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Foreword

ISO (the

International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are

member

s 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 of

genomic

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

o obtain

higher-level information. Such a process of aggregating information deduced from single reads and
their alignments to the genome into more complex results is generally known as secondary analysis. In

nost HTS-based biological studies, the output of secondary analysis is usually represented as

ifferent

—

ypes of annotations associated to one or more genomic intervals on the reference sequences:

iological studies typically produce genomic annotation data such as mapping statistics;-qua
rowser tracks, variants, genome functional annotations, gene expression data and Hi-C
hatrices. These diverse types of downstream genomic data are currently représented in

hteroperability, the need for frequent conversions between formats, difficulty’in the visualiz
hulti-modal data and complicated information exchange. Figure 1 depicts,a typical pipeling
rimary and secondary analyses of HTS data, the file formats involved and the scopes of differg
f the ISO/IEC 23092 series.

oM 5 === o

vl

urthermore, the lack of a single format has stifled the work,on“compression algorithms

ed to the widespread use of general compression algorithms with suboptimum performanc

lgorithms do not exploit the fact the annotation data typically comprises of multiple fields (att
ith different statistical characteristics and instead conipréss them together. Therefore, wh

lgorithms support efficient random access with respect to genomic position, they do n
traction of specific fields without decompressing all:the whole file.

[a—

Ih response to the aforementioned challenges,*this document details a unified data format
ficient representation and compression of diverse genomic annotation data for file storagd
transport. The benefits are manifold: reducing the cost of data storage, improving the speed of
ata access and processing, providing support for data security and privacy in selective
gions, and creating linkages across different types of genomic annotation and sequencing d
Itimate goal is to enable the secured and seamless sharing, processing and analysis of mul
enomic data in order to reduce(the burden of data manipulation and management, so scien
fbcus on biological interpretation and discovery.

ntitative
contact
Hifferent

brmats such as VCF, BED, WIG, etc., with loosely defined semantics, leading to issues with

ration of
e for the
nt parts

and has
e. These
ributes)
le these
bt allow

for the
or data
random
genomic
ata. The
ti-modal
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Scope of ISO/IEC 23092-1to 5
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Figure 1 — Typical pipeline for the primary and secondary analyses of HTS data
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Information technology — Genomic information
representation —

Part 6:

Scope

his document provides specifications for the normative representation of the,following types of
enomic information:

-+ variants with genotyping information
—+ functional annotations

-+ tracks

-+ expression matrices

-+ contact matrices (from Hi-C experiments or similar).

Normative references

[ NG|

The following documents are referred to insthe text in such a way that some or all of their| content
onstitutes requirements of this specification. For dated references, only the edition cited applies. For
yndated references, the latest edition of.the referenced document (including any amendments)|applies.

Q

]

50/IEC 10646, Information technolegy — Universal coded character set (UCS)

5O/IEC 11544, Information technology — Coded representation of picture and audio informgation —
rogressive bi-level image compression

—_— ey

50/1EC 23092-1, Information technology — Genomic information representation — Part 1: Transport and
forage of genomic information

n

Y

50/1EC 230922, Information technology — Genomic Information Representation — Part 2: (oding of
enomic Information

(o)

3 Terms and definitions

Horthe 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 1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

3.2

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 U
genomid
position

3.5

access U
genomid
inclusiv

3.6

alignme
informa
sequenc

Note 1 to
and a set

splicing information) needed to turn the first sequence into the secend.

3.7
allele
each of

Note 1 to
copies of]
one is co

3.8
annotat
record
data st
variant,
format)

3.9
base

base pair

synonyT|

nit range
range comprised between the access unit start position and the rightmost genomic)record
among all genomic records contained in the access unit

nit covered region
range comprised between the access unit start position and the access unit end positio

=}

h

tnt
Fion describing the similarity between a sequence (typically a sequencing read) and a referend
e (for instance, a reference genome)

D

entry: An alignment is described in terms of a position withinthe reference, the strand of the reference,
of edit operations (matches, mismatches, insertions and, deletions, clipping of the sequence ends an

[oN

ne or more alternative sequences fora genomic segment

entry: There can be more than one either bécause the genome contains more than one, almost identicall,
the same genomic material (2 in the.cdse of humans for all chromosomes from 1 to 22), and/or becaus
(sidering more than one individual(inythe population.

¢

ion record

ucture representing.a tuple of annotation information (e.g. the properties associated to p
a genomic feature or a generic range; it is used also to identify a "row” when data have matri

>

housof nucleotide

3.10
base po
number

3.11

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

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
dontig

set of overlapping DNA segments, sequenced and assembled, that together represent a consensys region
df DNA

Note 1 to entry: the term “contig” derives from “contiguous”.

3.15

dataset
dompression unit containing one or more of: reference sequences; sequenc¢ing reads; and alignment
ipformation

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

3.16
deletion
ontiguous removal of one or more bases from a genomic‘sequence

Q

3.17
-CIGAR
xtended CIGAR syntax specified as a superset oftthe CIGAR syntax

@

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

—

3.18
ddit operation
hodification of a sequence of nucl€otides by means of a substitution, deletion, insertion or clip

=

3.19
ASTA
(IR that includes a name ‘and a nucleotide sequence for each sequencing read

v |

=z

ote 1 to entry: Additional information is usually encoded in the read identifier by bioinformatics toolg (such as
database information, and base calling information).

3.20
ASTQ
(IR that'includes FASTA and quality values

L |

21
e A

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://standardsiso.com/api/?name=0281f9224b153c8589beb6fb706cab63

ISO/IEC 23092-6:2023(E)

3.22

genomic descriptor

descript
element

or
ofthe 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

3.24
genomi
position

integer humber representing the zero-based position of a nucleotide within a referencesequence

3.25
genomi
range
interval
thats <

Note 1 to

3.26
genomi
record
data str
and qua

3.27
genomi
position

3.28
genomi
0-based

in a gengmic record

Note 1t
bases pr

mapping

3.29

genomi
referend
collectid

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

C position

C range

of positions on a reference sequence specified by a start position s and an end position e such

h

entry: The start and the end positions of a genomic range are alwaysincluded in the range.

C record

Lcture representing a tuple optionally associatediwith alignment information, read identifig
ity values

=]

C record index
of a genomic record in the sequenceof genomic records encoded in an access unit

C record position
position of the leftmost mapped base on the reference genome of the first alignment containefd

o

entry: A base present-ih the aligned read and not present in the reference sequence (insertion) anl
bserved by the alighment process but not mapped on the reference sequence (soft clips) do not hay
positions.

¢

C reference
e
n.ofreference 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.

sequence of a genomic segment for a specified copy of the genome or individual wheneyver mpre than
ne allele for that segment is present

.33
enotype matrix
etrix specifying which genotype is present in each copy of the genome or individual

ne or more bases originally present at either side of a read, and renioved from it following alignment
ote 1 to entry: The bases are no longer present in the sequence of theread.

.35

ipdel
ntiguous stretch of nucleotides that, when aligning'two sequences, are inserted into one sequence, or
Iternatively deleted from the other, in order to make the two sequences the same

ote 1 to entry: From “insertion or deletion”.

.36
ipsertion
ntiguous addition of one or more-bases into a genomic sequence

37

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

.38

apped base
ase of the aligned read that either matches the corresponding base on the reference sequende or can
e turnediinto the corresponding base on the reference sequence via a substitution

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 fepresentation 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 [genotyping
informafion about consecutive genotypes along the genome which keeps information about the
differen copies of the genome (or different individuals) separate, whenever muiltiple alleles are preserjt

3.45
quality value

quality §core

numberjassigned to each nucleotide base call in automated sequencing processes

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

<)

3.46
read grpup
set of repds having some property in common

3.47
read identifier

read hegder

read nagne

text stripg associated with each sequencing read stored in GIRs such as FASTA, FASTQ and SAM

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

3.48
referenfe genome
represenmtative exaiple of the sequences for a species’ genetic material

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

3.49
referencesequence
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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3.51
SAM
GIR that is human readable and includes FASTQ plus alignment and analysis information

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

ad 2

second segment of a paired-end template

ote 1 to entry: Sequencing platforms usually store first and second ends in two separate files ahd in the same
der - 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

.53
quencing read
ad
adout, by a specific technology more or less prone to errors, of a'continuous part of a segment of
ucleotides extracted from an organic sample

.54
ingle-end read
thple made of one segment

spft clipped bases
adone or more bases at either side of the read that have been ignored during the alignment pfocess

ote 1 to entry: The bases are still present in the sequence of the read.

.57

liced read
ligned read which;,“as a consequence of biological splicing, covers non-continuous portiorls of the
reference genomebeing the result of biological splicing

Note 1 to entryThe read comes from RNA-sequencing and contains at least one junction between two copsecutive
elxons.

3.58

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 7
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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 either 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 variants
of DNA, |ncluding annotations.

4 Abbreviated terms

AU access unit

AAU annotation access unit

CRPS computed reference parameters set
GIR genomic information representation
LUT look up table

QVPS quality values parameters set

5 Conventions

5.1 General

[72)

This clafise contains the definition of operators, notations, functions, textual conventions and processg
used thijoughout this doéument.

The mathematical operators used in this document are similar to those used in the C programmin
languagp. However,‘the results of integer division and arithmetic shift operations are specified mo
precisely, and sadditional operations are specified, such as exponentiation and real-valued division.
Numberfing<and counting conventions generally begin from 0, e.g., "the first" is equivalent to the 0-th,
"the secpndj' 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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x&&y

x[ly

!

x?y:z
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Boolean logical "and" of x and y
Boolean logical "or" of x and y
Boolean logical "not"

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

A N
lVJ‘< ~ I~

f(i)

W
<

%y

The following arithmetic operators are defined:

3.4 Relational operators

The following relational opefators are defined as follows:

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

Exponentiation. Specifies x to the power of y. In other contex{s; such notation is used for su-
perscripting not intended for interpretation as exponentiation.

Integer division with truncation of the result toward zero. For example, 7 / 4 and -7|/ -4 are
truncated to 1 and -7 / 4 and 7 / -4 are truncated to ~1.

Used to denote division in mathematical equationis where no truncation or rounding is ihtended.

Used to denote division in mathematical equations where no truncation or rounding is ihtended.

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

Modulus. Remainder of x divided by y, defined only for integers x and y with x 2 0 anl y > 0.

Greater than
Greater:than or equal to
Lessthan

l/ess than or equal to

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.

X>>y

X<<y

5.6 Agssignment operators

The follgwing arithmetic operators are defined as follows:

5.7 Range notation

The follgwing-netation is used to specify a range of values:

X=y.z

B;t \A4 ;DC "CAD}UD;VC Ul "- ‘VAV’hCll UPCI at;us Ull ;utcscx al sulucuto, UlJCl atco Jvll d tVV U'D LUllllJ}ClllCl t
representation of the integer value. When operating on a binary argument that contains fews
bits than another argument, the shorter argument is extended by adding more significdant'bit
equal to 0.

wn =

Arithmetic right shift of a two's complement integer representation of x by ychinary digits.
This function is defined only for non-negative integer values of y. Bits shiftedynto the MSBs g
aresult of the right shift have a value equal to the MSB of x prior to the shift.operation.

wn

Arithmetic left shift of a two's complement integer representation of X'y y binary digits. Thi
function is defined only for non-negative integer values of y. Bits'shifted into the LSBs as
result of the left shift have a value equal to 0.

[SS V7Y

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

Assignment operator

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

Decrement, i.e., Xx- - is equivalent to x = x — 1; when used in an array index, evaluates to thee
value 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 equivaler]t
tox=x+ (-3).
Decrement by athount specified, i.e., x —= 3 is equivalent to x = x - 3, and x —= (-3) is equivaler]t

tox =x - (-3).

xtakes on infpgpr values cfnrfing from vtoz, inr‘]ncivp’ with X3 and z hping infngﬂr nunl-

array[x, yJ

bers and z being greater than y.

a sub-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:

10
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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

Min(x,y) {X ; X<=Yy

y 5 x>y
Max(x,y) X 5 x>y
{}’ X<y

DivRem(x,y) the couple (x/y, x%y), i.e. the result and the reminder of the integer division of

el

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

5.9 Array and strings operation functions

[l

Failing singleton dimensions.

ize(array_name[]) returns the number of elements contained in the array array_name[].

rray_dims[] = Size(ndimensional_array[]...[], dim)\*returns the dimensional size(s) of
dimensional_array. If dim is not specified, it returiys a vector with the ith element correspondi
size of the ith dimension. If dim is specified, it returns only the size of the dimension correspo
im, with 1 being the first dimension.

sftrcat(x, y) returns the concatenation of the input arrays or strings.

sftrlen(s) returns the number of characters in the string s.

ertical-wise), for n=1 is done-by columns (i.e., horizontal-wise).
orzcat(x, y) is the same'as concat(x, y, n) when n = 1.

ertcat(x, y) is the same as concat(x, y, n) whenn = 0.

.10 Orderofoperation precedence

fbllowing rules apply:

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

X by y

dims(x) returns the number of dimensions of variable x, 0 if x-4s.a scalar value. The function ignores

variable
hg to the
nding to

ncat(x, y, n) concatenate a 2-dimensional array. When n = 0 the concatenation is done by row (i.e.,

hen thevorder of precedence in an expression is not indicated explicitly by use of parenthgses, the

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

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

indicates a higher precedence.

NOTE For those operators that are also used in the C programming language, the order of precedence used

in this 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++",

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

xY

"X*y; X/y; X+y, 5”,")(%}7"

Yy
"x+y", "k -y" (as a two-argument operator), " Zf(i) "
i=x
g <<y" % 3> "

"x<y""K<y", "x>y","x2y

"X - = "X != y"
IIX & yII
"% |y"
"X &&y'
"X | | y’l
"X?y:z

"X..y"
x=y" A=y X -=y"

5.11 V3griables, syntax elements and tables

Syntax ¢lements in the bitstream are represented inshold type. Each syntax element is described by
its namg (all lower case letters with underscore cha¥acters), and one data type for its method of coded
representation. The decoding process behaves according to the value of the syntax element and to the
values olllf previously decoded syntax elements. When a value of a syntax element is used in the syntajx
tables of the text, it appears in regular (i.e;, 0ot bold) type.

In some|cases the syntax tables may usethe values of other variables derived from syntax element]
values. Juch variables appear in the.syntax tables, or text, named by a mixture of lower case and uppe
case letfer and without any undérscore characters (camel case notation). Variables starting with a
upper cgse letter are derived forthe decoding of the current syntax structure and all depending synta|
structuies. Variables starting with an upper case letter may be used in the decoding process for latg
syntax ftructures withput-mentioning the originating syntax structure of the variable. Variablg
starting|with a lower case‘letter are only used within the clause in which they are derived.

v = X =2 = W0

In some [cases, "mnémonic" names for syntax element values or variable values are used interchangeablly
with thdir numerical values. Sometimes "mnemonic" names are used without any associated numericg
values. The association of values and names is specified in the text. The names are constructed frox
one or moregroups of letters separated by an underscore character. Each group starts with an upp¢d
case letfler-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

natrix s at horizontal position x and vertical position y may be denoted eitherass[x ][y ] or

S Sy A

S|

—

(wwl

o oo o T —t

o~

A

La

]

~.

y

Q

ingle column of a matrix may be referred to as a list and denoted by omission of the row indg
he column of a matrix s at horizontal position x may be referred to as the list s[ x ].

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

where each inner pair of brackets specifies the values of the elements within.a row in in
olumn order and the rows are ordered in increasing row order. Thus, setting a matrix s equal
{49} }specifiesthats[ 0][0]issetequalto1,s[1][0]issetequalto 6,s[ O[] ]is setequal
[ 1][ 1]issetequalto9.

inary notation is indicated by enclosing the string of bit values by single quote marks. For ¢
1000001' represents an eight-bit string having only its second and-itsdast bits (counted from
b the least significant bit) equal to 1.

exadecimal notation, indicated by prefixing the hexadecimal number by "0x", may be used in
inary notation when the number of bits is an integer multiple of 4. For example, 0x41 repre
ight-bit string having only its second and its last bits.fcounted from the most to the least sig
it) equal to 1.

umerical values not enclosed in single quotes andnot prefixed by "0x" are decimal values.

value equal to 0 represents a FALSE condition in a test statement. The value TRUE is repres

any value different from zero.

.12 Text description of logical operators

h the text, a statement of logical operations as would be described mathematically in the f
brm:

[( condition 0 )
statement 0
Ise if( condition.D )

statement<l

bx. Thus,

{.} {}
creasing
to{{16
to 4, and

bxample,
he most

stead of
sents an
rnificant

ented by

bllowing

Ise./* 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{ condifion Ua && condition UD )
statement 0
else if{ cpndition 1a [| condition 1b )

staterment 1

else
statement n
... as follpws / ... the following applies:
If al] of the following conditions are true, statement 0:
condition Oa

condition Ob

Othgerwise, if one or more of the following condifions are true, statement 1:

condition 1a

condition 1b

Otherwise, statement n.

In the tg¢xt, a statement of lagical operations as would be described mathematically in the followinjg

form:
if{ condition 0 )
statement 0

if{ condition¢1\)

statement1

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

023(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

ATTable Or a4 TOWeTr-case variapie.
When invoking a process, the assignment of variables is specified as follows:

+ Ifthevariablesatthe invoking and the process specification do not have the same namg, the ¥
are explicitly assigned to lower-case input or output variables of the process specification.

—+ Otherwise (the variables at the invoking and the process specification thave the samg
assignment is implied.

]

h the specification of a process, a specific coding block may be referred to’by the variable nam
value equal to the address of the specific coding block.

jo5)

[&x ]

.13.2 Process output operators

he dot “.” operator enables identifying named member$ (syntax elements or sub-processes
he output of a process. Dot operator can be applied recursively to descend into the hierarchy
rocesses. For instance, given the sample decoding proeess process_xyz specified in the follow
ccording to the syntax specified in subclause 6.1,

O oo

Table 2 — Sample decoding process

ariables

b name),

e having

within

y of sub-
ng table

$yntax Remarks

process xyz(counter) { A decoding process with one parameter

num A syntax element

for(i = 0; 1 < num * gounter; i++) {
value[i] A syntax element

}

a_sub_process A sub-decoding process within process_xy|

dnother decoding process can access the members of the output of one specified run of prog
drocess, as'specified in the following Table 3.

Table 3 — Accessing members of the output of a decoding process

ess_xyz

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)

that produced xyz

Syntax Remarks
Access the syntax element ‘some member’ of sub-decod-
d = xyz.a_sub process.some member ing process ‘a_sub process’ of the process

xyzTrun

5.14 Method of specifying syntax in tabular form

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

the syntpx may be specified, either directly or indirectly, in other clauses.

Table 4 |ists examples of the syntax specification format. When syntax_element appears, it-Specifie
that a syntax element is parsed from the bitstream and the bitstream pointer is advancded‘to the nex

position|beyond the syntax element in the bitstream parsing process.

Table 4 — Examples of the syntax specification format

—+ U

conditioping statement

Syntax Type
/* A stafement can be a syntax element with an associated data type or can be;ahsexpression used

to specify conditions for the existence, type and quantity of syntax elements,@s'in the following two
examplgs */

syntax_element u(n)

/*A groyp of statements enclosed in curly brackets is a compound statement and is treated func-
tionally ps a single statement. */

{

staterpent

staterment

}

/* A "while" structure specifies a test oftwhether a condition is true, and if true, specifies evaluation
of a statgment (or compound statement] repeatedly until the condition is no longer true */

while( cpndition )

staterment

/* A "do|... while" structurgspecifies evaluation of a statement once, followed by a test of whether a
conditiop is true, and if ru€, specifies repeated evaluation of the statement until the condition is no
longer tffue */

do
statethent

while( cpndition )

/* An "if—etse*structure spetifies atestof whetheracomdition s trueamnd; if the comdition s
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. */
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Table 4 (continued)

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

NISB and proceed to the LSB.

5.16 Specification of syntax functions and data types

The functions presented here are used in the syntactical description. These functions are e
h terms of the value of a bitstream pointer that indicates the position of the nextbit to be red
ecoding process from the bitstream.

QL=

o

yte_aligned( ) is specified as follows:

If the current position in the bitstream is on a byte boundary, i.e. the next bit in the bitstred
first bitin a byte, the return value of byte_aligned( ) is equal to.FRUE.

Otherwise, the return value of byte_aligned( ) is equal toFALSE.

—

ead_bits( n ) reads the next n bits from the bitstream‘and advances the bitstream pointer
ositions. When n is equal to 0, read_bits( n ) is specified:to return a value equal to 0 and to not
he bitstream pointer.

(mils o]

—

he following data types specify the parsing process of each syntax element:

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

n_n

manner dependent on the vdlue of other syntax elements. The parsing process for this d
is specified by the return value of the function read_bits( n ) interpreted as a two's com
integer representation with most significant bit written first.

st(v): null-terminated-string encoded as universal coded character set (UCS) transmission {
(UTF-8) characters as specified in ISO/IEC 10646. The parsing process is specified as

continuingap-to but not including the next byte that is equal to 0x00, and advances the b
pointer by/¢StringLength + 1) * 8 bit positions, where stringLength is equal to the number]
returned.

n__n

u(n)>unsigned integer using n bits. When n is "v" in the syntax table, the number of bits v3
manner dependent on the value of other syntax elements. The parsing process for this dat

pressed
d by the

m is the

by n bit
advance

rst. The
(n).

i(n): signed integer using n bits(When n is "v" in the syntax table, the number of bits vafries in a

ata type
plement

ormat-8
follows:

st(v) reads and\returns a series of bytes from the bitstream, beginning at the current position and

tstream
of bytes

riesin a
h type is

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

ation of

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
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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.

Subclauge6- i1 ;i ;
parameter set identifier and encoding parameters for each descriptor or attribute.

Subclauge 6.4 specifies the structure of an annotation access unit, which consists of an annptatiop
access unit header followed by one or more blocks (as specified in subclause 6.4.4).

The raw| reference, parameter set and access unit structures are specified in ISO/IEC.23092-2 and arje
out of sdope of this document.

6.2 Data unit

This sulclause specifies the data structure used to represent a data unit (see Table 5).

Table 5 — Data unit syntax

Syntax Type
data urit () {
datg unit_type u(8)
if ({data unit type == 0) {
ddta_unit_size u(64)
rqw_reference () As specified in ISO/IEC 23092-2
}
elsq if (data unit type == 1) {
geserved u(10)
data_unit_size u(22)
darameter set () As specified in ISO/IEC 23092-2

elsq if (data unit-~type == 2){

geserved u(3)
data_unit size u(29)
dccess bt () As specified in ISO/IEC 23092-2

}
elsq 9f) (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
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Table 5 (continued)

Syntax

Type

}

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

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

d

d

—

o}

QD

A

D =

ata_unit_type specifies the type of data unit. Table 6 lists the values of data_unit_type
associated 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

parameter set

ISO/IEG.23092-2

access unit

ISQ/IEC 23092-2

annotation parameter set subclause 6.3

1
2
3
4

annotation access unit

subclause 6.4

and the

ata_unit_size is the total size in bytes of the data unitdncluding the bytes used for data_unit_type

and data_unit_size

hw_reference() is the raw reference data structurezas specified in ISO/IEC 23092-2.

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

conformant bitstream contaihing at least one data unit of type (annotation) access unit shal
at least one data unit of type’/(annotation) parameter set.

.3 Annotation parameter set

.3.1 General

his subclause specifies the syntax and semantics of an annotation parameter set, which cont
ncoding parameters used during the decoding process of an annotation access unit (see Table

= Table7 —Annetationparametersetsyntax

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

]nnotation_parameter_set() is the annbtation parameter set data structure as specified in subcl

nnotation_access_unit() is the anrotation access unit data structure as specified in subclause

huse 6.3.
6.4.

contain

ains the
7).

© ISO/IEC 2023 - All rights reserved

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)

19


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

ISO/IEC 23092-6:2023(E)

Table 7 (continued)

Syntax Type Remarks

for

}

}

tile config[i] As specified in subclause 6.3.2

annotation encoding parameters () As specified in subclause 6.3.3

(i = 07 1 <= n_aux attribute groups; i++) {

parame
paramef

AT ID i
associat

AT _alph
these e
ISO/IEC

reserve

AT _cool
coordin

tile_con

annotat
annotat

Table 8

AT _pos|
all varia
variable

n_aux_dg

6.3.2

ter_set_ID is the unique identifier of the parameter set containing the annotation encodinlg
ers.

5 the unique identifier of the annotation table to which this annotation parameéter set is
ed.

=}

abet_ID identifies the alphabet of symbols used for data encoded in access-tinits referring t
coding parameters. The symbols associated to each value of AT _alphabet_ID are specified i
23092-2.

=

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

d_size is a value that indicates the number of bits required. to represent a row/colump
nte of the annotation table (see Table 8).

ig is a data structure specified in subclause 6.3.2 carryifg the tile configuration.

on_encoding_parameters is a data structure specified in subclause 6.3.3 carrying the
on encoding parameters.

— AT _coord_size values that indicate themnumber of bits for representing the coordinate
of a row/column in‘an annotation table

AT _coord_size Size in bits
0 8
1 16
2
3

32
64

4.0_bits_flag is setto T when the variant positions are expressed as 40 bits integers. Otherwisg,
nt positions are‘expressed as 32 bits integers. In the scope of this document, the value of thie
posSize is set,to/32 when pos_40_bits_flag is equal to 0 and set to 40 otherwise.

ttribute_groups is the number of auxiliary attribute groups in the associated annotation table.

Tilé.configuration

6.3.2.1

The tile
descript

20

General

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

}

additional tile sfixucturel[i]

Syntax Type Remarks
tile configuration {
AG_class u(3)
attribute_contiguity u(l)
two_dimensional u(l)
if (two_dimensional) {
reserved u (o)
column major_ tile_order u(l)
symmetry mode u(3)
symmetry minor_ diagonal u(l)
} else {
reserved u(3)
}
attribute_dependent_tiles u(1)
default tile structure() As specified in subclause 6.3.2.2
if (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}y Jj++) |
descriptor ID[i][]] u(7)

As specified in subclause 6.3.2.2

AG_class is theiclass of the attribute group to which this tile configuration applies.

ttribute-contiguity is a flag, if set to 1, indicates that blocks are grouped into annotation acc¢ss units

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

twe_dimensional is a flag, and if set to 1, indicates that the associated descriptors/attributes are
-dimensional Qtherwise fhpy 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.

Itis

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

structur

If attribyite_dependent_tiles == 1, additional tile structures are specified using the following fields:
n_afld_tile_structures is the number of additional tile structures for the attribute group

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

attn

n_dpscriptors[i] is the number of descriptors sharing the ith additional tile'structure

de

7]

add
add

6.3.2.2

The tile
defined

e of all attributes and descriptors belonging to the same attribute group.

ibute_ID[i][j] is the jth attribute ID associated with the ith additional tile stucture

criptor_ID[i][j] is the jth descriptor ID associated with the ith additienal tile structure

tional_tile_structure[i] is the data structure specified in §ubclause 6.3.2.2 carrying the if?
tional tile structure

Tile structure

[72)

data structure (see Table 10) specifies how aniiotation data is divided into rectangular tilg
by ranges of row and column indices.

Table 10 — Tile structure syntax

Syntax

Type Remarks

tile st
rese
vari
n_ti

if

fq

ructure {
rved u(7)
able_size tiles u(1)

les u(v) v dependent on AT coord size a$
specified in subclause 6.3.1

variable size EAles) {

r (i=0; i<p)t¥les; i++) |

two_dimensional as specified in
subclause 6.3.2.1

v dependent on AT coord size a$
specified in subclause 6.3.1

for (3€0y' j<(two_dimensional + 1); Jj++) {

start _index[i][j] u(v)

}

22

} else {

for (j=0; j<(two dimensional + 1); Jj++) {

v dependent on AT coord size as

end_index[1][J] uv) specified in subclause 6.3.1

v dependent on AT coord size as

tile_sizeljl u) specified in subclause 6.3.1
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Table 10 (continued)

Syntax Type Remarks

}

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.

=

_tiles specifies the total number of tiles defined in this tile structure. The number of bits fo
i$ the same as the number of bits for annotation table coordinates, to allow having one-tile pe
dolumn in an annotation table.

start_index[i][j] and end_index[i][j] is the pair of start and end indices definingtle range o
= 0) or columns (j == 1) for the ith rectangular tile, only used when variable_size-tiles == 1.

[l

ize_tiles == 0.

(%)

4.3.3 Annotation encoding parameters

QL =

ecoding process of an annotation access unit.

Table 11 — Annotation enceding parameters syntax

r n_tiles
I' TOW Or

[ rows (j

jle_size[j] specifies the number of rows (j == 0) or columns (j == 1) per tilej only used when yariable_

he annotation encoding parameters (see Table 11) are cainfiguration parameters used dufring the

© ISO/IEC 2023 - All rights reserved

Syntax Type Remarks
nnotation encoding parameters () {
n_filter u(8)
for (1 = 0; 1 < n filter; i++)¥
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])
}
n_features_nafes u(8)
for(i = 0; 49)< n features names; i++) {
features/name len(i] u(6)
features name[i] c(features name len[i])
}
n\/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
}
n_compressors u(8)
for(i = 0; 1 < n_compressors; i++) {

23
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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++){
L , L See
SR EEeeEE e subclause 6.3.6
}
while ( !byte aligned( ) ) {
nesting zero bit £(1) One pitset to 0
}
}

n_filter|specifies the number of filters.

filter_ID)_len[i] specifies the i-th filter id length.

filter_ID|[i] specifies the i-th filter id as an array of filter_ID_len[i] characters.

desc_len[i] specifies the i-th feature description length.

description[i] specifies the i-th description as an array of des¢xlen[i] characters.
n_features_names specifies the number of features.

features_name_len[i] specifies the i-th feature name Jength.

features_nameli] specifies the i-th feature name-ds‘an array of features_name_len[i] characters.
n_ontolpgy_terms specifies the number of ontology terms.

ontologly_term_name_len[i] specifies theji-th ontology name length.

ontologly_term_name[i] specifiessthe i-th ontology name as an array of ontology_name_len]i]
charactgrs.

n_descrjiptors specifies the aiumber of available specific decoding descriptor configurations.

descriptior_configuration{i] contains a specific descriptor decoding configuration as specified i
subclauge 6.3.4.

—

n_compjressors<$pecifies the number of available compressor parameter sets.

—

compregsorzparameter_set[i] contains a specific compressor decoder configuration as specified i
subclauge,3.5.

n_attributes specifies the number of available attribute parameter sets.

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 General

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 © ISO/IEC 2023 - All rights reserved
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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 11 (descriptor ID == LIKELIHOOD) {

likelihood parameters () See subclause 6.3.4.3
} else if (descriptor ID == CONTACT) {

contact matrix parameters () See subclause 6:3.4.4
}
algorithm parameters (encoding mode ID) See subclause 8.1

descriptor_ID defines the unique identifier of the descriptor (see subelause 7.1) for which the dgscriptor
donfiguration is defined. Table 39 lists the values of descriptor_ID,ranging from 1 to 22.
dncoding_mode_ID identifies the codec (referenced by ,algorithm_ID) that shall be ysed for
decompressing the descriptor blocks identified by descripterD. Table 42 lists the values of algorithm_
ID, ranging from 16 to 31.
genotype_parameters() is the data structure defined in subclause 6.3.4.2 carrying the additional
genotype parameters when descriptor_ID is equal t@15 as specified in Table 39.
l{kelihood_parameters() is the data structure‘defined in subclause 6.3.4.3 carrying the additional
likelihood parameters when descriptor_ID isiéqual to 16 as specified in Table 39.
dontact_matrix_parameters() is the data:structure defined in subclause 6.3.4.4 carrying the additional
dontact matrix parameters when descriptor_ID is equal to 22 as specified in Table 39.
dlgorithm_parameters(encoding_ ‘mode_ID) is the data structure defined in subclause 8.1 carrjying the
decoder configuration parameters for the specific encoding mode defined by encoding_mode_ID.
4.3.4.2 Genotype parameters
This subclause specifies the syntax (see Table 13) and semantic of genotype parameters stru¢ture for
descriptor GENOTYPE.
Table 13 — Genotype parameters syntax
Syntax Type
enotype parameters () {
— max_ploidy T{o]
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)
© ISO/IEC 2023 - All rights reserved 25
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Table 13 (continued)

}

} elde {

}

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)
soft_phases_cols_flag u(l)
trgnspose_phases_mat_flag u(l)
phdses_codec_ID u(l)
phgses_value u(l)

max_ploidy signals the maximum number of haplotype or ploidy for each sample.

no_reference_flag, if set to 1, signals that the genotype payload contains no reference value (i.g,
denoted{with “”). Otherwise, genotype payload contains reference value;

not_available_flag, if set to 1, signals that the genotype payload.€ontains genotype with ploidy lowg

than mafx_ploidy.

binarization_ID defines the binarization method and associated decoding process (see Table 14).

Table 14 — Binarization ID values and associated decoding process

—

binjarization_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
corresppnds to the number of bits;required to store a genotyping matrix value.

concat_pxis defines the direction along which the binary matrices are concatenated as defined i

Table 1§ when binarization:id equals to BIT_PLANE.

Table 15 — Values of concat_axis and associated decoding process

—

concatraxis Value name

Description

0 CONCAT_ROW_DIR

Concatenate matrices in row direction

Concatenate matrices in column direc-

1 CONCAT_COL_DIR

tion

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.

26
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Table 16 — Values of num_variants_payloads and associated condition

Condition num_variants_payload

binarization_ID == BIT PLANE && concat_axis == CONCAT_ROW_
DIR

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

1

rt_variants_rows_flag]i], if set to 1, signals that the rows of variants_payloads[] as spefified in
sjubclause 6.4.4.3.2 with index i are sorted.

rt_variants_cols_flag[i], if set to 1, signals that the columns of variants_payloads{]as spekified in
sjubclause 6.4.4.3.2 with index i are sorted.

transpose_variants_mat_flag[i], if set to 1, signals that the binary matrix decoded from variants_
ayloads[] as specified in subclause 6.4.4.3.2 with index i is transposed.

ariants_codec_ID[i] specifies the codec identifier, with values from 16¢e 31 as specified in Table 42,
quired to decode variants_payload[] as specified in subclause 6.4.4(3)2 with index i.

ncode_phases_data_flag, if set to 1, signals that the phasing matrix contains only one distingt value.

rt_phases_rows_flag, if set to 1, signals that the ,rows of phases_payload as spedified in
subclause 6.4.4.3.2 are sorted. Otherwise, it is set to 0 fordinsorted data.

rt_phases_cols_flag, if set to 1, signals that ther'columns of phases_payload as speg¢ified in
subclause 6.4.4.3.2 are sorted. Otherwise, it is set t@’0 for unsorted data.

transpose_phases_mat_flag, if set to 1, signals that the binary matrix decoded from phases[payload
ds specified in subclause 6.4.4.3.2 is transposed.

phases_codec_ID specifies the codec identifier, with values from 16 to 31 as specified in Table 42,
equired to decode phases_payload as'specified in subclause 6.4.4.3.2.

—

phases_value defines the values eentained in the phase matrix.

4.3.4.3 Likelihood parameters

—

his subclause specifies the syntax (see Table 17) and semantic of likelihood parameters strugture for
descriptor LIKELIHOOD.

Table 17 — Likelihood parameters syntax

Syntax Type
fikelihood parameters () {
num_gl_per_sample u(8)
transform flag u(1)

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.
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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_gamples u(s)
for {i=0; i<num samples; i++) {
sanple ID[i] u(8)
s:Iple_name [i] st(v)
}
num_ghrs u(8)
for {i=0 i<num chrs; i++)
chd ID[i] u(8)
chy name[i] st(v)
chy length[i] u(64)
}
intenval # (replace resolution) u(32)
tile |size u(32)
num_interval multipliers u(8)

for {i=0; i<num interval multipliers; i++);

inferval multiplier[i] u(32)
}
num_rlorm_methods u(8)

for {i=0; i<num norm methods; i++)4

nofm method ID[i] u(8)
noym method name[i] st(v)
noym method mult flagl[i] u(1)
regerved u(7)
}
num_rlorm matrices u(8)

for (i=0; i<nunfdrerm matrices; i++) {
noym matrix \ID[i] u(8)

noym matrix 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.

023(E)

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

i ltUl Val_lllult;l.ll;cl [;] ib t}l\: iutcx Vcll lllu}tiy}icl Dul.}lJUI tcd by tlllib Dtl u\,tt,u C clt illdCA 1
num_norm_methods specifies the number the normalization methods which weights are-stor

orm_method_ID[i] is the unique identifier of the normalization method at index i which wei
tored in the CM bin payload structure specified in 6.4.4.3.4.2.

wn_=

=

orm_method_name][i] is the name of the normalization method with index’i which wei
tored.

W

rnorm_method_mult_flag[i] if set to 1, it signals that during the on-thexfly normalization each
he contact matrix tile shall be multiplied by the product of two wgights. Otherwise, each ent
ontact matrix tile shall be divided by the product of two weights.

o ct

rieserved are bits used to preserve byte alignment and shall be set to 0.
num_norm_matrix specifies the number of normalized matrices stored.
norm_matrix_ID[i] is the unique identifier of the norihalized matrix at index i.
rnorm_matrix_name[i] is the name of the normalized matrix at index i.

um_bin_entries specifies the number of bins@f the chromosome with the identifier chr_ID and

o =

If num_

ed.

ghts are

bhts are

entry of
'y of the

depends

n interval_multiplier and interval. It~is’ computed as follows: Ceil(chr_length[chr_ID]/(interval_

multiplier*interval)).
rum_tiles specifies the number pf tiles of the chromosome with the identifier chr_ID given [nterval,
interval_multiplier and tile_size. [tis computed as follows: Ceil(num_bin_entries/tile_size).
thrget_tile_size is the decoded or target tile_size given multiplier mult. It is computed as followd: target_
tile_size = Floor(tile_sizé/mult).
tprget_interval is tHe‘interval of decoded tile. It is computed as follows: target_interval = interval*mult.
thrget_chr_lenjs bhe chromosome length chrs_length[i] with index i given chromosome id chr_IP equals
tp chr_ID[i].
€4.3.4.5_. Contact matrix (CM) submat parameters
THis)subclause specifies the syntax (see Table 19) and semantic of CM submat parameters strug¢ture for
escriptor CONTACT.
Table 19 — CM submat parameters syntax
Syntax Type
cm_submat parameters () {
chrl ID u(8)
chr2_ID u(8)
for (i=0; i<ntiles in row; i++) {
for (3j=0; j<ntiles in col; J++){
29
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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)
}
— bimartzation gty u(l)
}
}
row_mask exists_flag u(1)
col_:Iask_exists_flag ufl)
whildg (!byte aligned()) {
nedting zero bit f(1D)
}
}

chri1_ID| specifies the unique identifier of the first chromosome of the.chromosome pair.

chr2_ID specifies the unique identifier of the second chromosame of the chromosome pair.

ntiles_ir]_row specifies the number of contact matrix tiles of CM matrix payload specified in 6.4.4.3.4.3
in row direction. It is inferred from the chr_length[] and:tile_size fields in the Contact matrix (CM) ma
parameters defined in subclause 6.3.4.4 as follow: ntiles_in_row = Ceil(nrows/tile_size) and nrows i
inferred as follows: nrows = chr_length[i] where chidID[i] (defined in subclause 6.3.4.4) equals to chrl_

ID.

ntiles_ir]_col is the number of contact matrix tiles of CM matrix payload specified in 6.4.4.3.4.3, i
column [irection. It is inferred from the ghr_length[] and tile_size fields in the Contact matrix (CM
mat parpmeters defined in subclause 6.34.4 as follow: ntiles_in_col = Ceil(ncols/tile_size) and ncols i
inferred as follows: ncols = chr_length}i] where chr_ID[i] (defined in subclause 6.3.4.4) equals to chr12_

ID.

is_symnpetrical is set to 1 if chil'_ID equals chr2_ID.

diag_transform_flag[i]j]," if set to 1, signals that diagonal transformation is applied to the Cl
tile structure specified in 6.4.4.3.4.4 with index i for the First dimension and index j for the secon
dimensipn.diag_transform_mode[i][j] specifies the diagonal transform mode for the CM tile structur
specifieql in 6.4.4.3)4.4 with index i for the first dimension and index j for the second dimension.

binarization\flag[i][j], if set to 1, signals that the CM tile structure specified in 6.4.4.3.4.4 with index
for the flrst/dimension and index j for the second dimension is binarized using row binarization.

N -+

— =

v

D ==

—

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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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
ompressor—parameter—set—
compressor_ID u(8)
n_compressor_steps u(4)
for (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]) {
algorithm parameters(algorithm ID) As_sspecified in subclauge 8.1
}
n_in vars[i] u(4)
for (3=0; Jj<n _in vars[i]; j++){
in var ID[i][]j] u (4.
prev_step ID[i] []] u\(¢4)
prev_out var ID[i][]] u(4)
}
n_completed out vars[i] u(4)
for (§=0; j<n completed out wvats([i];
++) |
completed out_var_ ID[i]\g] u(4)
}
}
while ( !byte aligned¢’) ) {
nesting_ zero bit £(1) One bit set to 0
}
dompressor/ID is the unique identifier of the compressor within the annotation table. Note|that the

value 0 jsreserved 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.

pleted_out_var_ID[1][JT1s
further processing by the compressor.

6.3.6 Attribute parameter set

Attributle parameter set is a box that contains the definitions of an attribute, includirg some basic
informafion and configuration of its associated compressor (see Table 21).

completed output variable of step 1

Table 21 — Attribute parameter set syntax

=}

atrequiresn

attgibute_default val

attgibute_miss_val_ flag

if (attribute miss val fla@))™{
atribute miss_default \flag
iff (lattribute misg default flag) {

attribute_miss) val

}

Syntax Type
attribyte parameter set ({
attgibute_ ID ug16)
attgibute_name_ len u/l8)
attgibute_name c(attribute name len)
attgibute_type u(8)
attyibute_num array dims u(2)
for|(i = 0; i < attribute num array dims; i+%) “{
gttribute_array dims[i] u(8)

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

compressor_1D

for

for (3 = 0;

32

afftribute miss_str st (v)
T8
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)
}
}
}
ey errreeH——
nesting zero bit £(1)
}

ttribute_ID is the identifier of the attribute, unique within an annotation parafieter set.
ttribute_name_len is the length of the attribute name.

ttribute_name is the name of the attribute with length attribute_name.len.
ttribute_type specifies the data type of the attribute as specified.itvTable 40.

ttribute_num_array_dims specifies the number of array dimensions of an attribute entry, (
scalar value.

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

attribute_default_val is the default value of the‘attribute (i.e., it can be used for sparse encodi
most values equal to the default are excluded);

attribute_miss_val_flag is a flag, if set to.1, indicates the attribute contains missing values. Ot
it has no missing value.

dttribute_miss_default_flag is aflag, if set to 1, indicates that the bit pattern consisting of al
used to represent empty or NULL values. It is only specified if attribute_miss_val_flag == 1 3
jpplicable if the attribute typeis numeric (signed/unsigned, integer/float/double),

t

tribute_miss_val is the value for representing empty or NULL values. It is only specified if af
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 attribute 3
decoding progess. It is only specified if attribute_miss_flag == 1.

(ompressor_ID is the ID of one of the compressor parameter sets, as specified in subclau

ifitis a

omitted

ng when

herwise,

| ones is
ind only

tribute_

Wfter the

se 6.3.5,

definedsinrthe dataset that is used for the coding of this attribute.

=

_steps_with_dependencies is the number of steps in the compressor referenced by compr

pssor_ID

b 1 | | L | £ 1de
t IdU HIVUIVE UTPTIIUTIIL Yy VAl IdUITS TUT IS PIUCTSS.

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

endency

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_st
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

6.4 Annotation access unit

| zero_bit is one bit set to 0.

6.4.1 [General
The Anrjotation Access Unit (AAU) (see Table 22) contains the compressed repréesentation of genomic
annotatjons.
Table 22 — Annotation access unit syntax

Syntax Type
annotafjion access unit() {

AT 1D u(8)

AT fype u(4)

AT gubtype u(4)

AG_d¢lass u(3)

resgqrved u(5)

anndtation access unit header See subclause 6.4.2

for |(i=0; i < n_blocks; i++) { n_blocks as specified in subclause 6.4.2

Hlock[i] See subclause 6.4.4

}
}
AT_ID i$ the annotation tahlle) ID used for identifying the dataset parameter set that contains thie
parameters required for the’decoding of this annotation access unit.
AT _type is the type of the genomic data encoded in the associated annotation table. Possible values are
specifiefl in Table 24 6f subclause 6.4.3.
AT_subtype is:theé subtype of the genomic data encoded in the associated annotation table. Possible
values afe specified in Table 25 of subclause 6.4.3.
AG clas 3tha Attt n grosan clacc ta vhieh thic apmpmatatian accncc it halonge pead for idaneif i

SIS T Ot To atC s T OO P CIo s S CUT Vv I CIT oIS oo ta U ottt o5 Ot e OCTIUTTS S, o C O TUT TOCTIIeIT y It

the attribute group-specific tile configuration required for the decoding of this annotation access unit.

reserve

d 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]

34

is the data structure carrying the block data specified in subclause 6.4.4.
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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
R PN <l L
cetton—ea —orre—header—
if (attribute contiguity) { As specified in subclause 6.3.%
is_attribute u(l)

if (is_attribute) {

attribute_ID u(lo)
} else {
descriptor_ID u(7)

two dimensional as specified in

) . , subdlause 6.3.1
if (two dimensional &&

Variable size tiles asspecifidd in

! iabl i til . .
variable size tiles) { subclause 6.3.2.2 in the tile structlrre as-

sociated with the descriptor/attrilbute
if (column major tile order) { As specified in subclause 6.3.1
n tiles per col (D v depends on AT coord_size as specified
- Per_ in subclause 6.3.1
} else {
n tiles per row 0 (V) v depends on AT coord size as specified
- Per_ in subclause 6.3.1
}
n_blocks . () v depends on AT coord size as specified
in subclause 6.3.1
}
} else {
tile index 1 a () v depends on AT coord size as specified
- - in subclause 6.3.1
tile index ‘2)exists u(l)

if (tiléiividex 2 exists) |

v depends on AT coord size as specified

i i 2 .
EQ-index_ u(v) in subclause 6.3.1

}
n blocks u(le)

}
while ( !byte aligned( ) )
nesting zero bit £(1) One bit setto 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,
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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,

If atitribute_contiguity == 0,

n_blocKis is the number of blocks contained in the annotation access unit.

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 ==

tile_index_1 is the index of the tile whose data is contained in this annotation accéss unit. |f
two_dimensional == 1 and variable_size_tiles == 0, it corresponds to the row index of the tile.

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

tile_index_2 is the column index of the tile whose data is containied in this annotation access
unit, only specified if two_dimensional == 1 and with variable_size _tiles == 0.

6.4.3 Annotation access unit types
AAUs cap be of different types according to the nature of the‘coded annotation table data. An annotatiop
access unit contains encoded annotation table records belonging to a single annotation table type ds
shown ih Table 24.
Table 24 — Class of encoded data per annotation table type
Annotation table type
Data type
Ann tabjle type name Value
VARIANIT'S 1 Genomic variants
FUNCTIPNAL_ANNOTATIONS |2 Functional annotations
GENE_EKPRESSION 3 Gene expression values
CONTAQT_MATRICES 4 Position-to-position contact intensity values
TRACKS 5 Genome browser tracks
For eacll annotatieii table type, the sub-type specifies the external data formats used as template als
specifiedl in Table'25.
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
36
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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

4.4.4 Block

4.4.4.1 General

This subclause describes the syntax (see Table 26) and semantics of block §tpucture.

Table 26 — Annotation access unit block syntax

Syntax Type
lock () {
block_header () See subclaus€ 6.4.4.2
block payload () See subclause 6.4.4.3
Hlock_header is the data structure carrying theblock header specified in subclause 6.4.4.2.

low

lock_payload is the data structure carrying'the block payload specified in subclause 6.4.4.3.

4.4.4.2 Block header

This subclause describes the block‘header syntax (see Table 27) and semantics.

Table 27 — Block header syntax

Syntax Type Remarks
lock header () A
if (attribifte contiguity == 0) { As specified in subclausk 6.3.2.1
descriptor ID u(8)
if_\Ndescriptor ID == ATTRIBUTE) {
attribute_ ID u(le)
}
}
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 suﬂﬂmmveﬁ&ﬁmmwmmmmoﬂ—Me
containing entropy-coded descriptors or attributes.

Table 28 — Block payload syntax

Syntax Type
block gayload(descriptor ID) {
if (descriptor ID == GENOTYPE) ({
denotype payload() See subclause 6.4.4.3.2
} elge if (descriptor ID == LIKELTIHOOD) {
J]ikelihood payload() See subclause 6:4.4.3.3
} elqe if (descriptor_ ID == CONTACT) {
foq (i=0; i<num chrs;i++) num_chrs is defined in 6.3.4.4
qm bin payload[i] Seésubclause 6.4.4.3.4.2
}
cm |mat_payload () See subclause 6.4.4.3.4.3
} elde {
gerfferic_payload() c(block_payload_size)

}
whild ( !byte aligned() ) {
negting zero bit f(1)

}

genotyple_payload is the datasstructure specified in 6.4.4.3.2 carrying encoded genotype payload.
likelihogd_payload is the-data structure specified in 6.4.4.3.3 carrying encoded likelihood payload.

cm_bin_jpayload[i] is/tlfe data structure specified in 6.4.4.3.4.2 carrying CM bin payload of the ifh
chromogome.

num_chfs spegifies 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 Ilagli]) [ See subclause 6.5.4.2.
sort_variants_row_ids_payload_size[i] u(32)
sort variants row ids payload[i] See subclause 6.4.413.2.3
}
if (sort_variants_col_flags[i]) { See subclause 6.3.4.2.
sort_variants_col_ids_payload size[i] u(32)
sort variants col ids payload[i] See(subclause 6.4.4.3.2.3

}
binarization_ID is speqified in

if (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)
phases payload See subclause 6.4.4.3.2.2

rjum variants payloads is specified in subclause 6.3.4.2.

<

ariants_payload_size[i] is the size in bytes of the binary matrix payload structure named yariants_
fdayloads[i] with index i.

variants_payloads[i}is-the 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 specifjed with
index i are sotted as specified in subclause 6.3.4.2.

rt_variants_row_ids_payload_size[i] is the size in bytes of the row_col_ids_payload structure sort_
ariants:row_ids_payloads with index i.

sprfvariants_row_ids_payload[i] is the row_col_ids_payload structure with index i as spefified 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_amax_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

6.4.4.3.2.2 Binary matrix payload

This subhclause specifies the syntax (see Table 30) and semantics of the binary matrix payloadsstructurg,

containing entropy-coded binary matrix.

Table 30 — Bin mat payload syntax

Syntax Type
bin mafl payload() {
if (dodec ID == JBIG) {
pagjload See ISO/IEC 11544
} eldqe if (codec ID == CABAC) {
nrdws u(32)
ncdls u(32)
payload () See ISO/IEC 23092-2
}
}
codec_IID specifies the compression algorithm identifier compression_algorithm_id required to decode

either jH
Table 47
phases_
nrows i

ncols is

payload
is a bits

ig_payload() or cabac_payload().-Thé value of codec_ID shall be CABAC or ]JBIG as specified ip
. The codec_ID is specified as variant_codec_ID for variants_payload[i] or phases_codec_ID fdr

pbayload, respectively, in subclause 6.3.4.2.

5 the number of rows of the-decoded binary matrix.

the number of columns of the decoded binary matrix.

is a ]BIG BIE (Bi:level Image Entity) structure compliant to ISO/IEC 11544. Otherwise, payload
tream compliant to ISO/IEC 23092-2. To decode the bitstream, if codec_ID is CABAC, thie

followi

ISO/IEC.23092-2 syntax element values are assumed: transform_ID_subseq is 0, transform_
ID_subsym is 0, binarization_ID is 0, coding_sybsym_size is 1, mpegg_symbol_size is 1, coding_order i

2, bypags_flagis 0, adaptive_mode_flag is 1 and num_contexts is 2.

[72)

6.4.4.3.2:3

R 1 2l 1 |
NUW LUTUIIIIT TUS payivau

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

subclause 9.3.5.3

row_col_ids_elements[i] u(nbits_per_elem)

nelements is specified in

elements is the number of elements of array row_col_ids[]. The value is either the number
nrows or the number of columns ncols in decoding process described in subclause 9.3.5.3,

=

=

bits_per_elem is the bit length of each element and it is inferred with the forniula Ceil(Lo
ntries)), where num_entries is either nrows or ncols of bin_mat[][] as specified insubclause 9

(o)

of rows

b2 (num_
3.5.3.

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

4.4.4.3.2.4 Amax payload

Table 32 — Amax payload syntax

This subclause specifies the syntax (see Table 32) and semantics of'the amax payload structursg.

Syntax Type
max payload() {
nelems u(32)
nbits_per elem u(8)

nelements is spec
subclause 9.3.5.3

is_one_flagl[i] b (1)

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

if (is_one flagl[i])

amax_elements[i] u(nbits per entry)

fied in

nelems specifiestthe number of elements of 1-dimensional array amax[] in the process desd
subclause 9.3.532:

nbits_per_elem is the bit length of each element of the array amax[] in the process desc
sjubclause9.3.5.2.

ribed in

ribed in

bscribed

-

5 cone_flag|i

[a—)

,if setto 1, signals the value of entry of array amax[] atindexiis 1 in the process d

N
2L 0
[YS FYe Yy~

Nsj

pnhol
1R SHOtadse Yo

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

}

additional_payload size

u(32)

u(additional payload size)

transforim_flag, if set to 1, signals a 2-dimensional transformation as specified in sube¢lause 6.3.4.3.
nrows describes the number of rows of 2-dimensinal code array L[][].

ncols dgscribes 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 payload_size bytes.

additio]:al_payload_size is the size in Bytes of the payload field.

additio
size bytes.

al_payload is the compressed array values V[][]¢The size of this field is additional_payload_

6.4.4.3.4 Contact matrix (CM) payload

6.4.4.3.4.1 General

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

6.4.4.3.4.2 CM bin payload

This sulclause specifies the §yhtax (see Table 34) and semantics of the CM bin payload structure.

Table 34 — Contact matrix bin payload syntax

}

Syntax Type
cm_bin |[payload\y/{
chr_ 1D u(8)
sample~ID u(le)
interval multiplier u(32)

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

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

weight values[i] []]

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.

4.4.4.3.4.3 CM matrix payload

This subclause specifies the syntax (see Table 35) and semantics of the CM mat pdyload structyre.

Table 35 — CM matrix payload syntax

Syntax Type

m mat payload() {
sample_ID u(8)
for (i=0; i<ntiles in row; i++) {

for(j=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

}
for (k=0; k< num norm matrices; k++) {
for (i=0; i<ntiles in xroWw; i++) {

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

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

}

#f (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 chr1_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 specified in 6.3.4.5.

is_symmetrical, is set to 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 b§tween U to b INclUSIVe.

tile_payload_size[i][j] is the size in bytes of tile_payloads at index i and j.
tile_payload[i][j]() is the CM tile payload structure as specified in 6.4.4.3.4.4 with index i andj.

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

norm_npatrix_payload_size[k][i][j] is the size in bytes of the compressed kth nermdlized CM matrilx
with index i and j.

norm_npatrix_payload[k][i][j] is the payload of the compressed kth normalized contact matrix with
index i gnd j.

row_mask_payload_size is the size in bytes of the CM mask payload structure as specified in 6.4.4.3.4.5.
row_mask_payload() is the CM mask payload structure as specified in 6.4.4.3.4.5.

col_magk_payload_size is the size in bytes of the CM mask payload structure as specified in 6.4.4.3.4.5.

—_—

col_magk_payload() is the CM mask payload structure‘as specified in 6.4.4.3.4.5. If the is_symmetricz
of the cqrresponding parameter set is set to 1, the content of col_mask_payload is identical to the row
mask_payload and therefore is not stored.

6.4.4.3.4.4 CM tile payload

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

Table 36 — CM tile payload syntax

Syntax Type
cm _tilq payload() {
codeq_ID u(g)
if (dqodec ID !=“JBIG) {
tille nrows u(32)
tille ncols 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 is the number of rows of the CM tile structure.

tile_ncols is 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 Type
m mask payload/() {
transform_ ID u(2)
if (transform id == 0) {
first val u(l)

for (i=0; i<num bin entries; i++) {
mask_array[i] u(l)
}
}
else {
for (i=0; i<num rl entries; i++){

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

}
while (!byte aligned()) {

nesting_zero bit £(1)

}

=+

ransform_ID, if set to value.0ther than zero, signals that CM mask payload structure is transformed
sing run-length encoding.)The number of bits required to store each value of CM mask|payload
tructure and whether the/payload is run-length encoding transformed is specified in Table 38

v o

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

transform_ID Enable run-length transformation nbits_per_val
( false 1

| true 8

p true 16

5 £rue 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
descrigtor_ID Name Type descriptor sub- Semantics
sequences

Identifierof a refer-
1 SEQUENCEID uint16 1 ence'sequence (e.g.
chrorhosome)

Position, on the refer-
ence sequence iden-

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

Position, on the
reference sequence

3 ENDPOS uint64 1 identified by sequen-
celD, of the last base of
the annotation.

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

( Short text associated
5 NAME §tring 1 with the annotation

Long text associated

6 DESCRIPTION string 1 with the annotation

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

7 LINKNAME string 1

Identifier of the refer-
ence box pointing to

8 LINKID uint8 1 an internal or externa
dataset or annotation
table

Read depth for the
variant

9 DEPTH float32 1

RUUt er{Cdll S\.ibldl <
(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

REFERENCE

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

by alphabetID (case

string
(=]

insensitive),.The

value in the startPos
descriptonrefers to
the position of|the first
base’in the String

| 4

ALTERN

string

Alternate basg(s): list
of alternate non-refer-
ence alleles.

| 5

GENOTYPE

string

Genotype information.

|6

LIKELIHOOD

float32[]

Genotype likelihood
information.

|7

FILTER

uint8

Position plus 7 of the
filter descriptipn in
the list carried by the
descriptor conffigu-
ration specified in
subclause 9.3.3.5 and
Table 81; 0 repgresents
“Pass” 1 represents
“Missing”

| 8

FEATURENAME

uint32

Index of the tektu-
al identifier of|the
feature, defingd in
subclause 6.3.8.

19

FEATUREID

uint32

ID from an Onj
tology, defined
subclause 6.3.1.

—-

n

ONTOLOGYNAME

uint8

Textual identifier from
a given Ontolopy

(such as Pseu-
dogene, mRNA,
scRNA), defingd in
subclause 6.3.1.

ONTOLOGYID

uint

Numerical Ideptifier
from a given Ojntology

Sparse represgntation

22

CONTACT

Variable, as
specified in
subclause 9.3.7

of-contactmatrix 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

© ISO/IEC 2023 - All rights reserved

47


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

ISO/IEC 23092-6:2023(E)

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 fi
which a1
and assq

7.2.3

Values f

representing genomic variant features.

7.2.4

Values f

represenmting functional annotations.

7.2.5

Value 27
contact

7.3 Af
Value 31

7.4 Data types

7.4.1

This clafise specifies the syntax of data types as specified in Table 40.

Fom 0 T0 8 INCIUsSIVe specified In Table 39 provide the Syntax and the Semantics of descripto
e common to genomic variants, functional annotations and tracks to represent genomic region
ciated textual descriptions.

[0

Genomic variants

[72)

fom 9 to 17 inclusive specified in Table 39 provide the syntax and the semantics of descriptor

Functional annotations

fom 18 to 21 inclusive specified in Table 39 provide the syntax the'and semantics of descripton]

[72)

Contact matrices

to 23 specified in Table 39 provides the syntax and‘the semantics of descriptors representinig
matrices.

tributes

specified in Table 39 signal a configurable attribute.

General

Table 40— Supported data types for the variables of an algorithm

Data Type ID [Name Description Number of Bits Remarks

0 stking null terminated string |Variable

1 char character 8

2 bool boolean flag 1

3 ints integer g 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 0x8000_00.000000000000
represents missing value
10 uint64 unsigned integer 64 Value OxFFFFFFFFFFFFFFFF

represents missing value

Value 0x7FC00000 represents not
1 float IEEE-754 32 bits 32 anumber and value 0X7F§00001
represents missing\value

Value 0x7FFF000000000000
represents nét a number gnd
value 0x7FFE00000000000001
represents missing value

[ 2 double IEEE-754 64 bits 64

| 3..255 Reserved - -

1.4.2 Typed data

his clause specifies the syntax (see Table 41) of typed data structure that includes metadata for
reserving the data type and array form of a data block. All input/output/dependency variableq defined
h the decoding processes and algorithms implicitly adopt this typed data structure, as spegified in
ubclause 7.4.2, to ensure them being correctly processedwhen passed between operations.

[ evidia o Bl

Table 41 — Typed data syntax

$yntax Type Remarks
Lyped data {
data_type ID u(8) As specified in Table 40
. Number of array dimensions, for
num array dims u(2)
- - scalar value
n elements = 1
for (i = 0; 1 < num array dims; i++) |
array dims([i] u(32) Size of the ith array dimensipn
= *
. In_elements A _Srements array_ Number of elements in the arfgay
Hims [1]
}
for (1 =_0% )i < n_elements; i++) {
v depends on the number of bits of
data '‘block[i] u(v) the data type ID as specified 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

algoritim_ID Name Description Reference to Inverse |ransiog;
mation or Decoding Algorithm

0 CABAC gggitf:g(t-Adaptive Binary Arithmetic ISO/IEC 23092-2

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

2 ZSTD Zstandard IETF RFC 8478

3 BSC Block Sorting Coder ISO/IEC 23092-2

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

5 JBIG Joint Bi-level Image Experts Group ISO/IEC11544

6..15 Reserved - -

16 LZW Lempel-Ziv-Welch A3'specified in subclause 8.2.2

17 BIN Binarization As specified in subclause 8.2.3

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 8.2.6

21 SER Serialize Transform As specified in subclause 8.2.7

20...31 Reserved - -

Four catlegories of variables define the interface'of each algorithm:

— Inp:[
— Inp

anylassociated dynamic data required by the algorithm

— Dependency data variables ~variables that contain the dependency data required by the algorith
to operate on the input-data

— Output data variables’~ variables that contain the output data computed by the algorithm and anjy
assqciated 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 correct}lg

process¢
decompf

and trarnsfermation steps of an encoding process specified in Compressor Parameter Set.

t parameters - static value settings-that determine the operation condition of the algorithm

o

t data variables - variables that contain the input data on which the algorithm is applied an

=1

d when passed between operations. The roles of input and output data variables defined in t
esSion and inverse-transformation algorithms will be swapped when used in the compressiop

For each

— Para

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

meter 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; 1 < n pars; i++) {

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 the
par_vall[i] u(v) parameter data type |as
specified in subclayse 7.4

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

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

}
} else if (par num array dims[i] == 2) {
for (jJ = 0; j < par_array ddms[i] [0]; J++) {
for (k = 0; k < par adxdy dims[i][1]; k++) |

v dependent on the
par_vall[i] [j] [k] u(v) parameter data type |as
specified in subclayse 7.4

}
} else if (pdY num array dims[i] == 3) {
for (j4=/0; J < par_array dims[i] [0]; J++) {
for' (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] 91 [k][1] u(v) parameter data tvype|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_arfay_
dimg + 1) and any extra dimensions can be omitted.

8.2

8.2.1

In this subclause the inverse transformations are specified. In the case that the’input of the algorithin

shall

implicitly.

8.2.2

inverse|lzw_transform is a process to inverse transform Lempel*Ziv-Welch transformed payload. If
interfac
variable| (Table 46).

Inverse transformation algorithms

be

General

1 dimensional array and the input has more than one dimension, a reshaping operation is donje

.empel-Ziv-Welch transform

[S 7]

b is defined by 1 input parameter (Table 44), 1 input data variable (Table 45) and 1 output dat]

Table 44 — Input parameter(s)

ID Name Data Type Num. (.)f Di- Dimensions Default Value(s) Remarks
mensions
(Any type, de- (Variable, | (A vector of ASCII char- |An array containing
0 | “codebook” 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 Name Permissible Data Num. of Dimensions Remarks
Type(s)
“in_sym- Shall be the same data type a$
0 bols” Any type 1 the data type of the codebook.
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[]

52
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2. for each symbol in in_symbols][]:
a. if symbol exists in codebook
i. getentry from codebook

b. entryisequal tow

ISO/IEC 23092-6:2023(E)

i. entryisequal to w concatenated with the the first element of w

C store entry into out Qymhn]c[]

d. add entry to codebook

e. replace w with entry

The process of inverse LZW transformation is specified in Table

47.

Table 47 — Process of inverse LZW transformation

$yntax

Remarks

_nverse_lzw_transform(in_symbols, codebook) {
i=0

context[] = codebook[in symbols[0]]

out symbols = {}

for (j=1; j< size(in symbols); J++) {
if (in_symbols [Jj] < size(codebook)) {
entry = codebook[in symbols[]]]
else if (in symbols[]j] == size (codebook)) {
entry = vertcat (context,conteXxt[0])
}

out symbols = vertcat (outlsymbols, entry)

codebook[size (codébodk)] = vertcat (context,entry[0])

context = elidxy

Initialite
context

Initialife

In this gtep
vertcat @nd

not make|any
differenge.

output symbols

horzcat g$hould

§4.2.3 ‘VBinarization transform

ihverse binarization transform is a processto reverse the binary representation of a tran

formed

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
Table 50 — Output data variable(s)
D N Permissible Data Num of Dimensions R K
ame emarks
Type(s)
,, The number of bits of tHe\dat{
qut_sym- \
0 " Any type type shall be greater. eflequal
bols .
to nbits_per_symbol,

The progess of inverse binarization transformation is specified in Table 51.

Table 51 — Process of inverse binarization transformation

Remarks

Syntax
i =(
Jj =

fon (k=0;

whild (i < size (in_symbols) {
k<nbits per symbol; k++)

inversq binarization transform(in symbols, nbits per symbol) {

{

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

8.2.4 Bparse transform

inverse| sparse_transform is a.process to change sparse matrix representation back to dense matri

X
representation. Its interface.is defined by 1 input parameter (Table 52), 5 input data variable (Table 53)
and 1 oytput data variable\(ZFable 54).

Table 52 — Input parameter(s)
ID Name Data Type Num. (.)f Di- Dimensions Default Value(s) Remarks
mensions

The predefined value$
of-the2d-array-by-de

0 | “fill_value” Any type 0 - 0 fault. Shall be the same
data type as the data
type of “values”.

54
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Table 53 — Input data variable(s)

ID Name Permissible Data Type(s) Remarks

0 rog/\e/_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 colc” Al unciaonad intagar £yunac Ia) Shallhazora or nocitiva intaagarc

4 A—eols AHunsisned-integertypes—4:6,8-10 Shallbezere-orpositive-integers

Table 54 — Output data variable(s)

1D Name Permissible Data Type(s) Remarks

0 ofalss}'l'm- Any type The same as the data type of “values$”

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

Table 55 — Process of inverse sparse transformation

$yntax Remarks
| nverse sparse transform(row indices, col indices, va¥ues
n rows, n _cols, £V1Y value) ({
for (i =0; i1 < n_rows; i++){
for (3J=0; j < n_cols; J++){
out symbols[i][]j] = fill value gig:y;ﬁi;ﬁhnen_
}
}
num _entries = size(values)
for (i_entry=0; i entry < Aum entries; i entry++) {
i = row indices[i entry]
j = col indices[i_entry]
k = values[i en&ryl
out_symbols [iGHJ] = k
}
§.2.5 _<Pelta transform
ihverse_delta_transform is a process to reconstruct data transformed by delta transform cading. Its

L £ - h 1.1 q 4+ + L 1.1 Lo a4 - P L - | L 1.1 7 ] +
ifiterface tsdefimed by Himput parameter { fable 563, T mputdata variabte {fabte 573 amd-toutput 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 cut_s;im- All numeric data types - 3-12 §_hall be the”same type as the datatype of
bols in_symbols

The progess of inverse delta transformation is specified in Table 59.

Table 59 — Process of inverse delta transformation

Syntax Remarks

inversq delta transform(in symbols, dim) {

n _dins = ndims (in_symbols)
if (ff dims == 1) {
ouff symbols[0] = in symbols[0]

foq (i=1; i<Size(in symbols); i++) {

qut symbols[i] = out symbols[i-1N<+ in symbols[i]
}
} elde if (n dims == 2) {
if[(dim == 1) {

flor (3=0; j<Size(in symbols, 2); j++) {
out symbols[0] [F]\ in symbols([0] []]
for (i=1; i<Sd=ze (in_symbols, 1); i++) {

out symbohs/[1] [j] = out symbols[i-1][]j] + in symbols[i][]]

} gqlsgl 1f (dim == 2) {

flox/(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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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

G "ill_by lllbU}b" All_y t_y}JC

“run_ . . Shall be positive integers
1 lengths” All unsigned integer types - 4,6,8,10
Table 61 — Output data variable(s)
1D Name Permissible Data Type(s) Remarks
“out_sym- Shall be the same type as the datptype of

0 bols” Any type “in_symbols”

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

Table 62 — Process of inverse RLEtransformation

$yntax

Remarks

i

num entries =

for

for

current symbol

current run length =

(k=0;

out symbols[i] =

i=1+1

(i entry=0; i<size(entries);

Inverse rle transform() {
=0

Size (in_ symbols)

144) 24
= in symbols[i entxy]

run_lengths{i_entry]

k<current run length; k++) {

current/ symbol

o

N,

8.2.7 Serialization transform

hverse ‘serialization_transform is a process to reconstruct an array. Its interface is defined by 1
hput parameter (Table 63), 2 input data variables (Table 64) and 1 output data variable (Table 65).
Ithough the algorithm in Table 66 only supports conversion to a 2-dimensional array, it
tended to support conversion to an array of any number of dimensions

can be

Table 63 — Input parameter(s)

Data |Num.ofDi-| Dimen- Default
ID | Name . . Remarks
Type | mensions sions Value(s)
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- . o
0 bols” All numeric data types - 3-12

1 |“array_dims”

All unsigned integer types - 4,6,8,10

dimension of the output array.

Shall be a vector of atleast two elements, with
the ith element specifying the size of the ith

Table 65 — Output data variable(s)

ID

Name Permissible Data Type(s) Remarks

ut_sym-

bols” All numeric data types - 3-12

“in_symbols”

Shall be the same type as the datatype o

The pro

Cess of inverse serialization transformation is specified in Table 66.

Table 66 — Process of inverse serialization transformation

Syntax

Remarks

inversd
if (1
if

i

dims (in_symbols) == 1) {
(size(array dims) == 2) {
=0

f (order == 0) {

for (1 = 0;

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

for J++) |

out symbols[i][]J] = in symbols [k

(J = 0; J < out dims([1];

k++

}
else {
for (j = 0; j < out _dims[1];

(i = 0;

j+) |

for i < out/dims([O0]; i++) |
out symbolsfi34fj] = in symbols[k]

k++

_serialization transform(in symbols, array dims, order) ¢f

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, a
in Table 68.

re listed

I'able 66 — General output variables

D Name Type Remarks
output_size u(32)
output_buffer c(output_size)

84.3.2 Context-Adaptive Binary Arithmetic Coding

o |

he decoding algorithm and the corresponding decoding parametets of CABAC are spe
50/1EC 23092-2.

(]

§.3.3 Lempel-Ziv-Markov Chain Algorithm

—

he decoding algorithm and the corresponding decodifig ‘parameters of LZMA are spe
50/1EC 23092-3.

]

4.3.4 Zstandard

The configuration parameters required by the ZSTD compression algorithm are specified in |
and the decompression algorithm is specifieddn IETF RFC 8478.

Table 69 — Configuration parameters of ZSTD

rified in

rified in

Fable 69

$yntax Type
rstd parameters () {
use_dictionary flag u(1)
if (use dictionary flag) {
dictionary_size u(16)
dictionary c(dictionary_size)

yse_dictionary_flag is set to 1 when ZSTD codec requires the use of a predefined binary di
(Qtherwise set to 0.

tionary.

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

8.3.5 |BIG

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

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 () {
1zpHdshSize u(o)
1lzpMinLen u(8)
blocKSorter u(8)
coder u(8)
featyres u(16)
}

lzpHashSize specifies the hash table size if LZP enabled, 0 otherwise. If not 0, values can range from 1P
to 28 in¢lusive.

IzpMinllenspecifies the minimum match length if LZP enabled, 0 otherwise. If not 0, values can range
from 4 tp 255 inclusive.

blockSqgrter specifies the block sorting algorithm among 0 for ST3, 1 for ST4, 2 for ST5, 3 for ST6, 4 fqr
ST7, 5 fdr ST8, and 6 for BWT.

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

features specifies the set of additional features.

9 Dec¢oding process

9.1 Geéneral

This clafise describes the decoding priocéess to reconstruct the genomic annotation information encodefd
in a bitsfream compliant with this"document.

The inpfit to this process is a'list of data units, with one being the type of annotation access unit (se
subclauge 6.2). The output @f)this process is a list of ISO/IEC 23092-6 series output MPEG-G annotatio
records s specified in Clause 10.

=]

D

The decpding process is specified such that all decoders that conform to this document will produd
numeridally identical decoded output as MPEG-G annotation records. Any decoding process thg
produces identical decoded output MPEG-G annotation records to those produced by the proces
describgd heéréin conforms to the decoding process requirements of this document.

N -+

9.2 Access Units decoding process

9.2.1 General

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 o) 1S USed. At the begi
the decoding process of one AU all indexes j,...,i,c0. 1pare initialized to 0.

I e context o € generic attripute payloa ecoding process, eac ecoded value (I-dimensj|

rray of values (2-dimensional) is identified by

decoded datalattribute ID] [K_i(,ipute D]

<

here k..., ipure 1p 1S the index to read the decoded value(s). At the beginning of theydecoding pi
ne AU all indexes k.., ;... 1pare initialized to 0.

o

Vhen all descriptors and attributes within an access unit have been decoded (assuming at4
ontiguity == 0), each output record is reconstructed as per Clause 10 according to the an
hble type (AT type) and the attribute group class (a¢ class) contained in annotation accd
subclause 6.4.1).

0 indicate the location of the decoded data in the overall anfiotation table, global row and
ndexes (0-based) can be computed using the tile index(es) (et€ribute contiguity == 0) or blo
bttribute contiguity == 1) in the annotation access ufiittheader (subclause 6.4.2) together
le configuration referenced by 2c cl1ass in the annotation parameter set (subclause 6.3) re
y aT_1D. The process for computing the global annotation table indexes is specified in Table
hat the count variable is equal to the current vakie’of 5. ..., ;o fOr descriptors or k .., i,
attributes (descriptor ID == ATTRIBUTE) in the decoding process; block index is the 0-based
he payload block in the annotation access unit; and decoded vals is the vector of decoded des
tribute values in a record. The outputs of-this process are AT row_index and, if two dimension
lSOATicoliindexifrmnandATgcoliindexita

[ il @ will n i owm Wi el o ~ ct Q<

—

Table 71 — Process for computing the global annotation table indexes of an annotation
Unit

nning of

onal) or

ocess of

ribute
hotation

Ss_unit

column
ck index
with the
ferenced
71. Note
te ID fOI'
index of
criptor/
al == 1,

IAccess

Process Remarks

AT col index from = 0
AT col index to =70

As specified in the associated tile g
(subclause 6.3.2.2)

As specified in the associated tile
ration (subclause 6.3.2)

| £ (variable gize tiles) {

if (agt¥ibute contiguity) {

£y index = block index

} Yelse {

tructure

configu-

tile index 1 as specified in
subclause 6.4.2

t index = tile index 1
}

AT row index = start index[t index][0] + count

start index as specified in the associat-
ed tile structure (subclause 6.3.2.

2)

As specified in the associated tile

i f i i 1
1f (two_dimensional) f 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.

configu-

2)

AT col index to = end index[t index] [1]

tile structure (subclause 6.3.2.2)
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Table 71 (continued)

Process

Remarks

}
} else {

t index 2 = 0

if (attribute contiguity) {

As specified in the associated tile configu-
ration (subclause 6.3.2)

i (two dimensional) {

if (column major tile order) {

o

} else {

}

} lelse {
t index 1 = block index
}
} ellse {
t|index 1 = tile index 1

iff (tile index 2 exists) {

t index 2 = tile index 2

AT fgow index = t index 1(*tile size[0]

if {two_dimensional)™{

AT col imdex to = AT col index from +

Size (decoded vals, 1) - 1

AT col index)f¥om = t index 2 * tile

t index 1 = block index % n tiles per col

t index 2 = block index / n _tiles per col

t index 1 = block index / n_tiles per row

t index 2 = block index % n_tiles per row

+ count

size[l]

As cpnr‘ifinr‘ inthe associated tile r‘nnFign

ration (subclause 6.3.2)

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

n_tiles per col as specified’in
subclause 6.4.2

n tiles per xewas specifiedin
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 associated
tile structure (subclause 6.3.2.2)

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

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

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:

— Compute the variantIndex variable as AT _row_index specified in subclause 9.2.1;
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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;

Compute the nameLen, name, descriptionLen and description variables as spec
subclause 9.3.2.4;

ified in

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

~

—

o =

1 1 alis lie]
2Uuulidustl J.J.4.J,

Compute the depth, seqQual and mapQual variables as specified in subclause 9.3.3.1;

Compute the mapNumQuality0 variable as specified in subclause 9.3.3.2;

Compute the referenceLen and reference variables as specified in subclause9.3.3.3;

Compute the alternLen and altern variables as specified in subclause 9.3.34;

Compute the filtersLen and filter variables as specified in subclause\9.3.3.5;

Compute the info_count variable as n_attributes specified in subclause 6.3.1;

Compute the info_tag_len[i], info_tag[i] and info_type[i] variables as attribute_name_len, af
name and attribute_type of the ith attribute parameterset.specified in subclause 6.3.6;

Compute the info_array_len[i] variable as equal to-1.if attribute_num_array_dims == 0 or

tribute_

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 info_value[i][] variable as attr_vals[attribute_ID] specified in subclause 9.4
attribute_ID is in the ith attribute paraméter set specified in subclause 6.3.6;

.2.2.2 Variant genotype information

ype 1 annotation access units associated with AG_class == 0 encode variant genotype informg

he decoding process of onewvariant genotype record (subclause 10.2) within a binary decode
nit of type 1, which shall be'repeated for all the records within the same access unit, is as folld

Compute the variantindex variable as AT _row_index specified in subclause 9.2.1;

Compute the‘sampleIndexFrom and samplelndexTo variables as AT _col_index_from and A
specifiedinsubclause 9.2.1;

Compute genotypePresent as equal to 1 if there exists a descriptor configuration (subclau

I, where

tion.

d access
WS:

T col_to

se 6.3.4)

with—descriptor_ID == GENOTYPE or 15 in the associated annotation encoding par
Otherwise, it is equal to 0;

hmeters.

Compute tiketihoodPresentasequat totif thereexistsadescriptor configuration (subctau

e 6.3.4)

with descriptor_ID == LIKELIHOOD or 16 in the associated annotation encoding parameters.

Otherwise, it is equal to 0;

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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— 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

attr

ibute parameter set specified in subclause 6.3.6;

— Compute the format_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 < format_array _len[i].

9.2.2.3

Type 14
The dec

Sample information
nnotation access units associated with AG_class == 2 encode sample information.

pding process of one sample record (subclause 10.3) within a binary decoded-~access unit af

type 1, which shall be repeated for all the records within the same access unit, is as fellows:

— Conjpute the samplelndex variable as AT_row_index_from specified in subclanse 9.2.1;

— Conjpute the linkedRecord, linkNameLen, linkName and linkID variables as specified ip
sub¢lause 9.3.2.5;

— Conjpute the sample_attr_count variable as n_attributes specified in’subclause 6.3.1;

— Conjpute the sample_attr_len[i], sample_attr[i] and sample attr_type[i] variables as attributg_
nanje_len, attribute_name and attribute_type of the itattribute parameter set specified ip
sub¢lause 6.3.6;

— Conjpute the sample_attr_array_len[i] variable as equal to 1 if attribute_num_array_dims == 0 dr
equpl to attribute_array_dims[0] if attribute_num:array_dims == 1, with all variables associate(d

with the ith attribute parameter set specified ifsubclause 6.3.6;

— Com
whd

9.2.3

9.2.3.1

Type 2 annotation access ufrits associated with AG_class == 0 encode functional annotation informatio.

The dec
access U
follows:

— Com

pute the sample_attr_value[i][] variable as attr_vals[attribute_ID] specified in subclause 9.4,
re attribute_ID is in the ith attribute parameter set specified in subclause 6.3.6.

Functional annotation Access Units

Functional annotation

pding processtof one functional annotation record (subclause 10.4) within a binary decoded
nit of type-2, which shall be repeated for all the records within the same access unit, is as

pute the annotationlndex variable as AT_row_index_from specified in subclause 9.2.1;

— Com

1-

A=z ]

— 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
9.34.3;

— 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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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.

o

ot =

9.2.3.2 Track property information
Type 2 annotation access units associated with AG_class == 5 encode track property informati

he decoding process of one track property record (subclause 10.5) within a bidaty decode
nit of type 5, which shall be repeated for all the records within the same access;unit, is as follg

Compute the trackIndex variable as AT_row_index_from specified in stbclause 9.2.1;

Compute the trackType variable as AT _subtype in annotd®ion access unit Sspeq
subclause 6.4.1

Compute the linkedRecord, linkNameLen, linkName ,ahd linkID variables as sped
subclause 9.3.2.5;

Compute the track_property_count variable as n_attributes specified in subclause 6.3.1;

Compute the track_property_len[i], track_preperty[i] and track_property_type[i] vari
attribute_name_len, attribute_name and attribute_type of the ith attribute parameter set g
in subclause 6.3.6;

Compute the track_property_array_lenfi| variable as equal to 1 if attribute_num_array_di
or equal to attribute_array_dims[0]ifattribute_num_array_dims == 1, with all variables as
with the ith attribute parameter sét specified in subclause 6.3.6;

Compute the track_property_value[i][] variable as attr_vals[attribute_ID] specified in subcl
where attribute_ID is in.the ith attribute parameter set specified in subclause 6.3.6.

9.2.4 Gene expression-Access Units

9.2.4.1 Expression information
Type 3 annotation access units associated with AG_class == 0 encode expression information.

he decoding process of one expression record (subclause 10.7) within a binary decoded acceg
ype 3uwhich shall be repeated for all the records within the same access unit, is as follows:

n.

d access
WS:

ified in

ified in

hbles as

pecified

ms ==
sociated

ause 9.4,

s unit of

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 a

The dec
type 3, ¥

— Com

— Conm
sub

nnotation access units associated with AG_class == 1 encode feature information.

pding process of one feature record (subclause 10.8) within a binary decoded acces$)unit ¢
Vhich shall be repeated for all the records within the same access unit, is as follows:

pute the featurelndex variable as AT_row_index specified in subclause 9.2.1;

pute the linkedRecord, linkNameLen, linkName and linkID variablesizas specified i
[lause 9.3.2.5;

— Com

—  Conm
nan
sub

pute the feature_attr_count variable as n_attributes specified in subiclause 6.3.1;

pute the feature_attr_len[i], feature_attr[i] and feature_attr_type[i] variables as attribute
e_len, attribute_name and attribute_type of the ith attribute parameter set specified i
Clause 6.3.6;

— Com
equ
the

— Com
whd

9.2.4.3

Type 3 4

The ded
of type
subclaus

9.2.5
Type 4 4

The dec
type 4,V

pute the feature_attr_array_len[i] variable as equal to:1 if attribute_num_array_dims == 0 g
h] to attribute_array_dims|[0] if attribute_num_array‘dims == 1, with all variables contained i
th attribute parameter set specified in subclause 643.6;

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

Sample information
nnotation access units associatedwith AG_class == 2 encode sample information.

oding process of one sample record (subclause 10.3) within a binary decoded access un
3, which shall be repeated for all the records within the same access unit, is specified i
e9.2.2.3.

Position-to-position contact intensity Access Units
nnotation acéess units encode contact matrix information.

pding process of one contact record (subclause 10.9) within a binary decoded access unit g
vhich\shall be repeated for all the records within the same access unit, is as follows:

pute the feature_attr_value[i][] variable as attr_vals[attribute_ID] specified in subclause 9.4

-

=

=]

==

— Com

I
subclause 6.3.4.4;

pite the cealD n values valuo namaoc lon an value namec variqghlo 2S¢
He—t Segqr—R-vYaHdeSs;—vVadeRames—+el—ah a—ade—ha S—AHHaeS—aAS—S

o

— 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;

4+ Compute the linkedRecord, linkNameLen, linkName and linkID variables a&) spedified 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‘sdbclause 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.

9.2.6.2 Track property information

Type 5 annotation access units associated with AG_class == 5 encode track property informatign.

—

he decoding process of one track property record (subclause 10.5) within a binary decoded access
nit of type 5, which shall be repeated for all the records within the same access unit, is specified in
ubclause 9.2.3.2.

o

(%)

.3 Descriptors decoding process

.3.1 General
his subclause specifies the decoding process of the descriptors listed in subclause 7.2.

he input to the processes/described in the following subclauses are decoded genomic deqcriptors
ntained in the decoded“symbols data structure produced as result of the payload decoding|process
specified in subclause9.5.1.

Ih the context of the decoding process of genomic descriptors described in subclause 9.3. each decoded
symbol is identified by decoded_symbols[descriptor ID] [Jyescripror 1p) Where the index 3, .|, i c0r 1
i$ used toread each decoded symbol used in the decoding process described for each descrigtor. The

alid valuies of descriptor 1D are specified in Clause 7.

he’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

A 1L L i | P o -
equ il LU 1L 10D SequencelD (STUUCIILT TUCTIILITICT J.
— the furrent value j;

The output of this process is the variable sequencelD.

Table 72 — Decoding process of sequencelD

Process

Remarks

sequendeID = decoded symbols[1][]j4]

JiH+

9.3.2.2 | startPos, endPos and previousStartPos

The inpiit to this process (see Table 73) is the array decoded swiibods [descriptor ID] array specifie
in subclfuse 9.5.1 when descriptor 1D is equal to 2 (for start®Ros) and 3 (for endpos) and the currer]
values df j, and j; respectively; the variable previousstart®e produced by the previous iteration g

this same process.

The outputs are the variables startpos, endPos and previousStartPos.

Table 73 — Decoding process of startPos, endPos and previousStartPos

—_ e+ =

Process

Remarks

if(J, 0) {
starfPos =

previousstartPos + decoded-symbols[2][],]

}

else{
star]Pos = AAU_start_position is specified in
AAU sta€¢t position + decoded symbols[2][7],] subclause 6.4.2
}
previoysStastRos = startPos
Jo++
endPos = CarCPos T JdeCoUed_Symoorls (5] L_]3J
Jytt

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

023(E)

Process Remarks

strand = decoded symbols[4][j,] && 0x03 Only 2 bits are relevant

Jatt

9.3.2.4 name and description

The inputs to this process (see Table 75) are:

4 the array decoded symbols[descriptor ID] as specified in subclause 9.5.1 when descript
equal to 5 for name and 6 for description.

— the current value of 5. and 5,

—

he outputs of this process are the variables name, nameLen, description and.d&scriptionl
rjame and description are arrays of ASCII characters.

Table 75 — Decoding process of name and description

or IDIs

n. Both

Process Remarks
hame = {} Empty string.
hameLen = 0
yhile (decoded symbols[5][js5] != ‘\0") {

name = strcat (name, decoded symbols[5] [js])
Jgt+

nameLen++
s+t
escription = {} Empty string.
escriptionLen = 0

fhile (decoded symbols[6][jg] = *\0’) {
description = strcat (desc¢ription,
decodedssymbols [6] [Jg])

Jett

descriptionLen\+%+#

6Tt

9.3.2.5.\ linkName and linkID

Thelinputs 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) {

Process Remarks
decodeLinkInformation () {
linkName = {} Empty string.
linkNameLen = 0

lifKedrRecord = ©
} elde {
lirfkedRecord = 1

if (JinkedRecord == 1) {
whille (decoded symbols[7][j;] != *\0") {
JinkName = strcat (decodedName,

decoded symbols[7][j4])
:7++

JinkNameLen++

3o+t

Jet+

9.3.3 |ariant site information descriptors

9.3.3.1 | depth, qual, seqQuality and mapQuality

The inpyts to this process (see Table 77)\are:

— the array decoded symbols|[descriptor ID] speciﬁed in subclause 9.5.1 when descriptor Ip
is eqqual to 9 for the descriptor'depth (read depth for a variant), 10 for the descriptor seqoualitly
(Ropt Mean Square (RMS),séquencing quality of the bases supporting the variant) and 11 for the

desg¢riptor mapoualityRMS mapping quality).

— the furrent values3yy5,, 3,,and 34,

The outputs of this process are the variables depth, seqoual and mapQual.

Table 77 — Decoding process of depth, seqQuality and mapQuality

Process

Remarks

depth = decoded symbols[9] [J,]

seqQual = decoded symbols[10][]g]
mapQual = decoded symbols[11][7jq;]
Jot+
Jot++
Jiott

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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— 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

O
—— VU.

Table 78 — Decoding process of mapNumQuality0

Process

Remarks

thapNumQualityO = decoded symbols[12][];,]

1ot t

9.3.3.3 reference

The inputs to this process (see Table 79) are:
4 the array decoded symbols[descriptor ID] as specified in'stibclause 9.5.1 when descripfor 1D is
equal to 13.
-+ the current value of 5, ..
+ the array S, ,.pet ipl] as specified in ISO/IEC23092-2, for the value of alphabet 1D spefified in
subclause 6.3.1.
The output of this process is the string refex€nce and the value referenceLen.
Table 79, —Decoding process of reference
Process Remarks
reference = {} Empty string
FeferencelLen = 0
yhile (decoded_symbols\13][J;3] != 7) | Use the value 7 to signal the end of the
current reference string
reference = s&ncat (reference,
Salphabet ID [decoded symbols[13][j;5]1])
jl3++
referengelLen++
{tyt

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

Remarks

i

Use the value 7 to signal the end of
the current altern array

Process
=0
while (decoded symbols[14][]j4] != 7) {
alflern[i] = {}
altlernLen[i] = 0

whille (decoded symbols[14][]j,] < 6) {

dltern[i] = strcat(altern[i],
SahmabepJD[decoded_symbols[14][jl4J])
1att

dlternlLen[i]++

Empty string

Use the value 6 to signal.the nexf
element in the altern array

Jaalrt
1+4
}
numAlflern = i
9.3.3.5 | filters

The input to this process (see Table 81) is:

— the

is equal to 17

— the
— the

The out]

current values of 5,

AIray decoded symbols[descriptor IRJ(array specified in subclause 9.5.1 when descriptor Ip

istsof filter IDand £filté&x\ID len, and the variablen filter

put of this process is thesstring filters and its length in characters filtersLen.

Table 81 — Decoding process of filter

Process

Remarks

while
if (dg
fil

tefs = “PASS”

} eld

e S f (decoded

decoded symbols [17] [§44]
codedSsymbols[17] [J4] == 0) {

mbol

= O0xFF) {

[17]1 (9.1 == 1) {
L

}

Jpgtt

72

filters =

filters =

filters =

filtersLen =

“MISSING”

} else {

filter ID[decoded symbols[17][j;]1] - 2)

strcat (filters,

strcat (filters,

strlen(filters)

\\’.II)

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 2] 1s:

is equal to 18

— the current values of 5,

— the list of features name and features name len

—

Table 82 — Decoding process of featureName

— the array decoded symbols[descriptor ID] array specified in subclause 9.5.1 when descriptor ID

he output of this process is the string featurename and its length in characters featureNameLgn.

Remarks

Process

| £ (n_features names == 0) {
featureName = “MISSING”
featureNameLen = 7
else if (decoded symbols[18][j;g] == OxFEFEFF)
featureName = “MISSING”
featureNameLen = 7
Jogtt
else {
i = decoded symbols[18] [J;4]
featureName = featuresSndme[i]
featureNameLen = fegtufes name len([i]
Jogtt

n_features names as specified|in
subclause 6.3.1.

9.3.4.2 featarelD

The inputs+to this process (see Table 83) are:

- ~the array decoded symbols|[descriptor ID] speciﬁed,in subclause 9.5.1 when descriptorﬁIDiS

Pqn;\] 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]) == 0){
featurelID = OxFFFFFF O0xFFFFFF used for undefined value
} else {
featurelID = decoded symbols[19] [J;q] O0xFFFFFF used for undefined value
Jgt+
}

9.3.4.3 | ontologyName

The inpyit to this process (see Table 84) is:

— the hrray decoded symbols([descriptor ID] array specified in subclause 9.5.1 whéhdescriptor T

is equal to 20

— the furrent values of 5,

— thelist of ontology term name and ontology term name len as specified in subclause 6.3.3.

The output of this process is the array of strings ontologyName, theJarray ontologyNameLen an
the varipble ontologyNameCount. The ontologyNameCount variablesshall be equal to ontologyIbcoun

specifiedl in subclause 9.3.4.4.

Table 84 — Decoding process of ontologyNames

[s="

}
i++
Joott

}

Process Remarks
i=0
while ({decoded symbols[20][j,,] != OxFFFFFE) {
if (dqecoded symbols[20] []j,q] == OxXFFEFFF) {
offtologyName [i] = “” Initialize empty
string
orftologyNamelLen[i] = 0
} else {
j |= decoded symbols [2QLT],,]
orftologyName[i] ={efitology term name[]]
orftologyNameLemfi¥ = ontology term name len([]]

j20++

ontologyNameCount = i

9.3.4.4 ontologyID

The inputs to this process (see Table 85) are:

— the array decoded symbols[descriptor 1D] as specified in subclause 9.5.1 when descriptor IDIis

equal to 21.

— the current value of 5,

— the variable numontology1d which represents the number of values to be decoded
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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][7,,] OxFFFFFFused forundefined value

j2l++

i++

21+t

ntologyIDCount = i

9.3.5 Genotype descriptor

9.3.5.1 General

—

his subclause describes the decoding process of the descriptor payloads when the descriptfor 1D is
qual to GENOTYPE Or 15.

[0)

—

he input to this process (see Table 86) is gt matrix from' process specified in subclause 9.3.4.2 when
escriptor 1Dis equal to 15 and the current value of<:.

Q

—]

he output of this process are the variables al1etes and phasing.

Table 86 — Décoding process of genotype

Process Remarks

p_samples = Size(allele_3d_armawl][]1[], 2) From process specjfied in
subclause 9.3.5.2

hum_alleles per sample = Sizé(allele 3d array[][][], 3)
For (1=0; i<n_samples;i++){
for (3J=0; j<num alledes per sample; J++) {

alleles[i] [jlJCsallele 3d arraylj;5][i]1[]] From process specjfied in
subclause 9.3.5.2

}
for (3J=0v~j<num alleles per sample-1; Jj++) {

phasing[i] [j] = phases_3d _arr [j;5][1][]] From process specffied 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++) {

{

bir‘_mafq 110101 = dohodo_hin_maf (variant _hod@h_TDHT

variants payload size[i],

variants payload[i],

if (Yinarization ID == BIT PLANE) ({
alllele mat[][][] = debinarize bit plane (bin mats{{%1[],
num bit planégq

concat axis)

} elqe if (binarization ID == ROW SPLIT) {
amgx [] = variant amax payload()
allele mat[][]1[] = debinarize rowssplit (bin mats[0][][],
amax|[])
}
allelle mat[][][] = revertgaddptive max val(allele mat[][][],

no reference flag,
not available flag)
if

QO

ncodeiphase_data) {
phgses mat[]{Jf] = decode bin mat (phases payload,
phases row ids payload,

phases col ids payload,

phases codec ID)

sort variants rows flag[i],
sort variants cols flag[i],

transpose variants mat flag[i],

variants row IDs payload size[i],
variants row IDs payload[i],
variants col IDs payload sizejil],

variants col IDs payload [@y)

As specified in
subclause 9.3.5.3

As specified in
subclause 9.3.5.7.

As specified in
6.4.4.3.2.4

As specified in
subclause 9.3.5.9.

As specified in
subclause 9.3.5.10.

As specified in
subclause 9.3.5.3

} else {
phases mat[0] [0] [0] = phases value
}

allele matrix[][]1[],
phasing mat[][][],
max ploidy)

}

{allele 3d array[][][],phases 3d arr[][][]} = reconstruct 3d arrays( [Asspecifiedin

subclause 9.3.5.11.

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 sorted
+ the flag sort_variants_col_flag that signals whether the columns of binary matyixAs sorted
-+ the flag transpose_flag that signals whether the processed matrix is transposed.

-+ the binary matrix payload bin_mat_payload as specified in subclause 4.4.3.2.2.

-+ the row column ids payload row_ids_payload as specified in subclause 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 subclausé€6.4.4.3.2.4.

The output of this process is an array bin_mat[][].

Table 88 — Decoding process of bin mat

Process Remarks

ecode bin mat (codec ID, sort variants\kow flag,
sort variants col flag, transpose flag,
bin mat payload¢size, bin mat payload,
row IDs payléad size, row IDs payload,
col IDs pawload size, col IDs payload,

amax_ payload) {

if (codec ID == JBIG) {

bin mat[][] £<decode jbig(bin mat payload size, 2-dimensional Boblean
bin mat payload) array

} else if\¢oedec ID == CABAC) ({
bin\mat[] [] = decode cabac matrix(bin mat payload) i;?;r;ensmnal Boplean

}

fOrows, ncols}t = Size(bin mat[]1[])

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.

Q2
P I n

d d L a3 H pa | b ads Lol .|
eCO e_pauab_ulou.x IATO d lJl ULLOSO ULOLUTITIUCTU TIT SUUULIduoUT T

9.3.5.4 | Decode cabac matrix

The inpuits to this process are (see Table 89):

— the fize in bytes of bin mat payload as specified in subclause 6.4.4.3.2.2

— the fabac payload as specified in subclause 6.4.4.3.2.2.

The output of this process is the 2-dimensional array bin mat[][].

Table 89 — Decoding process of cabac matrix

Process

Remarks

decode |cabac matrix (bin mat payload size, bin mat paylcoad) {

decoded symbols = decode descriptor subsequence (
descriptor ID,
0,
num encoded symbols,

block payload size)

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

foy (3j=0; j<ncols; j++) {

Bin mat[i] [J] = decoded\symbols[j+i*ncols]

}

nrows as specified in
6.4.4.3.2.2

ncols as specified in

decode_fescriptor ‘Subsequence is a process to decode current block, as specified in ISO/IEC 23092-2.
To decodle the bitstream the following ISO/IEC 23092-2 syntax element values are assumed: transform_
ID_subsgq ist0, transform_ID_subsym is 0, binarization_ID is 0, coding_sybsym_size is 1, mpegg
symbol Jsize'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[][].
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Table 90 — Sorting process of bin mat rows

Process

Remarks

sort bin mat rows (bin mat[][], row IDs[]) {
{nrows, ncols} = Size(bin mat[][])
for (i=0; i< nrows; 1i++) {
for (j=0; Jj<ncols; j++){

sorted bin mat[i] [j] = bin mat[row IDs[i]][]]

—

—

9.3.5.6 Sort columns of binary matrix

he inputs to this process (see Table 91) are:

- the array bin_mat[][]

—+ the array col_IDs[]

he output of this process is an array sorted_bin_mat[][].

This process sorts the columns or 2nd dimension of bin_mat{]J[]

Table 91 — Sorting process of bin mat cols

Process

Type

ort bin mat cols(bin mat[][], col IDs[]S¥{
{nrows,ncols} = Size(bin mat[][])
for (j=0; j< ncols; j++) {
for (i=0; i<nrows; i++) {

sorted bin mat[i] [j] =W\kin mat[i] [col IDs[j]]

—

9.3.5.7 Debindrize binary matrices using bit plane

he input to-this process (see Table 92) are:

—  thearray 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 1st

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 (i§=0; i<nrows; 1i++) {
fon(j=0; j<ncols; j++) {
dllele mat[i] [j] = bin mats[k][1][]]
flor (k=1; k<bitlen; k++){
allele mat[i][j] += bin mats([k][1i][]] << 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[]J[]J[])

9.3.5.8 | Split matrix

The inpits to this process (see Table 93) are:

— the prray mat[][]

— the humber of matrices nmats

— the firection which the matrix is split axis
The output of this process is an array mats[{{JJ[].
This prdcess can be described as follows:

1. Initfalize an array of 3-dimensional array mats[][][]

2. Conjpute the number of~rows (2"d dimension) of mats[][][] if axis equals 0 or columns (3]

dimension) of mats[][]{}Hfaxis equals 1.

3. Copy value from m@t[][] to mats[][][].

Table 93 — Process of splitting a matrix

[=%

Process

Remarks

split maehix (mat[][], nmats, axis) {

{nrows, ncols} = Size(mat[][])
if (axis == 0){
nelems = nrows / nmats

for (i mat=0; i mat<nmats; i mat++) {
for (i=0; i<nelems;i++) {
for (j=0; j<ncols; j++){

mats([i mat] [i][J] = mat[i+i mat*nelems][]]

tion

Split in row direc-

Copy value
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Table 93 (continued)

Process Remarks
}
}
} else if (axis == 1) { SphtipCOhnnn
direction
nelems = ncols / nmats
for (i_m:ﬁ-:ﬂ- 'i_m:xi‘ nmatg: w'_m:ﬁ-++\ {
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 inputs to this process (see Table 94) are:
—+ the array bin_mat[][]
-+ the array amax([]
The output of this process is an array allele_mat[][].
Table 94 — Debinarization process of the row split method
Process Remarks
ebinarize row split(bin mat[¥[], amax[]) {
nrows = Size (amax[])
ncols = Size(bin mat ], 2)
for (i=0; i<nrowg;\i++) {
for (j=0; j<mcols; j++){
allele énat1i] [k] = O
}
}
1 =56
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++
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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 progesscan be described as follows:

1. Find the maximum value of the array allele_mat[][] and store the value as max_val

2. If n¢t_available_flag is 1, replace all the values in allele_mat[][] that equal max_val with, -2, the

may_val is decreased by one

3. Ifng_reference_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[][],

no reference flag,
not available flag)
max yjal = 0
{nroys, ncols} = Size(allele mat[][])
for (i=0; i<nrows; 1i++) {

fod (j=0; Jj<ncols; j++) |
If (max val < allele mat[i][]j]) |

max _val = allele mat[i] []]

if

rlot _available flag) {
fony (i=0; i<nrows; 1i+4x) ¢

for (§=0; j<ncolsgl~j++) {

if (allele matPi][j] == max val) {
allele Maefi] [J] = -2
}
}
ma o

{

Find maximum value of allele matrix

Replace all maximum value in allele matrix with -

}
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

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 outputs of this process are arrays allele_3d_array[][][] and phases_3d_array[][][].

Table 96 — Reconstruction process of 3-dimensiénal array

Process Remarks

econstruct 3d arrays(allele mat[][],
phasing mat[][],
max ploidy) {

allele 3d array[][][] = split matrix(allele mabkft]l[]I[],
< As described in
max_pigidy, subclause 9.3.5.8.
2)
{ndepths, nrows, ncols} = Size(alleledl3d array[]I[]I[]) ndgpthsequaBtOInax_
N~ ploidy
[p_nrows, p ncols] = Size(phasingimat[][])

p_ndepths = ndepths-1
if (p_ndepths > 0){
if (p_nrows == 1 && pmcdls == 1) {

Initialize phases Bd_
for (k=0; k<p ndepths; k++) { array with value phases_
mat[0] [0]

for (i=0%<f<nrows; 1i++) {

for (J=0; Jj<ncols; j++) {

phasing 3d array([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
— The

array allele_3d_array[][][].
array phases_3d_array[][][].

The output of this process is the 2-dimensional array gt_matrix[i][j].

I'able 97 — Reconstruction process ol genotype matrix

Process

Remarks

reconst

{nroy
for

fo
g

g

f

ruct genotype matrix(allele 3d arrayl[][][],
phases 3d array[][][]) {

s, ncols, p} = Size(allele 3d array)

i=0; i<nrows; i++) {

(3=0; Jj<ncols; j++) {
t matrix[i] [j] == %"
t matrix[i][J] = strcat(gt matrix[i][]j],
allele 3d array[i][j]1[0])
or (k=1; k<p; k++) {

if (phases 3d array([i][j][k-1] == 1) {
gt matrix[i][j] = strcat(gt matrix[i][j], L)
} else if (phases 3d array([i][j][k-1] == ) |
gt matrix[i][j] = strcat(gt matrix[i][j¥, “I")
}
gt matrix[i] [j] = strcat(gt matrix{i][]],

allele 3d array[i] [J][k-1])

Initialize empty string

Storevalue of allele 3d array[][]
ascharc(1).

Write phasing information

Write phasing information

Store value as char

9.3.6

This sulf
equal to

|ikelihood descriptor

LIKELIHOQOD~

The inpuit to this process (see Table 98) are:

— the

B{dimensional array GL[][][] from process 9.3.6.2

clause describes the decoding process of the descriptor payloads when the descriptor ID is

— the current values of 5, .

The output of this process are the variables 1ikelihood and n_1ikelihoods.

84
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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

16Tt

9.3.6.1 Decode likelihood payload

The inputs 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 specifieddnSubclause 6.3.4.3

The output of this process is a 3-dimensional array GL[][][]

Table 99 — Decoding process.of likelihood payload

Process Remdrks
ecode likelihood payload(likelihood payload, likelihood parameters) ({

if (transform flag) {

Cl[II[] = decode_code_matrix(nrows, hcols, payload) u(dtype 1d)
V[] = decode values vector (addi*tional payload) floating pgint with
32bits prefision.
L[][] = inverse trans min_fep(C[][], VI[])
} else {
L[][] = decode likeélihood matrix (payload)
}
GL = reconstrudfndl matrix(L[][], num gl per sample)

num_gl_pertsample is part of likelihood_parameters specified in 6.3.4.3.

job)

dditional payload is part of likelihood_payload specified in 6.4.4.3.3.

Q.

type.id is the identifier of data type of 2-dimensional array C[][]. Table 40 lists all of the [possible

1 yallh S A |
dIiacs ur uty pc_IuU.

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 arrav matrix cri1r1 of tune uldtvne id) as specified i
B . = P AN S T

Table 4d.

Table 100 — Reshaping code matrix from an array to a 2-dimensional array

Process Remarks
decode |code matrix(nrows, ncols) {
C vedqtor[] = decode lzma(payload) u (dtype~id)
for (i = 0; i< nrows; 1i++){
foqd (3j=0; J < ncols; Jj++){
(i1 [J] = C vector[i*ncols+]] Uldtype id)
}
}
}
dtype ifiis the identifier of data type of 2-dimensional array*¢11 (7. Table 40 lists the possible values of
dtype ifl.

9.3.6.3 | Inverse transform minimal representation

The inputs of this process (see Table 101) are:

— 2-dimensional array C[][] called code:matrix

— 1-dimensional array V[] called value vector. It can be array of type string or single precision floating
point

The output of this process is 2-dimensional array likelihood matrix .17 [] of type float

Table 104°*— Inverse transformation for minimal representation

Process Remarks

inversq trans il rep() {
foq (i=Q;\1<m; i++) {

fon (j=0 u(nbits per elem)

Jj<n; J++)
,

; {
L = 7o 21211
LJ L L T T

T
T 1

}

m is the number of rows of 2-dimensional array C.

n is the number of columns of code matrix C.
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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.

Theoutput of this nrocessis 2-dimensional arrav code matrix 111 oftune float
T T o4 T o

Table 102 — Decoding process of likelihood matrix

Process Remarks

ecode likelihood matrix() {
L vector[] = decode payload(payload)
for (i = 0; i< nrows; 1i++){
for (3j=0; j < ncols; Jj++){

L[1]1[3] = L_vector[i*ncols+j] floating point with 32 pits
precision.

9.3.6.5 Reconstruct gl matrix
The inputs of this process (see Table 103) are:

- 2-dimensional array likelihood matrixB[][]

— Number of values per sample p with type of integer

—

he output of this process is the 3-dimensional array likelihood c.(]1[1[].

Table 103 — Reconstruction process of gl matrix

Process Remarks

Feconstruct gl matvix () |
[nrows, ncods} = Size(L[][])
N = ncols™/"p Get number of samgles
for (i&0p i< nrows; i++) {
fior (3=0; J<N; Jj++) |
for (k=0; k<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 71

— the palue chrl_id specified in subclause 6.3.4.4.

— the yalue chr2_id specified in subclause 6.3.4.4.

— the yalue num_norm_methods from parameter set specified in subclause 6.3.4.4.
— the prray norm_methods_name[] from parameter set specified in subclause 6.3.4.4-
— the palue num_norm_matrices from parameter set specified in subclause 6.8/4.4.

— the prray norm_matrices_name[] from parameter set specified in subelause 6.3.4.4.

Table 104 — Decoding process of contact matrix-descriptor

chrlStdrtPos = startl|[]
chrlEndPos = endl[]
chr2StdrtPos = start?2\+
chr2EndqPos = end2
count 5§ countsq]

numNornCountgh= 0

for (cHx0¢ c<num norm methods ; c++) {

Process Remarks
sample]D = sample ID From process specified in subclause 9.3.7.1
sampleNameLen = strlen(sample name) From process specified in subclause 9.3.7.1
sampleName = sample name From process specified in subclause 9.3.7.1
chrlID|= chrl_ID From process specified in subclause 9.3.7.1
chrlNageLen = strlen(chrl name) From process specified in subclause 9.3.7.1
chrlNanje = chrl name From process specified in subclause 9.3.7.1
chr2ID|= chr2_ID From process specified in subclause 9.3.7.1
chr2NaneLen = strlen(chr2 name) From process specified in subclause 9.3.7.1
chr2Nage = chr2 name From process specified in subclause 9.3.7.1
numCourfts = size (counts[]) 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 parameter set specified in
cubholanicn 63/14

normCountNameLen[c] = strlen(norm methods
name [c])

normCountName [c] = norm methods name[c]

normCount [c] [] = norm mats otf[c][]
numNormCounts++

}

for (c=0; c<num norm matrices; c++) {

88

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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Table 104 (continued)

Process Remarks

From parameter set specified in
subclause 6.3.4.4

normCountNameLen [num norm methods +c] =

strlen (norm_matrices_name [c])

From parameter set specified in
subclause 6.3.4.4

normCountName [num norm methods +c] =

norm matrices name[c]

normCount [num norm methods +c] [] = norm mats[c][] |From process specified in subclause 9.3.7.1

numNormtCounts++

Q

o O

—

hrl_name is the chromosome name of the first chromosome in chromosome pair. It corréspon
hr_nameli] specified in 6.3.4.4 where chr_ID[i] is equals to chr1_ID.

hr2_name is the chromosome name of the second chromosome in chromosonie,pair. It corres
he chr_name][i] specified in 6.3.4.4 where chr_ID[i] is equals to chr2_ID.

.3.7.1 Decode contact matrix (CM)

he inputs of this process (see Table 105) are:

he outputs of this process are:

the CM mat parameters structure main_params specified/in 6.3.4.4,
the CM submat parameters structure params specified in 6.3.4.5,
the CM mat payload structure mat_payload specified in 6.4.4.3.4.3,
the interval multiplier mult,

the CM bin payload structure bin_paylodd1 specified in 6.4.4.3.4.3 with chr_ID equals to
chr1_ID, sample_ID equals to mat_payload.sample_ID and interval_multiplier equals to mu

the CM bin payload structure bin‘payload2 specified in 6.4.4.3.4.3 with chr_ID equals to
chr2_ID, sample_ID equals to'mat_payload.sample_id and interval_multiplier equals to mul

the identifier of sample sample_ID equals to mat_payload.sample_ID

the name of sample sample_name equals to main_params.sample_name[i] where main |
sample_ID[i]€quals to mat_payload.sample_ID,

the identifter of sequence 1 chrl_ID equals to params.chr1_ID,

the_name of sequence 1 chrl_name equals to main_params.chr_name[i] where main_par
IDfiJ'equals to params.chr1_ID.

s to the

bonds to

params.
It,

params.
t.

params.

hms.chr_

the array of start position values of sequence 1 start1[],

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[],
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— 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) {

[row [mask, col mask] = decode cm mask(main params,
params,

mat payload)
stargl[] = {}

endl]] = {}

starf2[] = {}

end2 ] = {}

counf[] = {}

for {k=0; k< main params.num norm methods; k++)

nofgm mats otf [k][] = {}

for (k=0; k< main params.num norm matrices; k++)

nofym mats[k][] = {}

for (i=0; i<params.ntiles in row; i++) {
foq (3J=0; j<params.ntiles in col; J++) {
if (params.is symmetrical && i>3) {

continue

If (mat payload.tile payload sizes[i] [J]==0) {

Specified in 9.3.7.2

Initialize array
Initialize arkay
Initialize array
Initialize array

Initialize array

Initialize array

main params,params.chrl id,

1,1)

90

continue
tile[][] = decodd dmat tile( Specified in 9.3.7.4
mat payload.tile payload[i][j],
mat payload.tile codec ID[i][]],
params.binarizaton flags[i][]J])
If (parame’.binarizaton flags[i][]j] == 1) {
tidefJ[] = debinarize mat(tile[][]) Specified in 9.3.7.5
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

© ISO/IEC 2023 - All rights reserved


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

Table 105 (continued)

ISO/IEC 23092-6:2023(E)

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 idz
main params,
params.chr2 id,
mult,
3)
}
startl vect = comp start (maincparams, mult, startl idx,

éndl idx, tile row mask)

start2 vect = comp starnt{main params, mult, start2 idx,
end2 idx, tile col mask)
endl vect = comp-‘end(startl arr, main params,
params.chrl id)
end2 vect _s7domp end(start2 arr, main params,

params.chr2 id)

1,3)
tile row mask = slice(row mask, startl idx, endl idx) Specified in 9.3.7.8
tile col mask = slice(col mask, start2 idx, end2 idx) Specified in 9.3.7.8
1f (mult = 1){
tile = conv_noop(tile, mult, tile row mask, Specified in 9.3.7i11
tile col mask)
{tmp nrows, tmp ncols} = Shape (tile)

Specified in 9.3.7.12
Speeified in 9.3.7.12
Specified in 9.3.7.7

Specified in 9.3.7.7

Specified in 9.3.7.9

Specified in 9.3.7.9

Specified in 9.3.7.10

Specified in 9.3.7.10

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

{startl desc, endl desc,start2 desc, end2 desc} = Specified in
tVle to desc(tile, startl arr, endl arr,start2 arr,
end2 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,
mult flag)
norm mats otf[k] = Cat(norm mats otf[k],

kth norm tile)

for (k=0; k< main params.num norm matrices; k++) {

kth data = decode ( Usescodec specific decod¢

mat payload.norm matrix payloads[k][i][]]) fuietion

norm mats [k] = cat(norm mats[k], tile add info k)

9.3.7.2 | Decode contact matrix (CM) mask

The inputs of this process (see Table 106) are:

— the CM main params structure main_paramis'specified in 6.3.4.4,
— the CM params structure params spegified in 6.3.4.5,

— the LM matrix payload mat_paylead specified in 6.4.4.3.4.3.

The output of this process are arrays row_mask[] and col_mask{[].

Table 106 — Decoding process of mask payload

Process Remarks

decode |cm masks (main params, params, mask payload) {

row rlentries\=) main params.num bin entries Given params.chrl id, multi-
plier equals 1

if (garams'.row mask exists flag) {

Q I B e We W 2
IYoOw mMadsSK[] — CJeCOode CIM MdsSsK paylodal OPCLINICTU I 7.0.7.

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 pavload.col mask pavload,

Because the masks are identi-
cal, using either row nentries
or col nentries isallowed

col nentries)
} else {

col mask[] = create ones mask(col nentries)

Specified in 9/3.7.12

9.3.7.3 Decode contact matrix (CM) mask payload

The inputs of this process (see Table 107) are:

— the CM mask payload mask_payload specified in 6.4.4.3.4.5,

— the number of entries num_bin_entries.

o

he output of this process is an array mask[].

Table 107 — Decoding process of CM mask payload

Process

Remarks

ecode cm masks (mask payload, num bin<entries) {

if (mask payload.transform id =="07) {

mask arrayl[] = mask payloadfmask array|[]
} else {

j = 0;

val = mask payloag.\irst val
for (k=0; k<magskypayload.num rl entries; k++) {
rl = mask payload.rl content[k]

for (i=s@y~d<rl; i++){

mask{array[j+i] = val
}
vael = !lval Inverse value from 1 to|0 or vice
versa.
J 4= 11
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,

to 5 inclusive.

unique codec identifier codec_ID The values of codec_ID is listed in Table 42. It can range between 0

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 |cmat tile(tile payload, codec ID, bin flag) {
if (dqodec ID != JBIG) {

dedoded symbols[] = decode (payload)

k50

foq (i=0; i< tile payload.tile nrows; i++) {

flor (3J=0; j< tile payload.tile ncols; j++) {
tilel[i] [J] =

k+1

decoded symbols[k]
k =

else |{

Use‘codec specific decod¢
function

til]

e[][] = decode jbig(tile payload)

Input is JBIG BIE structure

9.3.7.5

Debinarize tile

The inpuit of this process (see-Table 109) is:

the

The out]

hrray tile[][].

put of this process is an array trans tile[][]

Table 109 — Inverse transformation of row binarization

Process

Remarks

debinarize tile(tile[][]) {

{tile nrows, tile ncols} = Size(tile)

trans —ile ncols = tile ncols - 1
trans _tile nrows = 0
for (i=0;

i<tile nrows; i++) {

trans tile nrows += tile[i][0]
}

irow = 0

94

Compute the number of
rows
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Table 109 (continued)
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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
}

T (CIIe[L][U] —— L)1
irow++
bit pos = 0

}

else {

bit pos++

Marker round

9.3.7.6 Inverse diagonal transform

The input of this process (see Table 110) is:

- thearray tile(][].

— the diagonal transform mode mode.

—

he output of this process is an array trans. €3le(][].

Table 110 — Inverse transformation process of diagonal transformation

Process

Remarks

| nverse diag transform(tilef{][], mode) {

{nrows, ncols} = SizeAf&dile[][])
k=0
1 =0
if (mode == Q). N
num _diags\7 ncols

for (i®6; i<ncols; 1i++) {

for (7=0; j<ncols; J++){

trans tile[i] [j] = O

Get the dimensiong of tile

trans_tile has the size of ncols
by ncols

Initialize with 0

}
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++) {

T — L T J Oftsec
trans tile[i] [j] = tile[k] [1++]
if (1 == ncols){
1 =0

k++
if (k == nrows) {

break

else |{
if | (mode==1) {

diag idx = {0}

1 =1

flor

(diag id=1; diag id < Max(nrows, ncols)¥“diag id++) {

if (diag id < ncols) {
diag idx[i++] = diag id
}

if (diag id < nrows) {

diag idx[i++] = -diag id

elde if (mode == 2)(%

1 =20
ffor

(diag id/)=¥Y-nrows+l; diag id < ncols; diag id++) {

diag igx[i++] = diag id

eldedf (mode == 3) {

i=0

for (diag_id = ncols-1; diag id > -nrows; diag id--) {

diag idx[i++] = diag id
}

for (o = 0; o < Size(diag idx); o++) {

diag id = diag idx[o]
if (diag id > 0 && diag id < ncols) {

i offset =0

96
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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
Ji
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 efnid indices
The inputs of this process (see Table 111) are:
—+ the number ofentries nentries,
—+ the tile size-tile_size,
+ the tile/index tile_idx.
Theoutput of 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 outputofthis process isan array c]ir‘nr]_maclz[]

Table 112 — Process of slicing an array given start and end indices

Process Remarks

slice(mask([], start idx, end idx) {

starf] idx = Max(start idx, O0)

end jdx = Min(end idx, Size (mask[])

for (i = start idx; i<end idx; i++) {

sliced mask[j++] = mask[i]

9.3.7.9 | Compute start array

The inpuits of this process (see Table 113) are:
— the |nterval interval,

— the ptart index start_idx,

— the pnd index end_idx,

— the prray tile_mask[].

The output of this process is an ar'ray start_arr|].

Table'113 — Initialization process of a start array

Process Remarks

comp_sfart (interyad, start idx, end idx, tile mask[]) {

for (i=sf@xdt idx; i<end idx; i++) {

if |(€ile 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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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++){

end arr[i] = + interval

}

end arr[nentries-1] =

start arr[i]

Min (end arr[nentries-1],target chr len)

9.3.7.11 Convolution no-op

The input of this process (see Table 115) are:

- the array tile[][].

the window size ws.

- the Boolean array tile_row_mask([].

— the Boolean array tile_col_masK[].

—

he output of this process is a 2-dimensional array out_tile[][].

Table 115 — Computation of tile with higher interval using convolutional no-operation fnethod

Remarks

Process
onv_noop (tile[][], ws, tile~hkow mask[], tile col mask[]) {

{nrows, ncols} = Size(tilég)
out nrows = Ceil(SizeAtile row mask[])/ws)
out ncols = Ceil(Silzeg(tile col mask[]) /ws)
for (i = 0; i <.0uf nrows; i++) {

for (j = 0y23v< out ncols; J++) {

out tideli]l[j] =0

}
}
ift¥Te = 0
for (i = 0; i < Ceil(Size(tile row mask([])); i++){

Initialize out tile wijithzeros

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]

© ISO/IEC 2023 - All rights reserved
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Table 115 (continued)

Process

Remarks

i tilet+

Cyxo

9 3 7 1') ato onoc naacls
Dl 1 T CatC-oOTIC S TITaSiIy

The inp
— the

The out]

t of this process (see Table 116) is:
humber of entries nentries.

but of this process is a array mask([].

Table 116 — Initialization of an ones array

Process

Remarks

create |ones mask (nentries) {
if (4 = 0; 1 < nentries; 1i++){

madk[i] = 1

9.3.7.13 Tile to descriptor

The inpyt of this process (see Table 117) are:
— the prray tile[][].

— the prray startl_arr[].

— the prray end1_arr([].

— the prray start2_arrf[].

— the prray end2_arr[].

The output of this processiare arrays startl_desc[], end1_desc[], start2_desc[], end2_desc[] and count_

desc[].
Table 117 — Computation from tile to descriptors
Process Remarks
recon Hild 4 (bilell[1 start] gvell ondl vl
start2 arr[], end2 arr[]) {
{tile nrows, tile ncols} = Size(tile[][])
k=0

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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Process

Remarks

col idx[k++] = ]

for (k=0; k<Size(row idx); k++) {

Create sparse representation of
tilef)

i = row idx[k]

j = col idx[k]

tile startl[k] = startl[i]
tile endl[k] = endl[i]
tile start2[k] = start2[j]
tile end2[k] = end2[]]
tile count[k] = tile[i][]]

-+ thearray tile[][].

—+ the array row_masK[].

+ the array col_mask[].

—+ the array weight_values1[].
—+ the array weight_values2[].

+ the flag mult_flag.

—

9.3.7.14 Compute on-the-fly normalized tile

The input of this process (see Table 118) are:

he output of this processis an array norm_countsl].

Table 118 — Computation process of on the fly normalized tile

Process

Remarks

omp otfMérm mat (tile[][], row mask[], col mask[],

weight valuesl[], weight values2[],

mult flag)
Trows—Shapetrow—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]
LT (UL L_J.J.d.g — 1)1
norm counts[nentries] = tile[t i][t j] *
weight
} else {
norm counts[nentries] = tile[t i][t 7J] /
weight
}
nentries++
4 j=++
£ od++
}
}
}

9.4 Atftributes decoding process

The inpyit to this process (see Table 119) are:

— atttibute 1D as specified in subclause64.2 (attribute contiguity == 1) or subclause 6.4.4.
(atfribute contiguity == 0)
— the prray decoded datalattribute ‘ID] as specified in subclause 9.5.2
— the furrent value of x_. ., (2 77
The output of this process is.the variable attr vals[attribute ID].
Table 119 — Decoding process of attribute value
Process Remarks

n _cols |= Siz&(decoded datalattribute ID], 2)
for (i|=0a "% < n cols; i++) {

attr retefottribute—Ibi{t—

k

decoded datalattribute ID] [K_i(,ipute 1p] [1]

attribute ID

++
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