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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
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in changes are as follows:
dates to the overall hierarchy of data structures and box order in subclause 6.1

Lensions for the transport and storage of genomic annotation data, in addition to genomic seqy

ich include:

An overvieéw-of genomic annotation data records in subclause 5.2, with detailed formats sg
in Part,6

Basie-annotation table information in dataset header (as specified in subclause 6.4.3.

nology,

s been

lencing

fa, in support of ISOAEC 23092-6:2023 specifications while maintaining backward compatibility,

ecified

2) and

anhotation encoding parameters in dataset parameter set (as specified in subclause 6.4.3.7)

Additional data structures such as annotation table (atcn, as specified in subclause

6.4.6),

attribute group (agcn, as specified in subclause 6.4.7), annotation access unit (aauc, as specified

in subclause 6.4.8), AAU block (as specified in subclause 6.4.9), attribute data byte offset (a
specified in subclause 6.5.2.3) and annotation table index (atix, as specified in subclause 6.5.

dbo, as
2.4)

The reference procedure for conversion from transport format to file format for genomic ann
data in subclause 6.7.2

© ISO/IEC 2025 - All rights reserved
\%

otation


https://www.iso.org/directives-and-policies.html
https://www.iec.ch/members_experts/refdocs
http://www.iso.org/patents
https://patents.iec.ch/iec/pa.nsf/pa_h.xsp?v=0
https://www.iso.org/iso/foreword.html
https://www.iec.ch/understanding-standards
https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

— Data structure for B-Tree indexing (as specified in subclause 8.1) and selective access strategies for
genomic annotation data (as specified in Annex C)

— Extensions in support of ISO/IEC 23092-3:2022 which include:

— New container boxes for metrics metadata: DT_metrics (dtmt, as specified in subclause 6.4.3.4) and
AU_metrics (aumt, as specified in subclause 6.4.4.5), containing statistical information (with detailed
formats specified in Part 3), which allows for fast and direct extraction of statistics associated with
the dataset and access unit content

— New container boxes for clinical data linkage (CDL) metadata: DG_CDL (dgcd, as specified in
subclause 6.4.2.7), DT CDL (dtcd, as specified in subclause 6.4.3.5) and AT CDL (atcd, as specified
in subclause 6.4.6.4), for establishing linkages to external data sources, which enables accg¢sp to the
clinical data of individual samples

— The inclusion of FM-Index-based entropy coding algorithm (as specified in Clause 7),’which provides
strjing search capabilities in the compressed domain

Alist of all parts in the ISO/IEC 23092 series can be found on the ISO and IEC websités:

Any fdedback or questions on this document should be directed to the ‘user’s national standards
body. [A complete listing of these bodies can be found at www.iso.org/members.htZE and
www.ig¢c.ch/national-committees.
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Introduction

The advent of high-throughput sequencing (HTS) technologies has the potential to boost the adoption of
genomic information in everyday practice, ranging from biological research to personalized genomic
medicine in clinics. As a consequence, the volume of generated data has increased dramatically during the
last few years, and an even more pronounced growth is expected in the near future.

At the moment, genomic information is mostly exchanged through a variety of data formats, such as
FASTA/FASTQ for unaligned sequencing reads and SAM/BAM/CRAM for aligned reads. With respect to
such formats, the ISO/IEC 23092 series provides a new solution for the representation and compression of

genome seguencing information byv:
1 [=] v

— Specifying an abstract representation of the sequencing data rather than a specific format with/its direct
implementation.

— Be|ngdesigned atatime point when technologies and use cases are more mature. This pefmits addfessing
ong limitation of the textual SAM format, for which the incremental ad-hoc addition.of features fgllowed
aldng the years, resulting in an overall redundant and suboptimal format whioch was unnecgssarily
complicated.

— Separating free-field user-defined information with no clear semantics from the genomic data
representation. This allows a fully interoperable and automatic exchange of information bgtween
different data producers.

— Allowing multiplexing of relevant metadata information withi,the data since data and metadpata are
paftitioned at different conceptual levels.

QO

— Following a strict and supervised development process which has proven successful in the last 3P years
in the domain of digital media for the transport format,the file format, the compressed representation
anfl the application program interfaces.

The ISQ/IEC 23092 series provides the enabling technology that will allow the community to create an ecosystem
of nove], interoperable, solutions in the field of genemic information processing. In particular it offers:

— Copsistent, general and properly designed format definitions and data structures to store sequencjng and
alignment information. A robust frameWwork which can be used as a foundation to implement d{fferent
compression algorithms.

— Speed and flexibility in the selective access to coded data, by means of newly-designed data clujstering
anfl optimized storage methpdologies.

— Low latency in data-trahsmission and consequent fast availability at remote locations, based on
trgdnsmission protoeols‘inspired by real-time application domains.

— Built-in privacy’and protection of sensitive information, thanks to a flexible framework which|allows
cu$tomizable,)8ecured access at all layers of the data hierarchy.

— Reliability.of the technology and interoperability among tools and systems, owing to the provisjon of a
procedure to assess conformance to this document on an exhaustive dataset.

— Support to the implementation of a complete ecosystem of compliant devices and applications, through
the availability of a normative reference implementation covering the totality of the ISO/IEC 23092 series.

The fundamental structure of the ISO/IEC 23092 series data representation is the genomic record. The
genomic record is a data structure consisting of either a single sequence read, or a paired sequence read, and
its associated sequencing and alignment information; it may contain detailed mapping and alignment data, a
single or paired read identifier (read name) and quality values.

Without breaking traditional approaches, the genomic record introduced in the ISO/IEC 23092 series
provides a more compact, simpler and manageable data structure grouping all the information related to a
single DNA template, from simple sequencing data to sophisticated alignment information.

© ISO/IEC 2025 - All rights reserved
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The genomic record, although it is an appropriate logic data structure for interaction and manipulation of
coded information, is not a suitable atomic data structure for compression. To achieve high compression
ratios, it is necessary to group genomic records into clusters and to transform the information of the same
type into sets of descriptors structured into homogeneous blocks. Furthermore, when dealing with selective

data access, the genomic record is a too small unit to allow effective and fast information retrieval.

For these reasons, this document introduces the concept of access unit, which is the fundamental structure

for coding and access to information in the compressed domain.

The access unit is the smallest data structure that can be decoded by a decoder compliant with
ISO/IEC 23092 2. An access unit is composed of one block for each descriptor used to represent the

e type (1 e.a descrlptor) ina cluster

ition to clusters of genomic records compressed into access units, reads are further classifie
hsses: five classes are defined according to the result of their alignment against one of\m‘ore re

ication of sequence reads into classes enables the development of powerful selegtive data ac
(§§ss P, substituf]

, indels in Class I, half-mapped reads in Class HM) from the genomic s composing the
thus constitute a data structure capable of providing powerful filtering capa L@y or the efficient sup

many different use cases.

Access|units are the fundamental, finest grain data structure in ter No)content protection and if
of metgdata association. In other words, each access unit can be p I.Itéi\ted individually and indeper
Figure|1 shows how access units, blocks and genomic records gte to each other in the ISO/IEC
series glata structure. Q
\N

data of

H in six
ference

es; the sixth class contains either reads that could not be mapped or raw s ncmg dafa. The

ress. In
ions in
m, and
port of

| terms
dently.
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&?‘ Figure 1 — Access units, blocks and genomic records
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Dataset Group

| Dataset Group Protection and Metadata | : Genomic Reference and Metadata |
| Dataset
| Dataset
Dataset
| Dataset Protection and Metadata | Descriptor Stream Descriptor Stream Descriptor Stream

Protection and Protection and Protection and
Metadata Metadata Metadata

1 q E- Access Unit Protection i Block Block Block
:Access Unit L and Metadata (Read Descriptors) (Read Descriptors) (Read Descriptors)
Block Block sammmmnn Block
(Read Descriptors) (Read Descriptors) (Read Descriptors)

r 1
! Access Unit Protection
| ] and Metadata

= \
1 it | Access Unit Protection Block Block B
:Access Unit : and Metadata (Read Descriptors) (Read Descriptors) (Read/Descriptors)

f"v

Figure 2 — High-level data structure: datasets and dataset group

A datapet is a coded data structure containing headers and one ,orf_more access units. Typical dptasets
could, for example, contain the complete sequencing of an individuad, or a portion of it. Other datasets could
contain, for example, a reference genome or a subset of its chromosomes. Datasets are grouped in fataset
groups} as shown in Figure 2.

A simplified diagram of the dataset decoding process is sligwn in Figure 3.

Block  SLTIIIIII I IS I I IIIIIIIIIIIIIIIIIT l
payload 0 descrint AU Type 1 (P) | , —
escriptor . u
—— Block payload-parser Imrl Descriptor decoder|~ : AEEeaE
payload 1 descriptor - i type
— : Block payl'oad parser|W>| Descrlptc'nr decoderla : 5 0 MPEGG
. o| Block : = records
] O | payload N-4 descriptor - 5 E dataset
= o Block payload parserlrr—N_rI Descriptor decoder|- :
8 8 ‘eam i % type
Q| Raw | Pa— E 2] 1 MPEG-G
Data E Reference| + Block payload parser Irrea—mpN,ﬁ Descriptor decoder [— : records
= - — 1 —
Units g Access g .................... . --._.----.--.---Aqmgg.(w.' 8 dataset
Units i escriptor .
s 2 Block payload parser Imj Descriptor decoder % type
=] - AU Type 3 (M) o 2
A C\© | payload N-1 g Raw|
<q Block payload parser Descriptor decoder A refererjce
payload N
Block payload parser Descriptor decoder

Parameter set

Figure 3 — Decoding process

This document defines the syntax and semantics of the data formats for both transport and storage of
genomic information. According to this document, the compressed sequencing data can be multiplexed into
a bitstream suitable for packetization for real-time transport over typical network protocols. In storage use
cases, coded data can be encapsulated into a file format with the possibility to organize blocks per descriptor
stream or per access units, to further optimize the selective access performance to the type of data access
required by the different application scenarios. This document further provides a reference process to
convert a transport stream into a file format and vice versa.
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Information technology — Genomic information
representation —

Part 1:
Tra

1 Scppe

This dgcument specifies data formats for both transport and storage of genomic information, including the
converpion process.

2 Ngrmative references

The following documents are referred to in the text in such a way that sonie-or all of their content congtitutes
requir¢ments of this document. For dated references, only the edition éited applies. For undated references,
the lat¢st edition of the referenced document (including any amendments) applies.

ISO/IEC 10646, Information technology — Universal coded character set (UCS)

[SO/IEC 23092-2, Information technology — Genomic information representation — Part 2: Coding of genomic
informgtion

ISO/IEC 23092-3, Information technology — Genomig information representation — Part 3: Metaddta and
applicdtion programming interfaces (APIs)

ISO/IEC 23092-6, Information technology — Genomic information representation — Part 6: Coding of genomic
annotations

IETF RFC 3986, Uniform Resource Identifier (URI): Generic Syntax
IETF RFC 7320, URI Design and Owanership

3 Terms and definitions
For the purposes of this'document, the following terms and definitions apply.
[SO and [EC maintain terminology databases for use in standardization at the following addresses:

— IS Online.browsing platform: available at https://www.iso.org/obp

— IEQ Electropedia: available at https://www.electropedia.org/

31

access unit

logical data structure containing a coded representation of genomic information to facilitate bit stream
access and manipulation

3.2
access unit covered region
genomic range comprised between the access unit start position and the access unit end position, inclusive

© ISO/IEC 2025 - All rights reserved
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unit start position

position of the left-most mapped base among the first alignments of all genomic records contained in the
access unit, irrespective of the strand

3.4
access

unit end position

position of the right-most mapped base among the first alignments of all genomic records contained in the
access unit, irrespective of the strand

3.5
access

unitrange

genom
among

3.6

alignm

inform

sequenice (for instance, a reference genome)

3.7
box
object-

3.8

cluster

aggreg

39
clustej
signaty

sequenice of nucleotides that is common to most or allgenomic records belonging to a cluster

3.10
contai
box (3.4

3.11
data st
set of p

3.12

extend
positio
unit, ir

3.13
extend
positio
unit, ir

t=]
c range comprised between the access unit start position and the right-most genomic recordp
all genomic records contained in the access unit

ent
htion describing the similarity between a sequence (typically a sequencing read) and a re

briented building unit defined by a unique type identifier and length

htion of genomic records

" signature
re

her box
B) whose sole purpose is to contain aiid group a set of related boxes

ream
ackets (3.20) transporting thie same data type

ed access unit start position
h of the left-most'mapped base among all alignments of all genomic records contained in the
Fespective ofthe’ strand

ed access unit end position
h ofthie right-most mapped base among all alignments of all genomic records contained in thg
réspective of the strand

osition

ference

access

access

3.14

file format
set of data structures for the storage of coded information

3.15

genomic position
position
integer number representing the zero-based position of a nucleotide within a reference sequence

© ISO/IEC 2025 - All rights reserved
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3.16

genomic region

region

genomic interval between a start nucleotide position and an end nucleotide position, inclusive

3.17

genomic range

range

interval of positions on a reference sequence defined by a start position s and an end position e such that
s < e; the start and the end positions of a genomic range are always included in the range

3.18
mappdd base
base of the aligned read that either matches the corresponding base on the reference sequence'or|can be
turned|into the corresponding base on the reference sequence via a substitution

3.19
packet
transnjission unit transporting segments of any of the data structures defined in this:document

3.20
reference genome
repres¢ntative example of the sequences for a species’ genetic material

Note 1 fo entry: Genetic material meaning the sequences of the DNA moleculéspresent in a typical cell of that §pecies.

3.21
referepce sequence
nucleiclacid sequence with biological relevance

Note 1 to entry: Each reference sequence is indexed by a oné-dimensional integer coordinate system whereby each
integer |within range identifies a single nucleotide. Coordinate values can only be equal to or larger than zg¢ro. The
coordinate system in the context of this standard is zerg~based (i.e. the first nucleotide has coordinate 0 and it is said
to be at[position 0) and linearly increasing within the-string from left to right.

3.22
genomlic segment
segmeint
contigyous sequence of nucleotides, typically output of the sequencing process and sequenced from one
strand |of a template

3.23
sequence read
read
readouft, by a specifictechnology more or less prone to errors, of a continuous part of a nucleic acid mplecule
extracfed from an.0fganic sample

3.24
syntaq field

element of data represented in the data format

3.25
template
genomic sequence that is produced by a sequencing machine as a single unit

Note 1 to entry: A template can be made of one or more segments, being called single-end sequencing read when it
only has one segment and paired-end sequencing read when it has two segments.

3.26
transport format
set of data structures for the transport of coded information

© ISO/IEC 2025 - All rights reserved
3


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

3.27
variable
parameter either inferred from syntax fields or locally defined in a process description

4 Conventions

4.1 Operators and functions

NOTE The operators used in this document are similar to those used in the C programming language. However,
integer division with truncation and rounding are specifically defined. The bitwise operators are defined assuming
two's- CETITPIETITet TEPTESENMtation of IITtegeTsS. NUIDETITg aId CouTting Toops generatty begim fronr -

4.1.1 | Arithmetic operators

+ addition
- subtraction (as a binary operator) or negation (as a unary operator)
* multiplication

/ integer division with truncation of the result toward 0 (for example, 7/4 and -7/-4 are tryncated
to 1 and -7/4 and 7/-4 are truncated to -1)

4.1.2 | Logical operators

[l logical OR
&& logical AND
! logical NOT

x?y:7l  Ifxis TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value|of z.

4.1.3 | Relational operators

> greater than

> greater than or equal to
< less than

< less than.or equal to

== equalto

1= not-equal to

4.1.4 Bitwise operators

& AND

| OR

>> shift right with sign extension
<< shift left with 0 fill

© ISO/IEC 2025 - All rights reserved
4


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

4.1.5 Assignment operators

The following arithmetic operators are defined as follows:

assignment operator

increment, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaluates to the value of

the variable prior to the increment operation.

decrement, i.e., x- — is equivalent to x = x - 1; when used in an array index, evaluates to th
of the variable prior to the decrement operation.

e value

4.1.6 | String/Character functions and operator

4.1.7 | Data structure function and operator

sizeof(N)

N->m

4.1.8 | Mathematical functions

The following mathematical functions are defined:

Ceil( x
Floor(k)
Log(x
Log2(%)

Min(x,)y )

Max(x|y)

4.1.9 | Array operation functions

increment by amount specified, i.e., x += 3 is equivalent to x = x + 3, and x += (-3) is_ €qu
tox=x+(-3).

decrement by amount specified, i.e., X —= 3 is equivalent to x = x — 3, and x —= (-3)'is eqU
tox=x-(-3).

string concatenation, when applied on variables of string or charactértypes

size in bytes of N, where N is either a data structure 6r)a data type

returns the data field m defined within the data structure N

the smallest integer greater than or equal to x
the largest integer less-than or equal to x
the base-e logarithm of x

the base-2 logapithm of x

{x ; X5y

Y Oy x>y
XN, X>=Yy
Yy 5 X<y

ivalent

ivalent

array_dims[] = Size(ndimensional_array([]...[], dim) returns the dimensional size(s) of variable ndimensional_
array. If dim is not specified, it returns a vector with the ith element corresponding to the size of the ith
dimension. If dim is specified, it returns only the size of the dimension corresponding to dim, with 1 being
the first dimension.

Max(x[]) returns the maximum value in a numeric array x[].

Find(x[], v) returns the index of the first element in array x[] that is equal to the value v. It returns -1 if v is

not found.
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4.2 Syntax and semantics

4.2.1 Method of specifying syntax in tabular form
Table 1 lists the constructs that are used to express the conditions when data elements are present.

NOTE This syntax uses the convention that a variable or expression evaluating to a non-zero value is equivalent
to a condition that is true.

Table 1 — Constructs used to express the conditions when data elements are present

COIsStruce DesSCripuon

if (cdndition) {

dgta element If the condition is true, then the first group offdata
elements occurs next in the bitstream.

else |{
dgta element If the condition is not true, then the segond group of data
elements occurs next in the bitstream.
}
for (i=0; i<n; i++) { The group of data elements occurs\n/ times. Conditional

constructs within the group of ‘data elements may depend |on
the value of the loop controllyariable i, which is equal
to zero for the first occurprewce, incremented to 1 for fhe
} second occurrence, and so~forth.

dgta element

As noted, the group of data elements may contain nested cenditional constructs. For compactness, the {}
are omlitted when only one data element follows. Collections’of data elements are represented as listed in
Table 2.

Table 2 — Syntax used to represent collections of data elements

Syntax Description

datalelement [] is an array of data. The number of datg

data_qlementl] edleménts is indicated by the semantics.

data gqlement[n] data element [n] is the nth element of an array of data

data_element[m] [n] is the mt", nfh element of a two-

data_qlement(m] [n] dimensional array of data.

data_element[1l] [m] [n] is the 1th, mth, nth element of a

data_qlement (1] [m][n] three-dimensional array of data.

4.2.2 | Bit ordering

The bitjorder of syntax fields in the syntax tables is specified to start with the most significant bit (M$B) and
proceef to theleast significant bit (LSB).

4.2.3 | Specification of syntax functions

byte_aligned() is specified as follows:

— Ifthe current position in the bitstream is on a byte boundary, i.e., the next bit in the bitstream is the first
bit in a byte, the return value of byte_aligned() is equal to TRUE.

— Otherwise, the return value of byte_aligned() is equal to FALSE.

read_bits(n) reads the next n bits from the bitstream and advances the bitstream pointer by n bit positions.
When n is equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not advance the bitstream
pointer.
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The following data types specify the parsing process of each syntax element:

— f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing
process for this data type is specified by the return value of the function read_bits(n).

— u(n): unsigned integer using n bits. Whenn s

vl "

in the syntax table, the number of bits varies in a manner

dependent on the value of other syntax elements The parsing process for this data type is specified by
the return value of the function read_bits( n ) interpreted as a binary representation of an unsigned

int

eger with most significant bit written first.

— st(v): null-terminated strlng encoded asuniversal coded character set (UCS) transmission format-8 (UTF-

8)
ref

not

+1
of

— c(q

4.2.4

Proces
proces
to the
and at
as inpy
one or

urns a series of bytes from the bltstream beginning at the current position and contlnulng u
including the next byte that is equal to 0x00, and advances the bitstream pointer by ( strin
) * 8 bit positions, where stringLength is equal to the number of bytes returned. The maximu
stringLength is 16384.

): sequence of n ASCII characters as specified in ISO/IEC 10646.

Processes

b has a separate specification and unique invocation. All syntax elemrénts and variables that

t. Each process specification output is explicitly defined. The output of a process can be assi
many variables as specified in the return clause of the procéss.

Table 3 — Example decoding process

to but
Length
value

ses are used to describe the sequence of operations on syntax elements (see example in Table 3). A

bertain

rurrent syntax structure and dependent syntax structures are available in the process specification
he time of invocation. A process specification may also have a lewer-case variable explicitly sgecified

rned to

Syntax Remarks

proces

s xyz(counter) { A decoding process with one parame

ter

ny

im A syntax element

fq

r(i = 0; i < num * counter; i++)  {

value[i] A syntax element

|sub process

XyZ

A sub-decoding process within procp

5 St

51 (
The ge

ructure of coded genomic data

fenomic-sequencing data record

seque
genom

name) and quahty values

nomic sequencing data record, in this document, is a data structure consisting of either g single
e-read, or paired sequence reads, and its assoc1ated sequencmg and ahgnment 1nformat1n The

When alignment information is present, the genomic record position is defined as the position of the left-
most mapped base of the genomic record on the reference genome. Genomic record positions are 0-based
in the ISO/IEC 23092 series. In case of multiple alignments, the position of the first alignment in the record
is considered; in such a case, the first alignment shall be the one with the leftmost position among all the

alignm

ents with the best score.

In case of unmapped reads (i.e. no alignment information present) the notion of position does not apply to
the genomic record.
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In case of aligned content, bases that are present in the reads of the genomic record and not present in
the reference sequence (insertions) and bases preserved by the alignment process but not mapped on the
reference sequence (soft clips) do not have mapping positions.

Table 4 enumerates all the types of data that a genomic record can contain. ISO/IEC 23092-2 defines
technology that allows coding all and only those types of data into a set of descriptors; data, and consequently
descriptors, which are mandatory or optional, are also specified in ISO/IEC 23092-2, as well as how they are
used to represent multiple alignments.

Table 4 — Genomic sequencing data records

Ddl—d Scllldlllibb
Record|identifier name of the record (e.g. read names)
Sequence reads sequencing readout, as one or more strings of bases
Quality values quality scores of the sequence reads
Strandg¢dness information about the strandedness of each read of the record
Length length of the sequence reads
Positiop position on the reference genome of the left-most mapped genomic record bgse
Pairing position or distance of the mate reads (e.g. in a pair)
Flags technical, additional alignment information (duplicates, proper pairs, failures)
Mismafches information about position and type of eachumismatch in mapped records
Clips information about clipped bases (soft and hard clips) in mapped records
Mapping scores mapping scores for an alignment
Multiple alignments information about the number of-alignments and the alternative alignment ipfor-

mation about each segment of therecord

Group read group the genomic recefd belongs to

ISO/IEC 23092-2 defines an output record format for all types of data in Table 4. These records shall be
generated by decoders compliant to ISO/IEC 230922 as output of the decoding process.

5.2 (enomic annotation data records

Different types of genomic annotation.data records are associated with each annotation table type (AT_
type, ap specified in subclause 6.4.6:2): They are encoded and stored in attribute groups of different|classes
(AG_cl3ss, as specified in subclause 6.4.7.2) in an annotation table. Table 5 summarizes the annotatidn table
types dnd their associated data necords.
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8


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

Table 5 — Genomic annotation data records

Annotation
table type

Attribute
group class

Record type

Record content

Variants

1

Variant site record

Variant site information including chromo-
some, position, reference allele, alternative
allele, variant ID, quality value and other

relevant attributes

Variant genotype record

Variant genotype values for individual
ples and any associated metrics

sam-

Sample record

Sample information such as sample ID,

graphics and clinical data

demo-

Functignal anno-
tations|

Functional annotation record

Any number of ontological labels-dnd af

tributes associated with a genomie fea
specified by its genomic range, strand,
and ID

ure
name

Track property record

Track property containing display attr
associated with a block of functional a1
tation records refereficed by the index
first record in¢he-block

butes
hno-
of the

Gene expression

Expression record

Expressionrvalues associated with a ge
feature, such’as a gene or an exon, for i
ual samples

nomic
hdivid-

Feature record

Feature information such as gene nam
chromosome position

b and

Sample record

Sample information such as sample ID,
graphics and clinical data

demo-

Contacf matrices

Contact matrix record

The frequency of contact, measured by
counts or any number of normalized vz
in 3D space between any two genomic

regions in a pair of the same or different

chromosomes.

lues,

Tracks

Track data record

Any number of attributes associated w|
genomic range and strand

ith a

Track property record

Track property containing display attr
associated with a block of functional a1
tation records referenced by the index
first record in the block

butes
hno-
of the

ISO/IEC 23092-6 defines the)formats of the above output records. These records shall be gener3
decoders compliant to ISOAEC 23092-6 as output of the decoding process.

5.3 Dbata classes

ited by

Six datla classesrare specified to classify genomic records according to the result of the mapping of the

encodeld sequence reads against one or more reference sequences.

In the

aseé of morethan onereadina fpmp]nfp, if both reads are mnpppd’ the gpnnmir record hp]nng

5 to the

class of the read with the highest class_ID. In case of multiple alignments, the genomic record belongs to the
class of the first alignment in the record.

The data classes and their descriptions are specified in Table 6.
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Table 6 — Data classes

Class ID Class name Record content

1 CLASS_P Only reads perfectly matching to the reference sequence.

2 CLASS_N Reads perfectly matching to the reference sequence or containing mismatches
which are unknown bases only.

3 CLASS_M Reads perfectly matching to the reference sequence or containing substitutions or
unknown bases, but no insertions, no deletions, no splices and no clipped bases.

4 CLASS_I Reads perfectly matching to the reference sequence or containing substitutions,
unknown bases, insertions, deletions, splices or clipped bases.

5 CEASSHM Paired-ermd reads withromty omre rapped read:

4 CLASS_U Unmapped reads only.

Genomljic records of each data class are coded by means of several descriptors; conversely, a‘déscriptor is a
codinglelement needed to represent part of the information. Descriptors for each data class are spedified in
ISO/IEC 23092-2.

Descriptors are coded in blocks. Blocks are defined in subclause 6.4.5. A sequence of block payloads of @ single
descriptor composes a descriptor stream. All block payloads in a descriptor,stréam contain compressed
descriptors of a single type representing reads of the same data class.

5.4 Access units

Access|units (AUs) are data structures containing a coded representation of genomic sequencing data.
Related metadata may be available to facilitate bitstream accessyand manipulation. An access unit cpntains
either genomic sequencing records belonging to the same data.class or a fragment of a reference seqyence.

The adcess unit is the smallest data organization that, can be decoded by a decoder compliant with
ISO/IEC 23092-2.

Access|units are orthogonal to descriptor streamsZah access unit is composed of all and only those| blocks
of the descriptor streams that are necessary to decode the information contained in a cluster of records of a
given data class.

An accg¢ss unit can be of several types, as\specified in Table 7, according to the class of the coded data

Table 7 — Access unit type

Access unit type
e Value Class of data
B.TYPE_AU 1 CLASS_P
N_TYPE_AU 2 CLASS_N
M_TYPE_AU 3 CLASS_M
I_TYPE_AU 4 CLASS_I
HM_TYPE_AU 5 CLASS_HM
U_TYPE_AU 6 CLASS_U

Depending on the type of coded information, an access unit can be decoded either independently of any
other access unit or using information contained in other access units.

5.5 Datasets

A dataset is a data structure containing a header, optional metadata, access units for genomic sequencing
data, and annotation tables for genomic annotation data. The set of access units or annotation tables
composing the dataset constitutes the dataset payload.

One or more datasets are assembled into a dataset group.
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5.6 Annotation data tile

An annotation data tile specifies a rectangular region of descriptor/attribute data corresponding to
contiguous ranges of rows and columns (if data is two-dimensional) of an annotation table. Instructions
on how to divide descriptor/attribute data into tiles are specified in tile configurations. Each data tile per
descriptor/attribute is individually encoded and stored in an annotation access unit payload block. Selective
access to data in specific regions of interest is achieved by identifying and decoding only the data tiles that
overlap with the regions of interest.

5.7 Annotation tables

An anrfotation table is a container for genomic annotation data of a designated annotation table type and
subtyple (the associated external file format), as specified in Table 8 and Table 9. It contains a header,-optional
metaddta, tile configurations (for specifying how data shall be divided into tiles to be individually enroded),
annotation table index (for supporting random access), and attribute groups. Each attribute”group has a
designated class that indicates the role of the descriptor/attribute data it contains. For example, an attribute
group ¢f class 0 contains main table data (such as variant genotypes), whereas class 1 contains auxiliary data
associdted with the rows of the main data (such as variant site information), and class 2 contains ayxiliary
data agsociated with the columns of the main data (such as sample information).

Table 8 — Annotation table type

Annotation table type

- Data type
Annotation table type name Value

VARIANTS 1 Genomic variants
FUNCTJIONAL_ANNOTATIONS
GENE_EXPRESSION
CONTACT_MATRICES
TRACK|S

Functionallannotations

Gene expression values

Position-to-position contact intensity values

G W (N

Gehome browser tracks

Table 9 — Annotation table sub-type

. Annotation table sub-type
Annotation table type name -
Annotation table sub-type name Value
Any UNDEFINED 0
VARIANTS VCF 1
FUNCT[[ONAL_ANNOTATIONS GTF 2
GFF 3
GENBANK 8
TRACKIS BED 4
BEDGRAPH 5
WIG 6
BIGWIG 7
CONTAET-MATRICES HHE 16
GENE_EXPRESSION GENE_EXPRESSION 9

5.8 Annotation access units

An annotation access unit contains individually encoded payload blocks of genomic annotation data. Each
payload block corresponds to a tile of data of a descriptor/attribute from specific ranges of rows and columns
(if data is two-dimensional) in an annotation table. It supports two contiguity modes:

— Attribute contiguity, where each annotation access unit corresponds to a descriptor/attribute and each
payload block within corresponds to a tile location in an annotation table, and
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— Tile contiguity, where each annotation access unit corresponds to a tile location in an annotation table
and each payload block within corresponds to a descriptor/attribute.

The annotation access unit is the smallest data organization handled by a decoder compliant with
ISO/IEC 23092-6.

5.9 Selective access
For genomic sequencing data:

— In the case of selectlve access to a genomlc reglon comprised between a start genomlc p051t10n and an
aps the
regflon deflned by Start and end with at least one base and the parameter sets that are needed toldecode
th¢m; b) at least the reference portion that is necessary to decode the access units identified\in a).

— Inthe case of selective access to signed content identified by a U_cluster_signature signature the decoder
shall return all the access units whose signature corresponds to U_cluster_signatureyand the parpmeter
sefs that are needed to decode them.

— Expmples of selective access strategies are described in Annex B.
For gerjomic annotation data:

— In[the case of selective access to specific descriptor and attribute‘data in an annotation table|region
defined by ranges of indexes and/or genomic positions, the decoder shall identify the data tiles that
overlap the region based on the relevant attribute data tile striaicture(s) as specified in subclause|6.4.6.7
anfl/or genomic range index(es) as specified in subclause 6.5.24.4, and return

a) | if attribute contiguity == 0, annotation access.units corresponding to the identified data tiles
and containing only the payload blocks of the selected descriptor(s) and attribute(s)

b) | if attribute contiguity == 1, annotation agcess units corresponding to the selected descriptor(s)
and attribute(s) and containing only the payload blocks of the identified data tiles

c) | the annotation parameter set(s) requiréd for decoding the annotation access units identified in[a) or b)

— Expmples of selective access strategie$.are described in Annex C.

6 D3ta format
6.1 Hormat structure

6.1.1 | General

Table 1|0 presents‘the overall data structures and hierarchical encapsulation levels.

Boxes that may occur at the top-level are shown in the left-most column; indentation is used tp show
possible containment. Not all boxes need be used in all files; the mandatory boxes for genomic seqyencing
data, gendmic annotation data or both are marked respectively with a plus sign (+), pound sign (#) or an
asterisk (*) in the Mandatory column: such column refers to the relevant scope (File and/or Transport).
Optional boxes are represented with dashed borders in Figure 4-7. Mandatory boxes are represented
with solid borders. When no entry is present in the Scope column, scope is both File and Transport. See the
specification of each individual box for the assumptions when the optional boxes are not present. If the box
key is represented in italic format in Table 10, the corresponding box is represented either with no Key and
no Length, but only Value in the gen_info format, as specified in subclause 6.2, for all boxes but offset, or as
specified in subclause 6.5.4.1 for the offset box.
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Table 10 — Format structure and encapsulation levels

Box key (with hierarchical level)

Subclause

Scope

Mandatory

flhd

N
S~
(=Y

*

dgcn

(@)}
N
)

File

*

dghd

o
R
o
o

*

rfgn

X
-
o
W

rfmd

O
a
)
~

labl

o
-~
o
&

1LU

1:[ !

dgmd

o [P
SIS
N
fo)

dgcd

X
-
o
N

dgpr

o
-~
o
[ee}

dmtl

>
o
W
—_

T;\:(D‘;kort

dtcn

(@)}
I~
w

dthd

(@)
S
o
N
B

dtmd

%

dtmt

<]

dtcd

3

dtpr

o
R
o
[e)}

pars

%
s
w
~

mitb

o
o1
N
—_

File

msix

~
—_
N

mshd

N
—
w

ssix

N
—
N

~
U
Ul

dmtb

(o))
(o))
NN

Transport

dscn

(o)
Ul
[O8]

File

S
U1
w
o

File

o
1
o
o

File

aucn

(@)
~
~

o
e
o~
w

o
NN
el
NN

Sl
el
N
&3

(@)
I~
a5
(o)}

O\ 0
% 8
w1

block_header

N
-
U1
N

atcn

o
o~
o

File

athd

atmd

S
Sl B
Sl
W |

atcd

(@)
e
o
N

atpr

| |9
-~
o
1

agtc

>
o~
o
o

adts

>
iy
o
N

adbo

o
U1
o
o

File

atix

(@)
v
N
o~

File

grix

(o))
1
N
o~
o~

File
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Table 10 (continued)

Box key (with hierarchical level)

Subclause

Scope

Mandatory

avix

6.5.2.4.5 |File

agen

6.4.7 File

aghd

6.4.7.2

aauc

6.4.8

aauh

|| H | H®

6.4.8.3

aaup

(=)}

4.8.

[ee]
NN

aau block

DN
1O
=

o
N
\O
S}

aau_block_

header A

offset

offset

(@)}
U1
N

File .Y

packet

(=)}
N

Trq.(sb’ort *

packet_header

2 vsport *

o)}

.6.

V1

) <

File Header (flhd)

FILE FORMAT

C)V
N

Dataset
Group
(dgen)

L\

Dataset Group Header (dghd)

Reference (rfgn)

\
Refe;@ Metadata (rfmd)

Label List (labl)

N\
Dataset Grou@&adata (dgmd)

L-\N

Dataset Group CDL Metadata (dgcd)

Dataset\(@}é Protection (dgpr)

Dataset Header (dthd)
Dataset CDL Metadata (dtcd)

Master Index Table (mitb)

Des ’iptor Stream
~Header (dshd)

- .
Descriptor Stream
Protection (dspr)

Access Unit
Header
(auhd)

Dataset Protection (dtpr)

Dataset Metadata (dtmd) Dataset Metrics Metadata (dtmt)

Dataset Parameter Set (pars)

Descriptor Stream
Header (dshd)

Descriptor Stream
Protection (dspr)

AU Protection (aupr)
AU Information (auin)

AU Metrics (aumt)

AU Protection (aupr)
AU Information (auin)

AU Metrics (aumt)

Figure 4 — Data structures hierarchy for storage of genomic sequencing data
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TRANSPORT FORMAT
Packet
Packet Header File Header (flhd)
Dataset Group
Dataset Mapping Table List (dmtl) Dataset Group Header (dghd) Reference (rfgn)
Reference Metadata (rfmd) ! Label List (labl) FLabel(lbll) Dataset Group Metadata (dgmd)

r

i Dataset Group CDL Metadata (dgcd) ! Dataset Group Protection (dgpr) |

\»)
n,Qq’

Dataset Mapping Table (dmtb) Dataset Header (dthd) Dataset Parameter Set (pars)
a4
Dataset Metadata (dtmd) | Dataset Metrics Metadata (dtmt) Dataset CDL Metadata (dtcd)

¢ 1/~’
&

Dataset

Dataset Protection (dtpr)

Acccfss . ~AU Protection (aupr) |
Unit | Access Unit NF ;
(aucn) Header Block Block i AU Information (auin) |
(auhd) 1 !
i AU Metrics (aumt) |
<7 . ]
Access ] { AU Protection (aupr)
Unit | Access Unit : i
(aucn) | Header Block Block { AU Information (auin) |
(auhd) X 1 :
/ | AU Metrics (aumt) |

M)

Figure 5 — Data structures-hierarchy for transport of genomic sequencing data
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FILE FORMAT
| File Header (flhd) |

Dataset Group (dgcn)

Annotation Access Unit Heade: | aauh) Annotation Access Unit Protection (aaup)
AAU Block AAU Block AAU Block AAU Block

Annotatioh.Access Unit Header (aauh) Annotation Access Unit Protection (aaup)
AAUMB AAU Block AAU Block AAU Block

| Dataset Group Header (dghd) | | _Dataset Group Metadata (dgmd) _|
. Dataset Group CDI Data (dgod) _| | _Dataset Group Protection (dgpr) _|
Dataset (dtcn)
| Dawseteader(dthdl | ___Dataset Metadata (dtmd) _
. DatasetCDL Metadata (dted) || Dataset Protection (dtpr) | S
| Dataset Parameter Set (pars) | ,\q/
Annotation Table (atcn) Q,)\l;
[ Anntation e Hendr ()| Anstation el Meradata amd)
_Ammottion Table CDL Dat ated)_| | Amnotaton Tble rotcton syt
Attribute Group Tile Configuration (agtc) . O\
| Attribute Data Tile Structure (adts) | | Attribute Data By;éQ}f;et (adbo) |
P O{<v """""""""""""""" :
i Annotation Table Index (atix) ;
| GenomicRange Index (grix) = | Aribue Value Index (avix) =
Attribute Group (agcn) \‘\
| Attribute Group Header (aghd) 4‘\®$

Figure 6 — Data structures hierarchy for storage of genomic annotation data
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TRANSPORT FORMAT

Dataset Mapping Table List (dmtl) Dataset Group Header (dghd)
Dataset Group Metadata (dgmd) Dataset Group CDL Data (dgcd)

m
| Jdld il Uup U U ':'

Dataset Mapping Table (dmtb) Dataset Header (dthd) Dataset Metadata (&tind)
Dataset CDL Metadata (dtcd) Dataset Protection (dtpr)
Dataset Parameter Set (pars)

\_/
Annotation Table Header (athd) Annotation Table Meta (%1 atmd)
Annotation Table CDL Data (atcd) Annotation Table Protection (atpr)

Attribute Data Tile Structure (adts)

Attribute Group Header (aghd)

\J
Annotation Access Unit Header (aauh) Annotation Access Unit Protection (aaup)
AAU Block N AAU Block AAU Block AAU Block

Annotation Access Unit Header (aauh) Annotation Access Unit Protection (aaup)

\/
n‘ U Block AAU Block AAU Block AAU Block

YA
’\‘
)

Figure 7 — Data structures hierarchy for transport of genomic annotation data

In transport format, any box represented in Figure 5 and Figure 7 shall be encapsulated in one or more
packets, as specified in subclause 6.6.5. The depacketization process is illustrated in Annex D. The dataset
group, dataset, annotation table and attribute group are represented in Figure 5 and Figure 7 for clarity, but
the corresponding container boxes (dgcn, dtcn, atcn and agcen) do not exist in transport format.

6.1.2 Boxorder

In order to improve interoperability, the following rules shall be followed for the order of boxes:
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In file format

1) The container boxes:

dataset group, dataset, access unit and descriptor stream for genomic sequencing data, and

dataset group, dataset, annotation table, attribute group tile configuration, annotation table index,
attribute group and annotation access unit for genomic annotation data shall be ordered according

to the hierarchy specified in Table 10.

2) The box order inside the containers dgcn, dtcn, dscn, aucn, atcn, agtc, atix, agcn and aauc is specified in
Table 13, Table 25, Table 63, Table 33, Table 40, Table 47, Table 59, Table 49 and Table 52 respectively.

4) W
bo
lod

5) Th|
bo

In tran

3) Thr file header box ‘flhd’ shall occur before any variable-length box.

en present, the offset box ‘offs’, as specified in subclause 6.5.4, enables an indirect addres
kes, which, while logically respecting the ordering specified in this subclause, may be phj
ated in a different position in the file.

e contiguity of child boxes inside the containers dgcn, dtcn, dscn, and aucn shalf not be broken|
k external to the container box, apart from the offset box, as specified in stibclause 6.5.4

sport format

sing of
ysically

by any

1) The dataset_mapping_table_list, dataset_mapping_table and file header boxes shall be decoded first,
anfl then all other boxes according to the hierarchy specified in Table 10.

2) Itis recommended to transmit the boxes in hierarchical order, as specified in Table 10.

3) Itif recommended, when possible, within each datasetgroup, to interleave boxes with hierarchidal level
eqpal to 1 (second column in Table 10), and the dthd and pars boxes belonging to different datasets,
before transmitting all other boxes in the corresponding datasets.

4) Fof genomic annotation data, it is recommended; When possible, within each dataset, to interleave boxes
with hierarchical level equal to 2 (third column'in Table 10), and the athd, agtc and aghd boxes belonging
to flifferent annotation tables, before transfitting all other boxes in the corresponding annotatior tables.

6.2 Syntax for representation

KLV (Key Length Value) format issused for all the data structures listed in Table 10 but the block/ block_

header] offset, packet and packet. header.

The K1}V syntax is defined as follows:

strucf gen_ info

{
c(4) Key;
u(64) Length;
u (8) Valuel[];

}

The Length field specifies the number of bytes composing the entire gen_info structure, including all three
fields Key, Length and Value.

The block, block_header, packet and packet_header data structures have no Key and no Length, but only Value.

The offset data structure is specified in subclause 6.5.4.

All syntax tables specified in subclauses 6.4, 6.5, and 6.6 and related subclauses, for boxes of type gen_info,
represent the internal syntax of the Value[] array field only. In the scope of this document the Value[] array
is referred as just Value.
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6.3 Output data unit

This subclause specifies the output data unit (see Table 11) of the decapsulation processes specified in
subclauses 6.4.2.3, 6.4.3.7, 6.4.4.2, and 6.4.8.2.

Table 11 — Data unit syntax

Syntax Type Remarks
data unit () {
data_unit_type u(8)
if Heete—urit—type———-o0o—1
data unit_size u(64) qv.)
S
As specified in (]/
Haw reference () B
- ISO/IEC 23092-2 NG
@ B
) %
elde if (data unit type == 1) { 0\\)
reserved u(l0) C ' l/'
. . A\
data_unit_size u(22)
parameter set () As s @ lted in
- I8 C 23092-2
} o
elde if (data unit type == 2){ (\<<
A4

reserved

c
o
D

data_unit_size

. (% As specified in
access unit () \Q
- AQ ISO/IEC 23092-2
i Y
elde if (data unit type == 3){ A\v
reserved N \,U u(10)
data unit_size Q\C}‘ u(22)
annotation parameter set () U\ As specified in ISO/IEC 23092-6

b
elde if (dataiunititypefgél){
\J

reserved N u(3)
N N N
data_unit_size \% u(29)
annotation_ags@s‘_unit() As specified in ISO/IEC 23092-6

N/
) &
elde /*(di®‘mititype > 4)y*/{
/*slk@\ ata unit*/

AN

}

data_unit_type and data_unit_size shall be filled as specified in subclauses 6.4.2.3.6, 6.4.3.7.1, 6.4.4.1, and
6.4.8.1.

© ISO/IEC 2025 - All rights reserved
19


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

6.4 Data structures common to file format and transport format
6.4.1 File header

6.4.1.1 General

This box (fIhd in Table 12) is mandatory and provides information about the version of this specification and
of the set of other specifications the file or stream complies with.

6.4.1.2 Syntax

Table 12 — File header syntax

Syntax Key Type Remarks
file Neader { flhd
mgdjor_ brand c(6)
minor_ version c(4)

fqr (i=0; i < num compatible brands; i++) {

compatible brand[i] c(4)

6.4.1.3] Semantics
major |brand is the major brand identifier. The value is equalito the 6-character code “MPEG-G”.

minor]|version is an informative set of four characters for the minor version of the major brand|of this
documepnt and is specified as follows:

— first two bytes: version number, as the last two digits of the year of release of the major brand
— thilrd byte: amendment number, as integer counter from 0 to 9, 0 if no amendment yet
— foyrth byte: corrigendum number, @ginteger counter from 0 to 9, 0 if no corrigendum yet

num_cpmpatible_brands is inferred from the Length field in the file_header gen_info header as fpllows:
num_cpmpatible_brands = (Length - 22) / 4.

compatible_brand(i] is a 4‘character code representing a compatible brand.
6.4.2 | Dataset group

6.4.2.1 General

The dataset group is a collection of one or more datasets.

Th Ak oot o an b oy (o nn 2o T o1, 100 2
e relfevatrccohtamernox Uy CIT I Ta0TC T 1S

Child boxes may be present or not, according to the column Mandatory in Table 10. Child boxes marked with
suffix “[]” after their name in the Syntax column of Table 13 may be present in multiple instances.
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Table 13 — Dataset group syntax

Syntax Key Type Remarks
dataset group { dgcn
. As specified in
dataset group header dghd gen_info subclause 6.4.2.2
. As specified in
reference|[] rfgn gen_info subclause 6.4.2.3
. As specified in
reference metadatal] rfmd gen_info subclause 6.4.2.4
lghel list labl gen info As specified in
= = Supbclause 06.2.2.0
. As specified in
D4 metadata dgmd gen info subclause 6.400Y%
. As specifigd.in
bq_CDL dged gen_info subclause 6.4.2.7
. . As spegified in
DG protection dgpr gen_info subddadse 6.4.2.8
num [datasets: as
fqr (i=0;i<num datasets;i++) { specified in subcljause
6.6.3.2
. . As specified in
dataset[1i] dtcn gen_infg subclause 6.4.3.1
}
}

6.4.2.2 Dataset group header

6.4.2.2l11 General

This isfa mandatory box (dghd in Table 14) describifig the content of a dataset group.
6.4.2.2.2 Syntax

Table 14— Dataset group header syntax

Syntax Key Type Remarks
datasgqt group header { dghd
dgtaset group_ ID u(8)
vgrsion number u(8)

fqr (i=0;i<num{dgtasets;i++) {

dataset¢ID[1] u(lo)

6.4.2.2.3 Semantics

dataset_group_ID identifies a dataset group. Each value shall be unique among all dataset_group_ID fields
in the file or stream.

version_number is the version number of the dataset group. The version number shall be incremented by
1 whenever the definition of the dataset group identified by dataset_group_ID changes. Upon reaching the
value 255, it wraps around to 0.
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dataset_IDJi] is an integer number identifying the dataset in the dataset group. This field shall not take the
same value more than once within the dataset group.

NOTE
datasets = (Length - 14) / 2.

6.4.2.3 Reference

6.4.2.3.1 General

num_datasets is inferred from the Length field of datasets_group_header gen_info header as follows: num_

This is an optional box (rfgn in Table 15) containing the information needed to retrieve an external or

interndI reference, and its description as a set of reference sequences.

It may e present in multiple instances in the same dataset group. If so, any instance shall h;@d fferent

value df reference_ID.

6.4.2.3.2 Syntax

Table 15 — Reference box syntax

Syntax Key K:Q(\p\e/ Remarkis
refergnce { rfgn K >~

datgset group_ID }&8}

refgrence_ID Q u(8)

refgrence_name 0 st (v)
refgrence_major_version :§\ u(lo)
refgrence_minor_ version n‘\\r u(lo)
refgrence_patch_version ,{Q‘U u(le)

seq |count

$ u(16)

for | (seqID=0;seqglID<seq count;seqgID++) { A‘\w

sgquence name [seqID] \O st (v)
iff (minor version != ‘1900") { \17 minor versipn
\\CJ as specifiefl in
C) subclause 6f4.1.3
sequence_length[seqID] (\§ ¢ u(32)
sequence_ ID[seqID] ’_O\ u(le)
} R
} &
resqrved (})\J u(7)
exte rnal_ref_f}a&v u(l)
if externa%&iflag) {
rgf uri é\) st (v) As specifiefl
?\ in subclausg
6.4.2.3.4
cHecksum alg u(8)
reference_type u(8)
if (reference type == MPEGG REF) {
external dataset_group_ ID u(8)
external dataset_ID u(le)

if (minor version == ‘1900")

minor version
as specified in
subclause 6.4.1.3

ref checksum

u (checksum
size)

As specified in
6.4.2.3.7
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Table 15 (continued)

Syntax Key Type Remarks
if (minor version != ‘1900’ || reference type != minor version
MPEGG REF) { as specified in

subclause 6.4.1.3

for (seqID=0;seqID<seq count;seqID++) {

ref seq_checksum[seqID] u (checksum As specified
size) in subclause
6.4.2.3.7
}
}
}
elsq {
ifgternal_dataset group_ID u(8)
irjternal dataset ID u(le)

6.4.2.3.3 Semantics

dataset_group_ID is the identifier of the dataset group including this“box. It shall have the samg value
as the|dataset_group_ID field in the dataset group header of the ‘same dataset group, as specified in
subclauise 6.4.2.2.

reference_ID is the identification number of the reference within the dataset group.
reference_name is a string representing a human readable hame of the reference.
reference_major_version is the reference major version.
reference_minor_version is the reference minorversion.
reference_patch_version is the reference patch version.

seq_C(I.mt is the number of reference sequences contained in the reference genome.

sequence_name|[seqlD] is an unambiguous string identifier for each reference sequence contained in the
referer]ce.

sequence_length[seqlD] is the number of nucleotides of each reference sequence contained in the reference.
sequence_ID[seqlD] is'réference sequence integer identifier.

externfal_ref_flag.is.a flag specifying whether the reference is either another dataset of the same bitgtream,
as spegified in Subclause 6.4.3, with dataset_type equal to 2 (external_ref_flag equal to 0), or a reference
externgl to thiebitstream (external_ref_flag equal to 1).

ref_uri as-specified in subclause 6.4.2.3.4.

reference_type specifies the type of the external reference and can take any of the values in the first column
of Table 16.
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Table 16 — reference_type values

Value Name Semantics

specified in subclause 6.4.3.2, equal to 2.

MPEGG_REF Reference encoded as a dataset, as specified in subclause 6.4.3, identified
by fields external_dataset_group_ID and external_dataset_ID when ex-
ternal_ref_flag is equal to 1, or by fields internal_dataset_group_ID and
internal_dataset_ID, when external_ref_flag is equal to 0, in a bitstream
compliant to this document. The dataset shall have dataset_type, as

1

RAW_REF Raw reference, as specified in ISO/IEC 23092-2.

2

FASTA_REF Reference of type FASTA, as specified in subclause 6.4.2.3.5

3to 0x

FF Reserved for future use

extern
ref_uri

extern
points
datase

ref_chg
on the
using r

al_dataset_group_ID is the identifier of the dataset group containing the external reference,
points to a reference coded in compliance to the ISO/IEC 23092 series.

al_dataset_ID is the identifier of the dataset containing the external reference, in case
Lo a reference coded in compliance to the ISO/IEC 23092 series. The value shallbe equal to on
_ID belonging to the dataset group identified by external_dataset_group_ID.

pcksum is the checksum computed, according to one of the methods specified in subclause 6

in case

ref_uri
e of the

4.2.3.7,

payload of the dataset of type 2 (Value field of dtcn box), as specified in subclause 6.4.3, re
ef_uri, external_dataset_group_ID and external_dataset_ID.

ref_sem

subcla

corres;l)

referern
if refer

intern
referen

intern
internd

6.4.2.3
ref uri

The IE]

6.4.2.3
The FA
The fir

Ignore

se 6.4.2.3.7, for each reference sequence contained in the reference genome, on the conten
onding ref_sequence field of the raw reference, as spécified in ISO/IEC 23092-2, either 3
ce_type is equal to RAW_REEF, or obtained via the conversion process specified in subclause 6.

trieved

_checksum([seqID] is the checksum computed, according to one of the methods specified in

t of the
s is, if
1.2.3.6,

ence_type is equal to FASTA_REF or MPEGG_REF.

h]l_dataset_group_ID is an integer number identifying the dataset group containing the i
ce. An internal reference shall be of type MREGG_REF, as specified in Table 16.

hl_dataset_ID is an integer number identifying the dataset containing the internal refere
| reference shall be of type MPEGG_REF, as specified in Table 16.

.4 ref_uri semantics
shall be compliant with IETF RFC 3986 and IETF RFC 7320.

['F RFC 3986 specification is partially summarized in Annex A.

.5 Supported FASTA format
STA formatiZhsupported by this document is represented as a series of lines in ASCII text form
5t line inthe FASTA shall start with a ">" (greater-than) symbol.

lines*that only contain non printable characters and any comment line starting with a semi-cd

nternal

hce. An

at.

lon.

n_n

Each sequence of characters following a ">" (greater-than) symbol and up to the first whitespace character
shall be interpreted as the identifier (a.k.a. name) of the sequence of nucleotides represented by the following
one or more lines.

Each sequence of characters following a ">" (greater-than) symbol and up to an end of line character shall be
followed by one or more lines of symbols representing nucleotides.

Table 17 is an example of the supported FASTA format.
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Table 17 — Example of the FASTA format

Line Content Description
1 >1 dna:chromosome chromosome:GRCh37:1:1:249250621:1 1 = first sequence identifier
2 ACGTTGACTATCGATCTATTAGCGGCGATGCA Sub-sequences of nucleotides repre-
3 TGACTATCGATCTATTAGCGGCGATGCTTCCA senting the entire first sequence
4 ACGTTGACAAACCGATAAGCGGCGATGCAAAC
N >2 dna:chromosome chromosome:GRCh37:2:1:243199373:1 2 =second sequence identifier
N+1 TCACTATCGATCTATTAGCGGCCATGCTTCCA Sub segquences ofnucleatides ro re-
N+2 ||[ACGTTGACAAACCGATAAGCGGCGATGCAAAC senting the entire second segdejjce
N+3 TTGACAAACCGATAAGCGGCGATGCAAACAGT
A complliant codec will ignore all new line characters and any comment line startingjwith a semi-coldn.

6.4.2.3.6 Conversion to raw reference

The ref
to MPH

erence either pointed by ref_uri (when external_ref_flag is equalta’1) and, if reference_type i

s equal
GG_REF, identified by external_dataset_group_ID and external.dataset_ID, or (when external _ref_

flag is ¢qual to 0) identified by internal_dataset_group_ID and interhal”dataset_ID fields, shall be converted

into a rlaw reference structure, as specified in ISO/IEC 23092-2, a€cording to the process described b

— If ¢ither external_ref flag is equal to 0, or external_ref:flag is equal to 1 and reference_type i
to MPEGG_REF, as specified in Table 16, the corresponding dataset shall be decapsulated, accor

subclause 6.4.3, and the output data units shall be decoded, according to the decoding process sy

in

— E
no

—

q

— EIS
thg

eath ref_sequence field with the.corresponding base characters in the FASTA reference, after con

SO/IEC 23092-2.

blow.

5 equal
ding to

ecified

e, if external_ref_flag is equal to 1 and reféerence_type is equal to RAW_REF, as specified in Table 16,

decapsulation is needed.

e, if external_ref_flagis equal to L.ahd reference_type is equal to FASTA_REF, as specified in Table 16,
FASTA reference, as specified insubclause 6.4.2.3.6, shall be converted into a raw reference, by filling

version

to Juppercase letters and ignering new line characters; seq_start field shall be set to 0, seq_end field

shall be set to the numberof-characters composing each sequence minus 1, and the sequence_
ucture shall be set either incrementally, starting from 0, for any reference sequence present in the

str
FA
bo

In all of the above_three cases the output raw reference shall be encapsulated as payload of a data

specifi

— da

STA reference, if minot version is equal to ‘1900’ or to the value of sequence_ID field in the re
X, as specified inGsubclause 6.4.2.3.2.

bd in subclatise 6.3, with:

fa_unit-type equal to 0,

D field

ference

1nit, as

— data

6.4.2.3

.7 Checksum

The identification of the hash function to be used to verify the identity of the related reference (ref_checksum
field) or reference sequences (ref_seq_checksum[i] fields) is performed using checksum_alg, as specified in
subclause 6.4.2.3.2. Two values of checksum_alg are defined in Table 18, while other values are reserved for

future use.

© ISO/IEC 2025 - All rights reserved
25


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

Table 18 — Checksum values

ities it suffers.

checksum_alg Checksum checksum_size Rationale
value algorithm
0x00 MD5 128 Supported as checksum algorithm only for backward

compatibility, but it is not recommended for the creation
of new content due to the extensive collision vulnerabil-

0x01 SHA-256 256 Currently recommended for all hash function-bas

of all new content.

ed

applications and it shall be used for the integrity check

0x02 tq OxFF Reserved for future use.

6.4.2.4 Reference metadata

6.4.2.41 General

This isfan optional box (rfind in Table 19) containing metadata associated to a referénce.
6.4.2.42 Syntax

Table 19 — Reference metadata syntax

Syntax Key Type Remarks
refergnce metadata { rfmd
dgtaset group_ ID u(8)
rdg ference_ID u(8)
rqference metadata value () As specified in
ISO/IEC 23092-3
}

6.4.2.13 Semantics
datasegt_group_ID is an integer number-identifying the dataset group including this reference_meta

reference_ID is a unique identification number of the reference to which this reference_metadatz
to. It shall be equal to the referénce_id value of one of the reference boxes, as specified in subclause

lata.

refers
6.4.2.3,

present in the dataset group:

refererjce_metadata_value() contains reference related metadata, as specified in ISO/IEC 23092-3.
6.4.2.5 Label List

6.4.2.5.1  General

This bax{labl in Table 20) lists the labels, as specified in subclause 6.4.2.5.2, associated to a dataset

roup.
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6.4.2.5.2 Syntax

Table 20 — Label list syntax

Syntax Key Type Remarks
label list { labl
dataset _group_ ID u(8)
num_labels u(le)

for (h=0; h < num labels; h++) {

ol

As specified in

laleal [
TOOC T ]

H

g
h e
Ha
d

subclause 6.(4'_.\

P.5.4

Qv

(v-’
.
A

6.4.2.5.3 Semantics

Q
datas%ﬁ_group_ID is the identifier of the dataset group including this label lisfﬁr‘t)

A

shall have th

£ same

value gs the dataset_group_ID field in the dataset group header of the same @Eﬁset group, as specjfied in
subclauise 6.4.2.2. O\\
num_labels is the total number of labels in the label list. s\\%
O
6.4.2.5.4 Label OQ
6.4.2.54.1 General §Q
Alabel|(Ibll in Table 21) is an identifier associated to one @ymore datasets, genomic regions and/or classes.
o\
6.4.2.54.2 Syntax . Q§
K\
Ta\b&@l — Label syntax
Syntax ,.’\\Kf Key Type Remarkp
label ¢ N 1b11
ldbel ID N st (v)
nym datasets (')\J u(16)
fqr (i=0;1 < num_daj@e’ts; i++) {
dataset_ID [i{}.l\\‘o u(le)
num_regio/q@'f‘f u(8)
for (j'=§>'\$-j'~ < num_regions([i]; J++) |
_ség) ID[i] [§] u(16)
K?}um_classes[i] (3] u(4)
%\ for (k=0; k < num classes[i][]];
T
class_ID[i] [j] [k] u(4)
}
start pos[i][]j] u(40)
end pos[i][]] u(40)
}
}
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Table 21 (continued)

Syntax

Key

Type Remarks

while (!byte aligned())

As specified in
subclause 4.2.3

nesting_zero_bit

£(1) Equal to O

6.4.2.5.4.3 Semantics

label _ID is a string representing the label identifier in the label list specified in subclause 6.4.2.5. The

variab
higher than 0.

num_datasets is the number of datasets containing regions labelled by label_ID.

stringLength for this field, as specified in subclause 4.2.3, concerning the st(v) data type,-ghall be

_IDJi] is the identifier of a dataset labelled by label_ID. It shall take one of the %alties of dataset_ID
the dataset group header of the same dataset group, as specified in subclause-6:4.2.2.

i][j] is the sequence identifier. It shall take the value of one of the sequence_ID fields of at leasf one of
the reférence boxes included in the dataset group, as specified in subclau$e)6.4.2.3.

num_cjasses]i][j] is the number of classes labelled by label_ID in the region.

class_IID[i][j][Kk] identifies the data class in the region labelled by tabel_ID, as specified in Table 6.

start_pos][i][j] is the position of the left-most mapped base anmong the first alignments of all genomic fecords
encoded in the access units covering the region, irrespective of the strand.

end_p

encodeld in the access units covering the region, irr€spective of the strand.

6.4.2.6 Dataset group metadata

6.4.2.6.1 General

This isjan optional box (dgmd in Fable 22) containing metadata associated to a dataset group.

6.4.2.6.2 Syntax

Table 22 — Dataset group metadata syntax

s[i][j] is the position of the right-most mapped.base among the first alignments of all genomic fecords

Syntax

Key

Type

Remarks

DG metfadata_{

dgmd

iff (Minor version != ‘1900")

{

minor version as spe¢ified
in subclause 6.4.1.3

. . N
dataset group_1IU

}

DG metadata value ()

As specified in ISO/
IEC 23092-3

6.4.2.6.3 Semantics

dataset_group_ID is the identifier of the dataset group containing this metadata.

DG_metadata_value() contains the dataset group metadata, as specified in ISO/IEC 23092-3.
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6.4.2.7 Dataset group clinical data linkage metadata

6.4.2.7.1 General

This is an optional box (dgcd in Table 23) containing clinical data linkage metadata associated to a dataset group.
6.4.2.7.2 Syntax

Table 23 — Dataset group clinical data linkage metadata syntax

Synta Key Type Remarks
DG cply { dgcd
dgtaset group_ ID u(8)

As specifiedNn'ISO/

DG _CDL_value () IEC 23092-8

6.4.2.7.3 Semantics
dataset_group_ID is the identifier of the dataset group containing this clinical data linkage metadath.

DG_CDL_value() contains the dataset group clinical data linkage metadata; as specified in ISO/IEC 23092-3.
6.4.2.8 Dataset group protection

6.4.2.81 General
This isfan optional box (dgpr in Table 24) containing profection information associated to a dataset group.

When gresent this box contains information that a decoder needs to properly handle a protected datasef group.
6.4.2.8.2 Syntax

Table 24 —+ Dataset group protection syntax

Syntax Key Type Remarks

DG prqtection { dgpr

minor version as spe¢ified

iff (minor version L=_J1900") ({ in subclause 6.4.1.3

dataset_group~ID u(8)

As specified in ISO/

D4 protecgion value () IEC 23092-3

6.4.2.8.3—Semmarmtics
dataset_group_ID is the identifier of the dataset group containing this protection metadata.

DG_protection_value() contains the dataset group protection information, as specified in ISO/IEC 23092-3.
6.4.3 Dataset

6.4.3.1 General

A dataset is a collection of access units encoding either records or a reference.
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The corresponding container box (dtcn in Table 25) is mandatory in file format, forbidden in transport format.

Child boxes may be present or not, according to the column “Mandatory” in Table 10. Child boxes marked
with suffix “[]” after their name in the Syntax column of Table 25 may be present in multiple instances.

Table 25 — Dataset syntax

Syntax Key Type Remarks
dataset { dtcn
. As specified in
dataset header dthd gen info subclause 6.4.3.2
DT metadata dtmd en info As specified in b
— gen_ subclause 6.4.3)
As specifie QV'
DT metrics dtmt gen_info subclause ﬁ\..‘4l.L/3.4
. As specifiied in
DT CDL dtcd gen_info subcl?&6.4.3.5
. . As %leled in
DY protection dtpr gen_info b(alause 6.4.3.6
&
dgtaset parameter set[] pars gen_info <’ specified in

\ ~gubclause 6.4.3.7
2N

v

. U As specified in

t{(dataset_type < 3){ \% subcliause 6.4.3.2
¢ .4.3.
\Y

. L (@) As specified in
if (MIT_flag == 1) { R% subclause 6.4.3.2
! - .
master index table mitngen_info Asbsﬁeleldelg 1
\§‘ subclause 6.5.2.
} b\

. ‘Z) ) As specified in
access unit[] \\"Q aucn gen_info subclause 6.4.4.1
if (block header flag == 0) { oY

descriptor stream[] \O dscn gen_info 2ib2§2§2£12d512 1
) Q
ellse if (dataset type == 3) \(’.
N\ As specified in
annotation tablel] O atcn gen info

— — subclause 6.4.6.1

@
} Q-
J @

&
6.4.3.2 Datase%@ger
6.4.3.2l.1 %ﬁﬁoral

This is aG;)aSndatory box (dthd in Table 26) describing the content of a dataset.
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Table 26 — Dataset header syntax

Syntax Key Type Remarks
dataset header { dthd
dataset_group_ ID u(8)
dataset_ ID u(le)
version c(4)
multiple alignment flag u(l)
bytq offset size flag u(l) {A
non [overlapping AU range flag u(l) (1/J
pos_|40_bits_flag u(l) n" ;-
blogk header flag u(l) a’
if {block header flag) { DY
MIT flag u (i O
CQd _mode_ flag (l) v
} N\Z
elsq { oA
ofdered blocks_flag k\J u(l)
) &
seq |count AO‘ u(l6)
if ({seq count > 0) { \\Y )
re¢ference_ID $\ > u(8)
fqr (seqg = 0; seq < seq_count; seqg++) { \(\Q)
seq_ID[seq] QY u(16)
! a
fdqr (seq = 0; seqg < seg_count; seq+:kh{\\
seq_blocks[seq] N u(32)
) A
) L
datgset type A@ ) u(4)
if (MIT flag == 1) { Y
nym classes - u(4)
fqr (ci = 0; ci i\@\n:classes; ci++) |
clid[ci] 2 u(4)
if (Iblock{#edder flag) {
num_d iptors(ci] u(5)
for®at = 0; di <
‘&hum_descriptors [ci]; di++) {
) descriptor ID[ci] [di] u(7)
}
}
}
}
parameters_update_ flag u(l)
alphabet ID u(7)
num U_access_units u(32)
if (num U access units > 0) {
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Table 26 (continued)
Syntax Key Type Remarks
U_signature_ flag u(l)
if (U _signature flag) {
U_signature_constant_ length u(l)
if (U _signature constant length) {
U_signature_length u(8)
7 2
} Q2
rgserved flag u(l) q>)v
iff (reserved flag) { AN
reserved u(8) N (Hblpé)i?gviqiirty
) n,°
rgserved flag X (1)
} R
if ({seq count > 0) { ‘Cau
tflag[0] kN |f) [Equal to 1
tHres (0] Y u(31)
fqr (1 = 1; 1 < seq count; i++) | AQ\
tflag[i] ALY u(l)
if (tflag[i] == 1) QO
thres[i] oo u(31)
else /* tflag[i] == 0 */ Y
/* thres[i] = thres[i-1] */ ‘\\
) \'O‘
} o
if (dataset type == 3){ (-\\U
n |ann_tables L ‘V u(7)
fdr (1 = 0; i < n_ann_tap@\; it++) |
AT ID[i] > u (8)
AT index exists [‘i-]O ‘ u(l)
> N
) e
elsq if (datagé¢ type > 3){
/* res@é‘d for future use */
) R\
R P
nesting_zero _bit f£(1) Equal to 0
}

6.4.3.2.3 Semantics
dataset_group_ID is the identifier of the dataset group containing the dataset including this dataset_header.

dataset_ID is the identifier of the dataset. Its value shall be one of the dataset_IDs listed in the dataset_
group_header.
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version is the combination of version number, amendment number and corrigendum number of
ISO/IEC 23092-2 to which the Value field of the dataset complies, and is specified as follows:

— first two bytes: version number, as the last two digits of the year of release of the major brand
— third byte: amendment number, as integer counter from 0 to 9, 0 if no amendment yet
— fourth byte: corrigendum number, as integer counter from 0 to 9, 0 if no corrigendum yet

multiple_alignment_flag: if set to 1 it indicates the presence of multiple alignments in the dataset. It shall
never be set to 1 if dataset_type is equal to 2.

byte_ - ~ T ; ; ecified
in subdlause 6.5.2.1, and representing the number of bits used to encode the master index table fieldsjnamed
AU_byte_offset and block_byte_offset, is equal to 32; if set to 1, the variable byteOffsetSize is equal’td 64.

non_overlapping_AU_range: if set to 1, all access units with the same AU_type in the.dataset haye non-
overlapping ranges.

pos_4(Q_bits_flag is set to 1 when the mapping positions are expressed as 40 bit§)integers. Otherwise all
mapping positions are expressed as 32 bits integers. In the scope of subclauses 6.4.4.3.2, 6.5.2.1.2 and
6.5.2.4/4.2 the value of the variable posSize is set to 32 when pos_40_bits is equalto 0 and set to 40 othprwise.

block_header_flag: if set, all blocks composing the dataset are preceded’hy a block header, as specijified in
subclayse 6.4.5.2. It is always set to 1 in transport format. See also subé¢lause 6.4.3.2.5.

MIT_flag: if set, the master index table, as specified in subclause 6:5¢2.1 is present in the dataset. Otherwise,
the mapter index table is not present in the dataset. It is always €gual to 0 in transport format and set{to 1 by
defauljwhen block_header_flag is equal to 0.

CC_molde_flag: if set, two access units of the same type;,as specified in Table 7, cannot be separated by
access [units of a different type in the storage device. if\equal to 0, access units are ordered by accgss unit
start ppsition in the storage device. See also subclause 6.4.3.2.5.

orderdd_blocks_flag: if set, blocks are ordered in the descriptor stream by increasing value of the entry
AU_stI‘t_position of the master index table, as:specified in subclause 6.5.2.1. See also subclause 6.4.3.2.5.

seq_count is the number of reference-sequences used in this dataset, in case of file format; in fase of
transpprt format and if dataset type is different than 0, it shall be equal to the seq_count field in the reference
box, as|specified in subclause 6.4.2.3:1, referenced by this dataset by the reference_id field. It shall alyays be
equal tp 0 when dataset_type is équal to 0.

reference_ID is a unique identification number of the reference used by the dataset for alignment.|It shall
take thie value of the referefice_ID field of any of the reference boxes included in the dataset group influding
this dafaset, as specifiedin subclause 6.4.2.3. If dataset_type is equal to 2, and if the external_ref_flag|field of
the refgrence box peinted by reference_id, as specified in subclause 6.4.2.3, is equal to 0, then the reference
box pofinted by reference_id, as specified in subclause 6.4.2.3, shall have either a value of the infternal_
dataset_ID field\different than the value of the dataset_ID field in this dataset header, or a valug of the
interndl_dataset_group_ID field different than the value of the dataset_group_ID field in this dataset header.

seq_IDyseq] its value shall correspond to any of the values of the sequence_ID variable in the referepce box
identified by reference_ID, as specified in subclause 6.4.2.3.

seq_blocks[seq] is the number of access units per reference sequence with a different value of access_unit_
ID, as specified in subclause 6.4.4.3. A value of 0 means “unspecified” (e.g., in transport format).

dataset_type specifies the type of data encoded in the dataset. The possible values are: 0 = non-aligned
content; 1 = aligned content; 2 = reference; 3 = annotation.

num_classes is the number of classes encoded in the dataset.

clid identifies the class of data carried by the access unit, as specified in Table 6. It shall take any of the
values defined as Class ID in Table 6. clid[ci+1] shall be greater than clid[ci], for ci in the range between 0 and
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(num_classes - 2), inclusive. Variable ci is used as a local identifier for the class in the other syntax tables
included in the same dataset.
num_descriptors|ci] is the maximum number of descriptors per class encoded in the dataset.
descriptor_ID[ci][di] is a descriptor identifier as specified in ISO/IEC 23092-2.

parameters_update_flag: if equal to 1, the fields multiple_alignment_flag, pos_40_bits_flag, U_signature_
flag, U_signature_constant_length and U_signature_length in this dataset header are also present in all the
dataset parameter sets, as specified in subclause 6.4.3.7.2, contained in the same dataset. In such a case
(parameters_update_flag equal to 1), such fields shall have the following values in the dataset header:

— myltiple_alignment_flag shall be equal to 1 if the multiple_alignment_flag field in at least ong of the
dataset parameter sets, as specified in subclause 6.4.3.7.3, is equal to 1; otherwise it shall be‘equpl to 0.

— pok_40_bits shall be equal to 1 if the pos_40_bits field in at least one of the dataset parameter fets, as
sp¢cified in subclause 6.4.3.7.3, is equal to 1; otherwise it shall be equal to 0.

— alghabet_id shall be equal to 1 if the alphabet_id field in at least one of the dataset parameter fets, as
sp¢cified in subclause 6.4.3.7.3, is equal to 1; otherwise it shall be equal to 0.

— U_signature_flag shall be equal to 1 if the U_signature_flag field in at least'dne of the dataset parpmeter
sefs, as specified in subclause 6.4.3.7.3, is equal to 1; otherwise it shall be,equal to 0.

— U_signature_constant_length shall be equal to 0.
When parameters_update_flag is equal to 1:

— whHen used in the access unit header, as specified in subclause 6.4.4.3, such fields will take the valjie they
haye in the dataset parameter set, as specified in subclause 6.4.3.7, referenced by the access unit|via the
parameter_set_ID field, as specified in subclause 6.4.423

— wHen used in the master index table, as specified in subclause 6.5.2.1, such fields will take the| values
présent in the dataset header, as specified in this subclause.

alphabet_ID is the identifier of the alphabetuséd to encode the cluster signatures. Values are descijibed in
Table 27 in subclause 6.4.3.2.4.

num_U_access_units is the total number of access units in the dataset containing encoded data of ¢lass U,
in case|of file format; in case of trafhsport format, it shall always be set to 1 and does not have any $pecific
semantics apart from the use as aflag in Table 26.

U_signiature_flag: if set to t-it.indicates the presence of cluster signatures in the access units contained in
the dataset.

U_sig:Eture_constant_length: if set to 1 all cluster signatures in the dataset have the same length.
U_signature_length is the length of all cluster signatures in the dataset, as number of nucleotides.

tflagl[i]: if set.to 1 it indicates that it is followed by a threshold thresJi].

thres[{] ‘i9)a threshold indicating the maximum difference between the access unit covered region and the
access unit range.

n_ann_tables is the number of annotation tables available in the dataset when dataset type is set to 3.

AT_ID[] shall correspond to the value of the AT_ID variable in one of the annotation tables contained in the
dataset, as specified in subclause 6.4.6.2.

AT _index_exists[i] is a flag, if set to 1, indicates the presence of index data for the annotation table identified
by AT_ID[i].
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6.4.3.2.4 Alphabets

Each Alphabet is identified by an alphabet_ID as shown in Table 27:

Table 27 — alphabet_ID semantics

alphabet_ID Salphabet 1D bits_per_symbol
0 So=1[A,C G, T, N] 3
1 S;=[A,C,GTRY,S,WKM,B,D,H,V,N, -] 5
2..255 reserved

The ngtation Sj,p.pec iplindex] specifies a conversion from a numerical index to an ASCIL ¢h
corresponding to a symbol of the alphabet identified by alphabet_ID, as specified below.

So[01="A, So[1]="C’, So[2]="G", So[3

]
S,[01="R, S, [1]='C, $,[2]='G, $,[3]="T’, S;[4]="R, S,[5]="Y, $,[6]='S", $,[7]="W, 5, [8]="K'-&§9]='M’, S, [}
1D, S, [12]='H, S,[13]="V", S, [14]='N", S, [15]=""

=T, Sy[4]='N’

6.4.3.2.5 Block contiguity
The field block_header_flag is used to enable two possible modes of blockcontiguity in the file:

— descriptor stream contiguity (DSC) mode: blocks, as specified in~subclause 6.4.3.2.5, belonging
saime descriptor stream, as specified in subclause 6.5.3, are stored in contiguous areas of the
device. This mode is enabled by the condition block_headerAflag equal to 0.

— acgess unit contiguity (AUC) mode: blocks, as specified in'subclause 6.4.5, belonging to the samsg
unjt, as specified in subclause 6.4.4, are stored in contiguous areas of the storage device. This 1
enpbled by the condition block_header_flag equal t0\I.

When block_header_flag is equal to 1, the CC_modezflag field is used to enable two possible modes of
units cpntiguity in the file, named:

omic region contiguity (AUC-GRC) mbde: access units are ordered by access unit start positio

aracter

0]='B’,

to the
storage

access
node is

access

n in the

its of a
b 1.

rhether
ft-most
6.4.4.3,

offsets
cks for

is mode

ise the

descriptof—streass which-eanbe-tiferred rethteldet-thegen
stream contalner box Wlth Key dscn should be used)

escriptor

If ordered_blocks_flag is equal to 0, the blocks may be stored in any order in the descriptor stream. In order

to infer the offset of the first byte not belonging to the block, the decoder has to search, among all
provided for the descriptor stream which are not equal to ((1 << byteOffsetSize) -1), the smalles

offsets
t value

greater than the offset of the block, if any (otherwise the descriptor_stream_size should be used as above).
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6.4.3.3 Dataset metadata

6.4.3.3.1 General

This is an optional box (dtmd in Table 28) containing metadata associated to the dataset.
6.4.3.3.2 Syntax

Table 28 — Dataset metadata syntax

Svntax Kev Type Remarks
DT metfadata { dtmd

. . . I A , minor version as _spe¢ified
if (minor version ! 19007) { in subclause 6.W.1.3

dgtaset_group_ID u(8)

ddtaset ID u(16)
}

As (specified in ISO/

DT tadat 1

fjetadata_value () ¢ 230923

6.4.3.3l.3 Semantics

datasI_group_lD is the identifier of the dataset group containjing the dataset including this metadaga.

dataset_ID is the identifier of the dataset containing this metadata.

DT_mefadata_value() contains dataset metadata, as specified in ISO/IEC 23092-3.
6.4.3.4 Dataset metrics metadata

6.4.3.4.1 General

This is[an optional box (dtmt in Table 29)\containing metrics metadata associated to the dataset, usgd only
for genpmic sequencing data.

6.4.3.4.2 Syntax

Table 29 — Dataset metrics metadata syntax

Syntax Key Type Remarks
DT mefrics { dtmt
dgtaset_group_ID u(8)
ddtaset,ID u(16)

D] metrics value () éipsffféflfd in IS0/

6.4.3.4.3 Semantics

dataset_group_ID is the identifier of the dataset group containing the dataset including this metrics
metadata.

dataset_ID is the identifier of the dataset containing this metrics metadata.

DT_metrics_value() contains dataset metrics metadata, as specified in ISO/IEC 23092-3.
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6.4.3.5 Dataset clinical data linkage metadata

6.4.3.5.1 General

This is an optional box (dtcd in Table 30) containing clinical data linkage metadata associated to the dataset.
6.4.3.5.2 Syntax

Table 30 — Dataset clinical data linkage metadata syntax

Svntax Kev Type Remarks
DT CDl { dted
dgtaset_group_ID u(8)
ddtaset ID u(16)

As specifded in IS0/

DY CDL_value () IEC 23092=3

6.4.3.5.3 Semantics

dataset_group_ID is the identifier of the dataset group containing the.dataset including this clinidal data
linkagq metadata.

dataset_ID is the identifier of the dataset containing this clinical.data linkage metadata.

DT_CDL _value() contains dataset clinical data linkage metadata, as specified in ISO/IEC 23092-3.
6.4.3.6 Dataset protection

6.4.3.6.1 General
This isfan optional box (dtpr in Table 31) containing protection information associated to the dataset

When present this box contains informatien that a decoder needs to properly handle a protected dataset.
6.4.3.6.2 Syntax

Table 31 — Dataset protection syntax

Syntax Key Type Remarks
DT prqtection { dtpr
. . . = A , minor version as spefified
iff (minor ye&rsion ! 19007) { in subclause 6.4.1.3
dataSet group_ID u(8)
dataset ID u(le)

}

As specified in ISO/

DT protection value () TEC 23092-3

6.4.3.6.3 Semantics

dataset_group_ID is the identifier of the dataset group containing the dataset including this protection
metadata.

dataset_ID is the identifier of the dataset containing this protection metadata.
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DT_protection_value() contains dataset protection information, as specified in ISO/IEC 23092-3.

6.4.3.7

6.4.3.7

Dataset parameter set

.1 General

This is a mandatory box (pars in Table 32) describing any of the parameter sets associated to the dataset
identified by dataset_ID in the dataset group identified by dataset_group_ID.

It may be present in multiple instances in the same dataset.

When
in subg

— da
— da
siZ
sul
Sp

— as
an

Such d
When

he dataset_type 1S smatler than 3, The decapsutation of this box Shall Tesultima data unit, as,s
lause 6.4, with:

fa_unit_type equal to 1,

fa_unit_size equal to the sum of 5 (the number of bytes used for data_unit_type and dat

pclause 6.4.3.7.2) and the number of bytes composing the encoding_parameters() struct
pcified in subclause 6.4.3.7.2 and

payload a parameter_set() structure composed of the parent_parameter_set_ID, parameter
1 encoding_parameters() fields, as specified in subclause 6.4.3.7.2.

ita unit can be dispatched to a decoder compliant with ISO/IEC23092-2.

the dataset_type is 3, the decapsulation of this box shall result in a data unit, as speci

subclayse 6.3, with:

— da
— da

fa_unit_type equal to 3,

ecified

a_unit_

e), 2 (the number of bytes for parent_parameter_set_ID and parameter_set)ID, as specified in

ure, as

| set_ID

fied in

fa_unit_size equal to the sum of 5 (the number of bytes used for data_unit_type and data_unit_size),

1 (the number of bytes for parameter_set_ID,.as;Specified in subclause 6.4.6.2) and the number qf bytes
composing the annotation_encoding_parameters() structure specified in ISO/IEC 23092-6, and,
— aspayload an annotation_parameter_set() structure composed of the parameter_set_ID and anndtation_
enfoding_parameters() fields.
Such data unit can be dispatched to«a decoder compliant with ISO/IEC 23092-6.
6.4.3.7.2 Syntax
Table 32 — Dataset parameter set syntax
Syntax Key Type Remarks
datasgt paramet&r set { pars
datﬁset_group_ID u(8)
datdset! ID u(16)
pargmeter set ID u(8)
parent parameter_ set ID u(8)
if (minor version != ‘1900’ s&& minor_version as

parameters update flag &&

dataset type < 3) { 6.4.1.3

specified in subclause

The other fields as
specified in subclause

6.4.3.2
multiple alignment flag u(l)
pos_40 _bits_flag u(l)
alphabet ID u(8)
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Table 32 (continued)

Syntax Key Type Remarks

if (num U access units > 0) { As specified in
subclause 6.4.3.2

U_signature_ flag u(l)

if (U _signature flag) {

U_signature_constant_ length u(l)

if (U _signature constant length) {

U_signature_length u(8)
1
}
}
while (!byte aligned()) As specified in
subclausge 4.2.3
nesting zero bit £(1)

if (dataset type < 3) {

erjcoding parameters () As specified in IS0/
IEC 23092-2
}
elsq if (dataset type == 3){
arijnotation encoding parameters () As specified in 190/

IEC 23092-6

elsq {

/4 reserved for future use*/

6.4.3.7.3 Semantics

datasegt_group_ID is the identifier of the dataset group containing the dataset including this fataset
paramgter set. It shall be equal te-the dataset_group_ID of the containing dataset group.

dataset_ID is the identifier-of-the dataset including this dataset parameter set. It shall be equal to the
dataset_id of the containing dataset.

paramleter_set_ID iscthe’identifier of this dataset parameter set within the dataset.

parent_parameter-set_ID is the identifier of any of the dataset parameter sets within the dataset.
Referencing an.existing dataset parameter set from another parameter set enables the generatipn of a
hierardhy ofidataset parameter sets to be associated to an access unit, as specified in subclause 6.5.4. If the
value df parent_parameter_set_ID is equal to the value of parameter_set_ID, then the dataset paramg¢ter set
is at th tap level in the hiprnrrhy Setto Q0 in case of dataset type 3

multiple_alignment_flag: if set to 1 it indicates the presence of multiple alignments in the access units
associated to this dataset parameter set. It shall never be set to 1 if dataset_type is equal to 2.

pos_40_bits_flag is set to 1 when the mapping positions in the access units associated to this dataset
parameter set are expressed as 40 bits integers. Otherwise, all mapping positions are expressed as 32 bits
integers. In the scope of subclauses 6.4.4.3.2, 6.5.2.1.2 and 6.5.2.4.4.2, the value of the variable posSize is set
to 32 when pos_40_bits is equal to 0 and set to 40 otherwise.

alphabet_ID is the identifier of the alphabet used to encode the cluster signatures in the access units
associated to this dataset parameter set. Values are described in Table 27 in subclause 6.4.3.2.4.
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U_signature_flag: if set to 1 it indicates the presence of cluster signatures in the access units associated to

this dataset parameter set.

U_signature_constant_length: if set to 1 all cluster signatures in the access units associated to this dataset

parameter set have the same length.

U_signature_length is the length of all cluster signatures in the access units associated to this dataset
parameter set, as number of nucleotides.

encoding_parameters() is an encoding_parameters() structure as specified in ISO/IEC 23092-2.

annotation_encoding_parameters() is an encoding_parameters() structure as specified in ISO/IEC 23092-6.

6.4.4 | Access unit
6.4.4.1 General
The ac¢ess unit (aucn in Table 33) is a collection of one or more blocks representing genomic informagion.
The defapsulation of this mandatory box shall result in a data unit, as specified i subclause 6.3, with:
— data_unit_type equal to 2,
— data_unit_size equal to the sum of 5 (the number of bytes used for‘data_unit_type and data_unjit_size)
anfl the number of bytes composing the output access unit structurg, as specified in subclause 6.4.4.2,
— as payload the output access unit structure, as specified in sibtlause 6.4.4.2.
Such data unit can be dispatched to a decoder compliant withJJSO/IEC 23092-2, along with all the parpmeter
sets that are needed to decode it.
Table 33 — Access unit syntax
Syntax Key Type Remarkis
accesg unit { aucn
adcess unit header auhd gen_info ‘:ibiﬁjiiiizc 4%2‘3
Al information auin gen_info Be specitied T,
Al metrics aumt gen_info iibifziiiizc 4%2_5
AU protection aupr gen info iibifiiiii:(4%2.6
if (block headdy) flag) | As specifieq in

subclause 6

4.3.2

for (4=0%

i < num blocks;

i++) |

As specified in

subclause 6

4.4.3

block[1]

As specified in

subclause 6

4.5
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Access unit decapsulation

Output to this process is an output access unit structure composed of:

— an access_unit_header structure, as specified in subclause 6.4.4.3, where MIT_flag shall be set to 0, and
which is composed of:

— the entire Value field of the access_unit_header child box present in the access unit box, as specified
in Table 33, possibly followed, if MIT_flag in the dataset header, as specified in subclause 6.4.3.2, is

equal to 1, by

the set of fields in the access unit header, as specified in subclause 6.4.4.3, which are enclosed

within

the if (MIT_flag==0) condition branch (such as sequence_ID, AU_start_position, AU_end,p
etc.) and which shall be derived from the corresponding parameters in the master indext
specified in subclause 6.5.2.1:

Dsition,
hble, as

— The seq index shall be used to infer the sequence_ID field value from the seq_ID array in the
dataset header, as specified in subclause 6.4.3.2

— AU_start_position shall be set to the corresponding AU_start_position'field in the mastdr index
table, as specified in subclause 6.5.2.1

— AU_end_position , shall be set to the corresponding AU_end_p0osition field in the mastejr index
table, as specified in subclause 6.5.2.1;

— thg set of blocks either contained in the access unit box, as specified in Table 33, if block_headey flag is
eqpal to 1, or to be retrieved from the descriptor streams, asspecified in subclauses 6.5.2 and /6.5.3.1,
if block_header_flag is equal to 0; in the second case, a bléek header, as specified in subclause 6.4.5.2,
shall be prepended to all the blocks, where the descriptor_ID field shall be equal to the descriptor_ID
field of the corresponding descriptor stream header, as specified in subclause 6.5.3.2, and the| block_
payload_size field shall be equal to the number of bytes composing the block payload as retrieved from
the¢ descriptor stream. For selfindexed descriptors the block payload is retrieved from the corresponding
detompressed string index defined in subclause,7.1.1.

6.4.4.3] Access unit header

6.4.4.3.1 General

This mpndatory box (auhd in Tablé:34) contains information associated to the access unit.

6.4.4.3l2 Syntax

Table 34 — Access unit header syntax
Syntax Key Type Remarks
accesq unit hegader { auhd
accgss_unit_ID u(32)
num |blocks u(8)
parameter_set ID u(8)
AU_type u(4)
reads_count u(32)
if (AU type == N_TYPE AU ||
AU type == M TYPE AU) ({

mm_threshold u(le)

mm_count u(32)
}
if (dataset type == 2) {
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Table 34 (continued)

Syntax

Key

Type

Remarks

ref sequence_id

u(le)

ref start_position

u(posSize)

posSize as specified
in subclause
6.4.3.2.3 or

6.4.3.7, depending on
parameters update
flag field

posSize as specified
in subclause

rgf end position

u(posSize)

6.4.3.2.3 or

6.4.3.7, de gaing on
parameters afre
flag fi§l

) ¥

n/

if (MIT flag == 0) {

As €ified in

i (AU type != U TYPE AU) ({

ause 6.4.3[2
vy

sequence_ID

u(lo)

AU_start position

&
%O
u(pf§£;12e)
N

/.

posSize as specfified
in subclause
6.4.3.2.3 or
6.4.3.7, dependfing on
parameters updafe

flag field

AU _end_position

u(posSize)

posSize as specfified
in subclause
6.4.3.2.3 or
6.4.3.7, dependfing on
parameters updafe

flag field

if (multiple alignment flag)

{

As specified in
subclause 6.4.3[2.3

or 6.4.3.7, depgpnding
on parameters update
flag field

-
.

extended AU _start

O

AP
U

ition

u(posSize)

posSize as specfified
in subclause
6.4.3.2.3 or
6.4.3.7, dependfing on
parameters updafe

flag field

"
ng}
extendéd-AU_end_position
Q?*
=

u(posSize)

posSize as specfified
in subclause
6.4.3.2.3 or
6.4.3.7, dependfing on
parameters updafe

flag field

) AN
\r®)

}

else {

if (U _signature flag) {

As specified in
subclause 6.4.3.2.3
or 6.4.3.7, depending
on parameters update
flag field

num_signatures

u(le)

for (1 = 0; 1 <

num_signatures; i++)

{
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Table 34 (continued)
Syntax Key Type Remarks

As specified in
subclause 6.4.3.2.3

if (!U_signature constant length) { or 6.4.3.7, depending
on parameters update
flag field

U_signature_ length([i] u(8)

inferred as spe

U signature size

cified

u(U_signature |in the U cluste
size) signature sénan
in subclamse
6.4.4.3,3

U_cluster_signature([i]

r:_
Fics

whil

As specified in

e(!byte_aligned()) subclause 4.2.3

ngsting zero bit £(1)
}
6.4.4.3l3 Semantics
access| unit_ID is the identifier of the access unit among all'access units with same AU_type, and, if AU_type
is not gqual to U_TYPE_AU, with the same sequence_ID;

para

setatt
compli
hierarg
of the ¢

num_rjlocks is the number of blocks, as specified inssubclause 6.4.5, in the access unit.

ter_set_ID is a unique identifier, in thedataset containing this access unit, of the dataset par
he lowest level in the hierarchy of dataset parameter sets, which shall be returned by a decap|
hnt to this document along with thie’decapsulated access unit, as specified in subclause 6.4.

ameter
sulator
1. Such

hy of dataset parameter sets is enabled by the parent_parameter_set_ID and parameter_set_|
ataset parameter set, as spegified in subclause 6.4.3.7.

AU_type identifies the type of aceess unit and the type of data (class) carried therein as specified in

in subd
reads_

mm_th
counte
reads v

mm_cd

lause 5.4.
count is a counterof'the genomic sequence reads encoded in the access unit.

reshold specifies the maximum number of substitutions a read (of class N or M) shall contai
d by mm_count. If set to 0 the feature of counting substitutions in encoded reads is disable
yould be.below threshold.

D fields

Table 7

n to be
d as no

which

sequal to or lower than the threshold specified by mm_threshold. It shall always be set to

unt.specifies the number of reads encoded in the access unit containing a number of substiEutions

if the

threshold is set to 0.

ref_sequence_id in case of access unit carrying (part of) a reference sequence (dataset_type, as specified in

subclause 6.4.3.2), is the identifier of such reference sequence.

ref_start_position: in case of an access unit carrying (part of) a reference sequence (dataset_type, as
specified in subclause 6.4.3.2), it specifies the position on the reference sequence of the left-most nucleotide

encode

d in this access unit.
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ref_end_position: in case of an access unit carrying (part of) a reference sequence (dataset_type, as
specified in subclause 6.4.3.2), it specifies the position on the reference sequence of the right-most nucleotide
encoded in this access unit.

sequence_ID is the identifier of the reference sequence this access unit refers to. It shall be equal to one of
the values of the seq_ID field listed in the dataset header, as described in subclause 6.4.3.2.

AU_start_position is the position of the left-most mapped base among the first alignments of all genomic
records encoded in the access unit irrespective of the strand.

AU_end_position is the position of the right-most mapped base among the first alignments of all genomic
records encoded in the access unit irrespective of the strand.

extended_AU_start_position specifies the position of the left-most mapped base among all alignm
all genpmic records contained in the access unit, irrespective of the strand.

extended_AU_end_position specifies the position of the right-most mapped base among all alignm
all genpmic records contained in the access unit, irrespective of the strand.

num_sjignatures is the number of signatures in the access unit.
U_signature_length|i] is the length of one cluster signature as number of nucleotides.

U_cluster_signature[i] is the signature of the cluster this access unit belengs to. The length in bitsg
field, npmed U_signature_size in Table 34, shall be calculated as follows:

with Bits_per_symbol as specified in Table 27, and signature_length corresponding either
signatuy

U_signature_size = signature_length * bit§_per_symbol

The jthbase in a signature shall be inferred as folloWs:

S

with alphabet_id as specified in subclause 6.4.3.2.2 and S, ape¢ p @s specified in subclause 6.4.3.2.4
6.4.4.4 Access unit information

6.4.4.41 General

This is

6.4.4.42 Syntax

alphabd
symbol) - 1)]

Table 35 — Access unit information syntax

ents of

ents of

of this

to U_

re_length as specified in subclause 6.4.3.2 when-U:signature_constant_length (as specified in
subclayse 6.4.3.2.2) is equal to 1 or to the signature-specific U_signature_length[i] as specified inT3
when U_signature_constant_length (specified in subclause 6.4.3.2.2) is equal to 0.

ble 34,

¢ ip[(U_cluster_signature[i] >> ((signature_length - j - 1) * bits_per_symbol)) & ((1 << bits_per_

an optional box(auin in Table 35) containing accessory information associated to the access upnit.

Syntax Key Type Remarks
AU information { auin
if (minor version != ‘1900") { minor version as specified
in subclause 6.4.1.3

dataset_group_ID u(8)
dataset_ ID u(le)

}

AU information value () As specified in IS0/

IEC 23092-3.

© ISO/IEC 2025 - All rights reserved
44


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

6.4.4.4.3 Semantics

dataset_group_ID is the identifier of the dataset group containing the dataset including this access unit

information.

dataset_ID is the identifier of the dataset containing this access unit information.

AU_information_value() contains accessory information related to the access unit, as specified in

ISO/IEC 23092-3.

6.4.4.5 Access unit metrics metadata

6.4.4.5.11 General

This isjan optional box (aumt in Table 36) containing metrics metadata associated to the accessinit.
6.4.4.5.2 Syntax

Table 36 — Access unit metrics metadata syntax

Syntax Key Type Remarks
AU mefirics { aumt
dgtaset_group_ID u (8]
ddtaset_ID G(1%)
AJ metrics value() As specified in ISO/
IEC 23092-3.
}

6.4.4.5.3 Semantics

datasegt_group_ID is the identifier of the dataset group containing the dataset including this acce
metric$ metadata.

datasqt_ID is the identifier of the dataset.€ontaining this access unit metrics metadata.

AU_mefrics_value() contains access,unit metrics metadata, as specified in ISO/IEC 23092-3.
6.4.4.6) Access unit protection

6.4.4.6.1 General
This isfan optional bex {aupr in Table 37) containing protection information associated to the access

When present thisbox contains information that a decoder needs to properly handle a protected acce

SS unit

lnit.

SS unit.
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6.4.4.6.2 Syntax

Table 37 — Access unit protection syntax

Syntax Key Type Remarks
AU protection { aupr
if (minor version != ‘1900") { minor version as specified in
subclause 6.4.1.3
dataset_group_ ID u(8)
dataset_ ID u(le)
}
AlY protection_value () As specified in ISO/
IEC 23092-3
}
6.4.4.6.3 Semantics

dataset_group_ID is the identifier of the dataset group containing the dataset-including this acce

protect

ion metadata.

dataset_ID is the identifier of the dataset containing this access unit protection metadata.

AU_pra
6.4.5

6.4.5.1

A blocK
contaii
specifi

tection_value() contains access unit protection information, as-specified in ISO/IEC 23092-3.
Block

General

(see Table 38) is composed of a block header (as‘specified in subclause 6.4.5.2) and a block p
1ing compressed descriptors of the same type (descriptor_ID) and class (class_ID). In DSC m
bd in subclause 6.4.3.2.5, only the block payload is present in the descriptor stream, as spec

subclauise 6.5.3.

Table 38 — Block syntax

SS unit

ayload,
ode, as
ified in

Syntax Key Type Remarks

block

{ block

bl

As specified in subclausg

ock header 6.4.5.2

block payload size as

fqr (i = 0; 1 < = )
) ) specified in subclause
block paylead size; i++) { 6.4.5.2
block _payload[i] u(8)
}
}
block_payloaditiisthe it byte of biock paytoad, wiich contains compressed descriptors of the same type

(descriptor_ID) and class (class_ID).

6.4.5.2

6.4.5.2

Block header

.1 General

This box (see Table 39) contains information associated to the block.

This box shall replace the block header provided by the underlying codec and specified in ISO/IEC 23092-2.
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6.4.5.2.2 Syntax
Table 39 — Block header syntax
Syntax Key Type Remarks
block header { block header
reserved u(l)
descriptor_ ID u(7)
reserved u(3)
block payload size u(29)
}
6.4.5.2.3 Semantics
descriptor_ID is the descriptor identifier, as specified in ISO/IEC 23092-2.
block_payload_size is the number of bytes composing the block payload.
6.4.6 | Annotation Table
6.4.6.1 General
Annotdtion Table is the main container of annotation data. Thé{corresponding container box (ptcn in
Table 40) is mandatory in datasets of type 3 in data format, forbidden in transport format. It inclufles the
main aftribute group, and optionally one or multiple auxiliary attribute groups, that contain the main and
auxiliafy attribute data.
Table 40 — Annotation table syntax
Syntax Key Type Remarks
annotdtion table { atcn
AT Neader athd gen_info As specified in
subclause 6.4.6.2
AT netadata atmd gen_info As specified in
subclause 6.4.6.3
AT (DL atcd gen info As specified in
subclause 6.4.6.4
AT grotection atpr gen_info As specified in
subclause 6.4.6.5
AG file configuration|] agtc gen_info As specified in
subclause 6.4.6.6
if (AT index &xdsts) { As specified in
subclause 6.4.3.2
Al index atix gen_info As specified in
subclause 6.5.2.4
}
main attribute group agcn gen_info As specified in
subclause 6.4.7
aux_attribute group[] agcn gen_info As specified in
subclause 6.4.7
}
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6.4.6.2 Annotation table header

6.4.6.2.

This is a mandatory box (athd in Table 41) containing the annotation table header.

1 General

6.4.6.2.2 Syntax
Table 41 — Annotation table header syntax
Svntax Key Type Remarks
annotdtion table header { athd ﬂ%
A computed ‘fe hn
value, i;\oe als|1,
. J_ndlca es Mtransport
is fransport mode mode nabled. | as
spe ed in sub¢lause
645
if (is_transport mode) { (') v
dqtaset_group_ID u(8) \\Q/v
daltaset_ID u IL©\
} &\\J
ar_1Ip 2, Yue)
h— ya
AT fype 0\ u(4)
AT_qubtype N u(4)
AT_%ubtype_major_version 5\\) u(4)
AT_Jubtype_minor_version O < u(4)
AT rame $\" st (v) Limited to 260
X7 characters, exclfiding
A\ the NULL terminator
AT yYersion \O u(8)
AT goord_size X u(2)
: -~
AT dgenomic_pos_sort _mode C) u(2)
AT pos_40 _bits_ flag (\§ N u(l)
pargmeter set_ ID ,_O\ u(8)
n_ayx attribute groupsr\v u(3)
AG_info_exists U u(l)
if (AG info ex1s}®}
fqr (i=0; Q~
i<=n &?_attribute_groups;
Y
AG class(i] u(3)
O Limited to|l 260
AG_group_name|[ 1] ST (V) characters, excluding
the NULL terminator
n_fields AG[i] u(le)
for (3 = 0;
j < n_fields AGI[i];
J++) |
is_attribute[i] []] u(l)
if (is_attribute([i][J]) {
field ID[i][]] u(le)
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Table 41 (continued)

Syntax Key Type Remarks

} else {

field ID[i][]] u(7)

whi

e(!byte aligned()) As specified in

ne

sting zero bit £(1)

6.4.6.2.3 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is 3
Otherwise, the file format is used. It can be evaluated by checking if the dataset’mapping_table |
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_tradsport_mode == 0).

The following trail of upper-level container IDs are only included in the'\transport format to allo
annota[ion table header to be properly assembled after transport:

dagaset_group_ID is the identifier of the dataset group containing the dataset to which this ann|

tah

dagaset_ID is the identifier of the dataset containing this\annotation table header.

AT_ID fis the identifier of the annotation table to whieh.this header belongs. Its value shall be one
values n AT_ID[] of the dataset header.

AT_typ

AT _sulbptype is the subtype of the genomic data encoded in the annotation table. Possible values are s
in Tablg 9.

AT_suljtype_major_version is theumajor version of the annotation table subtype. If no subtype is pr
the defpult value 0 should be used.

AT_subtype_minor_version Js the major version of the annotation table subtype. If no subtype is pr
the defpult value 0 should.be used.

AT_namne is the name‘of the annotation table. The maximum allowed size is 64 characters.

AT ver

AT _coc
of the g

le header belongs.

sion is the)version of the annotation table for keeping track of data updates.

rdsize is a value that indicates the number of bits required to represent the row/column coor
nnetation table (see Table 42).

pplied.
list, as

w each

ptation

of the

e is the type of the genomic data encoded in the annotation table. Possible values are specjfied in
Table §.

ecified

pvided,

pvided,

Hinates

Table 42 — Annotation table coordinate size syntax

AT _coord_size Size in bits
0 8
1 16
2 32
3 64
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AT_genomic_pos_sort_mode is a value that indicates whether the annotation data in the main attribute
group (AG_class == 0) and, if two-dimensional, also the data associated with the rows (AG_class == 1) and
columns (AG_class == 2) of the main attribute group are sorted by genomic position. If that is the case, a
genomic range index shall be available for specifying the genomic range(s) of each tile in the dimension(s)
that are sorted by genomic position (see Table 43).

Table 43 — Annotation table position sort mode syntax

AT_genomic_pos_sort_mode Dimensions of main attribute group data sorted by genomic position
0 None
1 Only rows
2 Only columns
3 Both rows and columns

AT _pos
variant
posSizg

para
annot

n_aux||
AG_inf

For ead
of pres

AG
AG
n

Fo

6.4.6.3

6.4.6.3
This is

_fields_AG(i] is the number of attributes and descriptors in the attribute group.

_40_bits_flag is set to 1 when the variant positions are expressed as 40 bits integers. Othery
positions are expressed as 32 bits integers. In the scope of subclause 6.5.2.4, the'value of the v
b is set to 32 when pos_40_bits_flag is equal to 0 and set to 40 otherwise.

ion table, required for the decoding of the annotation access units
attribute_groups specifies the number of auxiliary attribute gra@ips in the annotation table.

p_exists is a flag, if set to one, indicates that additional information about the attribute group

entation are specified with the following fields:

_classJi] is the class of the attribute group as specified in subclause 6.4.7.2.

_name][i] is the name of the attribute group.

" each descriptor/attribute j of attribute group i,

is_attribute[i][j] is a flag, andif set to 1, indicates that field_IDJ[i][j] is the ID of an at
Otherwise, it is the ID of a descriptor.

field_ID[i][j] is the ID,ef.the attribute or descriptor, coded respectively as 16-bit or 7-bit uf
integers.

Annotation table metadata

.1 General

an optional box (atmd in Table 44) containing metadata associated to the annotation table.

Vise, all
ariable

ter_set_ID is the identifier of the dataset parameter set, specified in thé dataset containing this

exists.

h attribute group i, if AG_info_exists == 1, the associated)attributes and descriptors, and theilr order

[ribute.

1signed
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6.4.6.3.2 Syntax

Table 44 — Annotation table metadata syntax

Syntax Key Type Remarks
AT metadata f atmd
A computed boolean value, if
is transport mode equals 1, indicates transport
— p — mode is enabled, as specified
in subclause 6.4.6.2.3
if (is_transport mode) {
dataset_group_ID u(8) L
dataset ID u(16) ,..d Vv
S
AT 1D u(8) R Z
-
} 4
M
i 1
ATMD general exists u(l) QQ
if | (ATMD general exists) { q/‘)
ATMD_general_s:.ze u(le) (\//
ATMD general () @ ecified in ISO/
-] 23092-3
) Y
ATMD analytics_exists u (J<)/ O
if | (ATMD analytics exists) { A >
ATMD_analytics_size N 6)
ATMD analytics() ‘\\) As specified in ISO/
% IEC 23092-3
} \\>
. . )
ATMD linkages_exists ‘\\Q) u(l)
if | (ATMD linkages exists) { (\“
_— _— L¥3
ATMD linkages_size \J?\ u(le)
ATMD linkages () C)\\\) As specified in IS0/
N IEC 23092-3
) v
RN
ATMD history exists (.Q u(l)
if (ATMDihistoryiexis(tﬁM
ATMD_history_size) u(16)
_history_size
ATMD_history@‘O As specified in ISO/
o~ IEC 23092-3
)
) v
reserved%v u(4) Trailing zeros for byte
Kv alignment
/ 2

6.4.6.3.3 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is applied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset_mapping_table_list, as
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the transport format to allow each
annotation table metadata to be properly assembled after transport:
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dataset_group_ID is the identifier of the dataset group containing the dataset and its child annotation
table to which this metadata belongs.

dataset_ID is the identifier of the dataset containing the annotation table to which this metadata

bel

AT_ID is the identifier of the annotation table containing this metadata.

ongs.

ATMD_general_exists is a flag, if set to 1, indicates the inclusion of the following fields:

ATMD_general_size specifies the size of ATMD_general() in number of bytes.

AT
ATMD,

ATMD_analytics_size specifies the size of ATMD_analytics() in number of bytes.

ATMD_analytics() contains annotation table analytics metadata as specified in ISQAIEC 23092-3

ATMD,

ATIMD_linkages_size specifies the size of ATMD_linkages() in number of byftes.
ATIMD_linkages() contains annotation table linkage metadata as specified in ISO/IEC 23092-3.

ATMD,

ATIMD_history_size specifies the size of ATMD_history() in number of bytes.

ATMD_history() contains annotation table history metadata as specified in ISO/IEC 23092-3.

6.4.6.4

6.4.6.4
This is

analytics_exists is a flag, if set to 1, indicates the inclusion of the following fields:

linkages_exists is a flag, if set to 1, indicates the inclusion of the following fields:

history_exists is a flag, if set to 1, indicates the inclusion of the-following fields:

Annotation table clinical data linkage metadata

.1 General

an optional box (atcd in Table 45)-containing clinical data linkage metadata associated|to the
annotaftion table.

6.4.6.42 Syntax
Table 45 — Annotation table clinical data linkage metadata syntax
Syntax Key Type Remarks
AT CDL | atcd
A computed boolean v@lue,
if equals 1, indicate¢s
is [transpoxt mode transport mode is engbled,
as specified in subclause
6.4.6.2.3
if L4 < transport mode) {
dataset_group_ID u(8)
dataset_ ID u(le)
AT ID u(8)

}

AT CDL value ()

As specified in ISO/
IEC 23092-3
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6.4.6.4.3 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is applied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset_mapping_table_list, as
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the transport format to allow each
annotation table CDL metadata to be properly assembled after transport:

dataset_group_ID is the identifier of the dataset group containing the dataset and its child annotation
table to which this CDL metadata belongs.

dataset_ID is the identifier of the dataset containing the annotation table to which this CDL m¢tadata
belongs.

AT| ID is the identifier of the annotation table containing this CDL metadata.

AT| CDL_value() contains annotation table clinical datalinkage metadata, as specifiedin/ISO/IEC 28092-3.
6.4.6.5 Annotation table protection

6.4.6.5.1 General

This is pn optional box (atpr in Table 46) containing protection information-associated to the annotatio{r table.

When [present this box contains information that a decoder.iheeds to properly handle a protected

annotaltion table.
6.4.6.5.2 Syntax

Table 46 — Annotation table protection syntax (correct condition)

Syntax Key Type Remarks

AT prdtection { atpr

A computed boolean valu¢, if
equals 1, indicates trapsport
mode is enabled, as spe¢ified
in subclause 6.4.6.2.3

is |transport mode

if [(is_transport mode) {

dataset_group_ ID u(8)
dataset_ ID u(le)
AT ID u(8)

As specified in ISO/

AT |protectd®mn value () TEC 23092-3

6.4.6.5.3—Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is applied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset_mapping_table_list, as
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the transport format to allow each
annotation table protection metadata to be properly assembled after transport:

dataset_group_ID is the identifier of the dataset group containing the dataset and its child annotation
table to which this protection metadata belongs.
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dataset_ID is the identifier of the dataset containing the annotation table to which this protection
metadata belongs.

AT_ID is the identifier of the annotation table containing this protection metadata.

AT protection_value() contains annotation table protection information, as specified in ISO/IEC 23092-3.
6.4.6.6 Attribute group tile configuration

6.4.6.6.1 General

This isa box (agtc in Tabie 47) that contains the tife configuration associated Wit anm attributg group
referer]ced by AG_class. It includes the definition of one or multiple tile structures based on their|ranges
of row|and column (if two-dimensional) indexes in the annotation table, and the byte-offset.poirters to
individual annotation access units and their subsidiary payload blocks.

6.4.6.6.2 Syntax

Table 47 — Attribute group tile configuration syntax

Syntax Key Type Remarks

attrilpute group tile configuration { agtc

A computed boolegn
value, if equals|1,
indicates transp¢rt
mode is enabled, |as
specified in sub¢lause

is_firansport mode

6.4.6.2.3

if (is transport mode) {

dﬁtaset_group_ID u(8)

ddtaset ID u(16)

AT ID u(8)
}
AG_dlass u(3)
attgibute_dependent_tiles u(l)
defdult tile structure adts |gen_ info As specified in

subclause 6.4.6.7

if (attribute dependentgstiles) {

n |add_tile_structures u(le)

fqr (1=0;
i<n_ add<{file structures;
i++) A4

n_attributes[i] u(le)

foA (J=0;

j<n_attributes[i];
j++) o

attribute_ID[i] []] u(le)

}

n_descriptors[i] u(7)

for (3=0;
j<n_descriptors[i];
J++) {
descriptor ID[i] []] u(7)
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Table 47 (continued)
Syntax Key Type Remarks
o . . . As specified in
additional tile structure[i] adts |gen info subclause 6.4.6.7
}
}
. . As specified in
attribute data byte offset adbo |gen info subclause 6.5.2.3
. . As specified in
|
while (!byte aligned()) subclause 4.2.3
ngsting zero bit £(1)
}

6.4.6.6.3 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is gpplied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset mapping_table]list, as

specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the(thansport format to allow each

attribu[e group tile configuration to be properly assembled after transport;
a

d
table to which this tile configuration belongs.

aset_group_ID is the identifier of the dataset group containing the dataset and its child annptation

dafaset_ID is the identifier of the dataset containing the ahnotation table to which this tile confighration

belongs.

AT] ID is the identifier of the annotation table containing this tile configuration.

AG_CITS is the class of the attribute group tewhich this tile configuration applies as specified in

subclause 6.4.7.2.

attribyte_dependent_tiles is a flag, and if'set to 1, indicates there exist certain attributes and desdriptors
with tlle structures different from thexdefault. Otherwise, all attributes and descriptors in the same

attribute group share the same default tile structure. Note that if attribute_contiguity (as spec

fied in

subclalise 6.4.7.2) of the attribute«group identified by AG_class is 0, attribute_dependent_tiles shall [always

be set o 0.

defaulf_tile_structure is the)default tile structure of all attributes and descriptors belonging to the same

attribufte group.
If attribute_dependent_tiles == 1, additional tile structures are specified using the following fields:

n_add_tilesstructures is the number of additional tile structures for the attribute group

n_attributes[i] is the number of attributes sharing the ith additional tile structure

n_descriptors[i] is the number of descriptors sharing the ith additional tile structure
descriptor_ID[i][j] is the jth descriptor ID associated with the ith additional tile structure

additional_tile_structure[i] is the ith additional tile structure

attribute_data_byte_offset is a data structure that contains the byte-offset pointers to the annotation

access units and their subsidiary payload blocks.
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6.4.6.7 Attribute data tile structure

6.4.6.7

.1 General

This is a box (adts in Table 48) specifying how descriptor/attribute data should be divided into rectangular
tiles defined by ranges of row and column indexes.

6.4.6.7.2 Syntax
Table 48 — Attribute data tile structure syntax
Syntax Key Type Remarks
attrifpute data tile structure f{ adts
resqrved u(7)
varijable size_ tiles u(l)
v dependent On)yAT coord size
n_tiles u(v) as specifiedJin subclause
6.4.6.2.3
if (variable size tiles) {
fqr (i = 0; 1 < n_tiles; i++) |
two/ dimensional is defined in
. . . . . the header of the associated
= 0; <= ; +
for (3 0; 3 two_dimensional; j++) { attribute group as specifiled in
subclause 6.4.7.2
v dependent on AT coord size
start_index[i] []] u(v) as specified in subclause
6.4.6.2.3
v dependent on AT coord sjlze
end_index[i][]] u(v) as specified in subclause
6.4.6.2.3
}
}
} else {
fqr (3 = 0; j <= two dimensioraly Jj++)
v dependent on AT coord size
tile size[]] u(v) as specified in subclause
6.4.6.2.3
}
}
}
6.4.6.7.3 Semantics
variable_size-tilesisaflag,if setto 1,indicates thatthe size of each tile is different, and thus the corresgonding
start and-end indexes are specified independently. Otherwise, a uniform size applies to all tiles.

n_tiles specifies the total number of tiles defined in this tile structure. The number of bits for n_tiles is the
same as the number of bits for annotation table coordinates, to allow having one tile per row or column in an
annotation table.

(start_index][i][j], end_index]i][j]) is the pair of start and end indexes defining the range of rows (j == 0) or
columns (j == 1) for the ith rectangular tile, only used when variable_size_tiles == 1.

tile_size[j] specifies the number of rows (j == 0) or columns (j == 1) per tile, only used when variable_size_
tiles == 0.
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Attribute Group

General

Attribute group is a container box that allows attributes and descriptors to be grouped by their roles, e.g.
main data, row information, column information, etc., in the annotation table. The container box (agcn in
Table 49) is mandatory in data format, and forbidden in transport format.

There are two ways to organize data payloads in an attribute group:

If attribute contiguity equals 1, payload blocks are grouped into annotation access units by

ad b ibhal

de

If
wh

It shou
depend

C ot e Jotb b o d o o dpedila ool o o it o o b okl o o a It
A2 8 llJLUl/ dlllTouly, difvu vrucicu UJ CIICIT LIIC PUOILIUIIO VVILIIIILI AIT AITTIULALIVIT AUUC U OO0 UIlIt.

bttribute contiguity equals 0, payload blocks are grouped into annotation access units
ich are then ordered by tile positions within an attribute group.

d be noted that for two-dimensional tiles, either row-major or column-major ordefring can be
ing on the value of column_major_tile_order as specified in subclause 6.4.7.2.

Table 49 — Attribute group syntax

by tile,

hpplied

Syntax Key Type Remarks
attriljute group f agcn
. ( As specified in
atfyribute group header aghd gen ipfo subclause 6.4.7.2
anrfjotation access units[] aauc en info As specified in
— — gen_ subclause 6.4.8
}
6.4.7.2) Attribute Group Header
6.4.7.221 General
This isja mandatory box (aghd in Table 50) describing the content of an attribute group.
6.4.7.2l2 Syntax
Table 50 — Attribute group header syntax
Syntax Key Type Remarks
attriljute group header\NT aghd
A computed boolean value, iff
is_fransport mefe equals 1, indicates transpofrt

mode is enabled, as specifi
subclause 6.4.7.2.3

ed in

if (is txasisport mode) {
dqtaset_group_ID u(8)
dataset_ ID u(le)
AT ID u(8)
}
AG_class u(3)
attribute_contiguity u(l)
two_dimensional u(l)
if (two_dimensional) {

reserved u(6)
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Table 50 (continued)
Syntax Key Type Remarks
column major_tile_ order u(l)
symmetry mode u(3)
symmetry minor diagonal u(l)
} else {
reserved u(3)
}
for (4 = 0: 3 <= two dimensional; i+3)
dimension size[i] u(v) v deper}dends on AT coordy$ige as
- specified in subclauserei4.[6.2
}
}
6.4.7.2.3 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the €ransport format is 3
Otherwise, the file format is used. It can be evaluated by checking if the-dataset_mapping_table |
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The fo

attribu[e group header to be properly assembled after transport:

dafaset_group_ID is the identifier of the dataset group containing the dataset and its child ann

tah

dafaset_ID is the identifier of the dataset containing-the annotation table to which this attributg

he

AT

AG_clafss specifies the functional class of this attribute group. The possible values are:

04
14
2
3
4 4

5.1

Within|
class o

pplied.
list, as

lowing trail of upper-level container IDs are only included imjthe transport format to allow each

le to which this attribute group header belongs.

hder belongs.

ID is the identifier of the annotation table\containing this attribute group header.

main attribute data

auxiliary attribute data mapped to the rows of the main data
auxiliary attribute datahapped to the columns of the main data
auxiliary linkage.attributes mapped to the rows of the main data
auxiliary linkage attributes mapped to the columns of the main data
- any auxiliary attributes defined by the user

an ahnotation table, there shall be a main attribute group, and no more than one instance

ptation

b group

the mab

aux111ary attribute group. For auxiliary attrlbute group classes 1-4, if the data is two-dime

(for classes 2 and 4) of the main data For aux111ary attrlbute group classes 3 and 4, it can con51st of multiple
linkage attributes that specify respectively the URIs to other files, and the dataset group IDs and dataset IDs

that po

int to specific MPEG-G data objects to which the rows/columns of the main data are linked.

attribute_contiguity is a flag, if set to 1, indicates that the payload blocks are grouped into annotation
access units by descriptor/attribute. Otherwise, payload blocks are grouped into annotation access units by
tile. In both cases, the same syntax of the annotation access unit as defined in subclause 6.4.8 applies.

two_dimensional is a flag, and if set to 1, indicates that all descriptors and attributes in the group are
2-dimensional. Otherwise, all descriptors and attributes in the group are 1-dimensional.
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column_major_tile_order is a flag that is only relevant for a descriptor/attribute when two_dimensional
== 1 and variable_size_tiles == 0 in the corresponding attribute data tile structure as speci
subclause 6.4.6.7. If set to 1, it indicates the tiles are in column-major order. Otherwise, they are in row-

major order.

fied in

symmetry_mode specifies the symmetry mode of the attribute group data and is only effective when two_
dimensional == 1. The possible values are specified in Table 51.

Table 51 — Symmetry mode

symmetry_mode type remarks

0 non symmetric any rectangular matrix

1 symmetric only for squared matrices

2 skew-symmetric symmetric with only zero’s along the diag]

pnal

3-7 reserved for future use.

For syr
diagon
usage (
provid

symm
a flag,
along t

dimen
descrif
two_di

hmetry modes 1-3, descriptor/attribute values in the reflected half to the right:ofthe principal
hl (inclusive of the diagonal if skew-symmetric) shall be processed as missing values. A sug
f the symmetry mode and related settings for the efficient handling of symmetric annotation
bd in Annex E.

ptry_minor_diagonal is only effective when two_dimensional ==“Dand symmetry_mode ==

minor
rgested
datais

1. It is

f set to 1, indicates that the symmetry of data is along the minor diagonal. Otherwise, symmnjetry is

he principal diagonal.

kion_size[i] specifies the total number of rows (i == Q) or columns (i == 1) in the data
tor/attribute within the group when two_dimensionak== 1, or simply the number of element
mensional == 0. For example, the genotypes of variant calls and their likelihoods are 2-dime

attributes, with variants in rows and samples in columns. Therefore, the first and second elem|

dimens
case of
genera
proces

6.4.8

6.4.8.1

The an
decaps

— da

— da
inf]

— as

ion_size should be respectively the total number of variants and the total number of samples
transport when data generation is ongoing;;a value of 0 can be applied. At the completion
Fion and transport, the value(s) of dimension_size[] should be computed and reassigned us
b as specified in subclause 6.7.2.

Annotation access unit

General

hotation access unit is.a-collection of one or more blocks representing genomic annotation d4
ulation of this box (gauc in Table 52) shall result in a data unit, as specified in subclause 6.3, w|

fa_unit_type equal'to 4,

o - length in AAU_protection gen_info,

payload the annotation access unit specified in ISO/IEC 23092-6 containing the annotation accq

he

bf each
s when
nsional

ents of

. In the
of data
ing the

ta. The
ith:

fa_unit_siz&is computed according to the following expression: length in annotation_access_unit gen_

PSS unit

hder and the blocks.

Such data unit can be dispatched to a decoder compliant with ISO/IEC 23092-6, along with the annotation
parameter set and annotation indexes that are needed to decode it.
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Table 52 — Annotation access unit syntax

Syntax Key Type Remarks
annotation access unit { aauc
. As specified in
AAU header aauh gen_info subclause 6.4.8.3
. . As specified in
AAU protection aaup gen_info subclause 6.4.8.4

for (i=0;i<num blocks;i++) {

As specified in
subclause 6.4.8.3

AAT b1 ockl[i]

As specified in

subCclause b.4.Y

6.4.8.2

Output
An|

Annotation access unit decapsulation

of this process is an annotation access unit structure composed of:

annotation access unit header structure as specified in subclause 6.4.83

Thi set of annotation blocks belonging to the annotation access unit, as'specified in subclause 6.4.9. The

content of each block should be considered its original, compressed.centent if the indexed flag defined in

subclauses 6.4.9.2 and 6.4.8.3 is set to 0, and the uncompressed,cantent extracted from the strin|

if the indexed flag it set to to 1. The block shall be decompressedias specified in subclause 1.

6.4.8.3
6.4.8.3.11 General
This is

6.4.8.3l2 Syntax

Annotation access unit header

2 mandatory box (aauh in Table 53) describifig the content of an annotation access unit.

Table 53 — Annotation access unit header syntax

g index

Syntax Key Type Remarks
annotdtion access unit heafleqy” { aauh
A computed boolean value,
is fransport mode if equals I, inqicatfs
- - transport mode is engbled,
as specified in 6.4.8.3.3
if (is transperf mode) {
rgserved u(s)
dqtaset_group_ID u(8)
ddtaset_ID u(16)
AT _ID u(8)
AG_class u(3)
}
if (attribute contiguity) { As specified in subclause
6.4.7.2
is_attribute u(l)
if (is_attribute) {
reserved u(7)
attribute_ ID u(le)
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Table 53 (continued)

Syntax Key Type Remarks
} else {
descriptor_ ID u(7)
}
two dimensional as
specified in subclause
6.4.7.2
if (two_dimensional && variable size tiles as
!variable size tiles) { specified in subclause
6.4.6.7 of the til
structure associa%a with
the descriptorl\eﬁ?g ibbute
if (column major tile order) { ,\’.l/
v dependenf)én AT codrd
n_tiles per col u(v) size as ified in
subclan'f\ 6.4.6.2.3
(.‘ -~
} else { b
V<§§ﬁendent on AT co¢rd
n_tiles_per_row u(v) ‘Q\ e as specified in
_(JSupclause 6.4.6.2.3
-
} g(\')
N\
) A
2 v dependent on AT co¢rd
n |AAU blocks <>u V) size as specified in
\\\“ subclause 6.4.6.2.3
} else { S\\)
£
tile index_1 ,\\'Q u(v) v dependent on AT co¢rd
\& size as specified in
. OT‘ subclause 6.4.6.2.3
rgserved Q\v u(7)
tile index 2 exists N u(l)
if (tile index 2 exists) { \\(}“
tile_index 2 (@) u(v) v dependent on AT co¢rd
. size as specified in
,\Q subclause 6.4.6.2
) Y
n |AAU_blocks o X u(16)
) Cj\‘O
while (1byte alj @1() ) ﬁsZSgec1f1ed in subclause
ng sting_zs-s& bit f(1)
} N4
S
&‘(
6.4.8.3.:(0 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is applied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset_mapping_table_list, as
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the transport format to allow each

annotation access unit to be properly a

ssembled after transport:

dataset_group_ID is the identifier of the dataset group containing the dataset, its child annotation table
and corresponding attribute group to which this annotation access unit belongs.
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dataset_ID is the identifier of the dataset containing the annotation table and corresponding attribute
group to which this annotation access unit belongs.

AT_ID is the identifier of the annotation table containing the attribute group to which this annotation
access unit belongs.

AG_class is the class of the attribute group containing this annotation access unit.

If attribute_contiguity == 1,

is_attribute is a flag, if set to 1, indicates that this annotation access unit corresponds to an attribute.
Otherwise, it corresponds to a descriptor.

Ifi

Ifi

If 4

If attril

til

group is two dimensional and with variable_size_tiles == 0, it corresponds to the row index of th

til
If

n_
in

6.4.8.4 Annotation access unit protection

6.4.8.4.1 General

This is
access

5_attribute == 1,

attribute_ID is the ID of one of the attributes, defined in the annotation_encoding_param
(ISO/IEC 23092-6) of dataset parameter set (subclase 6.4.3.7).

5_attribute == 0,

descriptor_ID is the ID of one of the descriptors, defined in the annotation_éncoding_param
(ISO/IEC 23092-6) of dataset parameter set (subclase 6.4.3.7).

he attribute is two dimensional and variable_size_tiles == 0,

n_tiles_per_col is the number of tiles per column, only specified if column_major_tile_order
n_tiles_per_row is the number of tiles per row, only spe¢ified if column_major_tile_order ==
pute_contiguity == 0,

b index_1 is the index of the tile whose data is cont@ined in this annotation access unit. If the at

p_index_2_exists is a flag, if set to 1, indicates that a second tile index exists.
tile_index_2_exists == 1),

tile_index_2 is the column index.of the tile whose data is contained in this annotation acce
only specified if the attribute.group is two dimensional and with variable_size_tiles == 0.

AAU_blocks is the numberof AAU blocks, as specified in subclause 6.4.9. It can be set to 0 if all
'he annotation access ufiit consist of empty/missing values.

an optiohal box (aaup in Table 54) containing protection information associated to the ann
unit.

When |

eters()

eters()

0.

tribute
b tile.

5S unit,

blocks

ptation

access unit.
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6.4.8.4.2 Syntax

Table 54 — Annotation access unit protection syntax

Syntax Key Type Remarks

AAU protection { aaup

AAU protection value()

As specified in ISO/
IEC 23092-3

6.4.8.4[3— Semantics

AAU_protection_value() contains annotation access unit protection information, as ~Specified in
ISO/IE(C 23092-3.
6.4.9 | AAU block
6.4.9.1 General
An AAU block (see Table 55) is composed of an AAU block header (as specified in subclause 6.4.9.2)) and a
block payload, containing compressed data of an attribute or descriptor ita-specific tile.
Table 55 — AAU block syntax
Syntax Key Type Remarks

aau block { aau block

agu block header aau block As specified in

header subclause 6.4.9.2

fqr (i = 0; 1 < block payload size; block payload sizeg as

i++) specified in subcllause
6.4.9.2
block_payload[i] u(8)
}
}

block_payload][i] is the ith byte ofblock payload, which contains a compressed tile of data in an attripute or
descriptor.
6.4.9.2l AAU Block header
6.4.9.2.1 General
This bgx (see Table 56) contains information associated to the AAU block.
This bax shall replace the block header provided by the underlying codec and specified in ISO/IEC 23092-6.
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6.4.9.2.2 Syntax

Table 56 — AAU block header syntax

ISO/IEC 23092-1:2025(en)

blqgck_payload size

Syntax Key Type Remarks
AAU block header { aau block
header
if (attribute contiguity == 0) ({ iibi§§§i£i2?4%?.2
descriptor_ID u(8)
if (descriptor TD == 31) |
attribute_ID u(le)
}
}
regerved u(l)
indexed u(l)
endrypted u(l)
u (29)

6.4.9.2.3 Semantics

descriptor_ID is the descriptor identifier, as specified in ISO/IE€23092-6.

index
0 otherwise

attrilete_lD specifies the attribute identifier if descriptor.IDiis set to 31, as specified in ISO/IEC 23092-6.

d is set to 1 if the block has been compressed with‘a string index, as specified in subclause 7.1.4, and

encrypted is a flag, if set to 1, indicates the block'payload is encrypted. Otherwise, it is not encrypted. The
decrypttion mechanism is described in ISO/IEC(23092-3:2023.

block_payload_size is the number of byteS composing the block payload. It can be set to 0 if all valuef in the

block payload are empty/missing.

6.5 Data structures specificto file format

6.5.1 | General

This sybclause specifiesiadditional data structures specific to the indexed storage of genomic information.
They cpmplement the data structures specified in subclause 6.4.

6.5.2 | Indexing

6.5.2.1] CMaster index table

6.5.2.1.1 General

The master index table (mitb in Table 57) provides the indexing information needed to perform selective
access on specific parts of the genomic sequencing dataset.

It is present in the dataset when MIT _flag, as specified in subclause 6.5.3.2, is equal to 1. It is not present

otherwise.
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The first part of the master index table shall be ordered by increasing AU_start_position[seq_ID][ci][au_id]
values; the second part of the master index table shall be ordered by increasing U_cluster_signature[uau_id]
[0] values.

The special value ((1<<byteOffsetSize)-1) assigned to AU_byte_offset[seq_ID][ci][au_id] represents an empty
access unit. It is used to maintain synchronization among access units having different AU_type but covering
the same genomic range.

The special value ((1<<byteOffsetSize)-1) assigned to block_byte_offset[seq_ID][ci][au_id][di] represents an
empty block. It is used to maintain synchronization among blocks belonging to the same access unit.

6.5.2.152 Syutdx

o
. Q(L

Table 57 — Master index table syntax q/
| N

Syntax Key Type a’ \Remarks
. . v
master |index table { mitb -@

a.seqﬁcount as
for (seq = 0; seg < seg_count; seqg++) { (]/' specified in
) subclause 6.4.3.2

—
\{O num classes as

for] (ci = 0; ci < num_classes; ci++) { specified in
,.O subclause 6.4.3.2

" CLASS U value
s\ as specified i
iff (clidlci] != CLASS_U) { (D subclause 5.3. [clid
as specified 1

AO subclause 6.4.3.2

Y seq blocks as

\\\ specified in
O

for (au_id = 0; au_id < seq blocks[seq];
{

au_id++) subclause 6.4.4.2

@ byteOffsetSize
AU _byte_offset[seq] [ci] [au_id] ’\\'Q u (byteOffsetSize) |as specified if
‘A subclause 6.4.3.2

N

. @ posSize as spedified
AU_staygt position[seq][ci][au_id] A\ u(posSize) in subclause
A 6.4.3.2.3

AU_end position[seq] [ci] [au_id] u(posSize) in subclause

N7 posSize as spedified
0 6.4.3.2.3

; __ . As specified i
if (dataset_type == 2) ({ N subclause 6.4.4.2

ref_sequence_id[seq] [ci] [au_id] ~\' u(16)

‘ ) posSize as spedified
ref start position[seqg][ci] [36. u(posSize) in subclause

P 6.4.3.2.3

\ posSize as spedified
ref end position[seq] [cd u_id] u(posSize) in subclause
A 6.4.3.2.3

}

\Y

if @ple_alignment_flag) { As specified 1

subclause 6.4.3.2

posSize as spedified

extendeldé:lxtart_position[seq] [ci][au_id] u(posSize) in subclause

6.4.3.2.3

posSize as specified
extended AU_end_position[seq] [ci] [au_id] u(posSize) in subclause
6.4.3.2.3

}

As specified in

if (!block header flag) { subclause 6.4.3.2

num descriptors

for (di = 0; di < num descriptors[ci]; s .
. - as specified in
dit++) | subclause 6.4.3.2
byteOffsetSize
block_byte offset[seq][ci][au_id][di] u(byteOffsetSize) [as specified in

subclause 6.4.3.2
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Table 57 (continued)
Syntax Key Type Remarks
}
}
}
}
}
}
for (uau_id = 0; uau_id < num_U_access_units
- - . as specified in
num U access yunits: yay ided) T
byteOffset 'Y.e)
AU pyte_offset[uau_id] u (byteOffsetSize) |as speci@ i
subclau .4.3.2
. L As spé{i*gj.ed i
if |(dataset_type == 2) { supglause 6.4.9.2
U ref_ sequence_ id[uau_id] u(16) \(b v
(t)possize as spedified
U ref start_position[uau_id] u(posSize) (1/ in subclause
.y 6.4.3.2.3
§ posSize as spedified
U ref_ end_position[uau_id] u (po \Q ) in subclause
6.4.3.2.3
-
} dlse { Q\J
\Y . .
. . o (D) As specified i
Hf (U_signature flag = 0) { < subclause 6.4.9.2
-
num_signatures n\) u(le)
C— 0 i - . X
for (i 0; 1 < num_signatures; i++) { 0\\>
. . As specified i
1
if (!U_signature_constant_ length) { 0?\ subclause 6.4.4.2
U_signature_length[uau_id] [i] 5\'\0 u(8)
} R\
A‘\U U_signature_sige
O inferred as spqcified
. . . u(U_signature_ in the U clustdr
U _cluster_ signature(uau_ id] [1] \ size) signature semarltics
. 0 in subclause
,.\\ 6.4.4.3.3
} L\
) N
=N -
) c
) ¥
NS As s ifi i
. , . pecified irf
whlle(.byteiallgned())\% subclause 4.2.3
nesting_zero_bit<\J £(1)
~ As specified iff
i |
+£(iblock_head tag) | subclause 6.4.3.2.2
VN ¢
dor (di \,)di < num_descl:rj:_pto%rs
. . as specified i
scriptors[num _classes - 1]; di++) | subclause 6.4.4.2.2
@\ byteOffsetSize
b ck kyi—a nFFeai—[n 2 -irl} [1—11'} lbutaQf £ £Sd ) - ifiad o
- - B subclause 6.4.3.2
}
}
}
}

6.5.2.1.3 Semantics

AU_byte_offset[seq][ci][au_id] is the byte offset of the first byte in the access unit, with respect to the first
byte of the Value field of the dataset (dtcn) gen_info structure (0-based). It is equal to ((1<<byteOffsetSize)-1)
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if the access unit is empty: in such a case the fields AU_start_position[seq][ci][au_id], AU_end_position[seq]
[ci][au_id], extended_AU_start_position[seq][ci][au_id], extended_AU_end_position[seq][ci][au_id], ref_
sequence_id[seq][ci][au_id], ref_start_position[seq][ci][au_id] and ref_end_position[seq][ci][au_id] shall be
ignored.

AU_start_position[seq][ci][au_id] is the position of the left-most mapped base among the first alignments
of all genomic records encoded in the access unit irrespective of the strand. AU_start_position[seq][ci][i+1]
shall always be greater than or equal to AU_start_position[seq][ci][i].

AU_end_position[seq]|[ci][au_id] is the position of the right-most mapped base among the first alignments
of all genomic records encoded in the access unit irrespective of the strand.

ref_sequence_id[seq][ci][au_id]: in case of an access unit carrying (part of) a reference sequence, it;specifies
the ID ¢f such reference sequence.

ref_stdrt_position[seq][ci][au_id]: in case of an access unit carrying (part of) a reference sequg¢nce, it
specifigs the position on the reference sequence of the first nucleotide encoded in this ac¢eéss unit.

ref_end_position[seq][ci][au_id]: in case of an access unit carrying (part of) a(reference sequé¢nce, it
specifigs the position on the reference sequence of the last nucleotide encoded in.this’access unit.

extended_AU_start_position[seq][ci][au_id] specifies the position of the leftsth6st mapped base among all
alignments of all genomic records contained in the access unit, irrespective.of the strand.

extended_AU_end_position[seq][ci][au_id] specifies the position of the right-most mapped base among all
alignments of all genomic records contained in the access unit, irrespective of the strand.

block_pyte_offset[seq][ci][au_id][di] is the byte offset of the<irst byte in the block, with respect to the
first byte of the Value field of the dataset (dtcn) gen_info structure (0-based). If the block is empty and
block_lheader_flag is equal to 1, it shall be equal to ((1 <<‘byteOffsetSize) - 1). If the block is empty and
block_lpeader_flag is equal to 0, it shall be equal either to-tHe block_byte_offset value of the next block in the
descrigtor stream or, for the last block in the descriptor-stream, to the sum of the block_byte_offset value of
the firdt block in the descriptor stream and the descriptor stream payload size.

NOTE The descriptor stream payload size can(be inferred as the L field of the dscn gen_info header, minpis the L
field of the dshd gen_info header, minus the L field of the dspr gen_info header.

AU_byte_offset[uau_id] is the byte offset{ of*the first byte in the unmapped access unit, with respect to the first
byte of [the Value field of the dataset (dten) gen_info structure (0-based). It is equal to ((1<<byteOffsetSize)-|) if the
access Unit is empty: in such a case thefields U_ref_sequence_id[uau_id], U_ref_start_position[uau_id] and U_ttef_end_

_U_access_units is the(total number of access units in the dataset containing encoded data of clgss U. It

U_ref_sequence_id[ttai_id], in case of an access unit carrying (part of) a reference sequence, is the id¢ntifier

U_ref_start_pesition[uau_id], in case of an access unit carrying (part of) a reference sequence, specifies the

Hies the

position on the refere

nce sequence of the right-most nucleotide e

ncoded in this access unit.
num_signatures is the number of signatures.
U_signature_length[uau_id][i] is the length of cluster signatures as number of nucleotides.

U_cluster_signature[uau_id][i] is the ith signature of the cluster the access unit belongs to. U_cluster_
signature[uau_id][i+1] shall always be greater than or equal to U_cluster_signature[uau_id][i]. The length in
bits of this field, named U_signature_size in Table 34, shall be calculated as follows:

U_signature_size = signature_length * bits_per_symbol
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with bits_per_symbol as specified in Table 27, and with signature_length corresponding either to U_
signature_length as specified in subclause 6.4.4.3.3 when U_signature_constant_length (as specified in

subclause 6.4.4.3.3) is equal to 1 or to the signature-specific U_signature_length[uau_id][i] as specified in
Table 57 when U_signature_constant_length (as specified in subclause 6.4.4.3.3) is equal to 0.

The jth nucleotide in a signature shall be inferred as follows:

Saiphabet_p[(U_cluster_signature[i] >> ((signature_length - j - 1) * bits_per_symbol)) & ((1 << bits_per_

symbol) - 1)]

with alphabet_id as specified in subclause 6.4.3.2 and S, ,pe¢_1p as specified in subclause 6.4.3.2.4.

block_pyte_offset[uau_id][di]: same semantics as block_byte_offset[seq][ci]|[au_id][di] above

6.5.2.2 String index

Whenepver string information coming from annotation data has been indexed in the file,’d string index will
be predent. The index at the same time stores the text and makes it searchable. Thus, oné-will need td access

the index both in case of a string search and to decode the original string informatioen.

How tg query and decode the string index is specified in Clause 0.

6.5.2.3] Attribute data byte offset

6.5.2.3l11 General

This is[a box (adbo in Table 58) that contains the byte-offset péinters to the annotation access units|within
the asspciated attribute group and their subsidiary payload blocks.

6.5.2.3.2 Syntax

Table 58 — Attribute data byte offset syntax

Syntax Key Type Remarks
attriljute data byte offset { adbo
for [(i=0; i<n fields AG; i++) ZgiiifZaAans
{ subclause 6.4.6.02
id attribute[i] u(l)
iff (is_attribute[i])
attr _desc_ID[i}] u(l6)
else
attr_descglID[1] u(7)

for | (10; i<n AAUs; i++) {

n AAUs is the nufmber
of annotation
access units in [the

associated attribute
group.

AAU offset[i]

u(byteOffsetSize)

byteOffsetSize
as specified in
subclause 6.4.3.2

for (3=0; Jj<n AAU blocks[i]; J++)

n AAU blocks,

as specified in
subclause 6.4.8.3, is
the number of blocks
in the AAU pointed by
AAU offset[i]
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Table 58 (continued)
Syntax Key Type Remarks
byteOffsetSize
AAU block_offset[i][]] u(byteOffsetSize) as specified in
subclause 6.4.3.2
}
}
. . As specified in
|
while (!byte aligned()) subclause 4.2.3
nesting zero bit £(1)
}

6.5.2.3
The fo

.3 Semantics

annot

attrib
is
iti

lowing fields are for specifying the ordering of the attributes or descrioptonsyfer the storage of

ion access units (attribute_contiguity == 1) or payload blocks (attribute_contiguity == 0) within the

e group:

ttribute[i] is a flag, and if set to 1, indicates that attr_desc_ID[i] is thelD-of an attribute. Otherwise,

the ID of a descriptor.

at{r_desc_ID[i] is the ID of the ith attribute or descriptor, coded respectively as 16-bit or 7-bit unpsigned
intlegers

AAU_offset[i] is the byte offset, counting from the beginning of the associated attribute group contginer to
the ith hnnotation accesss unit. Its value should be 0 if the ahnotation access unit does not exist when the
payloadls are all empty.

AAU_Db
contait
shall b

b included and set to 0.

6.5.2.4 Annotation table index

6.5.2.41 General

Annot3

attributes.

6.5.2.4.2 Syntax

Table 59 — Annotation table index syntax

ock_offset[i][j] is the byte offset, counting from the beginning of the ith annotation accgss unit
er, to the jth payload block within that container. Note that even for empty payloads, payload_offset

tion Table Index (atix in Table 59) consists of one or multiple indexing data structures that qupport
bn the annotation data(by row and column indexes, genomic ranges and string values of gpecific

Syntax Key Type Remarks
annotdqtllen table index { atix

for (i = 0; i <= As specified

. . in subclause
n_aux attribute groups; i++) | 6.4.6.2

As specified

AG class([i] u(3) in subclause
6.4.7.2

As specified

if (AT genomic pos sort mode > 0) { in subclause
6.4.6.2

As specified

default genomic range index[i] grix gen_info in subclause

6.5.2.4.4
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Table 59 (continued)
Syntax Key Type Remarks
As specified
if (attribute dependent tiles[i]) { in subclause
6.4.6.6
for (j = 0; j < As specified
n _add tile structures[i]; in subclause
j++) | 6.4.6.6
As specified
additional genomic range index[i][]] grix gen_info in subclause
e =5 2 4 A
}
}
}
n |attr value_indexes|[i] u(8)
fqr (3 = 0; J < n_attr value indexes[i]; J++) {
As specifigd
attribute value index[i][]] avix gen Ao in subclaupe
6.5.2.4.5
}
}
while (!byte aligned()) iibiﬁ)iiilzdzlg
ngsting_zero bit £(1)
}
6.5.2.4.3 Semantics
The following indexing data is specified for each.attribute group i (as defined in subclause 6.4.7] in the
annotaftion table (i = 0 for the main attribute greup and i > 0 for the auxiliary attribute groups):
AQ_class][i] is the functional class of attribute group i as defined in subclause 6.4.7.2.
default_genomic_range_index[i] is’the genomic range index corresponding to default_tile_structure
(dgfined in subclause 6.4.6.6) ofiattribute group i.
adfditional_genomic_range, index[i][j] is the genomic range index corresponding to additionfal_tile_

strjucture[j] (defined in(Subclause 6.4.6.6) of attribute group i.

n_pttr_value_indeXes]i] is the number of attribute value indexes for attribute group i.

attribute_valuédndex[i][j] is the jth attribute value index for attribute group i.

6.5.2.4.4 Genomicrange index

6.5.2.4.4.1 General

This is a box (grix in Table 60) that contains the genomic range index associated with an attribute data tile
structure (subclause 6.4.6.7). It specifies the genomic range(s) of each tile in the dimension(s) that are sorted

by genomic coordinate (chromosome and position).
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6.5.2.4.4.2 Syntax

Table 60 — Genomic range_index syntax

Syntax Key Type Remarks
genomic range index { grix
index_2d u(l)
for (1 = 0; 1 <= index 2d; i++) {
n_chr(i] u(le)
for (7 = 0; 73 < n chr[i]; J++) {
chr_ID[i][]] st (v) ~D
) QY
) N
7
. . . . va@}g;izeltiles
if ({!variable size tiles) { as cified in
| fihclause 6.4.6[.7
£qr (i = 0; i <= index 2d; i++) v
{ B AN

tile_count[i]

v dependent on
AT coord size

as specified in
subclause 6.4.¢[.2

for (§ = 0; j < tile count[i]; j++) { (.«
start _chr idx[j] [i] _Qléas
. . N . posSize as speclified
start pos([j][1] hs\O u(posSize) in subclause 6.4.6.2
end chr idx([3][i] o u(16)
. . . posSize as speclfified
end _pos([]j] [i] :\®$ u(posSize) in subclause 6.[4.6.2
\
i O
) N
} else { {-‘\\\)

v dependent on

tile count @ u(v) AT_coorcli_;,lzel
— O as specified in
) subclause 6.4.6[.2
fdr (1 = 0; i < tile@dunt; it++)
{ RN
for (j = 0; j~&2 index 2d; j++) |
u(le)

start_cinXx (11031
N~

star s[i][J]

u(posSize)

posSize as speclified
in subclause 6.4.6.2

PR

f‘@(j:O;

j <= index 2d; j++) {

end_chr_idx[i][j]

u(le)

end pos[i] []]

u(posSize)

posSize as specified
in subclause 6.4.6.2
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4.3 Semantics

index_ 2dis a flag, if set to 1, indicates this genomic range index applies to both the rows and columns of the
associated annotation data. Otherwise, it only applies to one dimension. It shall be set to 1 if the following
conditions hold:

two_dimensional == 1,

AT_genomic_pos_sort_mode == 3, and

(symmetry_mode > 0 && !variable_size_tiles && tile_size[0] == tile_size[1]).

Note t

in subg
excludé
identic

n_chr|

which

chr ID

dl two dimensional dId symmetry mode dI'e Specllied In Subclause 6.4./.4, AT genomic pos SoOY

hl genomic ranges in both dimensions.

i ] is the number of chromosomes defined in the annotation data in the row/cglumn dimeng

(1137 is the jth chromosome IDs in the row/column dimension, in thérder as they appeal

annot

tile cpunt[i] is,inthe case of variable size tiles == 0,the numberioftiles in the row/column din
for which the genomic ranges are being specified; whereas in the case of variable size tiles == 1,

total n
tile c

ion data.

£ mode

lause 6.4.6.2, and variable size tiles and tile size in subclause 6.4.6.7. The third conditipn is to
 the case where the data is symmetric and split into square tiles of a uniform size, thus.wesufting in

ion for

he genomic ranges of the tiles are being specified. If index 2d == 1,i == 0shall correspond to the
row dimension, and i == 1 shall correspond to the column dimension.

in the

lension

tis the

mber of tiles, n_tiles, as specified in subclause 6.4.6.7. The\process for the assignment of valjie(s) to

bunt [] is specified in Table 61.

Table 61 — Process for assigning value(s) to tile_count

Syntax Remarks
variable size tiles as specilfied
if (vgqriable size tiles == [ in subclause 6.4.6.7; two_
t]o dimensional == 0) ({ dimensional as specified in
subclause 6.4.7.2
t11d count = n tiles n tiles as specified in subdlause
— - 6.4.6.7
} elsq {
. . L i igui i f3
if {attribute contiguity)~% attribute contiguity as spedified

in subclause 6.4.7.2

column major tile order as

+f (column major_ tgleorder) { specified in subclause 6.4.7.2
. _ . n tiles per col as specified in
n tiles 1 = @ tiles per col sUbclause 6.4.8.3
n AAU blocks as specified in
. . . bcl 6.4.8.3
n tiles\? = Ceil(n AAU blocks / n tiles 1) sulc aus§ )
- - - - - - Ceil(x) is a function that
returns the smallest integery 2 x
} |lelse {
. _ . n tiles per row as specified in
n tiles 2 = n tiles per row sibclause 6.4.8.3
n tiles 1 = Ceil(n_AAU blocks / n_tiles 2)
}
else {
max tile idx 1() returns the
maximum value of tile index 1, as
n tiles 1 = max tile idx 1() specified in subclause 6.4.8.3,

among all annotation access
units.
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Table 61 (continued)
Syntax Remarks
max tile idx 2() returns the
maximum value of tile index 2, as
n tiles 2 = max tile idx 2() specified in subclause 6.4.8.3,

among all annotation access
units.

}

if (AT genomic pos sort mode == 1) { AT_genomic_pos_sort_mode as

specified in subclause 6.4.6.2

tile count = n tileg 1

} else if (AT genomic pos sort mode == 2) {

tile count = n tiles 2

} ellse if (AT genomic pos sort mode == 3) {

iff (index 2d == 0) {

tile count = n tiles 1

} lelse {
tile count[0] = n tiles 1
tile count[l] = n tiles 2

}

(start chr_idx[i][j], start_pos[i][j]) specifies the start (top/leftmost) genomic coordinate, i.e. chromiosome
and pofition, of a tile. For variable_size_tiles == 0, i corresponds to the row/column tile index; wherteas for
variable_size_tiles == 1, i corresponds to the overall tile.index. For index_2d == 1, j == 0 refers to the row
dimengion and j == 1 refers to the column dimension,

(end_chr_idx[i][j], end_pos]i][j]) specifies the end (bottom/rightmost) genomic coordinate, i.e. chromiosome
and pofition, of a tile. For variable_size_tiles =5)0, i corresponds to the row/column tile index; wheiteas for
variable_size_tiles == 1, i corresponds to the overall tile index. For index_2d == 1, j == 0 refers to the row
dimengion and j == 1 refers to the column:dimension.

6.5.2.4.5 Attribute value index

6.5.2.4.5.1 General

This is|an optional box-(avix in Table 62) containing information and data of a supplementary index that
supporjts query by descriptor/attribute values.

6.5.2.4.5.2 Syntax

Table 62 — Attribute value index syntax

Syntax Key Type Remarks
attribute value index { avix
n_index descriptors u(8)
for (i = 0; 1 < n_index descriptors;
i++)
index descriptor ID[i] u(8)
n_index_attributes u(8)
for (1 = 0; 1 < n_index attributes;
it+)
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Table 62 (continued)

Syntax Key Type Remarks
index_attribute ID[i] u(le)
compress u(l)

if (compress)

compress_algorithm ID u(8)
index type u(7)
Set to n_index
if (index type == 0) { descriptors + n_index
Tttribute
nym strings = n index descriptors

+ n_index attributes

mg

As specifiedsin

ster string index (num strings, O0) subclauga 7

se if (index type == 1) {

|tree index ()

As(specified in
SsubcClause 8.1

} el

se 1f (index type == 2) {

mg

ster string index(num strings, 1)

6.5.2.4.5.3 Semantics

n_inde

index_
index.
set (sull

x_descriptors is the number of descriptors associated with this attribute value index.

descriptor_IDJi] is the ID of a descriptor whose data values can be queried using this attribut]
t shall be one of the descriptor IDs in annotation_encoding_parameters() of the dataset par
pclause 6.4.3.7) referenced by parameter_set_ID in the annotation table header (subclause 6.4.

n_inde

index |
index.

(subclduse 6.4.3.7) referenced by parameter_set_ID in the annotation table header (subclause 6.4.6.2).

e value
hmeter
6.2).

x_attributes is the number of attributes associated with this attribute value index.

attribute_ID[i] is the ID of an attribute whose data values can be queried using this attribut
t shall be one of the attribute IDs in annotation_encoding_parameters() of the dataset param

compr]
referern

compr
compré
for the

index_
B-Tree

ess is a flag, if set to 1, indicates the index data following index_type is compressed by the alg
ced by compress_algorithm_ID. Otherwise, the index data is uncompressed.

ess_algorithm-ID specifies the ID of the compression algorithm being applied on the index
bss == 1. Its value shall be one of the values of encoding_mode_ID defined in ISO/IEC 23092-2
value 0 whieh corresponds to the CABAC algorithm.

type specifies the type of this attribute value index. Possible values include 0 for string inde|
index; 2 for string index with tiles. Other values are reserved for future use.

e value
bter set

orithm

data if
except

x, 1 for

6.5.3

6.5.3.1

Descriptor stream

General

A descriptor stream is a stream of data of a certain class and descriptor, encoded as described in
ISO/IEC 23092-2.

This is a mandatory box (dscn in Table 63) when the syntax element block_header_flag in the dataset header,
as specified in subclause 6.5.3.2, is equal to 0; it is forbidden otherwise.

Child b

oxes may be present or not, according to the column “Mandatory” in Table 10.
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Table 63 — Descriptor stream syntax

Syntax Key Type Remarks

descriptor stream f{ dscn

. . As specified in
descriptor stream header dshd gen_info subclause 6.5.3.2

. . As specified in
DS _protection dspr gen_info subclause 6.5.3.3

num blocks as
for (i = 0; 1 < num blocks; i++) { specified in
subclause 6.5.3.2

fqr (3 = 0; J < block payload size[1i];
J++) |

As spdcpified| in

block payload(i](]] v (® ISO/BEC” 2309p-2

}

block_anload_size[i] is inferred from the master index table field block.byte_offset, as specified in
subclayise 6.5.2.1, as difference between either block_byte_offset[i+1] or the variable descriptor_stream_
size, agdescribed in subclause 6.4.3.2.5, and block_byte_offset[i].

block_payload[i][j] is the jth byte of the block payload.
6.5.3.2] Descriptor stream header

6.5.3.2.1 General

This is|a box (dshd in Table 64) describing a descriptor stream. It is mandatory whenever the degcriptor
stream|, as specified in subclause 6.5.3, is present,férbidden otherwise.

6.5.3.2.2 Syntax

Table 64 = Descriptor stream header syntax

Syntax Key Type Remarks
descriptor stream header { dshd

rdserved u(l)

dgscriptor_ ID u(7)

class_ID u(4)

nym blocks u(32)

wilile (WByte aligned()) isZSgec1fled in subcljause

nésting zero_bit £(1) Equal to O

6.5.3.2.3 Semantics

descriptor_ID identifies the type of compressed descriptors carried by the descriptor stream. It shall have
one of the values specified as descriptor_ID[ci][di] in subclause 6.5.3.2.

class_ID identifies the class of data carried by the block, as specified in Table 6.

num_blocks is the number of blocks composing the descriptor stream.
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Descriptor stream protection

.1 General

Thisis an optional box (dsprin Table 65) containing protection information associated to a descriptor stream.

When present this box contains information that a decoder needs to properly handle a protected
descriptor stream.

6.5.3.3.2 Syntax
Table 65 — Descriptor stream protection syntax
Syntax Key Type Remarks
DS prqtection { dspr
DY protection value () As specified @nTSO/IEC 2B092-3
}
6.5.3.3.3 Semantics

DS_pragtection_value(): descriptor stream protection information, as specified in ISO/IEC 23092-3.

6.5.4

This bq
their I
addres
respec

In casd

Offset

x allows an indirect addressing of boxes in a different phySical position in the file, while pre
gical position as described in this document. It shallibe placed in the mandatory position
ced box, as specified in subclause 6.1.2, so that the logical position of the addressed box would
[ing such mandatory ordering.

of boxes not marked with suffix “[]” after their name in the Syntax column of any of the tg

In casq

ses 6.4 and 6.5, and which can be present\in only one instance, if an associated offset box is |
ultiple instances of the same original box may be physically present in the File, but only f

of boxes marked with suffix []” after their name in the Syntax column of any of the t4

subclayises 6.4 and 6.5, and which-tmay be present in multiple instances, if the associated offset box is |

it shall

In case
box wh
(1<<64

6.5.4.1

be present in as many ipstances as the addressed boxes.

one instance of the-offset box is not referring to any box yet but just present as placeholder fo
ich may potentially’be added, then the Offset field, as specified in subclause 6.5.4.1, shall t
-1 value, whichyshall be ignored.

Syntax

berving
of the
still be

bles in
bresent
he box
hall be

bles in
bresent

' a new
hke the

struct

offset

{

}

c(4) Key;
c(4) SubKey;
u(64) Offset;

6.5.4.1

.1 Semantics

Key is the key of the offset box, being equal to offs.
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SubKey is the key of the box being addressed by the offset box. Its usage is restricted to the following boxes,
as specified in Table 10: dghd, rfgn, rfmd, labl, Ibll, dgmd, dgcd, dgpr, dtcn, dtmd, dtmt, dtcd, dtpr, atcn, atmd,
atcd, atpr, atix, avix.

Offset is the byte offset of the first byte in the referenced box, with respect to the first byte of the file
(0-based). If equal to (1<<64)-1 then the offset box is not addressing any box and shall be ignored. The value
of Offset shall be larger than the offset of the last byte of any dgcn box in the file.

6.6 Data structures specific to transport format

6.6.1 _General

This sybclause specifies the data structures specific to the transport of genomic information, in‘addjtion to
the datja structures specified in subclause 6.4.

6.6.2 | Data streams

A data|stream is identified by a unique Stream_ID, equal to the SID field of packet header as specjfied in
subclalise 6.6.5.2, and it can transport any of the following data structures:

— filg_header, as specified in subclause 6.4.5.1: this data stream shall be anique and composed by| one or
mdre packets with Stream ID (SID in packet header, as specified in subclause 6.6.5.2) equal to 1,

— data structures containing transport information (dataset mapping table list as specified in
subclause 6.6.3, dataset mapping table as specified in subclause®6.6.4),

— dataset group header, as specified in subclause 6.4.2.2,

— reflerence, as specified in subclause 6.4.2.3,

— label list, as specified in subclause 6.4.2.5,

— dataset header, as specified in subclause 6.4.3.2;

— dataset parameter set, as specified in subclause 6.4.3.7,

— acgess unit, as specified in subclause 6:4.4,

— anhotation table header, as specified in subclause 6.4.6.2,

— atfribute group tile configliration, as specified in subclause 6.4.6.6,

— atfribute group headeT-as specified in subclause 6.4.7.2,

— anpotation access urit, as specified in subclause 6.4.8, and

— mgdtadata and\protection information, as specified in subclauses 6.4.2.4, 6.4.2.6, 6.4.2.7, 6.4.2.8,6.4.3.3,
6.4.3.4, 6435, 6.4.3.6, 6.4.6.3, 6.4.6.4 and 6.4.6.5.

6.6.3 | Dataset mapping table list

6.6.3.1 General

This is a mandatory box (dmtl in Table 66) containing a list of all Stream_IDs of data streams transporting
the dataset mapping tables, as specified in subclause 6.6.4, available in the datasets of a dataset group. Each
of the listed data streams is identified by a unique dataset_mapping_table_SID.

The dataset mapping table list contains, along with the dataset mapping table described in subclause 6.6.4,
the necessary and sufficient information to de-packetize and de-capsulate the transport format for a specific
dataset in a dataset group.
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Each dataset mapping table list is transported within one or more packets with Stream ID (SID in packet
header, as specified in subclause 6.6.5.2) equal to 0.

6.6.3.2 Syntax
Table 66 — Dataset mapping table list syntax
Syntax Key Type Remarks
dataset mapping table list { dmt1
dataset _group_ ID u(8)

fqr (1=0;1i<num datasets;i++) {

dataset mapping_table SID[1i] u(le)

6.6.3

dataset_group_ID is the dataset group ID, as in the dataset group header, as specified in subclause 6

.3 Semantics

4.2.2.

num_dptasets is inferred from the Length field in dataset_mapping_tablé_list gen_info header,as follows:

(Length -13) / 2.

dataset_mapping_table_SIDJi] is the stream ID associated to the data stream containing the d
mapping_table. Values 0 and 1 cannot be used as reserved for the dataset mapping table list, as sy
in subdlause 6.6.3, and the file header, as specified in subclause<6.4.1. The same value of dataset_m3

table_dID cannot be contained in dataset_mapping_tables with'different dataset_group_ID.

6.6.4

6.6.4

This is|a mandatory box (dmtb in Table 67 }listing all data streams transporting data related to the
identified by dataset_ID.

The dafaset mapping table associates data types (access units, metadata boxes, protection boxes, ef
Stream IDs (SID) found in packet leader, as specified in subclause 6.6.5.2.

Table 68 provides the association between data type values and data structures. The dataset m

table

The datasets mappifigitable can be periodically re-transmitted, either updated or identical.

Dataset mapping table

.1l  General

Qtaset_
ecified
\pping_

Hataset

c.) and

apping

cpntains, along with-the dataset mapping table list specified in Table 66, the necessary and sulfficient
informption to de-packetize and de-capsulate the transport format for a dataset in a dataset group.

6.6.4.2] Syntax
Table 67 — Dataset mapping table syntax
Syntax Key Type Remarks
dataset mapping table { dmtb
dataset_ ID u(le)

for (i=0;i<num data streams;i++) {

data_type[i] u(8)

reserved u(3)
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Table 67 (continued)

Syntax Key Type Remarks
data_SID[i] u(13)

6.6.4.3 Semantics

dataset_ID is the dataset_ID as specified in subclause 6.4.3.2.

data_type[i] identifies the type of data carried by packets identified by subsequent data_SID{i] field,
accord|ng to Table 68.
Note num_data_streams is inferred using the Length field in dataset_mapping_table gen_infoj\as followfs: num_
data_stfeams = (Length - 14) / 3.
Table 68 — data_type field semantics
data_type Data structure Subclause
0 Dataset group header (dghd) 6.4.2.2
1 Reference (rfgn) 6.4.2.3
2 Label list (labl) 6.4.2.5
3 Dataset header (dthd) 6.4.3.2
4 Dataset parameter set (pars) 6.4.3.7
5 Dataset group metadata (dgmd) 6.4.2.6
6 Reference metadata (rfmd) 6.4.2.4
7 Dataset metadata (dtmd) 6.4.3.3
8 Dataset group protection (dgpr) 6.4.2.8
9 Dataset protection (dtpr) 6.4.3.6
10 to 15 Access unit (aacn) with AU_type equal to data_type - 9 6.4.4
16 Dataset metrics metadata (dtmt) 6.4.3.4
17 Dataset_group clinical data linkage metadata (dgcd) 6.4.2.7
18 Dataset clinical:data linkage metadata (dtcd) 6.4.3.5
19 Annotatiofi table clinical data linkage metadata (atcd) 6.4.6.4
20 Annotdtion table header (athd) 6.4.6.2
21 Annoetation table metadata (atmd) 6.4.6.3
22 Annotation table protection (atpr) 6.4.6.5
23 Attribute group tile configuration (agtc) 6.4.6.6
24 Attribute group header (aghd) 6.4.7.2
25 Annotation access unit (aauc) 6.4.8
26(to0, 255 Reserved for future use

data_SID[i] is the ith stream ID (SID) in the packet header, as specified in subclause 6.6.5.2, of packets
transporting the corresponding data_type, as specified in Table 68. Its value shall be different than 0, as 0 is
reserved for the dataset mapping table list as specified in subclause 6.6.3, and 1, as 1 is reserved for the file
header, as specified in subclause 6.4.1. The same value of data_SID for data_type equal to either 3, 4, 7,9, 10
- 15, 16, 18, or 19 - 25 cannot be contained in different dataset_mapping_tables with different dataset_ID or
pointed, via the dataset_mapping_table_SID, by dataset_mapping_table_lists with different dataset_group_
ID. The same value of data_SID for data_type equal to either 0, 1, 2, 5, 6, 8 or 17 cannot be contained in
different dataset_mapping_tables pointed, via the dataset_mapping_table_SID, by dataset_mapping_table_
lists with different dataset_group_ID.
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A packet (see Table 69) is a transmission unit transporting in its payload segments of any of the data

structures listed in Table 68.

The packet payload contains bytes from any of the data structures specified in Table 10, with the
corresponding entry in the Scope column either being equal to Transport or empty.

Table 69 — Packet syntax

Syntax Key Type Remarkps
packet {

As specified| in
paclet header packet_header sybclause 6.p.5.2
for{i = 0; 1 < packet size - pack§t751z§ e

. - , specified in
sizeof (packet_header); i++) { subclause 6.6.5.2

Racket payload[i]

}

Where

packel_payload][i] is the i-th byte composing the packet payload.

6.6.5.2) Packet header

6.6.5.2.1 General

This isja mandatory box (see Table 70) describing the packet.

6.6.5.2.2 Syntax

Table 70 — Packet header syntax

Syntax Key Type Remarks
packell header {
S1D u(l3)
rgserved u(3)
mdrker bit u(l)
sgquence shumber u(8)
p3cket\size u(ls)

6.6.5.2.3 Semantics

SID is the Stream ID of the data stream containing this packet. It unambiguously identifies data carried by
this packet, according to the dataset_mapping_table, as specified in subclause 6.6.4. It shall be unique for

each data stream.

marker_bit is equal to 1 in the last packet containing data of a certain box, it is equal to 0 in all other packets.
It allows identifying the end of a box when split in multiple packets. In case of box carried in a single packet

it shall always be set to 1. A packet shall never contain data of two different boxes.
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sequence_number is a packet counter linearly increasing by 1. It is needed to identify packet losses as gaps
in sequence_numbers for each individual data stream. It wraps around at 255.

packet_size is the number of bytes composing the packet, including header and payload. If packet_size is
equal to 5, then this is the last packet containing data of the dataset associated to SID; it shall be different
than 5 in all other cases.

6.7 Reference procedures to convert transport format to file format

The conversion procedures in this subclause shall be considered as reference procedures in order to
guarantee that:

thg

thg
tra

Any of
considg
expect

NOTE
session

6.7.1

This sy
the dat
as speq
subclayse 6.4.4.3. The procedure is the following:

resulting file is compliant to the file format specification, and

resulting file retains exactly the same information as the original stream compliant w
nsport format.

her process producing the same output from the same conformant bitstfeam can be
bred compliant to the ISO/IEC 23092 series. At the same time, complying implementations
bd to follow the exact algorithm used by these reference procedures.

These conversion procedures are needed to save in a storage device-the data received via a tr
so that the resulting file is compliant to the file format, as specified in subglause 6.3.

Procedure for genomic sequencing data

bclause describes a reference procedure to update the parameters seq_count and seq_blocks
aset header, as specified in subclause 6.4.3.2, and to €enipile the master index table, when g
ified in subclause 6.5.2.1, from the syntax elements*present in the access unit header, as speq

1.

Th|
Sp

e dataset header field block_header_flag is deétermined by the contiguity mode of the output
ecified in subclause 6.4.3.2.5.

se(_count is initialized to 0 and is increniented by 1 every time sequence_ID in the access_unit_|

as

Epecified in subclause 6.4.4.3, is different than any previously received sequence_ID.

se(_blocks[seq_count] is initializedto 0 and incremented by 1 every time the (sequence_ID, acces

ID)
(se

Th
du

a.

b.

vector in the access_unit:header, as specified in subclause 6.4.4.3, is different than any p
quence_ID, access_unit_ID) yvector.

e coordinates of the(master index table, as specified in subclause 6.5.2.1, are calculated as
[ing the process:

seq = seq_count

ci is ingremented by 1 every time a new value of AU_type in the access unit header, as sy
in subelduse 6.4.4.3, is received; the array clid, as specified in subclause 6.4.3.2, is filled w
Al _type value accordingly;

ith the

bqually
hre not

ansport

seq] in
resent,
ified in

file, as

header,

S_unit_
Fevious

follows

ecified
ith the

Fava R 1
T T

If block_header_flag is equal to 0, di is incremented by 1 every time a new value of the descriptor_ID

field in the block header, as specified in subclause 6.4.5.2, is received; the array descripto
specified in subclause 6.4.3.2, is filled with the descriptor_id value accordingly.

If class_ID is different than CLASS_U:

a.

r id, as

The master index table entry named AU_start_position[seq][ci][au_id] is calculated as follows:

AU_start_position[seq][ci][au_id] = AU_start_position in the access unit header, as specified in

subclause 6.4.4.3.
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b. The master index table entry named AU_end_position[seq][ci][au_id] is calculated as follows:

AU_end_position[seq][ci][au_id] = AU_end_position in the access unit header, as specified in
subclause 6.4.4.3.

c. Ifmultiple_alignment_flag is equal to 1:

i. The master index table entry named extended_AU_start_position[seq][ci][au_id] is calculated
as follows:

extended_AU_start_position[seq][ci][au_id] = extended_AU_start_position in the access unit
header, as specified in subclause 6.4.4.3.

ii. The master index table entry named extended_AU_end_position[seq][ci][au_id] is calculated as
follows:

extended_AU_end_position[seq][ci][au_id] = extended_AU_end_position in, the acce$s unit
header, as specified in subclause 6.4.4.3.

i

de if class_ID == CLASS_U and the dataset header field U_signature_flag is equalto 1

a. | If the dataset header field U_signature_constant_length is equal to 0, the master index table [entries
named U_cluster_signature_length[uau_id][i] are calculated as follows:

U_cluster_signature_length[uau_id][i] = U_cluster_signature[i] in‘\the access unit header, as sgecified
in subclause 6.4.4.3.

where uau_id = au_id.
b. | The master index table entries named U_cluster_signature[uau_id][i] are calculated as follows:

U_cluster_signature [uau_id][i] = U_cluster_signdture[i] in the access unit header, as specjfied in
subclause 6.4.4.3.

where uvau_id = au_id.
If Block_header_flag is equal to 0:

a. | Every time a block with a certain descriptor_ID contained in the access unit carrying flata of
class class_ID is received, where the (class_ID, descriptor_ID) vector has not been received yet, a
new descriptor stream container box dscn, named DSCN|ci][di], is created and a variable |named
blockPtr[ci][di] is defined-and initialized to 0.

b. | A variable named-headerSize is created and set as the number of bytes following the first pyte of
the Value field of the dataset (dtcn) gen_info structure (0-based) and preceding the first pyte of
DSCN([ci][di].

c. | blockPtr[ci}[di] is incremented by header_size + Length of any child gen_info box of DSCN|ci][di].

d. | Thepayload of all blocks identified by class_ID and descriptor_ID in the block header is copied into
the Value field of DSCN|ci][di].

e. —For each of the above bIocKsS, a New vartabie mamed btocketrictiffdiffau_tdis defimed and assigned
the current value of blockPtr[ci][di].

f.  For each block, blockPtr[ci][di] is incremented by block_payload_size.

g.  Once the session is terminated and before writing the resulting data into the output file, a variable
named dsOffset is defined, initialized to 0.

h. After writing each DSCNJci][di] in the output file, dsOffset is incremented by sizeof(gen_
info header) + Length(DSCN|ci][di]).
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For each DSCN|ci][di] written in the output file, the master index table entry named block_byte_

offset[seq][ci][au_id][di] is updated as follows:
block_byte_offset[seq][ci][au_id][di] = dsOffset + blockPtr[ci][di][au_id]

Else if block_header_flag is equal to 1:

A buffer named datasetPayload is created.
For each access unit:

i.  The access unit header is written into datasetPayload.

ii. Each block composing the access unit is written into the datasetPayload.

For each access unit, AU_byte_offset[seq][ci][au_id] is equal to the offset of the first byte
access unit with regards to the first byte of the datasetPayload.

At the end of the session, datasetPayload is written into the output file as~dataset payl
specified in subclause 5.4.

the end of the process, typically when the end user stops the execution-of the transport p

master index table shall be re-ordered, per each combination of eithér seq and class_ID i
uau_id index, by increasing value of, respectively, AU_start_position[seq][ci][au_id] or U_
nature[uau_id][0].

Procedure for genomic annotation data

bclause describes a reference procedure to update selected fields in dataset headers (as sy
lause 6.4.3.2), attribute group headers (as specified’in subclause 6.4.7.2), annotation acce
5 (as specified in 6.4.8.3) and attribute data tile/structures (as specified in 6.4.6.7), and g
uctures of annotation table index (as specified in'6.5.2.4) and attribute data byte offset (as s
.3), as needed, using information in the transported containers individually identified by a
ler IDs that also indicate their organization in the file. The procedure is the following:

fild a tree structure of container IDs as‘shown in Figure 8 by adding a node to the tree whe
v container box is received based.ofithe list of IDs that uniquely identify the box in transport

N
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ndexes
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ecified
SS unit
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format.

Figure 8, child nodes belonging tojthe same parent are indexed by integers 1 to n, and the nuber of
child nodes n can be different in each container.
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Figure 8 — Tree structure of container IDs

For each dataset header (as specified in subclause 6.4.3.2) identified by dataset_group_ID and dataset_
ID, if n_ann_tables == 0, update the fields values as follows:

a.

b.

n_ann_tables is set to the number of annotation table IDs associated with the dataset node.

AT_ID[i] is set to the ID of the ith annotation table associated with the dataset node.
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c. AT_index_exists[i] is set to 1 if the ith annotation table associated with the dataset node is
accompanied by an annotation table index (atix). Otherwise, it is set to 0.

For each annotation table identified by dataset_group_ID, dataset_ID and AT_ID, generate an annotation
table index (atix, as specified in subclause 6.5.2.4) if one of the following is true:

a. AT_genomic_pos_sort_mode > 0, in which case one or multiple genomic range indexes (grix, as
specified in subclause 6.5.2.4.4) shall be provided, or

b. One or multiple attribute value indexes (avix, as specified in 6.5.2.4.5) are available for the
annotation table.

For each annotation access unit header (as specified in 6.4.8.3) identified by dataset_group_ID; dataset_
ID|AT_ID, AG_class and an annotation access ID, which can be a descriptor/attribute ID (whenjattiribute_
comtiguity == 1) or tile index(es) (when attribute_contiguity == 0), if n_AAU_blocks equals) ) upglate its
value to the number of blocks contained in the annotation access unit.

Fol each attribute group header (as specified in subclause 6.4.7.2) identified by)dataset_grpup_ID,
dataset_ID, AT_ID and AG_class, if dimension_size[0] equals 0, update the valug(s)"in dimension_size[]
with the process specified in Table 71.

Table 71 — Process to compute dimension_size

Syntax Remarks

variable size tiles (in subcllause

6.4.6.7) of default tile strycture
(vdriable size tiles == 0) { (in subclause 6.4.6.6) associlated

with the attribute group
identified by AG class

attribute contiguity as speciffied
in subclause 6.4.7.2 associated
with the attribute group
identified by AG class

if |(attribute contiguity == 0) {

max_tile idx 1() returns the
maximum value of tile index 1 (0-
based), as specified in subcllause
6.4.8.3, among all annotation
access units associated with [the
attribute group identified by AG

class
dimension size[0] = mag\bile idx 1() * tile size[] (in subclause 6.4.6.7)
tile size[0] +(nrows btm tile() of default tile structure (in

subclause 6.4.6.6) associated with
the attribute group identifigd by
AG_class

nrows btm tile() returns the
number of rows in a decoded Hottom
tile with tile index 1 == maxy
tile idx 1()

two dimensional as specified [in
subclause 6.4.7.2 associated |with

i fewo_dimensional) { the attribute group identifigd by

2 2
O C1Ldadoo

tile index 2 exists as specified
in subclause 6.4.8.3 of any of
if (tile index 2 exists) { the annotation access units
associated with the attribute
group identified by AG class
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Table 71 (continued)

Syntax

Remarks

dimension size[l] =
tile size[l] +

max tile idx 2() *
ncols right tile()

max_ tile idx 2() returns the
maximum value of tile index 2
based), as specified in subclause
6.4.8.3, among all annotation
access units associated with the
attribute group identified by AG
class

ncols right tile() returns the
number of columns in a decoded

(0-

rightmost t+ile with +ile inde 2
== max_tile idx 2()

( -
} else { ‘,\Ql/
dimension size[l] = ncols right tile() h:.
VR
) g )t
M
} faN
} g4lse { q/.)
if (two _dimensional == 0) { k)

dimension size[0] = (n AAU blocks - 1) *
tile size[0] + len last block()

OKs as specified in
6.4.8.3

n AAU
subc
tikeNsize (in subclause 6.4.4¢.7)
oﬁi?efaulttilestructure (iny
‘subclause 6.4.6.6) associated with
he attribute group identifigd by
AG class
len last block() returns the
number of elements in the dedoded
vector of the last block of 4

descriptor/attribute associatled
with default tile structure

} else {

if (column major tile order) {XSD
— — — L

column major tile order as
specified in subclause 6.4.7 .2

.

N
n_tiles_p?i;éol

n tiles 1 =

n tiles per col as specified [in

subclause 6.4.8.3

n tiles 2 = Ceil(rlﬁéU_blocks /
nitilesil)m

n AAU blocks as specified in
subclause 6.4.8.3

} else { C)V

n tiles 2 érztiles_per row
AN

~

n tiles per row as specified [in

subclause 6.4.8.3

n_tile<j;9: Ceil (n_AAU blocks /
<2§ tiles 2)

b %

&Xrensionisize [0] =
o,

Vv

(n_tiles 1 - 1) *

tile size[0] + nrows last block()

nrows last block() returns the
number of rows in the decoded tile
of the last block of a descrifptor/
attribute associated with deflault

tile structure

dimension size[l] = (n_tiles 2 - 1) *
tile size[l] + ncols last block()

ncols last block() returns the
number of columns in the decoded
tile of the last block of a
descriptor/attribute associated
with default tile structure

} else {
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dimension size[0] =

Table 71 (continued)
Syntax Remarks
end index[][] (O-based, in
subclause 6.4.6.7) of default

Max (end index[][0]) + 1

tile structure (in subclause
6.4.6.6) associated with the
attribute group identified by AG
class

if (two_dimensional)

{

dimension size[1]

= Max (end index[][1]) + 1

}
}

6. For each attribute group tile configuration (as specified in subclause 6.4.6.6) identified’by dataset_
group_ID, dataset_ID, AT_ID and AG_class, if n_tiles == 0 in any of the associated @ttribute dpta tile
strjuctures (as specified in subclause 6.4.6.7), update its value with the process spécified in Table 72. If
variable_size_tiles == 1, n_tiles shall always be set when an attribute data tile structure is genergted.

Table 72 — Process to compute n_tiles
Syntax Remarks
. 1. . . L variable size tiles as specifjied
if (vgriable size tiles == 0) { irSubclause 6.4.6.7
attribute contiguity as specilfied
. . . . - in subclause 6.4.7.2 associatjed
if [(attribute contiguity == 0) { with the attribute group
identified by AG class
max tile idx 1() returns the
maximum value of tile index 1 (0-
based), as specified in subcllause
n tiles = max tile idx 1() + 1 6.4.8.3, among all annotation
access units associated with [the
attribute group identified byl AG
class
tile index 2 exists as specifjied
in subclause 6.4.8.3 of any df
if (tile index 2 exists) { the annotation access units
associated with the attributd
group identified by AG class
max tile idx 2() returns the
maximum value of tile index 2 (0-
based), as specified in subcllause
n tiles =~ tiles * (max tile idx 2() + 1) 6.4.8.3, among all annotation
access units associated with [the
attribute group identified byl AG
class
}
} qlse, {
. n AAU blocks as specified in
n"tPiles = n AAU blocks cobelouse 6.4 8 3
}

}

7. Generate an attribute data byte offset (adbo, as specified in subclause 6.5.2.3) data structure for each
attribute group tile configuration (as specified in subclause 6.4.6.6).

8. Remove from the beginning of each received container any trail of IDs of the upper-level containers

required only for the transport format, before ouputting all data structures into the hierarchy of

containers required for the file format.

© ISO/IEC 2025 - All rights reserved

86


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

7 String indexing technologies

7.1 Master string index

7.1.1

When used for the string compression of genomic annotation data with dataset_type ==

General

3 as specified in

subclause 6.4.3.2, the master string index (MSI, see Table 73) self-indexes a subset of the string fields within

records, for all the records within annotation access units and for all the annotation access units within a
dataset. The list of string fields encoded in a MSI is specified by flelds n_index_descriptors, index_descriptor_

ID[], nindex—attributes—and—index—atiributebH—specified—in—subelatse—6-5-24-5—AH—the—asspciated
descrigtors and attributes shall share the same tile structure in the attribute group tile configiirgtion as
specifigd in subclause 6.4.6.6.
When the MSI is used, the corresponding subset of string fields shall be encoded only in the MSI, i.e. the said
string fields shall not be encoded also in the annotation access units. The index at the same time stdres the
text anld makes it searchable. Therefore, when one or more MSIs are present in a dataset, the annptation
access unit decoding processes shall decode the corresponding string fields from €ach MSI. The qué¢ry and
decodihg processes for the string index are specified in subclause 7.2.
When [ised for the string compression of genomic sequencing data with dataset_type < 3 as specjfied in
subclayse 6.4.3.2, a compressed string index shall be generated for the dafayof an indexed descriptor|in each
access pnit and stored in the corresponding block payload.
7.1.2 | Syntax
Table 73 — Syntax of master 'string index
Syntax Key Type Remarks
mastef string index (numStrings, useTiles) { msix
masfier string index header () mshd ?slsgecified in subdlause
fdr (3 = 0; 9 < num indices; q++4) 3 num_indices as specilfied
J P J - P in subclause 7.1.3.]
string indexencodes
. . . . . . a list of strings asg
string index[]j] (numStrinds, ‘useTiles) ssix specified in subclagse
7.1.4

}
}
7.1.3 | Master String Index Header
7.1.3.1 Syntax.and semantics

Table 74 — Syntax of master_string_index_header

Syntax Key Type Remarks
master string index header { mshd

string_index_ id u(lo)

num_indices u(8)

for (i=0; i < num indices; i++){

is_attribute[i] u(l)

if (is_attribute[i]) {

attribute_ID[1] u(lo)
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Table 74 (continued)
Syntax Key Type Remarks
} else {
descriptor ID[i] u(7)
}
}
. . As specified in
|
while (!byte aligned()) subclause 4.2.3
nesting zero bit f(1) One bit set to 0
}

string|
num_i
is_attn

attrib
aselfi

descri

7.1.4

7.1.4.1]

A strin
each re

The lis
The lis

lindex_id is a unique identifier of the master string index
hdices is the number of sub-indexes in which this MSI is split. It shall be greater than 0.

ibute[i] is a flag set to 1 if the corresponding descriptor or attribute is an attribute, 0 otherwige.

te_ID[i] is the identifier of the string attribute payload which is stored in"the master string index as

dex.

ptor_IDJi] is the identifier of the string descriptor payload which is:stored in the master string index
as a sellf index.

String index

General

b index block (see Table 75) is a portion of a masterstring index that encodes one or more strings for

cord, for a variable number of annotation datatiles each containing a variable number of recofds.

[ of strings encoded within a string index issteferred to in the following as “compressed stringfindex”.

L of strings obtained by decoding a compressed string index from a String Index is referred t¢ in the
following as “uncompressed string index®or “string index payload”.

7.1.4.21 Syntax
Table 75 — Syntax of string_index
Syntax Key Type Remarks
string index (numSt&iNigs, useTiles) { SSix
if (useTiles ==(0) {
an_AUs u(24)
fqr (i\#='0; i < num AAUs; i++) {
at~id[i] u(32)
if(i > 0) {
au_offset[i] u(32)

}

} else if (useTiles == 1) {

6.4.6.2.3

for (1 = 0; 1 < n _tiles; i++) {
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Table 75 (continued)

Syntax Key Type Remarks
v dependent on AT coord size
tile _index 1[i] u (v) as specified in subclause
6.4.6.2.3
two dimensional as specified
in subclause 6.4.7.2
. , . variable size tiles as
if (two_dimensional && specified in subclause
!variable size tiles) { 6.4.6.6.4 of the tile
structure associated with
Lile 1ldexed JdesCLIpLOLs and
attributes
v dependent on AT,.&0PTd|size
tile index 2[i] u(v) as specified in_subclaukge
6.4.6.2.3
}
if(i > 0) |
tile offset[i] u(32)
}
}
}
String Index coding modg
(i.e. compression profiles,
coding mode uy(8) to enable controlling the
trade-off between comprgssion
and querying speed)
A compressed binary lisg
. . ) . of strings, as specifieg
comgressed string index (€5E9:4 gen_info in subclause 7.1.5 and kn
Figure 4
}
7.1.4.3] Semantics
num_AUs is the number of (annotation)-access units encoded in this string index.
au_id[{] is the (annotation) accessunit ID of the ith annotation access unit encoded in this string indek.
au_offset[i] is the byte position in the uncompressed string index (i.e. uncompressed payload) encpded in
compré¢ssed_string_indexCof the first string of the first record of the ith annotation access unit encgded in

this sty

n_tiles

ing index.

is the numberof data tiles encoded in this string index.

tile_inflex_1[i]Ns'the index of the ith tile encoded in this string index. If the associated attribute group is two
ionaland with variable_size_tiles == 0, it corresponds to the row index of the tile.

dimens

tile_in

ciated

ex_2[i] is the column index of the it tile encoded in this string index, only specified if the ass
attribute group is two dimensional and with variable_size_tiles == 0.

tile_offset[i] is a non-negative integer number representing the byte position, within the uncompressed
string index (i.e. string index payload, as specified in subclause 7.1.4) encoded in compressed_string_index,
of the first string of the first record of the ith tile encoded in this string index. It is specified for 0 <i < n_tiles.
For i == 0, the offset is always 0. tile_offset[i + 1] is never smaller than tile_offset[i].

coding_mode is the string index coding mode, which identifies the compression profile required to decode
this string index, with specific settings for controlling the trade-off between compression and querying
speed. At the moment only value 0 is allowed - it represents the current implementation of the compressed

FM-index. Other values are reserved for future extensions.

© ISO/IEC 2025 - All rights reserved

89


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

compressed_string_index is a compressed list of strings, as specified in subclause 7.1.5 and in Figure 9.

7.1.5

Compressed string index

The compressed string index is the binary representation of an implementation of a compressed Ferragina-
Manzini full-text index. It supports a number of operations (such as text decoding and backward searches)

in the

compressed space. It is used as the underlying engine for all the data structures requiring string

indexing.

The index is implemented on the top of a number of auxiliary data structures (mainly a wavelet tree, a
compressed bitmap and compressed counters) that are detailed in the following subclauses.

7.1.5.1 Helper functions
This spbclause defines the CompactCountersSize() helper function (see Table 76) uséd” throughout
subclayse 7.1.5. This function computes the size in bytes of the 64-bit aligned compressed string cpmpact
countefs data structure specified in subclause 7.1.5.5. The inputs are:
— n, pf type u(32), the number of counter values in the data structure
— bitls_num, of type u(32), the size in number of bits of each counter value
Table 76 — Function CompactCountersSize
Decoding Process Remarks
CompadtCountersSize(n, bits num) {
retyrn 2 * sizeof(sa_t) + 8 * Ceil((bits_num*n)/64)
}
7.1.5.2) Compressed string index
In this pubclause we describe the main data structure for the compressed string index.
Table 77 — Syntax of compressed string index
Syntax Key Type |Remarks
comprdssed string index { csix
Length of the
uncompressed payload
n u(32) encoded in this 4tring
index
Alphabet size. Iff must
alpha u(32) be greater than (
Interval between |two
samgling rate) sa u(32) |explicitly storedq SA
values
Interval between |[two
sampglifig rate_1f u(32) |explicitly storedq LF
values
for(i = 0; 1 < 256; i++) {
Encoded symbol
. corresponding to
encode [1] u(le) numerical ASCII value
i
}
for(i = 0; 1 < 256; i++) {
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Table 77 (continued)

Syntax Key Type |Remarks

Alphabet symbol
corresponding to
encoded symbol i, i.e.
encode[1] returns the
numerical ASCII value
corresponding to i

decode [i] c (1)

}

sa_bytes = CompactCountersSize (Ceil(n / sampling Size in bytes of the
rate sa),Ceil (Log2(n))) data structure sa

1f PYytes = CompactCountersSize (Ceil(n / sampling Size in bytes Jf |the
rate JIf),Ceil (Log2(n))) data structure) I{

compressed(string
compact deuiiters |of
sa size sa@)Bytes, ag
speciffhe¢d in subdlause
7.15825

compressed string
gompact counters |of
1f size sa bytes, af{
specified in subdlause
7.1.5.5

compressed wavelgt
wt () tree, as specifigd in
subclause 7.1.5.3

}

n is thg length in bytes of the uncompressed payload encodedin this string index.

alpha is the number of symbols (i.e. byte values) used by this string index. It must be greater than 0 hecause
a string index encodes at the very least the uncompressed payload terminator ‘\0".

sampling_rate_sa is the interval between two suffix array (SA) values explicitly stored in the string|index.
sampling_rate_If is the interval between two last-to-first (LF) values explicitly stored in the string index.

sa is thle compressed string compact counters of SA values, sampled at intervals of sampling_rate_sa starting
from 0f explicitly stored in this string index.

If is the¢ compressed string compact counters of LF values, sampled at intervals of sampling_rate_If starting
from 0] explicitly stored in thisstring index.

wt is the compressed wavelet tree storing the Burrows-Wheeler Transform (BWT) of the original text
encoded in this stringindex.

encodei] contain$the symbol by which byte value i is encoded in this string index.

decod¢[i] coritains the byte value of the ith symbol encoded in this string index. Symbol ‘\O’ (byte value
0) is rgserved internally to mark the end of the whole uncompressed payload. Symbol ‘\1’ (byte valpe 1) is
reserveéd:as string terminator, as specified in subclause 7.2.1 All other symbols are valid symbols|for the
encoded payload.

7.1.5.3 Compressed string wavelet tree

This subclause described the data structure (see Table 77) specifying the compressed wavelet tree storing
the Burrows-Wheeler Transform (BWT) of the original text encoded in the string index.
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Table 78 — Syntax of compressed string wavelet tree

Syntax e Remarks
y P
compressed string wavelet tree {
Length of the uncompressed
n u(32) payload encoded in the string
index
Alphabet size. It must be
alpha u(32) greater than 0
for(i = 0; 1 < 257; i++) {
Cumulative number of the
. occurrences of the encoded
cli] u(s2) ool rresmonding +
numerical ASCII value 6_\
=4
| ¥
ISA[0] i.e. the v, e in|0 of
the Inverse Squsxo Array |for
red isa 0 u(32) the originalgstring, befgre the
lexicograp erminator|is
removed
3
The lae}/gharacter in thg
char |red isa 0 u(32) ori al strlng,. whlch.re placgs
-1 — bl t icographic termindtor in
& educed BWT
A3
num_rjodes u(32) ()}\meer of wavelet tree nddes
for (i = 0; i < num_nodes; i++){ \(O
comp ed_
. sFrihg As specified in
fledes 110 <§elet subclause 7.1.5.4
QONPde
\‘ Lengths in bytes of the
Hitmap bytes[i] () 0\ u(32) compressed bitmaps assocjated
‘\ with each wavelet tree ngde
} (4
(%
i= Q-
. . “
whilgq (i < num nodes) { ‘\\Q
nodes[i] = ~ compressed
4 stri let 4 5\'0 string As specified in sub-
dompressed string wavelet node \& wavelet clause 7.1.5.4
(i, bitmap bytes) . node -
\\‘
o+ @)
} .
_ N The root node of the wavglet
root |= nodes[0] tree
C,
for (i = 0; i < numﬁnodes;ﬁb’{
A4
bifjmap[i] = % zin;}il;egssedi As specified in subclausd
compregdsed string bitm itmap bytes[i]) bitmap 7.1.5.6

}

7.1.5.4| Cor@ssed string wavelet node

In this

R4
L

node of the compressed wavelet tree
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Table 79 — Syntax of compressed string wavelet node

Syntax Type Remarks
compressed string wavelet node (
curr node, bitmap bytes) {
Minimum encoded
min_char u(le) character for this
node
Maximum encoded
max_char u(le) character for this
node
bJ'.i_lllaLJ_lJ_y e array
off [bitmap bytes[] offset by . guyr
node posatiorns
cury node++
Flagsto indidate
is ferminal = (max char == min char) ? 1 0 ifnthe node Has
any children
if (!is terminal) {
l4ft = compxessed
srin .
compressed string wavelet node wavelgg Left child ndde
(curr_node, off bitmap bytes) node -
right = compressed_
. string . .
compressed string wavelet node wavelet Right child rjode
(curr node, off bitmap bytes) node -
}
}

min_char is the minimum encoded character in the interval defining the node.

max_char is the maximum encoded charaeter in the interval defining the node.

leftis

he leaf node at the left side~of'this node.

right i$ the leaf node at the pight side of this node.

7.1.5.5

Compressed‘string compact counters

bitmaThytes is the length in bytes of the payload encoded in this node.

This data structurei(see Table 80) specifies compact vectors of integer counters whereby each integer is
repres¢nted asa bitfield of fixed width.

Table 80 — Syntax of compressed_string_compact_counters

Syntax Type Remarks
compressed string compact
counters |

n u(32)

bits_number u(32)

for (1 = 0; 1 < n; 1i++) {

bitmap[i]

u(bits number)

The counters
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Table 80 (continued)
Syntax Type Remarks
padding bits = 64 *
Ceil ((bits number * n) / 64) - [u(32)

bits number * n

padding

u(padding bits)

Padding to the next 64-bit
boundary with bits of 0

}

n is the number of counters stored in the vector.

bits_nyumber is the dimension in bits of each counter stored in the vector.

bitmayp[i] is a bitfield containing the ith counter value. It is padded to the next 64-bit boundary:

7.1.5.4 Compressed string bitmap

This dqta structure (see Table 81) implements compressed bitmaps. The input variablesize_in_bytes,|of type

u(32), is the size in bytes of the data structure.

Table 81 — Syntax of compressed string bitmap

Syntax Type Remarks
comprgssed string bitmap(size in bytes) {
n u(32)
supgrblock_size u(24)
blogk_size u(8)
supgrblock_bytes u(S2)
clagses_bits u(32)
compressed
string e .
supqrblock ranks sampled As specified in subclause
— - 7.1.5.7
bounded
counters
compressed
string .y .
supgdrblock offsets sampled As specified in subclause
- — 7.1.5.7
bounded
counters

blodgk bits = Ceil (Log2¥«(block size))

num |[blocks = classles *bits / block bits

for|(i = 0; 1 ¢num blocks; i++) {
classes[i] u(block bits)
}
bitnap/size =
8* |size in bytes - 128 - Size in bits of the bitmap
8 * superblock bytes - classes bits
. Compressed bitmap. The sequence
bitmap z;:;?mapi of classes and bitmap is padded
to the next 64-bit boundary
padding bits = 64 * Ceil(
(classes bits + bitmap bits) / 64)
- (classes bits + bitmap bits)
. u(padding Padding to the next 64-bit
padding bits) boundary with bits of 0

© ISO/IEC 2025 - All rights reserved

94


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

n is the length of the uncompressed bitmap.

superblock_size is the number of bitmap blocks that form a superblock.

block_size is the number of bits in the uncompressed bitmap that form a bitmap block.

superblock_bytes is the combined size in bytes of superblock_ranks and superblock_offsets.

classes_bits is the combined size in bits of all elements in classes[].

superblock_ranks is the ranks of individual superblocks. The rank of a superblock is the number of ones in

the uncompressed bitmap up to and including the superblock.

ock_offsets is the byte offsets, each counting from the beginning of the compressed.-bit

super{llt
individual superblocks in the compressed bitmap.

classes

5[i] is the number of ones in the ith bitmap block.

map to

bitmap is the compressed bitmap consisting of a sequence of index values, one for each bitmap black and

in the §ame order, that together with block_size and the corresponding block classes, can point to the pre-
defined bit patterns, which give the uncompressed bitmap blocks.
7.1.5.7] Compressed string sampled bounded counters
This data structure (see Table 82) implements bounded counters (i.e% such that counter(i)<i) sampled at
regular intervals.
Table 82 — Syntax of compressed string sampled bounded counters
Syntax Type Remarks
comprgssed string sampled bounded counters {
n u(32)
samgling rate u(32)
| = 1 * 1 *
ma]fr_rgte sampling rate Ceil(le. Log (n) / Superblock samplind rate
Log (sgmpling rate))
sizd minor = CompactCountersSize (€e¥l (n / sampling . .
= . . - Size of minor counfjers
rate),Cell(Log2(major_rate)))
sizgq major = CompactCountersSize (Ceil (n / major Size of mador countders
rate) JCeil (Log2 (n))) ’
compressed
masidr string
J compact
counters
compressed
. string
minqQr -
compact
counters
}
n is thg length of the unsampled counters.

sampling_rate is the interval at which the counters are sampled.

major consists of counter values that correspond to major intervals, each containing multiple superblocks.
The ith major counter value major_count[i] gives the cumulative number of 1 bits up to but excluding the ith
major interval, counting from the beginning of the uncompressed bitmap, with major_count[0] = 0.

minor consists of counter values that correspond to the superblocks specified in subclause 7.1.5.6 7.1.5.6.
The ith minor counter value minor_count[i] gives the cumulative number of 1 bits up to and including the ith
superblock, counting from 0 at the beginning of each major interval.
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7.2 Decoding and querying processes

The following subclauses specify how uncompressed string index payloads shall be structured, queried,
and decoded. In turn, such processes are defined in terms of a number of additional processes, each one
operating on one or more of the data structures that make up the string index.

7.2.1 String index payload

7.2.1.1 General

The string index payload is the uncompressed string index (see Table 83) encoded within compressed_
string_lindex. If useTiles is 0, it contains a list of strings and the associated optional record indexes,-dqrdered
per anhotation access unit (following the same order of the annotation access units in Table 75)dnd, for
each annotation access unit, per record (following the same order of the records within the-annptation
access junit). The total number of strings in the uncompressed index is totNumRecords*numStrings| where
totNumRecords is the total number of records of all annotation access units identified by-adau_id[] . If YseTiles
is 1, it ¢ontains a list of strings and the associated optional record indexes, ordered pé€riannotation data tile
(followjing the same order of data tile index(es) in Table 74) and, for each annotationata tile, per record. The
total nfimber of strings in the uncompressed index is totNumRecords * numStrifigs, where totNumRecords
is the tptal number of records of all annotation data tiles identified by tile_indeXx_1[] and, if applicalle, also
tile_index_2[]. The variables numStrings, tile_index_1[] and tile_index_2[]care specified in subclaude 7.1.4.
The unfcompressed payload terminator ‘\0’ shall be appended to the stringjindex payload before gengrating
the corhpressed string index.

7.2.1.2 Syntax and semantics

Table 83 — Syntax of uncompressed string index encoded in the compressed string index element of
a string index élement.

Syntax Type Remarks

uncompgressed string index(si) { si is a string index as specifled in
subclause 7.1.4.

uncompressed index (si) is the fesult
of decoding si.compressed index

totNumRecords is the total numper of
records of all annotation data|tiles
identified by tile index 1[] and, if
applicable, also tile index 2]

for{i = 0; i < totNumRecords;si++) {

record_index[i] [] u(8) []

fdqr(j = 0; J < si.mumS8trings; j++) {
string([i][J]1[] u(8) [1]
string_terminator u(8)

}

Figure Z summarizes an exampie ol the uncompressed index specitied in this subclause with numstrings
equal to 3.

record_index[i] is an optional element (not present when its length is zero), whose presence is signaled
by setting the most significant bit on all the bytes of record_index[i]. Setting the most significant bit also
prevents from obtaining false-positive results when searching for substrings, since all bytes in the string[i]
[i] field have the most significant bit unset as specified in this subclause for string[i][j] element. The number
of bytes is comprised between 0 (i.e. record_index][i] is not present) and 6. All bytes in record_index[i][] shall
have the two most significant bits set to 0b10. If n > 1, record_index[i][0] shall not be equal to 0x80.
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When record_index|[i] is present and it is N bytes long, it represents a non-negative integer value as specified
in the following expression:

N-1
recordIndexValue[i]= 2 (record _index[i][n]& 0x7F) < ((N—-1-n)*7)
n=0

where recordIndexValue[i] corresponds to the 0-based index, within the corresponding Annotation Access
Unit, of the Record corresponding to string[i][] strings.

string][i][j] is the jth encoded descriptor/attribute of the ith record. All bytes in string[i][j][] shall encode
a valid UTF-8 string, as specified in ISO/IEC 10646, that does not contain any occurrence of bytes 0x00 or
0x01. If useTiles is 0, the strings shall be ordered per annotation access Unit (following the same drder of
the annotation access units in Table 75) and, for each annotation access unit, per record (following the same
order ¢f the Records within the annotation access unit). If useTiles is 1, the strings shall be'ordeyed per
annotaftion data tile, following the same order of the data tile index(es) in Table 75 and, for each'data tile, per
record). If the data tile is two dimensional, a record shall correspond to a cell in the tilé)drranged |n row-
major ¢rder. For each record, the strings of the indexed descriptors and attributes shall‘be concatenated in
the sarhe order as their IDs listed in the attribute value index as specified in subclausé€6.5.2.4.5.

string|terminator is a single byte equal to 0x01 (i.e. \1).

rec_idx[1] 1 string[0][0] "\1 string[0][1] \1 stringt(i] [2] \1
=_=1 rec_idx[1] string[1][0]  \1  string[1}{¥] \1 string[1][2] \1
Strings rec;lfzm string[2][0] \1 string[ﬁZ][lj]i \1 string[2][2] \1
for string[3][0] \1 string[3][1] .‘1 string[3][2] \1
AUO rec_idx[4] string[4][0] '\1 7‘srtr7i7ng[4-] [1] \1 string[4][2] \1
rec_idx[n+2] string[n][0] '\1 js.?tril‘vlg[n][l] \1 string[n][2] \1
Strings == string[n+1][91 \1 string[n+1][1] '\1 string[n+1][2] \1
for rec_idx[n+2] string[n+2][0] \1 string[n+2][1] \1 string[n+2][2] \1
AU 1 D\

Figure 9 — Example of uncempressed index of string index, in the case of numStrings equal|to 3

7.2.2 | Helper functions

This sybclause defines helper functions which are used throughout subclause 7.2 to describe the resft of the
decodihg processes.

7.2.2.1 cCompactCountersGet

The helper function CompactCountersGet shall return the counter at a specified index from the data
structure of type compressed_string_compact_counters.

The inputs of this helper function are:

— ccis adata structure of type compressed_string_compact_counters as specified subclause 7.1.5.5.

— i, of type u(32), the index to the counter to be returned .

The output of this function is the counter at position i of the compact counters cc of type compressed_string_
compact_counters.
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SampledBoundedCountersGet

The helper function SampledBoundedCountersGet shall return the counter at a specified index from the
data structure of type compressed_string_sampled_bounded_counters.

The inputs of this helper function are:

— sbcis a data structure of type compressed_string_bounded_counters as specified in subclause 0

— iisaninteger denoting the index into the counters stored by the data structure sbc of type compressed_

str

ing_bounded_counters.

The ou
type cd

7.2.2.3

The he
under {

The inputs of this helper function are:

— bld

— ongs, of type u(8) is the number of non-zero bits in the input variable encoded.
— engoded, of type u(64), contains a bitmap block.

The output of this function is the variable res of type u(64), which is the decoded contents of th

contair

7.2.2.4 BitmapGetRankAndBit

The he

uncompressed bitmap field of the data structure compressed_string_bitmap defined in subclause 7.1
The inputs of this helper function are:

— bitimap, stored under compressed_string_bitmap->bitmap as defined in subclause 7.1.5.6.

— pos,oftype u(32), the position for which the rank and the bit shall be computed in the uncompressed
The oufputs of this helper funiction are:

— rank, oftype u(32),the number of non-zero bits up until to the position specified by pos, excluding p

— bit]
7.2.3
This p

putof this elper function 13 the counter at INndex *sbc->sampling_Tate Into the data SIructur
mpressed_string_bounded_counters, and has type u(32).

BitmapDecodeBlock

per function BitmapDecodeBlock shall return the decoded bitmap block of a patticular block
he bitmap field of the data structure compressed_string_bitmap defined in subclause 7.1.5.6.

ed within the variable encoded.

b sbe of

stored

ck_size, of type u(8), denoting the length of the bitmap block contained'in the input variable encoded.

e block

per function BitmapGetRankAndBit shall feturn the rank and the bit at a particular position into the

5.6.

of type u(1)ythe bit at position pos

Substring decoding process

bitmap

bs itself

racess specifies in Table 84 how to decode a range of characters (i.e., a substring of the d

riginal

uncom

1 : 3 1 . PR
PICSSCU SUTITE J ITOUII 4 COMPIesscd STy IHIUCX.

Inputs are:

— csi, a compressed string index, as specified in subclause 7.1.5, from which to extract a substring.

— start, the u(32) position in the uncompressed string index of the first byte to decode (inclusive)

— end, the u(32) position in the uncompressed string index of the last byte to decode (inclusive)

start shall not be greater than end.

end shall be smaller than csi->len.
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The output is the variable res, containing the substring specified by the inputs start and end, which has
type st(v).

Table 84 — Decoding process to extract a substring from a compressed string index

Decoding process

Description

compressed string index decode (csi, start, end)

{

pos = compressed string index inverse (

csi, end + 1 >= ¢csi.n ? 0 end + 1)

As specified in sub-clause

7.2.4

It has type st(v).

Empty string

len [F end - start T T

for{i = 0; i < len; i++) {
clf = compressed string index decode char ( Type c(l). As specified in [sub-
csi, pos) clause 7.2.5
rdgs = ch + res
pds = compressed string index LF(csi, pos) As specified(insub-clause|7.2.6
}
}
7.2.4 | Suffix array lookup process
This process specifies in Table 85 how to compute the suffix array-of a given position in a compressed
string Index.
The inputs are:
— csi|is the compressed string index, as specified in subclause 7.1.5.2
— pof, the u(32) position in the uncompressed string index for which the suffix array of the positi¢n shall
be|computed.
pos shall be smaller than csi.n.
The oufput is the variable res, which contains the suffix array element at position pos and has type u[32).
Table 85 — Decoding process to‘compute the suffix array of a position of the compressed string index
Decoding Process Remarks
comprgssed string index Mookup(csi, pos) {
dis] = 0
while (pos % csdyhsampling rate sa > 0) {
pds = compreésed string index LF(csi, pos) As specified in sub-clause [/.2.6
dist++
}
res |="( CompactCountersGet ( As specified in sub-
: . ) clause 7.2.1.1
csi.sa, pos / csi.sampling rate sa)
+ dist ) % csi.n
}
7.2.5 Inverse suffix array process

This process specifies in Table 86 how to compute the inverse suffix array (ISA) element i for a given position
pos in a compressed string index such that SA[i]=pos.
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The inputs are:

— csiis the Compressed String Index, as specified in subclause 7.1.5.2

— pos is the u(32) position for which the ISA shall be computed.

pos shall always be smaller than csi->len.

The output is the variable i, which contains the inverse suffix array element at position pos and has type u(32).

Table 86 — Decoding process to compute the inverse suffix array of a position of the Compressed

String Index

Decoding Process

Remarks

comprdssed string index inverse(csi, pos) |

pos |= csi.n - pos

disff = pos % csi.sampling rate 1f

i =|CompactCountersGet (
csi.lf, pos / csi.sampling rate 1f)

As specified~iD sub-clause

7.2.1

whille (dist > 0) {

i|= compressed string index LF(csi, 1)

As spedified in sub-clause

7.2.6

dist--

7.2.6 | Character decoding process

This process specifies in Table 87 reconstructing the chiaracter which used to be at a specified pos
the original, uncompressed string given a compressed,string index and a position within it.

The inputs are:

— csilis the compressed string index, as specified in subclause 7.1.5.2

— pok is the u(32) position of the chatacter to decode

The oufput is res, which contains the'character decoded, and has type u(8).

Table 87 — Decoding process to extract one character from a compressed string index

tion in

Decoding Process

Remarks

comprgssed string 4ndex decode char (csi, pos) {

whelle = pos

nodd = csiswt/ root

while (/noéde->is terminal) {

{ |renk, bit } = As specified in sub-
BitmapGetRankAndBit (node.bitmap, where) clause 7.Z7.1

if (bit) {
where = rank

node = node.right

} else {
where -= rank
node = node.left
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Table 87 (continued)

Decoding Process Remarks
}

res = node.min char

7.2.7 LF-mapping process

This process specifies in Table 88 how to compute the last-to-first mapping (LF-mapping) for a position

given combpressed-strinagindex and a2 naosition within it
1 3 e t=] e ) A T

— csilis the Compressed String Index, as specified in subclause 7.1.5.2

— pok is the u(32) position of the LF-mapping to compute

The oufput is res, which contains the LF-mapping for the position pos, and has type u(32))

Taple 88 — Process to compute the LF-mapping for a position of the compreéssed string index

Decoding Process Remarks

comprdssed string index LF(csi, pos) {

whele = pos

noddq = csi.wt.root

whille (!node.is terminal) {

{ ;i:;;pzétR;nkAndBit(node.bitmap, where) As specified in subclause 7.2.1.4
i (bit) {
where = rank
node = node.right
} lelse {
where -= rank
node = node.left
}
}
if pos == csi.wt.red _isa’/ 0 ) {

rqturn csi.wt.c[nodesmmin char]

if node.min cha¥ == csi.wt.char red isa 0 &&
pos < csiiwt.red isa 0) {

rdturn esiYwt.c[node.min char] + where + 1

res |="gsi.wt.c[node.min char] + where

7.2.8 Extended LF-mapping process

This process specifies in Table 89 how to compute the LF-mapping of the last occurrence of encoded
character ch in the compressed string index with position < pos. If ch does not exist in position < pos or
pos == 0, it returns the total number of occurrences of all characters in the alphabet with lexicographic
order smaller than that of ch. If pos == n, it returns the total number of occurrences of all characters in the
alphabet with lexicographic order < that of ch. The inputs are:

— csi, a compressed string index, as specified in subclause 7.1.5.2
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— ch, acharacter

— pos,au(32) position of the extended LF-mapping to compute

The output is res, which contains the extended LF-mapping for the position pos, and has type u(32).

Table 89 — Process to compute the extended LF-mapping for a position of the compressed string index

Decoding Process

Remarks

compressed string index ELF(csi, ch, pos) f{

if (pos == 0) {

rds = csi.wt.c[ch]

} else if (pos==csi.wt.n) {

rds = csi.wt.c[ch + 1]

} else {

rds = pos

ndde = csi.wt.root
wHile (!node.is terminal) {
{ rank, bit } =

BitmapGetRankAndBit (node.bitmap, res)

As specified in subclause 7.2.

.4

if (node.min char == ch) {
res -= rank
node = node.left
} else {
res = rank
node = node.right

rds += wt.c[ch]

7.2.9 | Substring position search process

This prjocess specifies in Table 90 how to find all the occurrences of a pattern in the original, uncomy

string given a compressedString index and a substring. The inputs are:

— csil a compressed\string index, as specified in subclause 7.1.5.2, in which the positions of the s

substring aressearched.

— teyt, the searched substring. It shall be a valid UTF-8 string, as specified in ISO/IEC 10646

The oufput is the variable res, which contains the starting positions of the text in the uncompressed
L. L

(2

ressed

elected

| string

3 d 3 L £+ £ 2 A | L 4+
Index, wirenastypetatrtray-oruoz;,aira canoetempty:

Table 90 — Decoding process to search for substring positions within a compressed string index

Decoding Process

Remarks

compressed string index search(csi, text) |

lo =0
hi = csi.n
len = Size (text) Number of bytes in text

while (len > 0) {
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Table 90 (continued)
Decoding Process Remarks
len = len - 1
ch = text[len] len-th byte in text, with type u(8)

code = csi.encode([ch]

Interpret the first bit as the sign

if ((0x80 & code) > 0) { bit

code = - (0x7F & code) Set code to negative if the sign bit

is set
}
iff (code < 0 || lo == hi) { No result found n@
len = 0 QQV
lo = hi N
} lelse { O\‘]/'
lo = compressed string index ELF( -

; As specified in %Dlause 7.2.7
csi, ch, lo) ?1/

hi = (.:ompress§distr1ng71ndex7ELF( As speCJ_fJ_e % subclause 7.2.7
csi, ch, hi)

) \C)
) A0

y\}array of u(32) with type u[(32)

res |= [] E%?— 1o]

for{i = lo; i < hi; it+4) { ~K
. _ ]
rqsli lo]. o . $\ As specified in 7.2.3

comprgssed string index lookup(csi, 1) \,\Q)

) O

L N\
} Q&
AN

7.2.10| Searching for substring posmons\ﬁia the string index

This p1jocess specifies in Table 91 how @%osmons within the uncompressed index of a given substrjing are
searched with the string index. @ .

— si, pstring index as specified in‘'subclause 7.1.4
— teyt, the searched subs@rg, which shall be a valid UTF-8 string, as specified in ISO/IEC 10646

The ouftput is the Vari@‘e res, which contains the starting locations of the text, which has type array of
u(32), and can be e

&
?\
A
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Table 91 — Searching substring positions with the string index

Decoding Process

Remarks

SI search substrings(si, text) {

positions([] =

compressed string index search(

si.compressed string index, text)

Compressed String Index search

7.2.8

be empty.

The positions in the returned
array are byte positions withi

operation, as specified in subclause

This operation returns an array of
positions. The returned array may

the uncompressed string indek.| The
positions have type u(32) [T
res |= positions/[]
}
7.2.11| Decoding a subset of the string index
This pijocedure specifies in Table 92 how to decode the string index between agivén start and end ppsition,
inclusiye.
The inputs are:
— si, p string index as specified in subclause 7.1.4
— stdrt, the u(32) starting position of the substring in the unedmpressed string index
— engl, the u(32) ending position of the substring in the uncompressed string index
start shall not be greater than end.
The oufput is the variable decodedPayload, which ¢entains the decoded payload, and has type st(v).
Table 92 — Decoding a substring at a given position with the string index
Decoding Process Remarks
SI deqode(si, start, end) {
decqdedPayload = Compressed String Index decode
confpressed string index(dgcode ( operation as specified in sub-
q4i.compressed strinG\index, start, end) clause 7.2.2.
}
7.2.12| Decoding dl-the strings of a specific annotation data tile
This pijocess specifies in Table 93 how to decode all the strings for one specific annotation data tile encoded
in a striing index.

The inputs are:

— si, astring index as specified in subclause 7.1.4.

— auld, corresponds to one of the ID of one of the annotation access units encoded in si.

— tileIndex1 and, optionally, tileIndex2, both of type u(64), corresponding to respectively the first and
second indexes of the annotation data tile encoded in string index si.

The output is the variable res, which contains, the bi-dimensional array of strings, with the index for first
dimension identifying a record within the data tile, and the index for the second dimension identifying a
string within that record.
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Table 93 — Decoding all the strings of one specific annotation data tile from the string index

Decoding Process Remarks
SI decode tile(si, auld, tilelIndexl, tilelIndex2) {
end = si.compressed string index->len u(32)
searching = 1
if (useTiles == 0) {
i = si.num AAUs - 1
} else if (useTiles == 1) {
i =si.pn tiles - 1
Check if there exists a secondrﬁe
index.
tille index 2 exists = two dimensional as specifiec(])’en
- .. subclause 6.4.7.2
(two dimensional && ] ) ) [
'va;iable size tiles) variable size tiles a QpeCLfled
: — — in subclause 6.4.6.6. the tilse
structure associat ith the indgxed
descriptors and att butes
\J
) &
while (searching) { Look for thg\notation Access Unilt
g with ID eq@a¥ to auld
il (useTiles == 0) { R
search condition = aau id[i] != auld Q ~
} lelse if (useTiles == 1) (
search condition = si.tile index 1[i] != :§\
tileIrdexl 5\\)’
|| (tile index 2 exists && \QQ)
Si.tile index 2[i] != tileIndex2) \\.
) =\
. . Q\
ifl (search condition) { ~
end = si.tile offset[i] o u(32)
) T CN
1 . ‘\0
} lelse { )
searching = 0 @ :
if(1 > 0) ~O
start = si.tile offSet[i] u(32)
A4
} else { \%
start = 0 0 u(32)
) QY
) QO
N4
! o
’\‘ Concatenation of all the strings,
% record indexes and string separatgrs
decodedPayload = for the matching data tile, according
SI decode (si, start, end - 1) to the string index payload specified
- in sub-clause 1.1.1. SI decode is
specified in 7.2.10. Has type st (v)
recordCount = 0
stringCount = 0
currString = “” Empty string, has type st (v)

© ISO/IEC 2025 - All rights reserved
105



https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

Table 93 (continued)

Decoding Process

Remarks

Empty bi-dimensional array of strings,
with the index for first dimension
identifying a record within the data

|l (chval & 0xCO !=

0x80))

{

index, otherwise concatenate the

current byte to the current string.

res = {} tile, and the index for the second
dimension identifying a string within
that record. Has type st(v)[]I[]
len = Size (decodedPayload) Number of bytes in decodedPayload has
type u(32)
for(i = 0; 1 < len; i++) {
cll = decodedPayload[i] Has type c (1)
cHval = ord(ch) Where Ord() returns the numergcal |ASCII
value of ¢ has type u(8)
iff (chval == 1) { Check for string terminator
res|[recordCount] [stringCount] =
currString
currString = “” Empty string
if (stringCount < si.numStrings - 1) {
stringCount++
} else {
stringCount = 0
recordCount++
}
At the beginning of a string, skig the
} lelse if (currString != %7 bytes containing the optional recqrd

currString = currString + ch

7.2.13

This prrocess specifies in Tablé 94 how to decode a whole string and its start position, corresponding to a
within the uncomptressed index, e.g. one position from the list of positions returned by SI_
substrings() as specified.irsubclause 7.2.10, with the String Index.

positio

The inputs are:

Retrieving whole strings with the string index

bearch_

start has type u(32) and contains the position of the uncompressed string within the uncompressed index.
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Table 94 — Retrieving whole strings with the String Index

Decoding Process Remarks
SI decode string(si, pos) {
. _ . SI decode() as specified in
string = SI decode(si, pos, pos) subclause 7.2.10
searching = 1 Has type u(l)
recIndexBytes 0 Has type u(32)
for(i = pos - 1;
i >= 0 && searching; i--) {
ST <l <l (\, = = <l
clf = SI decode(si, i, 1) T b z i
subclause 7.2.10. Has type ?A(%
B Where Ord() returns the nu cpl
chval = Ord(ch) ASCII value of ch, has t u(8
iff (chval == 1) { [ald .
. Vv
searching 0 (\9
}lelse { ({b
1
string = ch + string P
if (chval & 0xCO == 0x80) { A record im\%( may be encoded hpre
A}
recIndexBytes = recIndexBytes + 1 (:S_)
} else { x\J
recIndexBytes = 0 (/ O
N\
! Pe)
) N
} A‘\\)
string = strslice(string, recIndexBytes) QQ‘()
stagt = 1 + 1 + recIndexBytes \Qv Has type u(32)
seafching = 1 '\\Q Has type u(l)
for{i = pos + 1; searching; i++) { x -
N SI_decod ified i
chH = SI decode(si, i, 1) . \L‘ _decode () as specified in
— RN subclause 7.2.10. Has type c (1)}
_ &.)‘ Where Ord() returns the numerichl
cffval = Ord(ch) \ ¢ ASCIT value of ch,has type u(8)]
iff (chval != 1) { (®‘ Check for string terminator
N
string = string + chC)
} lelse { CS)
searching 0 \J
i QD
} N
Vo
} QV
strslice (%’Sng, recIndexBytes) is a function that removes the first recindexBytes characters at the beginning
of the dtring

7.2.14 Retrieving data tile index(es) associated with a position and record indexes

This process is specified in Table 95. Given a position within the uncompressed index of a byte that belongs
to a string encoded in the compressed index, e.g. one position from the list of positions returned by SI_
search_substrings() as specified in subclause 7.2.10, the annotation access unit ID of the annotation access
unit that contains the said string, the index of the record that contains the said string if useTiles is 0, or the
data tile index(es) of the annotation data tile containing the said string if useTiles is 1, the index of the record

© ISO/IEC 2025 - All rights reserved
107


https://standardsiso.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

containing the said string, and the index of the said string within the said record are decoded with the string

index a

s described in the following points:

1. The input byte position pos identifies the string str that contains the byte at position pos within the
uncompressed index.

2. [If useTiles is 0, the ID of the annotation access unit that contains str is determined by comparing pos

against the values of aau_offset[] as specified in

aau_id[] as specified in Table 75:

If pos < aau_offset[1], then the resulting Annotation Access Unit ID is aau_id[0]

Table 75, and retrieving the corresponding value au

If g
wi

ot
Ac

If yseTiles is 1, the tile index(es) of the annotation data tile containing str is determined by con

po
tilg

3. De
ing
of
sef
tern

If 2

column indexes counting from the top-left corner of the tile such that

wh

ordler in the uncompressed string index.

4. Giy

Annotation Aecéss Unit determined at point 2, the index within the said Annotation Access Uni

Re

Giy
an

os >= aau_offset|num_AAUs-1], then the resulting Annotation Access Unit ID is aau_id[num, A
th num_AAUs as specified in Table 75

nerwise, for all the values of i such that aau_offset[i] <= pos < aau_offset[i+i], the resulting Ann
Cess Unit ID is aau_id[i].

5 against the values of tile_offset[] as specified in Table 75, and retrieving thé ¢orresponding v3
_index_1[] and, if available, also in tile_index_2[] au aau_id[] as specified in/Table 75:

If pos < tile_offset[1], then the resulting tile indexes are the tile_ifidex_1[0] and, if availabj
tile_index_2[0].

If pos >= tile_offset[n_tiles-1], then the resulting tile indexes ‘are tile_index_1 and, if availah
tile_index_2[n_tiles-1], with n_tiles specified in Table 75.

Otherwise, for all the values of i such that tile_offset[i] <= pos < tile_offset[i+i], the result
indexes are tile_index_1[i] and, if available, also tilétindex_2[i].

code the compressed string index backward from'position pos - 1 either until decoding a whole]
ex recordIndex (with record index as specified in subclause 7.1.4) or until reaching the beg
the compressed index. If the beginning of tlié compressed index is reached, then the recordl
to 0. While decoding backward, countthe number of string terminators recordIndex (with
minators as specified in subclause 7.1.4)

data tile is two dimensional, recordIndex corresponds to a cell at (i, j), which are 0-based r

recordIndex =i * n_cols(in_tile + j

ere n_cols_in_tile is the number of columns in the data tile, since cells are concatenated in row

ren the numpér Jof indexed strings per record numStrings as specified in subclause 7.1.4 3

rord thatcontains str is equal to recordIndex + stringlndex / numStrings if useTiles is 0.

ren shé number of indexed strings per record numStrings as specified in subclause 7.1.4 3
hotation data tile determined at point 2, the index within the said data tile of the record that c

AUs-1],

ptation

|paring
alues in

le, also

le, also

ing tile

record
rinning
ndex is

string

bw and

- major

nd the
t of the

nd the
bntains

str

isequal to Tecordinmdex +stringimdex / mumStrings if usetites is 1

5. Given the number of indexed strings per record numStrings as specified in subclause 7.1.4 and the
record determined at point 3, the index within the said Record of the string str is equal to stringlndex %
numStrings.

The inputs are:

— si, astring index as specified in subclause 7.1.4

— pos, a position within the uncompressed index of type u(64)
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