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Foreword

ISO (the International Organization for Standardization) and

IEC (the International

Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
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FOREWORD

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

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

Hon 1.

The apprq

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

NOTE

In this Recommendation, the expression "Administration" is useéd for conciseness to indicaje both a
telecommyunication administration and a recognized operating agéncy.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability:” or applicability) and compliance |with the
Recommgndation is achieved when all of these mandatory provisions are met. The words "shall| or some
other oblilgatory language such as "must" and the negative equivalents are used to express requirenjents. The
use of sugh words does not suggest that compliange with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attentionto the possibility that the practice or implementation of this Recommendgtion may
involve the use of a‘claimed Intellectual Property Right. ITU takes no position concerning the |evidence,
validity of applicability of claimed Intellectual Property Rights, whether asserted by ITU memberq or others
outside of the Recommendation development process.

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

©ITU 2015

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

Specifications Rec. ITU-T X.680 | ISO/IEC 8824-1, Rec. ITU-T X.681 | ISO/IEC 8824-2, Rec. ITU-T X.682 |
ISO/IEC 8824-3, Rec. ITU-T X.683 | ISO/IEC 8824-4 together describe Abstract Syntax Notation One (ASN.1), a
notation for the definition of messages to be exchanged between peer applications.

This Recommendation | International Standard defines encoding rules that may be applied to values of types defined
using the notation specified in Rec. ITU-T X.680 | ISO/IEC 8824-1. Application of these encoding rules produces a
transfer syntax for such values. It is implicit in the specification of these encoding rules that they are also to be used for
decoding.

There are more than one set of encoding rules that can be applied to values of ASN.1 types. This Recommendation |
International Standard defines a set of Packed Encoding Rules (PER), so called because they achieve a much more
compact r¢presentation than that achieved by the Basic Encoding Rules (BER) and its derivatives describled in Rec.
ITU-T X.6P0 | ISO/IEC 8825-1 which is referenced for some parts of the specification of these Packed Encoding Rules.

vi Rec. ITU-T X.691 (08/2015)
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ITU-T RECOMMENDATION
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Information technology —
ASN.1 encoding rules:
Specification of Packed Encoding Rules (PER)

cope

This Recommendation | International Standard specifies a set of Packed Encoding Rules that may be used to derive a

transfer syn
to be applig

The encodipg rules specified in this Recommendation | International Standard:

2 N

The follow
constitute
were valid
Recommen|
of the Rec
Internation
ITU-T Rec

NOTE

of this standard.

tax for values of types defined in Rec. ITU-T X.680 | ISO/IEC 8824-1. These Packed EncodingRy
d for decoding such a transfer syntax in order to identify the data values being transferred.

are used at the time of communication;

are intended for use in circumstances where minimizing the size of the geprésentation of v
major concern in the choice of encoding rules;

allow the extension of an abstract syntax by addition of extra\Values, preserving the
of the existing values, for all forms of extension described in Rec. ITU-T X.680 | ISO/IEC 8824

can be modified in accordance with the provisions of Rec. ITU-T.X.695 | ISO/IEC 8825-6.

lormative references

ing Recommendations and International Standards.eoritain provisions which, through reference
rovisions of this Recommendation | InternationabStandard. At the time of publication, the editior

All Recommendations and Standards are subject to revision, and parties to agreements bas
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2.1 Ifdentical Recommendations | International Standards
- Recommendation ITU-T X.680 (2015) | ISO/IEC 8824-1:2015, Information technology — Abstract Syntax
NotatiowOne (ASN.1): Specification of basic notation.
- Recommiendation ITU-T X.681 (2015) | ISO/IEC 8824-2:2015, Information technology — Abstract Syntax
Notation One (ASN.1): Information object specification.
- \Recommendation ITU-T X.682 (2015) | ISO/IEC 8824-3:2015, Information technology — Abstract Syntax
Notation One (ASN.1): Constraint specification.
—  Recommendation ITU-T X.683 (2015) | ISO/TEC 8824-4:2015, Information technology — Abstract Syntax
Notation One (ASN.1): Parameterization of ASN.1 specifications.
—  Recommendation ITU-T X.690 (2015) | ISO/IEC 8825-1:2015, Information technology — ASN.I encoding
rules: Specification of Basic Encoding Rules (BER), Canonical Encoding Rules (CER) and Distinguished
Encoding Rules (DER).
—  Recommendation ITU-T X.695 (2015) | ISO/IEC 8825-6:2015, Information technology — ASN.1 encoding
rules: Registration and application of PER encoding instructions.
2.2 Additional references

ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information interchange.

ISO/IEC 2022:1994, Information technology — Character code structure and extension techniq
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— ISO/IEC 2375:2003, Information technology — Procedure for registration of escape sequences and coded
character sets.

— ISO 6093:1985, Information processing — Representation of numerical values in character strings for
information interchange.

—  ISO International Register of Coded Character Sets to be Used with Escape Sequences.
— ISO/IEC 10646:2003, Information technology — Universal Multiple-Octet Coded Character Set (UCS).

3 Definitions

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

3.1 Specification of Basic Notation

For the pyirposes of this Recommendation | International Standard, all the definitions in Rec. FTUHT X.680 |
ISO/IEC 8$24-1 apply.

3.2 Information Object Specification

For the pyposes of this Recommendation | International Standard, all the definitions“in Rec. ITU{T X.681 |
ISO/IEC 8%24-2 apply.

33 (onstraint Specification

This Recommendation | International Standard makes use of the following' terms defined in Rec. ITU}T X.682 |
ISO/IEC 8%24-3:

a) component relation constraint;

b) table constraint.

34 Barameterization of ASN.1 Specification

This Recommendation | International Standard maké&s use of the following term defined in Rec. ITUT X.683 |
ISO/IEC 8824-4:

-|  variable constraint.

35 Basic Encoding Rules

This Recopnmendation | International Standard makes use of the following terms defined in Rec. ITUIT X.690 |
ISO/IEC 8825-1:

a) dynamic conformance;

b)) static conformance;

c) datawalue;

d) ehceding (of a data value);
e) \.sénder;

f) receiver.

3.6 PER Encoding Instructions

This Recommendation | International Standard makes use of the following term defined in Rec. ITU-T X.695 |
ISO/IEC 8825-6:

—  identifying keyword.

3.7 Additional definitions
For the purposes of this Recommendation | International Standard, the following definitions apply.
3.71 2's-complement-binary-integer encoding: The encoding of a whole number into a bit-field (octet-aligned in

the ALIGNED variant) of a specified length, or into the minimum number of octets that will accommodate that whole
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number encoded as a 2's-complement-integer, which provides representations for whole numbers that are equal to, greater
than, or less than zero, as specified in 11.4.
NOTE 1 — The value of a two's complement binary number is derived by numbering the bits in the contents octets, starting with
bit 1 of the last octet as bit zero and ending the numbering with bit 8 of the first octet. Each bit is assigned a numerical value of ZN,
where N is its position in the above numbering sequence. The value of the two's complement binary number is obtained by

summing the numerical values assigned to each bit for those bits which are set to one, excluding bit 8 of the first octet, and then
reducing this value by the numerical value assigned to bit 8 of the first octet if that bit is set to one.

NOTE 2 — Whole number is a synonym for the mathematical term integer. It is used here to avoid confusion with the ASN.1 type
integer.

3.7.2 abstract syntax value: A value of an abstract syntax (defined as the set of values of a single ASN.1 type),
which is to be encoded by PER, or which is to be generated by PER decoding.

NOTE - The single ASN.1 type associated with an abstract syntax is formally identified by an object of class ABSTRACT-SYNTAX.

3.7.3 bit-field: The product of some part of the encoding mechanism that consists of an ordered set of bits that are
not necessarily a multiple of eight.

NOTE — If the use of this term is followed by "octet-aligned in the ALIGNED variant", this means that the bit-field \L required to
begin or] an octet boundary in the complete encoding for the aligned variant of PER.

3.74 cpnonical encoding: A complete encoding of an abstract syntax value obtained by the application ¢f encoding
rules that have no implementation-dependent options; such rules result in the definition of)a”1-1 mappipg between
unambiguops and unique bitstrings in the transfer syntax and values in the abstract syntax.

3.7.5 cpmposite type: A set, sequence, set-of, sequence-of, choice, embedded-pdv, ‘external or unrestrictdd character
string type.

3.7.6 cpmposite value: The value of a composite type.

3.7.7 cpnstrained whole number: A whole number which is constrainied by PER-visible constraints to [ie within a

range from|"Ib" to "ub" with the value "Ib" less than or equal to "ub", and the values of "Ib" and "ub" as permifted values.

NOTE - Constrained whole numbers occur in the encoding which idefitifi€s the chosen alternative of a choice type, the length of
charactef, octet and bit string types whose length has been restricted\by PER-visible constraints to a maximum length the count of
the numper of components in a sequence-of or set-of type thatchas been restricted by PER-visible constraints to|a maximum
number jof components, the value of an integer type that hagybeen constrained by PER-visible constraints to lie within finite
minimurh and maximum values, and the value that denotes an.énumeration in an enumerated type.

3.7.8 effective size constraint (for a constrained-string type): A single finite size constraint that could be applied
to a built-in string type and whose effect would.\be to permit all and only those lengths that can be prgsent in the
constrained string type.

NOTE 1| For example, the following has an‘effective size constraint:
A |::= IA5String (SIZE(1l..4) }\"*SIZE(10..15))
since it dan be rewritten with a single‘size constraint that applies to all values:
A |::= IA5String (SIZE(1..4 | 10..15))
whereas|the following has no ¢ffective size constraint since the string can be arbitrarily long if it does not contain aiy characters
other thgn 'a’, 'b' and 'c":
B |::= IA5Stxrings (SIZE(1l..4) | FROM("abc"))

NOTE 2| The effective size constraint is used only to determine the encoding of lengths.

3.7.9 effective permitted-alphabet constraint (for a constrained restricted character string type): A single
permitted-glpliabet constraint that could be applied to a built-in known-multiplier character string type and whose effect
would be to permit all and only those characters that can be present in at Ieast one character position of any one of the
values in the constrained restricted character string type.
NOTE 1 — For example, in:
Ax ::= IAS5String (FROM("AB") | FROM("CD"))

Bx ::= IA5String (SIZE(l..4) | FROM("abc"))

Ax has an effective permitted-alphabet constraint of "ABCD". Bx has an effective permitted-alphabet constraint that consists
of the entire IA5String alphabet since there is no smaller permitted-alphabet constraint that applies to all values of Bx.

NOTE 2 — The effective permitted-alphabet constraint is used only to determine the encoding of characters.

3.7.10 enumeration index: The non-negative whole number associated with an "Enumerationltem" in an enumerated
type. The enumeration indices are determined by sorting the "Enumerationltem"s into ascending order by their
enumeration value, then by assigning an enumeration index starting with zero for the first "Enumerationltem", one for the
second, and so on up to the last "Enumerationltem" in the sorted list.

NOTE — "Enumerationltem"s in the "RootEnumeration" are sorted separately from those in the "Additional Enumeration".
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3.7.11 extensible for PER encoding: A property of a type which requires that PER identifies an encoding of a value
as that of a root value or as that of an extension addition.

NOTE - Root values are normally encoded more efficiently than extension additions.

3.7.12  field-list: An ordered set of bit-fields that is produced as a result of applying these encoding rules to
components of an abstract value.

3.7.13  indefinite-length: An encoding whose length is greater than 64K-1 or whose maximum length cannot be
determined from the ASN.1 notation.

3.7.14 fixed-length type: A type such that the value of the outermost length determinant in an encoding of this type
can be determined (using the mechanisms specified in this Recommendation | International Standard) from the type
notation (after the application of PER-visible constraints only) and is the same for all possible values of the type.

International-Standa hatth he—on : adalue (afte 4 = R-visiblecons 2 only) of the
type governing it.

3.7.15 fixed value: A value such that it can be determined (using the mechanisms specified in this Recommendation |

3.7.16 nown-multiplier character string type: A restricted character string type where the nuniber’of dctets in the
encoding iy a known fixed multiple of the number of characters in the character string for all permitted charpcter string
values. The known-multiplier character string types are IA5String, PrintableStfing, VisiHleString,
NumericString, UniversalString and BMPString.

3.7.17 l¢ngth determinant: A count (of bits, octets, characters, or components) determining the length of part or all of
a PER encqding.

3.7.18 ormally small non-negative whole number: A part of an encoding-which represents values of anfunbounded
non-negatiye integer, but where small values are more likely to occur than lagge.ones.

3.7.19 normally small length: A length encoding which represents¢values of an unbounded length, but yhere small
lengths are|more likely to occur than large ones.

3.7.20 nlon-negative-binary-integer encoding: The encoding.of a constrained or semi-constrained whole fumber into
either a bitifield of a specified length, or into a bit-field (octet*dligned in the ALIGNED variant) of a specifief length, or
into the mipimum number of octets that will accommodate.that whole number encoded as a non-negative-binary-integer
which provjides representations for whole numbers greater‘than or equal to zero, as specified in 11.3.
NOTE - The value of a non-negative-binary-number is-derived by numbering the bits in the contents octets, starting [with bit 1 of
the last gctet as bit zero and ending the numbering withibit 8 of the first octet. Each bit is assigned a numerical value pf 2N, where

N is its [position in the above numbering sequenee. The value of the non-negative-binary-number is obtained by gumming the
numericil values assigned to each bit for those bits'which are set to one.

3.7.21 omtermost type: An ASN.1 type-whose encoding is included in a non-ASN.1 carrier or as the value of other
ASN.1 confptructs (see 11.1.1).
NOTE {PER encodings of an outetmost type are always an integral multiple of eight bits.

3.7.22 BER-visible constraint: An instance of use of the ASN.1 constraint notation which affects the PER encoding
of a value.

3.7.23  rglay-safe encoding: A complete encoding of an abstract syntax value which can be decoded (in¢gluding any
embedded ¢ncodings)-without knowledge of the environment in which the encoding was performed.

3.7.24  semi-constrained whole number: A whole number which is constrained by PER-visible constraings to exceed
or equal somewalue "Ib" with the value "Ib" as a permitted value, and which is not a constrained whole number-.

NOTE — Semi-constrained whole numbers occur in the encoding of the length of unconstrained (and in some cases constrained)
character, octet and bit string types, the count of the number of components in unconstrained (and in some cases constrained)
sequence-of and set-of types, and the value of an integer type that has been constrained to exceed some minimum value.

3.7.25 simple type: A type that is not a composite type.

3.7.26  textually dependent: A term used to identify the case where if some reference name is used in evaluating an
element set, the value of the element set is considered to be dependent on that reference name, regardless of whether the
actual set arithmetic being performed is such that the final value of the element set is independent of the actual element
set value assigned to the reference name.

NOTE - For example, the following definition of Foo is textually dependent on Bar even though Bar has no effect on Foos set of

values (thus, according to 10.3.6 the constraint on Foo is not PER-visible since Bar is constrained by a table constraint and Foo is

textually dependent on Bar).

MY-CLASS ::= CLASS { &name PrintableString, &age INTEGER } WITH SYNTAX{&name , &age}

MyObjectSet MY-CLASS ::= { {"Jack", 7} | {"Jill", 5} }
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Bar ::= MY-CLASS.&age ({MyObjectSet})

INTEGER (Bar | 1..100)

Foo ::

3.7.27 unconstrained whole number: A whole number which is not constrained by PER-visible constraints.

NOTE - Unconstrained whole numbers occur only in the encoding of a value of the integer type.

4 Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply:
ASN.1  Abstract Syntax Notation One
BER Basic Encoding Rules of ASN.1
CER Canonical Encoding Rules of ASN.1

DER Distinguished Encoding Rules ot ASN.1
PER Packed Encoding Rules of ASN.1
1pK 16384
3pK 32768
48K 49152
6pK 65536
5 Notation

This Recommendation | International Standard references the notation defined by Rec. ITU-T X.680 | ISO/IE( 8824-1.

6 (onvention

6.1 Tlhis Recommendation | International Standard défines the value of each octet in an encoding by| use of the
terms "most significant bit" and "least significant bit".

NOTE - Lower layer specifications use the same notation:sto define the order of bit transmission on a serial line, or th¢ assignment
of bits tq parallel channels.

6.2 For the purposes of this Recommeridation | International Standard, the bits of an octet are numbgred from 8
to 1, where|bit 8 is the "most significant bit/~and bit 1 the "least significant bit".

6.3 Tlhe term "octet" is frequently tised in this Recommendation | International Standard to stand for '|eight bits".
The use of [this term in place of "eight bits" does not carry any implications of alignment. Where alignment is [intended, it
is explicitly stated in this Recommeéndation | International Standard.

7 KEncoding tules defined in this Recommendation | International Standard

71 Tlhis Recommendation | International Standard specifies four encoding rules (together with their associated
object identifiers)which can be used to encode and decode the values of an abstract syntax defined as the [values of a
single (knopvn)»ASN.1 type. This clause describes their applicability and properties.

7.2 Without knowledge of the type of the value encoded, it is not possible to determine the structure of the
encoding (under any of the PER encoding rule algorithms). In particular, the end of the encoding cannot be determined
from the encoding itself without knowledge of the type being encoded.

7.3 PER encodings are always relay-safe provided the abstract values of the types EXTERNAL, EMBEDDED PDV and
CHARACTER STRING are constrained to prevent the carriage of OSI presentation context identifiers.

7.4 The most general encoding rule algorithm specified in this Recommendation | International Standard is
BASIC-PER, which does not in general produce a canonical encoding.

7.5 A second encoding rule algorithm specified in this Recommendation | International Standard is
CANONICAL-PER, which produces encodings that are canonical. This is defined as a restriction of implementation-
dependent choices in the BASIC-PER encoding.

NOTE 1 — CANONICAL-PER produces canonical encodings that have applications when authenticators need to be applied to
abstract values.
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NOTE 2 — Any implementation conforming to CANONICAL-PER for encoding is conformant to BASIC-PER for encoding. Any
implementation conforming to BASIC-PER for decoding is conformant to CANONICAL-PER for decoding. Thus, encodings
made according to CANONICAL-PER are encodings that are permitted by BASIC-PER.

7.6 If a type encoded with BASIC-PER or CANONICAL-PER contains EMBEDDED PDV, CHARACTER STRING Or
EXTERNAL types, then the outer encoding ceases to be relay-safe unless the transfer syntax used for all the EMBEDDED
PDV, CHARACTER STRING and EXTERNAL types is relay safe. If a type encoded with CANONICAL-PER contains
EMBEDDED PDV, EXTERNAL or CHARACTER STRING types, then the outer encoding ceases to be canonical unless the
transfer syntax used for all the EMBEDDED PDV, EXTERNAL and CHARACTER STRING types is canonical.

NOTE - The character transfer syntaxes supporting all character abstract syntaxes of the form {iso standard 10646

level-1(1) ....} are canonical. Those supporting {iso standard 10646 level-2(2) ....} and {iso
standard 10646 level-3(3) ....} arenotalways canonical. All the above character transfer syntaxes are relay-safe.

7.7 Both BASIC-PER and CANONICAL-PER come in two variants, the ALIGNED variant, and the UNALIGNED
variant. In the ALIGNED variant, padding bits are inserted from time to time to restore octet alignment. In the
UNALIGNED vdadl iallt, Y Paddlllé ‘Uitb alv Uvul illbbl tbd

7.8 Tlhere are no interworking possibilities between the ALIGNED variant and the UNALIGNED varian.

7.9 PER encodings are self-delimiting only with knowledge of the type of the encoded valueEncodingd are always
a multiple ¢f eight bits. When carried in an EXTERNAL type they shall be carried in the OCTET STRING choicelalternative,
unless the EXTERNAL type itself is encoded in PER, in which case the value may be encoded,as lasingle ASN.[l type (i.e.,
an open type). When carried in OSI presentation protocol, the "full encoding" (as défimed in Rec. ITU-T X.226 |
ISO/IEC 8%23-1) with the OCTET STRING choice alternative shall be used.

7.10 Tlhe rules of this Recommendation | International Standard apply to both-algorithms and to both varjants unless
otherwise stated (but see 9.2 and 9.3).

7.11 Annex C is informative, and gives recommendations on which cembinations of PER to implement|in order to
maximize the chances of interworking.

8 (onformance

8.1 Dynamic conformance is specified by clause 9 enwards.

8.2 Static conformance is specified by those sfandards which specify the application of these Packed Encoding
Rules.

NOTE - Annex C provides guidance on staticxconformance in relation to support for the two variants of the two ehcoding rule
algorithtps. This guidance is designed to ensiire interworking, while recognizing the benefits to some applications ¢f encodings
that are feither relay-safe nor canonical.

8.3 Tlhe rules in this Recommendation | International Standard are specified in terms of an encoding| procedure.
Implementgtions are not required-to mirror the procedure specified, provided the bit string produced as the complete
encoding of an abstract syntax Value is identical to one of those specified in this Recommendation | International Standard
for the applicable transfer syntax.

8.4 Implementations* performing decoding are required to produce the abstract syntax value corresponfling to any

received bif string which could be produced by a sender conforming to the encoding rules identified in the trafsfer syntax

associated with theumaterial being decoded.
NOTE 1| <ld general there are no alternatlve encodlngs deﬁned for the BASIC PER exphcltly stated in thrs Recommendation |
Internati 2 some of the
encoding optrons of other ISO/IEC Standards that are referenced CANONICAL PER pr0V1des an alternatlve to both the
Distinguished Encoding Rules and Canonical Encoding Rules (see Rec. ITU-T X.690 | ISO/IEC 8825-1) where a canonical and
relay-safe encoding is required.

NOTE 2 — When CANONICAL-PER is used to provide a canonical encoding, it is recommended that any resulting encrypted
hash value that is derived from it should have associated with it an algorithm identifier that identifies CANONICAL-PER as the
transformation from the abstract syntax value to an initial bitstring (which is then hashed).

9 PER encoding instructions
9.1 PER encoding instructions can be associated with a type in accordance with the provisions of Rec. ITU-

T X.680 | ISO/IEC 8824-1 and Rec. ITU-T X.695 | ISO/IEC 8825-6

NOTE 1 — The application of some PER encoding instructions can make it impossible to encode all the abstract values of the type.
Where this can arise, the specific PER encoding instruction identifies the problem. It is a designers decision, based on the
possible need to use multiple encoding rules, whether to add an explicit constraint on the type in order to restrict the range of
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abstract values to those that can be handled by the encoding using the PER encoding instruction. This can make the specification
less readable, but ensures that all encoding rules can encode all allowed abstract values, making relaying possible without errors.

NOTE 2 — Each PER encoding instruction starts with an identifying keyword that unambiguously identifies that encoding
instruction.

9.2 If the ALIGNED version of either BASIC-PER or CANONICAL-PER is in use, then all PER encoding
instructions shall be silently ignored and have no affect on the encoding.

9.3 If the UNALIGNED version of either BASIC-PER or CANONICAL-PER is in use, then if a type has an
associated encoding instruction, the following subclauses shall apply.

9.3.1 If the identifying keyword is not known, then a "not supported" error message shall be issued.

9.3.2 If the identifying keyword is known, the procedures of this Recommendation | International Standard shall be
modified by the amendments to those procedures that are specified by the PER encoding instruction (see Rec. ITU-
T X.695 | ISO/IEC 8825-6).

NOTE |- If multiple PER encoding instructions are associated with a type, then the amendments specified for all of them shall be
applied.

NOTE 2|- It is an error in the register of PER encoding instructions if amendments produced by two or mote-separpte encoding
instructipns conflict and it is not stated that they are mutually exclusive.

10 The approach to encoding used for PER

10.1 Use of the type notation

10.1.1  These encoding rules make specific use of the ASN.1 type notationas specified in Rec. ITUFT X.680 |
ISO/IEC 8%24-1, and can only be applied to encode the values of a single ASN d-type specified using that notdtion.

10.1.2 I particular, but not exclusively, they are dependent on the following information being retained irj the ASN.1
type and vglue model underlying the use of the notation:

the nesting of choice types within choice types;

b) the tags placed on the components in a set type, ‘and on the alternatives in a choice type, and the values
given to an enumeration;

c) whether a set or sequence type component is*optional or not;
d) whether a set or sequence type componeilt has a DEFAULT value or not;

e) the restricted range of values of-a type which arise through the application of PER-visible|constraints
(only);
f]  whether a component is an.epen type;

g) whether a type is extensible for PER encoding.

10.2 Use of tags to provide a canonical order

This Recommendation | International Standard requires components of a set type and a choice type to be anonically
ordered inglependent-of the textual ordering of the components. The canonical order is determined by [sorting the
outermost tag of each~¢omponent, as specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 8.6.

10.3 ER<visible constraints

NOTE — The fact that some ASN.1 constraints may not be PER-visible for the purposes of encoding and decoding does not in any
way affect the use of such constraints in the handling of errors detected during decoding, nor does it imply that values violating
such constraints are allowed to be transmitted by a conforming sender. However, this Recommendation | International Standard
makes no use of such constraints in the specification of encodings.

10.3.1  Constraints that are expressed in human-readable text or in ASN.1 comment are not PER-visible.
10.3.2  Variable constraints are not PER-visible (see Rec. ITU-T X.683 | ISO/IEC 8824-4, 10.3 and 10.4).
10.3.3  User-defined constraints (see Rec. ITU-T X.682 | ISO/IEC 8824-3, 9.1) are not PER visible.

10.3.4  Table constraints are not PER-visible (see Rec. ITU-T X.682 | ISO/IEC 8824-3).

10.3.5 Component relation constraints (see Rec. ITU-T X.682 | ISO/IEC 8824-3, 10.7) are not PER-visible.

10.3.6  Constraints whose evaluation is textually dependent on a table constraint or a component relation constraint are
not PER-visible (see Rec. ITU-T X.682 | ISO/IEC 8824-3).
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10.3.7  Constraints on restricted character string types which are not (see Rec. ITU-T X.680 | ISO/IEC 8824-1, clause
41) known-multiplier character string types are not PER-visible (see 3.7.16).

10.3.8  Pattern constraints are not PER-visible.
10.3.9  Subject to the above, all size constraints are PER-visible.

10.3.10 The effective size constraint for a constrained type is a single size constraint such that a size is permitted if and
only if there is some value of the constrained type that has that (permitted) size.

10.3.11 Permitted-alphabet constraints on known-multiplier character string types which are not extensible after
application of Rec. ITU-T X.680 | ISO/IEC 8824-1, 52.3 to 52.5, are PER-visible. Permitted-alphabet constraints which
are extensible are not PER-visible.

10.3.12 The effective permitted-alphabet constraint for a constrained type is a single permitted-alphabet constraint
which allows a character if and only if there is some value of the constrained type that contains that character. If all
characters jof the type being constrained can be present in some value of the constrained type, then the effective
permitted-glphabet constraint is the set of characters defined for the unconstrained type.

10.3.13 Property setting constraints on the time type (or on the useful and defined time types) whjch are not
extensible after the application of Rec. ITU-T X.680 | ISO/IEC 8824-1, 52.3 to 52.5, are PER-visible. Property setting
constraints which are extensible are not PER-visible.

10.3.14 (onstraints applied to real types are not PER-visible.

10.3.15 An inner type constraint applied to an unrestricted character string or embbeded-pdv type is PER-}isible only
when it is|used to restrict the value of the syntaxes component to a single value, or when it is used to restrict
identifiqation to the fixed alternative (see clauses 28 and 31).

10.3.16 (onstraints on the useful types are not PER-visible.
10.3.17 Sjingle value subtype constraints applied to a character string\type are not PER-visible.

10.3.18 Subject to the above, all other constraints are PER-vjsible if and only if they are applied to an integdr type or to
a known-mpltiplier character string type.

10.3.19 In general the constraint on a type will consiStoof individual constraints combined using some dr all of set
arithmetic, |contained subtype constraints, and serial application of constraints. The following clauses specify fhe effect if
some of thg component parts of the total constraint are’PER-visible and some are not.

NOTE |- See Annex B for further discussion,én the effect of combining constraints that individually are PER-vjsible or not
PER-visjble.

10.3.20 If a constraint consists of a serial application of constraints, the constraints which are not PER-vis|ble, if any,
do not affeft PER encodings, but cause the extensibility (and extension additions) present in any earlier constraints to be
removed ag specified in Rec. ITUST\X.680 | ISO/IEC 8824-1, 50.10.

NOTE 1| If the final constraintin a serial application is not PER-visible, then the type is not extensible for PER-enfodings, and
is encodgd without an extension bit.

NOTE 2|- For example;
A ::= IA5String(SIZE(1l..4)) (FROM("ABCD",...))

has an | effective "permitted-alphabet constraint that consists of the entire IA5String alphabet since th¢ extensible
permittefl-alphabet constraint is not PER-visible. It has nevertheless an effective size constraint which is "SIZE (1. .4|) "

Similarly

B ::= IA5String(A)

has the same effective size constraint and the same effective permitted-alphabet constraint.

10.3.21 If a constraint that is PER-visible is part of an INTERSECTION construction, then the resulting constraint is
PER-visible, and consists of the INTERSECTION of all PER-visible parts (with the non-PER-visible parts ignored). If a
constraint which is not PER-visible is part of a UNION construction, then the resulting constraint is not PER-visible. If a
constraint has an EXCEPT clause, the EXCEPT and the following value set is completely ignored, whether the value set
following the EXCEPT is PER-visible or not.
NOTE — For example:
A ::= IA5String (SIZE(1l..4) INTERSECTION FROM("ABCD",...))

has an effective size constraint of 1..4 but the alphabet constraint is not visible because it is extensible.

10.3.22 A type is also extensible for PER encodings (whether subsequently constrained or not) if any of the following
occurs:
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a) it is derived from an ENUMERATED type (by subtyping, type referencing, or tagging) and there is an

extension marker in the "Enumerations" production; or

b) it is derived from a SEQUENCE type (by subtyping, type referencing, or tagging) and there is an extension

marker in the "ComponentTypeLists" or in the "SequenceType" productions; or

c) itis derived from a SET type (by subtyping, type referencing, or tagging) and there is an extension marker

in the "ComponentTypeLists" or in the "SetType" productions; or

d) it is derived from a CHOICE type (by subtyping, type referencing, or tagging) and there is an extension

marker in the "AlternativeTypeLists" production.

Type and value model used for encoding

An ASN.1 type is either a simple type or is a type built using other types. The notation permits the

use of type

references aind tagging of types. For the purpose of these encoding rules, the use of type references and taggi
effect on the encoding and are invisible in the model, except as stated in 10.2. The notation also permits the ap|
constraints |and of error specifications. PER-visible constraints are present in the model as a restriction ‘of the
type. Other|constraints and error specifications do not affect encoding and are invisible in the PER type‘and va

10.4.2

A value to be encoded can be considered as either a simple value or as a composite value bui

structuring |mechanisms from components which are either simple or composite values, paralleling the stru
ASN.1 typ¢ definition.

10.4.3

When a constraint includes a value as an extension addition that is present in the root, that valyl

encoded as|a value in the root, not as a value which is an extension addition.

EXAMPLH

INTEGER (0..10, ..., 5)

-- The valuel|5 encodes as a root value, not as an extension addition.

ng have no
plication of
values of a
fue model.

t using the
ture of the

e is always

10.5 Structure of an encoding
10.5.1  Tlhese encoding rules specify:
a) the encoding of a simple value into a‘field-list; and
b) the encoding of a composite, value into a field-list, using the field-lists generated by application of these
encoding rules to the components of the composite value; and
c) the transformation of thefield-list of the outermost value into the complete encoding of the abs}ract syntax
value (see 11.1).
10.5.2  Tlhe encoding of a Component of a data value either:
a) consists ef‘three parts, as shown in Figure 1, which appear in the following order:
1) -apreamble (see clauses 19, 21 and 23);
2)._) a length determinant (see 11.9);
2 —ar
—conterts ot
| Preamble Length | Preamble Length Contents Preamble Length Contents . |
| | | Contents |

NOTE — The preamble, length, and contents are all "fields" which, concatenated together, form a "field-list". The field-list of a
composite type other than the choice type may consist of the fields of several values concatenated together. Either the preamble,
length and/or contents of any value may be missing.

Figure 1 — Encoding of a composite value into a field-list
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b) (where the contents are large) consists of an arbitrary number of parts, as shown in Figure 2, of which the
first is a preamble (see clauses 19, 21 and 23) and the following parts are pairs of bit-fields (octet-aligned
in the ALIGNED variant), the first being a length determinant for a fragment of the contents, and the
second that fragment of the contents; the last pair of fields is identified by the length determinant part, as
specified in 11.9.

Contents
Preamble Length Contents Length Contents e Length (may be
missing)
Figure 2 — Encoding of a long data value
10.5.3 Hach of the parfs mentioned in 10.5.2 generates either:

a) anull field (nothing); or

b) abit-field (unaligned); or

c) abit-field (octet-aligned in the ALIGNED variant); or

d) a field-list which may contain either bit-fields (unaligned), bit-fields (oetet-aligned in the [ALIGNED
variant), or both.

10.6 Types to be encoded

10.6.1 T
real, bitstr
identifier, ¢

10.6.2 T

10.6.3 H
10.2, taggif
according

10.6.4 A

10.6.5 T
ITU-T X.6

Constraintg
universal ti

10.6.6 A
production

he following clauses specify the encoding of the following types fatora field-list: boolean, integer, ¢
ng, octetstring, null, sequence, sequence-of, set, set-of, choic¢e, open, object identifier, rela
mbedded-pdv, external, restricted character string and unrestticted character string types.

he selection type shall be encoded as an encoding of the selected type.

ncoding of tagged types is not included in this Recommendation | International Standard as, except
ng is not visible in the type and value model used for these encoding rules. Tagged types are th|
b the encoding of the type which has been tagged.

n encoding prefixed type is encoded according to the type which has been prefixed.

he following "useful types" shall besencoded as if they had been replaced by their definitions gi
RO | ISO/IEC 8824-1, clause 45:

generalized time;
universal time;

object descriptor:

on the useful‘types are not PER-visible. The restrictions imposed on the encoding of the generaliz
me types by.Réc. ITU-T X.690 | ISO/IEC 8825-1, 11.7 and 11.8, shall apply here.

type- defined using a value set assignment shall be encoded as if the type had been define
spéoified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 16.8.

numerated,
tive object

as stated in
s encoded

en in Rec.

bd time and

| using the

11 Encoding procedures

11.1 Production of the complete encoding

11.1.1  If an ASN.1 type is encoded using any of the encoding rules identified by the object identifiers listed in
subclause 33.2 (or by direct textual reference to this Recommendation | International Standard), and the encoding is

included in

a) an ASN.] octetstring; or

b

) an ASN.I open type; or

c) any part of an ASN.I external or embedded pdv type; or

d

10

) any carrier protocol that is not defined using ASN.1
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then that ASN.1 type is defined as an outermost type for this application, and subclause 11.1.2 shall apply to all
encodings of its values.
NOTE 1 — This means that all complete PER encodings (for all variants) that are used in this way are always an integral multiple
of eight bits.

NOTE 2 - It is possible using the Encoding Control Notation (see Recommendation ITU-T X.692 | ISO/IEC 8825-3) to specify a
variant of PER encodings in which the encoding is not padded to an octet boundary as specified in 11.1.2. Many tools support this
option.

NOTE 3 — It is recognized that a carrier protocol not defined using ASN.1 need not explicitly carry the additional zero bits for
padding (specified in 11.1.2), but can imply their presence.

11.1.2  The field-list produced as a result of applying this Recommendation | International Standard to an abstract value
of an outermost type shall be used to produce the complete encoding of that abstract syntax value as follows: each field in
the field-list shall be taken in turn and concatenated to the end of the bit string which is to form the complete encoding of
the abstract syntax value preceded by additional zero bits for padding as specified below.

11.1.3 Ifthe variant of these encoding rules, all Ticlds shall be concatenated without padfling. If the
result of ercoding the outermost value is an empty bit string, the bit string shall be replaced with a single’ogtet with all
bits set to (). If it is a non-empty bit string and it is not a multiple of eight bits, (one to seven) zero bits,shall bg appended
to it to produce a multiple of eight bits.

11.1.4  If the ALIGNED variant of these encoding rules, any bit-fields in the field-list shatl‘beé concatenafed without
padding, apd any octet-aligned bit-fields shall be concatenated after (zero to seven) zero bits-have been condatenated to
make the I¢gngth of the encoding produced so far a multiple of eight bits. If the result of-eneoding the outermpst value is
an empty bijit string, the bit string shall be replaced with a single octet with all bits set’t0-0. If it is a non-emp}y bit string
and it is nof a multiple of eight bits, (zero to seven) zero bits shall be appended to it to\produce a multiple of eight bits.
NOTE 1|— The encoding of the outermost value is the empty bit string if, for example, the abstract syntax value is of fhe null type
or of an |nteger type constrained to a single value.

NOTE 2| Zero-length octet-aligned bit-fields can never be present in the field-list (see 11.9.3.3).

11.1.5  Tfhe resulting bit string is the complete encoding of the abstfact syntax value of an outermost type.

11.2 (pen type fields

11.2.1 If order to encode an open type field, the valug of the actual type occupying the field shall be efcoded to a
field-list which shall then be converted to a complete encoding of an abstract syntax value as specified in 11.1|to produce
an octet string of length "n" (say).

11.2.2  Tfhe field-list for the value in which,thé open type is to be embedded shall then have added to it (3s specified
in 11.9) an|unconstrained length of "n" (iminits of octets) and an associated bit-field (octet-aligned in the |JALIGNED
variant) comtaining the bits produced in 1\N+2-1.

NOTE H{ Where the number of octets in'the open type encoding is large, the fragmentation procedures of 11.9 will be ysed, and the
encoding of the open type will béybroken without regard to the position of the fragment boundary in the encoding of the type
occupyinpg the open type field.

11.3 ncoding as a non-negative-binary-integer

NOTE - (Tutorial)-This subclause gives precision to the term "non-negative-binary-integer encoding", putting the ipteger into a
field whjch is a fixed number of bits, a field which is a fixed number of octets, or a field that is the minimum numper of octets
needed tp hold-it:

11.3.1 bsequent subclauses refer to the generation of a non-negative-binary-integer encoding of a npn-negative
whole number into a field which 1s either a bit-field of specified length, a single octet, a double octet, or the minimum
number of octets for the value. This subclause (11.3) specifies the precise encoding to be applied when such references
are made.

11.3.2  The leading bit of the field is defined as the leading bit of the bit-field, or as the most significant bit of the first
octet in the field, and the trailing bit of the field is defined as the trailing bit of the bit-field or as the least significant bit of
the last octet in the field.

11.3.3  For the following definition only, the bits shall be numbered zero for the trailing bit of the field, one for the
next bit, and so on up to the leading bit of the field.

11.3.4 In a non-negative-binary-integer encoding, the value of the whole number represented by the encoding shall be
the sum of the values specified by each bit. A bit which is set to "0" has zero value. A bit with number "n" which is set to
"1" has the value 2".

11.3.5 The encoding which sums (as defined above) to the value being encoded is an encoding of that value.
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NOTE — Where the size of the encoded field is fixed (a bit-field of specified length, a single octet, or a double octet), then there is
a unique encoding which sums to the value being encoded.

11.3.6 A minimum octet non-negative-binary-integer encoding of the whole number (which does not predetermine the
number of octets to be used for the encoding) has a field which is a multiple of eight bits and also satisfies the condition
that the leading eight bits of the field shall not all be zero unless the field is precisely eight bits long.

NOTE - This is a necessary and sufficient condition to produce a unique encoding.

114 Encoding as a 2's-complement-binary-integer

NOTE — (Tutorial) This subclause gives precision to the term "2's-complement-binary-integer encoding", putting a signed integer
into a field that is the minimum number of octets needed to hold it. These procedures are referenced in later encoding
specifications.

11.4.1  Subsequent subclauses refer to the generation of a 2's-complement-binary-integer encoding of a whole number
(which may be negative, zero, or positive) into the minimum number of octets for the value. This subclause (11.4)
specifies the precise encoding to be applied when such references are made.

11.4.2  Tfhe leading bit of the field is defined as the most significant bit of the first octet, and the trailing bit|of the field
is defined gs the least significant bit of the last octet.

11.4.3  Hor the following definition only, the bits shall be numbered zero for the trailing bifvof the field, fone for the
next bit, and so on up to the leading bit of the field.

11.4.4 If a 2's-complement-binary-integer encoding, the value of the whole number fepresented by the endoding shall
be the sum|of the values specified by each bit. A bit which is set to "0" has zero valu¢:A bit with number "n" fvhich is set
to "1" has the value 2" unless it is the leading bit, in which case it has the (negative) value —2".

11.4.5  Any encoding which sums (as defined above) to the value being encoded is an encoding of that valug.

11.4.6 A minimum octet 2's-complement-binary-integer encoding of, the whole number has a field-widfh that is a
multiple of]eight bits and also satisfies the condition that the leadingénine bits of the field shall not all be zefo and shall
not all be opes.

NOTE —{This is a necessary and sufficient condition to produce aunique encoding.

11.5 Encoding of a constrained whole numbetr:

NOTE - (Tutorial) This subclause is referenced by other-clauses, and itself references earlier clauses for the productjon of a non-
negativefbinary-integer or a 2's-complement-binary-integer encoding. For the UNALIGNED variant the value is always encoded
in the mjnimum number of bits necessary to represent the range (defined in 11.5.3). The rest of this Note addresses the ALIGNED
variant. Where the range is less than or equal t6\255, the value encodes into a bit-field of the minimum size for the range. Where
the rangp is exactly 256, the value encodes-ifito a single octet octet-aligned bit-field. Where the range is 257 to 64K, the value
encodes |into a two octet octet-aligned bit<field. Where the range is greater than 64K, the range is ignored and the value encodes
into an dctet-aligned bit-field which is the minimum number of octets for the value. In this latter case, later procedurgs (see 11.9)
also encpde a length field (usually, a single octet) to indicate the length of the encoding. For the other cases, the llength of the
encoding is independent of the value being encoded, and is not explicitly encoded.

11.5.1  Tfhis subclause (11.5) specifies a mapping from a constrained whole number into either a bit-field (unaligned)
or a bit-figld (octet-aligned ‘in the ALIGNED variant), and is invoked by later clauses in this Recomrpendation |
Internationgl Standard.

11.5.2  Tfhe proeedures of this subclause are invoked only if a constrained whole number to be encoded if available,
and the values of the lower bound, "Ib", and the upper bound, "ub", have been determined from the type nofation (after
the applicafion‘of PER-visible constraints).

NOTE — A lower bound cannot be determined if MIN evaluates to an infinite number, nor can an upper bound be determined if
MAX evaluates to an infinite number. For example, no upper or lower bound can be determined for INTEGER (MIN. .MAX).

11.5.3  Let "range" be defined as the integer value ("ub" — "lb" + 1), and let the value to be encoded be "n".
11.5.4  If "range" has the value 1, then the result of the encoding shall be an empty bit-field (no bits).

11.5.5  There are five other cases (leading to different encodings) to consider, where one applies to the UNALIGNED
variant and four to the ALIGNED variant.

11.5.6 In the case of the UNALIGNED variant the value ("n" —"lb") shall be encoded as a non-negative-
binary-integer in a bit-field as specified in 11.3 with the minimum number of bits necessary to represent the range.

NOTE - If "range" satisfies the inequality 2™ < "range" < 2™+ !, then the number of bits = m + 1.

11.5.7  In the case of the ALIGNED variant the encoding depends on whether:
a) "range" is less than or equal to 255 (the bit-field case);
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b) '"range" is exactly 256 (the one-octet case);
c) 'range" is greater than 256 and less than or equal to 64K (the two-octet case);
d) '"range" is greater than 64K (the indefinite length case).
11.5.7.1 (The bit-field case.) If "range" is less than or equal to 255, then invocation of this subclause requires the

generation of a bit-field with a number of bits as specified in the table below, and containing the value ("n" — "lIb") as a
non-negative-binary-integer encoding in a bit-field as specified in 11.3.

"range" Bit-field size (in bits)

2
3,4
5,6,7,8

O+
7 U

W=

N

1.4
U 1V

17 to 32 5
33to 64 6
65 to 128 7
129 to 255 8

11.5.7.2 (The one-octet case.) If the range has a value of 256, then the value ("n" — "Ib")shall be encoded in|a one-octet
bit-field (ogtet-aligned in the ALIGNED variant) as a non-negative-binary-integer as.specified in 11.3.

11.5.7.3 (The two-octet case.) If the "range" has a value greater than or equal te7257 and less than or equal t¢p 64K, then
the value ('|n" — "1b") shall be encoded in a two-octet bit-field (octet-aligned‘in the ALIGNED variant) as a ngn-negative-
binary-integer encoding as specified in 11.3.

11.5.7.4 (The indefinite length case.) Otherwise, the value ("n" — "Ib").shall be encoded as a non-negative-biary-integer
in a bit-field (octet-aligned in the ALIGNED variant) with the miinimum number of octets as specified in 1].3, and the
number of pctets "len" used in the encoding is used by other clauses that reference this subclause to specify gn encoding
of the length.

11.6 HEncoding of a normally small non-negative whole number

NOTE  (Tutorial) This procedure is used when erficoding a non-negative whole number that is expected to be small, but whose
size is p{tentially unlimited due to the presencesof.dn extension marker. An example is a choice index.

11.6.1  If the non-negative whole number, "n", is less than or equal to 63, then a single-bit bit-field shall bg appended
to the field{list with the bit set to 0, and "n" shall be encoded as a non-negative-binary-integer into a 6-bit bit-fleld.

11.6.2  If "n" is greater than orequal to 64, a single-bit bit-field with the bit set to 1 shall be appended to tlje field-list.
The value ['n" shall then be eficoded as a semi-constrained whole number with "lb" equal to 0 and the pr¢cedures of
11.9 shall He invoked to add it to the field-list preceded by a length determinant.

11.7 HEncoding of*a semi-constrained whole number

NOTE - (Tuterial) This procedure is used when a lower bound can be identified but not an upper bound. The encodifg procedure
places the offset from the lower bound into the minimum number of octets as a non-negative-binary-integer, and requires an
explicit length’ encoding (typically a single octet) as specified in later procedures.

11.7.1  This subclause specifies a mapping from a semi-constrained whole number into a bit-field (octet-aligned in the
ALIGNED variant), and is invoked by later clauses in this Recommendation | International Standard.

11.7.2  The procedures of this subclause (11.7) are invoked only if a semi-constrained whole number ("n" say) to be
encoded is available, and the value of "lIb" has been determined from the type notation (after the application of
PER-visible constraints).

NOTE — A lower bound cannot be determined if MIN evaluates to an infinite number. For example, no lower bound can be
determined for INTEGER (MIN. .MAX).

11.7.3  The procedures of this subclause always produce the indefinite length case.

11.7.4  (The indefinite length case.) The value ("n" — "lb") shall be encoded as a non-negative-binary-integer in a bit-
field (octet-aligned in the ALIGNED variant) with the minimum number of octets as specified in 11.3, and the number of
octets "len" used in the encoding is used by other clauses that reference this subclause to specify an encoding of the
length.
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11.8 Encoding of an unconstrained whole number

NOTE - (Tutorial) This case only arises in the encoding of the value of an integer type with no lower bound. The procedure
encodes the value as a 2's-complement-binary-integer into the minimum number of octets required to accommodate the encoding,
and requires an explicit length encoding (typically a single octet) as specified in later procedures.

11.8.1  This subclause (11.8) specifies a mapping from an unconstrained whole number ("n" say) into a bit-field (octet-
aligned in the ALIGNED variant), and is invoked by later clauses in this Recommendation | International Standard.

11.8.2  The procedures of this subclause always produce the indefinite length case.

11.8.3  (The indefinite length case.) The value "n" shall be encoded as a 2's-complement-binary-integer in a bit-field
(octet-aligned in the ALIGNED variant) with the minimum number of octets as specified in 11.4, and the number of
octets "len" used in the encoding is used by other clauses that reference this subclause to specify an encoding of the
length.

11.9 feneral rules Tor encoding a Tength deferminant

NOTE 1f — (Tutorial) The procedures of this subclause are invoked when an explicit length field is needed for'somg part of the
encoding regardless of whether the length count is bounded above (by PER-visible constraints) or not. The part.of thd encoding to
which tHe length applies may be a bit string (with the length count in bits), an octet string (with the length”count|in octets), a
ultiplier character string (with the length count in characters), or a list of fields (with the length gount in conjponents of a
-of or set-of).

— (Tutorial) In the case of the ALIGNED variant if the length count is bounded above by;an’upper bound thI is less than
a bit-field,
the unconstrained length ("n" say) is encoded into an octet-aligned bit-field in one‘of three ways (in order pf increasing

a)| ("n" less than 128) a single octet containing "n" with bit 8 set to zero;
b)| ("n"less than 16K) two octets containing "n" with bit 8 of the first octet\set to 1 and bit 7 set to zero;

¢)| (large "n") a single octet containing a count "m" with bit 8 set to 1 and'bit 7 set to 1. The count "m" is ong to four, and
the length indicates that a fragment of the material follows (a_faultiple "m" of 16K items). For all value§ of "m", the
fragment is then followed by another length encoding for the femainder of the material.

NOTE 3| (Tutorial) In the UNALIGNED variant, if the length count is. bounded above by an upper bound that is lefs than 64K,
then the|constrained whole number encoding is used to encode the\length in the minimum number of bits necessary|to represent
the rang¢. Otherwise, the unconstrained length ("n" say) is encoded-into a bit-field in the manner described above in Note 2.

11.9.1  This subclause is not invoked if, in accordance. with the specification of later clauses, the value of the length
determinan}, "n", is fixed by the type definition (constrdined by PER-visible constraints) to a value less than 64K.

11.9.2  This subclause is invoked for addition~to the field-list of a field, or list of fields, preceded By a length
determinant "n" which determines either:

the length in octets of an assOgiated field (units are octets); or
the length in bits of an associated field (units are bits); or

c) the number of component encodings in an associated list of fields (units are components of|a set-of or
sequence-of); or

d) the numbertof characters in the value of an associated known-multiplier character string typg (units are
characters):

11.9.3 (ALIGNED-variant) The procedures for the ALIGNED variant are specified in 11.9.3.1 to 11.93.8.4. (The
procedures|for the UNALIGNED variant are specified in 11.9.4.)

11.9.3.1 As a‘fesult of the analysis of the type definition (specified in later clauses) the length determinant (a whole
number "n") will have been determined to be either:

a) anormally small length with a lower bound "Ib" equal to one; or

b) a constrained whole number with a lower bound "Ib" (greater than or equal to zero), and an upper bound
"ub" less than 64K; or

¢) asemi-constrained whole number with a lower bound "lb" (greater than or equal to zero), or a constrained
whole number with a lower bound "Ib" (greater than or equal to zero) and an upper bound "ub" greater
than or equal to 64K.

11.9.3.2 The subclauses invoking the procedures of this subclause will have determined a value for "lb", the lower
bound of the length (this is zero if the length is unconstrained), and for "ub", the upper bound of the length. "ub" is unset
if there is no upper bound determinable from PER-visible constraints.

11.9.3.3 Where the length determinant is a constrained whole number with "ub" less than 64K, then the field-list shall
have appended to it the encoding of the constrained whole number for the length determinant as specified in 11.5. If "n"
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is non-zero, this shall be followed by the associated field or list of fields, completing these procedures. If "n" is zero there
shall be no further addition to the field-list, completing these procedures.

NOTE 1 — For example:

A ::= IA5String (SIZE (3..6)) -- Length is encoded in a 2-bit bit-field.
B ::= IA5String (SIZE (40000..40254)) -— Length is encoded in an 8-bit bit-field.
C ::= IA5String (SIZE (0..32000)) -— Length is encoded in a 2-octet

-- bit-field (octet-aligned in the
ALIGNED variant).
D ::= IA5String (SIZE (64000)) -- Length is not encoded.

NOTE 2 — The effect of making no addition in the case of "n" equals zero is that padding to an octet boundary does not occur
when these procedures are invoked to add an octet-aligned-bit-field of zero length, unless required by 11.5.

11.9.3.4 Where the length determinant is a normally small length and "n" is less than or equal to 64, a single-bit bit-field
shall be appended to the field-list with the bit set to 0, and the value "n—1" shall be encoded as a non-negative-binary-
integer intq a 6-bit bit-field. This shall be followed by the associated field, completing these procedures. If 1" is greater
than 64, a Jingle-bit bit-field shall be appended to the field-list with the bit set to 1, followed by the encoding ¢f "n" as an
unconstraired length determinant followed by the associated field, according to the procedures of 11.9:3:5 to 11.9.3.8.4.

NOTE —{ Normally small lengths are only used to indicate the length of the bitmap that prefixes the extension additiop values of a
set or sefluence type.

11.9.3.5 Qtherwise (unconstrained length, or large "ub"), "n" is encoded and appended torthe field-list follqwed by the
associated fields as specified below.

NOTE —{ The lower bound, "1b", does not affect the length encodings specified in 11.9.3.6:¢0{11.9.3.8.4.

11.9.3.6 If "n" is less than or equal to 127, then "n" shall be encoded asca-non-negative-binary-integer] (using the
procedures|of 11.3) into bits 7 (most significant) to 1 (least significant) of¢a sifigle octet and bit 8 shall be ket to zero.
This shall e appended to the field-list as a bit-field (octet-aligned in the ADIGNED variant) followed by thg¢ associated
field or list|of fields, completing these procedures.
NOTE —{For example, if in the following a value of A is 4 characters lofig, and that of B is 4 items long:
A |: := IA5String
B |- := SEQUENCE (SIZE (4..123456)) OF INTEGER

both valfies are encoded with the length octet occupying ongostet, and with the most significant set to 0 to indicate that the length
is less thian or equal to 127:

0 0000100 4 characters/items
|

Length Value

11.9.3.7 If"n" is greater than (127 and less than 16K, then "n" shall be encoded as a non-negative-binary-infeger (using
the procedyres of 11.3) into bit)6 of octet one (most significant) to bit 1 of octet two (least significant) of a two-octet bit-
field (octettaligned in the ALIGNED variant) with bit 8 of the first octet set to 1 and bit 7 of the first octet [set to zero.
This shall he appendedte-the field-list followed by the associated field or list of fields, completing these procefures.
NOTE H If in the.example of 11.9.3.6 a value of A is 130 characters long, and a value of B is 130 items long, both values are

encoded|with the\length component occupying 2 octets, and with the two most significant bits (bits 8 and 7) of the ogtet set to 10
to indicTe thatthe length is greater than 127 but less than 16K.

10 000000 10000010 130 characters/items
|

Length Value

11.9.3.8 If "n" is greater than or equal to 16K, then there shall be appended to the field-list a single octet in a bit-field
(octet-aligned in the ALIGNED variant) with bit 8 set to 1 and bit 7 set to 1, and bits 6 to 1 encoding the value 1, 2, 3 or
4 as a non-negative-binary-integer (using the procedures of 11.8). This single octet shall be followed by part of the
associated field or list of fields, as specified below.

NOTE - The value of bits 6 to 1 is restricted to 1-4 (instead of the theoretical limits of 0-63) so as to limit the number of items that
an implementation has to have knowledge of to a more manageable number (64K instead of 1024K).

Rec. ITU-T X.691 (08/2015) 15


https://iecnorm.com/api/?name=a0fa644f8f62dd3284335baf6a511f02

ISO/IEC 8825-2: 2015 (E)

11.9.3.8.1

The value of bits 6 to 1 (1 to 4) shall be multiplied by 16K giving a count ("m" say). The choice of the
integer in bits 6 to 1 shall be the maximum allowed value such that the associated field or list of fields contains more than
or exactly "m" octets, bits, components or characters, as appropriate.

NOTE 1 — The unfragmented form handles lengths up to 16K. The fragmentation therefore provides for lengths up to 64K with a
granularity of 16K.

NOTE 2 — If in the example of 11.9.3.6 a value of "B" is 144K + 1 (i.e., 64K + 64K + 16K + 1) items long, the value is
fragmented, with the two most significant bits (bits 8 and 7) of the first three fragments set to 11 to indicate that one to four blocks
each of 16K items follow, and that another length component will follow the last block of each fragment:

11000100
I

64K items

11
I

000100

64K items

11

000001

16K items

0 0000001

1 item

Length

Value

Length

Value

Length

Value

Length

Value

11.9.3.8.2

a

11.9.3.8.3
fields to th

Z€10.

NOTE
a final fi]

11.9.3.8.4
is called th

1194
procedures

11.94.1 1
"Ib") shall
necessary t

n" is non-

there shall
NOTE

11.94.2 1
"ub" greate
11.9.3.4 to

NOTE -

d) a single bit-field (octet-aligned in the ALIGNED variant) of "m"\'characters containing th

That part of the contents specified by "m" shall then be appended to the field-list as either:

a single bit-field (octet-aligned in the ALIGNED variant) of "m" octets containing the-first "n
the associated field, for units which are octets; or

a single bit-field (octet-aligned in the ALIGNED variant) of "m" bits containingsthe first "m'
associated field, for units which are bits; or

the list of fields encoding the first "m" components in the associated list of fields, for units
components of a set-of or sequence-of types; or

characters of the associated field, for units which are characters.

The procedures of 11.9 shall then be reapplied to add the rémaining part of the associated fief
e field-list with a length which is a semi-constrained whole nuhber equal to ("n" — "m") with a low

If the last fragment that contains part of the encoded valuerhas a length that is an exact multiple of 16K, it is
pement that consists only of a single octet length comporient'set to 0.

The addition of only a part of the associated field(s) to the field-list with reapplication of these
b fragmentation procedure.

UNALIGNED variant) The procedures_forthe UNALIGNED variant are specified in 11.9.4.1 to 1
for the ALIGNED variant are specified in 11.9.3).

the length determinant "n" to, be éncoded is a constrained whole number with "ub" less than 64K
be encoded as a non-negative-binary-integer (as specified in 11.3) using the minimum num
b encode the "range" ("ub' —"'1b" + 1), unless "range" is 1, in which case there shall be no length ¢
rero this shall be follewed by an associated field or list of fields, completing these procedures. If]
be no further addition to the field-list, completing these procedures.

If "range" satisfies the inequality 2™ < "range" < 2™+ 1, then the number of bits in the length determinant is nf

F the length{determinant "n" to be encoded is a normally small length, or a constrained whole n
r than er.equal to 64K, or is a semi-constrained whole number, then "n" shall be encoded as
11.93.8.4.

Thus, 1f "ub" is greater than or equal to 64K, the encoding of the length determinant is the same as it wo

length were unconstrained
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Encoding the boolean type
A value of the boolean type shall be encoded as a bit-field consisting of a single bit.
The bit shall be set to 1 for TRUE and 0 for FALSE.

The bit-field shall be appended to the field-list with no length determinant.

Encoding the integer type

NOTE 1 — (Tutorial ALIGNED variant) Ranges which allow the encoding of all values into one octet or less go into a minimum-
sized bit-field with no length count. Ranges which allow encoding of all values into two octets go into two octets in an
octet-aligned bit-field with no length count. Otherwise, the value is encoded into the minimum number of octets (using non-
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negative-binary-integer or 2's-complement-binary-integer encoding as appropriate) and a length determinant is added. In this case,
if the integer value can be encoded in less than 127 octets (as an offset from any lower bound that might be determined), and there
is no finite upper and lower bound, there is a one-octet length determinant, else the length is encoded in the fewest number of bits
needed. Other cases are not of any practical interest, but are specified for completeness.

NOTE 2 — (Tutorial UNALIGNED variant) Constrained integers are encoded in the fewest number of bits necessary to represent
the range regardless of its size. Unconstrained integers are encoded as in Note 1.

13.1 If an extension marker is present in the constraint specification of the integer type, then a single bit shall be
added to the field-list in a bit-field of length one. The bit shall be set to 1 if the value to be encoded is not within the
range of the extension root, and zero otherwise. In the former case, the value shall be added to the field-list as an
unconstrained integer value, as specified in 13.2.4 to 13.2.6, completing this procedure. In the latter case, the value shall
be encoded as if the extension marker is not present.

13.2 If an extension marker is not present in the constraint specification of the integer type, then the following
applies.

13.2.1 It PER-visible constraints restrict the integer value to a single value, then there shall be no additien fo the field-
list, complgting these procedures.

13.2.2 It PER-visible constraints restrict the integer value to be a constrained whole number, then it shall bg converted
to a field agcording to the procedures of 11.5 (encoding of a constrained whole number), and the procedures pf 13.2.5 to
13.2.6 shal] then be applied.

13.2.3 It PER-visible constraints restrict the integer value to be a semi-constrained-whole number, ther| it shall be
converted to a field according to the procedures of 11.7 (encoding of a semi-cofistrdined whole numbgr), and the
procedures|of 13.2.6 shall then be applied.

13.2.4 It PER-visible constraints do not restrict the integer to be either a Constrained or a semi-constrdined whole
number, then it shall be converted to a field according to the procedures of\11.8 (encoding of an unconstrained whole
number), aid the procedures of 13.2.6 shall then be applied.

13.2.5 It the procedures invoked to encode the integer value into(@ field did not produce the indefinite lengfh case (see
11.5.7.4 and 11.8.2), then that field shall be appended to the fieldlist completing these procedures.

13.2.6  Qtherwise, (the indefinite length case) the procedures of 11.9 shall be invoked to append the field {o the field-
list precedqd by one of the following:

a) A constrained length determinant "len' (as determined by 11.5.7.4) if PER-visible constraints| restrict the
type with finite upper and lower bounds and, if the type is extensible, the value lies within the fange of the
extension root. The lower bound("}b" used in the length determinant shall be 1, and the upper pound "ub"
shall be the count of the number of octets required to hold the range of the integer value.
NOTE — The encoding-of the value "foo INTEGER (256..1234567) ::= 256" would thus be encoded in the
ALIGNED variant as 00xxxxxx00000000, where each 'x' represents a zero pad bit that may or may npt be present
depending on where within the octet the length occurs (e.g., the encoding is 00 xxxxxx 00000000 [if the length
starts on an octét;boundary, and 00 00000000 if it starts with the two least significant bits (bits 2 pnd 1) of an
octet).

b) An unconsttained length determinant equal to "len" (as determined by 11.7 and 11.8) if PER-visible
constrairifs_do not restrict the type with finite upper and lower bounds, or if the type is extensible and the
value(does not lie within the range of the extension root.

14 Encoding the enumerated type

NOTE — (Tutorial) An enumerated type without an extension marker is encoded as if it were a constrained integer whose subtype
constraint does not contain an extension marker. This means that an enumerated type will almost always in practice be encoded as
a bit-field in the smallest number of bits needed to express every enumeration. In the presence of an extension marker, it is
encoded as a normally small non-negative whole number if the value is not in the extension root.

14.1 The enumerations in the enumeration root shall be sorted into ascending order by their enumeration value, and
shall then be assigned an enumeration index starting with zero for the first enumeration, one for the second, and so on up
to the last enumeration in the sorted list. The extension additions (which are always defined in ascending order) shall be
assigned an enumeration index starting with zero for the first enumeration, one for the second, and so on up to the last
enumeration in the extension additions.

NOTE — Rec. ITU-T X.680 | ISO/IEC 8824-1 requires that each successive extension addition shall have a greater enumeration
value than the last.

14.2 If the extension marker is absent in the definition of the enumerated type, then the enumeration index shall be
encoded. Its encoding shall be as though it were a value of a constrained integer type for which there is no extension
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marker present, where the lower bound is 0 and the upper bound is the largest enumeration index associated with the type,
completing this procedure.

14.3 If the extension marker is present, then a single bit shall be added to the field-list in a bit-field of length one.
The bit shall be set to 1 if the value to be encoded is not within the extension root, and zero otherwise. In the former case,
the enumeration additions shall be sorted according to 14.1 and the value shall be added to the field-list as a normally
small non-negative whole number whose value is the enumeration index of the additional enumeration and with "lb" set
to 0, completing this procedure. In the latter case, the value shall be encoded as if the extension marker is not present, as
specified in 14.2.

NOTE — There are no PER-visible constraints that can be applied to an enumerated type that are visible to these encoding rules.

15 Encoding the real type

NOTE - (Tutorial) A real uses the contents octets of CER/DER preceded by a length determinant that will in practice be a single
octet.

15.1 It the base of the abstract value is 10, then the base of the encoded value shall be 10, and 4f the pase of the
abstract value is 2 the base of the encoded value shall be 2.

15.2 The encoding of REAL specified for CER and DER in Rec. ITU-T X.690 | ISO/IEC/8825-1, 11.3 shall be
applied to|give a bit-field (octet-aligned in the ALIGNED variant) which is the contents |octets of the| CER/DER
encoding. The contents octets of this encoding consists of "n" (say) octets and is placed in @bit-field (octet-aligned in the
ALIGNED| variant) of "n" octets. The procedures of 11.9 shall be invoked to append this bit-field (octet-aligned in the
ALIGNED|variant) of "n" octets to the field-list, preceded by an unconstrained length'determinant equal to "n'l.

16 HEncoding the bitstring type

NOTE + (Tutorial) Bitstrings constrained to a fixed length less than or équal to 16 bits do not cause octet alignient. Larger
bitstringp are octet-aligned in the ALIGNED variant. If the length is fixed)by constraints and the upper bound is leps than 64K,
there is fio explicit length encoding, otherwise a length encoding is incladed which can take any of the forms specifigd earlier for
length efhcodings, including fragmentation for large bit strings.

16.1 PER-visible constraints can only constrain the length of the bitstring.

16.2 Where there are no PER-visible constraints and*Rec. ITU-T X.680 | ISO/IEC 8824-1, 22.7, appligs the value
shall be en¢oded with no trailing 0 bits (note that this;means that a value with no 1 bits is always encoded as an empty bit
string).

16.3 Where there is a PER-visible constraint and Rec. ITU-T X.680 | ISO/IEC 8824-1, 22.7, applies (i.e. the
bitstring type is defined with a "NamedBitList"), the value shall be encoded with trailing 0 bits added or femoved as
necessary tp ensure that the size of the transmitted value is the smallest size capable of carrying this value and satisfies
the effective size constraint.

16.4 Let the maximum nuimber of bits in the bitstring (as determined by PER-visible constraints on thg length) be
"ub" and the minimum numbef of bits be "Ib". If there is no finite maximum we say that "ub" is unset. If|there is no
constraint ¢n the minimum,then "lb" has the value zero. Let the length of the actual bit string value to be pncoded be
"n" bits.

16.5 When a bitstring value is placed in a bit-field as specified in 16.6 to 16.11, the leading bit of the bit$tring value
shall be placed in-the leading bit of the bit-field, and the trailing bit of the bitstring value shall be placed in thq trailing bit
of the bit-field,

16.6 If the type is extensible for PER encodings (see 10.3.9), then a bit-field consisting of a single bit shall be added
to the field-list. The bit shall be set to 1 if the length of this encoding is not within the range of the extension root, and
zero otherwise. In the former case, 16.11 shall be invoked to add the length as a semi-constrained whole number to the
field-list, followed by the bitstring value. In the latter case the length and value shall be encoded as if no extension is
present in the constraint.

16.7 If an extension marker is not present in the constraint specification of the bitstring type, then 16.8 to 16.11
apply.
16.8 If the bitstring is constrained to be of zero length ("ub" equals zero), then it shall not be encoded (no additions

to the field-list), completing the procedures of this clause.

16.9 If all values of the bitstring are constrained to be of the same length ("ub" equals "Ib") and that length is less
than or equal to sixteen bits, then the bitstring shall be placed in a bit-field of the constrained length "ub" which shall be
appended to the field-list with no length determinant, completing the procedures of this clause.
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16.10  If all values of the bitstring are constrained to be of the same length ("ub" equals "lb") and that length is greater
than sixteen bits but less than 64K bits, then the bitstring shall be placed in a bit-field (octet-aligned in the ALIGNED
variant) of length "ub" (which is not necessarily a multiple of eight bits) and shall be appended to the field-list with no
length determinant, completing the procedures of this clause.

16.11  If 16.8-16.10 do not apply, the bitstring shall be placed in a bit-field (octet-aligned in the ALIGNED variant) of
length "n" bits and the procedures of 11.9 shall be invoked to add this bit-field (octet-aligned in the ALIGNED variant)
of "n" bits to the field-list, preceded by a length determinant equal to "n" bits as a constrained whole number if "ub" is set
and is less than 64K or as a semi-constrained whole number if "ub" is unset. "lb" is as determined above.

NOTE - Fragmentation applies for unconstrained or large "ub" after 16K, 32K, 48K or 64K bits.

17 Encoding the octetstring type

NOTE - Octet strings of fixed length less than or equal to two octets are not octet-aligned. All other octet strings are octet-aligned
in the AFTGNED variant. Fixed lengih octet strings encode with no length octets 1I they are shorter than 64K. For upconstrained
octet strings the length is explicitly encoded (with fragmentation if necessary).

17.1 R-visible constraints can only constrain the length of the octetstring.

17.2 et the maximum number of octets in the octetstring (as determined by PER-visible ¢onstraints on|the length)
be "ub" andl the minimum number of octets be "Ib". If there is no finite maximum we say that"'ub" is unset. If there is no
constraint gn the minimum then "1b" has the value zero. Let the length of the actual octetstring-value to be encpded be "n"
octets.

17.3 If the type is extensible for PER encodings (see 10.3.9), then a bit-field consiSting of a single bit shgll be added
to the fieldtlist. The bit shall be set to 1 if the length of this encoding is not within the range of the extensidn root, and
zero otherwise. In the former case 17.8 shall be invoked to add the length as a semi-constrained whole number to the
field-list, f¢pllowed by the octetstring value. In the latter case the length andyvalue shall be encoded as if no ¢xtension is
present in the constraint.

17.4 If an extension marker is not present in the constraint spécification of the octetstring type, then 1{7.5 to 17.8
apply.
17.5 If the octetstring is constrained to be of zero_léngth ("ub" equals zero), then it shall not be epcoded (no

additions tq the field-list), completing the procedures of this clause.

17.6 I all values of the octetstring are constraiged to be of the same length ("ub" equals "lb") and that lgngth is less
than or equal to two octets, the octetstring shall be placed in a bit-field with a number of bits equal to the ponstrained
length "ub multiplied by eight which shall be-appended to the field-list with no length determinant, conjpleting the
procedures|of this clause.

17.7 If all values of the octetstring are constrained to be of the same length ("ub" equals "lb") and thpt length is
greater than two octets but less than 64K, then the octetstring shall be placed in a bit-field (octet-aligned in the
ALIGNED]| variant) with the constrained length "ub" octets which shall be appended to the field-list with no length
determinan}, completing the procedures of this clause.

17.8 If 17.5 to 17.7%do not apply, the octetstring shall be placed in a bit-field (octet-aligned in the [ALIGNED
variant) off length "n"\'octets and the procedures of 11.9 shall be invoked to add this bit-field (octet-aligned in the

ALIGNED|variant)>of"'n" octets to the field-list, preceded by a length determinant equal to "n" octets as a fonstrained
whole numper if "ub" is set, and as a semi-constrained whole number if "ub" is unset. "1b" is as determined abg¢ve.

NOTE - Thefragmentation procedures may apply after 16K, 32K, 48K, or 64K octets.

18 Encoding the null type

NOTE — (Tutorial) The null type is essentially a place holder, with practical meaning only in the case of a choice or an optional set
or sequence component. Identification of the null in a choice, or its presence as an optional element, is performed in these
encoding rules without the need to have octets representing the null. Null values therefore never contribute to the octets of an
encoding.

There shall be no addition to the field-list for a null value.

19 Encoding the sequence type

NOTE — (Tutorial) A sequence type begins with a preamble which is a bit-map. If the sequence type has no extension marker, then
the bit-map merely records the presence or absence of default and optional components in the type, encoded as a fixed length bit-
field. If the sequence type does have an extension marker, then the bit-map is preceded by a single bit that says whether values of
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extension additions are actually present in the encoding. The preamble is encoded without any length determinant provided it is
less than 64K bits long, otherwise a length determinant is encoded to obtain fragmentation. The preamble is followed by the fields
that encode each of the components, taken in turn. If there are extension additions, then immediately before the first one is
encoded there is the encoding (as a normally small length) of a count of the number of extension additions in the type being
encoded, followed by a bit-map equal in length to this count which records the presence or absence of values of each extension
addition. This is followed by the encodings of the extension additions as if each one was the value of an open type field.

19.1 If the sequence type has an extension marker in the "ComponentTypeLists" or in the "SequenceType"
productions, then a single bit shall first be added to the field-list in a bit-field of length one. The bit shall be one if values
of extension additions are present in this encoding, and zero otherwise. (This bit is called the "extension bit" in the
following text.) If there is no extension marker in the "ComponentTypeLists" or in the "SequenceType" productions,
there shall be no extension bit added.

19.2 If the sequence type has "n" components in the extension root that are marked OPTIONAL or DEFAULT, then a
single bit-field with "n" bits shall be produced for addition to the field-list. The bits of the bit-field shall, taken in order,
encode the presence or absence of an encoding of each optional or default component in the sequence type. A bit value of
1 shall endode the presence of the encoding of the component, and a bit value of 0 shall encode the absgnce of the
encoding of the component. The leading bit in the preamble shall encode the presence or absence of the first|loptional or
default component, and the trailing bit shall encode the presence or absence of the last optional or default-component.

19.3 If "n" is less than 64K, the bit-field shall be appended to the field-list. If "n" is greater“than or eqpal to 64K,
then the pgocedures of 11.9 shall be invoked to add this bit-field of "n" bits to the field:list, preceded by a length
determinanf equal to "n" bits as a constrained whole number with "ub" and "Ib" both set to Ua’"

NOTE + In this case, "ub" and "lIb" will be ignored by the length procedures. These procedires are invoked her¢ in order to
provide fragmentation of a large preamble. The situation is expected to arise only rarely.

19.4 Tlhe preamble shall be followed by the field-lists of each of the components of the sequence valu¢ which are
present, talden in turn.

19.5 Hor CANONICAL-PER, encodings of components marked DEFAULT shall always be absent if the [value to be
encoded is|the default value. For BASIC-PER, encodings of comporents marked DEFAULT shall always be absent if the
value to bel encoded is the default value of a simple type (see 3.7.25), otherwise it is a sender's option whethpr or not to
encode it.

19.6 This completes the encoding if the extension bit-is-absent or is zero. If the extension bit is presen} and set to
one, then the following procedures apply.

19.7 Let the number of extension additions in\the type being encoded be "n", then a bit-field with "n" Bits shall be
produced fpr addition to the field-list. The bits of the bit-field shall, taken in order, encode the presence or abisence of an
encoding of each extension addition in the typebeing encoded. A bit value of 1 shall encode the presence of the encoding
of the extepsion addition, and a bit value 0f*0 shall encode the absence of the encoding of the extension addition. The
leading bit|in the bit-field shall encod¢ the presence or absence of the first extension addition, and the trailing bit shall
encode the [presence or absence of the last extension addition.

NOTE - If conformance is claimed*to a particular version of a specification, then the value "n" is always equal to tHe number of
extensioh additions in that version.

19.8 Tihe procedures:of 11.9 shall be invoked to add this bit-field of "n" bits to the field-list, preceded by a length
determinant equal to "0%as a normally small length.

NOTE —{"n" cannot be zero, as this procedure is only invoked if there is at least one extension addition being encoded

19.9  Thiis shall'be followed by field-lists containing the encodings of each extension addition that is presdnt, taken in
turn. Each pxtenision addition that is a "ComponentType" (i.e., not an "ExtensionAdditionGroup") shall be encpded as if it
were the value of an open type field as specified in 11.2.1. Each extension addition that is an "ExtensionAdditionGroup"
shall be encoded as a sequence type as specified in 19.2 to 19.6, which is then encoded as if it were the value of an open
type field as specified in 11.2.1. If all components values of the "ExtensionAdditionGroup" are missing then, the
"ExtensionAdditionGroup" shall be encoded as a missing extension addition (i.e., the corresponding bit in the bit-field
described in 19.7 shall be set to 0).

NOTE 1 - If an "ExtensionAdditionGroup" contains components marked OPTIONAL or DEFAULT, then the
"ExtensionAdditionGroup" is prefixed with a bit-map that indicates the presence/absence of values for each component marked
OPTIONAL or DEFAULT.

NOTE 2 — "RootComponentTypeList" components that are defined after the extension marker pair are encoded as if they were
defined immediately before the extension marker pair.

20 Encoding the sequence-of type

20.1 PER-visible constraints can constrain the number of components of the sequence-of type.
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20.2 Let the maximum number of components in the sequence-of (as determined by PER-visible constraints) be "ub"
components and the minimum number of components be "Ib". If there is no finite maximum or "ub" is greater than or
equal to 64K we say that "ub" is unset. If there is no constraint on the minimum, then "lb" has the value zero. Let the

n.n

number of components in the actual sequence-of value to be encoded be "n" components.

20.3 The encoding of each component of the sequence-of will generate a number of fields to be appended to the
field-list for the sequence-of type.

204 If there is a PER-visible constraint and an extension marker is present in it, a single bit shall be added to the
field-list in a bit-field of length one. The bit shall be set to 1 if the number of components in this encoding is not within
the range of the extension root, and zero otherwise. In the former case 11.9 shall be invoked to add the length determinant
as a semi-constrained whole number to the field-list, followed by the component values. In the latter case the length and
value shall be encoded as if the extension marker is not present.

20.5 If the number of components is fixed ("ub" equals "Ib") and "ub" is less than 64K, then there shall be no length
determinanf—for—the—se ucut,c-uf, and—the—frehds—ofcach—component—shatt-be—appended—rturmto—the—freld-list of the
Y P PP

sequence-of.

20.6 Qtherwise, the procedures of 11.9 shall be invoked to add the list of fields generated by thé |n" corhponents to
the field-list, preceded by a length determinant equal to "n" components as a constrained whole number if "ubl' is set, and
as a semi-cpnstrained whole number if "ub" is unset. "lb" is as determined above.

NOTE 1| The fragmentation procedures may apply after 16K, 32K, 48K, or 64K components.

NOTE 2/ — The break-points for fragmentation are between fields. The number of bits prior tora break-point are not hecessarily a
multiple|of eight.

21 HEncoding the set type

The set typle shall have the elements in its "RootComponentTypeList"<orted into the canonical order specified in Rec.
ITU-T X.680 | ISO/IEC 8824-1, 8.6, and additionally for the purposes, of determining the order in which components are
encoded when one or more component is an untagged choice type, ach untagged choice type is ordered as though it has
a tag equal|to that of the smallest tag in the "RootAlternativeTypeList" of that choice type or any untagged choice types
nested within. The set elements that occur in the "RootComponentTypeList" shall then be encoded as if |t had been
declared a pequence type. The set elements that occur in thé "ExtensionAdditionList" shall be encoded as though they were
componentg of a sequence type as specified in 19.9 (i.e., they are encoded in the order in which they are defined).

HXAMPLE — In the following which assuymes a tagging environment of IMPLICIT TAGS:
A ::=SET
{

a  [3] INTEGER,

b  [1] CHOICE

{
¢ [2] INFEGER,
d [4INTEGER
}s
e CHOICE
{
f  CHOICE
{
g  [5] INTEGER,
h  [6] INTEGER
T
i CHOICE
{
i [0] INTEGER
}
}

}

the order in which the components of the set are encoded will always be e, b, a, since the tag [0] sorts lowest,
then [1], then [3].

22 Encoding the set-of type

221 For CANONICAL-PER the encoding of the component values of the set-of type shall appear in ascending
order, the component encodings being compared as bit strings padded at their trailing ends with as many as seven 0 bits
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to an octet boundary, and with 0-octets added to the shorter one if necessary to make the length equal to that of the longer
one.

NOTE — Any pad bits or pad octets added for the sort do not appear in the actual encoding.

22.2 For BASIC-PER the set-of shall be encoded as if it had been declared a sequence-of type.

23 Encoding the choice type

NOTE - (Tutorial) A choice type is encoded by encoding an index specifying the chosen alternative. This is encoded as for a
constrained integer (unless the extension marker is present in the choice type, in which case it is a normally small non-negative
whole number) and would therefore typically occupy a fixed length bit-field of the minimum number of bits needed to encode the
index. (Although it could in principle be arbitrarily large.) This is followed by the encoding of the chosen alternative, with
alternatives that are extension additions encoded as if they were the value of an open type field. Where the choice has only one
alternative, there is no encoding for the index.

23.1 Hncoding of choice types are not affected by PER-visible constraints.

23.2 Hach component of a choice has an index associated with it which has the value zero for the)first alternative in
the root offthe choice (taking the alternatives in the canonical order specified in Rec. ITU-T X.680° ISO/IEC 8824-1,
8.6), one fpr the second, and so on up to the last component in the extension root of the choice. An index value is
similarly agsigned to each "NamedType" within the "ExtensionAdditionAlternativesList", starting with 0 just|as with the
componentp of the extension root. Let "n" be the value of the largest index in the root.

NOTE —{Rec. ITU-T X.680 | ISO/IEC 8824-1, 29.7, requires that each successive extension,addition shall have a gredter tag value
than the [last added to the "ExtensionAdditionAlternativesList".

233 For the purposes of canonical ordering of choice alternatives that eofifain an untagged choice, eagh untagged
choice typg shall be ordered as though it has a tag equal to that of the smallest tag in the extension root of either that
choice typg or any untagged choice types nested within.

23.4 If the choice has only one alternative in the extension rQot; there shall be no encoding for the ifdex if that
alternative |s chosen.

23.5 If the choice type has an extension marker in the "&lternativeTypeLists" production, then a single bit shall first
be added tq the field-list in a bit-field of length one. The bit shall be 1 if a value of an extension addition is present in the
encoding, gnd zero otherwise. (This bit is called the "eXtension bit" in the following text.) If there is no extengion marker
in the "AltgrnativeTypeLists" production, there shalkbe no extension bit added.

23.6 If the extension bit is absent, then ‘the’ choice index of the chosen alternative shall be encoded |nto a field
according to the procedures of clause 13 .as-if it were a value of an integer type (with no extension marker in|its subtype
constraint) jconstrained to the range 0 to~"n", and that field shall be appended to the field-list. This shall then be followed
by the fields of the chosen alternative; completing the procedures of this clause.

23.7 If the extension bit ig"present and the chosen alternative lies within the extension root, the choice ipdex of the
chosen alternative shall be encpded as if the extension marker is absent, according to the procedure of clauge 13. This
shall then He followed by.the. fields of the chosen alternative, completing the procedures of this clause.

23.8 If the extenisipn bit is present and the chosen alternative does not lie within the extension root, the choice index
of the chosgn altefiative shall be encoded as a normally small non-negative whole number with "1b" set to 0 and that field
shall be agpended to the field-list. This shall then be followed by a field-list containing the encoding of|the chosen
alternative fencoded as if it were the value of an open type field as specified in 11.2, completing the procedures of this
clause.

NOTE - Version brackets in the definition of choice extension additions have no effect on how "ExtensionAdditionAlternatives"
are encoded.

24 Encoding the object identifier type

NOTE - (Tutorial) An object identifier type encoding uses the contents octets of BER preceded by a length determinant that will
in practice be a single octet.

The encoding specified for BER shall be applied to give a bit-field (octet-aligned in the ALIGNED variant) which is the
contents octets of the BER encoding. The contents octets of this BER encoding consists of "n" (say) octets and is placed
in a bit-field (octet-aligned in the ALIGNED variant) of "n" octets. The procedures of 11.9 shall be invoked to append
this bit-field (octet-aligned in the ALIGNED variant) to the field-list, preceded by a length determinant equal to "n" as a
semi-constrained whole number octet count.
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25 Encoding the relative object identifier type

NOTE — (Tutorial) A relative object identifier type encoding uses the contents octets of BER preceded by a length determinant
that will in practice be a single octet. The following text is identical to that of clause 24.

The encoding specified for BER shall be applied to give a bit-field (octet-aligned in the ALIGNED variant) which is the
contents octets of the BER encoding. The contents octets of this BER encoding consists of "n" (say) octets and is placed
in a bit-field (octet-aligned in the ALIGNED variant) of "n" octets. The procedures of 11.9 shall be invoked to append
this bit-field (octet-aligned in the ALIGNED variant) to the field-list, preceded by a length determinant equal to "n" as a
semi-constrained whole number octet count.

26 Encoding the internationalized resource reference type

NOTE - (Tutorial) An internationalized resource reference type encoding uses the contents octets of BER preceded by a length
determinant that will in practice be a single octet. The following text is identical to that of clause 24.

The encoding specified for BER shall be applied to give a bit-field (octet-aligned in the ALIGNED varianf)ywhich is the
contents ogtets of the BER encoding. The contents octets of this BER encoding consists of "n" (say) octets anyd is placed
in a bit-field (octet-aligned in the ALIGNED variant) of "n" octets. The procedures of 11.9 shall be mmvoked to append

this bit-field (octet-aligned in the ALIGNED variant) to the field-list, preceded by a length determinant equalf to "n" as a
semi-constfained whole number octet count.

27 HEncoding the relative internationalized resource reference type

NOTE  (Tutorial) A relative internationalized resource reference type encoding usesthe contents octets of BER pfeceded by a
length d¢terminant that will in practice be a single octet. The following text is identi¢alto that of clause 24.

The encoding specified for BER shall be applied to give a bit-field (octet-aligned in the ALIGNED variant) hich is the
contents ogtets of the BER encoding. The contents octets of this BER eficoding consists of "n" (say) octets and is placed
in a bit-field (octet-aligned in the ALIGNED variant) of "n" octets,.The procedures of 11.9 shall be invokeq to append
this bit-field (octet-aligned in the ALIGNED variant) to the field-list, preceded by a length determinant equal to "n" as a
semi-constfained whole number octet count.

28

=

ncoding the embedded-pdv type

28.1 Tlhere are two ways in which an embedded-pdv type can be encoded:

a) the syntaxes alternative of th¢ embedded-pdv type is constrained with a PER-visible |inner type
constraint to a single value of)identification is constrained with a PER-visible inner type donstraint to
the fixed alternative, il which case only the data-value shall be encoded; this is called the "predefined"
case;

b) an inner type constraint is not employed to constrain the syntaxes alternative to a single value, nor to
constrain identification to the fixed alternative, in which case both the identifidation and
data-valueshall be encoded; this is called the "general" case.

28.2 In the "predefined" case, the encoding of the value of the embedded-pdv type shall be the PER-enkoding of a
value of th¢ OCTET "STRING type. The value of the OCTET STRING shall be the octets which form the complefe encoding
of the single data value referenced in Rec. ITU-T X.680 | ISO/IEC 8824-1, 36.3 a).

28.3 In_the¢ "general" case, the encoding of a value of the embedded-pdv type shall be the PER encoding| of the type
defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, 36.5, with the data-value-descriptor element removed (that is,
there shall be no OPTIONAL bit-map at the head of the encoding of the SEQUENCE). The value of the data-value
component of type OCTET STRING shall be the octets which form the complete encoding of the single data value
referenced in Rec. ITU-T X.680 | ISO/IEC 8824-1, 36.3 a).

29 Encoding of a value of the external type

29.1 The encoding of a value of the external type shall be the PER encoding of the following sequence type,
assumed to be defined in an environment of EXPLICIT TAGS, with a value as specified in the subclauses below:

[UNIVERSAL 8] IMPLICIT SEQUENCE {

direct-reference OBJECT IDENTIFIER OPTIONAL,
indirect-reference INTEGER OPTIONAL,
data-value-descriptor ObjectDescriptor OPTIONAL,
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encoding CHOICE {
single-ASN1-type [0] ABSTRACT-SYNTAX.&Type,
octet-aligned [1] IMPLICIT OCTET STRING,
arbitrary [2] IMPLICIT BIT STRING } }

NOTE - This sequence type differs from that in Rec. ITU-T X.680 | ISO/IEC 8824-1 for historical reasons.

29.2 The value of the components depends on the abstract value being transmitted, which is a value of the type
specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 36.5.

29.3 The data-value-descriptor above shall be present if and only if the data-value-descriptor is present
in the abstract value, and shall have the same value.

294 Values of direct-reference and indirect-reference above shall be present or absent in accordance
with Table 1. Table 1 maps the external type alternatives of identification defined in Rec. ITU-T X.680 | ISO/IEC
8824-1, 36.5, to the external type components direct-reference and indirect-reference defined in 29.1.

Table 1 — Alternative encodings for "identification"

identification direct-reference indirect:reference
syntaxes **% CANNOT OCCUR *** *k CANNOT\OCCUR *#*
syntax syntax ABSENT
presentation-context-id ABSENT preséntation-context-id
contexttnegotiation transfer-syntax presentation-context-id
transfer-syntax **% CANNOT OCCUR *#* **% CANNOT OCCUR ***
fixed *** CANNOT OCCUR *** *** CANNOT OCCUR ***

29.5 Tlhe data value shall be encoded according to the transfer syntax identified by the encoding, and shall be placed
in an alternhtive of the encoding choice as specified below.

29.6 If the data value is the value of a single ASN\1 data type (see the Note in 29.7), and if the encoding rules for
this data value are those specified in this Recommendation | International Standard, then the sending implemerjtation shall
use the sirjgle-ASN1-type alternative.

29.7 Qtherwise, if the encoding of the data“value, using the agreed or negotiated encoding, is an integral number of

octets, then| the sending implementation shdllencode as octet-aligned.
NOTE - A data value which is a series-of ASN.1 types, and for which the transfer syntax specifies simple concatepation of the
octet strings produced by applyingthe ASN.1 Basic Encoding Rules to each ASN.1 type, falls into this category, not that of 29.6.

29.8 Qtherwise, if the encoding of the data value, using the agreed or negotiated encoding, is not an integral number
of octets, the encoding choice’shall be arbitrary.

29.9 If the encoding choice is chosen as single-ASN1-type, then the ASN.1 type shall be encoded as ppecified in
11.2 with aJvalue equal'to the data value to be encoded.

NOTE - The(range of values which might occur in the open type is determined by the registration of the object idgntifier value
associat¢d With the direct-reference, and/or the integer value associated with the indirect-reference.

29.10  If the encoding choice is octet-aligned, then the data value shall be encoded according to the agreed or
negotiated transfer syntax, and the resulting octets shall form the value of the octetstring.

29.11 If the encoding choice is arbitrary, then the data value shall be encoded according to the agreed or
negotiated transfer syntax, and the result shall form the value of the bitstring.

30 Encoding the restricted character string types

NOTE 1 — (Tutorial ALIGNED variant) Character strings of fixed length less than or equal to two octets are not octet-aligned.
Character strings of variable length that are constrained to have a maximum length of less than two octets are not octet-aligned.
All other character strings are octet-aligned in the ALIGNED variant. Fixed length character strings encode with no length octets
if they are shorter than 64K characters. For unconstrained character strings or constrained character strings longer than 64K—1, the
length is explicitly encoded (with fragmentation if necessary). Each NumericString, PrintableString, VisibleString
(IS0646String), IA5String, BMPString and UniversalString character is encoded into the number of bits that is the
smallest power of two that can accommodate all characters allowed by the effective permitted-alphabet constraint.
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NOTE 2 — (Tutorial UNALIGNED variant) Character strings are not octet-aligned. If there is only one possible length value there
is no length encoding if they are shorter than 64K characters. For unconstrained character strings or constrained character strings
longer than 64K-1, the length is explicitly encoded (with fragmentation if necessary). Each NumericString, PrintableString,
VisibleString (IS0646String), IA5String, BMPString and UniversalString character is encoded into the number of bits
that is the smallest that can accommodate all characters allowed by the effective permitted-alphabet constraint.

NOTE 3 — (Tutorial on size of each encoded character) Encoding of each character depends on the effective permitted-alphabet
constraint (see 10.3.12), which defines the alphabet in use for the type. Suppose this alphabet consists of a set of characters
ALPHA (say). For each of the known-multiplier character string types (see 3.7.16), there is an integer value associated with each
character, obtained by reference to some code table associated with the restricted character string type. The set of values BETA
(say) corresponding to the set of characters ALPHA is used to determine the encoding to be used, as follows: the number of bits
for the encoding of each character is determined solely by the number of elements, N, in the set BETA (or ALPHA). For the
UNALIGNED variant is the smallest number of bits that can encode the value N — 1 as a non-negative binary integer. For the
ALIGNED variant this is the smallest number of bits that is a power of two and that can encode the value N — 1. Suppose the
selected number of bits is B. Then if every value in the set BETA can be encoded (with no transformation) in B bits, then the value
in set BETA is used to represent the corresponding characters in the set ALPHA. Otherwise, the values in set BETA are taken in
ascending order and replaced by values 0, 1, 2, and so on up to N — 1, and it is these values that are used to represent the
correspofdi - N i i hlways used.
Preferente is then given to using the value normally associated with the character, but if any of these values cannot bp encoded in
the minimum number of bits a compaction is applied.

30.1 Tihe following restricted character string types are known-multiplier character string typés: NumegicString,
PrintablgString, VisibleString (IS0646String), IA5String, BMPString, and Unive®salString. Effective
permitted-glphabet constraints are PER-visible only for these types.

30.2 Tihe effective size constraint notation may determine an upper bound "aub" yfor the length of the abstract
character sfring. Otherwise, "aub" is unset.

30.3 Tlhe effective size constraint notation may determine a non-zero lowet-bound "alb" for the length of the abstract
character sfring. Otherwise, "alb" is zero.

NOTE - PER-visible constraints only apply to known-multiplier character<tring types. For other restricted characteq string types
"aub" will be unset and "alb" will be zero.

304 If the type is extensible for PER encodings (see 10.3:18), then a bit-field consisting of a single pit shall be
added to the field-list. The single bit shall be set to zero if the'value is within the range of the extension root,and to one
otherwise. [f the value is outside the range of the extension.root, then the following encoding shall be as if thhere was no
effective sige constraint, and shall have the effective permitted-alphabet constraint specified in 10.3.12.

NOTE 1[— Only the known-multiplier character string(fypes can be extensible for PER encodings. Extensibility markers on other
charactef string types do not affect the PER encoding,

NOTE 2 - Effective permitted-alphabet constrdints can never be extensible, as extensible permitted-alphabet constipints are not
PER-vis|ble (see 10.3.11).

30.5 Tfhis subclause applies to knewn-multiplier character strings. Encoding of the other restricted charpcter string
types is spdcified in 30.6.

30.5.1 The effective permitted alphabet is defined to be that alphabet permitted by the permitted-alphabe{ constraint,
or the entirg alphabet of the.built-in type if there is no PermittedAlphabet constraint.

30.5.2  Let N be thesnumber of characters in the effective permitted alphabet. Let B be the smallest integer|such that 2
to the powgr B is greater than or equal to N. Let B2 be the smallest power of 2 that is greater than or equal to|B. Then in
the ALIGNED Variant, each character shall encode into B2 bits, and in the UNALIGNED variant into B hits. Let the
number of pitsGdentified by this rule be "b".

30.5.3 A numerical value "v" is associated with each character by reference to Rec. ITU-T X.680 | ISO/IEC 8824-1,
clause 43 as follows. For UniversalString, the value is that used to determine the canonical order in Rec. ITU-T
X.680 | ISO/IEC 8824-1, 43.3 (the value is in the range 0 to 232 — 1). For BMPString, the value is that used to determine
the canonical order in Rec. ITU-T X.680 | ISO/IEC 8824-1, 43.3 (the value is in the range 0 to 216 — 1). For
NumericString and PrintableString and VisibleString and IA5String the value is that defined for the ISO/IEC
646 encoding of the corresponding character. (For IA5String the range is 0 to 127, for VisibleString it is 32 to 126,
for NumericString it is 32 to 57, and for PrintableString it is 32 to 122. For IA5String and VisibleString all
values in the range are present, but for NumericString and PrintableString not all values in the range are in use.)

30.5.4  Let the smallest value in the range for the set of characters in the permitted alphabet be "Ib" and the largest
value be "ub". Then the encoding of a character into "b" bits is the non-negative-binary-integer encoding of the value "v"
identified as follows:

a) if "ub" is less than or equal to 2P — 1, then "v" is the value specified in above; otherwise
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b) the characters are placed in the canonical order defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, clause 43.
The first is assigned the value zero and the next in canonical order is assigned a value that is one greater
than the value assigned to the previous character in the canonical order. These are the values "v".

NOTE — Item a) above can never apply to a constrained or unconstrained NumericString character, which always
encodes into four bits or less using b).

30.5.5 The encoding of the entire character string shall be obtained by encoding each character (using an appropriate
value "v") as a non-negative-binary-integer into "b" bits which shall be concatenated to form a bit-field that is a multiple
of "b" bits.

30.5.6 If "aub" equals "alb" and is less than 64K, then the bit-field shall be added to the field-list as a field (octet-
aligned in the ALIGNED variant) if "aub" times "b" is greater than 16, but shall otherwise be added as a bit-field that is
not octet-aligned. This completes the procedures of this subclause.

30.5.7 If "aub" does not equal "alb" or is greater than or equal to 64K, then 11.9 shall be invoked to add the bit-field
preceded by tfengtirdetermiTamt with— a5 court of the characters 1 the character string witirafower-bqund for the
length detefminant of "alb" and an upper bound of "aub". The bit-field shall be added as a field (octet-aligned in the
ALIGNED|variant) if "aub" times "b" is greater than or equal to 16, but shall otherwise be added as a-Bitsfielg that is not
octet-aligngd. This completes the procedures of this subclause.

NOTE - Both 30.5.6 and 30.5.7 specify no alignment if "aub" times "b" is less than 16, and alignmént’if the prodyct is greater
than 16.]| For a value exactly equal to 16, 30.5.6 specifies no alignment and 30.5.7 specifies alignmetit.

30.6 Tlhis subclause applies to character strings that are not known-multiplier -character strings. In] this case,
constraints jare never PER-visible, and the type can never be extensible for PER encoding:

30.6.1 For BASIC-PER, reference below to "base encoding" means production)of the octet string specified in Rec.
ITU-T X.6p0 | ISO/IEC 8825-1, 8.23.5. For CANONICAL-PER it means the.production of the same octet stfing subject
to the restrictions specified for CER and DER in Rec. ITU-T X.690 | ISO/IEE. 8825-1, 11.4.

n..n

30.6.2 Tlhe "base encoding" shall be applied to the character string te.give a field of "n" octets.

30.6.3  Subclause 11.9 shall be invoked to add the field of "n!' Octets as a bit-field (octet-aligned in the ALIGNED
variant), prpceded by an unconstrained length determinant with 'h'"* as a count in octets, completing the procedures of this
subclause.

31

31.1 Tlhere are two ways in which an unrestricted character string type can be encoded:

=

ncoding the unrestricted character 'string type

a) the syntaxes alternative of the“unrestricted character string type is constrained with a PER-visible inner
type constraint to a single(yalue or identification is constrained with a PER-visible|inner type
constraint to the £ixed @lternative, in which case only the string-value shall be encoded; this is called
the "predefined" case;

b) an inner type cofistraint is not employed to constrain the syntaxes alternative to a single value, nor to
constrain identification to the fixed alternative, in which case both the identifidation and
string-value shall be encoded; this is called the "general" case.

31.2 For the "predefined" case, the encoding of the value of the CHARACTER STRING type shall b¢ the PER-
encoding of a value“of the OCTET STRING type. The value of the OCTET STRING shall be the octets whi¢h form the
complete encoding of the character string value referenced in Rec. ITU-T X.680 | ISO/IEC 8824-1, 44.3 a).

31.3 IiT the “general™ case, the encoding of a value of the unrestricted character string type shall be the PER
encoding of the type defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, 44.5, with the data-value-descriptor
component removed (that is, there shall be no OPTIONAL bit-map at the head of the encoding of the SEQUENCE). The
value of the string-value component of type OCTET STRING shall be the octets which form the complete encoding of
the character string value referenced in Rec. ITU-T X.680 | ISO/IEC 8824-1, 44.3 a).

32 Encoding the time type, the useful time types, the defined time types and the additional
time types

32.1 General

32.1.1 The encoding of the useful time types, the defined time types and the additional time types shall be determined
by the property settings of the abstract values of these types. Property settings for the abstract values of the useful and
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defined time types are specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 38.4 and Annex B, respectively. Property
settings for the abstract values of additional time types are determined by the property settings of the parent type,
restricted by any PER-visible constraints that apply (see 10.3.13).

32.1.2  If all the abstract values of the type to be encoded have one of the property settings listed in a row of column 2
of Table 2, then that type shall be encoded as if the type with its constraints (if any) had been replaced by the type
specified in the corresponding row of column 3 of Table 2. Otherwise, it shall be encoded as specified in 32.11.

NOTE - If a time property (for example Midnight) is not listed in Table 2 for a particular row, there is no constraint on its
setting.

32.1.3  For rows 24 to 32 to be applicable, all abstract values of the type are required to have the same value of nin Fn.

32.14 The types specified in column 3 of Table 2 are defined (using the ASN.1 notation) in 32.2 to 32.10, and are
assumed to be defined in an environment of AUTOMATIC TAGS.

NOTE 1 - The use of these type reference names in the spec1ﬁcatlon of PER encodlngs does not make them avallable for use by

an appliga the removal
of -ENCQDING, they correspond to the names of the useful time types or defined trme types spec1ﬁed in
Rec. ITUY-T X.680 | ISO/IEC 8824-1, 38.4 and Annex B.
NOTE 2 - All the useful and defined time types satisfy the conditions for one of the rows of Table 2, and.hénce haye optimized
encodings. Additional time types may satisfy the conditions for one of the rows, but are otherwise encoded.as speciffed in 32.11.
The uncnstrained TIME type is always encoded as specified in 32.11.
Table 2 — Encoding of a time subtype with all abstract values having specified property settings
Row Property settings ASN.1 type to be encoded
number perty g - P
"Basic=Date Date=C Year=Basic" CENTURY-ENCODING
1 or (see 32.2.1)
"Basic=Date Date=C Year=Proleptic"
"Basic=Date Date=C Year=Negative" ANY-CENTURY-ENCODING
2 or (see 32.2.2)
"Basic=Date Date=C Year=Ln" (for any n)
"Basic=Date Date=Y Year=Basic" YEAR-ENCODING
3 or (see 32.2.3)
"Basic=Date Date=Y Year=Proleptic"
"Basic=Date Date=Y Year=Negative" ANY-YEAR-ENCODING
4 or (see 32.2.4)
"Basic=Date Date=Y Yéar=Ln" (for any n)
"Basic=Date Date=¥M Year=Basic" YEAR-MONTH-ENCODING
5 or (see 32.2.5)
"Basic=Date Date=YM Year=Proleptic"
"Basic=Date\Date=YM Year=Negative" ANY-YEAR-MONTH-ENCODING
6 or (see 32.2.6)
"Basié=Date Date=YM Year=Ln" (for any n)
"Basic=Date Date=YMD Year=Basic" DATE-ENCODING
7 or (see 32.2.7)
"Basic=Date Date=YMD Year=Proleptic"
"Basic=Date Date=YMD Year=Negative" ANY-DATE-ENCODING
8 or (see 32.2.8)
"Basic=Date Date=YMD Year=Ln" (for any n)
"Basic=Date Date=YD Year=Basic" YEAR-DAY-ENCODING
9 or (see 32.2.9)
"Basic=Date Date=YD Year=Proleptic"
"Basic=Date Date=YD Year=Negative" ANY-YEAR-DAY-ENCODING
10 or (see 32.2.10)
"Basic=Date Date=YD Year=Ln" (for any n)
"Basic=Date Date=YW Year=Basic" YEAR-WEEK-ENCODING
11 or (see 32.2.11)
"Basic=Date Date=YW Year=Proleptic"
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Table 2 — Encoding of a time subtype with all abstract values having specified property settings

Row .
number Property settings ASN.1 type to be encoded
"Basic=Date Date=YW Year=Negative" ANY-YEAR-WEEK-ENCODING
12 or (see 32.2.12)
"Basic=Date Date=YW Year=Ln" (for any n)
"Basic=Date Date=YWD Year=Basic" YEAR-WEEK-DAY-ENCODING
13 or (see 32.2.13)
"Basic=Date Date=YWD Year=Proleptic"
"Basic=Date Date=YWD Year=Negative" ANY-YEAR-WEEK-DAY-ENCODING
14 or (see 32.2.14)
"Basic=Date Date=YWD Year=Ln" (for any n)
"Basic=Time Time=H Local-or-UTC=L" HOURS-ENCODING
15 (see 32.34)
"Basic=Time Time=H Local-or-UTC=Z" HOURS-UTC-ENCODING
16 (seéB23.2)
"Basic=Time Time=H Local-or-UTC=LD" HOURS-AND~DIFF-ENCODING
17 (see 32.3.3)
"Basic=Time Time=HM Local-or-UTC=L" MINUTES-ENCODING
18 (see 32.3.4)
"Basic=Time Time=HM Local-or-UTC=Z" MINUTES-UTC-ENCODING
19 (see 32.3.5)
"Basic=Time Time=HM Local-or-UTC=LD" MINUTES-AND-DIFF-ENCODING
20 (see 32.3.6)
"Basic=Time Time=HMS Local-or-UTC=L" TIME-OF-DAY-ENCODING
21 (see 32.3.7)
"Basic=Time Time=HMS Local-or-UTC=Z" TIME-OF-DAY-UTC-ENCODING
22 (see 32.3.8)
"Basic=Time Time=HMS Local-or-UTC=LD" TIME-OF-DAY-AND-DIFF-ENCODING
23 (see 32.3.9)
"Basic=Time Time=HFn, Local-or-UTC=L" HOURS-AND-FRACTION-ENCODIN(G
24 (but see 32.1.3) (see 32.3.10)
"Basic=Time Time=HFn Local-or-UTC=Z" HOURS-UTC-AND-FRACTION-ENCODING
25 (but see 32.1.3) (see 32.3.11)
"Basic¥Time Time=HFn Local-or-UTC=LD" HOURS-AND-DIFF-AND-FRACTION-ENJODING
26 (but see-3271.3) (see 32.3.12)
"Basic=Time Time=HMFn Local-or-UTC=L" MINUTES-AND-FRACTION-ENCODING
27 (Butsee 32 13) (see 32313
"Basic=Time Time=HMFn Local-or-UTC=Z" MINUTES-UTC-AND-FRACTION-ENCODING
28 (but see 32.1.3) (see 32.3.14)
"Basic=Time Time=HMFn Local-or-UTC=LD" MINUTES-AND-DIFF-AND-FRACTION-ENCODING
29 (but see 32.1.3) (see 32.3.15)
"Basic=Time Time=HMSFn Local-or-UTC=L" TIME-OF-DAY-AND-FRACTION-ENCODING
30 (but see 32.1.3) (see 32.3.16)
"Basic=Time Time=HMSFn Local-or-UTC=Z" TIME-OF-DAY-UTC-AND-FRACTION-ENCODING
31 (but see 32.1.3) (see 32.3.17)
"Basic=Time Time=HMSFn Local-or-UTC=LD" TIME-OF-DAY-AND-DIFF-AND-FRACTION-
32 (but see 32.1.3) ENCODING
(see 32.3.18)
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Table 2 — Encoding of a time subtype with all abstract values having specified property settings

Row .
number Property settings ASN.1 type to be encoded
"Basic=Date-Time" DATE-TIME-ENCODING

33 All abstract values are required to have the same {Date-Type, Time-Type}

additional property settings specified in one of rows 7, 8, (instantiated as specified in 32.4.1)

9, 10, 13 and 14 for "Basic=Date" together with the

same additional property settings specified in one of the

rows 15 to 32 for "Basic=Time".

"Basic=Interval Interval-type=SE START-END-DATE-INTERVAL-ENCODING

34 | sBE-peint=Datel {Date-Type}

All abstract values are required to have the same (see 32.5.1)

additional property settings specified in one of rows 1 to

14 for "Basic=Date".

"Basic=Interval Interval-type=SE START-END-TIME-INTERVAL-ENCOOING

35 SE-point=Time" {Time-Type}

All abstract values are required to have the same (see32:572)

additional property settings specified in one of rows 15

to 32 for "Basic=Time".

"Basic=Interval Interval-type=SE START-END-DATE-TIME-INTERVAL-ENCODING

36 SE-point=Date-Time" {Date-Type, Time-Type}

All abstract values are required to have the same (see 32.5.3)

additional property settings specified in one of rows 7, 8,

9,10, 13 and 14 for "Basic=Date" together with the

same additional property settings specified in one of

rows 15 to 32 for "Basic=Time".

"Basic=Interval Interval-type=D" DURATION-INTERVAL-ENCODING

37 (see 32.6.1)
"Basic=Interval Interval-type=SD START-DATE-DURATION-INTERVAL-ENEODING

38 SE-point=Date" {Date-Type}

All abstract values are required to have the same (see 32.7.1)

additional property settings specified in“one of rows 1 to

14 for "Basic=Date".

"Basic=Interval Interval-type=SD START-TIME-DURATION-INTERVAL-ENCODING

39 SE-point=Time" {Time-Type}

All abstract values are ré¢quired to have the same (see 32.7.2)

additional property.séttings specified in one of rows 15

to 32 for "Basic=Time".

"Basic¥Interval Interval-type=SD START-DATE-TIME-DURATION-

40 SE-p&int=Date-Time" INTERVAL-ENCODING
Adlabstract values are required to have the same {Date-Type, Time-Type}
additional property settings specified in one of rows 7, 8, (see 32.7.3)

9,10, 13 and 14 for "Basic=Date" together with the

same additional property settings specified in one of

rows 15 to 32 for "Basic=Time".

"Basic=Interval Interval-type=DE DURATION-END-DATE-INTERVAL-ENCODING

41 SE-point=Date" {Date-Type}

All abstract values are required to have the same (see 32.7.4)

additional properties specified in one of rows 1 to 14 for

"Basic=Date".

"Basic=Interval Interval-type=DE DURATION-END-TIME-INTERVAL-ENCODING

42 SE-point=Time" {Time-Type}

All abstract values are required to have the same
additional properties specified in one of rows 15 to 32
for "Basic=Time".

(see 32.7.5)
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Table 2 — Encoding of a time subtype with all abstract values having specified property settings

Row .
number Property settings ASN.1 type to be encoded

"Basic=Interval Interval-type=DE DURATION-END-DATE-TIME-INTERVAL-ENCODING
43 SE-point=Date-Time" {Date-Type, Time-Type}

All abstract values are required to have the same (see 32.7.6)

additional properties specified in one of rows 7, 8, 9, 10,

13 and 14 for "Basic=Date" together with the same

additional property settings specified in one of rows 15

to 32 for "Basic=Time".

"Basic=Rec-Interval Intexrial _i-:lrpn:—Q'E‘ Dﬂﬁ—QTlDT—ﬂWﬂNL‘ODING
44 SE-point=Date" {Date-Type}

All abstract values are required to have the same (see 32.8.1)

additional property settings specified in one of rows 1 to

14 for "Basic=Date".

"Basic=Rec-Interval Interval-type=SE REC-START-END-TIME-INTERVAL-ENJODING
45 SE-point=Time" {Time<Type}

All abstract values are required to have the same (see'32.8.2)

additional property settings specified in one of rows 15

to 32 for "Basic=Time".

"Basic=Rec-Interval Interval-type=SE REC-START-END-DATE-TIME-INTERYVAL-
46 SE-point=Date-Time" ENCODING

All abstract values are required to have the same {Date-Type, Time-Type}

additional property settings specified in one of rows 7, 8, (see 32.8.3)

9, 10, 13 and 14 for "Basic=Date" together with the

same additional property settings specified in one of

rows 15 to 32 for "Basic=Time".

"Basic=Rec-Interval Interval-type=D" REC-DURATION-INTERVAL-ENCODING
47 (see 32.9.1)

"Basic=Rec-Interval Interval-type=SD REC-START-DATE-DURATION-INTERYVAL-
48 SE-point=Date" ENCODING

All abstract values are required to have'the same {Date-Type}

additional property settings specified in one of rows 1 to (see 32.10.1)

14 for "Basic=Date".

"Basic=Rec-Interval Interval-type=SD REC-START-TIME-DURATION-INTERVAL-
49 SE-point=Time" ENCODING

All abstract values(ar¢'required to have the same {Time-Type}

additional propérty.Settings specified in one of rows 15 (see 32.10.2)

to 32 for "Basic=Time".

"Basiec=Rec-Interval Interval-type=SD REC-START-DATE-TIME-DURATION-INTERVAL-
50 SE-point=Date-Time" ENCODING

Allabstract values are required to have the same {Date-Type, Time-Type}

additional property QPfﬁth cppm‘ﬁpd inoneofrows 7 K (see 32.10.3)

9, 10, 13 and 14 for "Basic=Date" together with the

same additional property settings specified in one of

rows 15 to 32 for "Basic=Time".

"Basic=Rec-Interval Interval-type=DE REC-DURATION-END-DATE-INTERVAL-ENCODING
51 SE-point=Date" {Date-Type}

All abstract values are required to have the same (see 32.10.4)

additional properties specified in one of rows 1 to 14 for

"Basic=Date".

"Basic=Rec-Interval Interval-type=DE REC-DURATION-END-TIME-INTERVAL-ENCODING
52 SE-point=Time" {Time-Type}

All abstract values are required to have the same (see 32.10.5)

additional properties specified in one of rows 15 to 32

for "Basic=Time".
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Table 2 — Encoding of a time subtype with all abstract values having specified property settings

Row
i ASN.1t to b ded
number Property settings ype to be encode
"Basic=Rec-Interval Interval-type=DE REC-DURATION-END-DATE-TIME-INTERVAL-
53 SE-point=Date-Time" ENCODING

All abstract values are required to have the same {Date-Type, Time-Type}

additional properties specified in one of rows 7, 8, 9, 10, (see 32.10.6)
13 and 14 for "Basic=Date" together with the same
additional property settings specified in one of rows 15
to 32 for "Basic=Time".

32.2 HEncoding subtypes with the "Basic=Date" property setting

This subclquse defines the ASN.1 types referenced in Table 2, column 3 for types where all the abstraet valueq of the type
have the "Basic=Date" property setting.

32.2.1 The CENTURY-ENCODING type is:

CENTURY-ENCODING ::= INTEGER(0..99) -- 7 bits
with the integer value set to the value specified by the first two digits of the year compon¢nt of the abstract valpe.

32.2.2 The ANY-CENTURY-ENCODING type is:

ANY-CENTPRY-ENCODING ::= INTEGER (MIN..MAX)
with the integer value set to the value specified by the year component of the abstract value, ignoring the last tyo digits.

32.2.3 The YEAR-ENCODING type is:

Y[EAR-ENCODING ::= CHOICE { -- 2 bits fox choice determinant
immediate INTEGER (2005,,2020), -- 4 bits
near-future INTEGER (2021..2276), -- 8 bits
near-past INTEGER (1749..2004), -- 8 bits
remainder INTEGER AMIN..1748 | 2277..MAX)}

with the integer value set to the year component of the abstract value.
NOTE - This has been optimized to provide.a 6-bit or a 10-bit encoding in common cases.

32.24  The ANY-YEAR-ENCODING type.is:

ANY-YEAR{ENCODING ::= INTEGER (MIN..MAX)

with the integer value set to the(yéar component of the abstract value.
32.2.,5 The YEAR-MONTH-ENCODING type is:

Y[EAR-MONTH<ENCODING ::= SEQUENCE ({
year YEAR-ENCODING,
month  INTEGER (1..12) -- 4 bits -- }

with the YAR=ENCODING set according to 32.2.3 and the month integer value set to the month component of the abstract
value.
NOTE — This has been optimized to provide a 10-bit or a 14-bit encoding in common cases.

32.2.6 The ANY-YEAR-MONTH-ENCODING type is:

ANY-YEAR-MONTH-ENCODING ::= SEQUENCE {
year ANY-YEAR-ENCODING,
month INTEGER (1..12) }

with the ANY-YEAR-ENCODING set according to 32.2.4 and the month integer value set to the month component of the
abstract value.

32.2.77 The DATE-ENCODING type is:

DATE-ENCODING ::= SEQUENCE ({
year YEAR-ENCODING,
month  INTEGER (1..12), -- 4 bits
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day INTEGER (1..31) -- 5 bits -- }

with the YEAR-ENCODING set according to 32.2.3, the month integer value set to the month component of the abstract
value and the day integer value set to the day component of the abstract value.

NOTE — This has been optimized to provide a 15-bit or a 19-bit encoding in common cases.

32.2.8 The ANY-DATE-ENCODING type is:

ANY-DATE-ENCODING ::= SEQUENCE ({
year ANY-YEAR-ENCODING,
month  INTEGER (1..12),
day INTEGER (1..31)}

with the ANY-YEAR-ENCODING set according to 32.2.4, the month integer value set to the month component of the
abstract value and the day integer value set to the day component of the abstract value.

32.29 I@%M@H«Ct}pe 15+
AR-DAY-ENCODING ::= SEQUENCE {

year YEAR-ENCODING,
day INTEGER (1..366)}

with the YEAR-ENCODING set according to 32.2.3 and the day integer value set to the day component of the abstract
value.

32.2.10 The ANY-YEAR-DAY-ENCODING type is:

ANY-YEAR-DAY-ENCODING ::= SEQUENCE {
year ANY-YEAR-ENCODING,
day INTEGER (1..366)}

with the ANY-YEAR-ENCODING set according to 32.2.4 and the day integer value set to the day component of the abstract
value.

32.2.11 The YEAR-WEEK-ENCODING type is:

Y[EAR-WEEK-ENCODING ::= SEQUENCE {
year YEAR-ENCODING,
week INTEGER (1..53) -- 6 bits -«}

with the YBAR-ENCODING set according to 32.2.3 and’the week integer value set to the week component of fhe abstract
value.

NOTE — This has been optimized to provide.a;12=bit or a 16-bit encoding in common cases.
32.2.12 The ANY-YEAR-WEEK-ENCODING type is:

ANY-YEAR-WEEK-ENCODRING ::= SEQUENCE {
year ANY-YEAR-ENCODING,
week INTEGER (1..53)}

with the ANY-YEAR-ENCODING set according to 32.2.4 and the week integer value set to the week companent of the
abstract value.

32.2.13 The YEAR-WEEK-DAY-ENCODING type is:

AR-WEEK-DAY-ENCODING ::= SEQUENCE {

VEAR ENCODING
yoar T I IC TN CODTIIN G,

week  INTEGER (1..53), -- 6 bits
day INTEGER (1..7) -- 3 bits -- }

with the YEAR-ENCODING set according to 32.2.3, the week integer value set to the week component of the abstract value
and the day integer value set to the day component of the abstract value.

NOTE — This has been optimized to provide a 15-bit or a 19-bit encoding in common cases.
32.2.14 The ANY-YEAR-WEEK-DAY-ENCODING type is:

ANY-YEAR-WEEK-DAY-ENCODING ::= SEQUENCE {
year ANY-YEAR-ENCODING,
week  INTEGER (1..53),
day INTEGER (1..7)}

with the ANY-YEAR-ENCODING set according to 32.2.4, the week integer value set to the week component of the abstract
value and the day integer value set to the day component of the abstract value.
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323 Encoding subtypes with the "Basic=Time" property setting

This subclause defines the ASN.1 types referenced in Table 2, column 3 for types where all the abstract values of the type
have the Basic=Time property setting.

32.3.1 The HOURS-ENCODING type is:
HOURS-ENCODING ::= INTEGER(0..24) -- 5 bits

with the integer value set to the hours component of the abstract value.
NOTE - This has been optimized to provide a 5-bit encoding.

32.3.2 The HOURS-UTC-ENCODING type is:
HOURS-UTC-ENCODING ::= INTEGER(0..24) -- 5 bits

with the integer value set to the hours component of the abstract value.

NOTE - This has been optimized to provide a 5-bit encoding.
32.3.3 The HOURS-AND-DIFF-ENCODING type is:

HOURS-AND-DIFF-ENCODING ::= SEQUENCE ({
local-hours INTEGER (0..24),
time-difference TIME-DIFFERENCE }

where:

TIME-DIFFERENCE ::= SEQUENCE ({

sign ENUMERATED { positive, negative },
hours INTEGER (0..15),

minutes INTEGER (1..59) OPTIONAL }

with the lpcal-hours integer value set to the hours component Gf the local time of the abstract valpe and the
time-difference set to the sign, hours and minutes of the timesdifference component of the abstract vplue. If the
minutes component of the time-difference is zero, the TIME-DIFFERENCE minutes shall be omitted.

3234  The MINUTES-ENCODING type is:

MINUTES-ENCODING ::= SEQUENCE {
hours  INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59) -- 5 bits- }

with the hqurs integer value set to the hours ‘component of the abstract value and the minutes integer valye set to the
minutes component.

NOTE - This has been optimized to provide a 10-bit encoding.
32.3.5 The MINUTES-UTC-ENCODING type is:

MINUTES-UTC-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes,» INTEGER (0..59) -- 5 bits -- }

with the hqurs integert) value set to the hours component of the abstract value and the minutes integer valfe set to the
minutes component:

NOTE - This has been optimized to provide a 10-bit encoding.
32.3.6 Thc MINUTES-AND-DIFF-ENCODING type is.

MINUTES-AND-DIFF-ENCODING ::= SEQUENCE ({
local-time SEQUENCE {
hours INTEGER (0..24),
minutes INTEGER (0..59) },
time-difference TIME-DIFFERENCE }

with the local-time set to the hours and minutes component of the local time of the abstract value and the time-

difference set to the sign, hours and minutes of the time-difference component of the abstract value as specified in
32.3.3.

32.3.7 The TIME-OF-DAY-ENCODING type is:

TIME-OF-DAY-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), — 5 bits
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seconds INTEGER (0..60) -- 5 bits -- }

with the hours integer value set to the hours component of the abstract value, the minutes integer value set to the
minutes component, and the seconds integer value set to the seconds component.

NOTE — This has been optimized to provide a 15-bit encoding.
32.3.8 The TIME-OF-DAY-UTC-ENCODING type is:

TIME-OF-DAY-UTC-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
seconds INTEGER (0..60) -- 5 bits -- }

with the hours integer value set to the hours component of the abstract value, the minutes integer value set to the
minutes component, and the seconds integer value set to the seconds component.

NOTE — This has been optimized to provide a 15-bit encoding.

32.3.9 The TIME-OF-DAY-AND-DIFF-ENCODING type is:

TIME-OF-DAY-AND-DIFF-ENCODING ::= SEQUENCE ({
local-time SEQUENCE {

hours INTEGER (0..24),

minutes INTEGER (0..59),

seconds INTEGER (0..60) },
time-difference TIME-DIFFERENCE }

with the 1q9cal-time set to the hours, minutes and seconds components of the logal‘time of the abstract vallue and the
time-difference set to the sign, hours and minutes of the time-difference component of the abstract value fis specified
in 32.3.3.

32.3.10 Tjhe HOURS-AND-FRACTION-ENCODING type is:

HOURS-AND-FRACTION-ENCODING ::= SEQUENCE {
hours  INTEGER (0..24), -- 5 bits
fraction INTEGER (0..999, ..., 1000..MAX)

-- 11 bits for up to three digits accuracy -- }

with the hqurs integer value set to the hours component*Qf the abstract value and the fraction integer valye set to the
fractional Hours multiplied by ten-to-the-power-N, where*N is the specified number of digits in the fractional phrt.
NOTE — This has been optimized to provide a 16-bit'encoding for up to 3-digit accuracy.

32.3.11 The HOURS-UTC-AND-FRACTION-ENCODING type is:

HOURS-UTC-AND-FRACTION-ENCODING ::= SEQUENCE {
hours  INTEGER (0..24), - 5 bits
fraction INTEGER (0..999, ..., 1000..MAX)

-- 11 bits for upito three digits accuracy -- }

with the hdurs integer valug set to the hours component of the abstract value and the fraction integer valye set to the
fractional Hours multiplied by ten-to-the-power-N, where N is the specified number of digits in the fractional pprt.
NOTE - This has be¢n/optimized to provide a 16-bit encoding for up to 3-digit accuracy.

32.3.12 The HOURS-AND-DIFF-AND-FRACTION-ENCODING type is:

HOURS~AND-DIFF-AND-FRACTION-ENCODING ::= SEQUENCE {
——loeal-hours PFEGER(0-24)—5-bits
fraction INTEGER (0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy --,
time-difference TIME-DIFFERENCE }

with the local-hours integer value set to the hours component of the local time of the abstract value, the fraction
integer value set to the fractional hours multiplied by ten-to-the-power-N (where N is the specified number of digits in the
fractional part) and the time-difference set to the sign, hours and minutes of the time-difference component of the
abstract value as specified in 32.3.3.

32.3.13 The MINUTES-AND-FRACTION-ENCODING type is:

MINUTES-AND-FRACTION-ENCODING ::= SEQUENCE {
hours  INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
fraction INTEGER (0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy -- }
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with the hours integer value set to the hours component of the abstract value, the minutes integer value set to the
minutes component and the fraction integer value set to the fractional hours multiplied by ten-to-the-power-N, where N
is the specified number of digits in the fractional part.

NOTE - This has been optimized to provide a 21-bit encoding for up to 3-digit accuracy.
32.3.14 The MINUTES-UTC-AND-FRACTION-ENCODING type is:

MINUTES-UTC-AND-FRACTION-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
fraction INTEGER (0..999, ..., 1000..MAX)
-- 11 hits for up to three digits accuracy -- }

with the hours integer value set to the hours component of the abstract value, the minutes integer value set to the
minutes component and the £raction integer value set to the fractional hours multiplied by ten-to-the-power-N (where

1 +ad 1o £ o M ) IR o 41 1 AV
N 1S the Sp\ CUITICU TTOTITOCT OT ulslto TIT tu\.« T ACUTIOTIAT Pm“t}.

NOTE - This has been optimized to provide a 21-bit encoding for up to 3-digit accuracy.
32.3.15 The MINUTES-AND-DIFF-AND-FRACTION-ENCODING type is:

MINUTES-AND-DIFF-AND-FRACTION-ENCODING ::= SEQUENCE ({
local-time SEQUENCE {

hours INTEGER (0..24),

minutes INTEGER (0..59),

fraction INTEGER (0..999, ..., 1000.MAX)},
time-difference TIME-DIFFERENCE }

with the 1¢cal-time set to the hours and minutes component of the local\time of the abstract value, the| fraction
integer valge set to the fractional minutes multiplied by ten-to-the-power-N-where N is the specified number|of digits in
the fractionjal part) and the time-difference set to the sign, hours and minutes of the time-difference compgnent of the
abstract value as specified in 32.3.3.

32.3.16 The TIME-OF-DAY-AND-FRACTION-ENCODING type is:

TIME-OF-DAY-AND-FRACTION-ENCODING : :=/SEQUENCE ({
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
seconds INTEGER (0..60), -- 5QitS --
fraction INTEGER (0..999,...,-1000..MAX)
-- 11 bits for up to three digifs-accuracy -- }

with the heurs integer value set to the hlours component of the abstract value, the minutes integer valug set to the
minutes component, the seconds intéger value set to the seconds component and fraction integer valug set to the
fractional spconds multiplied by ten-to-the-power-N, where N is the specified number of digits in the fractiona] part.

NOTE - This has been optimized,to provide a 26-bit encoding.
32.3.17 The TIME-OF-DAY~UTC-AND-FRACTION-ENCODING type is:

TIME-OF-DAY-UTC-AND-FRACTION-ENCODING ::= SEQUENCE {
Hours  INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
seconds INTEGER (0..60), -- 5 bits --
fraction INTEGER (0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy -- }

with the hours integer value set to the hours component of the abstract value, the minutes integer value set to the

minutes component, the seconds integer value set to the seconds component and fraction integer value set to the

fractional seconds multiplied by ten-to-the-power-N, where N is the specified number of digits in the fractional part.
NOTE - This has been optimized to provide a 26-bit encoding.

32.3.18 The TIME-OF-DAY-AND-DIFF-AND-FRACTION-ENCODING type is:

TIME-OF-DAY-AND-DIFF-AND-FRACTION-ENCODING ::= SEQUENCE {
local-time SEQUENCE {
hours INTEGER (0..24),
minutes INTEGER (0..59),
seconds INTEGER (0..60),
fraction INTEGER (0..999, ..., 1000.MAX)},
time-difference TIME-DIFFERENCE }
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with the local-time set to the hours, minutes, seconds and fractional part components of the local time of the abstract
value and the time-difference set to the sign, hours and minutes of the time-difference component of the abstract
value as specified in 32.3.3.

324 Encoding subtypes with the "Basic=Date-Time" property setting

This subclause defines the ASN.1 type referenced in Table 2, column 3 for types where all the abstract values of the type
have the "Basic=Date-Time" property setting.

324.1 The DATE-TIME-ENCODING type is:
DATE-TIME-ENCODING {Date-Type, Time-Type} ::= SEQUENCE ({
date Date-Type,
time Time-Type}
324.2 The encoding shall be the encoding of an instantiation of this type with the Date-Type and.FTime-Type

actual pargmeters set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basie=Time" rows
(respectively) that specify the additional property settings of all the abstract values of the type.

NOTE —{ This has been optimized to provide a 32-bit encoding in common cases.

325 Encoding subtypes with the "Basic=Interval Interval-type=SE"‘property setting

This subclquse defines the ASN.1 types referenced in Table 2, column 3 for types whéré all the abstract valueq of the type
have the "Basic=Interval Interval-type=SE" property setting.

32.5.1 The START-END-DATE-INTERVAL-ENCODING type is:

START-END-DATE-INTERVAL-ENCODING {Date-Type} :£= SEQUENCE {
start Date-Type,
end Date-Type}

and the en¢oding shall be the encoding of an instantiation of*this type with the Date-Type actual parametdr set to the
type specifled in Table 2 column 3 of the "Basic=Date}.¥ow that specifies the additional property settings of all the
abstract values of the type. The start component shall,be-set to the start date and the end component shall be set to the
end date of|the interval.

32.5.2 The START-END-TIME-INTERVAL-ENCODING type is:

START-END-TIME-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE {
start Time-Type;
end Time-Type}

and the en¢oding shall be the enceding of an instantiation of this type with the Time-Type actual parametdr set to the
type specifled in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
abstract values of the type.\The start component shall be set to the start time and the end component shall be set to the
end time of the interval,

32.5.3 The START-END-DATE-TIME-INTERVAL-ENCODING type is:

START-END-DATE-TIME-INTERVAL-ENCODING {Date-Type, Time-Type} ::=
DLEQQULINCE

start DATE-TIME-ENCODING {Date-Type, Time-Type},

end DATE-TIME-ENCODING {Date-Type, Time-Type}}

and the encoding shall be the encoding of an instantiation of this type with the Date-Type and Time-Type actual
parameters set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (respectively)
that specify the additional property settings of all the abstract values of the type. The start component shall be set (as
specified in 32.4) to the start date-time and the end component shall be set to the end date-time of the interval.

32.6 Encoding subtypes with the "Basic=Interval Interval-type=D" property setting

This subclause defines the ASN.1 type referenced in Table 2, column 3 for types where all the abstract values of the type
have the "Basic=Interval Interval-type=D" property setting.

32.6.1 The DURATION-INTERVAL-ENCODING type is:
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DURATION-INTERVAL-ENCODING ::= SEQUENCE { -- 8 bits for optionality
years INTEGER (0..31, ..., 32..MAX) OPTIONAL,
-- 5 bits for up to 31 years
months INTEGER (0..15, ..., 16..MAX) OPTIONAL,
-- 4 bits for up to 15 months
weeks INTEGER (0..63, ..., 64..MAX) OPTIONAL,
-- 6 bits for up to 63 weeks
days INTEGER (0..31, ..., 32..MAX) OPTIONAL,
-- 5 bits for up to 31 days
hours INTEGER (0..31, ..., 32..MAX) OPTIONAL,
-- 5 bits for up to 31 hours
minutes INTEGER (0..63, ..., 64..MAX) OPTIONAL,
-- 6 bits for up to 63 minutes
seconds INTEGER (0..63, ..., 64.MAX) OPTIONAL,
-- 6 bits for up to 63 seconds
fractional-part SEQUENCE {

number-of-digits INTEGER(..3, ..., 4. MAX),
-- 3 bits for up to three digits accuracy
fractional-value INTEGER(0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy
} OPTIONAL }

32.6.2 The weeks component shall be present if, and only if, the years, months, days, hours, migutes, and
seconds cpmponents are all absent.

NOTE —{ This reflects restrictions that are present for the use of time elements in the definition,of the DURATION abstraft value.

32.6.3 If a time element component of the abstract value is zero, and doés not have a fractional paft, then the
correspondjng component of DURATION-INTERVAL-ENCODING shall be absent’ unless this time element |s the least
significant ffime element in the abstract value. If a time element of the abstract value has the value zero, and|is the least
significant fime element in the abstract value, or has a fractional part, then the corresponding component shal| be present
in DURATIQN-INTERVAL-ENCODING with the value zero.

NOTE - This ensures that the encoding is canonical.

32.6.4 The fractional-part of DURATION-INTERVAL-ENCODING shall be absent if there is no fractional|part of any
time element, otherwise it shall be set to the fractional part(efthe least significant time element) as specified in 32.6.5.

32.6.5 Tlhe number of digits in the fractional part shall be placed in number-of-digits. If the number of|digits is N,
then the vallue of the fractional part shall be multiplied by ten-to-the-power-N and the resulting integer valye placed in
fractiongl-value.

NOTE 1|— Decoders can recover the original\fractional part from these encodings, including any trailing zeros.

NOTE 2]— This encoding has been optimized for the cases where there are only a few non-zero time elements in the alstract value,
and whefe the values of the time elements/are small. Encodings of less than 16 bits occur in simple cases.

32.7

=

ncoding subtypés )with the "Basic=Interval Interval-type=SD" or "Basic=[nterval
Interval-type=DE" property setting

This subclquse defines¢he ASN.1 types referenced in Table 2, column 3 for types where all the abstract valueq of the type
have the "Hasic=Interval Interval-type=SD" or "Basic=Interval Interval-type=DE" property sefting.

32.71 The START-DATE-DURATION-INTERVAL-ENCODING type is:

S = = = = — .= i

~

start Date-Type,
duration DURATION-INTERVAL-ENCODING}

and the encoding shall be the encoding of an instantiation of this type with the Date-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstract values of the type. The start component shall be set to the start date and the duration component shall be set
(as specified in 32.6) to the duration of the interval.

32.7.2 The START-TIME-DURATION-INTERVAL-ENCODING type is:

START-TIME-DURATION-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE {
start Time-Type,
duration DURATION-INTERVAL-ENCODING }

and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
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abstract values of the type. The start component shall be set to the start time and the duration component shall be set
(as specified in 32.6) to the duration of the interval.

32.7.3 The START-DATE-TIME-DURATION-INTERVAL-ENCODING type is:

START-DATE-TIME-DURATION-INTERVAL-ENCODING {Date-Type, Time-Type} ::=

SEQUENCE {
start DATE-TIME-ENCODING {Date-Type, Time-Type},
duration DURATION-INTERVAL-ENCODING }

and the encoding shall be the encoding of an instantiation of this type with the Date-Type and Time-Type actual
parameters set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (respectively)
that specify the additional property settings of all the abstract values of the type. The start component shall be set (as
specified in 32.4) to the start date-time and the duration component shall be set (as specified in 32.6) to the duration of
the interval.

32.74  The DURATION-END-DATE-INTERVAL-ENCODING type is:

DURATION-END-DATE-INTERVAL-ENCODING {Date-Type} ::= SEQUENCE {
duration DURATION-INTERVAL-ENCODING,
end Date-Type }

and the en¢oding shall be the encoding of an instantiation of this type with the Date-Typeyactual parametdr set to the
type specifled in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstract values of the type. The duration component shall be set (as specified in 32.6) to/the duration of the Interval and
the end component shall be set to the end date.

32.7.5 Tlhe DURATION-END-TIME-INTERVAL-ENCODING type is:

DURATION-END-TIME-INTERVAL-ENCODING {Time-Type} = SEQUENCE {
duration DURATION-INTERVAL-ENCODING,
end Time-Type }

and the en¢oding shall be the encoding of an instantiation of this\type with the Time-Type actual parametgr set to the
type specifled in Table 2 column 3 of the "Basic=Time" rowthat specifies the additional property settings of all the
abstract vajues of the type. The duration component shallbe'set (as specified in 32.6) to the duration of the nterval and
the end component shall be set to the end time.

32.7.6  Tjhe DURATION-END-DATE-TIME-INTERVAL-ENCODING type is:

DURATION-END-DATE-TIME-INTERVAL-ENCODING {Date-Type, Time-Type} ::= SEQUENCE {
duration DURATION-INFERVAL-ENCODING,
end DATE-TIME-<ENCODING {Date-Type, Time-Type}}

and the entoding shall be the encoding of an instantiation of this type with the Date-Type and Time-Type actual
parameters|set to the types specified'in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (r¢spectively)
that specify the additional preperty settings of all the abstract values of the type. The duration component [shall be set
(as specifigd in 32.6) to the duration of the interval and the end component shall be set (as specified in 32.4) to the end
date-time.

32.8 HEncoding subtypes with the "Basic=Rec-Interval Interval-type=SE" property s¢tting

This subclqusedefines the ASN.1 types referenced in Table 2, column 3 for types where all the abstract valueq of the type
have the "Basic=Rec-Interval Interval-type=SE" property setting.

32.8.1 The REC-START-END-DATE-INTERVAL-ENCODING type is:

REC-START-END-DATE-INTERVAL-ENCODING {Date-Type} ::= SEQUENCE ({
recurrence INTEGER OPTIONAL,
start Date-Type,
end Date-Type}

and the encoding shall be the encoding of an instantiation of this type with the Date-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstract values of the type. The recurrence component shall be absent for an unlimited number of recurrences in the
abstract value, and shall otherwise be set to the number of recurrences. The start component shall be set to the start date
and the end component shall be set to the end date of the interval.

32.8.2 The REC-START-END-TIME-INTERVAL-ENCODING type is:
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REC-START-END-TIME-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE ({
recurrence INTEGER OPTIONAL,
start Time-Type,
end Time-Type}

and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
abstract values of the type. The recurrence component shall be absent for an unlimited number of recurrences in the
abstract value, and shall otherwise be set to the number of recurrences. The start component shall be set to the start
time and the end component shall be set to the end time of the interval.

32.8.3 The REC-START-END-DATE-TIME-INTERVAL-ENCODING type is:

REC-START-END-DATE-TIME-INTERVAL-ENCODING {Date-Type, Time-Type} ::=
SEQUENCE {

recurrence INTEGER OPTIONAI

start DATE-TIME-ENCODING {Date-Type, Time-Type},

end DATE-TIME-ENCODING {Date-Type, Time-Type}}

and the enfoding shall be the encoding of an instantiation of this type with the Date-Type and Time-Type actual
parameters|set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (r¢spectively)
that specify the additional property settings of all the abstract values of the type. The recuxrence compongnt shall be
absent for [an unlimited number of recurrences in the abstract value, and shall otherwise” be set to the [number of
recurrencey. The start component shall be set (as specified in 32.4) to the start date-time and the end comgonent shall
be set to th¢ end date-time of the recurring interval.

32.9 Encoding subtypes with the "Basic=Rec-Interval Interval-type=D" property sefting

This subclquse defines the ASN.1 type referenced in Table 2, column 3dor types where all the abstract valueq of the type
have the "Basic=Rec-Interval Interval-type=D" property settig)

32.9.1 The REC-DURATION-INTERVAL-ENCODING type is:

REC-DURATION-INTERVAL-ENCODING : :=->SEQUENCE {
recurrence INTEGER OPTIONAI
duration DURATION-INTERVAL-ENCODING}

32.9.2 The recurrence component shall be absent for an unlimited number of recurrences in the abstracy value, and
shall otheryise be set to the number of recurrences. The duration component shall be set (as specified in $2.6) to the
duration of|the recurring interval.

32.10 Encoding subtypes - with the "Basic=Rec-Interval Interval-typesSD"  or
"Basic=Rec-Interval Interval-type=DE" property setting

This subclquse defines the ASN.1 types referenced in Table 2, column 3 for types where all the abstract valueq of the type
have the "Basic=Rec-Interval Interval-type=SD" or "Basic=Rec-Interval Interval-type=DE" property
setting.

32.10.1 The REC<START-DATE-DURATION-INTERVAL-ENCODING type is:

11EC-START—DATE—DURATION—INTERVAL—ENCODING {Date-Type} ::= SEQUENCE ({
recurrence INTEGER OFTIONAL,
start Date-Type,
duration DURATION-INTERVAL-ENCODING}

and the encoding shall be the encoding of an instantiation of this type with the Date-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstract values of the type. The recurrence component shall be absent for an unlimited number of recurrences in the
abstract value, and shall otherwise be set to the number of recurrences. The start component shall be set to the start date
and the duration component shall be set (as specified in 32.6) to the duration of the interval.

32.10.2 The REC-START-TIME-DURATION-INTERVAL-ENCODING type is:

REC-START-TIME-DURATION-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE ({
recurrence INTEGER OPTIONAL,
start Time-Type,
duration DURATION-INTERVAL-ENCODING }
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and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
abstract values of the type. The recurrence component shall be absent for an unlimited number of recurrences in the
abstract value, and shall otherwise be set to the number of recurrences. The start component shall be set to the start
time and the duration component shall be set (as specified in 32.6) to the duration of the interval.

32.10.3 The REC-START-DATE-TIME-DURATION-INTERVAL-ENCODING type is:

REC-START-DATE-TIME-DURATION-INTERVAL-ENCODING {Date-Type, Time-Type} ::= SEQUENCE
{
recurrence INTEGER OPTIONAL,
start DATE-TIME-ENCODING {Date-Type, Time-Type},
duration DURATION-INTERVAL-ENCODING }

and the encoding shall be the encoding of an instantiation of this type with the Date-Type and Time-Type actual
parameters pettothe tuesspecifiedin-Table 2 column3-ofthe "Basie=Date whd"Basie=Time' rows—{respectively)
that specify the additional property settings of all the abstract values of the type. The recurrence compongnt shall be
absent for [an unlimited number of recurrences in the abstract value, and shall otherwise be set to\the [number of
recurrencey. The start component shall be set (as specified in 32.4) to the start date-time and the duration|component
shall be set|(as specified in 32.6) to the duration of the recurring interval.

32.10.4 The REC-DURATION-END-DATE-INTERVAL-ENCODING type is:

REC-DURATION-END-DATE-INTERVAL-ENCODING {Date-Type} ::5 SEQUENCE ({
recurrence INTEGER OPTIONAL,
duration DURATION-INTERVAL-ENCODING,
end Date-Type }

and the en¢oding shall be the encoding of an instantiation of this type with the Date-Type actual parametdr set to the
type specifled in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstract values of the type. The recurrence component shall be absent for an unlimited number of recurrgnces in the
abstract value, and shall otherwise be set to the number of recutrences. The duration component shall be set (as
specified ir] 32.6) to the duration of the interval and the end component shall be set to the end date.

32.10.5 The REC-DURATION-END-TIME-INTERVAL-ENCODING type is:

REC-DURATION-END-TIME-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE {
recurrence INTEGER OPTIONAL,

duration DURATION-INTERVAL-ENCODING,

end Time-Type }

and the en¢oding shall be the encoding-efian instantiation of this type with the Time-Type actual parametgr set to the
type specifled in Table 2 column 3 of\the "Basic=Time" row that specifies the additional property settings of all the
abstract values of the type. The recurrence component shall be absent for an unlimited number of recurrgnces in the
abstract value, and shall otherwise be set to the number of recurrences. The duration component shall be set (as
specified ir] 32.6) to the duration of the interval and the end component shall be set to the end time.

32.10.6 The REC-DURATION-END-DATE-TIME-INTERVAL-ENCODING type is:

REC-DURATION-END-DATE-TIME-INTERVAL-ENCODING {Date-Type, Time-Type} ::= SEQUENCE ({
récurrence INTEGER OPTIONAL,
duration DURATION-INTERVAL-ENCODING,

—end—DATE-FHME-ENCODING{Pate—FypesFimetypef——m——m———— MMM

and the encoding shall be the encoding of an instantiation of this type with the Date-Type and Time-Type actual
parameters set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (respectively)
that specify the additional property settings of all the abstract values of the type. The recurrence component shall be
absent for an unlimited number of recurrences in the abstract value, and shall otherwise be set to the number of
recurrences. The duration component shall be set (as specified in 32.6) to the duration of the interval and the end
component shall be set (as specified in 32.4) to the end date-time.

32.11 Encoding subtypes with mixed settings of the Basic property

This subclause specifies the encoding for the TIME type and subsets of that type whose abstract values do not all have the
same setting of the Basic property or for which there is no applicable row in Table 2 (for example, because of the use of
multiple accuracies — see 32.1.3). It defines and uses the types DATE-TYPE, TIME-TYPE, and MIXED-ENCODING (see
32.11.5 to 32.11.7). These types are defined using the ASN.1 types defined in earlier subclauses.
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32.11.1 For all abstract values of the TIME type, there is exactly one row of Table 2 for which the property settings
specified in column 2 match the property settings of the abstract value, for all of those property settings that are listed in
column 2. (The abstract value may have additional property settings not listed in column 2.) This is called the main
determining row.

32.11.2 If the main determining row is row 33, 34, 36, 38, 40, 41, 43, 44, 46, 48, 50, 51, or 53, there is a requirement
that the additional properties match those specified in one of rows 1 to 14. The applicable row 1 to 14 is called the date
determining row.

32.11.3 If the main determining row is row 33, 35, 36, 39, 40, 42, 43 45, 46, 49, 50, 52 or 53, there is a requirement
that the additional properties match those specified in one of rows 15 to 32. The applicable row 15 to 32 is called the time
determining row.

32.11.4 In the DATE-TYPE, TIME-TYPE and MIXED-ENCODING type, the row-n alternative shall be selected if the date
determining row, the time determining row, or the main determining row (respectively) is row n.

he encoding of the abstract value shall be the encoding of the MIXED-ENCODING type:

ODING ::= CHOICE ({
w-1  CENTURY-ENCODING,

w-2  ANY-CENTURY-ENCODING,

w-3  YEAR-ENCODING,

w-4  ANY-YEAR-ENCODING,

w-5  YEAR-MONTH-ENCODING,

w-6  ANY-YEAR-MONTH-ENCODING,

w-7  DATE-ENCODING,

w-8  ANY-DATE-ENCODING,

w-9  YEAR-DAY-ENCODING,

w-10  ANY-YEAR-DAY-ENCODING,

w-11  YEAR-WEEK-ENCODING,

w-12  ANY-YEAR-WEEK-ENCODING,

w-13  YEAR-WEEK-DAY-ENCODING,

w-14 ANY-YEAR-WEEK-DAY-ENCODING,

w-15 HOURS-ENCODING,

w-16 HOURS-UTC-ENCODING,

w-17  HOURS-AND-DIFF-ENCODING,

w-18 MINUTES-ENCODING,

w-19  MINUTES-UTC-ENCODING,

w-20 MINUTES-AND-DIFF-ENCODING,

w-21 TIME-OF-DAY-ENCODING,

w-22  TIME-OF-DAY-UTC-ENCODING,

w-23 TIME-OF-DAY-AND-DIFF-ENCODING,

w-24 FRACTIONAL-TIME{HOURS-AND-FRACTION-ENCODING},

w-25 FRACTIONAL-TIME{HOURS-UTC-AND-FRACTION-ENCODING},

w-26 FRACTIONAL-TFIME{HOURS-AND-DIFF-AND-FRACTION-ENCODING!},

w-27 FRACTIONAL-TIME{MINUTES-AND-FRACTION-ENCODING},

w-28 FRACTIONAL-TIME{MINUTES-UTC-AND-FRACTION-ENCODING},

w-29 FRAGTIONAL-TIME{MINUTES-AND-DIFF-AND-FRACTION-ENCODING},
w-30 FRAETIONAL-TIME{TIME-OF-DAY-AND-FRACTION-ENCODING!},

w-31 KRACTIONAL-TIME{TIME-OF-DAY-UTC-AND-FRACTION-ENCODING},
w-32-"FRACTIONAL-TIME{TIME-OF-DAY-AND-DIFF-AND-FRACTION-ENCODING},
w-33-) DATE-TIME-ENCODING {DATE-TYPE, TIME-TYPE},

Ww-34 START-END-DATE-INTERVAL-ENCODING {DATE-TYPE},

row-35 START-END-TIME-INTERVAL-ENCODING {TIME-TYPE},

row-36  START-END-DATE-TIME-INTERVAL-ENCODING {DATE-TYPE, TIME-TYPE},
row-37 DURATION-INTERVAL-ENCODING,

row-38 START-DATE-DURATION-INTERVAL-ENCODING {DATE-TYPE},

row-39 START-TIME-DURATION-INTERVAL-ENCODING {TIME-TYPE},

row-40 START-DATE-TIME-DURATION-INTERVAL-ENCODING {DATE-TYPE, TIME-TYPE},
row-41 DURATION-END-DATE-INTERVAL-ENCODING {DATE-TYPE},

row-42 DURATION-END-TIME-INTERVAL-ENCODING {TIME-TYPE},

row-43 DURATION-END-DATE-TIME-INTERVAL-ENCODING {DATE-TYPE, TIME-TYPE},
row-44 REC-START-END-DATE-INTERVAL-ENCODING {DATE-TYPE},

row-45 REC-START-END-TIME-INTERVAL-ENCODING {TIME-TYPE},

row-46 REC-START-END-DATE-TIME-INTERVAL-ENCODING {DATE-TYPE, TIME-TYPE},
row-47 REC-DURATION-INTERVAL-ENCODING,

row-48 REC-START-DATE-DURATION-INTERVAL-ENCODING {DATE-TYPE},

row-49 REC-START-TIME-DURATION-INTERVAL-ENCODING {TIME-TYPE},

row-50 REC-START-DATE-TIME-DURATION-INTERVAL-ENCODING
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{DATE-TYPE, TIME-TYPE},
row-51 REC-DURATION-END-DATE-INTERVAL-ENCODING {DATE-TYPE},
row-52 REC-DURATION-END-TIME-INTERVAL-ENCODING {TIME-TYPE},
row-53 REC-DURATION-END-DATE-TIME-INTERVAL-ENCODING
{DATE-TYPE, TIME-TYPE} }

where the encoding of the type of each alternative shall be as specified in the subclause identified in Table 2, column 3 of
the main determining row.

32.11.6 FRACTIONAL-TIME is defined as follows:

FRACTIONAL-TIME{Time-Type} ::= SEQUENCE {
number-of-digits INTEGER (1..MAX),
time-value Time-Type}

The numbexr-of-digits encodes the number of digits in the fractional part of the abstract value.

32.11.7 The DATE-TYPE is:

DATE-TYPE ::= CHOICE ({
row-1 CENTURY-ENCODING,
row-2 ANY-CENTURY-ENCODING,
row-3 YEAR-ENCODING,
row-4 ANY-YEAR-ENCODING,
row-5 YEAR-MONTH-ENCODING,
rpw-6 ANY-YEAR-MONTH-ENCODING,
row-7 DATE-ENCODING,
row-8 ANY-DATE-ENCODING,
row-9 YEAR-DAY-ENCODING,
rpw-10  ANY-YEAR-DAY-ENCODING,
row-11  YEAR-WEEK-ENCODING,
row-12 ANY-YEAR-WEEK-ENCODING,
row-13  YEAR-WEEK-DAY-ENCODING,
row-14 ANY-YEAR-WEEK-DAY-ENCODING }

where the gncoding of the type of each alternative shall be‘as specified in the subclause identified in Table 2, ¢golumn 3 of
the date defermining row.

32.11.8 The TIME-TYPE is:

TIME-TYPE ::= SEQUENCE {
number-of-digits INTEGER-(1:MAX) OPTIONAL,
time-type CHOICE {

row-15 HOURS-ENCODING,

row-16 HOURS-UTC-ENCODING,

row-17 HOURS-AND-DIFF-ENCODING,

row-18 MINUTES-ENCODING,

row-19 MINUTES-UTC-ENCODING,

row-20 MINUTES-AND-DIFF-ENCODING,

row=21 TIME-OF-DAY-ENCODING,

row-22 TIME-OF-DAY-UTC-ENCODING,

row-23 TIME-OF-DAY-AND-DIFF-ENCODING,

row-24 HOURS-AND-FRACTION-ENCODING,

row-25 HOURS-UTC-AND-FRACTION-ENCODING,

row-26 HOURS-AND-DIFF-AND-FRACTION-ENCODING,
row-27 MINUTES-AND-FRACTION-ENCODING,

row-28 MINUTES-UTC-AND-FRACTION-ENCODING,
row-29 MINUTES-AND-DIFF-AND-FRACTION-ENCODING,
row-30 TIME-OF-DAY-AND-FRACTION-ENCODING,
row-31 TIME-OF-DAY-UTC-AND-FRACTION-ENCODING,
row-32 TIME-OF-DAY-AND-DIFF-AND-FRACTION-ENCODING } }

where the encoding of the type of each alternative shall be as specified in the subclause identified in Table 2, column 3 of
the time determining row.

32.11.9 The number-of-digits shall be present in the TIME-TYPE if and only if the time-type alternative is one of
row-24 to row-32. It shall encode the number of digits in the fractional part of the abstract value.
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33 Object identifiers for transfer syntaxes

33.1 The encoding rules specified in this Recommendation | International Standard can be referenced and applied
whenever there is a need to specify an unambiguous bit string representation for all of the values of a single ASN.1 type.

33.2 The following object identifier, OID internationalized resource identifier (with assignment of Unicode labels)
and object descriptor values are assigned to identify and describe the encoding rules specified in this Recommendation |
International Standard:

For BASIC-PER, ALIGNED variant:

{joint-iso-itll-t asnl (1) packed-encoding (3) basic (0) aligned (0)}
""/ASN.1/Pakked-Encoding/Basic/Aligned"

""Packed enfoding of a single ASN.1 type (basic aligned)"

For BASIC-PER, UNALIGNED variant:
{joint-iso-itpi-t asn1 (1) packed-encoding (3) basic (0) unaligned (1)}
""/ASN.1/Pakked-Encoding/Basic/Unaligned"

"Packed enfoding of a single ASN.1 type (basic unaligned)"

For CANONICAL-PER, ALIGNED variant:
{joint-iso-it-t asnl (1) packed-encoding (3) canonical(1) aligned (0)}
""/ASN.1/Packed-Encoding/Canonical/Aligned"’

"Packed enfoding of a single ASN.1 type (canonical aligned)"

For CANONICAL-PER, UNALIGNED variant:

{joint-iso-ith-t asnl (1).packed-encoding (3) canonical (1) unaligned (1)}

"/ASN.1/ Parked-Encoding/ Canonical/Unaligned"

"Packed encoding of a single ASN.1 type (canonical unaligned)"

33.3 Where an application standard defines an abstract syntax as a set of abstract values, each of which is a value of
some specifically named ASN.1 type defined using the ASN.1 notation, then the object identifier values specified in 33.2
may be used with the abstract syntax name to identify those transfer syntaxes which result from the application of the
encoding rules specified in this Recommendation | International Standard to the specifically named ASN.1 type used in
defining the abstract syntax.

334 The names specified in 33.2 shall not be used with an abstract syntax name to identify a transfer syntax if the
conditions of 33.3 for the definition of the abstract syntax are not met.
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Annex A

Example of encodings

(This annex does not form an integral part of this Recommendation | International Standard.)

This annex illustrates the use of the Packed Encoding Rules specified in this Recommendation | International Standard by
showing representations in octets of a (hypothetical) personnel record which is defined using ASN.1.

Al Record that does not use subtype constraints

A1 ASN.1 description of the record structure

The structure of the hypothetical personnel record is formally described below using ASN.1 specified ‘in| Rec. ITU-
T X.680 | IBO/IEC 8824-1 for defining types. This is identical to the example defined in Rec.) ITU-T X.690 |
ISO/IEC 8825-1, Annex A.

rsonnelRecord ::= [APPLICATION 0] IMPLICIT SET {

nhme Name,

title [0] VisibleString,
npmber EmployeeNumber,
dhteOfHire [1] Date,
npmeOfSpouse [2] Name,
children [3] IMPLICIT

SEQUENCE OF ChildInformation DEFAULT {} }

(hildInformation ::= SET

{jname Name,

flateOfBirth [0] Date}
Name ::= [APPLICATION 1] IMPLICIT SEQUENCE
{|givenName VisibleString,

nitial VisibleString,

familyName VisibleString}

EmployeeNumber ::= [APPLICATION 2] IMPLICIT INTEGER

Date ::= [APPLICATION 3] IMPLICIT VisibleString -- YYYYMMDD

A.1.2 ASN.1 description of a.record value

The value ¢f John Smith's pefsonnel record is formally described below using ASN.1.

{iname {givenName "John",initial "P" ,familyName "Smith"},

itle "Director",

humber: 51,

lateOfHire "19710917",

pameOfSpouse {givenName "Mary",initial "T" ,familyName "Smith"},
children

{{name {givenName "Ralph",initial "T" ,familyName "Smith"},
dateOfBirth "19571111"},

{name {givenName "Susan",initial "B" ,familyName "Jones"},
dateOfBirth "19590717"}}}

A.13 ALIGNED PER representation of this record value

The representation of the record value given above (after applying the ALIGNED variant of the Packed Encoding Rules
defined in this Recommendation | International Standard) is shown below. The encoding is shown in hexadecimal,
followed by a commented description of the encoding shown in binary.

The length of this encoding is 94 octets. For comparison, the same PersonnelRecord value encoded using the
UNALIGNED variant of PER is 84 octets, BER with the definite length form is at least 136 octets, and BER with the
indefinite length form is at least 161 octets.
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A.1.3.1 Hexadecimal view

80044A6F
3137044D
39353731

686E0150 05536D69 74680133
61727901 5405536D 69746802
31313105 53757361 6E014205

A.1.3.2 Binary view

ISO/IEC 8825-2: 2015 (E)

6563746F 72083139 37313039
70680154 05536D69 74680831
73083139 35393037 3137

So as to make it easier to read the binary view of the data, blank lines are used to group fields that logically belong
together (typically length/value pairs); a newline is used to delineate fields; space is used to delineate characters within a
character string; and an X' represents a zero pad bit that is used from time to time to align fields on an octet boundary.

I XXXXXXX

00000100
01001010 0

00000001
01010000

00000101
01010011 0

00000001
00110011

00001000
01000100 0

00001000
00110001 O

00000100
01001101 0

00000001
01010100

00000101
01010011 0

00000010

00000101
01010010 0

00000001
01010100

00000101
01010011 0

00001000
00110001 O

00000101
01010011 0

00000001
01000010

00000101

Bitmap bit = 1 indicates "children" is present

101111 01101000 01101110

101101 01101001 01110100 01101000

101001 01110010 01100101 01100011 01110100 01101111 01110010 *title = "Director"

111001 00110111 00110001 00110000 00111001 00110001 00440111 dateOfHire ="19710917"

100001 01110010 01111001

101101 01101001 01110100 01101000

100001 01101100 01110000 6.L.101000

101101 01101001 01110100 01101000

he 1 £ . A 4
LUIgUl UT TIdHIC. STIVUIIINAIC — 5

name.givenName = "John"

Length of name.initial = ¥
name.initial = "P"

Length of name.familyName = 5
name.familyName)= "Smith"

Length of (employee) number = 1
(employee) number = 51

Length of'title = 8

Length of dateOfHire = 8

Length of nameOfSpouse.givenName = 4
nameOfSpouse.givenName = "Mary"

Length of nameOfSpouse.initial = ||
nameOfSpouse.initial = "T"

Length of nameOfSpouse.familyName = 5
nameOfSpouse.familyName = "Sniith"

Number of children

Length of children[0].givenName F 5
children[0].givenName = "Ralph"

Length of children[0].initial = 1
children[0].initial = "T"

Length of children[0].familyName = 5
children[0].familyName = "Smith"

Length of children[0].dateOfBirth 8

111001:00110101 00110111 00110001 00110001 00110001 00110001 children[0].dateOfBirth = "195711f11"

Length of children[1].givenName ¥ 5

TTOT0T OITTO01T 0T100001 OITOTITO

01001010 01101111 0110111001100101 01110011

00001000

children| I |.givenName = "Susan™

Length of children[1].initial = 1
children[1].initial = "B"

Length of children[1].familyName = 5
children[1].familyName = "Jones"

Length of children[1].dateOfBirth = 8

00110001 00111001 00110101 00111001 00110000 00110111 00110001 00110111 children[1].dateOfBirth = "19590717"

A.14 UNALIGNED PER representation of this record value

The representation of the record value given above (after applying the UNALIGNED variant of the Packed Encoding
Rules defined in this Recommendation | International Standard) is shown below. The encoding is shown in hexadecimal,
followed by a commented description of the encoding shown in binary. Note that pad bits do not occur in the
UNALIGNED variant, and characters are encoded in the fewest number of bits possible.
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The length of this encoding is 84 octets. For comparison, the same PersonnelRecord value encoded using the ALIGNED
variant of PER is 94 octets, BER with the definite length form is at least 136 octets, and BER with the indefinite length
form is at least 161 octets.

A.1.4.1 Hexadecimal view

824ADFA3 700DO05A 7B74F4D0 02661113 4F2CB8FA 6FE410C5 CB762C1C B1l6E0S37
OF2F2035 0169EDD3 D340102D 2C3B3868 (01A80B4F 6E9E9AO02 18B96ADD 8B1l62C4l
69F5E787 700C2059 5BF765E6 10C5CB57 2C1BBIl6E

A.1.4.2 Binary view

So as to make it ea

together (typtes
character s

1
0000010.0

24 S a W . .

1001010 .11401111 1.101000 11.01110

000.00001
101.0000

0000.0101

1010.011 1}011.01

0.0000001
0.0110011

0.0001000

1.000100 1}.01001

0.0001000

0.110001 0}.11001

0.0000100

1.001101 1}.00001

00000.001
10101.00

000001.01

101001.1 1}01101

000.00010

000.00101

101.0010 1}00.001

.00000001
.1010100

110100.1 1110100 .1101000

111.0010 1100.101 11000.11 111010.0 11011110010
011.0111 0110.001 01100.00 011100, 0110001 .0110111

111.0010 1111.001

.1101001 1.110300 11.01000

14011.00 111000.0 1101000

sier to read the binary view of the data, blank lines are used to group fields that logically belong

ers within a

ring; a period (.) is used to mark octet boundaries; and an 'x' represents a zero-bit used to pad the final octet to
an octet bopndary.

Bitmap bit = 1 indicatés)"children"|is present

Length of name,givenName = 4
name.givenName.= "John"

Length of name.initial = 1
name:initidl = "P"

EKength of name.familyName = 5
name.familyName = "Smith"

Length of (employee) number = 1
(employee) number = 51

Length of title =8
title = "Director"

Length of dateOfHire = 8
dateOfHire = "19710917"

Length of nameOfSpouse.givenName = 4
nameOfSpouse.givenName = "Mary'

Length of nameOfSpouse.initial = ||
nameOfSpouse.initial ="T"

Length of nameOfSpouse.familyName = 5
nameOfSpouse.familyName = "Sniith"

Number of children

Length of children[0].givenName F 5
children[0].givenName = "Ralph"

Length of children[0].initial = 1
children[0].initial = "T"

0.0000101
1.010011 11.01101

000010.00
011000.1 0111001

000001.01
101001.1 1110101

000.00001
100.0010

0000.0101
1001.100 11011.11

0.0001000
0.110001 01.11001

46

110.1001 1110.100 11010.00

.0110101 0.110111 01.10001 011.0001 0110.001 01100.01

.1110011 1.100001 11.01110

110111.0 1100101 .1110011

011.0101 0111.001 01100.00 011011.1 0110001 .0110111x
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Length of children[0].familyName = 5
children[0].familyName = "Smith"

Length of children[0].dateOfBirth = 8
children[0].dateOfBirth ="19571111"

Length of children[1].givenName = 5
children[1].givenName = "Susan"

Length of children[1].initial = 1
children[1].initial = "B"

Length of children[1].familyName = 5
children[1].familyName = "Jones"

Length of children[1].dateOfBirth = 8
children[1].dateOfBirth = "19590717"
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A2

Record that uses subtype constraints

ISO/IEC 8825-2: 2015 (E)

This example is the same as that shown in clause A.l, except that it makes use of the subtype notation to impose
constraints on some items.

A2.1

ASN.1 description of the record structure

The structure of the hypothetical personnel record is formally described below using ASN.1 specified in Rec. ITU-
T X.680 | ISO/IEC 8824-1 for defining types.

A.2.2

PersonnelRecord ::= [APPLICATION 0] IMPLICIT SET {

name Name,

title [0] VisibleString,
number EmployeeNumber,
dateOfHire [1] Date,
npmeOfSpouse 2] Name,
children [3] IMPLICIT

SEQUENCE OF ChildInformation DEFAULT {} }

(hildInformation ::= SET
{jname Name,
flateOfBirth [0] Date}
Name ::= [APPLICATION 1] IMPLICIT SEQUENCE
{|givenName NameString,
nitial NameString (SIZE(1)),
amilyName NameString}

EmployeeNumber ::= [APPLICATION 2] IMPLICIT INTEGER

Date ::= [APPLICATION 3] IMPLICIT VisibleString
(FROM("0".."9") ~ SIZE(8)) -- YYYYMMDD

NameString ::= VisibleString (FROM("a".."z" | "A".."Z" | "-.") A SIZE(1..64))

ASN.1 description of a record value

The value ¢f John Smith's personnel record is formally’described below using ASN.1.

A23

{jname {givenName "John",initial ""P'",familyName "Smith"},
itle "Director",

number 51,

flateOfHire "19710917",

phameOfSpouse {givenName ""Mary" initial "T" ,familyName "Smith"},
children

{{name {givenName "Ralph" initial "T" ,familyName "Smith"},
dateOfBirth "19571111"},

{name-{givenName "Susan",initial "B" ,familyName "Jones"},
dateOfBirth "19590717"}}}

ALIGNED PER representation of this record value

The representation of the record value given above (after applying the ALIGNED variant of the Packed Encoding Rules
defined in this Recommendation | International Standard) is shown below. The encoding is shown in hexadecimal,
followed by a commented description of the encoding shown in binary. In the binary view an 'x' is used to represent pad
bits that are encoded as zero-bits; they are used to align the fields from time to time.

The length of this encoding is 74 octets. For comparison, the same PersonnelRecord value encoded using the
UNALIGNED variant of PER is 61 octets, BER with the definite length form is at least 136 octets, and BER with the
indefinite length form is at least 161 octets.

A.2.3.1

Hexadecimal view

864A6F68 6E501053 6D697468 01330844 69726563 746F7219

5410536D 69746802 1052616C 70685410 536D6974 68195711

104A6F6E 65731959 0717

7109170C 4D617279

11105375 7361l6E42
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A.2.3.2 Binary view

So as to make it easier to read the binary view of the data, blank lines are used to group fields that logically belong
together (typically length/value pairs); a newline is used to delineate fields; space is used to delineate characters within a
character string; and an 'x' represents a zero pad bit that is used from time to time to align fields on an octet boundary.

1 Bitmap bit = 1 indicates "children" is present
000011x Length of name.givenName = 4
01001010 01101111 01101000 01101110 name.givenName = "John"

01010000 name.initial = "P"

000100xx Length of name.familyName = 5
01010011 01101101 01101001 01110100 01101000 name.familyName = "Smith"

00000001 Length of (employee) number =1
00110011 (employee) number = 51

00001000 Length of title =8

01000100 0101001 01110010 01100101 01100011 01110100 01101111 01110010 title = "Director"

0001 1001 0111 0001 0000 1001 0001 0111 dateOfHire = "19710917"

000011xx Length of nameOfSpouse.givenNajne = 4
01001101 0]100001 01110010 01111001 nameQfSpouse.givenName = "Maty"
01010100 nameOfSpouse.initial = "T"

000100xx Length of nameOfSpouse.familyName = 5
01010011 0}101101 01101001 01110100 01101000 nameOfSpouse.familyName = "Smith"
00000010 Number of children

000100xx Length of children[0].givenName F 5
01010010 0100001 01101100 01110000 01101000 children[0].givenName = "Ralph"
01010100 children[0].initial = "T"

000100xx Length of children[0].familyName = 5
01010011 0}101101 01101001 01110100 01101000. children[0].familyName = "Smith"

0001 1001 0101 0111 0001 0001 0001 00O} children[0].dateOfBirth = "19571 {1 1"
000100xx Length of children[1].givenName F 5
01010011 0110101 01110011 01100001 01101110 children[1].givenName = "Susan"
01000010 children[1].initial = "B"

000100xx Length of children[1].familyName [~ 5
01001010 0101111 0710111001100101 01110011 children[1].familyName = "Jones"

0001 1001 010151001 0000 0111 0001 0111 children[1].dateOfBirth = "19590717"
A24 UNALIGNED PER representation of this record value

The representation of the record value given above (after applying the UNALIGNED variant of the Packed Encoding
Rules defined in this Recommendation | International Standard) is shown below. The encoding is shown in hexadecimal,
followed by a commented description of the encoding shown in binary. Note that pad bits do not occur in the
UNALIGNED variant, and characters are encoded in the fewest number of bits possible.

The length of this encoding is 61 octets. For comparison, the same PersonnelRecord value encoded using the ALIGNED
variant of PER is 74 octets, BER with the definite length form is at least 136 octets, and BER with the indefinite length
form is at least 161 octets.

A.2.4.1 Hexadecimal view
865D51D2 888A5125 F1809984 44D3CB2E 3E9BFO90C B8848B86 7396E8A8 8A5125F1

81089B93 D71AA229 4497C632 AE222222 985CE521 885D54C1 T70CAC838 BS
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