoding object is applied shall be constrained to a finitg self-

OTE_—\This would be the case if the hitstring values resulted from a Huffman-style encoding (see Annex E) specifjed by
mépping.integer values to bits (see 19.7), or if the bitstring values had an ECN-visible bound restricting them to a fixed umber

23.2.3.101f "EXH BI TS HANDLE" is set, then the encoding object exhibits the specified identification handle.

NOTE — This will in general require restrictions on the abstract values of the associated type or the addition of redundant bits in
the transform into bits, or both.

2323.111f "EXHBITS HANDLE' is set, then "ALIGNED TO' shall not be set in any of the
"REPETI TI ON- ENCODI NG(S)" specifications.

23.2.4 Encoder actions

23.2.4.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:
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a) Pre-alignment and padding.

b) Start pointer.

c) Bitsvaueencoding (see 23.2.4.2).

d) Identification handle.

e) Contained type encoding.

23.2.4.2 For bits value encoding, the encoder shall:

a) Reversetheorder of bitsin the entire bitstring abstract value if "VALUE- REVERSAL" is set to TRUE;
b) Treat the bitstring value as arepetition of abit;

c) Apply the specified "TRANSFORMS" (if any) to each bit to produce a repetition of bits;

23.2.4

23.2.1

23.2.1
22,in

23.2.1
space

23.2.1

deter

d) Encode the repetition by applying the first "REPETI TI ON- ENCODI NAS)" whose condition is satisfigd.
1.3 It isan ECN specification error if thereis no "REPETI TI ON- ENCODI NG(S)" whose condition is satisfied.

b Decoder actions

a) Pre-alignment and padding.

b) Start pointer.

c) Bitsvaluedecoding (see 23.2.5.2).
d) Contained type decoding.

b.1 For any encoding property group that is set, the decoder shall perform the decoder actions/specified in ¢lause
the following order and in accordance with the encoding object definition:

b.2 For bits value decoding, the decoder shall use the "REPETI TI GNFENCODI NG(S) " to determine the repgtition
and to recover the original bit order using the "Bl T- REVERSAL" specification.

b.3 If "TRANSFORMS" is set, then the decoder shall use the sélf-delimiting property of the encoding of each|bit to
ine the end of each repetition, and shall reverse the transfarms to recover the original bitstring value.

23.2.5.4 If "VALUE- REVERSAL" is set to TRUE, then the final order of the bits in the bitstring abstract value shall be

rever

233

233.1

The s

Defining encoding objects for classes inthe boolean category

The defined syntax

yntax for defining encoding objects for classes in the boolean category is defined as:
#BOOL :

: = ENCODI NG.CLASS {
-- Structure-only repl acement specification (see 22.1)
&#Repl adenpent - structure OPTI ONAL,
&r epl dGement - st ruct ur e- encodi ng- obj ect  &#Repl acenent -structure OPTI ONAL,

--\Pre-alignnent and paddi ng specification (see 22.2)

&eMcodi ng- space-pre-alignnent-unit Unit (ALL EXCEPT repetitions) DEFAULT b

gencodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space-pre-pattern Non- Nul | -Pattern (ALL EXCEPT different: pny)
DEFAULT bits:' 0" B,

—

92

——Start—porTter Speci {1 CatT oI (SEE 22-3)
&start - pointer REFERENCE OPTI ONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&St art - poi nter-encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Encodi ng space specification (see 22.4)

&encodi ng- space- si ze Encodi ngSpaceSi ze
DEFAULT sel f-delim ting-val ues,

&encodi ng- space- uni t Unit (ALL EXCEPT repetitions)
DEFAULT bi t,

&encodi ng- space- det er mi nati on Encodi ngSpaceDet er mi nati on
DEFAULT fi el d-to-be-set,

&encodi ng- space-ref erence REFERENCE OPTI ONAL,

&Encoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
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&Decoder -t r ansf or ns #TRANSFORM ORDERED COPTI ONAL,
-- Bool ean val ue encodi ng
&val ue-true-pattern Pattern DEFAULT bits:'1'B,
&val ue-fal se-pattern Pattern DEFAULT bits:'0'B,
-- Val ue padding and justification (see 22.8)
&val ue-justification Justification DEFAULT right:O,
&val ue- pre- paddi ng Paddi ng DEFAULT zer o,
&val ue-pre-pattern Non- Nul | - Patt ern DEFAULT bits:'0'B,
&val ue- post - paddi ng Paddi ng DEFAULT zer o,
&val ue- post-pattern Non- Nul | - Patt ern DEFAULT bits:'0' B,
&unused- bi ts-determ nation UnusedBi t sDet er m nati on
DEFAULT fi el d-to-be-set,
Somused=brts=Teference REFERENCE—CPTHONAL
&Unused- bi t s- encoder -tr ansf or ns #TRANSFORM ORDERED OPTI ONAL, Q)
&Unused- bi t s- decoder -t ransf or ns #TRANSFORM ORDERED COPTI ONAL, QQ
-- ldentification handl e specification (see 22.9) q/
&exhi bi t ed- handl e Printabl eString DEFAULT "def @'t - handl e,
&Handl e- posi ti ons I NTEGER (0.. M) CPTIONAL, ;€]
&handl e- val ue- set Handl eVal ueSet DEFAULT t %ny,
-- Bit reversal specification (see 22.12) QS.)
&bit-reversal Rever sal Speci ficat] Q\
DEFAULT no-rever%
} WTH SYNTAX { ;\\

[ REPLACE

[ STRUCTURE] &

W TH &#Repl acenent - structure

[ ENCCDED BY &repl acenent -str l\CQJY e- encodi ng- obj ect]]

[ ALl GNED TO 0\

[ NEXT] h\

[ ANY]

%
&encodi ng- space- pre- al ?&m&nt -unit
[ PADDI NG &encodi ng- s@ce- pr e- paddi ng
[ PATTERN &eg\edi ng- space-pre-pattern]]]
[ START- PO NTER  &start - poi nter
[ MULTI PLE OF &sdoX - poi nt er - uni t]
[ ENCODER- TRANSF &St art - poi nt er - encoder -t r ansf or ns] |
ENCODI NG- SPACE WO
[ SI ZE &encodi nﬁ-}pace- si ze
[ MULTLPLE OF &encodi ng-space-unit]]
[ DETERM N Y &encodi ng- space- det erm nati on]
[ USI NG 8@ di ng- space-ref erence
R- TRANSFORMS &Encoder -t ransf or ns]
DECODER- TRANSFORMB &Decoder -t r ansf or ns] |
[ TRUE- P, &val ue-true-pattern]
[ FALSE: TERN &val ue-fal se-pattern]

[VAL@- ADDI NG
Q~ [ JUSTI FI ED &val ue-j ustification]
v [ PRE- PADDI NG &val ue- pr e- paddi ng
Q [ PATTERN &val ue-pre-pattern]]
é [ POST- PADDI NG &val ue- post - paddi ng
&?‘ [ PATTERN &val ue- post-pattern]]

% [ UNUSED BI TS

Q &l dai 3 ok |
[ DTNV INCD - DT oo oS OOt 5™ OCT e T et 1 Ott]

[ USI NG &unused-bits-reference
[ ENCODER- TRANSFORVS &Unused- bi t s- encoder - t r ansf or ns]
[ DECODER- TRANSFORVS &Unused- bi t s- decoder -transforns]]]]
[ EXH BI TS HANDLE &exhi bit ed- handl e AT &Handl e- positions
[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]

}

23.3.2 Purposeand restrictions

23.3.2.1 This syntax is used to define the start of the encoding space for a class in the boolean category, the encoding
of the abstract values of that class, their positioning within the encoding space, an optional declaration that the

ITU-T Rec. X.692 (11/2008) 93


https://standardsiso.com/api/?name=384bd4252076e2b6c3428e8dd9201601

| SO/IEC 8825-3:2008 (E)

encoding object exhibits a specified identification handle (with a given handle value set), and possible bit-reversal of
the encoding space for the boolean.

23.3.2.2 If "REPLACE" is set, then no other encoding property groups shall be set.

23.3.2.3 At most one of "TRUE- PATTERN" and "FALSE- PATTERN' shall be set to "di f f er ent : any".

23.3.2.4 If the dternative "any- of - | engt h" is selected for either pattern (or both), then the length in bits of the two
patterns shall be different.

23.3.2.5 If "ENCODI NG SPACE SI ZE" is "sel f-del i m ti ng", then "TRUE- PATTERN' and "FALSE- PATTERN" shall
form a self-delimiting set (see 3.2.42).

23.3.2.6 "UNUSED BI TS DETERM NED BY" shall not be "not - needed" unless:

) BOth paterns are integral Muttipies of "ENCODN NG SPACE MOLTT PLE OF - UNITS and "ENCODT NG $PACE
Sl ZE" is"vari abl e-wi t h- det er m nant"; or

b) Both patterns are the same length; or
c) "JUSTIFIED'is"l eft" and the patterns form a self-delimiting set; or
d) "JUSTIFIED"is"ri ght" and the reverse of the patterns form a self-delimiting set(see 3.2.42).

23.3.2.7 If there are any unused bits in the encoding space, then "VALUE- PADDI NG' shall beset.

23.3.3 Encoder actions

23.3.8.1 For any encoding property group that is set, the encoder shall perform thé-encoder actions specified in ¢lause
22, inthe following order and in accordance with the encoding object definition:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space (see 23.3.3.2).
€) Vaueencoding (see 23.3.3.3).
f)  Value padding and justification.
g) Identification handle.

h) Bitreversa.

23.3.8.2 If "ENCODI NG SPACE Sl ZE" is not; set to a positive value, then the encoding space size s’ is the smallest
number of "MULTI PLE OF" units (subject t0 23.3.3.3) that can accommodate the pattern of the value that is|to be
encoded.

23.3.8.3 An encoder (as an encoder's option) may increase the encoding space size "'s" (as determined in 23.3.3.2) in
"MULTI PLE OF" units (subject-to any restrictions that the range of values of any "field-to-be-set" or
"fielld-to- be- used" imposes) if the "ENCODI NG SPACE Sl ZE" is set to "encoder - opt i on- wi t h- det er mi napt ".

23.3.8.4 The number of\unused bits can be determined from the value "s' and from the pattern of the value|to be
encoded.

23.3.8.5 If theaumber of unused bits is non-zero, then "VALUE- PADDI NG' shall be applied.

23.3.4 _DecCoder actions

23.3.4.1-For any encoding property group that is set. the decoder shall perform the decoder actions specified in ¢lause
22, in the following order and in accordance with the encoding object definition:

a) Pre-alignment and padding.
b) Start pointer.
c) Encoding space.
d) Bitreversal.
€) Value padding and justification.
f)  Vauedecoding (see 23.3.4.2).
23.3.4.2 Vaue decoding shall be performed by identifying the "TRUE- PATTERN' or the "FALSE- PATTERN' by:
a) Using an"UNUSED BI TS" determination, if any; or
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b) Using the self-delimiting property of the patterns or their reversals.

23.4 Defining encoding objectsfor classesin the characterstring category

23.4.1 Thedefined syntax

The syntax for defining encoding objects for classes in the characterstring category is defined as:
#CHARS :: = ENCCODI NG CLASS {

-- Pre-alignnent and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,

&encodi ng- space-pre-pattern Non-Nul | -Pattern (ALL EXCEPT different:any)
DEFAULT bits:'O0'B,

-- Start pointer specification (see 22.3)

&start-pointer REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions), DEFAULT b
&St art - poi nter-encoder-transfornms #TRANSFORM ORDERED OPTI ONAL

—

-- Chars val ue encoding

&val ue-reversal BOOLEAN DEFAULT FALSE,
&Tr ansf or s #TRANSFORM ORDERED CGPTI/ONAL,
&Char s-repetition-encodi ngs #CONDI TI ONAL- REPEA-TI ON ORDERED OPTI ONAL,
&chars-repetition-encodi ng #CONDI TI ONAL- RERETHTI ON OPTI ONAL,
-- ldentification handl e specification (see 22.9)
&exhi bi t ed- handl e Print abl eS{pi ng DEFAULT "def aul t - handl e[,
&Handl e- posi ti ons | NTEGER _£0).*MAX) OPTI ONAL,
&handl e- val ue- set Handl eVed UeSet DEFAULT tag: any
} WTH SYNTAX {
[ ALI GNED TO
[ NEXT]
[ ANY]

&encodi ng- space- pr.e~ati gnnent - uni t
[ PADDI NG &encodi ng\Space- pr e- paddi ng
[ PATTERN, &ncodi ng- space-pre-pattern]]]
[ START- PO NTER  &start - pownter

[ MULTI PLE OF &STart-pointer-unit]

[ ENCODER- TRANSFORVS &St art - poi nt er - encoder - t ransf or ns] |
[ VALUE- REVERSAL &val ue-reversal ]
[ TRANSFORVS &Tr ansf or s

[ REPETI TI ON- ENGOBFNGS  &Char s-repeti ti on-encodi ngs]

[ REPETI TI ON- ENG@DI NG &chars-repetition-encodi ng]

[ EXH BI TS HANBLE &exhi bi t ed- handl e AT &Handl e- positions
[ As \&hrandl e- val ue-set]]

}

2342 Mode for\the encoding of classesin the characterstring category

23.4.2.1 The miadel of characterstring encodingsis:

a)\~The order of charactersin the character string can be reversed.

b) The charsare considered as arepetition of achar.

¢) Thereis atransform (specified by "TRANSFORMS") in which each character is transformed into a self-
delimiting bitstring.

d) Either "REPETI TI ON- ENCCDI NG' or "REPETI TI ON- ENCODI NGS" specify how the repetition of bitstring
isto be encoded.

NOTE — The sole purpose of alowing "REPETI TI ON- ENCODI NG' as well as "REPETI TI ON- ENCODI NGS" is to provide a
syntax that does not contain a double curly-bracket ("{{") in the common case of a single conditional encoding. Use of
"REPETI TI ON- ENCODI NGS" when there isa single conditional encoding is deprecated but is allowed.

23.4.2.2 Bounds (if present) on the class being encoded (a class in the characterstring category) are bounds on the
number of charsin the character string forming each abstract value.
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23.4.2.3 When considered as a repetition of chars, these bounds shall be interpreted as bounds on the number of
repetitions, and can be used in the specification of the encoding objects of class #CONDI TI ONAL- REPETI Tl ON that are
used in the specification of this encoding object.

23.4.3 Purposeand restrictions

23.4.3.1 This syntax is used to define the start of the encoding space for a class in the characterstring category, the
encoding of the abstract values associated with that class, an optional declaration that the encoding object exhibits a
specified identification handle (with a given handle value set).

23.4.3.2 The #CONDI Tl ONAL- REPETI Tl ONthat is applied by this encoding object shall not specify "REPLACE" unless it
iS"REPLACE STRUCTURE".

23.4.3.3 If any of the #CONDI TI ONAL- REPETI TI ON encoding objects contain a "REPLACE STRUCTURE" clause, then all
of thg #CONDI TI ONAL- REPETI TI ON encoding objects shall contain a"REPLACE STRUCTURE" clause.

23.4.8.4 If there is no "REPLACE STRUCTURE" clause in the #CONDI TI ONAL- REPETI TI ON encoding,dbjects| then
"TRAINSFORVB" shall be set. If thereis a"REPLACE STRUCTURE" clause in the #CONDI TI ONAL- REPETH T1/ON endoding
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
samefhandle value set — see 22.1.1.11).

23.4.8.5 The first transform of "TRANSFORVE" shall have a source that is a single character‘and the last transform shall
have fa result that is bitstring. The bitstrings produced for the set of all characters to be encoded shall form @ self-
delimjting set (see 3.2.42).

NQTE — This means that the final transform is required to be self-delimiting.

23.4.8.6 It is an ECN specification or application error if any transform in the*“*TRANSFORVE" is not reversible fpr the
abstract value to which it is applied.

23.4.8.7 Exactly one of "REPETI TI ON- ENCODI NG' and "REPETI T1 O ENCODI NGS" shall be set.

23.4.3.8 If an encoding object in the "REPETI TI ON- ENCODI NGS'' ordered list is defined using "I F* or "I F- ALL"}, then
all preéceding encoding objectsin that list shall be defined using™F" or "I F- ALL".

23.4.3.9 If "EXHI BI TS HANDLE" is set, then the encoding ebject exhibits the specified identification handle.

NOTE — This will in general require restrictions on the abstract values of the associated type, or the inclusion of redundgnt bits
infthe encoding of each character, or both.

23.4.8.10l1f "EXH BITS HANDLE' is set,\~then "ALIGNED TO' shall not be set in any of the
"REPETI TI ON- ENOODI NG(S)" specifications:

23.44 Encoder actions

23.4.4.1 For any encoding property.group that is set, the encoder shall perform the encoder actions specified in ¢lause
22, inthe following order and in accordance with the encoding object definition:

a) Pre-alignment-and padding.

b) Start pointer.

¢) CharSyalue encoding (see 23.4.4.3).
d) [Repetition encoding as specified by the first "REPETI TI ON- ENCODI NG(S)" whose condition is satisfi
el dentification handle specification.

23.4.4.2-4 isan ECN specification error if thereis no "REPETI TI ON- ENCODI NG(S)" whose condition is satisfied.

g

23.4.4.3 For characterstring value encoding, the encoder shall:

a) Reverse the order of characters in the entire character string abstract value if "VALUE- REVERSAL" is set
to TRUE;

b) Treat the characterstring value of chars as arepetition 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 "REPETI TI ON- ENCCDI N&X(S)".

23.45 Decoder actions

23.4.5.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:
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a) Pre-alignment and padding.

b) Start pointer.

¢) Repetition decoding as specified by the first "REPETI TI ON- ENCCDI NG(S)" whose condition is satisfied.
d) Characterstring value decoding (see 23.4.5.2).

23.4.5.2 For characterstring value decoding, the decoder shall use the "REPETI TI ON- ENCODI NG(S)" to determine the
repetition space and to recover the original characters. If "TRANSFORMB" is set, then the decoder shall use the self-
delimiting (which includes a possible fixed length) property of the encoding of each character to determine the end of
each repetition, and shall reverse the transforms to recover a characterstring value.

23.4.5.3 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 objectsfor classesin the concatenation category q/QQQ)

235.]1 Thedefined syntax Ny
4
The gyntax for defining encoding objects for classes in the concatenation category is defined as: Qgﬁg

#CONCATENATI ON : : = ENCODI NG CLASS { C)‘b

-- Full replacenent specification (see 22.1) \<(/

&#Repl acenment - struct ure ()\ OPTI ONAL,
&#Repl acenent - st ruct ur e2 OPTI ONAL,
&r epl acemnent - st ruct ur e- encodi ng- obj ect  &#Repl acgﬂh? -structure OPTI ONAL,
&r epl acenent - st ruct ur e- encodi ng- obj ect 2 &#Repl agy nt-structure2 OPTI ONAL,
&ttHead- end- struct ure OPTI ONAL,
8#Head- end- st ruct ur e2 Q OPTI ONAL,

-- Pre-alignnent and paddi ng specificat ‘Qn (see 22.2)
&encodi ng- space- pre-al i gnment -uni t Uni i\ ALL EXCEPT repetitions) DEFAULT bft,
&encodi ng- space- pr e- paddi ng Pa@di ng DEFAULT zer o,
&encodi ng- space- pre-pattern s@n Nul | -Pattern (ALL EXCEPT different: pny)

$ DEFAULT bits:'0'B,

-- Start pointer specificati sh\(see 22.3)

&start - pointer \O REFERENCE CPTI ONAL,

&start-pointer-unit \js‘ Unit (ALL EXCEPT repetitions) DEFAULT b
&St art - poi nt er - encode ‘—\0 ansforns #TRANSFORM ORDERED OPTI ONAL,

—

-- Encodi ng space sgggi fication (see 22.4)

&encodi ng- space@ze Encodi ngSpaceSi ze
DEFAULT sel f-delimting-val ues,

&encodi ng- sp@cg- uni t Unit (ALL EXCEPT repetitions)

. DEFAULT bit,
&encodi r‘%gzace— determ nation Encodi ngSpaceDet er m nat i on
N\ DEFAULT fi el d-t o- be- set,

&en g- space-ref erence REFERENCE OPTI ONAL,

& er-transforns #TRANSFORM ORDERED OPTI ONAL,

:@e oder -transforns #TRANSFORM ORDERED OPTI ONAL,

-- Concatenation specification (see 22.10)

& &concat enat i on- or der ENUMVERATED {textual, tag, randon}
% DEFAULT t ext ual ,

&concatenation-ali gnnent ENUNERATED {nnnn ali gnnd}
DEFAULT al i gned,

&concat enat i on- handl e Printabl eString

DEFAULT "def aul t - handl e",

-- Val ue padding and justification (see 22.8)

&val ue-justification Justification DEFAULT right:O,
&val ue- pr e- paddi ng Paddi ng DEFAULT zer o,
&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&val ue- post - paddi ng Paddi ng DEFAULT zer o,
&val ue- post - pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&unused- bi t s-det erm nati on UnusedBi t sDet erm nati on
DEFAULT fi el d-t o-be-set,
&unused- bi ts-ref erence REFERENCE OPTI ONAL,
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&Unused- bi t s- encoder-transforns #TRANSFORM ORDERED OPTI ONAL,
&Unused- bi t s- decoder -t r ansf or s #TRANSFORM ORDERED OPTI ONAL,

-- ldentification handl e specification (see 22.9)

&exhi bi t ed- handl e Printabl eString DEFAULT "defaul t - handl e",
&Handl e- posi ti ons | NTEGER (0..NMAX) OPTI ONAL,
&handl e- val ue- set Handl eVal ueSet DEFAULT t ag: any,

-- Bit reversal specification (see 22.12)
&bit-reversal Rever sal Speci fication
DEFAULT no-rever sal

} WTH SYNTAX {

[ REPLACE
[ STRLICTI IF?F]

[ COVPONENT]
[ ALL COMPONENTS] Q‘b
[ OPTI ONALS] ‘],Q
[ NON- OPTI ONALS] (b
W TH &#Repl acenent - structure ’
[ ENCCDED BY é&r epl acenent - struct ur e- encodi ng- obj ect (1/
[ | NSERT AT HEAD &#Head- end- st ruct ure]] >
[ AND OPTI ONALS W TH &#Repl acenent - st ruct ur e2 Q)
[ ENCODED BY &r epl acenent - st ruct ur e- encpdiuig- obj ect 2
[ NSERT AT HEAD &#Head- end-str u\ e2]]1] 1

[ ALI GNED TO O
bl &
[ ANY] &
&encodi ng- space-pre-alignment-unit, Q

[ PADDI NG &encodi ng- space- pr e- pad g
[ PATTERN &encodi ng- space& pattern]]]
[ START- PO NTER  &start-pointer
[ MULTI PLE OF &start - poi nter—u%]
[ ENCODER- TRANSFORVS &Start - pos!\}}er -encoder -transforns]]
ENCODI NG SPACE
[ SI ZE &encodi ng- space-si ze \,\Q
[ MULTI PLE OF &encodi.@r space-unit]]
[ DETERM NED BY &encodi r&@pace- det er ni nat i on]
[ USI NG &encodi ng- space-ref erence
[ ENCODER- TRANS@I\/B &Encoder - t r ansf or ms]
[ DECCDER- TRWM &Decoder -t r ansf or ns] ]
[ CONCATENATI ON S
[ ORDER &concat i on-order]
[ ALI GNVENT &concat enat i on-al i gnment ]
[ HANDLE & at enat i on- handl e] ]
[ VALUE- PADDI
[ JUSTI ﬁﬁD &val ue-justification]

[PR@&DDI NG &val ue- pre- paddi ng
[ PATTERN &val ue-pre-pattern]]
@%T- PADDI NG &val ue- post - paddi ng
Q [ PATTERN &val ue- post - pattern]]
Q~ [ UNUSED BI TS
v [ DETERM NED BY &unused- bit s-determ nati on]
Q [ USI NG &unused- bi ts-ref erence
é [ ENCODER- TRANSFORMS &Unused- bi t s- encoder - t r ansf or ns]

&v [ DECODER- TRANSFORMS &Unused- bi t s- decoder -transforns]]]]
% [ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Handl e- positions

ol &bl 1 S
[T oararnar e var ocr STt

1
1
[ BI T- REVERSAL &bit-reversal]

1
1

}

235.2 Purposeand restrictions

23.5.2.1 This syntax is used to define the start of the encoding space for a class in the concatenation category, the way
in which the encodings of the components are to be combined, their positioning within the encoding space, an optional
declaration that the encoding object exhibits a specified identification handle (with a given handle value set), and
possible bit-reversal of the encoding space.
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23.5.2.2 If "REPLACE STRUCTURE" is set, then no other encoding parameter groups shall be set. If the encoding object
of the replacement structure exhibits a handle (with a given handle value set), the encoding object being defined
exhibits the same identification handle (with the same handle value set — see 22.1.1.11).

23.5.2.3 "ENCODI NG SPACE  SI ZE" shal be either "variabl e-with-deterninant” or "sel f-delimting-
val ues".

23.5.2.4 If "EXH BI TS HANDLE" is set, then the encoding object exhibits the specified identification handle.

23.5.3 Encoder actions

23.5.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in clause
22, in the following order and in accordance with the encoding object definition:

) Ranlacameant
=) <EpracerieHt

P

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space. (See23.5.3.2.)

€) Concatenation.

f)  Vaue padding and justification.

g) Identification handle specification.
h) Bitreversal.

23.5.3.2 If "ENCODING SPACE" is "variable-with-deterninant"”, it shal” be the minimum numbgr of
"MULTI PLE OF" units needed to contain the concatenation.

23.5.4 Decoder actions

23.5.4.1 For any encoding property group that is set, the decoder shallsperform the decoder actions specified in ¢lause
22, inthe following order and in accordance with the encoding objéect definition:

a) Pre-alignment and padding.

b) Start pointer.

c) Encoding space.

d) Bitreversal.

e) Value padding and justification:
f)  Concatenation.

23.6 | Defining encoding objectsfor classesin the integer category

23.6.1 Thedefined syntax

The gyntax for defining encoding objects for classes in the integer category is defined as:

#1 NT :: = ENCODI NG CLASS {
-)- I nteger encodi ng
&l nt eger - encodi ngs #CONDI TI ONAL- | NT ORDERED OPTI ONAL,
& nt eger - encodi ng #CONDI TI ONAL- | NT OPTI ONAL

} W TH SYNTAX {
[ ENCODI NGS &l nt eger - encodi ngs]
[ ENCODI NG &i nt eger - encodi ng]

}
23.6.2 Purposeand restrictions

23.6.2.1 This syntax is used to define the encoding of a class in the integer category by specifying one or more
encodings of the #CONDI TI ONAL- | NT class.
23.6.2.2 Exactly one of "ENCODI NG' and "ENCODI NGS" shall be set.

NOTE — The sole purpose of alowing "ENCODI NG' as well as "ENCODI NGS" is to provide a syntax that does not contain a
double curly-bracket ("{{") in the common case of a single encoding object. Use of "ENCCDI NGS" when there is a single
encoding object is deprecated but is allowed.
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23.6.2.3 If an encoding object in the "ENCODI NGS" ordered list is defined using "I F* or "I F- ALL", then all preceding
encoding objectsin that list shall be defined using "I F* or "I F- ALL".

23.6.3 Encoder actions

23.6.3.1 The encoder shall select and apply the first #CONDI TI ONAL- | NT encoding object in "ENCODI NES)" whose
conditions are satisfied. It isan ECN specification error if none of the conditional encodings have conditions that are
satisfied.
NOTE — It would be unusual but not illegal if there were #CONDI TI ONAL- | NT encoding objects present that could never be
used because the conditions on use of earlier encoding objects would always be satisfied.

23.6.4 Decoder actions

23.6.4.1 The decoder shall select and use the first #CONDI TI ONAL - | NT encoding object in "ENCODI NE(S)" whose
condifions are satisfied.

23.7 | Defining encoding objects for the #CONDI TI ONAL- | NT class

23.7.1 Thedefined syntax
The gyntax for defining encoding objects for the #CONDI TI ONAL- | NT classis defined as:

#CONDI TI ONAL- | NT :: = ENCCODI NG CLASS {
-- Condition (see 21.11)
& ange-condi tion RangeCondintivon  OPTI ONAL,
&conpari son Conpari son OPTI ONAL,
&conpar at or | NTEGER-OPTI ONAL,
&Range- condi ti ons RangeCondi ti on ORDERED OPTI ONAL,
&Conpari sons Conpar i son ORDERED OPTI ONAL,
&Conpar at or s WNNTEGER ORDERED OPTI ONAL,
-- Structure-only replacenent specifjcation (see 22.1)
&#Repl acenent -structure OPTI ONAL,
&r epl acenent - st ruct ur e- encodi ng- ppj*ect  &#Repl acenent - structure OPTI ONAL,

-- Pre-alignment and paddi ng.specification (see 22.2)
&encodi ng- space-pre-alignognt-unit Unit (ALL EXCEPT repetitions) DEFAULT bft,
&encodi ng- space- pr e- paddi, Ny Paddi ng DEFAULT zero,
&encodi ng- space- pr e- pat¢prn Non- Nul | - Pattern (ALL EXCEPT different:pny)

DEFAULT bits:' 0" B,

-- Start pointer ‘specification (see 22.3)

&start-pointer REFERENCE OPTI ONAL,

&st art - poi nt grxdni t Unit (ALL EXCEPT repetitions) DEFAULT b
&St art - poi at er- encoder -transforns #TRANSFORM ORDERED OPTI ONAL,

—

-- Encodiing space specification (see 22.4)

&encpdig- space- si ze Encodi ngSpaceSi ze
DEFAULT sel f-delim ting-val ues,
&effcodi ng- space- uni t Unit (ALL EXCEPT repetitions)
DEFAULT bi t,
&encodi ng- space-det erm nati on Encodi ngSpaceDet er mi nati on
DEFAULT fi el d-to-be-set,
&encodi ng- space-ref erence REFERENCE OPTI ONAL,
&Encoder - t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
&Decoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
-- Val ue encodi ng
&Transform #TRANSFORM ORDERED CPTI ONAL,
&encodi ng ENUMERATED

{positive-int, twos-conplenent,
reverse-positive-int, reverse-twos-conpl enent}
DEFAULT twos- conpl enent

-- Val ue padding and justification (see 22.8)

&val ue-justification Justification DEFAULT right: O,

&val ue- pre- paddi ng Paddi ng DEFAULT zero,

&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&val ue- post - paddi ng Paddi ng DEFAULT zero,
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&val ue- post-pattern
&unused- bi t s-det erm nati on

&unused- bi t s-ref erence
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&Unused- bi t s- decoder -t r ansf or ns
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Non- Nul | - Pattern DEFAULT bits:'0'B,
UnusedBi t sDet erm nati on

DEFAULT fi el d-to-be-set,

REFERENCE OPTI ONAL,

#TRANSFORM ORDERED OPTI ONAL,
#TRANSFORM ORDERED OPTI ONAL,

-- ldentification handl e specification (see 22.9)

&exhi bi t ed- handl e
&Handl e- posi ti ons
&handl| e- val ue- set

Printabl eStri ng DEFAULT "defaul t-handl e",

| NTEGER (0..NAX) OPTI ONAL,
Handl eVal ueSet DEFAULT t ag: any,

-- Bit reversal specification (see 22.12)

&bi t -reversal

Rever sal Speci fication

} WTH SYNTAX {

[ ELSE]
[ REPLACE
[ STRUCTURE]

[ ALI GNED TO
[ NEXT]
[ ANY]

[ START- PO NTER  &start-pointer
[ MULTI PLE OF &start -
[ ENCODER- TRANSFORVS
ENCODI NG SPACE

[ MULTI PLE OF &encodin
[ DETERM NED BY &encodi ng
[ USI NG &encodi ng- space

[ DECODER- TRAI

&Tr ansf oﬁms
&enc Gg

[ TRANSFORMVB

[ ENCODI NG

[ VALUE- PADDI NG
[ PRE- PADDI

[ POST-

[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]

S
?\
é

[IF & ange-condition [&conparison
[ F-ALL &Range-conditions [&Conpari sons &Conpar at ors] ]

W TH &#Repl acenent - struct ure
[ ENCODED BY &repl acenent - struct ur e-encodi ng- ct]

&encodi ng- space- pre-al i gnnent -uni t s\
[ PADDI NG &encodi ng- space- pr e- paddi ngQ
[ PATTERN &encodi ng- space pr

[ SI ZE &encodi ng- space- si ze

P 1
PDEFASET o Teversat

&conpar at or] ]

>
S
P

(L%/
‘b

\
O
%

pattern]]]

poi nt er -
&St art-po &r encoder - transf orns] ]

ace uni t]]

ce-determ nati on]
rence

[ ENCODER- TRANSF(RQS &Encoder -t r ansf or ns]
VB &Decoder -t ransf orns] |

[ JUSTI FI ED \fa,l ue-justification]

&val ue- pr e- paddi ng

[ P RN &val ue-pre-pattern]]
NG &val ue- post - paddi ng

PATTERN &val ue- post-pattern]]
[@D BI TS
C) [ DETERM NED BY &unused- bits-determ nati on]
0 [ USI NG &unused- bi t s-reference
[ ENCODER- TRANSFORVS &Unused- bi t s- encoder - t r ansf or ns]

E [ DECODER- TRANSFORMS &Unused- bi t s- decoder -transforns] ]]]
Q HI BI TS HANDLE &exhi bit ed- handl e AT &Handl e- positions

23.7.2 Purposeand restrictions

23.7.2.1 This syntax is used to define a#CONDI TI ONAL- | NT encoding object. The only use of such an encoding object
isin the specification of an encoding object of a classin the integer category.

23.7.2.2 The syntax allows the specification of a single condition on the bounds of the integer for this encoding to be
applied (use of "I F"). It also allows the specification that all of a set of conditions are to be satisfied (use of "I F- ALL").
It also allows the specification that there is no condition. The use of "ELSE", or omission of "I F*, "I F- ALL" and
"ELSE" specifies that there is no condition. "I F-ALL" shall be used with three lists if one or more of the
size-range-conditions require a comparison, and shall be used with one list otherwise. When using three lists,
size-range-conditions that do not require a comparison or comparator (if any) shall follow all those that require a
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comparison, and shall have no corresponding entry in the second and third lists. In using "I F- ALL" with three lists, the
lists shall be interpreted as alist of predicates using the values in corresponding positionsin the threelists.
NOTE — It is recommended that the three lists be formatted to provide a condition in each column.

EXAMPLE:

| F- ALL {test-1ower-bound, test-range , bounded-wi t h-negatives }
{greater-than , less-than-or-equal-to }
{-10 , 20 }

23.7.2.3 Using this syntax the ECN specifier can define the start of the encoding space for the encoding of aclassin the
integer category, the encoding of the abstract values associated with that class, their positioning within the encoding
space, and possible bit-reversal of the encoding space.

23.7.2.5 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 "TRANSFORMVB" is not reversible fpr the
abstrgct value to which it is applied. Thefirst transform of "TRANSFORMS", if present, shall have a saurce that is ipteger

NOTE — The test for the "I F* and "1 F- ALL" condition takes place on the bounds of the original valtie; and is not affeqted by

23.7.2.7 The "I NT- TO- | NT" transform with the value "subt r act : | ower - bound" shalkbeincluded only if the "I| F* or
"I F- ALL" condition restricts the application of this encoding to classes of the integer\category with alower boungl, and
(if présent) shall be the first transform in the list.

23.7.2.8 The "ENCODI NG SPACE SI ZE" shall not be "f i xed-t o- mrax" unlessthe "I F* or "I F- ALL" condition regtricts
the encoding to a class with both an upper and alower bound.

23.7.2.9 "ENCODI NG SPACE SI ZE" shall not be set to "sel f - del i miting- val ues".
NQTE — This means that the default value (which is set for consistency with other uses of this type) always has to be overr|dden.

NOTE - Thiswill normally require use of "VALUE- PADDI NG\with justification from the left to allow the padding to exhibit the

23.7.8.1 The encoder shall detect an ECN specification or application error if any of the restrictions in 23.7|2 are

23.7.3.2 For any encoding property greup-that is set, the encoder shall perform the encoder actions specified in ¢lause
22, inthe following order and in acgerdance with the encoding object definition:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer,

d) Encoding’space.

e) Value encoding (see below).

). SVaue padding and justification.
0)" Identification handle.

o)
II)

23.7.3.3 The encoder shall apply the "TRANSFORVE", if any to the value being encoded.
23.7.3.4 The encoder shall use the following table giving the range of integer values that can be encoded in "n" hits;

"ENCODI NG' Min value Max value
"positive-int" 0 2"-1
"reverse-positive-int" 0 2"-1
"t wos- conpl enent " —2n1 2t
"rever se-t wos- conpl enent " —2n-1 2"l
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23.7.3.5 The "ENCODI NG' parameter selects the encoding as 2's-complement encoding or as a positive integer encoding,
or asthe reversal of one of these. The specification of 2's-complement encoding and positive integer encoding is given
in ITU-T Rec. X.690 | ISO/IEC 8825-1, 8.3.2 and 8.3.3. A reversal of these encodings is an encoding in which,
following production of the "n" bits, the order of the "n" bitsis reversed.

23.7.3.6 An encoder shall detect an ECN specification or an application error if avalue is to be encoded into a number
of bitswhich isinsufficient, as specified in 23.7.3.4.

23.7.3.7 If the "ENCODI NG SPACE SI ZE" is a positive integer, then its size in bitsis calculated as "SI ZE" multiplied by
"MULTI PLE OF" units. If "VALUE- PADDI NG' is not set, then this shall be the number of bits "n" that the integer shall
encode into and there are no unused bits. If "VALUE- PADDI NG' is set, then the number of bits that the integer shall
encode into is reduced by the integer value "m" specified for "JUSTI FI ED", and there will be "m" unused bits.

23.7.3.9 If the "ENCODI NG SPACE Sl ZE" is "vari abl e- wi t h- det er ni nant ", then the encoder shall, determife the
minimum number of "MULTI PLE OF" units ("'s", say) that has sufficient bits to encode the actual_abstract value|being
encoded, and shall proceed (as specified above) asif "SI ZE" were a positive integer set to that value,

23.7.3.10 The encoder (as an encoder's option) may increase "'s" (as determined in 23.7.3.9) in™"MULTI PLE OF'| units
(subjéct to any restrictions that the range of values of any "fi el d-t o- be-set" or "fi el.d>t o- be- used" impoges) if
"ENCPDI NG SPACE SI ZE" isset to "encoder - opt i on-wi t h- det er mi nant ".

23.7.3.11 The encoder shall then proceed (as specified above) asif "SI ZE" were apositive integer setto "'s".

23.7.4 Decoder actions

23.7.4.1 For any encoding property group that is set, the decoder shallperform the decoder 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) Encoding space.

d) Bitreversal.

e) Value padding and justification.
f)  Vauedecoding (see 23.7.4.2).
23.7.4.2 The decoder shall recover the integer value from the bits used to encode it, decoding according to the specified

encoding, and shall then reverse the "TRANSFORMS" (if specified) to recover the original abstract value.
23.8 | Defining encoding objectsfor classesin the null category
2381 Thedefined syntax

The gyntax for defining.encoding objects for classes in the null category is defined as:

#NUL ;. \="ENCODI NG CLASS {
-- Structure-only replacenent specification (see 22.1)
&#Repl acenent -structure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent-structure OPTI ONAL,

-- Pre-alignment and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space-pre-pattern Non- Nul | -Pattern (ALL EXCEPT different:any)
DEFAULT bits:' 0" B,

-- Start pointer specification (see 22.3)

&start - pointer REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,
&St art - poi nt er - encoder -t ransforns #TRANSFORM ORDERED OPTI ONAL,
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-- Encodi ng space specification (see 22.4)

&encodi ng- space- si ze Encodi ngSpaceSi ze
DEFAULT sel f-del i mting-val ues,
&encodi ng- space- uni t Unit (ALL EXCEPT repetitions)
DEFAULT hi t,
&encodi ng- space- det erm nati on Encodi ngSpaceDet er ni nat i on
DEFAULT fi el d-t o- be-set,
&encodi ng- space-ref erence REFERENCE OPTI ONAL,
&Encoder - t r ansf or s #TRANSFORM ORDERED OPTI ONAL,
&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,

-- Value pattern
&val ue-pattern Pattern (ALL EXCEPT different:any)
DEFAULT bits:''B,

-- Val ue padding and justification (see 22.8) Q)
&al ue-justification Justification DEFAULT right:O, QQ
&val ue- pre-paddi ng Paddi ng DEFAULT zer o, A
&val ue-pre-pattern Non- Nul | - Patt ern DEFAULT bits: ‘OJ :
&val ue- post - paddi ng Paddi ng DEFAULT zero, 7
&val ue- post-pattern Non- Nul | - Pat t ern DEFAULT bQ)Q/ 0'B,
&unused- bi t s-det erm nati on UnusedBi t sDet erm nati on (b
DEFAULT fi el d-to- be-set;
&unused- bi ts-reference REFERENCE OPTI ONAL,
&Unused- bi t s- encoder -t r ansf or ns #TRANSFORM ORDERED ONAL,
&Unused- bi t s- decoder - t r ansf or ns #TRANSFORM ORDE TI ONAL,
-- ldentification handl e specification (see 22.9 N
&exhi bi t ed- handl e Printable i DEFAULT "def aul t - handl e
&Handl e- posi ti ons | NTEGER Q MAX) OPTI ONAL,
&handl e- val ue- set Handl e\Q Set DEFAULT tag: any,
-- Bit reversal specification (see 22.;#8\
&bi t-reversal ersal Speci fication
@AULT no-rever sal
b\
} WTH SYNTAX { K\
[ REPLACE R
[ STRUCTURE]

W TH &#Repl acenent - s@mt ure
[ ENCODED BYC\;(.epI acenent - struct ur e- encodi ng- obj ect] ]

[ ALI GNED TO o
[NExT) @
[ ANY] ‘.

&en ng- space- pre-al i gnment - uni t
[ P NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space-pre-pattern]]]
[ START- POMNYER  &start-pointer

[ PLE OF &start-pointer-unit]
R- TRANSFORNVS &St art - poi nt er - encoder - t r ansf or ns] |

EN(I@ SPACE
Q~ [ SI ZE &encodi ng- space-si ze
?* [ MULTI PLE OF &encodi ng- space-unit]]
O [ DETERM NED BY &encodi ng- space- det er m nati on]
% [ USI NG &encodi ng- space-ref erence
&?” [ ENCODER- TRANSFORMS &Encoder -t r ansf or ]
[ DECODER- TRANSFORMB &Decoder -t r ansf or ns] |

AL DATTECLN

(o] l 4t ul
TNOCTT T 7Ax T Ty v ar g~ pgat c o]

L
[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI NG &val ue- pr e- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ PCST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t s-det erm nati on]
[ USI NG &unused- bi t s-reference
[ ENCODER- TRANSFORVS &Unused- bi t s- encoder - t r ansf or ns]
[ DECODER- TRANSFORVS &Unused- bi t s- decoder -transforns]]]]
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[ EXHI BI TS HANDLE &exhi bit ed- handl e AT &Handl e-positions
[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]

}

23.8.2 Purposeand restrictions

23.8.2.1 Thissyntax is used to define the encoding of a classin the null category.

23.8.2.2 If "REPLACE STRUCTURE" is set, then no other encoding property groups shall be set. If the encoding object
of the replacement structure exhibits a handle (with a given handle value set), the encoding object being defined
exhibits the same identification handle (with the same handle value set — see 22.1.1.11).

23.8.2.3 If the "ENCODI NG SPACE SI ZE" is positive, it shall be sufficient to hold the size of the "NULL- PATTERN'

togetiher with any bits added as aresult of a"VALUE- PADDI NG' specification.

23.8.;

238.

23.8.
22,in

23.8.

23.8.]
dete
subj e

23.38.

(subjéct to any restrictions that the range’of values of any "fi el d-t o- be-set" or "fi el d-t o- be- used" impo

n E’\n
23.8.

23.8.4

23.8.4
22,in

.4 1f there are unused bitsin the encoding space, then "VALUE- PADDI NG' shall be set.

B Encoder actions

.1 For any encoding property group that is set, the encoder shall perform the encoder actiohs/specified in
the following order and in accordance with the encoding object definition:

a) Replacement.

b) Pre-aignment and padding.

c) Start pointer.

d) Encoding space.

€) Vaueencoding (see 23.8.3.2).

f)  Value padding and justification.

0) Identification handle.

h) Bitreversa.

.2 The value encoding shall be the bits of the "NULL- PATTERN'.

.3 If "ENCODI NG SPACE SIZE" is '"varddabl e-with-determnant” or "encoder-option-y
em nant ", it shall be the minimum number. ©f "MULTI PLE OF" units needed to contain the pattern ("s"
Ct t0 23.8.3.4.

B.4 An encoder (as an encoder's option)*may increase s (as determined in 23.8.3.3) in "MULTI PLE OF"

DI NG SPACE Sl ZE" isset to “éneoder - opt i on-wi t h- det er mi nant ".

.5 If there are unused bits it the encoding space, then "VALUE- PADDI NG' shall be applied.

I Decoder actions

1.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in
the following®rder and in accordance with the encoding object definition:

a) Pre-alignment and padding.
b)-\Start pointer.
C) Encoding space.

Clause

Mt h-
say),

units
bes) if

Clause

d)  Bitreversa.
e) Value padding and justification.

23.8.4.2 The decoder shall determine the size of the null pattern, and identify those bits in the encoding, but shall
silently accept any value for those bits.
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23.9 Defining encoding objectsfor classesin the octetstring category

239.1 Thedefined syntax

The syntax for defining encoding objects for classes in the octetstring category is defined as:
#OCTETS :: = ENCODI NG CLASS {

-- Pre-alignnent and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignment-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zer o,

&encodi ng- space-pre-pattern Non- Nul | -Pattern (ALL EXCEPT different:any)
DEFAULT bits:'0'B,

Start nolntar cnacificatiagn (caog 292 12
14 14 AN —S7

&start-pointer REFERENCE OPTI ONAL,
&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFALND D
&St art - poi nter-encoder -transforns #TRANSFORM ORDERED OPTI ONAL,

—

-- Cctets val ue encodi ng

&val ue-reversal BOOLEAN DEFAULT FALSE,
&Tr ansf or s #TRANSFORM ORDERED OPTI QWAL
& ct et s-repetition-encodi ngs #CONDI TI ONAL- REPETI TI ON- ORDERED OPTI ONAL,
&oct ets-repetition-encodi ng #CONDI TI ONAL- REPETI TI,ON-OPTI ONAL,
-- ldentification handl e specification (see 22.9)
&exhi bi t ed- handl e Printabl eStri ng ®BFAULT "def aul t - handl ef,
&Handl e- posi tions | NTEGER (0. . MAX)™ OPTI ONAL,
&handl e- val ue- set Handl eVal ueSet) DEFAULT t ag: any,
-- Contained type encodi ng specification (see 22.11)
&Pri mar y- encodi ng- obj ect - set #ENCQORI NGS OPTI ONAL,
&Secondar y- encodi ng- obj ect - set #ENCODMNGS OPTI ONAL,
&over -ri de- encoded- by BOODEAN DEFAULT FALSE
} WTH SYNTAX {
[ ALI GNED TO
[ NEXT]
[ ANY]

&encodi ng- spacgfpre-al i gnnment - uni t
[ PADDI NG &engodl ng- space- pr e- paddi ng
[ PATIEBN &encodi ng- space-pre-pattern]]]
[ START- PO NTER &st(apt™- poi nt er

[ MULTI PLE OF &start-pointer-unit]

[ ENCODER- TRANSFORVS &St art - poi nt er - encoder -t ransf or ns] |
[ VALUE- REVERSAL &val ue-reversal ]
[ TRANSFORVS &Tr ansf or ns]

[ REPETI TI ONLENCODI NGS =~ &Cct et s-repeti ti on- encodi ngs]
[ REPETI T-ON ENCODI NG &oct et s-repetition-encodi ng]
[ EXH B R“HANDLE &exhi bi t ed- handl e AT &Handl e- positions
[{AS &handl e- val ue-set]]
[ CONMENTS- ENCODI NG &Pri mar y- encodi ng- obj ect - set
[ COWPLETED BY &Secondary-encodi ng- obj ect - set ]
[ OVERRI DE &over -ri de-encoded- by] ]

}

23.9.2 “—Moddl for the encoding of classesin the octetstring category

23.9.2.1 The model of octetstring encoding is:
a) Theorder of octetsin the octetstring can be reversed.

b) The octets are then considered as a repetition of an octet.

¢) Thereisan optiona transform (specified by "TRANSFORMS") in which each octet is transformed into a
self-delimiting bitstring.

d) Either "REPETI TI ON- ENCODI NG' or "REPETI TI ON- ENCODI NGS" specify how the repetition of octet isto
be encoded.

NOTE — The sole purpose of alowing "REPETI TI ON- ENCODI NG' as well as "REPETI TI ON- ENCODI NGS" is to provide a
syntax that does not contain a double curly-bracket ("{{") in the common case of a single conditional encoding. Use of
"REPETI TI ON- ENCODI NGS" when there isa single conditional encoding is deprecated but is allowed.
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23.9.2.2 Bounds (if present) on the class being encoded (a class in the octetstring category) are bounds on the number
of octets in the octetstring forming each abstract value.

23.9.2.3 When considered as a repetition of an octet, these bounds shall be interpreted as bounds on the number of
repetitions, and can be used in the specification of the encoding objects of class #CONDI TI ONAL- REPETI Tl ON that are
used in the specification of this encoding object.

23.9.3 Purposeand restrictions

23.9.3.1 Thissyntax is used to define the start of the encoding space for a classin the octetstring category, the encoding
of the abstract values associated with that class, an optional declaration that the encoding object exhibits a specified
identification handle (with a given handle value set), a specification of how to encode a contained type.

23.9.3.2 The #CONDI Tl ONAL- REPETI TI ONthat is applied by this encoding object shall not specify "REPLACE" unless it
iS"RHPLACE STRUCTURE".

23.9.8.3 If any of the #CONDI TI ONAL- REPETI Tl ON encoding objects contain a"REPLACE STRUCTURE" clalse, then all
of thg #CONDI TI ONAL- REPETI TI ON encoding objects shall contain a"REPLACE STRUCTURE" clause.

23.9.8.4 If there is a "REPLACE STRUCTURE" clause in the #CONDI Tl ONAL- REPETI Tl ON encodifg) objects, then no
other [parameters shall be set. If the encoding object of the replacement structure exhibits a handle,(with a given handle
valuelset), the encoding object being defined exhibits the same identification handle (with the same handle valug set —
see 22.1.1.11).

23.9.8.5 The first transform of "TRANSFORMB" (if any) shall have a source that is bitstring and the last transforn) shall
have presult that is a self-delimiting bitstring (see 3.2.42).

23.9.8.6 It is an ECN specification or application error if any transform in the*FRANSFORVB" is not reversible fpr the
abstract value to which it is applied.

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

23.9.8.8 If an encoding object in the "REPETI TI ON- ENCODI NGS" ©ordered list is defined using "I F* or "I F- ALL"}, then
all preéceding encoding objectsin that list shall be defined using '>F" or "1 F- ALL".

23.9.8.9 If "BEXH BI TS HANDLE" is set, then the encoding object exhibits the specified identification handle.
NOTE — Thiswill in general require restrictions on the absttact values of the associated type.

239.8.101f "EXHIBITS HANDLE' is set, then "ALIGNED TO' shall not be set in any of the

"REPETI TI ON- ENCODI NG(S)" specifications.

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 ¢lause
22, inthe following order and in accordance with the encoding object definition:

a) Pre-alignment and‘padding.

b) Start pointer

c) Vaue encading as specified below.
d) Repetition encoding as specified by the first "REPETI TI ON- ENCODI NG(S)" whose condition is satisfi
e) Identification handle.

g

) Contained type encoding.
23.9.4.2kor vaue encoding, the encoder shall:
a) Reversetheorder of octetsin the entire octetstring abstract value if "VALUE- REVERSAL" is set to TRUE;
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.
NOTE - If there are no transforms, each octet forms a bitstring.

d) Encode the repetition by applying the first "REPETI TI ON- ENCODI NAS)" whose condition is satisfied.

23.9.4.3 Itisan ECN specification error if thereisno "REPETI TI ON- ENCODI NG(S)" whose condition is satisfied.

23.9.5 Decoder actions

23.9.5.1 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:
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a) Pre-alignment and padding.

b) Start pointer.

¢) Vauedecoding (see 23.9.5.2).
d) Contained type decoding.

23.9.5.2 The decoder shall reverse the "TRANSFORMVB" (if any) to recover the original octets.

23.9.5.3 If "VALUE- REVERSAL" is set to TRUE, then the final order of the octets in the octetstring abstract value shall be
reversed.

23.10 Defining encoding objectsfor classesin the open type category

23.101 Thedefined syntax >
The gyntax for defining encoding objects for classes in the open type category is defined as: (190
#OPEN- TYPE :: = ENOODI NG CLASS { (’J
4
-- Structure-only replacenent specification (see 22.1) q,
&#Repl acenment - structure Cb OPTI ONAL,
&r epl acenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent - st r, re OPTI ONAL,

<&

Xt itions) DEFAULT b

AL
(ALL EXCEPT different:

Pre-al i gnment and paddi ng specification (see 22.2)
&encodi ng- space-pre-alignnent-unit Unit (ALL EXCEPT
&encodi ng- space- pr e- paddi ng Paddi ng DEFAUL

&St art - poi nt er - encoder -t r ansf or

-- Encodi ng space specification
&encodi ng- space- si ze

&encodi ng- space- determ@&ﬂ on

&encodi ng- space-ref eCénce

&Encoder -t r ansf or
&Decoder - t ransﬁ
Open-ty eCahcodi ng

&Known- s t'ur e- encodi ngs
&Unkno ructure

éf@ struct ur e- encodi ngs

ue paddi ng and justificat
ue justification

g al ue- pr e- paddi ng
&val ue-pre-pattern

s #T FORM CRDERED OPTI ONAL,

(§§22. 4)

$ Encodi ngSpaceSi ze

A‘\Q’ DEFAULT sel f-deliniting-val ues,
&encodi ng- space- uni t o) Unit (ALL EXCEPT repetitions)
B\ DEFAULT bit,

Encodi ngSpaceDet erm nati on
DEFAULT fi el d-to-be-set,
REFERENCE OPTI ONAL,
#TRANSFORM ORDERED OPTI ONAL,
#TRANSFORM ORDERED OPTI ONAL,

#ENCODI NGS OPTI ONAL,
OPTI ONAL,
#ENCODI NGS OPTI ONAL,

ion (see 22.8)
Justification DEFAULT right: O,
Paddi ng DEFAULT zero,

?\ Non- Nul | - Pattern DEFAULT bits:' 0" B,
& &val ue- post - paddi ng Paddi ng DEFAULT zero,
% &val ue- post - pattern Non- Nul | -Pattern DEFAULT bits:'0' B,

&encodi ng- space-pre-pattern Non- Nul | - Pat t hny)
DEFAULT bi t ' B,

-- Start pointer specification (see 22.3) Q

&st art - pointer REFE! OPTI ONAL,

&start-pointer-unit Uni L EXCEPT repetitions) DEFAULT b|t,

gunused-DIts-determnati on

&unused- bi t s-ref erence
&Unused- bi t s- encoder -t r ansf or ns
&Unused- bi t s- decoder -t r ansf or ns

Bit reversal
&bi t -reversal

specification (

}
W TH SYNTAX {
[ REPLACE
[ STRUCTURE]

UnusedBl Lt SDeterm nat 1 on
DEFAULT fi el d-to-be-set,
REFERENCE OPTI ONAL,
#TRANSFORM ORDERED OPTI ONAL,
#TRANSFORM ORDERED OPTI ONAL,

see 22.12)
Rever sal Speci fication
DEFAULT no-rever sal

W TH &#Repl acenent - structure
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[ ENCODED BY &repl acenent - struct ure-encodi ng- obj ect]]

[ ALI GNED TO
[ NEXT]
[ ANY]
&encodi ng- space-pre-alignnent-unit
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER &st art - pointer
[ MULTI PLE OF &start-pointer-unit]

[ ENCODER- TRANSFORNVS &St art - poi nt er - encoder -t ransf or ns] |

ENCCDI NG- SPACE
[ SI ZE &encodi ng- space- si ze
[ MULTI PLE OF &encodi ng-space-unit]]
[ DETERM NED BY &encodi ng- space-det erm nati on]

OSHNG&eTcotg=Sspace-Teference
[ ENCODER- TRANSFORMS &Encoder -t r ansf or ns]
[ DECODER- TRANSFORVS &Decoder -t r ansf or ms] |
[ ENCOCDED W TH &Known- st r uct ur e- encodi ngs]
[ UNKNOWN |'S &Unknown- st ruct ure
[ ENCODED W TH &Unknown- st ruct ur e- encodi ngs] ]
[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI NG &val ue- pre- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ PCST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t s-det er m nati on]
[ USI NG &unused-bits-reference

[ EXH BI TS HANDLE &exhi bi t ed- handl e AT &Klantl e- positions
[ AS &handl e-val ue-set]]
[ BI T-REVERSAL &bit-reversal]

}

23.102 Mode for the encoding of classesin the opendype category
23.10.2.1 The model of open type encodingsis:

required.

combined encoding-abject set is used.

the type.encoded in the open type cannot be determined (an "unknown" response).

encoding space.

€ DTS contained 1n the dermed encoding SPace except 10T Value pre- and post-p.

[ ENCODER- TRANSFORMS &Unusee\Xi t s- encoder - t r ansf or ns]
[ DECODER- TRANSFORMS  &Unuggti#bi t s- decoder -transforns]]]]

b) The encoding object defined for this category applies the "ENCODED W TH' encoding object set
type whose value is te be encoded for the open type. If there is no "ENCODED W TH", then the clrrent

a) Theclassin the open type categoery can be replaced by another structure to provide length delimitafion if

to the

¢) The decoder willyrequest the application for identification of the type encoded into the open typg. The
applicationwil) either respond with identification of the type, which is then decoded, or will state that

d) If theresponse is "unknown" and the "UNKNOM | S" is present, then the decoder will use the "UNKNOWN
| S!\structure and the "ENCODED W TH" within the "UNKNOWN 1 S" (if present) to determine the end

of the

€)Y 'If the response is "unknown" and the "UNKNOWN | S" is absent, then the encoding space size dan be
determined by the "ENCODI NG SPACE" (see 23.10.3.3), and the decoder will return to the applicati

on all

23.10.2.21In the case of an unknown decoding, the decoder will pass the hits forming the unknown encoding to the

application as the value of the open type.

23.10.3 Purposeand restrictions

23.10.3.1 This syntax is used to define the way an open type is encoded, and the means that a decoder uses to determine

the end of the encoding of an unknown type in an open type.
23.10.3.2 If "REPLACE STRUCTURE" is set no other parameters shall be set.
23.10.3.3If "ENCODI NG SPACE SI ZE" is"sel f-del i mi ting" then "UNKNOM | S" shall be set.
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23.10.4 Encoder actions

23.10.4.1For 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) dtart pointer;

d) encoding space (see 23.10.4.3);

€) open-type encoding (see 23.10.4.2);

f)  value padding and justification (see 23.10.4.5);

23.10
€ncod

23.10
dete
subj e

23.10

gy bitreversal.

4.2 The encoder shall encode the value of the type supplied by the application using the "ENCGDED
ing object set if thisis present, otherwise the current combined encoding object set shall be used.

431f "ENCODI NG SPACE SIZE' is "variable-with-determnant” or "encodérfoption-y
m nant ", it shall be the minimum number of "MULTI PLE OF" units needed to containcthe’ pattern ('s'
Ot 10 23.10.4.5.

4.4 An encoder (as an encoder's option) may increase "s" (as determined in 23.104:3) in "MJULTI PLE OF

(subjgct to any restrictions that the range of values of any "added-fiel d"er*"asnl-field" impos

"El\ﬂ

23.10
value

23.10

23.10
claus

23.10
shall

Specit

DI NG SPACE S| ZE" isset to "encoder - opt i on-wi t h- det er mi nant ".

NV TH'

i t h-
say),

units
bs) if

4.51f the number of unused bits is not zero, then "VALUE- JUSTI FI CATI ON' shall be applied using either the set

5 or the default values.

5 Decoder actions

5.1 For any encoding property group that is set, the decoder shall perform the decoder actions specif
p 22, in the following order and in accordance with the encading object definition:

a) pre-aignment and padding;

b) start pointer;

¢) encoding space;

d) bit-reversal;

€) vaue padding and justification;

f)  open-type decoding (see23.10.5.2).

5.2 For open type decoding; ‘the decoder shall query the application for the type which has been encode
decode a value of that type or of the "UNKNOWN | S" structure in accordance with the "ENCODED
icationsin the "UNKNOAN-I S".

23.10.5.3 If the decading was of an unknown type, the bits forming the unknown encoding (without pre-p3

bits 4
type.

23.11

hd without value\pre- and post-padding bits, if any) shall be passed to the application as the value of the

Defining encoding objectsfor classesin the optionality category

23.11

ed in

d and
N TH'

dding
open

1 —The defined syntax

The syntax for defining encoding objects for classes in the optionality category is defined as:

110

#OPTI ONAL :: = ENCODI NG CLASS {
-- Structure-only repl acenment specification (see 22.1)
&#Repl acenment - struct ure OPTI ONAL,
& epl acenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent -structure OPTI ONAL,

-- Pre-alignment and paddi ng specification (see 22.2)

&encodi ng- space-pre-alignnent-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

&encodi ng- space-pre-pattern Non- Nul | -Pattern (ALL EXCEPT different:any)

DEFAULT bits:' 0" B,
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-- Start pointer specification (see 22.3)
&start-pointer REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&St art - poi nter-encoder-transforns #TRANSFORM ORDERED OPTI ONAL,

-- Optionality determnation (see 22.5)

&optionality-determ nation OptionalityDeterm nation
DEFAULT fi el d-t o- be-set,

&optionality-reference REFERENCE OPTI ONAL,

&Encoder -t ransforns #TRANSFORM ORDERED OPTI ONAL,

&Decoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,

&handl e-i d Printabl eString

DEFAULT "def aul t - handl e"

} WTH SYNTAX {
[ REPLACE
[ STRUCTURE]
W TH &#Repl acenent - struct ure
[ ENCODED BY &repl acenent - struct ur e-encodi ng- obj ect]]
[ ALI GNED TO
[ NEXT]
[ ANY]
&encodi ng- space-pre-alignnent-unit
[ PADDI NG &encodi ng- space- pr e- paddi ng
[ PATTERN &encodi ng- space- pr e- pat t er\M
[ START- PO NTER &st art - pointer

[ MULTI PLE OF &start-pointer-unit]
[ ENCODER- TRANSFORNVS &St art - poi nter-encdder -t ransforns] |
PRESENCE

[ DETERM NED BY &opti onality-determ naN pn
[ HANDLE &handl e-i d] ]

[ USI NG &optionality-reference
[ ENCODER- TRANSFORVS &Encodé&®'t r ansf or ns]
[ DECODER- TRANSFORME &Degdder -t r ansf or ns] |

}

2 Purposeand restrictions
2.1 This syntax is used to define the encoding-of a classin the optionality category.
2.2 1f "REPLACE STRUCTURE" is set, then-ho other encoding property groups shall be set. If the encoding

ts the same identification handle (with the same handle value set — see 22.1.1.11).

3 Encoder actions

3.1 For any encoding property group that is set, the encoder shall perform the encoder actions specified in
the following order.and’in accordance with the encoding object definition:

a) Replacement (see 23.11.3.2).
b) Presalignment and padding.
c) _Start pointer.
d)\~Optionality determination.

23.11

3.21f "REPLACE STRUCTURE" is set then the entire component (including any classes in the tag categor

bbj ect
efi ned

Clause

y, but

excluding classes in the optionality category) is provided as the actual parameter for the replacement structure, which
becomes a mandatory component.

23.11.4 Decoder actions

23.11.4.1For 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-aignment and padding.
b) Start pointer.
¢) Optionality determination.
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23.12 Defining encoding objectsfor classesin the pad category

23.12.1 Thedefined syntax
The syntax for defining encoding objects for classes in the pad category is defined as:
#PAD :: = ENCODI NG CLASS {
-- Structure-only replacenent specification (see 22.1)
&#Repl acenent - structure

& epl acenent - st ruct ur e- encodi ng- obj ect

-- Pre-alignnment and paddi ng specification (see 22.2)

&#Repl acenent - structure

OPTI ONAL,

OPTI ONAL,

112

&encodi ng- space-pre-alignnent-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

Qancadi na_cnaca _nra _naddl no
9 ~ ~ ~ 9

Dodd: ng DECALLT Zzor o
g

&encodi ng- space-pre-pattern

Non- Nul | - Pattern (ALL EXCEPT di ffererﬁb

hny)

DEFAULT bits:'0'B

‘ Q
-- Start pointer specification (see 22.3) (bq/
&start-pointer REFERENCE OPTI ONAL, (Q;E
&start-pointer-unit Unit (ALL EXCEPT repetitio q/ FAULT b|t,
&St art - poi nter-encoder -transforns #TRANSFORM ORDERED OPTI &)

-- Encodi ng space specification (see 22.4) Q/C)
&encodi ng- space- si ze Encodi ngSpaceSi ze \\
DEFAULT sel f-deli ng- val ues,

&encodi ng- space- uni t Unit (ALL EXCEPTQDepet itions)
DEFAULT bi t, \
&encodi ng- space- det erm nati on Encodi ngSpaceQet er mi nat i on

DEFAULT fi8{d-t o-be-set,
&encodi ng- space-ref erence REFERE TI ONAL,
&Encoder -t ransf or s #TRA ORDERED OPTI ONAL,
&Decoder -t r ansf or ns #TR@(RM ORDERED OPTI ONAL,
-- Val ue encodi ng %]
&pad- pattern ’@ttern (ALL EXCEPT different: any)
5\ DEFAULT bits:''B,
.\Q)
-- ldentification handl e sp &fi cation (see 22.9)
&exhi bi t ed- handl e AN Printabl eString DEFAULT "def aul t - handl ef
&Handl e- posi ti ons | NTEGER (0..NMAX) OPTI ONAL,
&handl e- val ue- set Handl eVal ueSet DEFAULT t ag: any,

S
-- Bit reversal $ci fication (see 22.12)

&bi t-reversal Rever sal Speci fication
C)() DEFAULT no-r ever sal

} WTH SYNTAX {O.

[ REPLA%I?JCFURE]

Q H &#Repl acenment - structure
Q, [ ENCCDED BY é&repl acenent - struct ur e- encodi ng- obj ect]]
GNED TO

&encodi ng- space- pre-al i gnnent - uni t
[ PADDI NG &encodi ng- space- pr e- paddi ng

[ PATTERN &encadi ng-space-nre-patter n] ] ]

[ START- PO NTER  &start-pointer
[ MULTI PLE OF &start-pointer-unit]
[ ENCODER- TRANSFORVS &St art - poi nt er - encoder -t ransf or ns] |
ENCODI NG SPACE
[ SI ZE &encodi ng- space-si ze
[ MULTI PLE OF &encodi ng-space-unit]]
[ DETERM NED BY &encodi ng- space- det er m nati on]
[ USI NG &encodi ng- space-r ef erence
[ ENCODER- TRANSFORMS &Encoder -t r ansf or ns]
[ DECODER- TRANSFORMS &Decoder -t ransf or ns] |
[ PAD- PATTERN &pad- pattern]
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[ EXHI BI TS HANDLE &exhi bit ed- handl e AT &Handl e-positions
[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversal]

}

23.12.2 Purposeand restrictions

23.12.2.1 This syntax is used to define the encoding of a class in the pad category.

23.12.2.21f "ENCODI NG SPACE SI ZE" is positive, "PAD- PATTERN" shall not be of zero length, and is replicated and
truncated to fill the encoding space.

23.12.2.31f "REPLACE STRUCTURE" is set, then no other encoding property group shall be set. If the encoding object
of the replacement structure exhibits a handle (with a given handle value set), the encoding object being defined

exhib
23.12

23.12
22,in

ts the same identification handle (with the same handle value set — see 22.1.1.11).

3 Encoder actions

.3.1 For any encoding property group that is set, the encoder shall perform the encoder actions spegified 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) Vaue encoding (see below).
f)  Identification handle.

g) Bitreversa.

Clause

23.123.21f "ENCODI NG SPACE Sl ZE" is positive, the value shall.he the "PAD- PATTERN', replicated and truncagted to
fill the encoding space.
23.1213.3"ENCODI NG SPACE  SI ZE" is "fixed-to-max™ or is "variable-with-determinant” ¢r is
"encqder - opt i on-wi t h- det er mi nant ", then the encoding space shall be the smallest number of "MULTI PLE OF"
units that is greater than the size of "PAD- PATTERN' «(s", say), and the "PAD- PATTERN" shall then be replicated and
truncgted to fill that space (but see 23.12.3.4).

NQTE — Thiswill be an empty encoding space if-the"PAD- PATTERN' isnull.
23.12.3.4 An encoder (as an encoder's option) may increase "s" (as determined in 23.12.3.3) in "MULTI PLE OF'"| units
(subjéct to any restrictions that the range of values of any "fi el d-to- be-set" or "fi el d-t o- be- used" impoges) if
"ENCODI NG SPACE Sl ZE" is set to*encoder - opt i on-wi t h- det er mi nant ".
23.124 Decoder actions
23.124.1 For any encodingproperty group that is set, the decoder shall perform the decoder 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)~,Bit reversal.

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 objectsfor classesin the repetition category

23.13.1 Thedefined syntax

The syntax for defining encoding objects for classes in the repetition category is defined as:

#REPETI TI ON : : = ENCODI NG CLASS {
-- Repetition encoding

&Repeti ti on-encodi ngs
& epetition-encoding

#CONDI TI ONAL- REPETI TI ON ORDERED OPTI ONAL,
#CONDI TI ONAL- REPETI TI ON OPTI ONAL
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} WTH SYNTAX {
[ REPETI TI ON- ENCODI NGS &Repeti ti on- encodi ngs]
[ REPETI TI ON- ENCODI NG &r epeti ti on-encodi ng]

}
23.13.2 Purposeand restrictions

23.13.2.1This syntax is used to define the encoding of a class in the repetition category by specifying one or more

encodings of the #CONDI TI ONAL- REPETI TI ON class.
23.13.2.2 Exactly one of "REPETI TI ON- ENCODI NG' and "REPETI TI ON- ENCODI NGS" shall be set.

NOTE — The sole purpose of alowing "REPETI TI ON- ENCODI NG' as well as "REPETI TI ON- ENCCDI NGS" is to provide a
syntax that does not contain a double curly-bracket ("{{") in the common case of a single encoding object. Use of

"RERETL T ON- ENCODL NGS" whenthereisa cingln encodi Ag nhj ectis dnprnr‘:fnd but-is-allowed

23.132.31f an encoding object in the "REPETI TI ON- ENCODI NGS" ordered list is defined using "I F* or "I F- ALY

all preéceding encoding objectsin that list shall be defined using "I F* or "I F- ALL".

23.133 Encoder actions

, then

23.133.1 The encoder shall select and apply the first #CONDI TI ONAL- REPETI TI ON encoding abyject’in "ENCODI NG(S)"

whosg conditions are satisfied. It is an ECN specification error if none of the conditional .enéadings have cong

that afe satisfied.

NOTE — It would be unusual but not illegal if there were #CONDI TI ONAL- REPETI TI ON.eneoding objects present that

ngver be used because the conditions on use of earlier encoding objects would always be satisfied.

23.134 Decoder actions

itions

could

23.134.1 The decoder shall select and use the first #CONDI TI ONAL- REPETL TI ON encoding object in "ENCODI NG(S)"

whosg conditions are satisfied.

23.14 Defining encoding objectsfor the #CONDI TI ONAL- REPETI TI ON class

23.141 Thedefined syntax
The gyntax for defining encoding objects for the #CONDI<FVONAL- REPETI Tl ONclass is defined as:

-- Strmuoture or conponent replacement specification (see 22.1)
&#Rephacenent - structure

&r€pNecenent - st ruct ur e- encodi ng- obj ect  &#Repl acenent - structure
&#Read- end- structure

-- Pre-alignnent and paddi ng specification (see 22.2)

#CONDI TI ONAL- REPETI TI ON : : = ENCODING CLASS {
-- Condition (see 21.13)
&si ze-range-condi ti gn Si zeRangeCondi tion OPTI ONAL,
&conpari son Conpari son OPTI ONAL,
&conpar at or | NTEGER OPTI ONAL,
&Si ze- r ange- condir i ons Si zeRangeCondi ti on ORDERED OPTI ONAL,
&Conpari sons Conpari son ORDERED OPTI ONAL,
&Conpar at ors | NTEGER ORDERED OPTI ONAL,

&encodi ng- space-pre-alignnent-unit Unit (ALL EXCEPT repetitions) DEFAULT b

OPTI ON4
OPTI ON4
OPTI ON4

&encodi ng- space- pr e- paddi ng Paddi ng DEFAULT zero,

encaodi ng- space-pre-pattern Non-Null -Pattern (Al EXCFPT different - any)
DEFAULT bits:'0'B,

-- Start pointer specification (see 22.3)

&st art - pointer REFERENCE OPTI ONAL,

&start-pointer-unit Unit (ALL EXCEPT repetitions) DEFAULT bit,

&St art - poi nt er - encoder -transforns #TRANSFORM ORDERED OPTI ONAL,

-- Repetition space specification (see 22.7)

& epetition-space-size Encodi ngSpaceSi ze

DEFAULT sel f-delimting-val ues,
&repetition-space-unit Uni t

DEFAULT bit,
& epetition-space-determnation Repeti ti onSpaceDet er mi nati on

DEFAULT fi el d-t o-be-set,
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&mai n-ref erence REFERENCE OPTI ONAL,
&Encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&Decoder -t ransf or s #TRANSFORM ORDERED OPTI ONAL,
&handl e-i d PrintableString

DEFAULT "def aul t - handl e",
& erm nation-pattern Non- Nul | -Pattern (ALL EXCEPT

di fferent:any) DEFAULT bits '0'B,

-- Repetition alignnent

& epetition-alignnent ENUMVERATED { none, aligned}
DEFAULT none,
-- Val ue padding and justification (see 22.8)
&val ue-justification Justification DEFAULT right:O,
SvarTeTpre- paddi Ty Paddimg—BEFASET T T;
&val ue-pre-pattern Non- Nul | - Patt ern DEFAULT bits:'0' B, Q)
&val ue- post - paddi ng Paddi ng DEFAULT zer o, QQ
&val ue- post-pattern Non- Nul | - Pat t ern DEFAULT bits:"' O'}QV
&unused- bi t s- det er mi nat i on UnusedBi t sDet er ni nati on (b
DEFAULT fi el d-t o- be- set, (O’

&unused- bi ts-reference REFERENCE OPTI ONAL,
&Unused- bi t s- encoder -t ransf orns #TRANSFORM ORDERED OPTI
&Unused- bi t s- decoder -t ransforns #TRANSFORM ORDERED OPT ,

-- ldentification handl e specification (see 22.9) \Q/

&exhi bi t ed- handl e Printabl eString LT "defaul t-handl e
&Handl e- posi ti ons | NTEGER (0. . % TI ONAL,

&handl e- val ue- set Handl eVal ueSeb\ FAULT tag: any,

&bit -reversal Revers cification
DEFA! -reversal

-- Bit reversal specification (see 22.12) Q
éo

} WTH SYNTAX { Q>

N

[l F &size-range-condition [&conpari an &conpar at or] ]
[IF-ALL &Si ze-range-conditions [ & ari sons &Conpar at ors] ]
[ ELSE] K\
[ REPLACE R

[ STRUCTURE]

[ COMPONENT] xO

[ ALL COVPONENTS] \jT

W TH &Repl acerrelQ\Cs ructure

[ ENCCDED BY &r€g acement - st ruct ur e- encodi ng- obj ect

[I'NS AT HEAD &#Head- end-structure]]]

[ ALI GNED TO O

[ NEXT]

[aw O

O&encodi ng- space- pre-al i gnnent - uni t
% [ PADDI NG &encodi ng- space- pr e- paddi ng
N\ [ PATTERN &encodi ng- space-pre-pattern]]]
[ST@- O NTER  &start-pointer
Q~[I\/ULTI PLE OF &start - pointer-unit]

[ ENCODER- TRANSFORNVS &St art - poi nt er - encoder -t ransf or ns] |

PETI TI ON- SPACE
[ SI ZE &repetition-space-size
[ MULTI PLE OF &repetition-space-unit]]
[ DETERM NED BY &repetition-space-determ nation

HHANBEE—&Rreret-e—et
[ USI NG &ai n-ref erence
[ ENCODER- TRANSFORMS &Encoder -t r ansf or nms]
[ DECODER- TRANSFORMB &Decoder -t r ansf or ms] |
[ PATTERN &t erm nati on-pattern]
[ ALI GNVENT  &repetition-alignment]
[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI NG &val ue- pr e- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ PCST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post-pattern]]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t s-det er mi nati on]
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[ USI NG &unused- bi t s-reference
[ ENCODER- TRANSFORMS &Unused- bi t s- encoder - t r ansf or ns]
[ DECODER- TRANSFORMS &Unused- bi t s- decoder-transforns]]]]
[ EXHI BI TS HANDLE &exhi bi t ed- handl e AT &Handl e-positions
[ AS &handl e-val ue-set]]
[ Bl T- REVERSAL &bit-reversal]

}

23.14.2 Purpose and restrictions

23.14.2.1This syntax is used to define the encoding of a class in the repetition category subject to satisfaction of a
condition based on the bounds of the repetition (use of "I F'). It also allows the specification that all of a set of
conditions are to be satisfied (use of "I F- ALL"). It also alows the specification that there is no condition. The use of
"ELSE*;Or omisSonm of—“TF -~ TF ACC—and ECSE —Speciies that there TS o conition. T+ ACC —shatt e usedl with
threellists if one or more of the size-range-conditions require a comparison, and shall be used with one list othérwise.
When using three lists, size-range-conditions that do not require a comparison or comparator (if any) shallyfollow al
thoselthat require a comparison, and shall have no corresponding entry in the second and third lists. Inusing "1 F{ ALL"
with three lists, the lists shall be interpreted as a list of predicates using the values in corresponding positions jn the
threelists.

NOTE - It is recommended that the three lists be formatted to provide a condition in each column (seéthe example in 23.7]2.2).

23.142.2 At most one of "I F", "I F- ALL" and "ELSE" shall be present.

23.14.2.3f "REPLACE STRUCTURE" is set, then no other encoding property groups shall*be set. If the encoding pbject
of the replacement structure exhibits a handle (with a given handle value set),“the encoding object being dgfined
exhibjts the same identification handle (with the same handle value set — see 22.1:1.11).

23.142.41f "EXH BI TS HANDLE" is set, then the encoding object exhibits the'specified identification handle.
23.142.5"REPETI TI ON- SPACE S| ZE" shall not be "f i xed- t o- max",

23.14261f the "REPETITION-SPACE SIZE" is "sel f-délNVmiting-values”, and "MULTIPLE Of
"repetitions", then the number of repetitions shall be constraified by boundsto asingle value.

23.14.2.7 If there are any unused bits in the encoding space;then "VALUE- PADDI NG' shall be set.

23.143 Encoder actions

23.14.3.1 For any encoding property group that.is set, the encoder shall perform the encoder actions specified in ¢lause
22, inthe following order and in accordance with the encoding object definition:

a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Repetition space:

€) Repetition.encoading (see 23.14.3.4).
f)  Vauepadding and justification.

g) Identification handle.

h) _‘Bitreversal.

23.143.24f YALI GNVENT" is set to "al i gned”, then the settings of pre-alignment and padding shall be used to prg-align
each eneading of the component.
NOTE - Thisis 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.

23.14.341f the "REPETI TI ON- SPACE Sl ZE" is "vari abl e-wi t h-det er ni nant " or
"encoder - opti on-wi t h- det er mi nant ", then the size shall be the smallest multiple of "MULTI PLE OF" units ("s',
say) that will contain the value of the repetition (but see 23.14.3.5).

23.14.3.5An encoder (as an encoder's option) may increase "s" (as determined in 23.14.3.4) in "MULTI PLE COF" units
(subject to any restrictions that the range of values of any "fi el d-t o- be-set" or "fi el d-t o- be- used" imposes) if
"ENCODI NG SPACE Sl ZE" isset to "encoder - opt i on- wi t h- det er mi nant ".
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23.14.3.6 The repetition value is then placed in the encoding space, using "VALUE- PADDI NG' if there are any unused

bits.

23.14

.4 Decoder actions

23.14.4.1 For any encoding property group that is set, the decoder shall perform the decoder actions specified in clause

22, inthe following order and in accordance with the encoding object definition:
a) Pre-alignment and padding.
b) Start pointer.
c) Repetition space.
d) Bitreversa.
€ vaue padding and justtication. %>
f)  Repetition decoding (see 23.14.4.2). QQ
23.14 4.2 Each repetition shall be extracted, and decoded in accordance with the encoding spegg@ation of the
comppnent of the repetition class. ,
23.1% Defining encoding objectsfor classesin the tag category C)Q)Cb
23191 Thedefined syntax \\<</
The gyntax for defining encoding objects for classes in the tag category is defined as: O
#TAG :: = ENOODI NG CLASS { s\\
-- Structure-only replacenment specificati onéee 22.1)
&#Repl acenent -structure OPTI ONAL,
&r epl acenent - st ruct ur e- encodi ng- obj ect {Qg{epl acenent -structure OPTI ONAL,
-- Pre-alignnent and paddi ng specifi s?’\1\}on (see 22.2)
&encodi ng- space- pre-al i gnment - uni t@ (ALL EXCEPT repetitions) DEFAULT b|t,
&encodi ng- space- pr e- paddi ng ddi ng DEFAULT zero,
&encodi ng- space-pre-pattern Non- Nul | -Pattern (ALL EXCEPT different: pny)
‘\Q’ DEFAULT bits:'0'B,
A\
-- Start pointer specifi cé@on (see 22.3)
&start-pointer - O REFERENCE OPTI ONAL,
&start-pointer-unit ~\N Unit (ALL EXCEPT repetitions) DEFAULT b|t,
&St art-pointer- encgcgr)-t ransfornms #TRANSFORM ORDERED OPTI ONAL,
-- Encoding sp pecification (see 22.4)
&encodi ng- sp ize Encodi ngSpaceSi ze
DEFAULT sel f-delimting-val ues,
&encodi n ace-unit Unit (ALL EXCEPT repetitions)
% DEFAULT bit,
&enco@— space-det erm nati on Encodi ngSpaceDet er mi nat i on
DEFAULT fi el d-to- be-set,
eQ'odi ng- space-r ef erence REFERENCE OPTI ONAL,
Q ncoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
é Decoder -t ransf or ns #TRANSFORM ORDERED OPTI ONAL,
&v -- Val ue padding and justification (see 22.8)
% &val ue-justification Justification DEFAULT right:O,
&varl ue- pr e- paddr ng Paddr ng DEFAUCT zer o,
&val ue-pre-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&val ue- post - paddi ng Paddi ng DEFAULT zero,
&val ue- post-pattern Non- Nul | - Pattern DEFAULT bits:'0'B,
&unused- bi t s-det erm nation UnusedBi t sDet er m nati on
DEFAULT fi el d-to-be-set,
&unused- bi t s-reference REFERENCE OPTI ONAL,
&Unused- bi t s- encoder -t r ansf or ns #TRANSFORM ORDERED OPTI ONAL,
&Unused- bi t s- decoder -t r ansf or s #TRANSFORM ORDERED COPTI ONAL,
-- ldentification handl e specification (see 22.9)
&exhi bi t ed- handl e Printabl eString DEFAULT "def aul t - handl e",
&Handl e- posi ti ons I NTEGER (0..MAX) OPTI ONAL,
&handl e- val ue- set Handl eVal ueSet DEFAULT t ag: any,
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23.15
23.15
23.15

-- Bit reversal specification (see 22.12)
&bi t-reversal Rever sal Speci fi cati on
DEFAULT no-reversal

} WTH SYNTAX {
[ REPLACE
[ STRUCTURE]
W TH &#Repl acenent - struct ure
[ ENCODED BY &repl acenent - struct ur e- encodi ng- obj ect]]
[ ALI GNED TO
[ NEXT]
[ ANY]

&encodi ng- space-pre-alignnent-unit

[ PADD NG &encodi ng-space-pre- In.qridi ng
[ PATTERN &encodi ng- space-pre-pattern]]]
[ START- PO NTER  &start-pointer
[ MULTI PLE OF &start-pointer-unit]
[ ENCODER- TRANSFORVS &St art - poi nt er - encoder - t r ansf or ns] |
ENCODI NG- SPACE
[ SI ZE &encodi ng- space-si ze
[ MULTI PLE OF &encodi ng-space-unit]]
[ DETERM NED BY &encodi ng- space- det er m nati on]
[ USI NG &encodi ng- space-ref erence
[ ENCCDER- TRANSFORVS &Encoder - t r ansf or ns]
[ DECCDER- TRANSFORVS &Decoder -t r ansf or ns] ]
[ VALUE- PADDI NG
[ JUSTI FI ED &val ue-justification]
[ PRE- PADDI NG &val ue- pr e- paddi ng
[ PATTERN &val ue-pre-pattern]]
[ PCST- PADDI NG &val ue- post - paddi ng
[ PATTERN &val ue- post - patternl]
[ UNUSED BI TS
[ DETERM NED BY &unused- bi t 8&sdet er mi nat i on]
[ USI NG &unused- bi ts-refedénce
[ ENCODER- TRANSFORYS &Unused- bi t s- encoder -t r ansf or ns]
[ DECODER- TRANSEERVS &Unused- bi t s- decoder -transforns]]]]
[ EXH BI TS HANDLE &exhi bi t ed- hafll e AT &Handl e- posi tions
[ AS &handl e-val ue-set]]
[ BI T- REVERSAL &bit-reversaly

}
2 Purposeand restrictions
2.1 This syntax is used to definethe encoding of aclass in the tag category.
12.21f "REPLACE STRUCTURE" is set, then no other specifications shall be set. If the encoding object

replagement structure exhibits.a’handle (with a given handle value set), the encoding object being defined exhibi

same

23.15
N

23.15
23.15

identification handle'(with the same handle value set — see 22.1.1.11).

2.3 The "ENCODING- SPACE Sl ZE" shall not be "f i xed-t o- max" or "sel f - del i mi ti ng-val ues".
DTE — This means that the default value (which is set for consistency with other uses of this type) always hasto be overr

3 Encoedér actions

3.XFor any encoding property group that is set, the encoder shall perform the encoder actions specified in

22,i

pf the
tsthe

dden.

Clause

the’following order and in accordance with the encoding object definition:
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a) Replacement.

b) Pre-alignment and padding.

c) Start pointer.

d) Encoding space.

e) Vaueencoding (see 23.15.3.3).
f)  Vaue padding and justification.
g) ldentification handle.

h) Bitreversal.
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23.15.3.2 The encoder shall determine the minimum number of bits"n" needed to encode the tag number as the smallest

value

of "n" such that 2"-1 is greater than or equal to the tag number. If "n" is zero, it shall beincreased to 1.

23.15.3.3 The encoding shall be a positive integer encoding. The specification of apositive integer encoding isgivenin
ITU-T Rec. X.690 | ISO/IEC 8825-1, 8.3.2 and 8.3.3.

23.15.3.4 An encoder shall detect an ECN specification error if a tag number is to be encoded into a number of bits
which isinsufficient, as specified above.

23.15.3.51f "ENCODI NG SPACE Sl ZE" is a positive integer, then its size in bits is calculated as "SI ZE" multiplied by
"MULTI PLE OF" units. If "VALUE- PADDI NG' is not set, then this shall be the number of bits "n" that the tag number
shall encode into and there are no unused bits. If "VALUE- PADDI NG' is set, then the number of bits that the tag number
shall encode into is reduced by the integer value "m" specified for "JUSTI FI ED", and there will be "m" unused bits.

23.15
dete

to engode the tag number ("s", say), and shall proceed (as specified above) as if "SI ZE" were a positive-inhteger

that v
23.15
(subjg
"ENC(
23.15

23.15
claus

23.15
encod

23.14

In thi
categ

24

24.1

Lo.01T  "ENCODI NG SPACE SIZE™ IS “vari able-wth-determnant™ Or “encoder-opti on-
m nant ", then the encoder shall determine the minimum number of "MULTI PLE OF" units that has sufficiel

alue (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 "MJLTI PLE OF
bt to any restrictions that the range of values of any "fi el d-t o- be-set" or "fi el d-t g-be- used" impo
DI NG- SPACE S| ZE" isset to "encoder - opt i on-wi t h- det er mi nant ",

4 Decoder actions

4.1 For any encoding property group that is set, the decoder shall perforamthe decoder actions specif
p 22, in the following order and in accordance with the encoding object definition:

a) Pre-aignment and padding.

b) Start pointer.

¢) Encoding space.

d) Bitreversal.

€) Vaue padding and justification.
f)  Vauedecoding.

4.2 The decoder shall recover the tag number-from the bits used to encode it, decoding from a positive i
ing.

Defining encoding objectsfor classesin the other categories

5 version of this Recommendationy| International Standard, there is no defined syntax for classes in the foll
Dries:

obj eet'i denti fier

open-type

feal

tine

Defined syntax specification for the #TransForRvencoding class

Summary of encoding properties and defined syntax

Mt h-
nt bits
set to

units
5es) if

ed in

hteger

DWing

24.1.1 The syntax for defining encoding objects for the #TRANSFCRM class shall be:

#TRANSFORM : : = ENCODI NG CLASS {

-- int-to-int (see 24.3)

& nt-to-int CHA CE {
i ncrenment I NTEGER (1..MAX),
decr enent I NTEGER (1..NAX),
mul tiply I NTEGER (2. . MAX),
di vi de | NTEGER (2.. NAX),
negat e ENUMVERATED({ val ue},
nodul o | NTEGER (2.. NAX),
subt ract ENUVERATED({ | ower - bound} },
nmappi ng | nt eger Mappi ng
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} OPTI ONAL,
-- bool -to-bool (see 24.4)
&bool -t o- bool CHO CE
{l ogi cal ENUVERATED{ not } }

DEFAULT | ogi cal : not,

-- bool -to-int (see 24.5)

&bool -to-int ENUMERATED {true-zero, true-one}
DEFAULT true-one,

-- int-to-bool (see 24.6)

& nt -t o-bool ENUMERATED {zero-true, zero-false}
DEFAULT zero-fal se,
&t=—to—boot—=tTue-TS HNTEGER—CPTHONAL
& nt-to-bool-fal se-is | NTEGER OPTI ONAL, Q‘b
-- int-to-chars (see 24.7) (19
& nt-to-chars-size Resul t Si ze DEFAULT vari abl e, (b
& nt-to-chars-plus BOOLEAN DEFAULT FALSE,

7/
& nt-to-chars- pad ENUVERATED 9
{spaces, zeros} DEFAULT zeros, (b%

-- int-to-bits (see 24.8) Q/O

& nt-to-bits-encoded-as ENUVERATED \\Te
{positive-int, twos-cQ nt}
DEFAULT twos-conpl e

& nt-to-bits-unit Unit (1..MAX) DEFAL& it,

& nt-to-bits-size Resul t Si ze DEFAUQT ri abl e,

-- bits-to-int (see 24.9) %Q
&bi ts-to-int-decoded-assum ng ENU D
{po%fﬁve-i nt, twos-conpl enent}
D%A LT twos-conpl enent,

-- char-to-bits (see 24.10) \'\(\
&char -t o- bi t s- encoded- as E RATED
%}E 010646, conpact, mapped}
O FAULT conpact,
&Char -t o- bi t s-chars X7 Uni versal String (Sl ZE(1))
Xe) ORDERED OPTI ONAL,
&Char -t o- bi t s-val ueSC)\\ Bl T STRI NG ORDERED OPTI ONAL,
&char-to-bits-unit Unit (1..MAX) DEFAULT bit,

-

&char-to-bits-si . Resul t Si ze DEFAULT vari abl e,

-- bits-to-c (see 24.11)
&bi t s-t 0- chantecoded- assum ng ENUVERATED
: {i 5010646, napped}

\% DEFAULT i 5010646,
&Bi t -C@ char-val ues BI T STRI NG ORDERED OPTI ONAL,
&Bi o- char-chars Uni versal String (SIZE(1))
ORDERED OPTI ONAL,

§- bit-to-bits (see 24.12)
?\ &bi t-to-bits-one Non- Nul | - Pattern DEFAULT bits:'1'B,
é &it-to-bits-zero Non- Nul | - Pattern DEFAULT bits:'0'B,

-- bits-to-bits (see 24.13)
&Sour ce-val ues BI T STRI NG ORDERED,
&Resul t - val ues BI T STRI NG ORDERED,

-- chars-to-conposite-char (see 24.14)
-- There are no encoding properties for this transfornmation

-- bits-to-conposite-bits (see 24.15)
&its-to-conposite-bits-unit Unit (1..MAX) DEFAULT bit

-- octets-to-conposite-bits (see 24.16)
-- There are no encoding properties for this transfornmation

-- conposite-char-to-chars (see 24.17)
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-- There are no encoding properties for this transfornation

-- conposite-bits-to-bits (see 24.18)
-- There are no encoding properties for this transfornmation

-- conposite-bits-to-octets (see 24.19)
-- There are no encoding properties for this transfornation

} WTH SYNTAX {

-- Only one of the follow ng clauses can be used.
[INT-TO INT & nt-to-int]

[R('ﬂ-T('\.Rm [AQ R,hnnl-fn-hnnl]]

é&

S
R

[ BOOL- TO- | NT AS &bool -to-int] QQQ)
[ I NT- TO- BOOL (5(1/
[AS & nt-to-bool] <O,
[TRUE-1S &l nt-to-bool-true-is] (1/
[ FALSE-1S & nt-to-bool -fal se-is]] (bcb
[ I NT- TO- CHARS C)
[SI ZE & nt-to-chars-size] \Q/
[ PLUS- SI GN & nt -t o-chars- pl us] CD\
[ PADDI NG &i nt -t o- char s- pad] ] \%
[INT-TO-BI TS 6\

[AS & nt-to-bits-encoded- as] Q
[SI ZE & nt-to-bits-size] QQ

[ MULTIPLE OF & nt-to-bits-unit]]
D

[BI TS-TO I NT QO
[ AS &bits-to-int-decoded- asswg] ]
b

[CHAR-TO-BI TS
[AS &char-to-bits- encookpgas]
[ CHAR- LI ST &Char -t o- bi char s]
[BI TS-LI ST &Char -t o- s-val ues]
[ SI ZE &char -t o- bi t\g=sI ze]
[ MULTI PLE OF &6&@ 0-bits-unit]]
[ BI TS- TO CHAR ..
[ AS &bi ts%char - decoded- assum ng]
[BI TS- LI Bi t s-t o- char - val ues]
[ CHAR- Q)ST &Bi t s-to-char-chars]]

[BIT-T Q
PATTERN &bi t-to-bits-zero]
0 E- PATTERN &bit-to-bits-one]]
?h S-TOBITS
SOURCE- LI ST &Sour ce-val ues

RESULT- LI ST &Resul t -val ues]

[ CHARS- TO- COMPOSI TE- CHAR]

[BI TS- TO COWPCSI TE-BI TS
[UNIT &bits-to-conposite-bits-unit]]

[ OCTETS- TO- COVPCSI TE- BI TS]
[ COVPCSI TE- CHAR- TO- CHARS]
[ COWPCSI TE- BI TS- TO- BI TS

[ COVPCSI TE- BI TS- TO- OCTETS]
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Source and target of transforms

24.2.1 The #TRANSFORMencoding class allows the specification of procedures which transform input abstract values
(the source) into output abstract values of the same or a different type (the result). It also allows the specification of
procedures that map a characterstring, octetstring or bitstring source into a transform composite, and a transform
composite (whose values are a single character, a single octet, or bitstrings with a fixed unit size) into an abstract value
(a characterstring, an octetstring, or a bitstring). The source is either the result of a previous transform, or is obtained
from a source class (see 19.4). The result is either the source for a following transform, or becomes associated with a
target class (see 19.4).

NOTE — Clause 23 a so uses transforms whose source is a single bit and a single character.

24.2.2 These transforms are used in the definition of value mappings and in the definition of encoding objects for
encoding classes in the bit-field group of categories (see clauses 20 to 23).

24.2.1
#TRA

24.2.4
class

24.2.2
#TRA|

24.2.4
and 2

24.2.4
in19
chara
result]

242"
chara
also k
by an
comp
single

transfiorm of every element in the source composite.

24.2.¢
asou
not h
shall

24.2.]
the ¢
Whe
(treat
set to

24.2.8 The falowing subclauses specify conditions on the abstract values of the source which enable a transfd

be d¢g
to be

B The source and result are indicated by words ("I NT- TO- I NT", "BOOL- TO- BOOL", €etc.) in the specificatio
NSFORMencoding object, and are defined in the associated text.

|l Subclauses 24.2.4.1 to 24.2.4.3 specify rules for using transforms in succession, and for the Source and
s of alist of transforms.

.1 When encoding objects of the class #TRANSFORM are specified in an ordered list, the source of a foll
NSFORMencoding object shall be the result of the preceding # TRANSFORMencoding objéct.

n of a

target

bwing

1.2 For the first and last of an ordered list of transforms used in the definition of \encoding objects in clau

Cterstring, integer or octetstring category (see 19.4.2). The requiredsource for the first transform and the r
of the last transform (for each of these categories) are specified in\24.2.7.

b Text in this clause specifies the source of a transform and:the result of a transform as an integer, a bool
Cterstring, a bitstring, a single character, or a single bit (source only). The source and result of a transfor
e a composite of these values. Transform composites canronly be produced by transforms, and must be prog
other (the next) transform in alist of transforms. There are two groups of transforms. those designed to
psites from abstract values or to produce an abstraet value from a composite; and those designed to tran
values. The latter can also transform composites of those values, producing a composite as the result which

b A source or target that is a single bitier a single character occurs only when successive transforms have
put and input, or as specified in clauses'22 and 23. The first transform of the ordered list referenced in 19.4

not have atarget which is asinglebit or asingle character.

' When used in 19.4, the source for the first transform and the target for the last transform shall be the s3
btegory of the source~eneoding class and target encoding class (respectively), with the following excex

the category of thesource encoding class is octetstring, the source for the first transform shall be bit
ng each octetstringyvalue as a bitstring value). When the last transformis "Bl TS- TO- Bl TS" with "MULTI PL
8, the target class may be octetstring.

ined asreversible. Itisan ECN or application error if such values are supplied to a transform which is req
Feversible, and encoders shall not generate encodings for such values.

22

B, text in those clauses specifies the source for the first transform and the required.result for the last transform.

1.3 For the first and last of an ordered list of transforms used in the specification of value mapping by trangforms
4, text in that subclause specifies a source class and atarget class, both of-which will be of the bitstring, boplean,

uired

Pan, a
m can
essed
Create
Sform
isthe

these
| shall

hve a source which is a single hitior ‘a single character. The last transform of the ordered list referenced i 19.4

Ime as
tions.
string
E OF"

rm to
uired

243

Theint-to-int transform

NOTE — Examples of thistransform are givenin D.1.2.2.

24.3.1 Theint-to-int transform uses the following encoding property:

122

& nt-to-int CHA CE {
i ncrement | NTEGER (1..MAX),
decr ement I NTEGER (1..MAX),
mul tiply | NTEGER (2. . MAX),
di vi de | NTEGER (2. . MAX),
negat e ENUVERATED{ val ue},
nodul o | NTEGER (2. . MAX),
subt ract ENUVERATED{ | ower - bound} },
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nappi ng | nt eger Mappi ng
} OPTI ONAL

24.3.2 The syntax for the int-to-int transform shall be:
[INT-TOINT & nt-to-int]

24.3.3  Thedefinition of the type used in the int-to-int transformiis:

I nt eger Mappi ng ::= SET OF SEQUENCE {
source SET OF | NTEGER,
resul t | NTEGER} (CONSTRAI NED BY {/* the intersection of the source

conponents shall be enpty
(see 21.17) */})

24.3% Anint-to-int transform is defined by giving avaueto "I NT- TO- | NT", permitting any giver encoding object to
specily precisely one arithmetic operation. General arithmetic can, however, be defined by the'use of an ordered st of
transfiorms (this is permitted wherever transforms involving integers are allowed).

24.3.6 The values "i ncrenent: n", "decrenent: n

mean|ng.

mul tiply:n", "negat e: nl" have their normal mathenpatical

24.3.7 Thevaue "di vi de: n" is defined to produce an integer result which isithe integer value that is closest o the
mathématical result, but is no further from zero than that result. In programiming terms, "di vi de: n" truncates topvards
zero, po avalue of -1 with "di vi de: 2" will give zero.

24.3.8 The transform for the value "nodul o: n" is defined as follows: Let "i" be the origina integer value, let the
transflorm be "nodul o: n". Let "j" be the result of applying ‘di vi de: n" foIIowed by "mul ti ply: n" to "i".|Then
"modul o: n" applied to "i" is defined to be the same as applying."decr enent : j " to "i".

24.3.9 The transform for the value "subt r act : | owerzpound" shall only be used as the first of an ordered |ist of
transfiorms (and hence can never be used if the source is\a composite). The source shall have alower bound.

24.3.10 Thetransform for the value "mappi ng: i nt eger Mappi ng" is defined as follows. The original integer valueis
replaged with the value associated to the set.©f values to which it belongs. It is an ECN specification error [if the
int tion of the sets of values is not empty; ‘it is an application error if the original integer does not belong to ¢ne of
the vdlue 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
revergibleif the source is a composite and Table 6 specifies Always reversible as the condition.

NOTE — While an int-to-int-transform with a composite input is formally reversible if Table 6 specifies Always reversiblg as the
condition, it cannot in-practice form part of a chain of reversible transforms since there is no such chain that starts with ja non-
camposite input and,praduces a composite integer (with currently defined transforms).

Table6—Reversal of "INT-TO-INT" transforms

Transform Condition
increment:n Alwaysreversible
decrenent: n Alwaysreversible

mul tiply:n Always reversible
divide:n Vaueisamultiple of n
negat e: val ue Always reversible
modul o: n Never reversible

subt ract : | ower - bound Always reversible

mappi ng: i nt eger Mappi ng  Spurce value sets, each containing only one value, and
the result values are distinct.
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24.4 The bool-to-bool transform
24.4.1 The bool-to-bool transform uses the following encoding property:

&bool -t o- bool CHO CE
{l ogi cal ENUMERATED( not } }
DEFAULT | ogi cal : not

24.4.2 The syntax for the bool-to-bool transform shall be:
[ BOOL- TO- BOCOL [ AS &bool -t o-bool ]]
24.4.3 Both the source and result of this transform are boolean or a boolean composite.

24.4. If the source is a hoalean, the resilt is a hoalean. If the source is a boolean composite, the resiilt is a bgolean
comppsite in which each element of the source has been transformed as specified in 24.4.5.

24.4% Thereis only one vaue for "BOOL- TO- BOOL", "AS | ogi cal : not ", which may be omitted. This)transform
converts boolean TRUE to FALSE, and vice versa.

24.4.6 Thistransformisdefined to be reversible for all abstract values.

24.5| The bool-to-int transform
24.5.1 The bool-to-int transform uses the following encoding property:

&bool -to-int ENUMERATED {true-zero, truésone}
DEFAULT true-one

2452 The syntax for the bool-to-int transform shall be:
[ BOOL- TO- I NT AS &bool -to-int]

2458 The source for this transform is boolean or a boolean ‘composite and the result is integer or an integer
comppsite. The integer result (and each element in the integerccomposite) has the value zero or one. The result has no
assoc|ated bounds.

24.5.4 If the source is a boolean, the result is an integer If the source is a boolean composite, the result is an integer
comppsite in which each element of the source has heen transformed as specified in 24.5.5.

245% Thevaue"true-zero" of "BOOL- TO-I'NT" produces integer O for TRUE and integer 1 for FALSE. The|value
"t rug- one" producesinteger 1 for TRUE and integer O for FALSE.

245.6 Thistransform isdefined to bevreversible for al abstract values.

24.6| Theint-to-bool transforrm

24.6.1 Theint-to-bool trafsfiorm uses the following encoding properties:

& nt& 16 bool ENUMERATED {zero-true, zero-false}
DEFAULT zero-fal se,

&nt-to-bool -true-is | NTEGER OPTI ONAL,

&l nt-to-bool-fal se-is | NTEGER OPTI ONAL

24.6.2 The'syntax for the int-to-bool transform shall be:

[II\I‘I’ TO. BOA
[ AS & nt-to-bool]
[TRUE-1S &l nt-to-bool -true-is]
[FALSE-1S &l nt-to-bool -fal se-is]]

24.6.3 The source for this transform is integer or an integer composite and the result is boolean or a boolean
composite.

24.6.4 Either one of "AS", "TRUE- | S" and "FALSE- | S" is set, or both "TRUE- | S" and "FALSE- | S" are set (and "AS"
isnot set), or none are set. If none are set, then the default value for "AS" is assumed.

24.6.5 |If "AS" isset (or is defaulted), then the value "zer o- t r ue" produces TRUE for the value zero and FALSE for all
non-zero values, and the value "zer o- f al se" produces FALSE for the value zero and TRUE for all non-zero values.

124 ITU-T Rec. X.692 (11/2008)


https://standardsiso.com/api/?name=384bd4252076e2b6c3428e8dd9201601

| SO/IEC 8825-3:2008 (E)

24.6.6 If "TRUE-1S" only is set, all of the integer values for "TRUE- | S" produce TRUE and all other integer values
produce FALSE

24.6.7 If "FALSE-1S" only isset, all of theinteger values for "FALSE- | S" produce FALSE and al other integer values
produce TRUE.

24.6.8 If both "TRUE-1S" and "FALSE-1 S" is set, then the integer values in "TRUE- 1 S" and "FALSE- | S" shall be
digoint. In this case, it is an ECN specification or application error if abstract values which are not included in either
"TRUE- | S" or "FALSE- | S" areincluded in the source, and encoders shall not generate encodings for such values.

24.6.9 This transform is defined to be reversible if and only if both "TRUE- 1 S" and "FALSE- | S" are set, and they
each specify asingleinteger value.

24.7| Theint-to-charstransform

24.7.1 Theint-to-chars transform uses the following encoding properties:

& nt-to-chars-size Resul t Si ze DEFAULT vari abl e,
& nt-to-chars-plus BOOLEAN DEFAULT FALSE,
& nt -t o-chars- pad ENUMERATED

{spaces, zeros} DEFAULT zeros
24.7.2 The syntax for the int-to-chars transform shall be:

[ I NT- TO CHARS
[SI ZE & nt-to-chars-size]
[ PLUS- SI GN & nt -t o- char s- pl us]
[ PADDI NG & nt -t o-char s-pad] ]

24.7.3 Thedefinition of the type used in the int-to-chars transformis:
Resul t Size ::= I NTECER {variable(-1), fixed-tQxyax(0)} (-1..MAX) -- (see 21.15

24.7.4 The source for this transform is an integer or an integer composite, and the result is a characterstring or a
charatterstring composite.

24.7.% If the source is an integer, the result is a characterstring. If the source is an integer composite, the resylt is a
charafterstring composite in which each element of the-source has been transformed as specified in 24.7.6 to 24.7[13.

24.7.¢ "SI ZE", "PLUS- SI G\', and "PADDI NG"all have default values and can be omitted.

24.7.7 "SI ZE" specifies either:
a) afixed sizein charactersfor-the resulting size (a positive value of "SI ZE"); or
b) that avariable length'string of charactersisto be produced (the value "vari abl e" of "SI ZE"); or

c) afixed-sizejust-large enough to contain the transform of all abstract values in the source class (the|value
"fi xed-t o- x> of "SI ZE").

24.7.8 "SI zE" shal notlbe set to "f i xed- t o- nax" unless thisis the first transform in an ordered set, and the gource
class [has both loweryand upper bounds. This is synonymous with the specification of a positive value equal o the
smallgst value needed to contain the transform of every abstract value within the bounds.

24.7.9 Thednteger valueis first converted to a decimal representation with no leading zeros and with a pre-fixed "-"
(HYRHEN-MINUS) if it is negative. If, and only if, "PLUS- SI G\' 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 "SI ZE" is"vari abl e", then thisis the resulting string of characters. In this caseit is not an error to specify
avalue for "PADDI NG', but the value isignored.

24.7.12 If "SI ZE" isapositive value or "f i xed- t o- 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 error, and
encoders shall not generate encodings for such abstract values.

24.7.13 If "SI ZE" isapositive value or "f i xed- t o- max", and the string is smaller than the fixed size, then it is padded
with either " " (SPACE) or "0" (DIGIT ZERO), determined by the value of "PADDI NG', pre-fixed to produce the
specified size.
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24.7.14 Thistransform is defined to be reversible for all abstract values.

24.8

Theint-to-bitstransform

NOTE — An example of thistransformisgivenin D.1.5.5.

24.8.1 Theint-to-bits transform uses the following encoding properties:

& nt-to-bits-encoded-as ENUMERATED
{positive-int, twos-conplenent}
DEFAULT twos- conpl enent,

& nt-to-bits-unit Unit (1..MAX) DEFAULT bit,
& nt-to-bits-size Resul t Si ze DEFAULT vari abl e
24.8.’1. Thc Q_yl Itw\ fUI thclllt tU b;totlallsfullll g"la“ bc.
[INT-TO-BI TS
[AS & nt-to-bits-encoded- as]
[SI ZE & nt-to-bits-size]
[MULTIPLE OF & nt-to-bits-unit]]
24.8.8 The definition of the types used in the int-to-bits transform are:

24.8.4
comp

24.8.1
a hits
in24

24.8.4

24.8.]
value

24.8.
defin
positi

N

24.8.
Thed

24.8.]

Unit ::= | NTEGER
{repetitions(0), bit(1), nibble(4), octet(8), wordl6(18¥
dword32(32)} (0..256) -- (see 21.1)
Resul t Size ::= I NTECER {variable(-1), fixed-to-max(0)} 2 .MAX) -- (see 21.15

I The source for this transform is an integer or an integer composite and the result is a bitstring or a bit
psite. There are no bounds associated with the result. The following-elauses use the term resulting bitstring.

b If the source is an integer, the result is the resulting bitstring.« If<the source is an integer composite, the re
tring composite in which each element of the source has been'fransformed to the resulting bitstring as spe
5.5.

b "AS" and "MULTI PLE OF" have default values and need not be set.

"SI ZE" has a default value and need not be set<if the source is not a composite. It shall be set to a pa
if the source is a composite.

"Sl ZE" shall not be set to "fi xed-t o-\pax" unless this is the first transform in an ordered set in the s
in 19.4, and the source class has beth.Jower and upper bounds. This is synonymous with the specificatio
ve value equal to the smallest value needed to contain the transform of every abstract value within the bound

DTE — "SI ZE" cannot be set to "f i xed- t o- max" if the source is a transform composite.

) "AS" selects the encoding ofthe integer as either a 2's-complement encoding or as a positive integer enct
efinition of these encodingsis givenin ITU-T Rec. X.690 | ISO/IEC 8825-1, 8.3.2 and 8.3.3.

|0 The most signifjeant-bit shall be at the leading end of the bitstring.

24.8.]
This

|1 The integer-shall first be encoded into the minimum number of bits necessary to produce an initial bit:
eans that apasitive integer encoding shall not have zero as the leading bit (unless there is a single zero bit
ing), and<a 2's-complement encoding shall not have two successive leading zero bits or two successive le

string

Sult is

cified

Sitive

by ntax
nof a
S,

bding.

string.

in the
pading

on or

24.8.13 If "SI ZE" is"vari abl e", then the initial bitstring becomes the resulting bitstring. In this caseit is not an error
to specify avalue for "MULTI PLE OF", but the value isignored.

NOTE — This clause cannot apply if the source is composite.

24.8.14 If "SI ZE" isapositive value, the size of the resulting bitstring shall be "MULTI PLE OF" multiplied by "SI ZE".

24.8.15 If "SI ZE" is "fi xed-t o- max", then the size of the resulting bitstring shall be the smallest multiple of
"MULTI PLE OF" that islarge enough to receive the encoding of any abstract value of the class to which the transformis
applied.

NOTE — This clause cannot apply if the source is composite.
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24.8.16 If theinitia bitstring (in an instance of application of this transform during encoding) is too large for the fixed
size, then thisis an ECN specification or an application error and encoders shall not encode such values.

24.8.17 If the initial bitstring is smaller than the specified size, then for a positive integer encoding it shall have zero
bits prefixed to produce the resulting bitstring. If the encoding is 2's-complement, then it shall have bits prefixed equal
in valueto the original leading bit to produce the resulting bitstring.

24.8.18 This transform is defined to be reversible for all abstract values. This transform produces a self-delimiting
bitstring if and only if "SI ZE" is not "vari abl e" and the source is not composite. A composite result is never self-
delimiting.

24.9 Thebitsto-int transform

24.9.1 Thebitsto-Int transform uses the TolTowing encoding property:

&bi ts-to-int-decoded-assum ng ENUVERATED
{positive-int, twos-conplenent}
DEFAULT t wos- conpl enent

24.9.2 The syntax for the bits-to-int transform shall be:

[BITS-TO | NT
[ AS &bits-to-int-decoded-assum ng]]

24.9.3 The source for this transform is a bitstring or a bitstring composite and the result is an integer or an ipteger
comppsite. There are no bounds associated with the result.

24.9.4 If the source is a bitstring, the result isan integer. If the source is abitstring composite, the result is an ipteger
comppsite in which each integer isthe result of the specification in 24.9.5,

249% The integer value shall be produced by interpreting the hitS as 2's-complement or as a positive integer
encoding, as specified in ITU-T Rec. X.690 | ISO/IEC 8825-1, 8.3.2'and 8.3.3. The value of "AS" (or its default|value
if not|set) determines the encoding to be assumed.

24.9.6 Thistransform shall not be used where reversible transforms are required.

24.10 Thechar-to-bitstransform
24.10.1 The char-to-bits transform uses the follewing encoding properties:
&char -t o- bi t s- encoded-jas ENUVERATED

{i s010646, conpact, mapped}
DEFAULT conpact,

&Char -t o- bi ts-(chars Uni versal String (Sl ZE(1))
ORDERED OPTI ONAL,

&Char -t 0- bitys- val ues BI T STRI NG ORDERED CPTI ONAL,

&char -t o=bits-unit Unit (1..MAX) DEFAULT bit,

&char «t.0~bi ts-si ze Resul t Si ze DEFAULT vari abl e

24,102 The syntaxforthe char-to-bits transform shall be:

[CHAR- TO-BI TS
[ AS &char -t o-bits-encoded- as]
[ CHAR- LI ST &Char -t o-bits-chars]
[BI TS- LI ST &Char -t o-bits-val ues]
[ SIZE 8char-to-bits-si 7n]

[ MULTI PLE OF &char-to-bits-unit]]

24.10.3 The definition of the types used in the char-to-bits transform are:

Unit ::= | NTEGER
{repetitions(0), bit(1), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)
Resul t Size ::= I NTECER {variabl e(-1), fixed-to-max(0)} (-1..MAX) -- (see 21.15)

24.10.4 The source for thistransformis a single character from either:
a) the specification of an encoding for the characterstring category (see 23.4.2.1); or
b) asingle character composite;

ITU-T Rec. X.692 (11/2008) 127


https://standardsiso.com/api/?name=384bd4252076e2b6c3428e8dd9201601

| SO/IEC 8825-3:2008 (E)

and the result is a bitstring in case a) and a bitstring composite in case b).

24.10.5 The source for this transform is a single character or a single character composite. If the source is a single
character, the result is a bitstring. If the source is a single character composite, the result is a bitstring composite.

24.10.6 Where the source is a composite, the resulting composite is determined by applying the following specification
to all elements of the source composite to form the result composite. It isan ECN specification error if thistransformis
applied to a composite with "AS" set to "mapped"” and the size of the bitstringsin the "Bl TS- LI ST" are not all the same.

24.10.7 Where the following text refers to a possible "effective permitted alphabet constraint”, such a constraint exists
if and only if the transform is the first in an ordered list used in 23.4 and the class to which the encoding object is
applied has an effective permitted alphabet constraint.

NOTE — ThIS can only be the case if the class to WhICh the transform is applled is part of an |mpI|C|tIy or epr|C|tIy generated

Bl TS-
an at

24109 ECN supports only characters in the ISO/IEC 10646 character set. Where ASINA types suth as
"GengralString" are in use, characters outside of this character set can in theory appear. Such characters afe not
suppgrted by this transform.

24.10.10If "AS" is "mapped", then the transform is specified by the values of "CHAR- LNST# and "BI TS- LI ST", bpth of
which shall be specified, and the values of "MULTI PLE OF" and "SI ZE" are ignoreéd,) The transform is specifjed in

24.1010.1"CHAR- LI ST" and "BI TS- LI ST" are respectively an ordered list of Single characters and of bitstring vialues.
24.10.10.2 There shall be an equal number of values in each list, and“al character values in "CHAR- LI ST" shall be

24.10.10.3 The transform of a character in "CHAR- LI ST" is\thé’bitstring specified in the corresponding position in

OTE — In generd it will only be possible for a tool“to check for this error at encode time, as restrictions on possible apstract
vgdues may not be formally present in the ASN-.X(specification.

24.10.10.5In this case ("AS" set to "mapped”), the transform is defined to be reversible (for al abstract values) |f and
only |f the set of all bitstring values in."BI TS- LI ST" are distinct, otherwise it shall not be used where a revearsible
transfiorm is required. The result(iSyself-delimiting if the bitstring values in "BI TS- LI ST" are self-delimiting (see
3.2.42). A composite result is never self-delimiting.

24.1011If "AS" is"i s010646 the transform is specified in 24.10.11.1 to 24.10.11.5.

24.10.11.1 The charactex is'first converted to an integer with the numerical value specified in ISO/IEC 10646.
NOTE — | SO/IEC10646 includes the so-called ASCII control characters, which have positionsin row 1.

24.1011.2 If the character is from a character string that has an associated effective permitted alphabet congtraint
(see 44.10.7)xthen the integer has effective size constraints just sufficient to contain the numerical values fof all
charattersin’the effective permitted alphabet.

24.101131f there is no effective permitted alphabet constraint, then the integer has an associated effective size
constraint of 0..32767.

24.10.11.4 Thisinteger value is then converted to bits using the transform:

INT-TO-BI TS -- (see 24.8)
AS positive-int
S| ZE <si ze>
MULTI PLE OF <nul ti pl e- of >

where "<size>" is the value of "SI ZE" and "<multiple-of>" is the value of "MULTI PLE OF" for the char-to-bits
transform. ("SI ZE" and "MULTI PLE OF" take their default valuesif not set.)
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24.10.11.5In this case ("AS" set to "i s010646"), the transform is defined to be reversible for all abstract values. It
produces a self-delimiting string of bits if and only if "SI ZE" is not "variable'. A composite result is never self-
delimiting.

24.10.12If "AS" is "conpact ", then it is an ECN specification error if there is no effective permitted aphabet
constraint, otherwise the transform is specified in 24.10.12.1 to 24.10.12.4.

24.10.12.1 All characters in the effective permitted alphabet are placed in canonical order using their 1ISO/IEC 10646
value, lowest valuefirst. Thefirst in the list isthen 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 constraint of
0..n-1.

24.10.12.3 Thisinteger is then converted to bits using the transform:

INT-TO-BITS -- (see 24.8)
AS positive-int
Sl ZE <si ze>
MULTI PLE OF <mul ti pl e-of >

wherg "<size>" is the value of "SI ZE" and "<multiple-of>" is the value of "MULTI PLE OF' for the char-fo-bits
transfiorm. ("SI ZE" and "MULTI PLE OF" take their default valuesif not set.)
NOTE — The PER encoding of character string types uses the equivalent of "conpact " only if the application of this algprithm

refluces the number of bits required to encode characters (using "f i xed-t o- max"). This degree of control is not posgble in
this version of this Recommendation | International Standard.

24.10.12.4In this case ("AS" set to "conpact "), the transform is defined to bereversible for all abstract values. It
prodyces a self-delimiting string of bits if and only if "SI ZE" is not "vari abke". A composite result is nevef self-
delimiting.

24.11 The bits-to-char transform
24,1111 The bits-to-char transform uses the following encoding properties:

&bi t s-t o- char - decoded- assumi ng ENUVERATED
{i s010646, mapped}
DEFAULT i s010646,
&Bi t s-t o- char - val ues Bl T STRI NG ORDERED OPTI ONAL,
&Bi ts-to-char-chars Uni versal String (SIZE(1))
ORDERED OPTI ONAL

24,1112 The syntax for the bits-to-char transform shall be:

[ BI TS- TO CHAR
[ AS &bit s-t o- char - decoded- assumi ng]
[ BI TS- BLST &Bits-to-char-val ues]
[ CHAR-JLI ST &Bits-to-char-chars]]

24.1113 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.sburceis a bitstring composite, the result is a single character composite.

24,114 If the sourCe is a bitstring composite, then the resulting single character composite is an ordered list of single
charafters resulting from the transformation of each of the elements of the bitstring composite.

24,115 K "AS" is"i s010646", then the bitstring shall be interpreted as a positive integer encoding which contaips the
| SO/IEE"10646 numerical value of acharacter. It isan ECN specification error if the integer value exceeds 32767

24.11.6 If "AS" is "mapped", then the transform is specified by the values of "CHAR- LI ST" and "Bl TS- LI ST". The
transformis defined in 24.11.6.1 to 24.11.6.5.

24.11.6.1"CHAR- LI ST" and "BI TS- LI ST" are respectively an ordered list of single characters and of bitstring values.
(These parameters are ignored if "AS" is not set to "mapped".)

24.11.6.2 There shall be an equal nhumber of values in each list, and all character values and al bitstring values in the
list shall be distinct.

24.11.6.3 The transform of abitstring in the "Bl TS- LI ST" is the character specified in the corresponding position in the
"CHAR- LI ST".
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24.11.6.41f in an instance of application of this transform a bitstring is to be transformed that is not in the
"Bl TS- LI ST", thisisan ECN specification or an application error.

NOTE — In genera it will only be possible for a tool to check for this error at encode time, as restrictions on possible abstract
values may not be formally present in the ASN.1 specification.

24.11.6.5 The transform is defined to be reversible for all abstract values.

24.12 The bit-to-bitstransform
24.12.1 The bit-to-bits transform uses the following encoding properties:

&bi t-to-bits-one Non- Nul | - Pattern DEFAULT bits:'1'B,
&bit-to-bits-zero Non- Nul | - Pattern DEFAULT bits:'0'B

24,122 The syntax for the hit-to-bits transform shall be:

[BIT-TOBITS
[ ZERO- PATTERN &bi t-to-bits-zero]
[ ONE- PATTERN &bi t-to-bits-one]]

24,123 The definition of the type used in the bit-to-bits transform is:

Non-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:"'B | octets:'""H | char8:"" | charl6.&,]
char32:"")) -- (see 21.10.2)

24.124 The source for this transformis asingle bit from either:
a) the specification of an encoding for the bitstring category (see 23.2); or
b) abitstring composite with a unit of 1 hit.

The result isabitstring in case @) 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
transflormations applied to each element of the source bitstring’ composite. It is an ECN specification error |if the
"ZERD- PATTERN' and the "ONE- PATTERN' have different sizes.

24.126 At most one of "ZERO- PATTERN" and "ONE- PARTERN' shall be"di f f er ent : any".
NOTE — A value of "di f f er ent : any" here means a pattern that is not the same as the other pattern, but is the same length.

24.127 The"any- of -1 engt h" alternative shall;not be used for either "ZERO- 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 |s the
"ONE{ PATTERN".

24.1219 It isan ECN specification error if "ZERO- PATTERN' and "ONE- PATTERN' are the same, or if oneis an |nitia
sub-Sfring of the other.

24.1210This transform is\defined to be reversible for all abstract values and the result is self-delimiting unless the
transfiorm is applied to-acomposite. A composite result is never self-delimiting.
24.13 The bitste-bitstransform

24.131 Thehits-to-bits transform uses the following encoding properties:

&Sour ce- val ues Bl T STRI NG ORDERED,
ZResul t-val ues Bl T STRI NG ORDERED

24.13.2 The syntax for the bits-to-bits transform shall be;

[BITSTOBITS
SOURCE- LI ST &Sour ce-val ues
RESULT- LI ST &Resul t - val ues]

24.13.3 The source for this transform is either a bitstring or a bitstring composite. If the source is a bitstring the result
isahitstring. If the source is abitstring composite the result is a bitstring composite.

24.13.4 If the source is a hitstring composite, then the resulting bitstring composite is the ordered list of bitstrings
obtained by applying the following specification to each bitstring in the source.
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24,135 "SI ZE" and "MULTIPLE OF" both have default values and need not be set. "SOURCE-LIST" and
"RESULT- LI ST" arerequired, and shall contain at least one element in the ordered list.

24.13.6 Thetransformis specified by the values of "SOURCE- LI ST" and "RESULT- LI ST".

24.13.7 There shall be an equal number of bitstring valuesin each list, and al hitstring values in "SOURCE- LI ST" shall
be distinct.

24.13.8 The transform of a bitstring in "SOURCE- LI ST" is the bitstring specified in the corresponding position in
"RESULT- LI ST".

24.13.9 If thistransform is applied to a composite, al bitstringsin the "RESULT- LI ST" shall have the same size.

24.13.10If, in an instance of application of this transform, a source bitstring is not in the "SOURCE- LI ST", thisis an
ECN [gpecification or an applicalion error.

NOTE — In general it will only be possible for atool to check for this error at encode time, as restrictions on possible-apstract
vgues may not be formally present in the ASN.1 specification.

24.1311The transform is defined to be reversible (for all abstract values) if and only if the set of all bitstring valpesin
"RESYLT- LI ST" are distinct, otherwise it shall not be used where a reversible transform is required.”_The result i self-
delimjting if the bitstring values in "RESULT- LI ST" are distinct and self-delimiting (see 3.2.42)and the transform is
applied to a bitstring. A composite result is never self-delimiting.

24.14 The charsto-composite-char transform

24,141 The chars-to-composite-char transform converts a characterstring to a single’character composite.
24,142 The syntax for the chars-to-composite-char transform shall be;

[ CHARS- TO- COMPOSI TE- CHAR]

24.143 The source of this transform is a characterstring and the result'is a single character composite.
24.144 The single character composite is an ordered list of theCharacters in the source characterstring.

24.145 Thistransform is defined to be reversible for all abstract values.

24.1% The bits-to-composite-bitstransform

24,151 The bits-to-composite-hits transform converts a bitstring to a bitstring composite, where each bitstring elment
has the same (known) size.

24192 The bits-to-composite-hits transtorm uses the following encoding properties:
&its-to-conposite-bits-unit Unit (1..MAX) DEFAULT bit
24.15.3 The syntax for the bits-to-composite-bits transform shall be:

[ Bl TS TO COWCSI TE- BI TS
[UNIT &bits-to-conposite-bits-unit]]

24.134 The definition of the type used in the bits-to-composite-bits transformis:

UaiX\ ™ : = | NTEGER
{repetitions(0), bit(1), nibble(4), octet(8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)

24.15.5 The source of thistransform is a bitstring and the result is a bitstring composite of size "UNI T".

24.15.6 The bitstring composite of size "UNI T" is an ordered list of bitstrings each of which is of size "UNI T". The first
bitstring in the composite is the first "UNI T* bits from the source bitstring. The second is the next "UNI T" bits, and so
on. If the source bitstring is not a multiple of "UNI T" bits, thisisan ECN specification or application error.

24.15.7 Thistransform is defined to be reversible for all abstract values.

24.16 The octets-to-composite-bitstransform
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:
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[ OCTETS- TO COWPCSI TE- BI TS|
24.16.3 The source of thistransform is an octetstring and the result is a bitstring composite of size 8 bits.

24.16.4 The bitstring composite of size 8 is an ordered list of the bitstrings corresponding to the octets in the source
octetstring.

24.16.5 Thistransform is defined to be reversible for all abstract values.

24.17 The composite-char-to-charstransform

24.17.1 The composite-char-to-chars transform converts a single character composite to a characterstring.

2412~ Thesyntax for the composite-char-to-chars transform shait e
[ COVPOS| TE- CHAR- TO- CHARS]
24.113 The source of this transform is a single character composite and the result is a characterstring.

24,1714 The characterstring is formed from the ordered list of characters present in the (source) single character
comppsite.

24.175 Thistransform is defined to be reversible for all abstract values.

24.18 The composite-bits-to-bitstransform

241831 The composite-bits-to-bits transform converts a bitstring composite of aknown unit size to a bitstring.
24,182 The syntax for the composite-bits-to-bits transform shall be:

[ COWPCSI TE- BI TS- TO BI TS]

24,183 The source of this transform is a bitstring composite and-the result is a bitstring.

24.184 The bitstring is formed from the ordered list of bitstrings present in the (source) bitstring composite.

24,185 Thistransform is defined to be reversible for all‘@bstract values. The result bitstring is not self-delimiting

NQTE — This transform 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

24.191 The composite-bits-to-octetsitransform converts a bitstring composite of unit size 8 to an octetstring. |
ECN ppecification error if thisis applied to a bitstring composite that has a unit size which is not 8.

san

24,192 The syntax for the compesite-bits-to-octets transform shall be:

[ COWESINTE- Bl TS- TO- CCTETS]

24.19.3 The sourceof this transform is a bitstring composite and the result is an octetstring.

24,194 The oetetstring is formed from the ordered list of bitstrings present in the (source) bitstring composite.
24195 Thistransform is defined to be reversible for all abstract values.

25 Complete encodings and the #ouUTer class

If there is no encoding object of the #OUTER 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 #0UTER class

25.1.1 The syntax for defining encoding objects of the #OUTER class is defined as:
#OUTER : : = ENCODI NG CLASS {

-- Alignment point
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&al i gnment - poi nt ENUVERATED
{unchanged, reset } DEFAULT reset,
-- Paddi ng
&post - paddi ng- uni t Unit (1..MAX) DEFAULT octet,
&post - paddi ng Paddi ng DEFAULT zero,
&post - paddi ng- pattern Non- Nul | - Pattern (ALL EXCEPT different: any)

DEFAULT bits:'0'B,

-- Bit reversal specification (see 22.12)
&bi t-reversal Rever sal Speci fication
DEFAULT no-reversal,

-- Added bits action
&added-bits ENUVERATED

{ilal t=erTor—si Ullai -appi rcatTom,
silently-ignore, next-value}
DEFAULT har d-error

} WTH SYNTAX {

[ ALI GNVENT &al i gnmrent - poi nt ]
[ PADDI NG
[ MULTI PLE OF &post - paddi ng-uni t]
[ PCST- PADDI NG &post - paddi ng
[ PATTERN &post - paddi ng- pattern]]]
[ BI T- REVERSAL &bit-reversal]

[ ADDED BI TS DECODI NG &added- bi t s]
}
25.1.2 Thedefinition of the types used in the #OUTER specification are:
Unit ::= | NTEGER
{repetitions(0), bit(1), nibble(4), ogte&iN8), wordl6(16),
dword32(32)} (0..256) -- (see 21.1)
Paddi ng ::= ENUVERATED {zero, one, patt&MN, encoder-option} -- (see 21.9)
Non-Nul | -Pattern ::= Pattern
(ALL EXCEPT (bits:''B | octet§»'H | char8"" | charl6:"" |

char32:"")) --c(see 21.10.2)

25.1.3 Encoding objects of the #OUTER class specify encoder and decoder actions in relation to the entire encod
atype which is encoded by either:

a) application of an encoding’in the ELM; or
b) application of an encoding to a contained type.

25.1.6 The "PADDIMNG' specification determines that the entire encoding is to be padded with trailing bits to mal
number of bits ffom the alignment point an integral multiple of some unit.

ng of

ighment

ethe

to be

marker. A Iater version of thls Recommendailon | Internatlonal Standard is expected to glve enhanced support for extens bi

s|b|I|ty

ility.

25.1.8 "ALI GNMVENT", "PADDI NG', and "ADDED BI TS DECCDI NG' all take their default values if not set or if thereis

no encoding object of class #OQUTER in the combined encoding object set.
NOTE — The default values are those used by the encoding object of class #OUTER for PER basic unaligned.

25.2 Encoder actions for #OUTER

25.2.1 If "ALI GNVENT" is "unchanged", then the alignment point used in encoding a contained type shall be the

alignment point used in encoding the container.
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25.2.2 If "ALI GNMENT" is "reset ", then the alignment point used in encoding a contained type shall be the start of
the encoding of that type.

25.2.3 If "PADDING' is set, then the encoder shall add bits in accordance with the value of "PADDI NG' and
"PATTERN' to make the number of bits from the alignment point a multiple of "MULTI PLE OF" units. "PATTERN" shall
be replicated and truncated as necessary.

25.2.4 The encoder shall diagnose an ECN specification or application error if the encoding is for atype in a contents
constraint on an octetstring, and the encoding of the type (after all specified "PADDI NG' actions) is not an integral
multiple of eight bits.

25.2.5 |If bit-reversal is set, the encoder actions specified in 22.12 shall be applied using the value of "MULTI PLE OF"
specified for (or defaulted in) "PADDI NG'.

25.2.6 Theencoder shall ignore "ADDED BI TS DECODI NG'.

25.3| Decoder actions for #OUTER

25.3.1 If bit-reversal is set, the decoder actions specified in 22.12 shall be applied using the value'¢f) "MULTI PLE OF"

specified for (or defaulted in) "PADDI NG'.

25.3.2 If "ALI GNMVENT" is "unchanged", then the alignment point used in encoding a Contained type shall Ipe the
aligniment point used in encoding the container.

25.3.8 If "ALI GNMVENT" is "reset ", then the alignment point used in encoding acontained type shall be the sfart of
the encoding of that type.

25.3.4 The decoder shall determine the bits added by "PADDI NG' (if any){and shall silently ignore the added bits, no
mattg what their value.

25.3.% If the PDU (or the container of a contained type) contains further bits after the end of the encoding, theén the
decoder shall take the following actions:
a) if "ADDED BI TS DECODI NG' is"har d- er r or diagnose an encoder error;

b) If "ADDED BITS DECODI NG' is "si gnalt=application": ignore all further bits and sign@l the
application that there may be critical extensions to the protocol;

c) |If"ADDED BI TS DECODI NG' is"si kent | y-i gnor e": ignore al further bits;

d) If "ADDED BI TS DECODI NG'.is"'next - val ue": 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 ITU-T Rec. X.680 | I SO/IEC 8824-1

(This annex forms an integral part of this Recommendation | International Standard)

annex specifies the modifications that are to be applied when productions and/or clauses from ITU-T Rec.

X.680 | ISO/IEC 8824-1 are referenced in this Recommendation | International Standard.

Al

The g
ITU-T

13.1

N
Elf

N
"H

wherg

13.13
shall

13.16

Exports and imports clauses

roductions "Assignedldentifier”, "Symbol" and "Reference" of 13.1, as well as subclauses 13.13 and~13[16, of
[ Rec. X.680 | 1SO/IEC 8824-1 are modified as follows:

Assignedi dentifier ::= Definitivel dentifier [
empty
Symbol ::=

Reference

[BuiltinEncodingClassRefer ence
|Par ameterizedReference

Reference::=
encodingclassr eference
|Exter nalEncodingClassRefer ence
|encodingobj ectr eference
|encodingobj ectsetr efer ence

DTE 1 — The production "Assignedidentifier" is changed because "valuereference”s can neither be defined nor imported into
M or EDM modules.

DTE 2 — "BuiltinEncodingClassReference" can only be used as»a "Symbol" in an imports clause. The use of production
xternal EncodingClassReference” in "Reference” is explained in\14.11.

" Definitiveldentifier is defined as:

Definitivel dentifier ::=

"{" DefinitiveObjldComponentList "}"

| empty
When the " Symbol sExported” aternative of "Exports" is selected, then each "Symbol™ in " Symbol sExpprted”
sati sfy one and only one of the foltowing conditions:
a) itisdefined inthe module from which it is being exported; or
b) it appears exacthy, once in the " Symbolsimported” aternative of "Imports" in the module from whigh it is
being exporteg.

When the " Symibolslmported” alternative of "Imports’ is selected:
a) Each%Symbol" in"SymbolsFromModule" shall either:

1) )'be defined in the body of the module denoted by the "GlobalModuleReferenc
"SymbolsFromModule"; or

2) be present precisedly once in the imports clause of the module denoted by the

1L

in

"GlobalModuleReference” in "SymbolsFromModule”

NOTE — This does not prohibit the same symbol name defined in two different modules from being imported into
another module. However, if the same "Symbol" name appears more than once in the imports clause of module "A",
that "Symbol" name cannot be exported from "A" for import to another module "B".

b) All the "SymbolsFromModule' in the "SymbolsFromModulelist" shall include occurrences of
"GlobalModuleReference" such that:

i) the "modulereference” in them are all different from each other (whether they are ASN.1, or EDM
modules) and from the "modulereference” associated with the referencing module; and

ii) the "Assignedidentifier", when non-empty, denotes object identifier values which are all different
from each other and from the object identifier value (if any) associated with the referencing module.
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A.2 Addition of REFERENCE
NOTE - This modification isintroduced for the sole purpose of clause 23.

The production "Type" in ITU-T Rec. X.680 | ISO/IEC 8824-1, 17.1, is modified as follows:

Type::=
BuiltinType
|ReferencedType
|ConstrainedType
|REFERENCE

A3 Notation for character string values

The aoduction-CharcDafn of L TLL T Do Vv coN 1 1CN/1E Q024 1 A1 O o mandhifind ~c fall e
oSt STt Lan ] T \> vy OO T OO0 T

CCTtronrT OF A\ R O, T T OO TS TOTTOvY ST

CharsDefn ::=
cstring
|Quadruple
[Tuple
|AbsoluteChar Reference

AbsoluteChar Reference ::=
Modulel dentifier

valuer eference

The "|AbsoluteCharReference” is a fully-qualified name which references a character string value (of type | A5St

or BMPSt ri ng) defined in the "ASN1- CHARACTER- MODULE" (see ITU-T Rec. X680 | ISO/IEC 8824-1, 42.1).
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Annex B

Addendum to ITU-T Rec. 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 ITU-T Rec.
X.681 | ISO/IEC 8824-2 are referenced in this Recommendation | International Standard.

B.1 Definitions
The following definitions are added to ITU-T Rec. X.681 | ISO/IEC 8824-2, 3.4:

encoding classfield: A field which contains an arbitrary encoding class.
encoding classfield type: A type specified by reference to some type field of an encoding.qbject class.

encoding object field: A field which contains an encoding object of some specified-encoding class. $uch a
field is either of fixed-class or of variable-class. In the former case, the class of the encoding object iqfixed
by the field specification. In the latter case, the class of the encoding object is.contained is some (spgcific)
encoding class field of the same encoding object.

encoding object set field: A field which contains a set of encoding objectsSof some specified encoding glass.

fixed-type ordered value list field: A field which contains an ordered (possibly empty) list of vallies of
some specified type.

ordered encoding object list field: A field which contains an.ordered non-empty list of encoding objdcts of
some specified encoding class.

referencefield: A field which contains areference to.an encoding structure field (see also 17.5.15).

B.2 Additional lexical items
NQTE — This modification isintroduced for the sole purpose of clause 23.

The following definitions are added to ITU-T Rec.-X.681 | ISO/IEC 8824-2, clause 7:
B.2.1 Ordered valuelist field references
Namg of item — orderedval uelistfiel dreference

An "prderedvaluelistfieldreference’~shall consist of an ampersand ("&") immediately followed by a sequerice of
charafters as specified for a"typereference” in ITU-T Rec. X.680 | ISO/IEC 8824-1, 12.2.

B.2.2| Ordered encodingobject list field references
Namg of item — orderedencodingobjectlistfieldreference

An "grderedencodingobjectlistfieldreference” shall consist of an ampersand ("&") immediately followed by a sequence
of chgractersas'specified for an "objectsetreference” in ITU-T Rec. X.681 | ISO/IEC 8824-2, 7.3.

B.2.3| ~.Encoding classfield references

Name of item — encodingclassfieldreference

An "encodingclassfieldreference" shall consist of an ampersand ("&") immediately followed by a sequence of characters
as specified for an "encodingclassreference” in 8.3.

B.3 Addition of "ENCODING-CLASS"
NOTE — This modification isintroduced for the sole purpose of clause 23.

Replace the reserved word "CLASS' with "ENCODING-CLASS' in ITU-T Rec. X.681 | ISO/IEC 8824-2, 9.3.
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FieldSpec additions

NOTE — This modification is introduced for the sole purpose of clause 23.
ITU-T Rec. X.681 | ISO/IEC 8824-2, 9.4, is modified as follows:

FieldSpec ::=
FixedTypeValueFieldSpec
|FixedTypeValueSetFieldSpec
|FixedTypeOrderedValuel istFieldSpec
|FixedClassEncodingObjectFieldSpec
|VariableClassEncodingObjectFieldSpec
|FixedClassEncodingObjectSetFieldSpec
|FixedClassOrderedEncodingObjectL istFieldSpec
|EncodingClassFieldSpec

B.5
N

A"H

Recommendation | International Standard):

Then
the fi
an en
(seel

B.6
N

A "Fi

Reco

Then
the €

Fixed-type ordered valuelist field spec

DTE — This modification isintroduced for the sole purpose of clause 23.

kedTypeOrderedValueListFieldSpec" specifies that the field is a fixed-type ordered value list-field (see B.1

FixedTypeOrderedValuelL istFieldSpec ::=
orderedvaluelistfieldreference
DefinedType
ORDERED
FixedTypeOrderedValuelL istOptionalitySpec ?

FixedTypeOrderedValuelL istOptionalitySpec ::= OPTIONAL | DEFAUL T-OrderedValueL ist

ame of the field is "orderedvaludlistfieldreference”. The "DefinedType" references the type of values contai
Eld. The "FixedTypeOrderedV aueListOptionalitySpec”, if present; specifies that the field may be unspecif
coding object definition, or, in the "DEFAULT" case, that amission produces the following "OrderedValu
TU-T Rec. X.680 | ISO/IEC 8824-1, 26.3), all of whose valyes'shall be of "DefinedType".

Fixed-class encoding object field spec
DTE — This modification isintroduced for the sole purpase of clause 23.

mendation | International Standard):

FixedClassEncodingObjectFieldSpee..i=
objectfieldreference
DefinedOr BuiltinEncodingClass
EncodingObjectOptionalitySpec?

EncodingObjectOptiohalitySpec ::= OPTIONAL | DEFAULT EncodingObject

ncoding object €ontained in the field (which may be the "EncodingClass' currently being defined).

defin
Reco

B.7

"Enc&EingObjectOptionalitySpec", if present, specifies that the field may be unspecified in an encoding

ion, or, in\the DEFAULT case, that omission produces the following "EncodingObject” (see 17.1.5 g
mendation’] International Standard) which shall be of the "DefinedOrBuiltinEncodingClass'.

Variable-class encoding object field spec

of this

ned in
edin
el jst”

edClassEncodingObjectFiel dSpec” specifiesithat the field is a fixed-class encoding object field (see B.1 ¢f this

ame of the field is/"objectfieldreference”. The "DefinedOrBuiltinEncodingClass' references the encoding cligss of

The
bbj ect
f this

A "VariableClassEncodingObjectFieldSpec” specifies that the field is a variable-class encoding object field (see B.1 of
this Recommendation | International Standard):

VariableClassEncodingObjectFieldSpec ::=
objectfieldreference
encodingclassfieldr eference
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:
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a) if thetype field denoted by the "encodingclassfieldreference” has an "EncodingClassOptionalitySpec” of
OPTI ONAL, then the "EncodingObjectOptionalitySpec" shall also be OPTI ONAL; and

b) if the "EncodingObjectOptionalitySpec” is "DEFAULT EncodingObject”, then the encoding class field
denoted by the "encodingclassfieldreference” shall have an "EncodingClassOptionalitySpec” of
"DEFAULT DefinedOrBuiltinEncodingClass®, and "EncodingObject” shall be an encoding object of that
class.

B.8 Fixed-class encoding object set field spec
NOTE — This modification isintroduced 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
DefinedOr BuiltinEncodingClass
EncodingObj ect SetOptionalitySpec?

EncodingObjectSetOptionalitySpec ::= OPTIONAL | DEFAULT EncodingObject Set

The name of the field is "objectsetfieldreference’. The "DefinedOrBuiltinEncodingClass' references the class pf the
encoding objects contained in the field. The "EncodingObjectSetOptionalitySpec”, if present, specifies that the field
may be unspecified in an encoding object definition, or, in the DEFAULT case, that onission produces the follpwing
"EncadingObjectSet" (see clause 18), all of whose objects shall be of "DefinedOrBuiltinEncodingClass'.

B.9 Fixed-class ordered encoding object list field spec
NQTE — This modification isintroduced for the sole purpose of clause 23.

A "FilxedClassOrderedEncodingObjectListFieldSpec" specifies that the field is a fixed-class ordered encoding pbject
list figld (see B.1 of this Recommendation | International Standard):

FixedClassOr deredEncodingObjectListFieldSpec ::=
order edencodingobj ectlistfieldr eference
DefinedOr BuiltinEncodingClass
ORDERED
OrderedEncodingObjectL istOptionality Spec?

OrderedEncodingObjectListOptionalitySpec ::= OPTIONAL | DEFAULT OrderedEncodingObjectL ist

The name of the field is "orderedencodingobjectlistfieldreference”. The "DefinedOrBuiltinEncodingClass' refefences
the cligss of the encoding objects contained in the field. The "OrderedEncodingObjectListOptionalitySpec”, if present,
specifies that the field may be unspécified in an encoding object definition, or, in the DEFAULT case, that omyssion
prodyces the following "OrderedEneodingObjectList" (see B.11 of this Recommendation | International Standarfl), all
of whose objects shall be of "DefinedOrBuiltinEncodingClass'.

B.10| Encoding classfield spec

NOTE - This modification isintroduced for the sole purpose of clause 23.

An "EEncodingClassFieldSpec" specifies that the field is an encoding class field (see B.1 of this Recommendation |
I nternjational <Staridard):

EncodingClassFieldSpec ::=
encodingclassfieldr eference
EncodingClassOptionality Spec?

EncodingClassOptionalitySpec ::= OPTIONAL | DEFAULT DefinedOr BuiltinEncodingClass

The name of the field is "encodingclassfieldreference”. If the "EncodingClassOptionalitySpec” is absent, all encoding
object definitions for that class are required to include a specification of an encoding class for that field. If OPTI ONAL
is present, then the field can be left undefined. If DEFAULT is present, then the following
"DefinedOrBuiltinEncodingClass" provides the default setting for the field if it is omitted in a definition.
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B.11 Ordered valuelist notation
OrderedValuelList ::="{" 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 valuesin thelist.

NOTE — A value list can only be specified by in-line notation (which is governed by atype field, a fixed-type value set field, or
afixed-type ordered value list field).

B.12  Ordered encoding object list notation

OrderedEncodingObjectList ::="{" EncodingObject "," +"}"

The "OrderedEncodingObjectl ist" 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 objectsin thelist.

Example: A list of #TRANSFORMencoding objectsis applied in the stated order.

NOTE — The following restrictions arise from normative text and BNF productions: An ordered encoding gbjéct list can dnly 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 #ENCCDI NGS.

B.13 Primitive field names

ITU-T Rec. X.681 | ISO/IEC 8824-2, 9.13, is modified as follows:

9.13 The construct "PrimitiveFieldName" is used to identify a field relatjvie to the encoding class containijng its
specification:

PrimitiveFieldName ::=
valuefieldr eference
|valuesetfieldreference
|or der edvaludlistfieldr eference
B.14| Additional reserved words
ITU-T Rec. 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 MINUSINFINITY PER-CANONICAL-UNALIGNEDO
BER NON-ECN-BEGIN PLUSINFINITY

CER NULL TRUE

DER OPTIONS UNION

ENCODE OUTER USE

ENCOQDE-DECODE PER-BASIC-ALIGNED USE-SET

END PER-BASIC-UNALIGNED

FALSE PER-CANONICAL-UNALIGNED

NOTE - This list€comprises only those ASN.1 reserved words which can appear as the first item of a "\faue",
""BncodingObj ect"§.or-"EncodingObjectSet", and also the reserved word END. Use of other ECN reserved words does nof cause
ambiguity and \is- permitted. Where the defined syntax is used in an environment in which a "word" is also an
"ehcodingobjectsetreference”, the use as a "word" takes precedence.

10.7 AVTitera" specifies the actua inclusion of that "Literal", which is required to be a"word", at that position in
the d(ffined syntax.

B.15  Definition of encoding objects

Therestriction imposed by ITU-T Rec. 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- | NT [ AS &bool -to-int]]
the user is allowed to write:
BOOL- TO- | NT

when defining an encoding object of this class. In such a case, the DEFAULT value associated with the parameter
"&bool -to-int" (i.e,"fal se-zero0")isused in the definition of the transform "BOOL- TO- | NT".
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Additionsto " Setting"

ITU-T Rec. X.681 | ISO/IEC 8824-2, 11.7, is modified as follows:

11.7

If the]

shall

N
B.17

The't
field

B.17.

A "Setting" specifies the setting of some field within an encoding object being defined:

Setting ::=
Value
[ValueSet
|[OrderedValuelL ist
|EncodingObj ect
|EncodingObj ectSet
|OrderedEncodingObjectList
|DefinedOr BuiltinEncodingClass

IoOLTER

fieldis:
a) avauefidd, the"Vaue' aternative;
b) afixed-typevalue set field, the "ValueSet" aternative;
c) afixed-type ordered valuelist field, the "OrderedValuel ist" alternative;
d) anencoding object field, the "EncodingObject” alternative;
€) anencoding object set field, the "EncodingObjectSet" aternative;
f) an ordered encoding object list field, the " OrderedEncodingObjectList"\alternative;
g) anencoding classfield, the "DefinedOrBuiltinEncodingClass' aternative;
h) areferencefield, the"Vaue' or the OUTER alternative,

be selected. For a reference field specified using the syntax of elauses 20 to 25, the "Value" shall be a dimmy
paranpeter. OUTER can be used whenever areferenceis required and identifies a container which is the entire enco

DTE — The setting is further restricted as described in ITU-T Rec. X681 | ISO/IEC 8824-2, 9.5t09.12, and 11.8 to 11.9.
Encoding classfield type

names, B.17.2 to B.17.4 below specify the type that is referenced.
Il The notation for an encoding class field type shall be "EncodingClassFieldType":

EncodingClassFieldType ::=
DefinedOr BuiltinEncodingClass

FieldName

wher
identi

B.17.
the™]

B.17.
objec]

B.17.

the "FieldName" is as specified in ITU-T Rec. X.681 | ISO/IEC 8824-2, 9.14, relative to the encoding
ied by the "DefinedOrBuiltinEncodingClass'.

ype" that appears.in the specification of that field in the definition of the encoding object class.

B This notation is not permitted if the field is an encoding object, an encoding object set or an ordered eng
list field:

1 The notation for defining a value of this type shall be "FixedTypeFieldvVa" as defined in ITU-T Rec. X

SO/

ding.

ype that is referenced by this notation depends on the category of the field name. For the different categorfies of

class

D For afixed-typevalue, afixed-type value set field, or afixed-type ordered value list field, the notation dgnotes

oding

681 |

€ 8824-2, 14.6.
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Annex C

Addendum to ITU-T Rec. X.683 | | SO/IEC 8824-4

(Thisannex 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 ITU-T Rec.
X.683 | ISO/IEC 8824-4 are referenced in this Recommendation | International Standard.

Cl
Clau

Parameterized assignments

81and83of ITIU-T Rec.X.683 ! |SOUEC 8824-4 are modified asfollows:

8.1
inthi

8.3

A"D

C.2
Thef

142

There are parameterized assignment statements corresponding to each of the assignment statementS'spe
5 Recommendation | International Standard. The "ParameterizedAssignment” construct is:

ParameterizedAssignment ::=
Par ameterizedEncodingObjectAssignment
| ParameterizedEncodingClassAssignment
| Par ameterizedEncodingObjectSetAssignment

ParameterList ::="{<" Parameter " " + ">}"

Governor ::=
EncodingClassFieldType
|IREFERENCE
|DefinedOr BuiltinEncodingClass
[#ENCODINGS

[Type

immyReference” in "Parameter” may stand for:

a) anencoding class, in which case there shall be’no "ParamGovernor";
a) an ASN.1value, value set, or fixed-type aordered value list, in which case the "ParamGovernor" sh

b) an"identifier", in which case the "ParamGovernor" shall be present as a"Governor" that is REFERE

c) an encoding object, or an ordefed encoding object list, in which case the "ParamGovernor" sh
present as a" Governor” that'isian encoding class (" DefinedOrBuiltinEncodingClass");

#ENCODI NGS.
DTE — "DummyGovernor"s arenot allowed in ECN.

Par ameterized encoding assignments
bllowing productions-are added to ITU-T Rec. X.683 | ISO/IEC 8824-4, 8.2:

Par ameterizedEncodingClassAssignment ::=
encodingclassr eference
ParameterList

E.ﬁcodingCIass

present as a"Governor" that is atype extracted from an encoding class ("EncodingClassFieldType'");

cified

all be

NCE;
Al be

d) an encoding object set, ‘in which case the "ParamGovernor” shall be present as a "Governor” that is

Par ameterizedEncodingObjectAssignment ::=
encodingobjectr eference
ParameterList
DefinedOr BuiltinEncodingClass

EncodingObject

ParameterizedEncodingObj ectSetAssignment ::=
encodingobjectsetr eference
ParameterList
#ENCODI NGS

E.r.1codi ngObj ect Set
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ITU-T Rec. X.683 | ISO/IEC 8824-4, 8.4, is modified as follows:

8.4 The scope of a"DummyReference” appearing in a"ParameterList" isthe "ParameterList" itself, together with
that pat of the “ParameterizedAssignment®  which follows the "::=". In case of a
"ParameterizedEncodingObjectAssignment”, the scope extends to the "DefinedOrBuiltinEncodingClass' which
precedesthe": : =". The "DummyReference" hides any other "Reference” with the same name in that scope.

NOTE — The specia case for "ParameterizedEncodingObjectAssignment” is intended to be used in common with renames

clauses (see D.3.3.3). It alowsto write an assignment such as the following in which the dummy parameter "#Any- d ass" of
the encoding object "new conponent - encodi ng" is used as an actual parameter for the encoding class "#New-

conponent ":
new conponent - encodi ng {< #Any-cl ass >} #New conponent {< #Any-class >} ::=
{ -- encoding object definition -- }
C3 Rpfprpn(‘ing Inarammpriﬂ:ri definitions

The production " ParameterizedReference" of ITU-T Rec. X.683 | ISO/IEC 8824-4, 9.1, is modified as follows;

ParameterizedReference ::=
Reference
| Referer]ce“{<" " >}II

The fopllowing productions are added to ITU-T Rec. X.683 | ISO/IEC 8824-4, 9.2:

Par ameterizedEncodingObject ::=
SimpleDefinedEncodingObject
ActualParameterList

SimpleDefinedEncodingObject ::=
Exter nalEncodingObjectReference
| encodingobj ectr eference

ParameterizedEncodingObjectSet ::=
SimpleDefinedEncodingObj ect Set
ActualParameterList

SimpleDefinedEncodingObjectSet ::=
Exter nalEncodingObjectSetRefer ence
| encodingobjectsetr eference

ParameterizedEncodingClass ::=
SimpleDefinedEncodingClass
ActualParameterList

SimpleDefinedEncodingClass ::=
Exter nalEncodingClassRefer ence
| encodingclassr efer ence

C4 Actual parameter list
ITU-T Rec. X.683 | ISO/IEC-8824-4, 9.5, is modified as follows:
9.5 The "Actua ParameterList" is:

ActualParameterList ::=
'{<" ActualParameter " " +">}"

ActualParameter ::=
Value
[ValueSet
fOTrteredvatuetTst
|DefinedOr BuiltinEncodingClass
|EncodingObj ect
|EncodingObj ect Set
|Or der edEncodingObj ectL ist
[ComponentldList
[STRUCTURE
|OUTER

If the corresponding dummy parameter is:
a) avalue the"Vaue' alternative shall be used;
b) avalue set: the"ValueSet" dternative shall be used;
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0)
d)
€
f)
9)
h)

afixed-type ordered value list: the "OrderedValuelist" alternative shall be used;

an encoding class: the "DefinedOrBuiltinEncodingClass' aternative shall be used;

an encoding object: the "EncodingObject” alternative shall be used;

an encoding object set: the "EncodingObjectSet" alternative shall be used;

an ordered encoding object list: the "OrderedEncodingObjectList" aternative shall be used;
areference: the "identifier", STRUCTURE or QUTER aternative 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
areference isrequired to identify a container, and identifies the container of the entire encoding.

144
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Annex D

Examples

(This annex does not form an integral part of this Recommendation | International Standard)

This annex contains examples of the use of ECN. The examples are divided into five groups:

—  General examples, which show the look-and-feel of ECN definitions (D.1).

— Specialization examples, which show how to modify some parts of a standardized encoding.

Each

D.1

The €
modu
availd

D.1.1
D.1.1

D.1.1

D.1.1]
1. P4

D.1.1
encod

example has a description of the requirements 10r the encoding and a description of the selected s
and possible alternative solutions (D.2).

— Explicitly generated structure examples, which show the use of explicitly generated structures wh
same specialized encoding is used several times (D.3).

approach to sequence-of termination (D.4).

— A second legacy protocol example, which shows how to construct ECN definitions for a protocol
message encodings have been specified using atabular notation (D.5).

General examples

xamples described in D.1.1 to D.1.14 are part of a complete ECN specification whose ASN.1, EDM, and
es are given in outline in D.1.15, D.1.16 and D.1.17, and are givenreompletely in a copy of this annex wh
ble from the website cited in Annex F.

An encoding object for a boolean type
1 The ASN.1lassignment is:
Married ::= BOOLEAN
2 The encoding object assignment (see 23.3.1) is:

bool eanEncodi ng #BOOLEAN :: = {
ENCODI NG SPACE
SIZE 1
MULTI PLENGF bi t
TRUE- PATTERN bitsi'1' B
FALSE- PATTERN bits: ' 0' B}

marri edEncodi ng-1 #NMarried ::= bool eanEncodi ng

3 Thereis no pre-alignament, and the encoding space is one bit, so "Mar ri ed" is encoded as a bit-field of
fterns for TRUE andFAL SE values (in this case asingle bit) are '1'B and '0'B respectively.

4 The values specified above are the values that would be set by default (see 23.3.1) if the correspg
ing propertieswere omitted, so the same encoding can be achieved with less verbosity by:

marciedEncodi ng-2 #Married ::= {
ENCODI NG- SPACE
Sl ZE 1}

ution

bn the

— A legacy protocol example which shows three ways of handling the problem of atraditional "mone-bit"

vhose

ELM
ichis

ength

nding

D.1.1.5 This encoding for a boolean is, of course, just what PER provides, and another aternative is to specify the
encoding using the PER encoding object for boolean by way of the syntax provided by 17.3.1.

marri edEncodi ng-3 #Married ::= {
ENCODE W TH PER- BAS| C- UNAL| GNED}

D.1.1.6 Asthese examples show, there are often cases where ECN provides multiple ways to define an encoding. It is
up to the user to decide which aternative to use, balancing verbosity (stating explicitly values that can be defaulted)
against readability and clarity.

ITU-T Rec. X.692 (11/2008)

145


https://standardsiso.com/api/?name=384bd4252076e2b6c3428e8dd9201601

SO/

D.1.2

D.1.2.

D.1.2.

EC 8825-3:2008 (E)

An encoding object for an integer type
1 The ASN.1 assignments are:
EvenPositivelnteger ::= INTEGER (1..MAX) (CONSTRAINED BY {-- Miust be even --})
EvenNegativel nteger ::= INTEGER (M N..-1) (CONSTRAINED BY {-- Must be even --})

2 The encoding object assignments are;

evenPosi ti vel nt eger Encodi ng #EvenPositivel nteger ::= {
USE #NonNegat i vel nt
MAPPI NG TRANSFORMS {{| NT-TO- I NT di vi de: 2}}
W TH PER- BASI G UNALI GNED}

ﬁl\hnl\hgnf velnt - = #l I\IT(O I\/IAY)

D.1.2
negat|

D.13
D.1.3

evenNegat i vel nt eger Encodi ng #EvenNegati vel nteger ::= {
USE #NonPosi ti vel nt
MAPPI NG TRANSFORMS {{I NT- TO- | NT di vi de: 2
-- Note: -1/ 2 =0 - see clause 24.3.7 -- }}
W TH PER- BASI G- UNAL| GNED}

#NonPosi tivelnt ::= #I NT(MN.. 0)

3 Aneven value is divided by two, and is then encoded using standardized PER ericoding rules for positiv
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

startipg at an octet boundary.

D.13

D.1.3

D.14
D.14

D.14

D.14

range

2 The ASN.1 assignment is:
Altitude ::= I NTEGER (0. .65535)
3 The Encoding object assignment (see 23.6.1 and 23.7:0) is:
i nt eger Ri ght Al i gnedEncodi ng #Al titude-3t = {
ENCODI NG {

ALI GNED TO NEXT oct et
ENCCDI NG- SPACE
S| ZE 16} }

An encoding object for an integer type with holes

1 The ASN.1lassignmentis:
IntegerWthHol e ::=¥NTEGER (-256..-1 | 32..1056)

2 The encoding object ‘assignment (see 19.5.2) is:

i nt eger Wt hHol\éEncodi ng #I ntegerWthHole ::= {
USE #l\nt Fr onDT01280
MAPPI'NG ORDERED VALUES
W/TH PER- BASI G- UNAL| GNED}

#1 nt-Fr'on0To01280 :: = #I NT (0..1280)

3-"Int eger Wt hHol e" is encoded as a positive integer. Values in the range -256..-1 are mapped to values

0.:255 and valuesin the range 32..1056 are mapped to 256..1280

D.15

D.15.

D.15.

146

A mor e complex encoding object for an integer type
1 The ASN.1 assignments are:
Positivelnteger ::= I NTEGER (1.. MAX)
Negati velnteger ::= INTEGER (M N..-1)
2 The encoding object assignments are;

posi ti vel nt eger Encodi ng #Positivelnteger ::=
i nt eger Encodi ng

ITU-T Rec. X.692 (11/2008)
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negati vel nt eger Encodi ng #Negativelnteger ::=
i nt eger Encodi ng

D.1.5.3 Vaues of "Positivelnteger" and "Negativel nteger" types are encoded by the encoding object
"i nt eger Encodi ng" as a positive integer or as a twos-complement integer respectively. This is defined below, and
provides different encodings depending on the bounds of the type to which it is applied.

D.1.5.4 The"i nt eger Encodi ng" encoding object defined here is very powerful, but quite complex. It contains five
encoding objects of the class #CONDI TI ONAL- | NT; they all define an octet-aligned encoding. When the integer values
being encoded are bounded, the number of bits is fixed; when the values are not bounded, the type is required to be the
last in aPDU, and the value isright 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:

D.1.6
D.1.6

TTTteger Encoti g #NT = {ENCODINGS
{ I F unbounded- or - no- | ower - bound
ENCODI NG- SPACE
S| ZE vari abl e-wi t h- det er mi nant
DETERM NED BY cont ai ner
USI NG OUTER
ENCODI NG t wos- conpl enent}
{ I F bounded-wi t h-negati ves
ENCODI NG- SPACE
Sl ZE fi xed-t o- max
ENCODI NG t wos- conpl enent}
{ IF sem -bounded-wi t h-negatives
ENCODI NG SPACE
Sl ZE vari abl e-wi t h- det er mi nant
DETERM NED BY cont ai ner
USI NG QUTER
ENCODI NG t wos- conpl enent}
{ I F sem -bounded-wi t hout - negati ves
ENCODI NG- SPACE
Sl ZE vari abl e-wi t h- det er mi,nant
DETERM NED BY cont ai ner
USI NG QUTER
ENCODI NG positive-int}
{ I'F bounded-wi t hout - negati ves
ENCODI NG- SPACE
Sl ZE fi xed-t o- nmax
ENCODI NG posi tiveriint}}}

Positive integers encoded in BCD.

1 This example shows how_te\encode a positive integer in BCD (Binary Coded Decimal) by succ

transflorms: from integer to character_string then from character string to bitstring.

D.16

D.1.6

2 The ASN.1 assignment)is:
Posi tivel nt eger-BCD :: = | NTEGER(O. . VAX)

3 The encoding object assignment (see 19.4, 24.1 and 23.4.1) is:

posi tiwvel'nt eger BCDEncodi ng #Posi tivel ntegerBCD :: = {
USE #CHARS
MAPPI NG TRANSFORMS({ {
I NT- TO- CHARS
-- W convert to characters (e.g., integer 42

pSsive

= DETUNES Character SstTing 42 —amnmd—encode the ctharacters
-- with the encodi ng object "nuneric-chars-to-bcdEncodi ng"
S| ZE vari abl e
PLUS- S| GN FALSE}}
W TH nuneri c- chars-to- bcdEncodi ng }

numeri c- chars-to- bcdEncodi ng #CHARS :: = {
ALl GNED TO NEXT ni bbl e
TRANSFORMS { {
CHAR-TO-BI TS
-- We convert each character to a bitstring
--(e.g., character "4" becomes '0100'B and "2" becones
-- '0010' B)
AS mapped
CHAR-LIST { "O"," 21", "2","3",
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"4t "5t e, T,
"8","9"}
BI TS-LI ST { '0000'B, '0001' B, '0010'B, '0011'B,
'0100' B, '0101'B, '0110'B, '0111'B,
'1000' B, '1001'B }}}
REPETI T ON- ENCODI NG {
REPETI TI ON- SPACE
-- We determine the concatenation of the bitstrings for the
-- characters and add a termnator (e.g.,
-- '0100'B + '0010' B becones ' 0100 0010 1111' B)
S| ZE vari abl e- wi t h- det er m nant
DETERM NED BY pattern
PATTERN bits:'1111' B}}

Iloll t(
agr
patter

D.1.6
octet

D.1.7

D.1.7
paddg
conta

D.1.7

D.1.7

D.1.7
#CON

D.1.7
and 4
refere

D.18
D.18

D.18

"9". Then the character string is encoded such that each character is transformed into a bit pattern, ‘(0800
0001' Bfor "1".., ' 1001' Bfor "9". The hitstring is aligned on a nibble boundary and terminates with a st
n'1111'B.

5tring, with an external boolean identifying whether there is an unused nibble at the end or(not.
An encoding object of class#BI TS

1 This example defines an encoding object of class #BI TS (see 23.2.1) for.a bitstring that is octet-al
d with 0, and terminated by an 8-hit field containing ' 00000000 B (it is assumed that an abstract value
ns eight successive zeros):

2 The ASN.1 assignment is:

Fax ::= BIT STRI NG ( CONSTRAI NED BY
{-- must not contain eight successivezeéero bits --})

3 The encoding object assignment (see 23.2.1, 23.13.1 and-23.14.1) is:

faxEncodi ng #Fax ::= {
ALI GNED TO NEXT oct et
REPETI TI ON- ENCODI NG {
REPETI TI ON- SPACE
S| ZE vari able-w't h- det er m nant
DETERM NED.BY" pattern
PATTERN bi {'s: ' 00000000' B}}

4 This encoding object (of\ Class #BITS) contains an embedded encoding object of
DI TI ONAL- REPETI TI ON whichspecifies the mechanism and the termination pattern.

5 Aswith many of the examples in this annex, there is heavy reliance here on the defaults provided in clau
dvantage is taken of¢the’ability to define encoding objects in-line rather than separately assigning th
nce names which are.thien used in other assignments.

An encoding.object for an octetstring type

1 The ASN.1 assignment is:
Binar yFil e ::= OCTET STRI NG

5 A more complex alternative, not shown here, but commonly used, would be to embed the BCD encoding i

ecific

gned,
never

class

se 23,
bm - to

2 he encoding object assignment (see 23.9.1) is:

D.1.8
D.19
D.1.9
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bi naryFi | eEncodi ng #BinaryFile ::= {

ALI GNED TO NEXT oct et

PADDI NG one

REPETI T1 ON- ENCODI NG {

REPETI TI ON- SPACE

S| ZE vari abl e- wi t h- det er ni nant
DETERM NED BY cont ai ner
USI NG OUTER} }

.3 Thevalue is octet-aligned using padding with ones and terminates with the end of the PDU.
An encoding object for a character string type

.1 The ASN.1 assignment is:
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Password ::= PrintableString

D.1.9.2 The encoding object assignment (see 23.4.1 and 23.14.1) is:

passwor dEncodi ng #Password ::= {
ALI GNED TO NEXT oct et
TRANSFORMVS {{CHAR- TO-BI TS AS conpact
SI ZE fi xed-t o- max
MULTI PLE OF bit }}
REPETI TI ON- ENCODI NG {
REPETI TI O\ SPACE
S| ZE vari abl e-w t h- det er m nant
DETERM NED BY cont ai ner
USI NG QUTER} }

D.1.9
encod

D.1.10 Mapping character valuesto bit values
D.1.10.1The ASN.1 assignment is:

D.1.10.2The encoding object assignment (see 19.2) is:

where "integerEncoding” is defined in D.1.5.5.

D.1.1
atwo

D.1.1

D.1.1

appli
an oc
the o
"binal

D.1.1

D.1.1

CharacterStringToBit ::= IA5String ("FIRST" | "SECOND' | "TH RD")

character StringToBi t Encodi ng #CharacterStringToBit ::= {
USE #l nt Fr onDTo2
MAPPI NG VALUES ({

" FI RST" TO 0,
" SECOND' TO 1,
"TH RD' TO 2}
W TH i nt eger Encodi ng}
#l nt Fron0To2 ::= #I NT (O..2)

0.3The three possible abstract values are mapped to‘three integer numbers and then those numbers are enco
it field.

1 An encoding object for a sequence type

1.1 Here we encode a sequence type that has afield "a" which carries application semantics (i.e., is visible
ation), but we also want to use it as'a presence determinant for a second (optional) integer field "b". Therei
et string that is octet-aligned,-and delimited by the end of the PDU. We need to give specialized encodin
ptionality of "b", and we use-the specialized encoding defined in D.1.8 (by reference to the encoding
yFileEncoding") for theoctet string "c". We want to encode everything else with PER basic unaligned.

1.2The ASN.1 assignment is.

Sequencel 1= SEQUENCE ({
a BOOLEAN,
b | NTEGER OPTI ONAL,
c Bi naryFil e
-- "BinaryFile" is defined in D.1.8.1 --}

13T he ECN assignments (see 17.5 and 23.11.1) are:

3 The string Is octet-aligned using padding with "0" and terminates with the end of the PDU; the chafacter-
ing is specified as "conpact ", so each character is encoded in 7 bits using ' 0000000' B for the first-ASClI
charafter of typePri nt abl eStri ng,' 0000001' B for the next, and so on.

Hed in

to the
s then
ps for
bbject

sequencelEncodi ng #Sequencel ::= {
ENCODE STRUCTURE {
b USE- SET OPTI ONAL- ENCODI NG par anet er i zedPr esenceEncodi ng {< a >},
¢ binaryFi | eEncodi ng
-- "binaryFileEncoding" is defined in D.1.8.2 -- }
W TH PER- BASI C- UNALI GNED}

par anet eri zedPr esenceEncodi ng {< REFERENCE: ref erence >} #OPTIONAL :: = {
PRESENCE
DETERM NED BY fi el d-t o- be-used
USI NG r ef er ence}

D.1.11.4Notice that we did not need to provide the "DECODERS- TRANSFORMB' encoding property in the
"par anet er i zedPr esenceEncodi ng" encoding object, because the component "a" was a boolean, and it is assumed
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that TRUE meant that "b" was present. If, however, "a" had been an integer field, or if the application value of TRUE for
"a" actually meant that "b" was absent, then we would have included a "DECODER- TRANSFORMS" encoding property as
inD.2.6.

D.1.12 An encoding object for a choicetype

D.1.12.1 A choice type with three alternatives is encoded using the tag number of class context, encoded in a three bit
field, as a selector. The encoding object of class #ALTERNATI VES specify that the identification handle "Tag" is used as
determinant; the encoding object of class #TAG defines the position of the identification handle (three bits). For each
alternative, the value is encoded with PER basic unaligned.

D.1.12.2The ASN.1 assignment is:

Choice ::= CHO CE {
bool ean (1T BOOLEAN,
i nt eger [3] I NTECER,
string [ 5] I A5St ri ng}

D.1.1R.3The ECN assignments (see 23.1.1 and 23.15.1) are:

choi ceEncodi ng-1 #Choice ::= {
ENCODE STRUCTURE {
bool ean [tagEncodi ng] USE- SET,
i nt eger [tagEncodi ng] USE- SET,
string [tagEncodi ng] USE- SET
STRUCTURED W TH {
ALTERNATI VE
DETERM NED BY handl e
HANDLE "Tag"}}
W TH PER- BASI C- UNALI GNED}

tagEncodi ng #TAG :: = {
ENCCODI NG- SPACE
SIZE 3
MULTI PLE OF bit
EXH BI TS HANDLE "Tag" AT {0 | 1 | +2}}

D.1.1R.4Perhaps a neater way of providing the first assignment in D.1.12.3 would be to define a new encoding pbject
set and apply it asfollows:

M/Encodi ngs #ENCODI NGS :: = { tagEncodi ng } COWLETED BY PER- BASI G- UNALI GNED

choi ceEncodi ng- 2 #Choi ce : =3¢
ENCODE STRUCTURE {
STRUCTURED W'TH {
ALTERNATI VE
DETERM NED BY handl e
HANDLE " Tag"}}
W TH MyEncodi ngs}

D.1.18 Encoding a bitstrifig containing another encoding

D.1.18.1A bitstringalue encoded with PER basic unaligned, contains the PER basic unaligned encoding of a sequence
as anjintegral numberof octets (padded with zeros) but not necessarily aligned on an octet boundary.

D.1.13.2ThesASN.1 assignment are:

Sequence? ::= SEQUENCE {

a BOOLEAN,

b BI T STR NG (CONTAT NI NG Sequences) §
Sequence3 :: = SEQUENCE {

a I NTEGER(O. . 10),

b BOOLEAN }

D.1.13.3The ECN assignments (see 25.1) are:

sequence2Encodi ng #Sequence2 :: = {
ENCCDE STRUCTURE {
b { REPETI TI O\ ENCCDI NG {
REPETI Tl ON- SPACE
SI ZE 8
MJULTI PLE OF bit}
CONTENTS- ENCODI NG { sequence3Encodi ng}
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