INTERNATIONAL ISO/IEC
STANDARD 23092-6

First edition
2023-11

Information technology —‘Genomic
information representation —

Part 6:
Coding of genomic¢ annotations

Reference number

A\ ISO/IEC 23092-6:2023(E)

ISO|IEC

A4 ®

© ISO/IEC 2023


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © ISO/IEC 2023 - All rights reserved


https://www.iso.org
https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

Contents Page
FFOT@WOTM........ccccoccovvvvteeeesse e85 5 5 55858585855555 vi
IIMEIOMUICTION ..o vii
1
2
3
4
5 COMVEIMEIOIIS ... (25" ER— 8
5.1 GBIET AL . q/
5.2 Logical operators
5.3 Arithmetic OPEIrators . ...
54  Relational OPerators ...
5.5 Bit-wise operators.......
5.6  Assignment operators....
5.7 Range notation...............
5.8  Mathematical functions
59 Array and strings operation functions [
5.10 Order of operation precedence \% ...............................................................
5.11 Variables, syntax elements and tables... o
5.12 Text description of logical operators..............Q ..............
5.13  PrOCESSES ..o .
5.13.1 General ..., \Q .....
5.13.2 Process output operators...;\\)\. ...................
5.14 Method of specifying syntax in t@ular form....
5.15 Bitordering........... \"Q .............................................................................................................
5.16  Specification of syntax functions and data types ...,
5.17  Semantics ... Q\Q ..........................................................................................................................
6 Data Structures................. x§ QD). erersessssssss s s RR A RREERRERRSRRERERRRRRR R E1
6.1 General............... C\}N .......
6.2 Data unit............ SN
6.3 Annotation pa eter set....
631 G al
6.3.2 CONFIGUIATION ..o
6.3.3 @nnotation encoding PAramMeELersS ...
6. *Descriptor configuration .........c.......
K Compressor parameter set
é 3.6  Attribute parameter set.........coo.
6{) Annotation access UNit........nn
\<</ 94}'1’ 9eneta{.: ................................. com—
6.4.3  Annotation aCCESS UNIL LY PES ...
6.4 4 BLOCK oot
7 Descriptors and attributes SEMANTICS ... 46
7.1 GeNETral. ...
7.2 Descriptors......
7.2.1  General........
7.2.2  Genomic intervals...
7.2.3  GENOIMIC VATTANES ..ottt
7.24  FunctioNal anNOTATIONS ... s 48
7.2.5 Contact matrices
7.3 Attributes ...
7.4 Data types............

74.1 General

© ISO/IEC 2023 - All rights reserved



https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

10

74.2 Typed data

DECOMPIESSION COMRES ...ttt
8.1 3 1 T=) - OO

8.2 Inverse transformation algorithms
821 GINEIAL .o
8.2.2 Lempel-Ziv-Welch transSform..........ciesissssssssssssssssssssssssssss s
8.2.3 Binarization transform...............
8.2.4 Sparse transform

8.2.5 Delta transform...
8.2.6 Run-Length Encoding transform

827 Serialization transform

8.3 Decompression algorithIMS. ...l

8.3.1  GENETAL ..o KN

8.3.2 Context-Adaptive Binary Arithmetic Coding....

8.3.3 Lempel-Ziv-Markov Chain Algorithm ...............

8.3.4 Zstandard

8.3.5  JBIG e

E TSGR = (o Tol QS Yo) g0 03 ¥ o 00T =) o 5 es SN
DECOIING PIOCESS ......oocccoiiiiees e A et
9.1 T2 =) o SO S
9.2 | Access Units deCOdING PrOCESS. ... Cmoieeieeseeseesosseesessse s ss e

0.2.1  GENETAL ..o e s

9.2.2 Genomic variant access Units......p Ll

9.2.3 Functional annotation Access UNits....... o

9.2.4 Gene expression Access UNits...... Moo

9.2.5 Position-to-position contact intensityAccess Units .

9.2.6  Genome browser track Access UNitSi . ...
9.3 Descriptors decoding ProCESS. ...y

9.3.1  General ..

9.3.2 Common descriptors.......cm .

9.3.3 Variant site information.descriptors...

9.3.4 Functional annotationdescriptors.....

9.3.5 Genotype desCriptor. ...

9.3.6  Likeliho0d d@SCEIRTOL ..o

9.3.7  Contact MatliXed@SCIIPTOT oo

9.4 Attributes decoding process
9.5 Generic block payload decoding process
9.5.1 Descriptor payload decOding PrOCESS ...t
9.5.2  Attribute payload decoding PrOCESS. ...

10.1 | Variant'site record..
0 0 R 07=Y £ =) - )
0 <Y 4 = 0 1 o
10.1.3 Initialization..............
10.2  Variant genotype record....
10.2.1 General....
10.2.2 Semantics.........
10.2.3 Initialization..
T0.3  SAIMPLE T@COT . e
O 20 S 7Y <) - U 0
10.3.2 Semantics
10.3.3 Initialization
10.4  Functional annotation record
10.4.1 General ...,
10.4.2 Semantics
O T 51 Ut £= 2= () o 0T
10.5  Track PrOPeItY FECOTT ..o

© ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

10.5.1 General....
10.5.2 Semantics.....
10.5.3 Initialization....
3O 1= Vol s E= =10 =Yoo ) e T
B0 700 R 013 1<) o=
10.6.2 Semantics
10.6.3 Initialization
10.7  EXPIESSION TOCOT M. ..ot
10.7.1 General....
10.7.2 Semantics
10.7.3 Initialization
B OIS S L= LU U = AT =LeL0 ) e RN SO 124
10.8.1 General $o)

BT TRC TN 630 U E=1 2215 o) s DO
10.9 Contact matrix record
109.1 General.......

BIbLIPGIrapRy ...

© ISO/IEC 2023 - All rights reserved v


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

Foreword

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

While ISO/IEC 23092-1 to ISO/IEC 23092-5 (MPEG-G) deal with the representation

information derived from the primary analysis of high-throughput sequencing (HTS) data -

6:2023(E)

of genomic
sequencing

reads and qualities, and their alignment to a reference genome - which is only the first step in a long
series. In particular, the results of primary analysis are usually processed further in order to obtain

higher-level information. Such a process of aggregating information deduced from singl

e reads and

their alignments to the genome into more complex results is generally known as secondary analysis. In
most HTS-based biological studies, the output of secondary analysis is usually represented as different

types of annotations associated to one or more genomic intervals on the reference sequenc

bical studies typically produce genomic annotation data such as mapping statisti€s;
ser tracks, variants, genome functional annotations, gene expression data @nd
ces. These diverse types of downstream genomic data are currently represented
its such as VCF, BED, WIG, etc., with loosely defined semantics, leading to
pperability, the need for frequent conversions between formats, difficultyvin the vis
-modal data and complicated information exchange. Figure 1 depicts.a typical pip
hiry and secondary analyses of HTS data, the file formats involved and the scopes of di
ISO/IEC 23092 series.
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Fighire 1 — Typical pipeline for the primary and secondary analyses of HTS data

viil © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

INTERNATIONAL STANDARD ISO/IEC 23092

-6:2023(E)

Information technology — Genomic information
representation —

Part 6:
Coding of genomic annotations

1 Scope

This [document provides specifications for the normative representation of the follow
genommic information:

— variants with genotyping information
— flhinctional annotations

— tracks

— expression matrices

— dontact matrices (from Hi-C experiments or similar);

2 ormative references

The following documents are referred to inthe text in such a way that some or all of t
constfitutes requirements of this specification. For dated references, only the edition cited
undafed references, the latest edition of.the referenced document (including any amendme

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

ISO/IEC 11544, Information téchnology — Coded representation of picture and audio inj
Progressive bi-level image compression

ISO/IEC 23092-1, Information technology — Genomic information representation — Part 1: 1]
storage of genomic information

ISO/IEC 23092-2 Information technology — Genomic Information Representation — Part
Genomic Infonmation

3 erms and definitions

ing types of

heir content
applies. For
nts) applies.

formation —

ransport and

2: Coding of

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1
access unit

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

access and manipulation

© ISO/IEC 2023 - All rights reserved
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access unit start position
position of the leftmost mapped base among the first alignments of all genomic records contained in
the access unit, irrespective of the strand

3.3

access unit end position
position of the rightmost mapped base among the first alignments of all genomic records contained in
the access unit, irrespective of the strand

3.4

access unit Fange

genomic ra
position am

3.5

access unit
genomic ran
inclusive

3.6
alignment
information

I{ge comprised between the access unit start position and the rightmost genomi¢’s

ng all genomic records contained in the access unit

covered region
ge comprised between the access unit start position and the accessyunit end po

describing the similarity between a sequence (typically a sequencing read) and a refe

sequence (for instance, a reference genome)

Note 1 to entr
and a set of ¢
splicing infor

3.7
allele
each of one ¢

Note 1 to entr
copies of the 3
one is conside

3.8
annotation
record

data structu
variant, a ge
format)

3.9
base
base pair

y: An alignment is described in terms of a position within¢the reference, the strand of the refe
dit operations (matches, mismatches, insertions andydeletions, clipping of the sequence end
mation) needed to turn the first sequence into the second.

r more alternative sequences for a genomic segment
y: There can be more than one eitherbecause the genome contains more than one, almost ide

ame genomic material (2 in the edse of humans for all chromosomes from 1 to 22), and/or be
ring more than one individuahin. the population.

record

re representing ,a’tuple of annotation information (e.g. the properties associated
nomic feature.or a generic range; it is used also to identify a "row” when data have n

bcord

sition

rence

rence,
s and

htical,
cause

to a
1atrix

synonymous of nucleotide

3.10

base position
number of bases between a base and the leftmost mapped base belonging to the same genomic segment.

3.11

CIGAR string

CIGAR

textual way of representing an alignment

Note 1 to entry: Several definitions have been used by different programs, the ones referred to here is the one
used in the SAM format. It encodes a set of edit operations (matches, mismatches, insertions and deletions,
clipping of the sequence ends and splicing information) needed to turn the sequencing read into the reference.

© ISO/IEC 2023 - All rights reserved
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3.12
cluster
aggregation of genomic records

3.13

cluster signature

signature

sequence of nucleotides that is common to most or all genomic records belonging to a cluster

3.14
contig

set of nvpr]:\pplng DNA cngmnnfc, cnqnnnr‘nr‘ and nccnmh]nﬂl that fngnfhnr rnprncnnt‘ a-Consensus reglon

of DNA

Note ] to entry: the term “contig” derives from “contiguous”.

3.15
dataset
compression unit containing one or more of: reference sequences; sequencing reads; ard alignment
information

Note ] to entry: Datasets are specified in ISO/IEC 23092-1.

3.16
deletlion
contiguous removal of one or more bases from a genomiesequence

3.17
E-CIGAR
exterlded CIGAR syntax specified as a superset of the CIGAR syntax

Note 1 to entry: Among other things, E-CIGAR enables the unambiguous representation of substitytions, spliced
reads|and splice strandedness.

3.18
edit pperation
modification of a sequence of nucleotides by means of a substitution, deletion, insertion or|clip

3.19
FASTA
GIR that includes a name and a nucleotide sequence for each sequencing read

Note 1 to entry: Additional information is usually encoded in the read identifier by bioinformatics|tools (such as
databpse information, and base calling information).

3.20
FAST|Q

GIR tmm#mﬂuesi
3.21

first end

end 1

read 1
first segment of a paired-end template

Note 1 to entry: lllumina platforms usually store first and second ends in two separate files and in the same order
- i.e. the n-th read of the first FASTQ file and the n-th read of the second FASTQ file belong to the same template.

© ISO/IEC 2023 - All rights reserved 3


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

3.22

genomic descriptor

descriptor

element of the syntax used to represent a feature of a genomic sequencing read or associated information

such as alignment information or quality values

3.23

genomic information representation
way to describe a sequence and some information associated with it

Note 1 to entry: Which information is represented varies depending on the GIR.

3.24
genomic po
position
integer num

3.25

Kition

genomic range

range
interval of p
thats<e

Note 1 to enty

3.26

genomic re¢

record

data structure representing a tuple optionally associatedywith alignment information, read ider

and quality Y

3.27
genomic req
position of a

3.28

genomic req
0-based pos
in a genomid

Note 1 to ent
bases presery
mapping posi

3.29

ord

ralues

ford index

rord position

record

fions.

reference

genomic re1erence

ber representing the zero-based position of a nucleotide within a reference sequence

psitions on a reference sequence specified by a start position s{atrd an end position €

y: The start and the end positions of a genomic range are always-included in the range.

genomic record in the sequence of\genomic records encoded in an access unit

tion of the leftmost mapped base on the reference genome of the first alignment cont

such

tifier

hined

ry: A base present;in the aligned read and not present in the reference sequence (insertion) and
red by the alignment process but not mapped on the reference sequence (soft clips) do no

have

collection of reference sequences

Note 1 to entry: Typical examples are a reference genome or a reference transcriptome.

3.30

genomic segment

segment

contiguous sequence of nucleotides

Note 1 to entry: Typically output of the sequencing process, and sequenced from one strand of a template.

© ISO/IEC 2023 - All rights reserved
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3.31

genomic variant

variant

one of the possible sequences for a genomic segment whenever more than one allele for that segment is
present

Note 1 to entry: The variant can span one nucleotide (and is then usally called single nucleotide polymorphism)
or more (structural variants can involve changes in thousands of contiguous bases or more). A variant can consist
of an indel.

3.32

genotype
sequénce of a genomic segment for a specified copy of the genome or individual whenevdr more than
one afllele for that segment is present

3.33
genofype matrix
metrix specifying which genotype is present in each copy of the genome or individual

3.34

harc(i)lrclip
one or more bases originally present at either side of a read, and removed from it following alignment

Note ] to entry: The bases are no longer present in the sequence of theread.

3.35
indel
contiguous stretch of nucleotides that, when aligning'two sequences, are inserted into onefsequence, or
alternatively deleted from the other, in order to make the two sequences the same

Note ] to entry: From “insertion or deletion”.

3.36
inserntion
contiguous addition of one or more bases into a genomic sequence

3.37
leftmost read end
leftmjost read

sequéncing read generated by a paired-end sequencing run and mapped at a position on the reference
sequénce which is spraller than the mapping position of the other read in the pair

3.38
mapped base
base pf the<alighed read that either matches the corresponding base on the reference sequence or can
be tufned.into the corresponding base on the reference sequence via a substitution

3.39
nucleotide
monomer of a nucleic acid polymer such as DNA or RNA

Note 1 to entry: Nucleotides are denoted as letters (‘A’ for adenine; ‘C’ for cytosine; ‘G’ for guanine; “T” for thymine
which only occurs in DNA; and ‘U’ for uracil which only occurs in RNA). The chemical formula for a specific
DNA or RNA molecule is given by the sequence of its nucleotides, which can be represented as a string over the
alphabet (‘A’,’C’,’G’, “T’) in the case of DNA, and a string over the alphabet (‘A’, ‘C’, ‘G’, ‘U’) in the case of RNA. Bases
with unknown molecular composition are denoted with ‘N’".

3.40
output annotation record
annotation record produced as output of the decoding process of an annotation table or a portion of it

© ISO/IEC 2023 - All rights reserved 5
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3.41

paired-end reads
paired-end template

tuple made of two segments

Note 1 to entry: Typically, the segments correspond to the beginning and the end of the same nucleic acid
molecule.

3.42
pileup
textual representation of sequencing reads aligned to a reference sequence

3.43
ploidy
number of equivalent alleles present at each position of the genome

3.44
phased genptyping
information| about consecutive genotypes along the genome which keeps information about the
different copjies of the genome (or different individuals) separate, whenever multiple alleles are priesent

3.45
quality valye
quality scorg
number assigned to each nucleotide base call in automated sequencihg processes

Note 1 to entfy: Quality values express the base-call accuracy, i.efthe probability (or a related measure) for a
nucleotide in fhe sequence to have been incorrectly determined.

3.46
read group
set of reads having some property in common

3.47
read identifier
read header
read name

text string apsociated with each sequencing read stored in GIRs such as FASTA, FASTQ and SAM

Note 1 to entfy: The read identifieris usually unique within its dataset, and may contain additional information
as encoded by bioinformatics teols (such as database information, and base calling information).

3.48
reference ggnome
representative example of the sequences for a species’ genetic material

Note 1 to entify‘Representative of the sequences of the DNA molecules present in a typical cell of that species.

3.49
reference sequence
nucleic acid sequence with biological relevance

Note 1 to entry: Each reference sequence is indexed by a one-dimensional integer coordinate system whereby
each integer within range identifies a single nucleotide. Coordinate values can only be equal to or larger than
zero. The coordinate system in the context of this standard is zero-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.

3.50

rightmost read end

rightmost read

sequencing read generated by a paired-end sequencing run and mapped at a position on the reference
sequence which is greater than the mapping position of the other read in the pair

6 © ISO/IEC 2023 - All rights reserved
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GIR that is human readable and includes FASTQ plus alignment and analysis information

-6:2023(E)

Note 1 to entry: From “Sequence Alignment/Map format”. SAM originates from the 1000 Genome Sequencing
Project. It is represented in plain ASCII, extensible by users and includes sequence, quality, alignment and
analysis information.

3.52

second end
read 2

secon

d segment of a paired-end template

Note
order
templ

3.53
sequ
read
readg
nucle

3.54

| to entry: Sequencing platforms usually store first and second ends in two separate filés an
- i.e. the n-th read of the first FASTQ file and the n-th read of the second FASTQ file ‘belon
ate.

pncing read

ut, by a specific technology more or less prone to errors, of a continuous part of {
otides extracted from an organic sample

single-end read

tuple

3.55
SNP
singls

made of one segment

p-nucleotide polymorphism

genomnic variant defined as one changed baseat-a specific position in the genome

3.56
soft (
soft d
readg

Note

3.57
splic
align
refer

Note
exons

lip
lipped bases
ne or more bases at either side of the read that have been ignored during the alignme

| to entry: The bases are still present in the sequence of the read.

bd read
bd read which,~as a consequence of biological splicing, covers non-continuous pot
bnce genome-being the result of biological splicing

to entry:-The read comes from RNA-sequencing and contains at least one junction between tw

d in the same
o to the same

) segment of

nt process

tions of the

0 consecutive

3.58
split

alignment

aligned paired-end read whose ends are encoded in two different genomic records

3.59

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 - typically they capture both
the beginning and the end of a nucleic acid molecule).

© ISO/IEC 2023 - All rights reserved
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3.60
tile

non-syntactic concept describing the AU layout in terms of the original (xy) coordinates when an

annotation file is seen as a bi-dimensional matrix

3.61
tuple
collection of one or more segments

Note 1 to entry: Each segment can be: unmapped; mapped once; or mapped more than once.

3.62

variable

parameter e|ther inferred from syntax fields or locally defined in a process description

3.63
VCF

GIR that is human readable and stores data such as SNPs, insertions, deletions and-structural vat

of DNA, inclyding annotations.

4 Abbreviated terms

AU adcess unit

AAU arjnotation access unit

CRPS cdmputed reference parameters set
GIR gdgnomic information representation
LUT lopk up table

QVPS quality values parameters set

5 Conventions

5.1 General

This clause dontains the definition of operators, notations, functions, textual conventions and prod

used throughout this doeument.

The mathenjatical eperators used in this document are similar to those used in the C program
language. However; the results of integer division and arithmetic shift operations are specified
precisely, arjd<additional operations are specified, such as exponentiation and real-valued divj

Numbering

iants

esses

ming
more
ision.

nd connting conuantione gnnnrally hagin frenny N A g "o fiect™ 10 Ao lont +o th

0-th,

"the second’

TIC COUTTICIT S CUTIY T CIOTiS s CTICT oIy OCSTIT IT UTIT U, Crgs, CHc i ot 15 CuTv ot cU—ohnc

'is equivalent to the 1-th, etc.

Functions can return a tuple of n elements as output in the form of {v1, v2, ..., vn} = f() by including a
statement “return {v1, v2, ..., vn}” at the end.

5.2 Logical operators

The following logical operators are defined:
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Boolean logical "and" of x and y
Boolean logical "or" of x and y

Boolean logical "not"

-6:2023(E)

If xis TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value of z.

5.3 Arithmetic operators

The following arithmetic operators are defined:

+

xy

™Me< < Ix
‘\,’

0
X

X%y

5.4
The f

Relational operators

pllowing relational operators are defined as follows:

Addition
Subtraction (as a two-argument operator) or negation (as a unary prefixoperatc
Multiplication, including matrix multiplication

Exponentiation. Specifies x to the power of y. In other contexts, such notation i
perscripting not intended for interpretation as exponentiation.

Integer division with truncation of the result toward zerp. For example, 7 / 4 an
truncated to 1 and -7 / 4 and 7 / -4 are truncated to=1.

Used to denote division in mathematical equations where no truncation or roundin

Used to denote division in mathematical equations where no truncation or roundin

The summation of f( i) with i taking-all integer values from x up to and includin

Modulus. Remainder of x divided by y, defined only for integers x and y with x =

Greater than
Greater.than or equal to
Less than

Less than or equal to

)

used for su-

d -7 / -4 are

g is intended.

g is intended.

b Y-

D and y > 0.

Equal to

Not equal to

When a relational operator is applied to a syntax element or variable that has been assigned the value
"na" (not applicable), the value "na" is treated as a distinct value for the syntax element or variable. The
value "na" is considered not to be equal to any other value.

5.5 Bit-wise operators

The following bit-wise operators are defined as follows:
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& Bit-wise "and". When operating on integer arguments, operates on a two's complement rep-
resentation of the integer value. When operating on a binary argument that contains fewer
bits than another argument, the shorter argument is extended by adding more significant bits
equal to 0.

/ Bit-wise "or". When operating on integer arguments, operates on a two's complement representa-
tion of the integer value. When operating on a binary argument that contains fewer bits than
another argument, the shorter argument is extended by adding more significant bits equal to 0.

Bit-wise "exclusive or". When operating on integer arguments, operates on a two's complement
representation of the integer value. When operating on a binary argument that contains fewer
bifsthan another argument, the shorter argumentis extended by adding more significait bits
edual to 0.

xX>>y Arithmetic right shift of a two's complement integer representation of x by y;binary digits.
This function is defined only for non-negative integer values of y. Bits shiftedinto the MYBs as
a result of the right shift have a value equal to the MSB of x prior to the shift'/operation.

X<<y Arithmetic left shift of a two's complement integer representation of x by y binary digits} This
function is defined only for non-negative integer values of y. Bitg shifted into the LSB§ as a
regsult of the left shift have a value equal to 0.

! Bit-wise not operator returning 1 if applied to 0 and 0 if applied to 1.

5.6 Assighment operators

The followinjg arithmetic operators are defined as follows:

= Agsignment operator

++ Increment, i.e., x++ is equivalent to x = x41; when used in an array index, evaluates to the [value
of{the variable prior to the increment@peration.

- Dé¢crement, i.e., Xx- - is equivalentto x = x — 1; when used in an array index, evaluates to the
vdlue of the variable prior to the decrement operation.

+= Increment by amount specified, i.e., x += 3 is equivalent to x =x + 3, and x += (-3) is equivalent
to|x =x + (-3).

-= De¢crement by amount specified, i.e., x —= 3 is equivalent to x = x - 3, and x —= (-3) is equivalent
to[x = x - (-3):

5.7 Rang¢ notation

The followinjgiotation is used to specify a range of values:

X=y.z x takes on integer values starting from y to z, inclusive, with x, y, and z being integer num-
bers and z being greater than y.

array[x,y]  asub-array containing the elements of array comprised between position x and y included.
If x is greater than y, the resulting sub-array is empty.

5.8 Mathematical functions

The following mathematical functions are defined:
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Ceil( x ) the smallest integer greater than or equal to x
Floor(x) the largest integer less than or equal to x
Log(x) the base-e logarithm of x

Log2(x) the base-2 logarithm of x

PopCount(x) the number of bits set to 1 in the binary representation of unsigned x

-6:2023(E)

Min(x,y) Jx ; X<=y
W x>y
Max(lx, y ) X 5 x>y
{)’ X<y
DivRgm(x,y)  the couple (x/y, x%y), i.e. the result and the reminder of the integer divisig

Bino

5.9

ndimp(x) returns the number of dimensions of variable x, 0 if x.is-a scalar value. The fung

trail

Size(@rray_name[]) returns the number of elements contained in the array array_name([].

array dims[] = Size(ndimensional_array[]...[], dim) returns the dimensional size(s)

ndimgnsional_array. If dim is not specified, it returns a vector with the ith element corresp¢nding to the

size
dim,

strcaf(x, y) returns the concatenation of the input arrays or strings.
strlen(s) returns the number of characters in the string s.

concdt(x, y, n) concatenate a 2-dimensional array. When n = 0 the concatenation is done
verti¢al-wise), for n=1 is done by columns (i.e., horizontal-wise).

horzdat(x, y) is the samewas'concat(x, y, n) whenn = 1.

vertcpt(x, y) is the samle as concat(x, y, n) whenn = 0.

5.10(Order©f operation precedence

follo

Whe‘T, thé order of precedence in an expression is not indicated explicitly by use of parg

mixy) the binomial coefficient of x and y, i.e. x! / (y! * (x - y)!)

Array and strings operation functions

ipg singleton dimensions.

df the ith dimension. If dim is specified, it returns only the size of the dimension corrg
vith 1 being the first dimension.

n of x by y

tion ignores

of variable

esponding to

by row (i.e.,

ntheses, the

ingTules apply:

Operations of a higher precedence are evaluated before any operation of a lower prece

Operations of the same precedence are evaluated sequentially from left to right.

dence.

Table 1 specifies the precedence of operations from highest to lowest; a higher position in the table
indicates a higher precedence.

NOTE

in th

is document is the same as used in the C programming language.

© ISO/IEC 2023 - All rights reserved
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Table 1 — Operation precedence from highest (at top of table) to lowest (at bottom of table).

Operations (with operands x, y, and z)

" mone_m

X++",

nmon
xY

X*y"L"x /[y

X+y'"x-y

"Ix","-x" (as a unary prefix operator)

} XTy, iu'ux%yn
y

Yy

"x <<y", "X >3

"x<y","x<y

"x==y" "x 3
"X & yII

"% |y"

"X &&y"

"X | | y’l
"x?y:z"

"X..y"

"X:y, X 4=

" (as a two-argument operator), " Y f(i)"
i=x

y

V'x >yt "x 2y

y

', x—=y"

5.11 Varia

bles, syntax elements and tables

Syntax elemgnts in the bitstream are represented in ®old type. Each syntax element is describgd by
its name (allllower case letters with underscore chdracters), and one data type for its method of ¢oded
representatipn. The decoding process behaves according to the value of the syntax element and to the
values of pr¢viously decoded syntax elementsyWhen a value of a syntax element is used in the syntax
tables or theltext, it appears in regular (i.e,, ot bold) type.

In some cas¢s the syntax tables may uSe the values of other variables derived from syntax elements
values. Such|variables appear in the(synhtax tables, or text, named by a mixture of lower case and wpper
case letter gnd without any undefscore characters (camel case notation). Variables starting with an
upper case l¢tter are derived forthe decoding of the current syntax structure and all depending syntax
structures. Yariables starting-with an upper case letter may be used in the decoding process for later
syntax stru¢tures without.mentioning the originating syntax structure of the variable. Varjables
starting with a lower case letter are only used within the clause in which they are derived.

In some casels, "'mnenionic" names for syntax element values or variable values are used interchangeably
with their nymerical values. Sometimes "mnemonic" names are used without any associated numerical
values. The pssecCiation of values and names is specified in the text. The names are constructed|from
one or more groups of letters separated by an underscore character. Each group starts with an upper
case letter and may contain more upper case letters.

NOTE The syntax is described in a manner that closely follows the C-language syntactic constructs.

Functions that specify properties of the current position in the bitstream are referred to as syntax
functions. and assume the existence of a bitstream pointer with an indication of the position of the
next bit to be read by the decoding process from the bitstream. Syntax functions are described by their
names, which are constructed as syntax element names and end with left and right round parentheses
including zero or more variable names (for definition) or values (for usage), separated by commas (if
more than one variable).

Functions that are not syntax functions (including mathematical functions specified in subclause 5.2)
are described by their names, which start with an upper case letter, contain a mixture of lower and
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upper case letters without any underscore character, and end with left and right parentheses including
zero or more variable names (for definition) or values (for usage) separated by commas (if more than
one variable).

A one-dimensional array is referred to as a list. A two-dimensional array is referred to as a matrix.
Arrays can either be syntax elements or variables. Subscripts or square parentheses are used for the
indexing of arrays. In reference to a visual depiction of a matrix, the first subscript is used as a row
(vertical) index and the second subscript is used as a column (horizontal) index. The indexing order
is reversed when using square parentheses rather than subscripts for indexing. Thus, an element of a

matrix s at horizontal position x and vertical position y may be denoted either as s[ x ][ y ] or as
single column of a matrix may be referred to as a list and denoted by omission of the row index.

S,.. A
Thus,

the c

A spe

1 £ P Pl | . ] ] 1 £ R 4l h N 1
TUIIIT O d ITIIdUNTA S dUTIOTTZUTILAD DUSIUIUIT X 11Idy DT TTITITCU LU d5 LT TISU ST A .

cification of values of the entries in rows and columns of an array may be denoted

}, where each inner pair of brackets specifies the values of the elements within alrow i

colun

}{49
s[1]

Binat
'0100
to the

Hexa
binar
eight
bit) e

Numg¢

A val
any v

5.12

In th
form

ift co

std

in order and the rows are ordered in increasing row order. Thus, setting a matrix s ec
}} specifies thats[ 0 ][ 0 ] issetequal to 1,s[ 1 ][ 0 ] is set equal to 6, s[ O] & ] is set ec
1] is setequal to 9.

y notation is indicated by enclosing the string of bit values by single quote marks.
0001' represents an eight-bit string having only its second and.its-Iast bits (counted fj
least significant bit) equal to 1.

Hecimal notation, indicated by prefixing the hexadecimal'number by "0x", may be us
y notation when the number of bits is an integer multiple of 4. For example, 0x41 r
bit string having only its second and its last bits{counted from the most to the leas
gual to 1.

brical values not enclosed in single quotes afid-not prefixed by "0x" are decimal valuesd.

1e equal to 0 represents a FALSE condition in a test statement. The value TRUE is rej
alue different from zero.

Text description of logical operators

b text, a statement of logical operations as would be described mathematically in t

ndition 0 )

tement 0

else if( conditiofc1-)

std

tement.1

by { {.) {.)

n increasing

ualto{{16
jual to 4, and

For example,
om the most

pd instead of
bpresents an
t significant

bresented by

he following

else /* informative remark on remaining condition */

Statementn

may be described in the following manner:

... as follows / ... the following applies:

If condition 0, statement 0

Otherwise, if condition 1, statement 1

© ISO/IEC 2023 - All rights reserved
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Otherwise (informative remark on remaining condition), statement n.

Each "If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows" or "...
the following applies” immediately followed by "If ... ". The last condition of the "If ... Otherwise, if ...
Otherwise, ..." is always an "Otherwise, ...". Interleaved "If ... Otherwise, if ... Otherwise, ..." statements
can be identified by matching "... as follows" or "... the following applies” with the ending "Otherwise, ...".

In the text, a statement of logical operations as would be described mathematically in the following

form:

if{ condition

Statement]

else if{ condi

statement]

else

Statement

... as follows

If all of

con
con
Otherw
con

con

Otherw

In the text,
form:

if( condition

statement

if{ condition

Oa && condition 0b )

0
tion 1a [[ condition 1b )

1

n
... the following applies:

he following conditions are true, statement O:

ition Oa

|

ition Ob

se, if one or more of the following conditions are true, statement 1:

]

ition 1a

ition 1b

se, statement n.

h statement of legical operations as would be described mathematically in the follg

0)
0

7 )

4

statement 1

may be described in the following manner:

When condition 0, statement 0

When condition 1, statement 1.

14
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5.13 Processes

5.13.1 General

-6:2023(E)

Processes are used to describe the decoding of syntax elements (see Table 2). A process has a separate
specification and invoking. All syntax elements and variables that pertain to the current syntax
structure and depending syntax structures are available in the process specification and invoking. A
process specification may also have a lower-case variable explicitly specified as input. Each process
specification has explicitly specified an output. The output is a variable that can either be an upper-case
variable or a lower-case variable.

Wheif anOEIIlg a process, the a551gnmenf of variables 15 spec1llea as follows:

In the specification of a process, a specific coding block may be referred to'by the variable
a valyie equal to the address of the specific coding block.

5.13.2 Process output operators

The dot “” operator enables identifying named membeps (syntax elements or sub-proce
the output of a process. Dot operator can be applied récursively to descend into the hier3

[fthe variables at the invoking and the process specification do not have the same rfante,
dre explicitly assigned to lower-case input or output variables of the process specificat

(therwise (the variables at the invoking and the process specification, have the
assignment is implied.

the variables
ion.

$ame name),

hame having

sses) within
rchy of sub-

procgsses. For instance, given the sample decoding pfecess process_xyz specified in the following table
according to the syntax specified in subclause 6.1,
Table 2 — Sample decoding process
Syntax Remarks
process_xyz (counter) { A decoding process with one parametey
hum A syntax element
for(i = 0; 1 < num * ceunter; i++) {
value[i] A syntax element
}
b sub_process A sub-decoding process within procesf xyz
}

another decodihg process can access the members of the output of one specified run of
procgss, as specified in the following Table 3.

[Process XxXyz

2L T . Y A = b £31 2 —f 3 3=
IdUIC O — ALLGHSIIIG HICIHIDCTS U ULIT ouilput U d Uctoulilg proccess

Syntax Remarks

another process(xyz) {

process.

a = xyz.counter
xyz was run to produce xyz

o
I

XyZzZ.num
v run that produced xyz

Q
I

xyz.value[b]

xyz run that produced xyz

© ISO/IEC 2023 - All rights reserved

xyz Is the output of one specific run of process xyz
Access the parameter ‘counter’ with which process
Access the syntax element "num’ of the process xyz

Access the syntax element ‘value [b]’ of the process
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Table 3 (continued)

Syntax Remarks

that produced xyz

Access the syntax element ‘some member’ of sub-decod-
d = xyz.a_sub_process.some_member ing process ‘a_sub process’ of the process xyzrun

5.14 Method of specifying syntax in tabular form

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on

the syntax mpay be specified, either directly or indirectly, in other clauses.

Table 4 lists|examples of the syntax specification format. When syntax_element appears;it’spe
that a syntak element is parsed from the bitstream and the bitstream pointer is advanced 'to the

position beypnd the syntax element in the bitstream parsing process.

Table 4 — Examples of the syntax specification format

cifies
next

conditioning|statement

Syntax Typ¢q
/* A statemeft can be a syntax element with an associated data type or can besan\expression used

to specify conditions for the existence, type and quantity of syntax elements;asin the following two
examples */

syntax_elenjent u(n)

/*A group of ptatements enclosed in curly brackets is a compound statement and is treated func-
tionally as a §ingle statement. */

{

statement

statement

}

/* A "while" gtructure specifies a test of whether a condition is true, and if true, specifies evaluation
of a statemer]t (or compound statement}trepeatedly until the condition is no longer true */

while( condition )

statement

/*A"do ... while" structure specifies evaluation of a statement once, followed by a test of whether a
condition is frue, and if {rue, specifies repeated evaluation of the statement until the condition is no
longer true *

do

statement

while( condition )

/* An "if ... else" structure specifies a test of whether a condition is true and, if the condition is

true, specifies evaluation of a primary statement, otherwise, specifies evaluation of an alternative
statement. The "else" part of the structure and the associated alternative statement is omitted if no
alternative statement evaluation is needed */

if( condition )
primary statement
else

alternative statement

/* A "for" structure specifies evaluation of an initial statement, followed by a test of a condition, and
if the condition is true, specifies repeated evaluation of a primary statement followed by a subse-
quent statement until the condition is no longer true. */

16 © ISO/IEC 2023 - All rights reserved
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Syntax

Type

for( initial statement; condition; subsequent statement )

primary statement

5.15 Bit ordering

For bit-oriented delivery, the bit order of syntax fields in the syntax tables is specified to start with the
MSB and proceed to the LSB.

5.16|Specification of syntax functions and data types

The

in te
deco

byte Jaligned( ) is specified as follows:

read Jbits( n ) reads the next n bits from the bitstream{and advances the bitstream poi
positjons. When n is equal to 0, read_bits( n ) is specifiéd,to return a value equal to 0 and to
the bjtstream pointer.

The

ms of the value of a bitstream pointer that indicates the position of the next-bit to b¢

;[!nctions presented here are used in the syntactical description. These functions a1
ing process from the bitstream.

If the current position in the bitstream is on a byte boundary, i.e(th€ next bit in the bit:
flrst bitin a byte, the return value of byte_aligned( ) is equal te\FRUE.

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

fpllowing data types specify the parsing process of each syntax element:

—

[n): fixed-pattern bit string using n hits written (from left to right) with the left 1
arsing process for this data type is specified by the return value of the function read

o]

n_n

n): signed integer using n bits¢When n is "v" in the syntax table, the number of bit
hanner dependent on the value of other syntax elements. The parsing process for th
b specified by the return<value of the function read_bits( n ) interpreted as a two's
hteger representation with most significant bit written first.

e e e

t(v): null-terminatédstring encoded as universal coded character set (UCS) transmiss

t(v) reads and.returns a series of bytes from the bitstream, beginning at the current
ontinuingap-to but not including the next byte that is equal to 0x00, and advances t
ointer by ( stringLength + 1) * 8 bit positions, where stringLength is equal to the nun
eturned:

HT o /e, Wn

n__n

'e expressed
> read by the

tream is the

hter by n bit
not advance

bit first. The
bits( n ).

s varies in a
is data type
complement

ion format-8

UTF-8) characters’as specified in ISO/IEC 10646. The parsing process is specified as follows:

position and
he bitstream
hber of bytes

[s varies in a

y(n)tnsigned integer using n bits. When n is "v" in the syntax table, the number of bi

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 integer with most significant bit written first.

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

5.17 Semantics

Semantics associated with the syntax structures and with the syntax elements within each structure
are specified in a clause following the clause containing the syntax structures. When the semantics of
a syntax element are specified using a table or a set of tables, any values that are not specified in the
table(s) shall not be present in the bitstream unless otherwise specified in this document.

© ISO/IEC 2023 - All rights reserved

17


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

6 Data Structures

6.1 General

Subclause 6.2 specifies the structure of a data unit, which is used as a container for one of the following
data structures: raw reference (Type 0), parameter set (Type 1), access unit (Type 2), annotation table
indexes (Type 3), annotation parameter set (Type 4) and annotation access unit (Type 5). Data units are

produced as

output of the decapsulation process specified in ISO/IEC 23092-1.

Subclause 6.3 specifies the structure of an annotation parameter set, which consists of an annotation
parameter set identifier and encoding parameters for each descriptor or attribute.

Subclause 6}4 specifies the structure of an annotation access unit, which consists of an annofation
access unit Header followed by one or more blocks (as specified in subclause 6.4.4).
The raw refgrence, parameter set and access unit structures are specified in ISO/IEC23092-2 and are
out of scope pf this document.
6.2 Data ynit
This subclause specifies the data structure used to represent a data unit (see“Table 5).
Table 5 — Data unit syntax
Syntax Type
data unit (] {
data unit type u(8)
if (datg unit type == 0) {
data_gnit_size u(64)
raw ré¢ference () As specified in ISO/IEC 23092-2
}
else if| (data unit type == 1) {
resetved u(10)
data|unit_size u(22)
parafeter set () As specified in ISO/IEC 23092-2
}
else if| (data unit &ype == 2){
resetved u(3)
data|unit.size u(29)
accegs unik () As specified in ISO/IEC 23092-2
}
else if (data unit type == 3){
reserved u(10)
data unit size u(22)
annotation parameter_set () As specified in subclause 6.3
}
else if (data unit type == 4){
reserved u(3)
data unit size u(29)
annotation access unit() As specified in subclause 6.4
}

18
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Syntax Type

}

else /*(data unit type > 4)*/{

/*skip data unit*/

reserved are bits used to preserve byte alignment and shall be set to 0.

data_unit type specifies the type of data unit. Table 6 lists the values of data unit type and the

aSso(

data
and d

raw._I

parameter_set() is the parameter_set data structure as specified in ISO/IEC 23092-2.

acces
anno
anno

A con
atlea

6.3

6.3.1
This

iated data unit types.

Table 6 — Values of data_unit_type and associated data unit types

data_unit_type Data unit type Reference
0 raw reference ISO/IEC 23092-2
1 parameter set ISO/IEC 23092-2
2 access unit ISO/IEE23092-2
3 annotation parameter set stibclause 6.3
4 annotation access unit subclause 6.4

lunit_size is the total size in bytes of the data unitincluding the bytes used for dat
ata_unit_size

eference() is the raw reference data structure.as specified in ISO/IEC 23092-2.

s_unit() is the access unit data structure as specified in ISO/IEC 23092-2.
fation_parameter_set() is the annotation parameter set data structure as specified in s|
fation_access_unit() is the annotation access unit data structure as specified in subcl

formant bitstream containing at least one data unit of type (annotation) access unit
st one data unit of type’(annotation) parameter set.

Annotation parameter set

General

encodlingparameters used during the decoding process of an annotation access unit (see Tj

subclause specifies the syntax and semantics of an annotation parameter set, which

a_unit_type

ubclause 6.3.
huse 6.4.

thall contain

contains the

hble 7).

Table 7 — Annotation parameter set syntax

Syntax Type Remarks
annotation parameter set() {
parameter_set ID u(8)
AT _ID u(8)
AT alphabet_ID u(8)
reserved u(2)
AT coord_size u(2)
AT pos_40 bits_flag u(l)
n_aux attribute_groups u(3)

© ISO/IEC 2023 - All rights reserved
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Table 7 (continued)

Syntax Remarks

Type

for (i

}

}

tile config[i]

annotation encoding parameters ()

0; 1 <= n_aux attribute groups; i++) {

As specified in subclause 6.3.2

As specified in subclause 6.3.3

parameter_set_ID is the unique identifier of the parameter set containing the annotation encoding

parameters.

AT_ID is th
associated.

AT _alphabe
these encod
ISO/IEC 230

reserved ar]

AT coord_s

tile_config iy

b unique identifier of the annotation table to which this annotation parameter

t_ID identifies the alphabet of symbols used for data encoded in access-units referr
ng parameters. The symbols associated to each value of AT alphabet ID are specif
D2-2.

e bits used to preserve byte alignment and shall be set to 0.

a data structure specified in subclause 6.3.2 carrying the tile configuration.

set is
ng to

ed in

ze is a value that indicates the number of bits required/to represent a row/cdlumn
coordinate df the annotation table (see Table 8).

annotation_¢ncoding_parameters is a data structure specified in subclause 6.3.3 carrying the
annotation gncoding parameters.
Table 8 — AT _coord_size values that indicate the humber of bits for representing the coordjnate

AT pos_40_
all variant p
variable pos

n_aux_attri

of a row/column in‘an annotation table

AT _coord_size Size in bits
0 8
1 16
2 32
3 64

psitions aresexpressed as 32 bits integers. In the scope of this document, the value
Bize is set.t0 32 when pos_40_bits_flag is equal to 0 and set to 40 otherwise.

bute_groups is the number of auxiliary attribute groups in the associated annotation

6.3.2 Tile

configuration

6.3.2.1 General

bits_flag is set to/1 when the variant positions are expressed as 40 bits integers. Otherwise,
bf the

table.

The tile configuration data structure (see Table 9) contains information on how the data of individual
descriptors and attributes are split into tiles. It is only needed when attribute contiguity == 1.

20
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Table 9 — Tile configuration syntax

}

additional tile gtructure[i]

}

Syntax Type Remarks
tile configuration {
AG_class u(3)
attribute_contiguity u(l)
two_dimensional u(l)
if (two_dimensional) {
reserved u(6)
—column major tile arder n(1)
symmetry mode u(3)
symmetry minor_ diagonal u(l)
}H else {
reserved u(3)
}
afttribute_dependent_tiles u(1)
dpfault tile structure() As specified in subclaue 6.3.2.2
iff (attribute dependent tiles) ({
n_add_tile_structures u(16)
for (i=0; i<n add tile structures; i++) {
n_attributes[i] u(16)
for (3=0; j<n_attributes([i]; J++) {
attribute ID[i][]] u(16)
}
n_descriptors[i] u(7)
for (3=0; j<n descriptors[i}s J++) |
descriptor ID[i][]] u(7)

As specified in subclaufe 6.3.2.2

AG_c]ass is thefelass of the attribute group to which this tile configuration applies.

attripute-contiguity is a flag, if set to 1, indicates that blocks are grouped into annotation|access units

by atfribute. Otherwise, blocks are grouped into annotation access units by tile.

two_dimensional is a flag, and if set to 1, indicates that the associated descriptors/attributes are

2-dimensional. Otherwise, they are one-dimensional.

reserved are bits used to preserve byte alignment and shall be set to 0.

If two_dimensional == 1,

column_major_tile_order is a flag that is only relevant when two_dimensional == 1 and variable_
size_tiles == 0 in the tile structure (subclause 6.3.2.2) associated with the descriptor/attribute. If

set to 1, itindicates the tiles are in column-major order when stored as data blocks in an annotation
access unit (attribute contiguity == 1).Otherwise, they are in row-major order.

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 ISO/IEC 23092-1.

© ISO/IEC 2023 - All rights reserved
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symmetry minor diagonal is only effective when two dimensional == 1 and symmetry_mode == 1.
It is a flag, if set to 1, indicates that the symmetry of squared matrices is along the minor diagonal
of all the attributes of the main attribute group data. Otherwise, symmetry is along the principal

diagonal.

attribute_dependent_tiles is a flag, and if set to 1, indicates there exist certain attributes and
descriptors with tile structures different from the default. Otherwise, all attributes and descriptors in
the same attribute group share the same default tile structure.

default_tile_structure is the data structure defined in subclause 6.3.2.2 carrying the default tile
structure of all attributes and descriptors belonging to the same attribute group.

If attribute_glependent _tiles == 1, additional tile structures are specified using the following fields:
n_add_tiile_structures 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
attribute_ID[i][j] is the jth attribute ID associated with the ith additional tile structure
n_descrjiptors]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

additionlal_tile_structure][i] is the data structure specified in.subtClause 6.3.2.2 carrying the ith

additionfal tile structure

6.3.2.2 Tile structure

The tile data structure (see Table 10) specifies how annetation data is divided into rectangulay tiles

defined by ranges of row and column indices.

Table 10 — Tile structure syntax

22

Syntax Type Remarks
tile strucfure ({
reserved u(7)
variable¢ size tiles u(1)
n_tiles u(v) \4 depe_ndgnt on AT coord_sife as
specified in subclause 6.3.1
if (varjable sizestiles) {
for (3=0; i<p~files; i++) |
fof (JEDr 3<(two_dimensional + 1); J++) { two_dimensional as specifiedin
ATt TRAeX [T T3] ) v dppc?ndtlan‘r on AT coord sike as
specified in subclause 6.3.1
) |ylependenton ancooza sieas
}
}
} else {
for (j=0; j<(two dimensional + 1); Jj++) {
tile size[5] u(v) v dependent on AT coord size as

specified in subclause 6.3.1

© ISO/IEC 2023 - All rights reserved
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Table 10 (continued)

Syntax

Remarks

Type

}

reserved are bits used to preserve byte alignment and shall be set to 0.

variable_size_tiles is a flag, if set to 1, indicates that the size of each tile is different, and thus the
corresponding start and end indices 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 thd
colun

start

tile_s
size_{

6.3.3
The 4

1n in an annotation table.

iles == 0.

Annotation encoding parameters

decodling process of an annotation access unit.

| index[i][j] and end_index[i][j] is the pair of start and end indices defining-thie ran
or columns (j == 1) for the ith rectangular tile, only used when variable_siz¢ _tiles == [l

ize[j] specifies the number of rows (j == 0) or columns (j == 1) per tile;-only used wh

Table 11 — Annotation enceding parameters syntax

same as the number of bits for annotation table coordinates, to allow having one tille per row or
ge of rows (j

len variable_

innotation encoding parameters (see Table 11) are cenfiguration parameters used during the

n_compressors

for(i = 0; 1 < n_compressors; i++) {

© ISO/IEC 2023 - All rights reserved

Syntax Type Remarks
annofation encoding parameters () {
h filter u(8)
for (1 = 0; 1 < n filter; i++)Y{
filter ID len([i] u(6)
filter ID[i] c(filter ID len[i])
desc_len|[i] u(10)
description([i] c(desc len[i])
}
h features_names u(8)
for (i = 0;%\X n_ features names; 1i++) {
features, name_len(i] u(6)
features_name[i] c(features name len[i])
}
h_ontology terms u(8)
for(i = 0; 1 < n_ontology terms; i++) {
ontology_term name len[i] u(6)
ontology_ term name[i] c(ontology term name len[i])
}
n_descriptors u(8)
for(i = 0; 1 < n descriptors; i++) {
descriptor configuration[i] iﬁle)clause 6.3.4
}
u(8)
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Table 11 (continued)
Syntax Type Remarks
compressor parameter set[i] See
- - subclause 6.3.5

}
n_attributes u(8)
for(i = 0; 1 < n_attributes; i++){

attribute parameter set[i] gsﬁclause 6.3.6
}
while (| !byte aligned( ) ) {

nesting zero bit £(1) One bitsettg 0
}

}

n_filter speq

ifies the number of filters.

filter_ID_len|[i] specifies the i-th filter id length.

filter_ID[i] 3
desc_len[i]
description
n_features_
features_na
features_na
n_ontology |
ontology_te

ontology_te
characters.

pecifies the i-th filter id as an array of filter_ID_len][i] characters.

pecifies the i-th feature description length.

[i] specifies the i-th description as an array of desc>len[i] characters.

names specifies the number of features.

me_len[i] specifies the i-th feature name length.

me[i] specifies the i-th feature namedas an array of features_name_len[i] characters.
terms specifies the number of ontology terms.

rm_name_len[i] specifies the.i-th ontology name length.

rm_name[i] specifies (the i-th ontology name as an array of ontology_name_

n_descriptars specifies thennumber of available specific decoding descriptor configurations.

descriptor_c
subclause 6.

pnfiguratioffi] contains a specific descriptor decoding configuration as specifi
B.4.

n_compress

orsSpecifies the number of available compressor parameter sets.

len[i]

bd in

compressor.|

subclause 6.3.5.

n_attributes specifies the number of available attribute parameter sets.

_cet[i] . ifi ] ] i . ifibd in

attribute_parameter_set[i] contains a specific attribute decoder configuration as specified in
subclause 6.3.6.

6.3.4 Descriptor configuration

6.3.4.1 Ge

neral

This subclause specifies the data structure used to represent the descriptor configuration (see
Table 12). A descriptor configuration contains information for standard descriptor decoding.

24
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Table 12 — Descriptor configuration syntax

Syntax Type
descriptor configuration {
descriptor_ID u(8)
encoding _mode ID u(8)
if (descriptor ID == GENOTYPE) {
genotype parameters () See subclause 6.3.4.2
} else if (descriptor ID == LIKELIHOOD) {
likelihaod pavameters() Seesubclause 6343
} Blse if (descriptor ID == CONTACT) {
bontact matrix parameters () See subclause\6.3.4.4
}
alporithm parameters (encoding mode ID) See subclduse 8.1
}

descriptor_ID defines the unique identifier of the descriptor (see subglause 7.1) for which the descriptor

configuration is defined. Table 39 lists the values of descriptor_ID;ranging from 1 to 22.

encofling_mode_ID identifies the codec (referenced by .algorithm_ID) that shall he used for

ID, ranging from 16 to 31.

deco;npressing the descriptor blocks identified by descriptoriID. Table 42 lists the values gf algorithm_

genofype_parameters() is the data structure defined”in subclause 6.3.4.2 carrying the additional

genofype parameters when descriptor_ID is equal tex15 as specified in Table 39.

likelihood_parameters() is the data structuré’defined in subclause 6.3.4.3 carrying the additional

likelihood parameters when descriptor_ID is‘equal to 16 as specified in Table 39.

contgct_matrix_parameters() is the datastructure defined in subclause 6.3.4.4 carrying the additional

contgct matrix parameters when deseriptor_ID is equal to 22 as specified in Table 39.

algorjthm_parameters(encoding-mode_ID) is the data structure defined in subclause 8.1 [carrying the
decodler configuration parameters for the specific encoding mode defined by encoding_mofde_ID.

6.3.4{2 Genotype parameters

This pubclause specifies the syntax (see Table 13) and semantic of genotype parameters gtructure for

descifiptor GENOTYPE.

Table 13 — Genotype parameters syntax

© ISO/IEC 2023 - All rights reserved

Syntax Type
genotype parameters () {
max_ploidy u(8)
no_reference_flag u(l)
not_available flag u(l)
binarization_ ID u(3)
if (binarization ID == BIT PLANE) {
num bit plane u(8)
concat_axis u(8)
}
for (i = 0; 1 < num variants payloads; i++) {
sort_variants_rows_flag[i] u(l)
sort_variants_cols_flag[i] u(l)
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Table 13 (continued)

Syntax Type
transpose_variants mat_flag[i] u(l)
variants_codec_ID[i] u(8)
}
encode_phases_data_flag u(l)
if (encode phases data flag) {
sort_phases_rows_flag u(l)
sort_phases_cols_flag u(l)
transpfse_phnases_mat_rlag (1)
phases|codec_ID u(l)
} else {
phases|value u(l)
}
}
max_ploidy|signals the maximum number of haplotype or ploidy for each sample.
no_referende_flag, if set to 1, signals that the genotype payload contains no reference valug (i.e.,
denoted with “”). Otherwise, genotype payload contains reference valde;
not_available_flag, if set to 1, signals that the genotype payload contains genotype with ploidy lower
than max_plpidy.
binarization_ID defines the binarization method and associated decoding process (see Table 14).
Table 14 — Binarization ID values and associated decoding process
binarizpation_ID Value name Description Decoding process
0 BIT_PLANE Bit plane See subclause 9.3.5.7
1 ROW_SPLIT Split by row See subclause 9.3.5.9
2.7 - Reserved for future use -
num_bit_plane specifies the number of bit planes when binarization_ID equals to BIT_PLANE. It

corresponds

concat_axis

to the number of hits.required to store a genotyping matrix value.

defines the direction along which the binary matrices are concatenated as defined in
Table 15 when binarization. :id equals to BIT_PLANE.

Table“15 — Values of concat_axis and associated decoding process

copcat_axis Value name Description
0 CONCAT_ROW_DIR Concatenate Mmatrices iMmrow direction
1 CONCAT COL_DIR Ei?)r:lcatenate matrices in column direc-
DO_NOT_CONCAT No concatenate operation
3.7 - Reserved for future use

num_variants_payloads specifies the number of variants payload contained in the genotype payload

structure specified in subclause 6.4.4.3.2. Table 16 list the values of num_variants_payloads.
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Condition num_variants_payload

DIR

binarization_ID == BIT PLANE && concat_axis == CONCAT_ROW_

1

binarization_ID == BIT _PLANE && concat_axis == CONCAT_COL_DIR |1

binarization_ID == BIT_PLANE && concat_axis == DO_NOT_CONCAT |num_bit_plane

binarization_ID == ROW_SPLIT 1

sort_variants_rows_flag]i], if set to 1, signals that the rows of variants_payloads[] as specified in

subcl

ause 644 3 2 with indexiare sorted

sort_
subcl

variants_cols_flag[i], if set to 1, signals that the columns of variants_payloads[]as
puse 6.4.4.3.2 with index i are sorted.

trans
payld

varid

required to decode variants_payload[] as specified in subclause 6.4.4.3.2 with index i.

enco

sort |

pose_variants_mat_flag][i], if set to 1, signals that the binary matrix decoded fr¢
ads[] as specified in subclause 6.4.4.3.2 with index i is transposed.

nts_codec_ID[i] specifies the codec identifier, with values from 16 te 31 as specifieqd

le_phases_data_flag, if set to 1, signals that the phasing matrix contains only one di

phases_rows_flag, if set to 1, signals that the rows of phases_payload as

subcl

use 6.4.4.3.2 are sorted. Otherwise, it is set to 0 forrunsorted data.

sort_phases_cols_flag, if set to 1, signals that the“Ycolumns of phases_payload as
subclpuse 6.4.4.3.2 are sorted. Otherwise, it is set to.0 for unsorted data.

tran§gpose_phases_mat_flag, if set to 1, signals that the binary matrix decoded from phd
as spgcified in subclause 6.4.4.3.2 is transposed.

phasps_codec_ID specifies the codec identifier, with values from 16 to 31 as specified
required to decode phases_payload as specified in subclause 6.4.4.3.2.

phas

6.3.4

This
descr

ps_value defines the values-¢ontained in the phase matrix.

3 Likelihood parameters

subclause specifies/the syntax (see Table 17) and semantic of likelihood parameters s
iptor LIKELIHOOD.

Table 17 — Likelihood parameters syntax

specified in

m variants_

in Table 42,

stinct value.

specified in

specified in

)ses_payload

in Table 42,

tructure for

Syntax Type
Yikelihood parameters () {
num_gl_per_sample u(8)
transform flag U(l)

if (transform flag) {
dtype_id u(8)

}

num_gl_per_sample is the number of likelihood values for each sample.

transform_flag, if set to 1, signals a 2-dimensional transformation. Otherwise, it is set to 0.

dtype_id defines the identifier of data type of 2-dimensional array C[][] as specified in subclause 9.3.6.1.

© ISO/IEC 2023 - All rights reserved
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6.3.4.4 Contact matrix (CM) mat parameters

This subclause specifies the syntax (see Table 18) and semantic of CM mat parameters structure for
descriptor CONTACT.

Table 18 — CM mat parameters syntax

Syntax Type
cm mat parameters() {
num_samples u(8)
for (i=0; di<num samples: i++){
sample|ID[i] u(8)
sample|name[i] st(v)
}
num_chrs u(8)
for (i=0|i<num chrs; i++)
chr_ ID[i] u(8)
chr_name[i] st(v)
chr lepgth[i] u(64)
}
intervall¢ (replace resolution) u(32)
tile_size u(32)
num_intefval multipliers u(8)

for (i=0} i<num interval multipliers; i++);

interval multiplier[i] u(32)
}
num_norm|methods u(8)

for (i=0} i<num norm methods; i++){

norm me¢thod ID[i] u(8)
norm méthod name[i] st(v)
norm méthod mult flagl[i] u(1)
reserved u(7)
}
num norm|matrices u(8)

for (i=0} i<nup norm matrices; i++) {

norm matrix ID[i] u(8)

norm matkix name[il st(v)

}

num_samples specifies the number of samples.

sample_ID[i] is the unique identifier of the sample at index i.
sample_name[i] is the name of the sample at index i.
num_chrs is the number of chromosomes in the dataset.
chr_ID[i] is the unique identifier of the chromosome at index i.

chr_name[i] is the name of the chromosome with index i.
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chr_length[i] is the length of the chromosome with index i.

interval is the bin size of the CM matrix structure specified in 6.4.4.3.4.3.

tile_size is the maximum number of entries of the CM tile structure specified in 6.4.4.3.4.4 in both row

and column direction.

num_inverval_multipliers specifies the number of entries of array inverval_multipliers. If num_

interval_multipliers is greater than 1, the structure supports multiple intervals.

interval_multiplier[i] is the interval multiplier supported by this structure at index i

num [morm_nrethodsspecifies the mumber the mormmatizatior methods whichrweightsare

norm_method_ID[i] is the unique identifier of the normalization method at index i which

stored in the CM bin payload structure specified in 6.4.4.3.4.2.

norn}_method_name[i] is the name of the normalization method with index i which
store(d.

nornp_method_mult_flag[i] if set to 1, it signals that during the on-the=fly normalization ¢
the cpntact matrix tile shall be multiplied by the product of two weights. Otherwise, each

contgct matrix tile shall be divided by the product of two weights:
reserved are bits used to preserve byte alignment and shallbe.set to 0.

num)norm_matrix specifies the number of normalized fnatrices stored.

nor:[_matrix_ID[i] is the unique identifier of the nortalized matrix at index i.
nornp_matrix_nameJi] is the name of the normalized matrix at index i.

num |bin_entries specifies the number of bins-of the chromosome with the identifier chr_ID

on ipterval_multiplier and interval. Itsis' computed as follows: Ceil(chr_length[chr_II

multiplier*interval)).

num [tiles specifies the number of tiles of the chromosome with the identifier chr_ID gi
interyal_multiplier and tile_size{lt is computed as follows: Ceil(num_bin_entries/tile_size)

targeft_tile_size is the decoded or target tile_size given multiplier mult. It is computed as fol
tile_sfize = Floor(tile_size/mult).

target_interval is the.inhterval of decoded tile. It is computed as follows: target_interval = i

target_chr_len is‘the chromosome length chrs_length[i] with index i given chromosome id ¢

to chi_ID[i].

6.3.4{5:{Contact matrix (CM) submat parameters

stored.

weights are

weights are

bach entry of
entry of the

and depends
D]/(interval_

ven interval,

ows: target_

terval*mult.

hr_ID equals

This subclause specifies the syntax (see Table 19) and semantic of CM submat parameters structure for

descriptor CONTACT.

Table 19 — CM submat parameters syntax

for (i=0; i<ntiles in row; i++) {

for (j=0; j<ntiles in col; Jj++) {

© ISO/IEC 2023 - All rights reserved

Syntax Type
cm_submat parameters () {
chrl ID u(8)
chr2_ID u(8)
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Table 19 (continued)
Syntax Type
if (! (is_symmetrical && 1 > 3)){
diag_transform flag[i][j] u(1)
if (diag tranform flag[i][j]) {
diag_transform mode[i] [j] u(2)
}
binarization_ flag[i][]j] u(1)
}
}
}
row_mask|exists flag u(1)
col_mask|exists_flag u(d
while (!byte aligned()) {
nesting zero bit f(1)
}
}

chri1_ID spefifies the unique identifier of the first chromosome of the chromosome pair.

chr2_ID spefifies the unique identifier of the second chromosenie of the chromosome pair.

ntiles_in_roy specifies the number of contact matrix tiles«of CM matrix payload specified in 6.4.4,3.4.3,
in row directfion. It is inferred from the chr_length[] andctile_size fields in the Contact matrix (CM|) mat

parameters defined in subclause 6.3.4.4 as follow: ntiles_in_row = Ceil(nrows/tile_size) and nrgqws is
inferred as fpllows: nrows = chr_length[i] where chi\IDJ[i] (defined in subclause 6.3.4.4) equals to chrl_

ID.

ntiles_in_col| is the number of contact matrix tiles of CM matrix payload specified in 6.4.4.3.4.3, in
column diregtion. It is inferred from the chr_length[] and tile_size fields in the Contact matrix|(CM)
mat parametfers defined in subclause 6(3:4.4 as follow: ntiles_in_col = Ceil(ncols/tile_size) and ndols is

inferred as fpllows: ncols = chr_length{i] where chr_ID[i] (defined in subclause 6.3.4.4) equals to chr12_

ID.

is_symmetrical is set to 1 if chrl_ID equals chr2_ID.

diag_transfprm_flag[i}{j], ‘if set to 1, signals that diagonal transformation is applied to th

tile structure specified in 6.4.4.3.4.4 with index i for the First dimension and index j for the s¢cond

dimension.dfiag_transform_mode[i][j] specifies the diagonal transform mode for the CM tile str
specified in §.4.4.3,4.4 with index i for the first dimension and index j for the second dimension.

binarizatio: i+ ~si

for the first dimension and index j for the second dimension is binarized using row binarization.

row_mask_exists_flag, if set to 1, signals that row_mask_payload exists in the CM matrix payload

specified in 6.4.4.3.4.3.

col_mask_exists_flag, if set to 1, signals that col_mask_payload exists in the CM matrix payload

specified in 6.4.4.3.4.3.

nesting_zero_bit is one bit set to 0.
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6.3.5 Compressor parameter set
Compressor parameter set is a box that contains the definitions of a compressor, including the sequence

of transform and compression algorithms with their parameter settings to be applied on an attribute
(seen in Table 20).

Table 20 — Compressor parameter set syntax

Syntax Type Remarks
compressor parameter set {

compressor ID u(8)

n| compressor_steps u(4)

fpr (i=0; i<n compressor steps; i++) {

compressor_step ID[i] u(4)
algorithm_ID[i] u(5)
use_default pars|[i] u(l)

if (luse default pars[i]) {

allgorithm parameters(algorithm ID) Ag Specified in subdlause 8.1
}
n_in vars[i] u(4)
for (3=0; Jj<n _in vars[i]; j++){
in var ID[i][]j] u (A
prev_step ID[i] []] u4)
prev_out var ID[i][]] u(4)
}
n_completed out vars[i] u(4)
for (§=0; j<n completed out wvalEs[i];
J++) | |
completed out_var ID[i] {\J] u(4)
}
}
while( !byte aligned(”) ) {
nesting_zero _bit £(1) One bit set to 0

}

compressor-ID is the unique identifier of the compressor within the annotation table. Note that the
valug 0 is\réserved for no compression.

N_compressor_steps is the number of processing steps in this compressor.
For each compressor step i, the following fields are specified:
compressor_step_ID[i] is the identifier of the compressor step.

algorithm_ID[i] is the ID of the algorithm to be applied in this step. The list of IDs and information
on the corresponding algorithms are specified in subclause 8.1, Table 42.

use_default_pars[i] is a flag if set to 1 indicates the default parameters of the algorithm are used.
n_in_varsl[i] is the number of input variables for the step.

For each input variable j of step i, the following fields are specified:
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in_var_ID[i][j] is the ID of an input variable predefined for the algorithm referenced by

algorithm_ID[i].

prev_step_ID[i][j] and prev_out_var_IDJ[i][j] are respectively the ID of the previous step
and the ID of its output variable with data that is passed to the current step through the input

variable referenced by in_var_ID[i][j].

n_completed_out_vars][i] is the number of output variables of step i that require no further

processing in the subsequent steps of the compressor.

Completed_out_var_ID[i][j] is the ID of the j th completed output variable of step i that requires no

further processing by the compressor.

6.3.6 Attrjbute parameter set

Attribute pgrameter set is a box that contains the definitions of an attribute, including’some |basic

information jand configuration of its associated compressor (see Table 21).

Table 21 — Attribute parameter set syntax

attribute default val

attribute miss_val_ flag

if (attfibute miss val flag) {
attribute miss_defaultiflag
if (!

ttribute misg default flag) {

attribute_miss-val

}

Syntax Type
attribute parameter set {
attribute ID u (h6e)
attribute name len u)8)
attribute_ name c(attribute name len)
attribute type u(8)
attribute num array dims u(2)
for (i ¥ 0; i < attribute num array dims; i+h) '{
attribute array dims[i] u(8)

x (v), where the type x (u or st) and
v are dependent on attribute_typ¢ as
specified in subclause 7.4

u(l)

u(l)

x (v), where the type x (u or st) and
v are dependent on attribute_typ¢ as
specified in subclause 7.4

}

compressor_ID

for

for (3 = 0;

32

attribute/miss_str st (v)
u(8)
n_steps_with_dependencies u(4)
(i = 0; 1 < n_steps with dependencies; i++) {
dependency step_ ID[1i] u(4)
n_dependencies[i] u(4)
j < n_dependencies[i]; J++) {
dependency var ID[i] []] u(4)
dependency_is_attribute[i] [j] u(l)
if (dependency is attribute[i][]]) {
dependency_ID u(le)
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Table 21 (continued)
Syntax Type
} else {
dependency_ ID u(7)
}
}
}
while( !byte aligned( ) ){
nesting zero bit £f(1)
}
}

attripute_ID is the identifier of the attribute, unique within an annotation parameter set.
attribute_name_len is the length of the attribute name.

attripute_name is the name of the attribute with length attribute_name_len.
attripute_type specifies the data type of the attribute as specified\in'Table 40.

attribute_num_array_dims specifies the number of array diniensions of an attribute en]
scalaf value.

attribute_array_dims[] contains elements each specifying the size of an array dimension.
if attribute_num_array_dims = 0.

attribute_default_val is the default value of the attribute (i.e., it can be used for sparse en
mostfvalues equal to the default are excluded):

attribute_miss_val_flag is a flag, if set to;1, indicates the attribute contains missing value
it hag no missing value.

attripute_miss_default_flag is a flag, if set to 1, indicates that the bit pattern consisting
used |to represent empty or NULL values. It is only specified if attribute_miss_val_flag =
applitable if the attribute typeis numeric (signed/unsigned, integer/float/double),

attripute_miss_val is the\value for representing empty or NULL values. It is only specified
miss|flag == 1 and attribute_miss_default_flag == 0.

attribute_miss_str'is the string to be presented in place of a missing value of the attrib
decodling progess: It is only specified if attribute_miss_flag == 1.

Compressor_ID is the ID of one of the compressor parameter sets, as specified in sub
definpdiin the dataset that is used for the coding of this attribute.

ry, 0 if it is a

Itis omitted

coding when

5. Otherwise,

of all ones is
= 1 and only

if attribute_

ute after the

clause 6.3.5,

n_steps_with_dependencies is the number of steps in the compressor referenced by compressor_ID
that involve dependency variables for its process.

For each of the steps in the compressor referenced by compressor_ID that involves
variables, the following fields are specified:

dependency

dependency_step_ID[i] is the ID of the compressor step, as defined in subclause 6.3.5, with

dependency variables that need to be specified.

n_dependencies[i] is the number of dependency variables for the compressor step referenced by

compressor_step_ID[i]

For each of the dependency variables of the compressor step referenced by compressor_step_ID[i],

the following fields are specified:
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dependency_var_IDJi][j] is the ID of the j th dependency variable that is predefined for the
algorithm associated with the compressor step.

dependency_is_attribute[i][j] is a flag if set to 1 indicates that the variable containing the
data to be passed to the algorithm of the compressor step is an attribute. Otherwise, it is a
descriptor.

dependency_ID is the ID of the descriptor/attribute containing data to be passed to the
algorithm of the compressor step through the dependency variable referenced by dependency_
var_ID[i][j].

nesting_zer

0o_bit is one bit set to 0.

6.4 Anno

tation access unit

6.4.1 General

The Annotat
annotations

ion Access Unit (AAU) (see Table 22) contains the compressed representation of gefomic

Table 22 — Annotation access unit syntax

Syntax Type
annotation|access unit () {
AT_ID u(8)
AT type u(4)
AT subtype u(4)
AG_class$ u(3)
reserved u(5)
annotatjon access unit header See subclause 6.4.2
for (i=0¢; i < n_blocks; i++) { n_blocks as specified in subclause §.4.2
block[i] See subclause 6.4.4
}
}

AT_ID is th¢ annotation table)ID used for identifying the dataset parameter set that contains the
parameters required for the-decoding of this annotation access unit.

AT _type is the type ofthe genomic data encoded in the associated annotation table. Possible valugs are
specified in [fable 24 of subclause 6.4.3.

AT_subtype

is'the subtype of the genomic data encoded in the associated annotation table. Po

values are Sppr‘ifipd inTable 25 of subclause 6.4 2

5sible

AG_class is the attribute group class to which this annotation access unit belongs, used for identifying
the attribute group-specific tile configuration required for the decoding of this annotation access unit.

reserved are bits used to preserve byte alignment and shall be set to 0.

annotation_access_unit_header is the annotation access unit header as specified in subclause 6.4.2

block[i] is the data structure carrying the block data specified in subclause 6.4.4.

34
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6.4.2 Annotation access unit header

This subclause specifies the annotation access unit header syntax (see Table 23) and its semantics. This
structure contains only selected fields of the annotation_access_unit_header defined in ISO/IEC 23092-1

required for the decoding process.

Table 23 — Annotation access unit header syntax

Syntax Type Remarks
annotation access unit header ({
if (attribute contiguity) { As specified in subclause 6.3.1
is attribute u(l)
Lf (is _attribute) {
attribute_ID u(lo)
} else {
descriptor_ID u(7)
i
two_dimensional as specified in
- . . subolalfse 6.3.1
i f (two dimensional &&
\variable size tiles) | variable size tiles asspgcifiedin
' - - subclause 6.3.2.2 in the tile styucture as-
sociated with the descriptor/attribute
if (column major_tile order) As specified in subclause 6.3.1
. v depends on AT coord size as specified
n tiles per col A . - —
- Per_ LA in subclause 6.3.1
} else {
n tiles per row 0 (V) v depends on AT coord sizeas specified
- —Per_ in subclause 6.3.1
}
n blocks . () v depends on AT coord sizeas specified
- in subclause 6.3.1
i
} Blse {
b ile index 1 a () v depends on AT coord sizdas specified
- - in subclause 6.3.1
tile index“2\exists u(l)
i f (tilé \index 2 exists) {
tile" index 2 0 (V) v depends on AT coord sizeas specified
= = in subclause 6.3.1
)
n_blocks u(le)
}
while ( !byte aligned( ) )
nesting zero bit £(1) One bitsetto 0
}

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.

If is_attribute == 1,

© ISO/IEC 2023 - All rights reserved 35


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

n_blocks is the number of blocks contained in the annotation accessiunit.

6.4.3 Annptation access unit types

attribute_ID is the ID of the attribute whose data is contained in this annotation access unit.
If is_attribute == 0,

descriptor_ID is the ID of the descriptor whose data is contained in this access unit.
If the attribute is 2-dimensional and variable_size_tiles == 0,

n_tiles_per_col is the number of tiles per column, only specified if column_major_tile_order ==
1.

n_tiles_per_row is the number of tiles per row, only specified if column_major_tile_order == 0.

If attribfite_contiguity == 0,

tile[/index_1 is the index of the tile whose data is contained in this annotation access upit. If
two| dimensional == 1 and variable_size_tiles == 0, it corresponds to the row indéx’of theftile.

tile|index_2_exists is a flag, if set to 1, indicates that a second tile index exists.
If (t]le_index_2_exists == 1),

tile]index_2 is the column index of the tile whose data is contained/in this annotation dccess
unit} only specified if two_dimensional == 1 and with variable_size'_tiles == 0.

AAUs can be|of different types according to the nature of.the coded annotation table data. An annotation
access unit ¢ontains encoded annotation table records belonging to a single annotation table tyjpe as

shown in Table 24.

Table 24 — Class of encoded data per annotation table type

Annotation table type

Data type
Ann table tyjpe name Value
VARIANTS 1 Genomic variants
FUNCTIONAL_ANNOTATIONS |2 Functional annotations
GENE_EXPRESSION 3 Gene expression values
CONTACT_MATRICES 4 Position-to-position contact intensity values
TRACKS 5 Genome browser tracks

For each anpotation table type, the sub-type specifies the external data formats used as templgte as

specified in Jable25.

Table 25 — Annotation table sub-type encoding

Data Type Annotation table sub-type

Ann table sub-type name Value
Any UNDEFINED 0
VARIANTS VCF 1
FUNCTIONAL_ANNOTATIONS GTF 2

GFF 3

GENBANK 8
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Table 25 (continued)
Data Type Annotation table sub-type
Ann table sub-type name Value
TRACKS BED 4
BEDGRAPH 5
WIG 6
BIGWIG 7
CONTACT_MATRICES HIC 10
GENE_EXPRESSION GENE_EXPRESSION 9
6.4.4) Block
6.4.441 General
This subclause describes the syntax (see Table 26) and semantics of block §tiucture.
Table 26 — Annotation access unit blocksyntax
Syntax Type
block () {
blpck header () See subclause.6.4.4.2
blpck payload () See subclause 6.4.4.3
}
block_header is the data structure carrying the’block header specified in subclause 6.4.4.2
blocl _payload is the data structure carrying the block payload specified in subclause 6.4.4}3.
6.4.4{2 Block header
This $ubclause describes the blockheader syntax (see Table 27) and semantics.
Table 27 — Block header syntax
Syntax Type Remarks
block header () f{
if[ (attribdge-'contiguity == 0) { As specified in subg¢lause 6.3.2.1
Hescriptor_ ID u(8)
i f, (descriptor ID == ATTRIBUTE) {
attribute ID u(16)
}
}
reserved u(2)
indexed u(l)
block payload_size u(29)
}

descriptor_ID signals the descriptor identifier as specified in subclause 7.1.

attribute_ID if descriptor_ID is set to ATTRIBUTE (see Table 39), it signals the attribute identifier.

reserved are bits used to preserve byte alignment and shall be set to 0.
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indexed, is set to 1, if the block has been compressed with PROCRUSTES as specified in Table 42, and 0
otherwise.

block_payload_size specifies the size of the block payload in bytes.
6.4.4.3 Block payload

6.4.4.3.1 General

This subclause specifies the syntax (see Table 28) and semantics of the block payload structure
containing entropy-coded descriptors or attributes.

Table 28 — Block payload syntax

Syntax Type
block payl¢ad(descriptor ID) ({
if (descgyiptor ID == GENOTYPE) ({
genotype payload() See subclause 6.4.4.3.2
} else if (descriptor ID == LIKELTIHOOD) {
like}ihood payload() See subclausé 6.4.4.3.3
} else if (descriptor ID == CONTACT) {
for (i§0; i<num chrs;i++) num_chirs'is defined in 6.3.4.4
cm_bin payload[i] Seesubclause 6.4.4.3.4.2
}
cm_mat|payload () See subclause 6.4.4.3.4.3
} else {
generi¢ payload() c(block_payload_size)
}
while ( !Pyte aligned() ) {
nesting zero bit f(1)
}
}

genotype_pdyload is the data(structure specified in 6.4.4.3.2 carrying encoded genotype payload.
likelihood_ppyload is the data structure specified in 6.4.4.3.3 carrying encoded likelihood payloadl.

cm_bin_paylpad[i] i§ the data structure specified in 6.4.4.3.4.2 carrying CM bin payload of the ith
chromosomg.

num_chrs speeifies the number of chromosomes in the payload as specified in subclause 6.3.4.4.

cm_mat_payload is the data structure specified in 6.4.4.3.4.3 carrying encoded CM matrix payload.
generic_payload is the encoded data buffer carrying descriptor or attribute encoded data.

nesting_zero_bit is one bit set to 0.
6.4.4.3.2 Genotype payload

6.4.4.3.2.1 General

This subclause specifies the syntax (see Table 29) and semantics of the genotype payload structure,
containing entropy-coded genotype information.
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Table 29 — Genotype payload syntax

Syntax Type
genotype payload() {
for (1 = 0; 1 < num variants payloads; i++) { See subclause 6.3.4.2.
variants_payload_size[i] u(32)
variants payload[i] See subclause 6.4.4.3.2.2
if (sort variants row flag[i]) { See subclause 6.3.4.2.
sort variants row ids payload sizel[i] uf32)
sort variants row ids payload[i] See subclause 6.4:4.3(2.3
i
Lf (sort_variants_col_flags[i]) { See subclause6.3.4.2
sort_variants_col_ids_payload size[i] u(32)
sort variants col ids payload[i] Seefsubclause 6.4.4.3(2.3

binarization_ID is gpecified in

if|l (binarization id == ROW SPLIT) { subclause 6.3.4.2
variants_amax_payload size u(32)
variants amax payload See subclause 6.4.4.3(2.4
}
if| (encode phase data) { See subclause 6.3.4.2
phases_payload size u(32)
bhases payload See subclause 6.4.4.3|2.2

num variants payloads is specified in subclause 6.3.4.2.

varignts_payload_size[i] is the size in bytes of the binary matrix payload structure namnjed variants_
payldads[i] with index i.

variants_payloads[i]isthe binary matrix payload structure as specified in subclause 6.4.4)3.2.2.

sort_variants_rows_flag[i] signals whether the rows of variants_payloads structure specified with
indeX i are softed as specified in subclause 6.3.4.2.

sort_variants_row_ids_payload_size[i] is the size in bytes of the row_col_ids_payload stijucture sort_
variapt$vrow_ids_payloads with index i.

sort_variants_row_ids_payload[i] is the row_col_ids_payload structure with index i as specified in
subclause 6.4.4.3.2.3.

sort_variants_cols_flag][i] signals whether the columns of variants_payloads with index i are sorted.

Sort_variants_col_IDs_payload_size[i] is the size in bytes of the row_col_ids_payload structure sort_
variants_col_ids_payloads with index i.

sort_variants_col_IDs_payload[i] is the row_col_ids_payload structure with index i as specified in
subclause 6.4.4.3.2.3.

binarization_ID is specified in subclause 6.3.4.2 and signals the binarization method used. Table 30 lists
the possible values of binarization_ID and associated decoding process.
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variants_amax_payload_size is the size in bytes of the binary matrix payload structure named

variants_am

ax_payload.

variants_amax_payload is the amax_payload structure specified in subclause 6.4.4.3.2.4.

encode_phases_data_flag is specified in subclause 6.3.4.2.

phases_payload_size is the size in bytes of the binary matrix payload structure named phases_

payload.

phases_payload is the binary matrix payload structure specified in subclause 6.4.4.3.2.2.

6.4.4.3.2.2

This subclauj
containing e

Binary matrix payload

se specifies the syntax (see Table 30) and semantics of the binary matrix payload'stru
htropy-coded binary matrix.

Table 30 — Bin mat payload syntax

rture,

Syntax Type
bin mat payload() {
if (code¢ ID == JBIG) {
payloa See ISO/IEC 11544
} else if (codec ID == CABAC) {
nrows u(32)
ncols u(32)
payloadi() See ISO/IEC 23092-2
}
}
codec_ID spe¢cifies the compression algorithm-identifier compression_algorithm_id required to d¢code
either jbig_playload() or cabac_payload(). The value of codec_ID shall be CABAC or ]JBIG as specified in
Table 42. The codec_ID is specified as variant_codec_ID for variants_payload][i] or phases_codec_|D for

phases_payl
nrows is thd
ncols is the

payload is a
is a bitstreg
following IS
ID_subsym i

bad, respectively, in subelause 6.3.4.2.

number of rows of the decoded binary matrix.
humber of columns’of the decoded binary matrix.

|BIG BIE (Bi-level Image Entity) structure compliant to ISO/IEC 11544. Otherwise, pa
m compliant to ISO/IEC 23092-2. To decode the bitstream, if codec_ID is CABA
D/IEC<23092-2 syntax element values are assumed: transform_ID_subseq is 0, trans
5 0y binarization_ID is 0, coding_sybsym_size is 1, mpegg_symbol_size is 1, coding_or

2, bypass_flg

g:s0, adaptive_mode_flag is 1 and num_contexts is 2.

load
[, the
form_
der is

6.4.4.3.2.3

Row column ids payload

This subclause specifies the syntax (see Table 31) and semantics of the row col IDs payload structure.

40
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Table 31 — Row col IDs payload syntax

Syntax Type

row col ids payload() {

nelements is specified in
subclause 9.3.5.3

row_col_ids_elements[i] u(nbits_per_elem)

for (i=0; 1 < nelements; i++){

}

nelenrents-is—themmber-ofetements—of-array row—cot-idsH—TFhevatuets—either-thenmumber of rows

nrowss or the number of columns ncols in decoding process described in subclause 9.3.5.3.

nbits| per_elem is the bit length of each element and it is inferred with the formula Cei|(Log2(num_
entrigs)), where num_entries is either nrows or ncols of bin_mat[][] as specified, in-$subclauge 9.3.5.3.

row_rol_ids_elementsJi] is the value of element of array row_col_ids[] with(index i.

6.4.4{3.2.4 Amax payload

This subclause specifies the syntax (see Table 32) and semantics ©fithe amax payload strudture.

Table 32 — Amax payloadsyntax

Syntax Typ¢€
amax| payload() {
neflems u(32)
nbfits_per elem u(8)

nelements is specified in
subclause 9.3.5.3

is one flag[i] b (1)

fofp (i=0; i<nelements; i++) {

if (is _one flag[i])

amax_elements[i] u(nbits per enfry)

}

nelems specifiesithé number of elements of 1-dimensional array amax[] in the process described in
subciEuse 9.3.52:

nbity_per-elem is the bit length of each element of the array amax[] in the process fescribed in
subclpuse 9.3.5.2.

is_one_flag]i], if set to 1, signals the value of entry of array amax[] atindexiis 1 in the process described
in subclause 9.3.5.2.

amax_elements[i] is the value with offset of amax[] with index i. nbits_per_entry in the process
described in subclause 9.3.5.2. Thevalue of amax[i] is 1 if is_one_flag[i] is one, otherwise: amax[i] =
amax_elements[i] + 1.

6.4.4.3.3 Likelihood payload

This subclause specifies the syntax (see Table 33) and semantics of the likelihood payload structure.
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Table 33 — Likelihood payload syntax

Syntax

Type

likelihood payload() {
nrows
ncols
payload_size
payload
if (transform flag) {
additional_payload size

u(32)

additi¢nal payload

}

u(additional payload size)

transform_flag, if set to 1, signals a 2-dimensional transformation as specified in suhclause 6.3.4.3.
nrows descifibes the number of rows of 2-dimensinal code array L[][].

ncols descripes the number of rows of 2-dimensinal code array L[][].

payload_size is the size in bytes of the payload field.

payload is the compressed array L[][]. The size of this payload is pajload_size bytes.

additional_payload_size is the size in Bytes of the payload field.

additional_payload is the compressed array values V[][]=The size of this field is additional_payload_

size bytes.
6.4.4.3.4 (ontact matrix (CM) payload

6.4.4.3.4.1 | General

This subclause specifies the syntax and/the semantic related to the contact matrix (CM) payload.

6.4.4.3.4.2 | CM bin payload

This subclause specifies the-syntax (see Table 34) and semantics of the CM bin payload structure.

Table 34 — Contact matrix bin payload syntax

for (i =0; i<num norm methods; i++) {

for (j =0; j<num bin entries; j++) {

weight values[i] []]

}

Syntax Type
cm _bin payload\)/{
chr_ ID 1n(8)
sample_ID u(le)
interval multiplier u(32)

num_norm_methods is speci-
fied in 6.3.4.4

num_bin_entries is specified
in 6.3.4.4

f(64)

chr_ID is the identifier of the chromosome.

42
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sample_ID is the identifier of the sample.

interval_multiplier specifiy the multiplier of the interval to compute the num_bin_entries. The valid
values for interval_multiplier is one of the entries of the array interval_multipliers specified in 6.3.4.4.

num_norm_methods is the number the normalization methods which weights are stored, specified in

num_bin_entries is the number of bins of the chromosome with the identifier chr_id and depends on
interval_multiplier and interval, specified in 6.3.4.4.

weight_values[i][j] is the jth weight value of the ith normalization method.

6.4.4{3.4.3 CM matrix payload

This $ubclause specifies the syntax (see Table 35) and semantics of the CM mat payload stifucture.

Table 35 — CM matrix payload syntax

Syntax Type

cm mpt payload() {
sapple_ID u(8)
fop (1i=0; i<ntiles in row; i++) {

For (3=0; j<ntiles in col; J++) {

if (! (is_symmetrical && 1>3j)) {
tile_codec_ID[i][]] u(8)
tile_payload size[i][]] u(32)
tile payload[i][]] codec payload

fof (k=0; k< num norm matriges; k++) {
for (1=0; i<ntiles in rQwy/ i++) {

for(j=0; j<ntiles.in’col; Jj++){

if (! (is_symmefrical && 1>3j)) {
norm matrix payload_sizel[k] [1][]] u(32)
norm_matrix_payload[k][i][j] codec payload

if (row mask exists flag) {
row_mask payload_size u(32)
row_mask payload() CM mask payload
}
if (!mirror flag && col mask exists flag) {
col _mask payload size u(32)
col mask payload() CM mask payload

}

sample_ID is a unique identifier of the sample represented by the CM matrix payload. Valid values for
sample_ID is specified in 6.3.4.4.
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ntiles_in_row equals num_tiles for chromosome with identifier chr1_ID. num_tiles is specified in 6.3.4.4

and chrl_ID

is specified in 6.3.4.5.

ntiles_in_col equals num_tiles for chromosome with identifier chr2_ID. num_tiles is specified in 6.3.4.4

and chr2_ID

is_symmetri

is specified in 6.3.4.5.

cal,is setto 1, if chr1_ID equals to chr2_ID, otherwise 0.

tile_codec_IDJi][j] is the unique codec identifier of tile with index i and j that specifies the decoding
method of tile_tile_payloads with index i and j. The values of tile_codec_ID is listed in Table 42. It can

range betwe

en 0 to 5 inclusive.

tile_payload_size[i][j] is the size in bytes of tile_payloads at index i andj.

tile_payload[i][j]() is the CM tile payload structure as specified in 6.4.4.3.4.4 with index i arid)j:

num_norm_

norm_matr
with index i

norm_matr
indexiand j

row_mask_]
row_mask_j
col_mask_p

col_mask_p
of the corres
mask_paylog

6.4.4.3.4.4

This subclau

Eyload_size is the size in bytes of the CM mask payload structure as specified in 6.4.4.

atrices is the number of normalized matrices as specified in 6.3.4.4.

x_payload_size[K][i][]j] is the size in bytes of the compressed kth nofmalized CM n
hnd j.

x_payload[K][i][j] is the payload of the compressed kth norm@aljZed contact matrix]

payload_size is the size in bytes of the CM mask payloadstructure as specified in 6.4.4,

payload() is the CM mask payload structure as specified in 6.4.4.3.4.5.

yload() is the CM mask payload structure as’specified in 6.4.4.3.4.5. If the is_symme|
ponding parameter set is set to 1, the confént of col_mask_payload is identical to the
ld and therefore is not stored.

CM tile payload

se specifies the syntax (see-Table 36) and semantics of the CM tile payload structure.

Table 36 — CM tile payload syntax

1atrix

with

Syntax Type
cm_tile payload() {
codec_ID u(g)
if (code¢ ID !s\JBIG) {
tile nrows u(32)
tile n¢ols u(32)
payload codec payload
}
else {
payload JBIG BIE
}
}

codec_ID specifies the unique codec identifier that specifies the decoding method of payload. The
values of codec_ID is listed in Table 42. It can range between 0 to 5 inclusive.

tile_nrows i

tile_ncols is

44

s the number of rows of the CM tile structure.

the number of columns of the CM tile structure.
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payload is a bitstream correspond to a decompression method according to codec_ID. If codec_ID is
JBIG, payload is a JBIG BIE structure compliant to ISO/IEC 11544. The payload_size is inferred from
tile_payload_size[i][j] in the CM matrix payload structure as follows: payload_size = tile_payload_size[i]
[i]1 - 1 for coded_ID equals to JBIG and payload_size = tile_payload_size[i][j] -9 for codec_ID !=JBIG with
i and j are the indices of the corresponding CM tile payload.

6.4.4.3.4.5 CM mask payload

This subclause specifies the syntax (see Table 37) and semantics of the CM mask payload structure.

Table 37 — CM mask payload syntax

Syntax Typpe
cm_mpsk payload() {
trpnsform_ ID u(2)
if| (transform id == 0){
first val y(l)

for (i=0; i<num bin entries; i++) {

mask_array[i] u(l)

elpe {
for (1=0; i<num rl entries; i++) {

rl content([i] u(nbits per vhl)

whiile (!byte aligned()) {

hesting_zero bit £(1)

}

trangform_ID, if set to valué other than zero, signals that CM mask payload structure is fransformed
using run-length encoding..The number of bits required to store each value of CM njask payload
strucfure and whether-the payload is run-length encoding transformed is specified in Table 38.

Table 38 — Values of transform_id and associated transformation flags and parameters

transform_ID Enable run-length transformation nbits_per_v4l
0 false 1

1 true 8

2 true 16

3 true 32

num_bin_entries is the number of bins of the chromosome with the identifier chr_ID and depends on
interval_multiplier and interval, specified in 6.3.4.4.

mask_array(i] is the mask value at index i.

first_val is the first value of the CM mask payload structure if transform_ID != 0. The first value is used
to inverse transform the run-length encoded mask array.

rl_content[i] is the value of run-length encoded mask at index i.

nesting_zero_bit is one bit set to 0.
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7 Descriptors and attributes semantics

7.1 General

This clause specifies the semantics of descriptors and the syntax of attributes as define in Table 39.
Descriptors are the output of the decoding process specified in Clause 9. Attributes are data structures
representing genomic annotations which cannot be represented by a single numeric or textual
descriptor.

Table 39 — Descriptors used to represent genomic annotations

Number of
descriptor_[D Name Type descriptor sub- Semantics
sequences

Identifiepof a refdr-
1 SEQUENCEID uintl6 1 ence sequence (e.
chromosome)

CAl

Position, on the rdfer-
ence sequence id¢gn-

2 STARTPOS uint64 1 tified by sequencglID,
of the first base of the
annotation.

Position, on the
reference sequenge
3 ENDPOS uint64 i\ identified by sequen-

celD, of the last bgse of
the annotation.

0 = forward strand, 1
4 STRAND b(2) 1 =reverse strand, P =
undefined strand

Short text associated
with the annotatipn

5 NAME stihing 1

Long text associated

6 DESCRIPTION string 1 with the annotatipn

Linked reference
name (e.g. annotafion
name or sequence
read name)

7 LINKNAME string 1

Identifier of the r¢fer-
ence box pointing|to

8 LINKID uint8 1 an internal or extgrnal
dataset or annotafion
table

Read depth for th
variant

3%

H

Root Mean Square
(RMS) sequencing
quality of the bases
supporting the variant

11 MAPQUALITY float32 1 RMS mapping quality

Number of reads with
12 MAPNUMQUALITYO uint32 1 MAPQ == 0 covering
this record

10 SEQQUALITY float32 1
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descriptor_ID

Name

Type

Number of
descriptor sub-
sequences

Semantics

13

REFERENCE

string

Reference base(s):
Each base shall be one
of the symbols in the
alphabet identified

by alphabetID (case
insensitive). The
value in the startPos

descriptor refers to
the positipn of the first
base.n the String

14

ALTERN

string

Alternatebase(s): list
of alternate non-refer-
ence allelgs.

15

GENOTYPE

string

Genotypelinformation.

16

LIKELIHOOD

float32[]

Genotype(likelihood
informatipn.

17

FILTER

uint8

Position pllus 2 of the
filter desdription in
the list cafried by the
descriptof configu-
ration spdcified in
subclausel9.3.3.5 and
Table 81; P represents
“Pass” 1 rgpresents
“Missing”

18

FEATURENAME

uint32

Index of the textu-
al identifipr of the
feature, dgfined in
subclause|6.3.3.

19

FEATUREID

uint32

ID from an On-
tology, defined in
subclause{6.3.1.

20

ONTOLOGYNAME

uint8

Textual identifier from
a given Onptology

(such as Piseu-
dogene, mRNA,
scRNA), defined in
subclause{6.3.1.

21

ONTOLOGYID

uint

Numerical Identifier
from a given Ontology

22

CONTACT

Variable, as
specified in
subclause 9.3.7

Sparse representation
of contact matrix that
consists of multi-

ple fields. The exact
data type depends

on the decoded

field as defined in
subclause 9.3.7.

23..30

Reserved for future use

31

ATTRIBUTE

Identifier used to sig-
nal a generic configur-
able attribute
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7.2 Descriptors

7.2.1 General

This subclause specifies descriptors which are common to all annotations referring to genomic intervals

on a reference sequence.

7.2.2 Genomic intervals

Values from 0 to 8 inclusive specified in Table 39 provide the syntax and the semantics of descriptors
which are common to genomic variants, functional annotations and tracks to represent genomic regions

and associated textual descriptions.

7.2.3 Genpmic variants

Values from[9 to 17 inclusive specified in Table 39 provide the syntax and the semantics of descriptors

representing

genomic variant features.

7.2.4 Functional annotations

Values from {18 to 21 inclusive specified in Table 39 provide the syntax thié\and semantics of descriptors

representing

7.2.5 Contact matrices

Value 22 to !

contact matrices.

7.3 Attrihutes

functional annotations.

Value 31 specified in Table 39 signal a configurable attribute.

7.4 Data types

7.4.1 General

This clause gpecifies the syntaxyof data types as specified in Table 40.

Table 40-=~ Supported data types for the variables of an algorithm

3 specified in Table 39 provides the syntax andthe semantics of descriptors represgnting

Data Type II) |[Name Description Number of Bits Remarks

0 string null terminated string |Variable

1 char character 8

2 bool boolean flag 1

3 ints integer 8 Value 0x80 represents missing
value

4 Uints unsigned integer g Value 0xFF represents missing
value

5 intlg integer 16 Value 0x8000 represents missing
value

6 Uintl6 unsigned integer 16 Value 0xFFFF represents missing
value

7 int32 integer 32 Va_lug 0x80000000 represents
missing value
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Table 40 (continued)
Data Type ID |[Name Description Number of Bits Remarks
8 uint32 unsigned integer 32 Va_lu(? OXFFFFFFFF represents
missing value
9 intéa integer 64 Value 0x800000000000000000
represents missing value
10 uint64 unsigned integer 64 Value OXFFFF.FF.FFFFFFFFFF
represents missing value
Value 0x7FC00000 represents not
11 float IEEE-754 32 bits 32 a number and value 0x7F800001
represents missingywalue
Value 0x7FFF000000[000000
. represents notianumper and
1 -
12 double IEEE-754 64 bits 64 value 0x7FRE00000000000001
representsmissing vqlue
13..2p5 Reserved - -
7.4.2| Typed data
This [clause specifies the syntax (see Table 41) of typed data (structure that includes thetadata for

presdrving the data type and array form of a data block. All input/output/dependency varidbles defined
in the decoding processes and algorithms implicitly adopt-this typed data structure, as| specified in
subclpuse 7.4.2, to ensure them being correctly processedwhen passed between operations.

Table 41 — Typed data syntax

Syntax Type Remarks
typep data {
data type ID u(8) As specified in Table 40
. Number of array dimensions, 0 for
num array dims u(2)
- - scalar value
n| elements = 1
fpr (i = 0; 1 < num axray dims; i++) |
array dims([i] u(32) Size of the ith array dimg¢nsion
= *
. In_elements paRPements array_ Number of elements in thg array
dims|[1i]
}
fpr (i = _0¢4 < n elements; i++) {
v depends on the number df bits of
datarblock[i] u(v) the data type ID as speciffied in
Table 40
}
}

A function td to matrix(t dat), where the input variable t dat is of the typed data structure,
is defined to convert the data block array within ¢ dat to a matrix with dimensions as specified in
array_dims and with the data type associated with data type 1D as specified in Table 40. Note that the
values in t_dat is in row-major order. For example, if num array dims == 3 (a three-dimensional array),
the assignment of values in the output matrix is given by out matrix[i1[j]1[k] = t dat[m*n*i + n*j +
k], wherem = array dims[1] andn = array dims[2] are the total numbers of elements in respectively
the second and third dimensions.
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8 Decompression codecs

8.1 General

This clause specifies the interface and processing steps of the list of decompression and inverse-
transformation algorithms summarized in Table 42.

Table 42 — Transformation and decompressor identifiers

. - Reference to Inverse Transfor-
algorithm_ID Name Description mation or Decoding Algorithm
0 CABAC ConFext—Adaptive Binary Arithmetic ISO/IEC 23092-2

Coding

1 LZMA Lempel-Ziv-Markov Chain Algorithm ISO/IEC 23092-3

2 ZSTD Zstandard IETF RFC 8478

3 BSC Block Sorting Coder ISO/IEC 230922

4 PROCRUSTES |FM-index based compression ISO/IEC 23092-1

5 JBIG Joint Bi-level Image Experts Group ISO/1EC11544

6..15 Reserved - -

16 LZW Lempel-Ziv-Welch Asspecified in subclause 8.2.2

17 BIN Binarization As specified in subclause 8.2.8

18 Sparse Sparse Transform As specified in subclause 8.2.4

19 DEL Delta Transform As specified in subclause 8.2.5

20 RLE Run-length Encoding As specified in subclause 8.2.¢

21 SER Serialize Transform As specified in subclause 8.2.7
20...31 Reserved - -

Four categoiies of variables define the interface‘of each algorithm:
— Input parameters - static value settings-that determine the operation condition of the algorithm
— Input d4ta variables - variables,that contain the input data on which the algorithm is appliefl and

any assqciated dynamic data required by the algorithm

— Dependéncy data variables.=variables that contain the dependency data required by the algorithm

to operate on the inputdata

— Output dlata variables’- variables that contain the output data computed by the algorithm and any

associated dynamic data required by future inverse operations to reconstruct the input data

All input/output/dependency variables adopt the typed_data structure to ensure them being correctly

processed

efpassed between operations. The roles of input and output data variables defined |n the

decompression and inverse-transformation algorithms will be swapped when used in the compression
and transformation steps of an encoding process specified in Compressor Parameter Set.

For each input parameter, the following information should be provided within an algorithm:

— Parameter ID - identifier of the parameter

— Name - name of the parameter

— Data type - data type ID of the parameter (see Table 40)

— Number of dimensions - number of array dimensions of the parameter, 0 if it is a scalar value

— Dimensions - a vector of elements each specifying the size of an array, not required if the parameter

is scalar

50
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— Default value(s)- the values(s) assumed by the parameter by default

Algorithm parameters is a data structure for specifying the parameter settings of the algorithm
referenced by algorithm_ID. Its syntax is specified in Table 43.

Table 43 — Algorithm parameters syntax

Syntax Type |Remarks
algorithm parameters (algorithm ID) {
n_pars u(4)
for (i = 0: i N pars: idd) |
par_ID[i] u(4)
par_type[i] u(8)
par_num_array dims[i] u(2)
for (jJ = 0; j < par num array dims[i]; J++) |
par_array dims[i][]] u(8)
}
if (par_num_array dims[i] == 0) {

v dependent on tlhe
par_vall[i] u (V) parameter data fype as
specified in sulclause 7.4

} else if (par num array dims[i] == 1) {
for (jJ = 0; J < par_array dims[i][0]; Zht) |

v dependent on the
par_vall[i][]] u(v) parameter data type as
specified in sulclause 7.4

}

} else if (par num array dims[i]ss= 2) {

for (jJ = 0; j < par_array ddms[i][0]; J++) {
for (k = 0; k < par arpdy dims[i][1]; k++) |

v dependent on the
par_vall[i] [J]TK] u(v) parameter data type as
specified in sulclause 7.4

}

} else if (par num array dims[i] == 3) {

for (3~ 0; J < par_array dims[i][0]; J++) {
£or  (k = 0; k < par_array dims[i][1]; k++) {

for (1 = 0; 1 < par_array dims[i][2]; 1++)

v dependent on the
par_val[i] [J][k][1] u(v) parameter data type as
specified in subclause 7.4

}

n_pars is the number of parameters that need to be modified for executing the algorithm referenced
by algorithm_ID. Its value shall not be greater than the number of parameters defined in the algorithm.
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For each parameter i being modified, the following fields are required:
par_ID[i] is the ID of one of the parameters defined in the algorithm.
par_type]i] is the data type ID of the parameter.
par_num_array_dimsJi] is the number of dimensions of the parameter, 0 if it is a scalar value.

par_array_dimsJi][] contains elements each specifying the size of an array dimension. It is omitted
if attribute_num_array_dims = 0.

par_val[i][][][] contains the parameter value(s). Its number of dimensions is equal to (par_array_

dims + Ijamdany extradinrensions cam be omnmitted:

8.2 Inverse transformation algorithms

8.2.1 General

In this subclpuse the inverse transformations are specified. In the case that theinput of the algorithm
shall be 1 dijnensional array and the input has more than one dimension, a reshaping operation is{done
implicitly.

8.2.2 Lempel-Ziv-Welch transform

inverse_lzw_transform is a process to inverse transform Lempel*Ziv-Welch transformed paylogd. Its
interface is defined by 1 input parameter (Table 44), 1 input data‘variable (Table 45) and 1 outpuf data
variable (Table 46).

Table 44 — Input parameter(s)

ID Name Data Type Num. (.)f Di- Dimeénsions Default Value(s) Remarks
mensions
(Any type, de- (Variable, | (A vector of ASCII char- |An array contajning
0 | “codebdok” fauli/' 1}’? c’har) 1 default: acters with code from 0 |all possible original
' [128]) to 127) symbols

Table 45 — Input data variable(s)

D Namle Permissible Data Num. of Dimensions Remarks
Type(s)
“in_syjm- Shall be the same data type as
0 bols[’ Any type 1 the data type of the codebpok.
Table 46 — Output data variable(s)
D Name Permissible Data Num. of Dimensions Remarks
Type(s)
“out_sym- Shall be the same data type as
0 bols” Any type 1 the data type of the codebook.

The process can be described as follows:

1. initialize context w with first transformed symbol from in_symbols[]
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2. for each symbol in in_symbols][]:
a. if symbol exists in codebook
i. getentry from codebook
b. entryisequal tow
i. entryisequal to w concatenated with the the first element of w

c. store entry into out_symbols[]

add-entry tocodebook
el replace w with entry

The grocess of inverse LZW transformation is specified in Table 47.

Table 47 — Process of inverse LZW transformation

Syntax Remarks

invefse lzw transform(in symbols, codebook) {

ifFO

= i Initijalize
coptext[] = codebook[in symbols[0]] comidas
ouf_symbols = {} Initijalize

outpyt symbols

fof (3=1; j< size(in symbols); J++) {

Lf (in_symbols []j] < size(codebook)) {

entry = codebook[in symbols[]]]

lse 1f (in _symbols[]j] == size (codebook)) {
entry = vertcat (context,context[0])

}

pbut symbols = vertcat (oyti{symbols, entry)

In tHis step
vertdat and
codebook[size (codebook)] = vertcat (context,entry[0]) horzdat should
not nake any
diffdrence.

context = enbry

8.2.3|_“Binarization transform

inverse_binarization_transform is a process to reverse the binary representation of a transformed
value back to its original value. Its interface is defined by 1 input parameter (Table 48), 1 input data
variable (Table 49) and 1 output data variable (Table 50).

Table 48 — Input parameter(s)

ID Name Data Type Num. (?f Di- Dimensions Default Value(s) Remarks
mensions
0 nbits_per_sym- 4 - uint8 0 i i Required and no de-
bol fault value.
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Table 49 — Input data variable(s)

D Name Permissible Data Num. of Dimensions Remarks
Type(s)
“in_sym-
0 bols” bool 1
Table 50 — Output data variable(s)
D Name Permissible Data Num. of Dimensions Remarks
Type(s)
“out skm- The number of bits of the data
0 >y Any type 1 type shall be greatercof-eéguals
bols .
to nbits_per_symbeh

The process|of inverse binarization transformation is specified in Table 51.

Table 51 — Process of inverse binarization transformation

Syntax Remarks

inverse biparization transform(in symbols, nbits per symbol) {

while (i size (in_symbols) {
for (k§0; k<nbits per symbol; k++) {

out_symbols[j] += in_symbols[i+k] << k

8.2.4 Spayse transform

inverse_sparse_transform isaprocess to change sparse matrix representation back to dense matrix
representatipn. Its interface-is-defined by 1 input parameter (Table 52), 5 input data variable (Table 53)
and 1 output data variable (Table 54).

Table 52 — Input parameter(s)

Num. of Di-

. Dimensions Default Value(s) Remarks
mensions

ID Name Data Type

The predefined values
of the 2d array by de-
0 | “fill_value” Any type 0 - 0 fault. Shall be the same
data type as the data
type of “values”.
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Table 53 — Input data variable(s)

ID Name Permissible Data Type(s) Remarks
0 ro:z_slnndl- All unsigned integer types - 4,6,8,10 Shall be zero or positive integers
1 | “col_indices” All unsigned integer types - 4,6,8,10 Shall be zero or positive integers
2 “values” Any type
3 “n_rows” All unsigned integer types - 4,6,8,10 Shall be zero or positive integers
4 “n_cols” All unsigned integer types - 4,6,8,10 Shall be zero or positive integers
Table 54 — Output data variable(s)
ID Name Permissible Data Type(s) Remarks
0 ofalss}'l'm- Any type The same as the datatype of “vplues”

The grocess of inverse sparse transformation is specified in Table 55.

Table 55 — Process of inverse sparse transformation

Syntax

Remadrks

invefrse sparse transform(row indices, col indices, vadues
n rows, n _cols, £ilYl value) {

fof (i =0; 1 < n_rows; i++){

for (j=0; Jj < n_cols; Jj++){

out symbols[i][]j] = fill value

nupn entries = size(values)

fo (i_entry=0; i entry < num entries; i entryt++) {
row_indices[i entTyy

col indices[i ¢entry]

k = values[i entry]

_symbols[i§[j] = k

Initia
sional

ize 2-dimen-
array

8.2.5| . <Pelta transform

inverse_delta_transform is a process to reconstruct data transformed by delta transform coding. Its
interface is defined by 1 input parameter (Table 56), 1 input data variable (Table 57) and 1 output data
variable (Table 58). If the input variable in_symbols is an array with number of dimensions = 2, then
the parameter dim specifies the dimension over which the inverse delta transform should be applied.
Although the algorithm in Table 59 only supports an input array of up to two dimensions, it can be

extended to support any number of dimensions.
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Table 56 — Input parameter(s)

ID | Name | DataType | Num.ofDi- | Dimensions | Default Remarks
mensions Value(s)
0 dim 4 - uint8 0 - 1 The value shall not be greater than the

number of dimensions of the input vari-
able in_symbols.

Table 57 — Input data variable(s)

ID Name Permissible Data Type(s) Remarks
“in_sym- . o
0 bols All numeric data types - 3-12

Table 58 — Output data variable(s)

ID Name Permissible Data Type(s) Remarks
0 out_s ym- All numeric data types - 3-12 §_hall be the”same type as the datatyjpe of
bolj in_symbols

The process|of inverse delta transformation is specified in Table 59.

Table 59 — Process of inverse delta transformation

Syntax Remarks

inverse delta transform(in symbols, dim) {

n_dims =|ndims (in_symbols)
if (n_dips == 1) {
out sypbols[0] = in symbols[0]

for (ifl; i<Size(in_ symbols); i++) {

out gymbols[i] = out symbols[i-1] * in symbols[i]
}
} else if (n dims == 2) {
if (diph == 1) {

for [3=0; j<Size(in _symbols, 2); j++) {
ouf symbols[0] [§T,= in symbols[0] []]
fo (i=1; i<sigze'(in symbols, 1); i++) {

ut symbeXs[i][j] = out symbols[i-1][]j] + in symbols[i][]]

}
} elselsF—dim 2

for (i=0; i<Size(in symbols, 1); i++) {
out symbols[i][0] = in symbols[i] [0]
for (j=1; j<Size(in symbols, 2); j++) {
out symbols[i][]j] = out symbols[i] [j-1] + in symbols[i][]]
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8.2.6 Run-Length Encoding transform
inverse_rle_transform is a process to reconstruct data transformed by run-length encoding

transform. Its interface is defined by 0 input parameter, 2 input data variables (Table 60) and 1 output
data variable (Table 61).

Table 60 — Input data variable(s)

ID Name Permissible Data Type(s) Remarks
0 |“in_symbols” Any type
1 “run A . . VI Shall be positive integers

lengths" 1T UITSIgITed IIIteger Ly pes - +,0,0, 10U

Table 61 — Output data variable(s)

ID Name Permissible Data Type(s) Remarks

“out_sym- Shall be the same type as thg datatype of
0 bols” Any type “in_symbol$”

The grocess of inverse RLE transformation is specified in Table 62.

Table 62 — Process of inverse RLE transformation

Syntax Remarks
invefrse rle transform() {
i fF O
nufn entries = Size(in symbols)
fof (i entry=0; i<size(entries); i++)\(¥
Current symbol = in symbols[i entidy]

current _run_length = run lengths{i_entry]
for (k=0; k<current run lengbh; k++) {
out symbols[i] = currest-symbol

i=1+1

8.2.7| Serialization transform

Inverse, Serialization_transform is a process to reconstruct an array. Its interface is ¢lefined by 1
input| parameter (Table 63), 2 input data variables (Table 64) and 1 output data variable¢ (Table 65).
Although the algorithm in Table 66 only supports conversion to a 2-dimensional array, it can be
extended to support conversion to an array of any number of dimensions.

Table 63 — Input parameter(s)

Data | Num. of Di- Dimen- Default

ID | Name Type | mensions sions Value(s)

Remarks

In general, an order of 0 indicates a value assignment
priority from high to low dimensions, whereas an
1 | order | 2 - bool 0 i 1 order_of 1 indicates a priority frorp low to high di-
mensions. For a 2-d output array, if order equals 0,
row-wise assignmentis used, otherwise column-wise
assignment.
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Table 64 — Input data variable(s)

ID Name Permissible Data Type(s) Remarks

“in_sym-

bols” All numeric data types - 3-12

Shall be a vector of atleast two elements, with
1 |“array_dims” All unsigned integer types - 4,6,8,10 the ith element specifying the size of the ith
dimension of the output array.

Table 65 — Output data variable(s)

ID Name Permissible Data Type(s) Remarks

Shall be the same type as the datatype of
“in_symbols”

“out_sym-

bold” All numeric data types - 3-12

The process|of inverse serialization transformation is specified in Table 66.

Table 66 — Process of inverse serialization transformation

Syntax Remarks

inverse sefialization transform(in symbols, array dims, order) (f
if (ndim$ (in symbols) == 1) {
if (sife(array dims) == 2) {
k =
if (prder == 0) {

for (i = 0; i < out dims[0]; i++) |

for (J = 0; J < out dims[1]; j++) |
out symbols[i][]j] = in symbols[k]
k++
}
} elge {

fo (J = 0; J < out _dimsTl]; Jj++) |
Ffor (1 = 0; 1 < _dut’'dims[0]; i++) |
out symbols[i]{J] = in symbols[k]

k++

8.3 Decompression algorithms

8.3.1 General

General input parameters for all the decompression algorithms, unless otherwise specified, are listed
in Table 67.
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Table 67 — General input variables

ID Name Type Remarks
0 input_size u(32)
1 input_buffer c(input_size)

General output parameters for all the decompression algorithms, unless otherwise specified, are listed
in Table 68.

Table 68 — General output variables

ID Name Type Remarks
0 output_size u(32)
1 output_buffer c(output_size)

8.3.2] Context-Adaptive Binary Arithmetic Coding

The flecoding algorithm and the corresponding decoding parameters/of CABAC are [specified in
ISO/IEC 23092-2.

8.3.3| Lempel-Ziv-Markov Chain Algorithm

The Hecoding algorithm and the corresponding decoding* parameters of LZMA are [specified in
ISO/IEC 23092-3.

8.3.4] Zstandard

The donfiguration parameters required by theZSTD compression algorithm are specified in Table 69
and the decompression algorithm is specified.in IETF RFC 8478.

Table 69 — Configuration parameters of ZSTD

Syntax Type
zstd| parameters () {
use_dictionary flag u(1)
iff (use_dictionarySflag) {
dictionary_size u(16)
dictionary c(dictionary_size)

}

use_dictionary_flag is set to 1 when ZSTD codec requires the use of a predefined binary dictionary.
Otherwise set to 0.

dictionary_size specifies the size in Bytes of the ZSTD buffer when use_dictionary_flag is set to 1.

dictionary specifies the ZSTD buffer when use_dictionary_flag is set to 1.

8.3.5 |BIG

The decoding algorithm and the corresponding decoding parameters of JBIG are specified in
ISO/IEC 11544.
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8.3.6 Block Sorting Coder

The configuration parameters required by the BSC compression algorithm are specified in Table 70 and
the decompression algorithm is specified in ISO/IEC 23092-2.

Table 70 — Configuration parameters of BSC

Syntax Type

bsc parameters () {
lzpHashSize u(8)
l1zpMinLen u{8}
blockSorter u(8)
coder u(8)
features u(16)

}

lzpHashSiz¢ specifies the hash table size if LZP enabled, 0 otherwise. If not 0, values can range frgm 10

to 28 inclusi

Ve.

IzpMinLenspecifies the minimum match length if LZP enabled, 0 otherwise. If not 0, values can

from 4 to 25

blockSorter
ST7, 5 for ST

coder specif

features spg

9 Decod

9.1 Genel

This clause d
in a bitstrea

The input to
subclause 6.

b inclusive.

specifies the block sorting algorithm among 0 for ST3 1 for ST4, 2 for ST5, 3 for ST6
3, and 6 for BWT.

ies the entropy coding algorithm, 0 for MFT and 1 for QLFC.

cifies the set of additional features.

ng process

fal

escribes the decoding process to reconstruct the genomic annotation information eng
m compliant with this document.

this process is a(list of data units, with one being the type of annotation access uni
D). The output of this process is a list of ISO/IEC 23092-6 series output MPEG-G annot

records as sj

pecified in Clause 10.

fange

4 for

oded

L (see
ation

The decodinjg process’is specified such that all decoders that conform to this document will produce

numerically
produces id

described hére

9.2 Acces

identieal decoded output as MPEG-G annotation records. Any decoding procesg
bntical decoded output MPEG-G annotation records to those produced by the pr

s Units decoding process

9.2.1 General

that
ocess

This subclause specifies the decoding process of a data unit of type Annotation Access Unit, as specified
in subclause 6.2. The decoding process of each annotation access unit refers to the encoding parameters
carried by the annotation parameter set identified by the ot 1D specified in subclause 6.4.1. There are
two categories of decoding processes depending on the payload type:

Descriptors as specified in subclause 9.3

— Attributes as specified in subclause 9.4
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In the context of the generic descriptor payload decoding process, each decoded symbol is identified by

decoded symbols[descriptor ID] [descriptor subsequence ID] [Jgescriptor 1)

where j .. .i .o, 1p IS the index to read the decoded symbols. The valid values of descriptor 1D are
specified in Clause 7. The values of descriptor_subsequence_ID are between 0 and the number of
descriptor subsequences minus 1 as specified in Clause 7. When the number of descriptor subsequences
is 1, the compact notation decoded_symbols[descriptor ID] [Jgescripror 1o 1S USed. At the beginning of
the decoding process of one AU all indexes j,...,i,c0. 1pare initialized to 0.

In the context of the generic attribute payload decoding process, each decoded value (1-dimensional) or
array of values (2-dimensional) is identified by

wherg k... ,:pue 1p 1S the index to read the decoded value(s). At the beginning of the:decodi
one AU all indexes k., ;.. rpare initialized to 0.

When all descriptors and attributes within an access unit have been deeeded (assuming
cont]
table
(subdlause 6.4.1).

decoded datalattribute ID] [K_i(,ipute D]

guity == 0), each output record is reconstructed as per Clause 10 according to th
type (AT type) and the attribute group class (aG class) containgéd in annotation |

To indicate the location of the decoded data in the overall afmnotation table, global row
indexes (0-based) can be computed using the tile index(es) (attribute contiguity

(att

tile c
by a1

that

attril
the p

== 0)o0
ribute contiguity == 1) in the annotation access unitheader (subclause 6.4.2) toget
bnfiguration referenced by 2c class in the annotation parameter set (subclause 6.3
1D0. The process for computing the global annotation table indexes is specified in Tz
the count variable is equal to the current value*of ... .;,..., :, for descriptors or k_
utes (descriptor ID == ATTRIBUTE) in the decoding process; block index is the 0-b:

hyload block in the annotation access unit;"and decoded vals is the vector of decodec

g process of

attribute
b annotation

access unit

and column
I block index
her with the
) referenced
ible 71. Note
tribute ID fOI'
ised index of
| descriptor/

attrilpute values in a record. The outputs of.this process are AT row index and, if two dimenfional == 1,
also 3 T col index from and AT col indéx to.
Table 71 — Process for computing the global annotation table indexes of an annotation Access
Unit
Process Remarks
AT cpl index from =_0
AT cpl index to =(0
it (bariable sfb tiles) | As specified in the associatedftile structure
S - (subclause 6.3.2.2)
if (at®foute contiguity) ( As _spec1fled in the associated tile configu-
- ration (subclause 6.3.2)
tvindex = block index
} else {
£ index — tile index 1 tile index 1 as specifiedin
- - - subclause 6.4.2
}
. . . start index as specified in the associat-
AT ro ndex = start index[t inde 0] + count a0
—rov_inaex Tt index[t_index] (0] - ed tile structure (subclause 6.3.2.2)
if (two dimensional) { As §pec1f1ed in the associated tile configu-
- ration (subclause 6.3.2)
AT col index from = start index[t index][1] start_index as specified in the associat-
- = - - - ed tile structure (subclause 6.3.2.2)
AT col index to = end index[t index] [1] end_index as specified in the associated
- = - - - tile structure (subclause 6.3.2.2)
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Table 71 (continued)

Process

Remarks

}

} else {

if

if

t index 2 = 0

(attribute contiguity) {

(two_dimensional) {

As specified in the associated tile configu-

ration (subclause 6.3.2)

As specified in the associated tile configu-

ration (subclause 6.3.2)

if

} elsq

t iy

} else
£t indgs
if

Tt ir

AT row
if

(two|

AT c

AT c

|index 2 =

|index 1 =

|index 2 =

column major

index 1 =

| se

e {

hdex 1 =

;Xil =

block index %

block index %

tile order) {

o

n tiles per col

block index / n tiles per col

block index / n_tiles per row

n tiles per row

block index

tile index 1

|l le index 2 exists) {

pdex 2

| ndex

| dimensional)

1 indeyx {rom

1 ihdex to

Size (decoded vals,

tile

t index 1 ™ tile size[0]

index 2

+ count

{

t index 2 * tile size[l]

AT col index from +

1) -1

As specified in the associated tile cof
ration (subclause 6.3.2)

n_tiles per col as specifiédin
subclause 6.4.2

n tiles per sowdas specified in
subclause 6.4.2

tile index 1 as specified in
subclause 6.4.2

tile index 2 as specified in
subclause 6.4.2

tile size as specified in the associ
tile structure (subclause 6.3.2.2)

As specified in the associated tile coy
ration (subclause 6.3.2)

tile size as specified in the associ
tile structure (subclause 6.3.2.2)

figu-

ated
figu-

ated

9.2.2 Genomic variant access units

9.2.2.1 Variant site information

Type 1 annotation access units associated with AG_class == 1 encode variant site information.

The decoding process of one variant site record (subclause 10.1) within a binary decoded access unit of
type 1, which shall be repeated for all the records within the same access unit, is as follows:

62

Compute the variantIndex variable as AT_row_index specified in subclause 9.2.1;
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9.2.2]2 Variant genotype information
Type|l annotation access units associated with AG_class == 0 encode variant genotype infc

The decoding process of onelvariant genotype record (subclause 10.2) within a binary de
unit

ISO/IEC 23092

Compute the sequencelD variable as specified in subclause 9.3.2.1;

Compute the startPos and endPos variables as specified in subclause 9.3.2.2;

Compute the strand variable as specified in subclause 9.3.2.3;

-6:2023(E)

Compute the nameLen, name, descriptionLen and description variables as specified in

subclause 9.3.2.4;

Compute the linkedRecord, linkNameLen, linkName and linkID variables as specified in

subclause 9.3.2.5;

(jompute the depth; seqQuatamd mapQuat vartables asspecified imsubctause 9-3-3:1;

(Jompute the mapNumQuality0 variable as specified in subclause 9.3.3.2;

[an)

ompute the referencelLen and reference variables as specified in subclause 93.3.3;

[an)

ompute the alternLen and altern variables as specified in subclause 9.3:34;

(an)

ompute the filtersLen and filter variables as specified in subclause 9.3.3.5;

(an)

ompute the info_count variable as n_attributes specified in subtlause 6.3.1;

(an)

ompute the info_tag_len[i], info_tag[i] and info_type[i] vafiables as attribute_name_le
ame and attribute_type of the ith attribute parameter sét specified in subclause 6.3.6

=

n, attribute_

(Jompute the info_array_len[i] variable as equal to/h\if attribute_num_array_dims ==
1tribute_array_dims[0] if attribute_num_arraydims == 1, with all variables contair
tribute parameter set specified in subclause 6:3.6;

(Jompute the info_value[i][] variable as_attr_vals[attribute_ID] specified in subclaus
attribute_ID is in the ith attribute parameéter set specified in subclause 6.3.6;

ftype 1, which shallbe repeated for all the records within the same access unit, is as

o

ompute the variantIndex variable as AT_row_index specified in subclause 9.2.1;

(an)

ompute thessampleIndexFrom and samplelndexTo variables as AT col_index_from a
pecifiedin‘subclause 9.2.1;

%)

(Jompute genotypePresent as equal to 1 if there exists a descriptor configuration (sub

) or equal to
ed in the ith

e 9.4, where

rmation.

roded access
follows:

nd AT col_to

clause 6.3.4)

with' [descriptor_ID == GENOTYPE or 15 in the associated annotation encoding

parameters.

CI—L 3 13 liao N
LIITT VWIST, IL IS Cl/ll/lal v,

Compute likelihoodPresent as equal to 1 if there exists a descriptor configuration (sub

clause 6.3.4)

with descriptor_ID == LIKELIHOOD or 16 in the associated annotation encoding
Otherwise, it is equal to 0;

parameters.

Compute the num_alleles_per_sample, alleles and phasing variable as specified in subclause 9.3.5;

Compute the n_likelihoods and likelihoods variables as specified in subclause 9.3.6;

Compute the linkedRecord, linkNameLen, linkName and linkID variables as specified in

subclause 9.3.2.5;

Compute the format_count variable as n_attributes specified in subclause 6.3.1;
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9.2.2.3 Sa
Type 1 anno

The decoding process of one sample record (subclause 10.3) within a binary decoded\@ccess u
type 1, whic

9.2.3 Fun

9.2.3.1 Functional annotatien
Type 2 annof

The decoding process‘of one functional annotation record (subclause 10.4) within a binary deg
access unit
follows:

64

Compute the format_len[i], format[i] and format_type[i] variables as attribute_name_len, attribute_
name and attribute_type of the ith attribute parameter set specified in subclause 6.3.6;

Compute the format_array_len[i] variable as equal to 1 if attribute_num_array_dims == 0 or equal
to attribute_array_dims[0] if attribute_num_array_dims == 1, with all variables contained in the ith
attribute parameter set specified in subclause 6.3.6;

Compute the format_value[i][j][Kk] variable as attr_vals[attribute_ID] specified in subclause 9.4,
where attribute_ID is in the ith attribute parameter set specified in subclause 6.3.6; j is the sample
index; and k < format_array_len[i].

Comput

Comput
subclaus

1 - £ -
HpPIT It iiduuuil

fation access units associated with AG_class == 2 encode sample information.

h shall be repeated for all the records within the same access unit, is as fellows:

e the samplelndex variable as AT_row_index_from specified in subclause 9.2.1;

e the linkedRecord, linkNameLen, linkName and linkID xariables as specifie
e 9.3.2.5;

Comput

Comput
name_le
subclausg

e the sample_attr_count variable as n_attributes specified.in’subclause 6.3.1;

n, attribute_name and attribute_type of the i attribute parameter set specifi
e 6.3.6;

Comput
equal to
with the

Comput
where a

e the sample_attr_array_len[i] variable as equal to 1 if attribute_num_array_dims =3
attribute_array_dims[0] if attribute_num“array_dims == 1, with all variables assoq
ith attribute parameter set specified in subclause 6.3.6;

e the sample_attr_value[i][] variablé as attr_vals[attribute_ID] specified in subclaus
rtribute_ID is in the ith attribute parameter set specified in subclause 6.3.6.

ftional annotation Access\Units

ation access units associated with AG_class == 0 encode functional annotation inform

bf types2,/which shall be repeated for all the records within the same access unit,

nit of

d in

e the sample_attr_len[i], sample_attr[i] and sample_attr_type[i] variables as attripute_

cd in

0 or
iated

e 9.4,

htion.

oded
is as

Comput

b the annotationIndex variable as AT row_index from QpP(‘iﬁPd insubclanuse 92 1:

Compute the sequencelD variable as specified in subclause 9.3.2.1;

Compute the startPos and endPos variables as specified in subclause 9.3.2.2;

Compute the featureNameLen and featureName variables as specified in 9.3.4.1;

Compute the featurelD variable as specified in 9.3.4.2;

Compute the ontologyNameCount, ontologyNameLen and ontologyName variables as specified in

9.3.4.3;

Compute the ontologylD variable as specified in 9.3.4.4;

Compute the strand variable as specified in subclause 9.3.2.3;
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9.2.32 Track property information

Type

The decoding process of one track property record (subclause 10.5) within a binary de
unit d

9.2.4

9.2.4

Type

The d
type

ISO/IEC 23092

-6:2023(E)

Compute the linkedRecord, linkNameLen, linkName and linkID variables as specified in

subclause 9.3.2.5;

Compute the attr_count variable as n_attributes specified in subclause 6.3.1;

Compute the attr_tag_len[i], attr_tag[i] and attr_type]i] variables as attribute_name_len, attribute_
name and attribute_type of the ith attribute parameter set specified in subclause 6.3.6;

Compute the attr_value[i] variable as attr_vals[attribute_ID] specified in subclause 9.4, where

attribute_ID is in the ith attribute parameter set specified in subclause 6.3.6.

2 annotation access units associated with AG_class == 5 encode track property infory

ftype 5, which shall be repeated for all the records within the same access finit, is as

(Jompute the trackIndex variable as AT_row_index_from specified in sGbclause 9.2.1;

(Jompute the trackType variable as AT _subtype in annotatibn access unit
sjubclause 6.4.1

(Jompute the linkedRecord, linkNameLen, linkName 41d linkID variables as
subclause 9.3.2.5;

(Jompute the track_property_count variable as n_attributes specified in subclause 6.3.

nhation.

roded access
follows:

specified in

specified in

1;

(Jompute the track_property_len[i], track_préperty[i] and track_property_typel[i]
attribute_name_len, attribute_name and attfibute_type of the ith attribute parameter
ih subclause 6.3.6;

~

ompute the track_property_array_lenfi] variable as equal to 1 if attribute_num_arrs
r equal to attribute_array_dims[0]ifattribute_num_array_dims == 1, with all variablg
With the ith attribute parameter set specified in subclause 6.3.6;

o

o

ompute the track_property-value[i][] variable as attr_vals[attribute_ID] specified in g
Uhere attribute_ID is in the'ith attribute parameter set specified in subclause 6.3.6.

<

Gene expressionAccess Units

1 Expression information
3 annotation access units associated with AG_class == 0 encode expression informati

ecoding process of one expression record (subclause 10.7) within a binary decoded 4

variables as
set specified

y_dims ==
s associated

ubclause 9.4,

pn.

ccess unit of

B,'which shall be repeated for all the records within the same access unit, is as follows:

Compute the featurelndex variable as AT row_index specified in subclause 9.2.1;

Compute the samplelndexFrom and samplelndexTo variables as AT_col_index_from and AT _col_to

specified in subclause 9.2.1;

Compute the linkedRecord, linkNameLen, linkName and linkID variables as specified in

subclause 9.3.2.5;

Compute the expr_attr_count variable as n_attributes specified in subclause 6.3.1;

Compute the expr_attr_len[i], expr_attr[i] and expr_attr_type[i] variables as attribute_name_len,
attribute_name and attribute_type of the ith attribute parameter set specified in subclause 6.3.6;
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— Compute the expr_attr_array_len[i] variable as equal to 1 if attribute_num_array_dims == 0 or equal
to attribute_array_dims[0] if attribute_num_array_dims == 1, with all variables contained in the ith
attribute parameter set specified in subclause 6.3.6;

— Compute the expr_attr_value[i][j][K] variable as attr_vals[attribute_ID] specified in subclause 9.4,
where attribute_ID is in the ith attribute parameter set specified in subclause 6.3.6; j is the sample
index; and k < expr_attr_array_len[i].

9.2.4.2 Feature information

Type 3 annotation access units associated with AG_class == 1 encode feature information.

The decoding process of one feature record (subclause 10.8) within a binary decoded acces$’u

type 3, whic
— Comput

— Comput
subclaus

h shall be repeated for all the records within the same access unit, is as follows:

p the featurelndex variable as AT_row_index specified in subclause 9.2.1;

e the linkedRecord, linkNameLen, linkName and linkID variables~as specifie
e 9.3.2.5;

— Comput

— Comput
name_le
subclaus

e the feature_attr_count variable as n_attributes specified in subclatise 6.3.1;

n, attribute_name and attribute_type of the ith attribute parameter set specifi
e 6.3.6;

— Comput
equal to
the ith af

— Comput
where a

9.2.4.3 Sa
Type 3 anno

The decodin
of type 3, W
subclause 9.

e the feature_attr_array_len[i] variable as equal 0 1" if attribute_num_array_dims =3
attribute_array_dims[0] if attribute_num_array<dims == 1, with all variables contair
tribute parameter set specified in subclause. 6.3.6;

e the feature_attr_value[i][] variable as.attr_vals[attribute_ID] specified in subclaus
rtribute_ID is in the ith attribute parameter set specified in subclause 6.3.6.

mple information
Fation access units associated-with AG_class == 2 encode sample information.

g process of one sample record (subclause 10.3) within a binary decoded access

p.2.3.

9.2.5 Position-to-position contact intensity Access Units

Type 4 anno

Fation access units encode contact matrix information.

The decodi

type 4, which shall be repeated for all the records within the same accessunit, is as follows:

g process of one contact record (subclause 10.9) within a binary decoded access u

nit of

d in

e the feature_attr_len[i], feature_attr[i] and feature_attr.type[i] variables as attripute_

bd in

t 0 or
ed in

e 9.4,

unit

thich shall be repedted for all the records within the same access unit, is specified in

nit of

— Compute the seqlD, n_values, value_names_len and value_names variables as specified in
subclause 6.3.4.4;

— Compute the startPos, endPos, counts and values variables as specified in subclause 9.3.7.1;

— Compute the linkedRecord, linkName and linkID variables as specified in subclause 9.3.2.5

9.2.6 Genome browser track Access Units

9.2.6.1 Track data

Type 5 annotation access units associated with AG_class == 0 encode genome browser track information.
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The decoding process of one track data record (subclause 10.6) within a binary decoded access unit of
type 5, which shall be repeated for all the records within the same access unit, is as follows:

— Compute the trackDatalndex variable as AT_row_index_from specified in subclause 9.2.1;

— Compute the sequencelD variables as specified in subclause 9.3.2.1;

— Compute the startPos and endPos variables as specified in subclause 9.3.2.2;

— Compute the name and description variables as specified in subclause 9.3.2.4;

— Compute the strand variable as specified in subclause 9.3.2.3;

— Elfmpute the linkedRecord, linkNameLen, linkName and linkID variables aS-specified in
subclause 9.3.2.5;

— (ompute the attr_count variable as n_attributes specified in subclause 6.3.1;

— (ompute the attr_tag_len[i], attr_tag[i] and attr_type[i] variables as attribute_name_l¢gn, attribute_
rlame and attribute_type of the ith attribute parameter set specified in Subclause 6.3.6

— (ompute the attr_value[i] variable as attr_vals[attribute_ID] specified in subclaus¢ 9.4, where
attribute_ID is in the ith attribute parameter set specified in subelause 6.3.6.

9.2.6(2 Track property information
Type[5 annotation access units associated with AG_class== 5 encode track property inforrhation.

The decoding process of one track property record (subclause 10.5) within a binary de¢oded access
unit ¢f type 5, which shall be repeated for all the.yecords within the same access unit, iy specified in
subcll)ause 9.2.3.2.

9.3 |Descriptors decoding process

9.3.1f General
This gubclause specifies the déc¢eding process of the descriptors listed in subclause 7.2.

The input to the processes ‘described in the following subclauses are decoded genomid descriptors
contgined in the decoded symbols data structure produced as result of the payload decofling process
specified in subclause 9:5.1.

In th¢ context ofithe decoding process of genomic descriptors described in subclause 9.3. gach decoded
symHol is identified by decoded_symbols[descriptor ID] [Jyescripror 1p) Where the index|3 ....ipeor 1
is us¢d to-read each decoded symbol used in the decoding process described for each defcriptor. The
valid|values of descriptor 1D are specified in Clause 7.

The output of this process is a sequence of output records as specified in Clause 10.

Additional inputs are state variables computed during the decoding process described in this clause or
other subclauses. Some state variables listed among the outputs of the decoding processes described in
this subclause shall be computed even if the corresponding descriptor is not present in the Annotation
Access Unit. The listed inputs of each subclause are not always required; the decoding process described
in each subclause specifies which inputs are required and which outputs are generated.

Decode the sequencelD variable as specified in subclause 9.3.2.1

Decode the startPos and endPos variables as specified in subclause 9.3.2.2

1
2
3. Decode the strand variable as specified in subclause 9.3.2.3
4

Decode the name and description variables as specified in subclause 9.3.2.4
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5. Decode the linkName and linkID as specified in subclause 9.3.2.5.

9.3.2 Common descriptors

9.3.2.1 sequencelD

The input to this process (see Table 72) are:

— the array decoded symbols[descriptor ID] specified in subclause 9.5.1 when descriptor 1D is
equal to 1 for sequenceID (sequence identifier).

— the currgmtvatuej;

The output df this process is the variable sequencelD.

Table 72 — Decoding process of sequencelD

Process Remarks

sequencelID|= decoded symbols[1][]j]

JiH+

9.3.2.2 startPos, endPos and previousStartPos

The input to|this process (see Table 73) is the array decoded sympbods[descriptor ID] array spefified
in subclause]|9.5.1 when descriptor 1D is equal to 2 (for starf®os) and 3 (for endpos) and the current
values of j, and j; respectively; the variable previousstarfgos produced by the previous iteratjon of

this same prpcess.

The outputsjare the variables startPos, endpos and px&itiousstartPos.

Table 73 — Decoding process of startPos, endPos and previousStartPos

Process Remarks

if (3, > 0) |{
startPos|=
previousgtartPos + decodedysymbols[2][],]

}

else{
startPos|= AAU_start_position is specifipd in
AAU start position + decoded symbols[2][7],] subclause 6.4.2
}
previousStant®és = startPos
Jo++

endPos = startPos + decoded symbols[3] []j3]

gyt

9.3.2.3 strand

The input to this process (see Table 74) is the decoded symbols[descriptor ID] array specified in
subclause 9.5.1 when descriptor 1D is equal to 4 and the current values of j,.

The output of this process is the variable strand.

The strand syntax element carries information related to the strand of the genomic annotation.
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Table 74 — Decoding process of strand

Process

Remarks

strand = decoded symbols[4][]j,] && 0x03

Jatt

Only 2 bits are relevant

9.3.2.4 name and description

The inputs to this process (see Table 75) are:

— the array decoded symbols[descriptor 1D] as specified in subclause 9.5.1 when descriptor 1D is

gqual to 5 for name and 6 for description.

— the current value of 5 and 5,

The qutputs of this process are the variables name, namelLen, description and d€scriptfonLen. Both

name pnd description are arrays of ASCII characters.

Table 75 — Decoding process of name and description

depcriptionLen, ++

}
Jet+

Process Remarks
name| = {} Empty string.
namefLen = 0
whilp (decoded symbols[5][j5] != ‘\0") {

nape = strcat (name, decoded symbols[5] [js])
Jsf+
namelLen++
}
Jott
descfiption = {} Empty string.
descfriptionLen = 0
whilf (decoded symbols[6] [Jg]C = *\0’) {
depcription = strcat (déscoription,
decoded {symbols[6] [Jg])
Jeft

9.3.2|5.{dinkName and linkID

The inputs to this process (see Table 76) are:

— the array decoded symbols[descriptor ID] as specified in subclause 9.5.1 when descriptor 1D is
equal to 7 for 1inkName and 8 for 1ink1D; the current value of 5, and 5.

The outputs of this process are the variables linkName, linkNameLen and linkID.
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Table 76 — Decoding process of linkName and linkID

1linkID = decoded symbols[8] [Jg]
if (1linkID == 255) {
linkedRecord = 0

Process Remarks
decodeLinkInformation () {
linkName = {} Empty string.
linkNameLen = 0

} else {
linkedRecord = 1
}
if (link¢dRecord == 1) {
while (flecoded symbols[7][j;] != *\0") {
linkllame = strcat (decodedName,
decoded symbols[7][j4])
Jo++
linkfameLen++
}
}
Jo++
Jgtt

9.3.3 Variant site information descriptors

9.3.3.1 depth, qual, seqQuality and mapQuality

The inputs t this process (see Table 77) are:

— the arrqy decoded symbols[des€riptor ID] speciﬁed in subclause 9.5.1 when descriptpr ID
is equal|to 9 for the descriptor'depth (read depth for a variant), 10 for the descriptor seqouplity
(Root MEan Square (RM$§])sequencing quality of the bases supporting the variant) and 11 fgr the

descriptjor mapouality (RMS mapping quality).

— the current values3ss 5, ;,and 3,

The outputs|of this;process are the variables depth, seqoual and mapQual.

Table 77 — nprnding process of dppfh, cqulmlify and malemlify

Process

Remarks

depth = decoded symbols[9] [J,]

seqQual = decoded symbols[10][]g]
mapQual = decoded symbols[11][7jq;]
Jot+
Jot++

j10++

Jitt

IEEE 754 32-bit floating point number

IEEE 754 32-bit floating point number
IEEE 754 32-bit floating point number
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9.3.3.2 mapNumQualityO
The input to this process (see Table 78) are:

— the array decoded symbols[descriptor ID] specified in subclause 9.5.1 when descriptor ID is
equal to 12.

— the current value 5,

The output of this process is the variable mapNumQuality0 containing the number of reads with MAPQ

Table 78 — Decoding process of mapNumQuality0

Process Remarks

mapNhmQuality0 = decoded symbols[12][];,]

j12+4

9.3.3|3 reference
The ihputs to this process (see Table 79) are:

— the array decoded symbols [descriptor ID] as specified inrBubclause 9.5.1 when desdriptor IDis
qual to 13.

(0]

— the current value of 5, .

—

he array S, nabet 1p[] @s specified in ISO/IEC\23092-2, for the value of alphabet_1n| specified in
subclause 6.3.1.

The dqutput of this process is the string reference and the value referenceLen.

Table 794~ Decoding process of reference

Progess Remarks
refefrence = {} Empty string
refefrencelen = 0
whilp (decoded_symbolsfi8] [j,5] != 7) { Use the value 7 to signal the end of the
current reference string
refference = stixcat (reference,

Salphabet 1pldecoded symbols([13][3;3]11])
Jo 4+t

refferendelent+

}

j13++

9.3.3.4 altern
The inputs to this process (see Table 80) are:

— the array decoded symbols[descriptor ID] as specified in subclause 9.5.1 when descriptor IDis
equal to 14.

— the current value of 5,

— thearray S,;,p,pec ipl] as specified in ISO/IEC 23092-2:2021, for the value of alphabet 1D specified
in subclause 6.3.1.
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The output of this process is an array of strings altern, an array of integers alternLen and the variable
numAltern, which represents the number of decoded altern strings.

Table 80 — Decoding process of Altern

Process Remarks
i=0
while (decoded_symbols[14][J,] !'= 7) | Use the value 7 to signal the end of
the current altern array
altern([i] = {} Empty string
alternfenit — 0O

while (flecoded symbols[14][]j,] < 6) {

altefn[i] = strcat(altern[i],
Saifphabet 1pldecoded _symbols[14][J14]])

Jqat+H

altefnLen[i]++
}
Jigtt
i++

}

numAltern|= i

Use the value 6 to signal the|next
element in the altern arnay

9.3.3.5 filters

The input tolthis process (see Table 81) is:

— the arraly decoded symbols[descriptor IBJArray specified in subclause 9.5.1 when descriptpr ID

is equalto 17

— the current values of 5,

— thelists|of filter IDand filtex JID len, and the variablen filter

The output df this process is théstring filters and its length in characters filtersLen.

Table 81 — Decoding process of filter

filter ID[decoded symbols[17][];]]

filters = strcat(filters, “;”)
}
filtersLen = strlen(filters)
Jpgtt

72

Process Remarks
while (dec¢dedsymbols([17][],5] != OxFF){

if (decod¢di{gymbols[17] [F,9] == 0) {

filters = “PASS
} else if (decoded symbols[17][]j7] == 1) {

filters = “MISSING”
} else {

filters = strcat(filters,

- 2)

the function strlen returns the number of
characters in the string decodedFilters
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Process

Remarks

9.3.4 Functional annotation descriptors

9.3.4.1 featureName

The input to this process (see Table 82) is:

— the array decoded symbols[descriptor ID] array specified in subclause 9.5.1 when defscriptor ID

[

5 equal to 18

—

he current values of 5,

— the list of features name and features name len

The qutput of this process is the string featureName and its length in chatiaeters featureNgmeLen.

Table 82 — Decoding process of featureName

i | decoded symbols[18] [J,¢]

feptureName = features \ndme[i]
feptureNameLen = fedgufes name len([i]
Jo g+t

Process Remarks
if (n] features _names == 0) { n_features_names as specffied in
subclause 6.3.1.
feptureName = “MISSING”
feptureNameLen = 7
} elpe if (decoded symbols[18][]j;3] == OxFEFFFF)
feptureName = “MISSING”
feptureNameLen = 7
Jo4tt
} elpe {

9.3.4{2 featurelD

The ihputs-to this process (see Table 83) are:

— the array decoded symbols|[descriptor ID] specified in subclause 9.5.1 when descriptor ID is

equal to 19

— the current value 5,

The output of the process is the variable feature1p containing the feature identifier where OxFFFFFF is

used as undefined value.
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Table 83 — Decoding process of featurelD

Process Remarks

}

if (Size (decoded symbols[19])

) {

featurelID = OxFFFFFF 0xFFFFFF used for undefined value
} else {

featureID = decoded _symbols[19][]q] O0xFFFFFF used for undefined value

Jiot+

9.3.4.3 orJtologyName

The input to|this process (see Table 84) is:
— thearray decoded _symbols([descriptor ID] array specified in subclause 9.5.1 whén/descriptpr ID
is equal fto 20
— the current values of 5,
— thelistqf ontology term name and ontology term name len as specified’in subclause 6.3.3.
The output pf this process is the array of strings ontologyName, th€array ontologyNameLen| and
the variable|ontologyNameCount. The ontologyNameCount variable shall be equal to ontologyIdfount
specified in $ubclause 9.3.4.4.
Table 84 — Decoding process of ontologyNames
Process RemarKs
i=20
while (decg¢ded symbols[20][j,7] != OxFFFFFEN{
if (decodled symbols[20][]j,q] == OxFFFEEF) {
ontol¢gyName [i] = *” Initialize empty
string
ontolpgyNameLen[i] = O
} else
J = d¢coded symbols[ZOYMJ,,]
ontol¢gyName[i] = ontology term name[]]
ontoldgyNameLem[] = ontology term name len[]]
}
i++
j20++
}
j20++
ontologyNameCount = i

9.3.4.4 ontologyID

The inputs to this process (see Table 85) are:

equal to

the curr

74

21.

ent value of §,,

the variable numontology1p which represents the number of values to be decoded

the array decoded symbols[descriptor ID] as specified in subclause 9.5.1 when descriptor IDis
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The output of this process is an array of strings ontologyID and the variable ontologyIbcount. The
ontologyIDCount variable shall be equal to ontologyNameCount specified in subclause 9.3.4.3.

Table 85 — Decoding process of ontologyID

Process Remarks
i=20
while (decoded symbols[21][Jj,;] != OxFFFFFE) {
ontologyID[i] = decoded symbols[21][], ] O0xFFFFFF used for undefined value
g+t
1+
}
j21+-|
ontoflogyIDCount = 1

9.3.5| Genotype descriptor

9.3.5|/1 General

This pubclause describes the decoding process of the descriptep payloads when the descfriptor IDis
equal to GENOTYPE Or 15.

The ipput to this process (see Table 86) is gt matrix from process specified in subclause P.3.5.2 when
desciiptor 1D is equal to 15 and the current value ofj, ..

The qutput of this process are the variables a11e¥ed and phasing.

Table 86 — Decoding process of genotype

Process Remarks

n_sapples = Size(allele 3d arra®pl[]1[], 2) From process 4pecified in
subclause 9.3.5.2

num plleles per sample = /Size(allele 3d array([][][], 3)
for (ji=0; i<n_ samples;it+) {
fof (3J=0; j<num addeles per sample; J++) {

plleles[i] [J1(5) allele _3d_arrayl[j;s] [1][]] From process gpecified in
subclause 9.3.5.2

fof (§=@+»J<num _alleles per sample-1; J++){

bhésing[i] [J] = phases_3d arr [J;5] [1][3] From process 4pecified in
subclause 9.3.5.2

}

jl5++

9.3.5.2 Decode genotype payload
The inputs of this process are (see Table 87):

— the genotype payload structure as specified in subclause 6.4.4.3.2.

— the genotype parameters structure as specified in subclause 6.3.4.2.
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The output of this process is the 3-dimensional array allele 3d array[][][] and phases 3d arr([][]
(1.

Table 87 — Decoding process of genotype payload

Process Remarks

decode genotype payload(genotype payload, genotype parameters) ({
for (i=0; i<num variants payloads; i++) {

bin mats[i] [][] = decode bin mat(variants codec ID[i], As specified in
subclause 9.3.5.3

sort variants rows flag[i],

sort variants cols flag[i],
transpose variants mat flag[i],
variants payload size[i],
variants payload[i],

variants row IDs payload size[i],
variants row IDs payload[i],
variants col IDs payload sizalil],

variants col IDs payloadll)

if (binaftization ID == BIT PLANE) ({

allele|mat[][][] = debinarize bit plane (bin mats{)MI[],
As specified in

num_bit plane subclause 9.3.5.

~

concat axis)

} else if (binarization ID == ROW SPLIT) ({
_ - As specified in
amax[]|= variant amax payload() 6.4.4.3.2 4
allele|mat[][][] = debinarize row'split (bin mats[0][][], As specified in
subclause 9.3.5.9.
amax|[])
}
allele mgt[1[][] = revert @daptive max val(allele mat[][][], As specified in

subclause 9.3.5.10.

no reference flag,
not available flag)
if (encogle phase data) {

phases|mat[] N = decode bin mat (phases payload, As specified in
subclause 9.3.5.8

phases row ids payload,

ok ool
JSEEa= o

3 1 =
+cr ==

Sac s

—P=
phases codec ID)
} else {
phases mat[0] [0] [0] = phases value
}

{allele 3d array[][][],phases 3d arr[][][]} = reconstruct 3d arrays( [Asspecifiedin
subclause 9.3.5.11.

allele matrix[][]1[],
phasing mat[][][],

max ploidy)
}

variants_payload|[i] is a binary matrix payload for variants as specified in subclause 6.4.4.3.2.
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variants_row_IDs_payload[i] is arow column ids payload for variants as specified in subclause 6.4.4.3.2.3

if sort_variants_rows_flag[i] is True, otherwise it is empty array.

variants_col_IDs_payload[i] is a row column ids payload for variants as specified in subclause 6.4.4.3.2.3

if sort_variants_cols_flag][i] is True, otherwise it is empty array.

9.3.5.3 Decode binary matrix payload
The inputs to this process are (see Table 88):

— the codec identifier codec_ID

— the flag sort_variants_row_flag that signals whether the rows of binary matrix is sortgd
— the flag sort_variants_col_flag that signals whether the columns of binary matrix'is sorted
— the flag transpose_flag that signals whether the processed matrix is transposed.

— the binary matrix payload bin_mat_payload as specified in subclause 6:4.4.3.2.2.

— the row column ids payload row_ids_payload as specified in subclduse 6.4.4.3.2.3.

— the column ids payload col_ids_payload as specified in subclause'6.4.4.3.2.3.

— the amax payload amax_payload as specified in subclause €4.4.3.2.4.

The qutput of this process is an array bin_mat[][].

Table 88 — Decoding process of bin mat

Process Remprks

decope_bin _mat (codec_ID, sort variants wow_flag,

sort variants col ‘flag, transpose flag,
bin mat payloadegsize, bin mat payload,
row IDs payload size, row IDs payload,
col IDs payload size, col IDs payload,

amax payload) {

if] (codec ID == JBIG) {

bin mat[][] .=\decode jbig(bin mat payload size, 2-dimensiondl Boolean
bin mat payload) array

} plse iff{(cbdec ID == CABAC) ({
bin \mat[] [] = decode cabac matrix(bin mat payload) i;?;r;ensmndl Boolean

}

{nrows, ncols} = Size(bin mat[][])

if (sort variants row flag) {
row IDs[] = decode row col IDs(nrows, row IDs payload) As specified in 6.4.4.3.2.3
bin mat[][] = sort bin mat rows(bin mat[][], row IDs[]) As specified in 9.3.5.5

}

if (sort variants col flag) {
col IDs[] = decode row col IDs(ncols, col IDs payload) As specified in 6.4.4.3.2.3
bin mat[][] = sort bin mat cols(bin mat[][], col IDs[]) As specified in 9.3.5.6

}
if (transpose flag) {
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Table 88 (continued)

Process

Remarks

bin mat[][] = transpose mat(bin mat[][])

}

decode_jbig is a decoding process compliant with ISO/IEC 11544.

decode_cabac_matrix is a process described in subclause 9.3.5.4.

9.3.5.4 Ddcode cabac matrix

The inputs t this process are (see Table 89):

— thesizefn bytes of bin mat payload as specified in subclause 6.4.4.3.2.2

— the cabdc payload as specified in subclause 6.4.4.3.2.2.

The output df this process is the 2-dimensional array bin mat[][].

Table 89 — Decoding process of cabac matrix

Process

Remarks

decode cabgc matrix (bin mat payload size, bin mat payldéad)

decoded g$ymbols = decode descriptor subsequence (
descriptor ID,
0,
num encoded symbols,
block payload size)
for (i=0} i<nrows; i++) {
for (3#0; j<ncols; j++) {

bin pat[i] [J] = decoded symbols[j+i*ncols]

}

{

nrows as specifi¢d in
6.4.4.3.2.2

ncols as specifigd in

decode_desdriptorssubsequence is a process to decode current block, as specified in ISO/IEC 23()92-2.

To decode t

e bitstream the following ISO/IEC 23092-2 syntax element values are assumed: transform

ID_subseq i$ ‘O)vtransform_ID_subsym is 0, binarization_ID is 0, coding_sybsym_size is 1, mpegg_

symbol_size is 1, coding_order is 2, bypass_flag is 0, adaptive_mode_flag is 1 and num_contexts is 2.

9.3.5.5 Sortrows of binary matrix

The inputs to this process (see Table 90) are:

— the array bin_mat[][]

— the array row_IDs][]

The output of this process is an array sorted_bin_mat[][].

This process sorts the rows or 15t dimension of bin_mat[][].

78
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Table 90 — Sorting process of bin mat rows

Process

Remarks

{n

fo

sort bin mat rows (bin mat[][], row IDs[]) {

rows, ncols} = Size(bin mat[][])
r (1=0; i< nrows; i++) {
for (j=0; Jj<ncols; j++){

sorted bin mat[i] [j] = bin mat[row IDs[i]][]]

9.3.5
The i

The g
This

6 Sort columns of binary matrix

hputs to this process (see Table 91) are:

he array bin_mat[][]

he array col_IDs|[]

utput of this process is an array sorted_bin_mat[][].

process sorts the columns or 2"d dimension of bin_mat{][]

Table 91 — Sorting progess of bin mat cols

Process

Typg

sort
{n

fo

| bin mat cols(bin mat[][], col IDs[\JA&H
rows,ncols} = Size(bin mat[][])

- (7J=0; j< ncols; Jj++) {

for (i=0; i<nrows; i++) {

sorted bin mat[i] [j] =Medin mat[i] [col IDs[j]]

9.3.5
The i

— t

7 Debinarize binary matrices using bit plane
hput to'this process (see Table 92) are:

helarray bin_mats[][][]

— the value nmats describes the original number of bit planes before concatenation.

— the value axis describes the direction bit planes were concatenated during encoding.

The output of this process is an array allele_mat[][].
This process can be described as follows:
1. Split binary matrix into binary matrices if axis is less than 2

2. Concatenate binary matrices bin_mats[][][] into an array named allele_mat[][]. The index of the 15t
dimension of bin_mats[][][] describes the original bit position in the allele matrix.
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Table 92 — Binarization process of bit plane

for(iZO; i<nrowsg: J44) [
for(j=0; j<ncols; j++) {
allele mat[i] [j] = bin mats[k][i1][]]
for [k=1; k<bitlen; k++){

allele mat[i] [j] += bin mats[k][i][]] << k

Process Remarks
debinarize bit plane (bin mats[][][],nmats, axis) {
if (axis < 2){
bin mats[][][] = split matrix( As described in subclause 9.3.5.8
bin mats[0][][], nmats, axis)
}
{bitlen, nrows, ncols} = Size(bin mats([][][])

9.3.5.8 Split matrix

The inputs t¢ this process (see Table 93) are:

— the arraly mat[][]

— the numper of matrices nmats

— the direftion which the matrix is split axis

The output df this process is an array mats[{}][ ]

This procesq can be described as follows:

1. Initializg¢ an array of 3-dimensional array mats[][][]

2. Comput¢ the number of nows (2"d dimension) of mats[][][] if axis equals 0 or columnj
dimensipn) of mats[][][] if axis equals 1.

3. Copy value from mat}|[] to mats[][][].

Table 93 — Process of splitting a matrix

(3rd

Process Remarkl

if

80

split matrix(mat[][], nmats, axis) {
{nrows, ncols} = Size(mat[][])

(axis == 0){

nelems = nrows / nmats

for (i mat=0; i mat<nmats; i mat++) {

tion

(i=0; i<nelems;i++) {
for (j=0; j<ncols; j++){

mats[i mat][i][j] = mat[i+i mat*nelems][]] Copy value

Split in row direc-
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Table 93 (continued)

Process Remarks
}
}
} else if (axis == 1) { SphtipCOhnnn
direction
nelems = ncols / nmats
for (i mat=0; i mat<nmats; i mat++) {
for (i=0; i<nrows;i++) {
for (j=0; Jj<nelems; J++) {
mats[i mat] [1][j] = mat[i][j+i mat*nelems] Copy|value
}
}
}
}
}
9.3.5|9 Debinarize binary matrices using row split
The ipputs to this process (see Table 94) are:
— the array bin_mat[][]
— the array amax([]
The dqutput of this process is an array allele_mat{][].
Table 94 — Debinarization process of the row split method
Process Remarks
debiparize row split (bin mat{}[], amax[]) {
nrpws = Size (amax[])
ncpls = Size(bin matif] []1, 2)
fof (i=0; i<nrows )i++) {
for (3=0; j<ncels; j++){
allele gqnab[i] [k] = O
}
}
1 FNO

for (i=0; i<nrows; i++) {
for (3=0; Jj<amax[i]; Jj++) {
for (k=0; k< ncols; k++){

allele mat[i] [k] += (J+1) * bin mat[1l] [k]

1++

© ISO/IEC 2023 - All rights reserved 81


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

9.3.5.10 Revert adaptive max value
The inputs to this process (see Table 95) are:

— the array allele_mat[][]

— the flags no_reference_flag and not_available_flag

The output of this process is an array allele_mat[][].

The process can be described as follows:

2. If not_ayailable_flag is 1, replace all the values in allele_mat[][] that equal max_val with|-2 then

max_vallis decreased by one

3. Ifno_reflerence_flagis 1, replace with -1 all the values in allele_mat[][] that equal.max_val.

Table 95 — Reversion process of of maximum value

Process

Remarks

revert adaptive max val(allele mat[][],

max val § O
{nrows, mcols} = Size(allele mat[][])
for (i=0} i<nrows; 1i++) {

for (3#0; Jj<ncols; j++) {
if (jpax _val < allele mat[i][j]) |

max val = allele mat[i] []]

if (not gvailable flag) {
for (i0; i<nrows; 1+#NN

for [j=0; Jj<ncolsa_j++) {

no reference flag,

not available flag)

{

Find maximum value of allele matrix

Replace all maximum value in allele matrix with -2

}
if (no reference flag) {
for (i=0; i<nrows; 1i++) {
for (j=0; Jj<ncols; j++) {
if (allele mat[i][j] == max val)

allele mat[i][j] = -1

82

if| (allele matdi] [j] == max val) {
llele tatfi] [J] = -2
}
}
}
max val -= 1

{

Replace all maximum value in allele matrix with -1
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Table 95 (continued)

Process Remarks

9.3.5.11 Reconstruct 3d arrays
The inputs to this process (see Table 96) are:

— the array allele_mat[][].

— the array phasing_mat[][].

— the value max_ploidy as described in subclause 6.3.4.2

The qutputs of this process are arrays allele_3d_array[][][] and phases_3d_agray{][][].

Table 96 — Reconstruction process of 3-dimensional array

Process Remarks

recopstruct 3d arrays(allele mat[][],
phasing mat[][],
max ploidy) {

alflele 3d array[][][] = split matrix(allele matJ][]1[],
& As described In
max_batayr subclause 9.3/5.8.
2)
s ndepths equals to max_

{npgepths, nrows, ncols} = Size(alleleu3d array[]I[]I[]) .

- = ploidy
[p]| nrows, p ncols] = Size(phasing&mat[][])

p_phdepths = ndepths-1
if| (p_ndepths > 0) {
if (p_nrows == 1 && p~rcols == 1) {

Initialize phages 3d_
for (k=0; k<p_ndepths; k++) { array with vdlue phases
mat[0] [0]

for (i=0y f<nrows; 1i++) {

for 4J3=0; Jj<ncols; j++) {

phasing 3d arrayl[k] [i][]J] = phasing mat[0] [0]
}
}
}
} else {
phasing 3d array[][][] = split matrix(phasing mat[][],
p_ndepths,
2)
}
} else {
phasing 3d array([0][0][0] = O
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9.3.5.12 Reconstruct genotype matrix
The input to this process (see Table 97) are:
— The array allele_3d_array[][][].

— The array phases_3d_array[][][].

The output of this process is the 2-dimensional array gt_matrix[i][j].

Table 97 — Reconstruction process of genotype matrix

Process Remarks
reconstrucf genotype matrix(allele 3d array[][][],
phases 3d array[][][]) {
{nrows, fcols, p} = Size(allele 3d array)

for (i=0} i<nrows; 1i++) {

for (3#0; Jj<ncols; j++) {

gt mgtrix[i][j] == V7 Initialize empty string
gt _matrix[i][]j] = strcat(gt matrix[i][j], Storevalue of allele 3d array[][]
llele 3d array[il [§1[0]) as ¢harc (1) . -
for [k=1; k<p; kt++) {
if| (phases 3d array([i][j][k-1] == 1) {
t matrix([i] [j] = strcat(gt matrix[i][j], &/™ [Write phasing information
} ¢lse if (phases 3d array([i][j][k-1] == ‘{&) |
t_matrix[i][j] = strcat(gt_matrix[i]Lj], “I”) |Write phasinginformation
}
gt matrix[i] [j] = strcat(gt matrixf2][]],

Store value as char
allele 3d arrayl[i][J][k-11)

9.3.6 Likdlihood descriptor

This subclayse describes the decoding process of the descriptor payloads when the descriptor|1D is
equal to LIKELTHO@D:

The input to|thiiS process (see Table 98) are:

— the 3-dimensional array GL[][][] from process 9.3.6.2
— the current values of 5, .

The output of this process are the variables 1ikelihood and n_1ikelihoods.
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Table 98 — Decoding process of likelihood

Process Remarks
n samples = Size(GL[][][], 2)

n likelihoods = Size (GL[][][], 3)
for (i=0; i< n_samples; i++) {
for (3=0; j< n_likelihoods; j++){

likelihood[1][J] = GL[Jig++][1][]] From process specified in
subclause 9.3.6.1.

9.3.6/1 Decode likelihood payload
The ipputs of this process (see Table 99) are:

— the likelihood payload likelihood_payload as specified in subclause 6.4.4.3.3.

— the likelihood parameter likelihood_parameters as specifieddn'subclause 6.3.4.3

The qutput of this process is a 3-dimensional array GL[][][]

Table 99 — Decoding process of likelihood payload

Process Remarks
decofe likelihood payload(likelihood payload, likelihood parameters) {

if| (transform flag) {

C[][] = decode code matrix(nrowsyincols, payload) u(dtype id)
V[] = decode values_ vector (additional payload) floatipg point with
32bitg precision.
L[] [] = inverse trans miblxrep(C[][], VI[])
} lse {
L[] [] = decode likelihood matrix (payload)
}
GL| = reconstruct_gl matrix(L[][], num gl per sample)

}

num |gl_per_sample is part of likelihood_parameters specified in 6.3.4.3.

additjonal_payload is part of likelihood_payload specified in 6.4.4.3.3.

dtype_id is the identifier of data type of 2-dimensional array C[][]. Table 40 lists all of the possible
values of dtype_id.

ncols is a part of likelihood payload specified in 6.4.4.3.3.

nrows is a part of likelihood payload specified in 6.4.4.3.3.

payload is part of likelihood payload specified in 6.4.4.3.3.
additional_payload is a part of likelihood payload specified in 6.4.4.3.3.
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9.3.6.2 Decode code matrix
The inputs of this process (see Table 100) are:

— Number of rows nrows.

— the number of columns ncols as specified in subclause 6.4.4.3.3.

— the lzma payload pay1oad as specified in subclause 6.4.4.3.3.

The output of this process is 2-dimensional array matrix c[1(] of type u(dtype_id) as specified in

Table 40.

Thble 100 — Reshaping code matrix from an array to a 2-dimensional array

Process Remarks
decode cod¢ matrix(nrows, ncols) {
C vector|] = decode lzma (payload) u(dtype_id)
for (i =|0; i< nrows; 1i++){
for (3J$0; J < ncols; Jj++){
C[i]1]J] = C_vector[i*ncols+]j] udtype id)
}
}
}
dtype idis fhe identifier of data type of 2-dimensional array< (1 (7. Table 40 lists the possible valpies of
dtype id.

9.3.6.3 Inyerse transform minimal representation

The inputs of this process (see Table 101) are:

— 2-dimensional array C[][] called code matrix

— 1-dimenjsional array V[] called valuevector. It can be array of type string or single precision flogting-

point

The output df this process is 2=dimensional array likelihood matrix (] (] of type float

Table 101 — Inverse transformation for minimal representation

}

Process Remarks
inverse tr¢ns min rep() {
for (i§0;{4<m; i++) {
for (3=0; j<n; J++) { u(nbits per elem)
L{i]J[3] = VIC[i][i]]

m is the number of rows of 2-dimensional array C.

n is the number of columns of code matrix C.

86
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9.3.6.4 Decode likelihood matrix
The inputs of this process (see Table 102) are:

— the number of rows nrows as specified in subclause 6.4.4.3.3.

— the number of columns ncols as specified in subclause 6.4.4.3.3.

— the lzma payload payload as specified in subclause 6.4.4.3.3.

The output of this process is 2-dimensional array code matrix (][] of type float.

Table 102 — Decoding process of likelihood matrix

Process Remarks
decople likelihood matrix() {
L pector[] = decode payload(payload)
fof (i = 0; i< nrows; 1i++){
for (3=0; Jj < ncols; J++){
L[1i1[3] = L_vector[i*ncols+j] floating point with 32 bits
precision.
}
}
}

9.3.6{5 Reconstruct gl matrix

The ihputs of this process (see Table 103) are;

— 2-dimensional array likelihood matrixih[][]

— Number of values per sample p with type of integer

The qutput of this process is the 3sdimensional array likelihood cr.[1 71 [].

Table 103 — Reconstruction process of gl matrix

Process Remarlks
recopstruct gl mateix () {
[nfows, ncods¥ = Size(L[][])
N F ncols\/) p Get number of pamples
fofp (i¥=0Qy i< nrows; i++) {
fe¥X /(7=0; J<N; J++) {
for (k=0; k<p; k++) {
GL[11[31[k] = LIi][j*p+k]
}
}
}
}

9.3.7 Contact matrix descriptor

The inputs to this process (see Table 104) are:

— the array start1[] from process specified in subclause 9.3.7.1.
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the array start2[] from process specified in subclause 9.3.7.1.

the array end1[] from process specified in subclause 9.3.7.1.

the array end2[] from process specified in subclause 9.3.7.1.

the array count[] from process specified in subclause 9.3.7.1.

— the 2-dimensional array norm_mats_otf[][] from process specified in subclause 9.3.7.1.

— the 2-dimensional array norm_mats[][] from process specified in subclause 9.3.7.1.

— thevalu
— thevalu
— thevalu
— thearra
— thevalu

— thearra

e chirl id specifiedinsubclause 6.3.4.-4.
b chr2_id specified in subclause 6.3.4.4.

e num_norm_methods from parameter set specified in subclause 6.3.4.4.
y norm_methods_name[] from parameter set specified in subclause 6.3.424:
e num_norm_matrices from parameter set specified in subclause 6.314.4.

y norm_matrices_name[] from parameter set specified in subclalise 6.3.4.4.

Table 104 — Decoding process of contact matrix-descriptor

sampleName
chrlID = c}
chrlNameLe]
chrlName =
chr2ID = cf
chr2NameLe]

chr2Name =

chrlStartP
chrlEndPos
chr2StartP
chr2EndPos
count = co

numNormCout

numCounts F

Process Remarks
sampleID =|sample ID Erom process specified in subclause 9.3.7.1
sampleNamelen = strlen(sample name) From process specified in subclause 9.3.7.1

= sample name
prl ID
[ = strlen(chrl name)
chrl name
hr2 ID
h = strlen(chrZ_name)
chr2 name
size (counts|[])
s = startl]]
= endl[]
s = starg2 i\
= end2 ]
nts(]
pBsVv= 0

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

From process specified in subclause 9.3.7.1

name[c])

}

88

for (c=0; c<num norm methods ; c++) {

normCountNameLen[c] = strlen(norm methods

normCountName [c] = norm methods name[c]

normCount [c] [] = norm mats otf[c][]

numNormCounts++

for (c=0; c<num norm matrices; c++) {

From parameter set specified in
subclause 6.3.4.4

From parameter set specified in
subclause 6.3.4.4

From parameter set specified in
subclause 6.3.4.4

From process specified in subclause 9.3.7.1

From parameter set specified in
subclause 6.3.4.4
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Process Remarks

}

numNormCounts++

normCountNameLen [num_norm methods +c] = From parameter set specified in

subclause 6.3.4.4

strlen (norm_matrices_name [c])

normCountName [num norm methods +c] = From parameter set specified in

subclause 6.3.4.4

norm matrices name[c]

normCount [num norm methods +c] [] = norm mats[c][] |From process specified in subclause 9.3.7.1

chrl jname is the chromosome name of the first chromosome in chromosome pair. It cerreq
chr_nlame[i] specified in 6.3.4.4 where chr_ID[i] is equals to chr1_ID.

chr2 |name is the chromosome name of the second chromosome in chromosonieé pair. It co
the chr_name[i] specified in 6.3.4.4 where chr_ID[i] is equals to chr2_ID.

9.3.7{11 Decode contact matrix (CM)

The ihputs of this process (see Table 105) are:

the CM mat parameters structure main_params specified in6.3.4.4,

the CM submat parameters structure params specified in 6.3.4.5,

—

he CM mat payload structure mat_payload specified in 6.4.4.3.4.3,

the interval multiplier mult,

—

he CM bin payload structure bin_payloadl specified in 6.4.4.3.4.3 with chr_ID equal
dhr1_ID, sample_ID equals to mat_payload.sample_ID and interval_multiplier equals tdg

—

he CM bin payload structure bin_payload?2 specified in 6.4.4.3.4.3 with chr_ID equal
dhr2_ID, sample_ID equals tomat_payload.sample_id and interval_multiplier equals to

The qutputs of this process are;

the identifier of sample sample_ID equals to mat_payload.sample_ID

—

he name of sample sample_name equals to main_params.sample_name[i] where m
ample_ID[iJ.equals to mat_payload.sample_ID,

w

the identifier of sequence 1 chrl_ID equals to params.chr1_ID,

—

hename of sequence 1 chrl_name equals to main_params.chr_name][i] where main_

ponds to the

‘responds to

S to params.
mult,

S to params.
mult.

ain_params.

params.chr_

]

Dli]*equals to params.chrl ID.

the array of start position values of sequence 1 startl1[],
the array of end position values of sequence 1 end1[],

the identifier of sequence 2 chr2_ID equals to params.chr2_ID,

the name of sequence 2 chr2_name equals to main_params.chr_name[i] where main_params.chr_

ID[i] equals to params.chr2_ID.
the array of start position values of sequence 2 start2[],
the array of end position values of sequence 2 end2[],

the array of count values count[],

© ISO/IEC 2023 - All rights reserved

89


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

— the array norm_mats_otf[][] if main_params.num_norm_methods is greater than 1,

— the array norm_mats[][] if main_params.num_norm_matrices is greater than 1,

Table 105 — Decoding process of contact matrix

Process

Remarks

decode contact matrix(main params, params,mat payload, mult

bin payloadl, bin payload2) {

90

[row mask, col mask] = decode cm mask(main params, Specified in 9.3.7.2
params,
mat payload)
startl([]|= {} Initialize array
endl[] =|{} Initialize array
start2[]1]|= {} Initialize:array
end2[] =|{} Initialize array
count[] F (} Initialize array
for (k=0} k< main params.num norm methods; k++)
norm_mats_otf [k][] = {} Initialize array
}
for (k=0} k< main params.num norm matrices; k++)
norm mats[k][] = {}
}
for (i=0} i<params.ntiles in row; i++) {
for (3J§0; j<params.ntiles in col; J++) {
if (params.is symmetrical && i>3) {
coptinue
}
if (jpat_payload.tile payload_sizes[i] [J]1==0) {
coptinue
}
tife[]1[] = decodelcmat tile( Specified in 9.3.7.4
mat payload.tile payload[i][j],
mat payload.tile codec ID[i][]],
params.binarizaton flags[i][]])
if (params.binarizaton flags[i][]j] == 1) {
tilePJ[] = debinarize mat (tile[]J[]) Qpnﬁﬁnﬁin0'27§
}
if (params.diagonal transform flags([i][]j]==1) {
tile[][] = inverse diag transform(tile, Specified in 9.3.7.6
params.diagonal tranform modes[i] []])
}
{startl idx, endl idx} = comp start end idx( Specified in 9.3.7.7

main params,params.chrl id,

1,1)
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Process

Remarks

{start2 idx, end2 idx} = comp start end idx(

main params,params.chr2 id,

Specified in 9.3.7.7

tile row mask = create ones mask (tmp nrows)

tile col mask = create ones mask (tmp ncols)

{startl idx, endl idx} = comp_ start end idx(
main params,
params.chrl id,
mult,

i)

{start2 idx, end2 idx} = comp start end idx(
main params,
params.chxr2 Nd,
mult,

3)
}
startl vect = comp start (maitwparams, mult, startl idx,
éndl idx, tile row mask)

start2 vect = comp starf(main params, mult, start2 idx,

end2 idx, tile col mask)
endl vect = comppend(startl arr, main params,
params.chrl id)
end2 vect =“eomp end(start2 arr, main params,

params.chr2 id)

1,3)
tile row mask = slice(row mask, startl idx, endl idx) SpedﬁedinQ;LZ§
tile col mask = slice(col mask, start2 idx, end2 idx) Specified in 9.3.7.8
if (mult != 1) {
£+ rT—roop-Hete ottt e —row—tmesis Speettiedin9-37.11
tile col mask)
{tmp nrows, tmp ncols} = Shape (tile)

~
—_
[\S]

Specified in 9.3|

~N
—_
[\S]

Specified in 9.3|

FJ >
~

Specified in 9.3

Specified in 9.3]7.7

Specified in 9.3]7.9

Specified in 9.3]7.9

Specified in 9.3)7.1

(e}

—_
S

Specified in 9.3|

for (k=0; k< main params.num norm methods; k++) {
mult flag = main params norm methods mult flag[k]
weight valuesl = bin payloadl.weight values[k]

tile weight valsl = slice(weight valuesl,

startl idx, endl idx)

© ISO/IEC 2023 - All rights reserved

{staxtl desc, endl desc,start2 desc, end2 desc} = Specified in
tile to desc(tile, startl arr, endl arr,start2 arr,
end?2 arr)
startl = cat(startl, startl desc) Concatenate
endl = cat(endl, endl desc) Concatenate
start2 = cat(start2, start2 desc) Concatenate
end2 = cat(end2, end2 desc) Concatenate
count = cat(count, count desc) concatenate

Specified in 9.3.7.8
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Table 105 (continued)

Process Remarks

weight values2 = bin payload2.weight values[k]
tile weight vals2 = slice(weight values2, Specified in 9.3.7.8
start2 idx, end2 idx)

kth norm tile = comp otf norm mat ( Specified in 9.3.7.14
tile,tile row mask, tile col mask,

tile weight valsl, tile weight vals2,

MOItT _rIag)
nofm mats otf[k] = Cat(norm mats otf[k],
kth norm tile)

for [k=0; k< main params.num norm matrices; k++) {

kth data = decode ( Useccodec specific ddcode

mat payload.norm matrix payloads[k][i][]]) function

nofm mats [k] = cat(norm mats[k], tile add info k)

9.3.7.2 Ddgcode contact matrix (CM) mask

The inputs of this process (see Table 106) are:

— the CM hain params structure main_params’specified in 6.3.4.4,
— the CM params structure params specified in 6.3.4.5,
— the CM thatrix payload mat_payload-specified in 6.4.4.3.4.3.

The output df this process are arrays row_mask[] and col_mask{[].

Table 106 — Decoding process of mask payload

Process Remarks

decode cm mpasks (main params, params, mask payload) {

row nentfies{ 5 'main params.num bin entries Given params.chrl id, multi-
plier equals 1

if (params.row mask exists flag) {
row mask[] = decode cm mask payload( Specified in 9.3.7.3
mat payload.row mask payload,

row nentries)

}

else {
row mask[] = create ones mask(row nentries) Specified in 9.3.7.12
}
col nentries = main params.num bin entries Given params.chr2 id, multi-

plier equalsto 1

if (params.is symmetrical) {
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Table 106 (continued)
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Process

Remarks

}

col mask[] = row mask][]

else if (params.col mask exists flag) {

col mask = decode cm mask payload (

mat payload.col mask payload,

col nentries)

Because the masks are identi-
cal, using either row nentries
or col nentries isallowed

b1se

ol mask[] = create ones mask(col nentries)

Specified in 8:3\7.1]

N

3 Decode contact matrix (CM) mask payload

hputs of this process (see Table 107) are:

he number of entries num_bin_entries.

utput of this process is an array mask[].

he CM mask payload mask_payload specified in 6.4.4.3.4.5;

Table 107 — Decoding process of CM mask payload

Process

Remarks

deco

if

He cm masks (mask payload, num bimdentries) ({
(mask payload.transform id ==30) {

nask array[] = mask payload{mask arrayl]

b1se {

j = 07

val = mask payload,first val

for (k=0; k<mask payload.num rl entries; k++) {

rl = mask payload.rl content[k]

for (i=s@y\i<rl; i++){

Inverse value from 1 to 0 or vice

mask array[j+i] = val
}
Val = !val
versa.
j +=rl
for (; j<num bin entries; j++){
mask arrayl[j] = val

© ISO/IEC 2023 - All rights reserved
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9.3.7.4 Decode contact matrix (CM) tile
The input of this process (Table 108) are:

the CM tile payload structure tile_payload specified in 6.4.4.3.4.4,

unique codec identifier codec_ID The values of codec_ID is listed in Table 42. It can range between 0

to 5 inclusive.
the binarization flag bin_flag.

The output of this process is a an array tile[][].

Table 108 — Decoding process of contact matrix tile
Process Remarks
decode cmaf tile(tile payload, codec ID, bin flag) {
if (code¢ ID != JBIG) {
decodedl symbols[] = decode (payload) Use ‘codec specific dgcode
function
k=0
for (i§0; i< tile payload.tile nrows; i++) {
for [3=0; j< tile payload.tile ncols; j++) {
tile[i][Jj] = decoded symbols[k]
k + k+ 1
}
}
}
else {
tile[]|] = decode_jbig(tile_payload) Input is JBIG BIE structyre
}
}
9.3.7.5 Ddbinarize tile
The input oflthis process (see Fable 109) is:
— the array tile[][].
The output qf this process is an array trans tile[][]
Table 109 — Inverse transformation of row binarization

Process

Remarks

for

}

irow = 0

94

debinarize tile(tile[][]) {
{tile nrows,
trans —-ile ncols =
trans _tile nrows = 0

(1=0;

trans tile nrows += tile[i][0]

tile ncols} = Size(tile)

tile ncols - 1

i<tile nrows; i++) {

Compute the number of
rows
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Process

Remarks

bit pos = 0
for (i=0; i< tile nrows; i++) {
for (j=1; j< tile ncols; j++) {
trans tile[i row] [j-1] += tile[i][]J] << bit pos
}
if (tile[i][0] == 1){

irowt+

Marker found

bit pos = 0
}
c1se {

bit pos++

9.3.716 Inverse diagonal transform
The ihput of this process (see Table 110) is:
— thearray tile[][].

— the diagonal transform mode mode.

The dqutput of this process is an array trans *tile[][].

Table 110 — Inverse transformation process of diagonal transformation

for (=07 i<ncols; 1i++) {

£fer (7=0; j<ncols; J++){

Process Remarks
invefse diag transform(tile\J[], mode) {
{nfows, ncols} = Size(tide[][]) Get the dimengions of tile
kEFO
= 0
if] (mode == 0)\f
hum diags\= ncols

trans_tile has the size of ncols
by ncols

trans tile[i] [j] = O

}
for (k diag=0; k diag<num diags; k diag++) {
if (k == nrows) {
break
}
if (k_diag > 0) {
j offset = k diag

© ISO/IEC 2023 - All rights reserved
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Table 110 (continued)

Process

Remarks

else {
j_offset =0

}

end diag = ncols - j offset

for (i=0; i<end diag; i++) {

j =1 + j offset

trans tileld][3] = tilef[k][1++]

if| (1 == ncols) {
-+ -+
| f (k == nrows) {

break

else {

if (modle==1) {

diag|idx = {0}
for [diag id=1; diag id < Max(nrows,
if] (diag id < ncols) {
iag idx[i++] = diag id
if| (diag id < nrows) {

iag idx[i++] = -diag_ id

(mode == 2) ({

diag_id¥§

g _igx\T++] = diag id

ncols)kaodiag id++) {

-nrows+1l; diag id < ncols; diag_ id++) {

else 1if (mode == 3) {

i=0
for (diag_id =
diag idx[i++] = diag id
}

for (o = 0; o < Size(diag_ idx);

diag id = diag idx[o]
if (diag id > 0 && diag_id < ncols)

i offset =0

96

o++) {

ncols-1; diag id > -nrows; diag id--) {

{
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Table 110 (continued)
Process Remarks
j _offset = diag id
}
else if (diag id < 0 && -diag id < nrows) {
i offset = -diag id
j offset =0
}
else if (diag id == 0) {
i offset =0
j offset =0
} else {
continue
}
end diag = Min(nrows-i offset, ncols-j offset)
for (k diag=0; k diag<end diag; k diag++) {
i = k diag + 1 offset
j = k diag + j offset
trans tile[i] [j] = tile[k] [1++]
if (1 == ncols){
1 =0
k++
}
}
}
}
}
9.3.7}7 Compute start end indices
The ihputs of this prodess (see Table 111) are:
— the number of'entries nentries,
— the tile sizé tile_size,
— thetilelindex tile_idx.
The outputof this process are integers start_idx and end_idx.
Table 111 — Computation process of start and end indices
Process Remarks

comp start end idx (nentries, tile size, tile idx) {
start idx = tile idx * tile size

end idx = Min(nentries, start idx + tile size)

© ISO/IEC 2023 - All rights reserved
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9.3.7.8 Slice array

The inputs of this process (see Table 112) are:
— the array masK[],

— the start index start_idx,

— the end index end_idx.

The output of this process is an array sliced_mask{[].

Table 112 — Process of slicing an array given start and end indices

Process Remarks
slice(mask|], start idx, end idx) {

start idx = Max(start idx, O0)

end idx § Min(end idx, Size (mask[])
3 =20
for (i =|start idx; i<end idx; i++) {

sliced|mask([j++] = mask[i]

9.3.7.9 Compute start array

The inputs of this process (see Table 113) are:
— the integval interval,

— the starfindex start_idx,

— the end |ndex end_idx,

— the arra tile_masK[].

The output df this process is an axray start_arr|].

Table 113 — Initialization process of a start array

Process Remarks
comp_start(|interwal; start idx, end idx, tile mask[]) {

3 =20

for (i=sfax¥ idx; i<end idx; i++){

if (tile mask[i]){

start arr[j++] = i*interval

9.3.7.10 Compute end array
The inputs of this process (see Table 114) are:
— the chromosome length chr_len.

— the interval interval.
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— the startarray start_arr[].

The output of this process is an array end_arr([].

Table 114 — Initialization process of an end array

Process Remarks

comp_end arr (chr len, interval, start arr[]){
nentries = Size(start arr(])

for (i = 0; i<nentries; 1++){

k] Lo i . ] . e kil
=53 A S o e s e Scaorc orrrrl I rtervar

enfl arr[nentries-1] = Min(end arr[nentries-1],target chr len)

9.3.7]111 Convolution no-op

The ihput of this process (see Table 115) are:

—

he array tile[][].

— the window size ws.

— the Boolean array tile_row_masK[].
— the Boolean array tile_col_mask{[].

The qutput of this process is a 2-dimensional array out_tile[][].

Tablle 115 — Computation of tile with higher interval using convolutional no-operatjon method

Process Remarks
conv| noop (tile[][], ws, tile,row mask[], tile col mask[]) {
{nfrows, ncols} = Size (tide)
ouf nrows = Ceil(Size(t¥de row mask[])/ws)
ouf ncols = Ceil(Sikze\tile col mask[]) /ws)
fofp (i = 0; i <powb¥ nrows; 1i++) {

for (7 = 0; \Ju*< out ncols; J++) {

out_tilgli][j] = 0 Initialize out tille with zeros

}
}
i bire =0
for (i = 0; i < Ceil(Size(tile row mask[])); i++){

if (tile row mask[i]) {

i otile = Floor (i/ws)
j tile = 0
for (j = 0;J < Size(tile col mask[]); J++){

if (tile col mask[i]) {
j otile = Floor (j/ws)
out tile[i otile][j otile] += tile[i tile][j tile]
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Table 115 (continued)

Process

Remarks

i tilet+

9.3.7.12 Create ones mask

The input of thisprocess{see Tabtle 6] 1
— the num|ber of entries nentries.

The output df this process is a array mask[].

Table 116 — Initialization of an ones array

Process

Remarks

create one$ mask (nentries) {
if (1 = ¢; 1 < nentries; 1i++){

mask[i] = 1

9.3.7.13 Tile to descriptor

The input ofthis process (see Table 117) are:
— the array tile[][].

— the arraly startl_arr[].

— the arrafy end1_arr([].

— the arraly start2_arrf[].

— the arraly end2_arr[].

The output df this processiare arrays startl_desc[], end1_desc[], start2_desc[], end2_desc[] and cpunt_

desc[].

Table 117 — Computation from tile to descriptors

Process

Remarks

recon_tile desc(tile[][], startl arr[], endl arr[],

start2 arr[], end2 arr[]) {
{tile nrows, tile ncols} = Size(tile[][])
k=20

for (3j=0; j<tile ncols; j++){

for (i=0; i<tile nrows; i++){
if (tile[i][J] > 0){

row idx[k] = i

100

Find all entries of the tile[][]
which values > 0 and store the po-
sition in the tile / matrix
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Table 117 (continued)
Process Remarks
col idx[k++] = ]
}

}
}
for (k=0; k<Size(row_idx); k++){ Create sparse representation of

tile[][]
i = row idx[k]

j = col idx[k]

File startl([k] = startl([i]
File endl[k] = endl[i]
File start2([k] = start2[j]
File end2[k] = end2[]]
File count[k] = tile[i][]]

9.3.7]114 Compute on-the-fly normalized tile

The ipput of this process (see Table 118) are:

—

he array tile[][].

— the array row_masK[].

— the array col_mask[].

— the array weight_values1[].
— the array weight_values2[].
— the flag mult_flag.

The dutput of this processiis an array norm_counts[].

Table 118 — Computation process of on the fly normalized tile

Process Remarks

comp| otfniorm mat (tile[][], row mask[], col mask[],

weight valuesl[], weight values2[],

mult flag)

nrows = Shape (row mask)
ncols = Shape (col mask)
nentries = 0
ti=20
for (i=0; i<nrows; 1i++) {

if (row mask[i] != 1){

continue
}
tj=20

for (j=0; j<ncols; J++){
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Table 118 (continued)

Process Remarks

if (col mask([j] != 1){
continue

}
if (tilelt i][t 31 != 0){
weight = weight valuesl[i] * weight values2[j]

if (mult flag == 1) {

pnorm countalnentriegl = +3lel+ 10+ 971 *

weight
} ¢lse {
porm counts[nentries] = tilel[t i][t j] /
weight
}
neptries++
}
t =1+

£ oi++

9.4 Attributes decoding process

The input to[this process (see Table 119) are:

— attribufe 1D as specified in subclause.6:4.2 (attribute contiguity == 1) or subclause 6{4.4.2

(attribiyte contiguity == 0)

— thearray decoded datalattribute1D] as specified in subclause 9.5.2

— the current value of x_., ., i p o

The output df this process is the variable attr vals[attribute ID].

Table 119 — Decoding process of attribute value

Process Remarks

n _cols = S)lz&{decoded datal[attribute ID], 2)

for (i = 0; 1 < n cols; 1++) {
attr vals[attribute ID][i] =

decoded datalattribute ID] [K_i(,ipute 1p] [1]

++

katt1:j.bute71D

102 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=0281f9224b153c8589beb6fb706cab63

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Abbreviated terms 
	5 Conventions 
	5.1 General 
	5.2 Logical operators 
	5.3 Arithmetic operators 
	5.4 Relational operators 
	5.5 Bit-wise operators 
	5.6 Assignment operators 
	5.7 Range notation 
	5.8 Mathematical functions 
	5.9 Array and strings operation functions 
	5.10 Order of operation precedence 
	5.11 Variables, syntax elements and tables 
	5.12 Text description of logical operators 
	5.13 Processes 
	5.13.1 General 
	5.13.2 Process output operators 

	5.14 Method of specifying syntax in tabular form 
	5.15 Bit ordering 
	5.16 Specification of syntax functions and data types 
	5.17 Semantics 

	6 Data Structures 
	6.1 General 
	6.2 Data unit 
	6.3 Annotation parameter set 
	6.3.1 General 
	6.3.2 Tile configuration 
	6.3.3 Annotation encoding parameters 
	6.3.4 Descriptor configuration 
	6.3.5 Compressor parameter set 
	6.3.6 Attribute parameter set 

	6.4 Annotation access unit 
	6.4.1 General 
	6.4.2 Annotation access unit header 
	6.4.3 Annotation access unit types 
	6.4.4 Block 


	7 Descriptors and attributes semantics 
	7.1 General 
	7.2 Descriptors 
	7.2.1 General 
	7.2.2 Genomic intervals 
	7.2.3 Genomic variants 
	7.2.4 Functional annotations 
	7.2.5 Contact matrices 

	7.3 Attributes 
	7.4 Data types 
	7.4.1 General 
	7.4.2 Typed data 


	8 Decompression codecs 
	8.1 General 
	8.2 Inverse transformation algorithms 
	8.2.1 General 
	8.2.2 Lempel-Ziv-Welch transform 
	8.2.3 Binarization transform 
	8.2.4 Sparse transform 
	8.2.5 Delta transform 
	8.2.6 Run-Length Encoding transform 
	8.2.7 Serialization transform 

	8.3 Decompression algorithms 
	8.3.1 General 
	8.3.2 Context-Adaptive Binary Arithmetic Coding 
	8.3.3 Lempel-Ziv-Markov Chain Algorithm 
	8.3.4 Zstandard 
	8.3.5 JBIG 
	8.3.6 Block Sorting Coder 


	9 Decoding process 
	9.1 General 
	9.2 Access Units decoding process 
	9.2.1 General 
	9.2.2 Genomic variant access units 
	9.2.3 Functional annotation Access Units 
	9.2.4 Gene expression Access Units 
	9.2.5 Position-to-position contact intensity Access Units 
	9.2.6 Genome browser track Access Units 

	9.3 Descriptors decoding process 
	9.3.1 General 
	9.3.2 Common descriptors 
	9.3.3 Variant site information descriptors 
	9.3.4 Functional annotation descriptors 
	9.3.5 Genotype descriptor 
	9.3.6 Likelihood descriptor 
	9.3.7 Contact matrix descriptor 

	9.4 Attributes decoding process 
	9.5 Generic block payload decoding process 
	9.5.1 Descriptor payload decoding process 
	9.5.2 Attribute payload decoding process 


	10 Output format 
	10.1 Variant site record 
	10.1.1 General 
	10.1.2 Semantics 
	10.1.3 Initialization 

	10.2 Variant genotype record 
	10.2.1 General 
	10.2.2 Semantics 
	10.2.3 Initialization 

	10.3 Sample record 
	10.3.1 General 
	10.3.2 Semantics 
	10.3.3 Initialization 

	10.4 Functional annotation record 
	10.4.1 General 
	10.4.2 Semantics 
	10.4.3 Initialization 

	10.5 Track property record 
	10.5.1 General 
	10.5.2 Semantics 
	10.5.3 Initialization 

	10.6 Track data record 
	10.6.1 General 
	10.6.2 Semantics 
	10.6.3 Initialization 

	10.7 Expression record 
	10.7.1 General 
	10.7.2 Semantics 
	10.7.3 Initialization 

	10.8 Feature record 
	10.8.1 General 
	10.8.2 Semantics 
	10.8.3 Initialization 

	10.9 Contact matrix record 
	10.9.1 General 
	10.9.2 Semantics 
	10.9.3 Initialization 


	Bibliography 

