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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
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lusion of new low-complexity entropy coders in subclause 7.4.2.2 (Table 9): LZMA, ZSTD, BSC;

lusion of new indexed-entropy coder in subclause 7.4.2.2 (Table 9): PROCRUSTES;

lusion of the specification of BSC decoding process in subclause 12.8 and Annex D;

prmationin‘the compressed bitstream.
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Introduction

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

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

genome seguencing information byv:
1 [=] v

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

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

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

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

QO

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

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

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

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

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

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

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

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

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

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

© ISO/IEC 2024 - All rights reserved
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The genomic record, although it is an appropriate logic data structure for interaction and manipulation of
coded information, is not a suitable atomic data structure for compression. To achieve high compression
ratios, it is necessary to group genomic records into clusters and to transform the information of the same
type into sets of descriptors structured into homogeneous blocks. Furthermore, when dealing with selective
data access, the genomic record unit is too small to allow effective and fast information retrieval.

For these reasons, this document introduces the concept of access unit, which is the fundamental structure
for coding and access to information in the compressed domain.

The access unit is the smallest data structure that can be decoded by a decoder compliant with this
document. An access unit is composed of one block for each descriptor used to represent the information of

e type

In addition to clusters of genomic records compressed into access units, reads are further classifiefl in six
data clgsses: five classes are defined according to the result of their alignment against one or more reference
sequenfces; the sixth class contains either reads that could not be mapped or raw sequencing dafta. The
classifl;lzation of sequencing reads into classes enables the development of powerful selective data|access.
In factjaccess units inherit a specific data characterization (e.g. perfect matches inclass P, substitutions in
class M, indels in class I, half-mapped reads in class HM) from the genomic recosds composing thgm, and
thus cgnstitute a data structure capable of providing powerful filtering capability for the efficient support of
many different use cases.

Access|units are the fundamental, finest grain data structure in terms of content protection and in terms
of metadata association. In other words, each access unit can be indi%idually and independently prdtected.
Figure|1l shows how access units, blocks and genomic records pelate to each other in the ISO/IEC| 23092
series dlata structure.

| Access Unit 1
‘ \ccess Unit P
Acgess Unit M ) | NS Cluster - l—-|
Access Unit Protection and [ Genomic N @“ Genomic | [ Genomic |
Metadata | Record b Record | ' Record '
rr———— e e e b = | ———===" L —% —————————— JI‘ a
: Block | Header | | Desc. pos value I ’ Desc. pos value ICLECLEEEE | | :
[ I g s MRS NN ey = === === Ja
rt———-— r————————————————l——1'--—'»%————11' —————————— | ety el sl T+
: Block 1 Header I [ Desc.'pair value 'l ‘ Desc. pair value ‘ | seanannan I I :
bl e e T | i bbbt =
D | | | | |
a | | q | | . |
EaIaIatatatatata ) g | | g | H |
| 3 | | g | | B |
| = | | = | | " |
| | | | | |
i' _____ i o i | NT————— T T T /= T 'i
I Block : Hedder : : Desc. mmtype value i I Desc. mmtype value : LT TrTT I Desc. mmtype value I I ||
L e e e e e === —_— e
B T o 7 L
S — S S — S — )

Figure 1 — Access units, blocks and genomic records
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Dataset Group Dataset Group Protection and Metadata | i_ B Ee;(;nE Eegr_er;;n_d_l\/l;ca_da_ta_ __i
I Dataset
Dataset
Dataset rDEs?ri_pBr_ Stream | [ Descriptor Stream | :T)Zs?rﬁaﬁr_s?réxﬁ 1
e N e . T 1
| | |
I Dataset Protection and Metadata I ) Descrlptqr Stream | | [ Descrlptqr Stream | | IDescrlptqr Streaml |
[| Protectionand | | I} Protectionand | Il Protection and | |
| Metadata _ I} || _ Metadata _ || |l Metadata ||
T g e T T T T T = ~
Block || Block | vennnann | Block |l
(Read Descriptors)|| ||(Read Descriptors)|| | [(Read Descriptors)| | |
————————— - bbb
————————— === — - - === ———q
Block | : Block 1|_"""" : Block o
(Read Descriptors)|| | (Read Descriptors)|| | (Read Descriptors) |d
T T e
H | H H v
EmmmmEEn [ E | | 0 | smmmmmnn | . |
| ' s : ' ' -
r-r—-——-————__—_—_ —__"_—_ " """ “"————=-— —"—"" | Z————/—/—7=7=— | ey ity
| Access Unit izccess Unit Protectionl—{ Block |_| Block | T Block 1|
| | and Metadata | ||(Read Descriptors)|| ||(Read Descriptors)|| ******** | (Read Descriptors)|l | | |
oo oo oo oo oo oooDo= e e el e g

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

A dataget is a coded data structure containing headers and one or more access units. Typical dataset$ could,
for example, contain the complete sequencing of an individual, or 4 portion of it. Other datasets could ¢ontain
for example a reference genome or a subset of its chromosomes¢Datasets are grouped in dataset grqups, as
shownl|in Figure 2.

Accordfing to the ISO/IEC 23092 series, the compressed.sequencing data can be multiplexed into a bitstream
suitablp for packetization for real-time transport over,typical network protocols. In storage use casesg, coded
data cgdn be encapsulated into a file format with the possibility to organize blocks per descriptor stream or
per acdess unit, to further optimize the selective-access performance to the type of data access requiired by
the different application scenarios. The ISO/IEC.23092 series further provides a reference process to ¢onvert
a transjport stream into a file format and vice-versa.

The ISP/IEC 23092 series defines the‘syntax and semantics of the compressed genome sequencing data
represe¢ntation and the deterministic'decoding process that reconstructs the contents of datasefs. The
decodihg process is fully specified such that all decoders that conform to this document will groduce
identicpl decoded output. A simplified diagram of the decoding process is shown in Figure 3.
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Figure 3 — The decoding process O\
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3 Terms and definitions

For the

[SO andl [EC maintain terminology databases for use in standardization at the following addresses:

— I5(
— IE
3.1

alignm

inform

ing of genomic information

ppe

hligned sequencing reads including read identifiers and quality values;

bned sequencing reads including read identifiers and quality values;

)rmative references

owing documents are referred to in the text in such a way.that some or all of their content con;
ments of this document. For dated references, only the'edition cited applies. For undated refé
st edition of the referenced document (including any amendments) applies.

[ 10646, Information technology — Universal coded character set (UCS)

[ 23092-1:2020, Information technology —\tenomic information representation — Part 1: Tr
rage of genomic information

purposes of this document,the terms and definitions given in ISO/IEC 23092-1 and the followin

Online browsingplatform: available at https://www.iso.org/obp

[ Electropediaavailable at https://www.electropedia.org/

ent
htioh describing the similarity between a sequence [typically a sequencing read (3.28)] and are

sequenicéffor instance, a reference genome)

cument provides specifications for the representation of the following types of genemic inforimation:

titutes
rences,

insport

E apply.

ference

Note 1 to entry: An alignment is described in terms of a position within the reference, the strand of the reference, and
a set of edit operations (matches, mismatches, insertions and deletions, clipping of the sequence ends and splicing
information) needed to turn the first sequence into the second.
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3.2

CIGAR string

CIGAR

textual way of representing an alignment (3.1)

Note 1 to entry: Several definitions have been used by different programs; the one 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.

3.3
dataset
compressi
(3.1) infformat

1ni
ion

Note 1 fo entry: Datasets shall be as specified in ISO/IEC 23092-1.

3.4
deletign
contigyous removal of one or more bases from a genomic sequence

3.5
E-CIGAR
extendpd CIGAR syntax specified as a superset of the CIGAR syntax

Note 1 fo entry: Among other things, E-CIGAR enables the unambiguous representation of substitutions, splicgd reads
and splice strandedness.

3.6
edit operation
modifi¢ation of a sequence of nucleotides (3.20) by means of a‘substitution, deletion (3.4), insertion (3.18) or clip

3.7
FASTA
GIR that includes a name and a nucleotide (3.20) séquence for each sequencing read (3.28)

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

3.8
FASTQ
GIR that includes FASTA (3.7) and quality values (3.22)

3.9
first end
end 1

read 1
first segment of a‘paired-end template (3.33)

Note 1 fo entry«Itlumina platforms usually store first and second ends in two separate files and in the same ¢rder —
i.e.the T-th tead of the first FASTQ file and the n-th read of the second FASTQ file belong to the same template.

3.10
genomic descriptor

descriptor

element of the syntax used to represent a feature of a genomic sequencing read (3.28) or associated
information such as alignment (3.1) information or quality values (3.22)

3.11
genomic information representation
way to describe a sequence and some information associated with it

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

© ISO/IEC 2024 - All rights reserved
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genomic record

record

data structure representing a tuple (3.34) optionally associated with alignment (3.1) information, read
identifier (3.24) and quality values (3.22)

3.13

genomic record index
position of a genomic record in the sequence of genomic records (3.12) encoded in an access unit

3.15

referer{ce

collect]on of reference sequences

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

3.16

hard clip

base o1 set of bases originally present at either side of a read, and removed from it following alignment (3.1)

Note 1 fo entry: The bases are no longer present in the sequence of the read.

3.17

indel

contigyous stretch of nucleotides (3.20) that, when aligning two sequences, are inserted into one sequence,
or alternatively deleted from the other, in order to make the two-sequences the same

Note 1 fo entry: From “insertion or deletion”.

3.18

insertion

contigyous addition of one or more bases into a genemic sequence

3.19

leftmost read end

leftmost read

sequenging read (3.28) generated by a paired-end sequencing run and mapped at a position on the reference
sequenice which is smaller than the mapping position of the other read in the pair

3.20

nucleatide

base

base pair

mononjer of a nucleiciagid polymer such as DNA or RNA

Note 1 fo entry: Nucleotides are denoted as letters (‘A’ for adenine; ‘C’ for cytosine; ‘G’ for guanine; ‘T’ for thymine
which dnly occursin DNA; and ‘U’ for uracil which only occurs in RNA). The chemical formula for a specific|DNA or
RNA mglecul&;is given by the sequence of its nucleotides, which can be represented as a string over the alphgbet (‘A’,
'C’,’G’, ‘I’)invthe case of DNA, and a string over the alphabet (‘A’, ‘C’, ‘G’, ‘U’) in the case of RNA. Bases with u11known
molecular-eomposition are denoted with ‘N’.

3.21

paired-end read
paired-end template
tuple (3.34) made of two segments

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

numbe

r assigned to each nucleotide (3.20) base call in automated sequencing processes

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

3.23

read group

setofr

eads having some property in common

3.24
read ic
read he
read na
text sty
SAM (3

Note 1

encoded by bioinformatics tools (such as database information, and base calling information).

3.25
rightn
sequen

sequenice which is greater than the mapping position of the other réad in the pair

3.26
SAM
GIR th3

Note 1 {
[tisrep

3.27

secong
read 2
second

Note 1

i.e. the m-th read of the first FASTQ-file and the n-th read of the second FASTQ file belong to the same template,

3.28

sequencing read

read

readoul, by a specificteéchnology more or less prone to errors, of a continuous part of a segment of nuc

(3.20)

3.29
single-

lentifier
ader
me

ing associated with each sequencing read (3.28) stored in GIRs such as FASTA (3.7), FASTQ (3
26)

fo entry: The read identifier is usually unique within its dataset, and may contain ddditional inform

ostread
bing read (3.28) generated by a paired-end sequencing run and mapped at a position on the re

tis human readable and includes FASTQ plus alignment (3.1) and analysis information

o entry: From “Sequence Alignment/Map format”, SAM originates from the 1000 Genome Sequencing
resented in plain ASCII, extensible by users and includes sequence, quality, alignment and analysis infor

end

segment of a paired-end template)(3.33)

0 entry: Sequencing platformswusually store first and second ends in two separate files and in the same

extractedfrom an organic sample

endread

.8) and

ation as

ference

Project.
mation.

rder —

eotides

.34) made of one segment

tuple (3
3.30

soft clip
soft clipped bases
base or set of bases at either side of the read that have been ignored during the alignment (3.1) process

Note 1 to entry: The bases are still present in the sequence of the read.
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spliced read
aligned read which, as a consequence of biological splicing, covers non-continuous portions of the reference
genome being the result of biological splicing

Note 1 to entry: This means the read must come from RNA-sequencing, and contain at least one junction between two
consecutive exons.

3.32

split alignment
aligned paired-end read (3.21) whose ends are encoded in two different genomic records (3.12)

3.33

template

genom

Note 1
only ha

beginni

3.34
tuple
collect

Note 1 go entry: Each segment can be: unmapped; mapped once; or mapped mere than once.

3.35

decodg¢
result ¢f multiplexing the decoded symbols (3.37) of one or more descriptor subsequences (3.36)

3.36
descri
ordere

3.37

decodz
value rleeded to reconstruct a descriptor subsequence (3.36)

Note 1

decodedl symbol.

3.38
transf
ordere

Note 1

decodedl symbols.

3.39
transf
concat

3.40

c sequence that is produced by a sequencing machine as a single unit

o entry: A template can be made of one or more segments (being called single-end sequencing read
5 one segment, and paired-end sequencing read when it has two segments — typically.they capture &
Ing and the end of a nucleic acid molecule).

on of one or more segments

bd genomic descriptor

btor subsequence
1 collection of decoded symbols (3.37)

ed symbol

fo entry: If no inverse subsequence transformation is applied, the transformed symbol shall be equa

prmed subsequence
1 collection of transformed symbols (3.39)

to entry: The Arahsformed symbols of one or more transformed subsequences can be multiplexed

brmed symbol

when it
oth the

I to the

to yield

biation of one or more decoded subsymbols (3.40)

decoded subsymbol

output

of an inverse subsymbol transformation applied on a transformed subsymbol (3.41)

Note 1 to entry: See subclause 12.7.2.7. If no inverse subsymbol transformation is applied, the decoded subsymbol
shall be equal to the transformed subsymbol.

3.41

transformed subsymbol
decoded cabac subsymbol

atomic

value yielded by the cabac decoding process
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4 Abbreviated terms

AU
CRPS
GIR
LUT
QVPS

access unit

computed reference parameters set
genomic information representation
look up table

quality values parameters set

5 Ca

5.1 (

This cl
used th

The m4
Howev

counti
equiva

52 /

xY

~

'tvqg < |
pay

0
>

nventions

teneral

huse contains the definition of operators, notations, functions, textual conventions and pr
roughout this document.

g conventions generally begin from 0, e.g., "the first" is equivalent to the 0-th, "the sec
ent to the 1-th, etc.

irithmetic operators

addition
subtraction (as a two-argument operator)ior negation (as a unary prefix operator)
multiplication, including matrix multiplication

exponentiation
Specifies x to the power of y. In pther contexts, such notation is used for superscripting not in
for interpretation as exponentiation.

integer division with truncation of the result toward zero

division in mathematical equations where no truncation or rounding is intended

division‘in-mathematical equations where no truncation or rounding is intended

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

For example, 7 / 4.and -7 / -4 are truncated to 1 and -7 / 4 and 7 / -4 are truncated to -1l.

pcesses

thematical operators used in this document are similar to those used inthe C programming language.
b1, the results of integer division and arithmetic shift operations afe)specified more precisg
additiTal operations are specified, such as exponentiation and real-valued division. Numberi

ly, and
hg and
bnd" is

tended

x%y

modulus
Remainder of x divided by y, defined only for integers x and y withx = 0 and y > 0.
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5.3 Logical operators

x&&y

x|y

!

x?y:z

Boolean logical AND of xand 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

5.4 Relational operators

of z

>

v

When :

"na" is

5.5 H

&

X>>y

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

Jit-wise operators

greater than

greater than or equal to
less than

less than or equal to
equal to

not equal to

AND

When operating on integer arguments)eperates on a two's complement representation of
integer value. When operating on a binary argument that contains fewer bits than anothe
ment, the shorter argument is extended by adding more significant bits equal to 0.

OR

When operating on integer arguments, operates on a two's complement representation of
integer value. When operating on a binary argument that contains fewer bits than anothe
ment, the shorter argtument is extended by adding more significant bits equal to 0.

exclusive or

When operating on integer arguments, operates on a two's complement representation of
integer value-When operating on a binary argument that contains fewer bits than anothe
ment, theshorter argument is extended by adding more significant bits equal to 0.

rightshift of a two's complement integer representation of x by y binary digits This functi
isidefined only for non-negative integer values of y. Bits shifted into the MSBs as a result o

ue "na"

e value

the
- argu-

the
Fargu-

the
- argu-

bn
fthe

right shift have a value equal to the MSB of x prior to the shift operation.

X<<y

left shift of a two's complement integer representation of x by y binary digits

This function is defined only for non-negative integer values of y. Bits shifted into the LSBs as a

result of the left shift have a value equal to 0.

not operator returning 1 if applied to 0 and 0 if applied to 1
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5.6 Assignment operators

++

assignment operator

increment

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

prior to the increment operation.

decrement

i.e., x— —isequivalent to x =x - 1; when used in an array index, evaluates to the value of the variable

prior to the decrement operation.

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

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

compound bitwise OR

ange notation

and z being greater than y

,¥]  sub-array containing the elements of array comprised between position x and y in
If x is greater than y, the resulting sub-array is émpty.

5.8 Mathematical functions

Ceil( x
Floor(

Log2( 3
Min( x,

Max( x

59 (

When t
rules a

smallest integer greater than or equal o x
k) largestinteger less than or equalte’x
)  base-2 logarithm of x
X ; X<=Yy
y)=
y 5 x>y
X ; x>=y
y)= {
Yy o5 X<y
)rder of opération precedence

he orderof precedence in an expression is not indicated explicitly by use of parentheses, the fo
pply:

erations of a higher precedence are evaluated before any operation of a lower precedence.

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

x takes on integer values starting from y to z, inclusive, withx, y, and z being integer nimbers

cluded

M
(2)
(3)

(4)

(5)

lowing

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 2024 - All rights reserved

8


https://standardsiso.com/api/?name=7312d6fe72bf905e41c8b3011645ccea

ISO/IEC 23092-2:2024(en)

Table 1 — Operation precedence from highest (at top of table) to lowest (at bottom of table)

operations (with operands x, y, and z)

x++","'x

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

Xy

non non non X nmon

EYLR YL XY - x%y"

Ny gy
J

5.10

Syntax
(all low
The de
decode

in regullar (i.e., not bold) type.

In som
Such v
and wi
are dey

v u" (9c 2 twoearcument onerator) " N £(i)"
T )/ t=] T I hed 7\

i=x

"X<<y, X>>y||

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

"X::y’ X!:y"
"X & y"

"X | yll

llX && yll

<] |y"
"x?y:z"

"X..y"

"X=y, X+=y, X_=yll

[ariables, syntax elements and tables

elements in the bitstream are represented in bold-\fype. Each syntax element is described by itjs name
er case letters with underscore characters), and one data type for its method of coded representation.
roding process behaves according to the value of the syntax element and to the values of prefiously
d syntax elements. When a value of a syntax element is used in the syntax tables or the text, it dppears

e cases the syntax tables may use'the values of other variables derived from syntax elements|values.
iriables appear in the syntax tables, or text, named by a mixture of lower case and upper casg letter
thout any underscore characters (camel case notation). Variables starting with an upper casg letter
ived for the decoding of the current syntax structure and all depending syntax structures. Vdriables

startin|
mentio
only u

In som
with tl
values.
more g
and m

NOTE

o with an upper case lefter may be used in the decoding process for later syntax structures yithout
ning the originating §yntax structure of the variable. Variables starting with a lower case letter are
ed within the clause’iin which they are derived.

cases, "mnemonic" names for syntax element values or variable values are used interchangeably
leir numerical values. Sometimes "mnemonic” names are used without any associated nunerical
The assdciation of values and names is specified in the text. The names are constructed from one or
roups of‘letters separated by an underscore character. Each group starts with an upper casg letter
y céntain more upper case letters.

Functions that specify properties of the current position in the bitstream are referred to as syntax functions.
These functions are specified in Clause 6 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 upper case
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letters without any underscore character, and end with left and right parentheses including zero or more
variable names (for definition) or values (for usage) separated by commas (if more than one variable).

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

A specrjfication of values of the entries in rows and columns of an array may be denoted by { {...} {~.p}| where
each inner pair of brackets specifies the values of the elements within a row in increasing colurmmn orgler and
the rows are ordered in increasing row order. Thus, setting a matrix sequalto { {1 6 } {4 9 } } speciffes that
s[0][(Q]issetequalto1,s[1][0]issetequalto6,s[0][1]issetequalto4,ands[1][1]issetequalto9.

Binary| notation is indicated by enclosing the string of bit values by single quote(marks. For example,
'01000p01' represents an eight-bit string having only its second and its last bits (counted from the most to
the leaft significant bit) equal to 1.

Hexadgcimal notation, indicated by prefixing the hexadecimal number by "0x;may be used instead of binary
notatign when the number of bits is an integer multiple of 4. For example,0x41 represents an eight-bif string
havinglonly its second and its last bits (counted from the most to the leastsignificant bit) equal to 1.

Numerfcal values not enclosed in single quotes and not prefixed by *0x" are decimal values.

A valug equal to 0 represents a FALSE condition in a test statement. The value TRUE is represented|by any
value different from zero.

5.11 Text description of logical operators
In the flext, a statement of logical operations as would be described mathematically in the following form:
if( condition 0)

statement 0

else if([condition 1)
stafement 1

else /*[informative remark on remaining condition */
statenjent n

may bd described in théfollowing manner:
... as follows / ... thefollowing applies:
— If donditien.0; statement 0

— Otherwise, if condition 1, statement 1

— 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:

© ISO/IEC 2024 - All rights reserved
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if( condition O0a && condition Ob )
statement 0

else if(

condition 1a || condition 1b )

statement 1

else

statement n

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

— If all of the following conditions are true, statement 0:

— Ot

condition Oa
condition Ob

herwise, if one or more of the following conditions are true, statement 1:
condition 1a

condition 1b

herwise, statement n

In the flext, a statement of logical operations as would be describeds\mathematically in the following fi

if( cong
sta
if( cong
sta

may bg

lition 0 )
ement 0
lition 1)
ement 1

described in the following manner:

— WIen condition 0, statement 0

— W

5.12 F

Proces

en condition 1, statement 1

rocesses

Kes are used to describe the decoding of syntax elements. A process has a separate specificat

invoking. All syntax elemtents and variables that pertain to the current syntax structure and dep

syntax
have a
output

structures are-available in the process specification and invoking. A process specification m
ower-case variable explicitly specified as input. Each process specification has explicitly spec
The outputis a variable that can either be an upper-case variable or a lower-case variable.

When i

— If
ar

vokirig-a process, the assignment of variables is specified as follows:

prm:

on and
ending
ay also
fied an

riables

he-yariables at the invoking and the process specification do not have the same name, the v3

— Otherwise (the variables at the invoking and the process specification have the same name), assignment

isi

mplied.

In the specification of a process, a specific coding block may be referred to by the variable name having a

value e

qual to the address of the specific coding block.
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6 Syntax and semantics

6.1 Method of specifying syntax in tabular form

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on the
syntax may be specified, either directly or indirectly, in other clauses.

Table 2 lists examples of the syntax specification format. When syntax_element appears, it specifies that
a syntax element is parsed from the bitstream and the bitstream pointer is advanced to the next position
beyond the syntax element in the bitstream parsing process.

Table 2 — Examples of the syntax specification format

Syntax Type

/* A stdtement can be a syntax element with an associated data type or can be an expression used to

specify conditions for the existence, type and quantity of syntax elements, as in the following two exam-
ples */
syntax_element ue(y)

conditipning statement

/*A grdup of statements enclosed in curly brackets is a compound statement and-igtreated functionally
as a sinjgle statement. */

{

Stafement

Statement

}

/* A "while" structure specifies a test of whether a conditien is true, and if true, specifies evaluation of a
statempnt (or compound statement) repeatedly until thé’condition is no longer true */

while( fondition )

statement

/*A"dp ... while" structure specifies eyaluation of a statement once, followed by a test of whether a con-
dition is true, and if true, specifies repeated evaluation of the statement until the condition is no longer
true */

do

statement

while( fondition )

/* An "|f ... else" sthucture specifies a test of whether a condition is true and, if the condition is true,
specifigs evaluation of a primary statement, otherwise, specifies evaluation of an alternative statement.
The "elge" partof the structure and the associated alternative statement is omitted if no alternative
statemputevaluation is needed */

if( condition )

primary statement

else

alternative statement
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Table 2 (continued)

Syntax Type

/* 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 subsequent
statement until the condition is no longer true. */

for( initial statement; condition; subsequent statement )

primar

y statement

6.2 Bitordering

For bit{

6.3 S

The fu
terms
proces

byte_a

pecification of syntax functions and data types

df the value of a bitstream pointer that indicates the position of the next bit to be read by the dg
5 from the bitstream.

igned( ) is specified as follows:

oriented delivery, the bit order of syntax fields in the syntax tables is specified to start withithe MSB
and pr¢ceed to the LSB.

hctions presented here are used in the syntactical description. These functions are exprepsed in

coding

— If the current position in the bitstream is on a byte boundary, i.e. the next bit in the bitstream is the first

bitjin a byte, the return value of byte_aligned( ) is equal to TRUE.

— Ot
read_b

When 1 is equal to 0, read_bits( n ) is specified to return awalue equal to 0 and to not advance the bit
pointer.

decodq bit() decodes the next bit from the bifstream using either the arithmetic decoding
(subclause 13.2.4) or read_bits( 1), as determined by the decoding configuration.

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

Size(arfray_name[]) returns the number of glements contained in the array named array_name.

The fol

— ae

— adae

ty}

— i(n): signed integer using n bits. When n is

W1

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

t): context-adaptive arithmetic entropy-coded termination syntax. The parsing process for th
pe is specified insubclause 12.6.2.5.

ts(n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit popitions.
Sstream

engine

v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this data type
is gpecified in subclause 12:6:2.2.

is data

): fixed-pattérnbit string using n bits written (from left to right) with the left bit first. The parsing

n "

th most 51gn1f1cant b1t written flrst

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

fied by

ntation

— se(v): signed integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsing
process for this data type is specified in subclause 12.3.4.2.

— st(v):null-terminated string encoded as universal coded character set (UCS) transmission format-8 (UTF-
8) characters as specified in ISO/IEC 10646. The parsing process is specified as follows: st(v) reads and
returns a series of bytes from the bitstream, beginning at the current position and continuing up to but
not including the next byte that is equal to 0x00, and advances the bitstream pointer by ( stringLength +
1) * 8 bit positions, where stringLength is equal to the number of bytes returned.
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n__n

— u(n): unsigned integer using n bits. When nis "v" in the syntax table, the number of bits varies in a manner
dependent on the value of other syntax elements. The parsing process for this data type is specified by
the return value of the function read_bits( n ) interpreted as a binary representation of an unsigned

int

eger with most significant bit written first.

— ue(v): unsigned integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsing
process for this data type is specified in subclause 12.3.4.

— u7(v): variable sized unsigned integer computed by iteratively reading 8 bits, where the least significant
7 bits are interpreted as a binary representation of an unsigned integer v, with the most significant bit
written first, and the 8th bit signaling if the iteration should stop. The parsing process for this data type

1S §

V 3

do

W

— c(n

6.4 S

Seman
specifi

pecified below:
0
{
c =read_bits( 8);
v=(v<<7)] (c&0x7f);
hile (c & 0x80)
): sequence of n ASCII characters as specified in ISO/IEC 10646.

emantics

[ics associated with the syntax structures and with thésyntax elements within each struct
bd in a clause following the clause containing the syntak structures. When the semantics of a

element are specified using a table or a set of tables, any values that are not specified in the table(s) sl

be pres

7 Dg

7.1 (

ent in the bitstream unless otherwise specified inthis document.

jta structures

teneral

Subclatise 7.2 specifies the structure of a‘data unit. A data unit is a data structure used as container fg

referern
data uy

ce structure, a parameter setsstructure or an access unit structure. Table 3 and Table 4 spe
1ix syntax and the values of associated dat unit types.

Subclayise 7.3 specifies the structure of a raw reference.
SubclaIse 7.4 specifies the structure of a parameter set. A parameter set consists of a parent param
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er, a parametér set identifier and encoding parameters as specified in subclause 7.4.1.

Subclayise 7.5 specifies the structure of an access unit. An access unit consists of an access unit
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Table 3 — Data unit syntax

Syntax Type
data unit() {
data_unit_ type u[8)
if (data unit type == 0) {
data_unit_size u[64)

raw reference ()

raw reference

data_llnit_type specifies the type of data uniti.Table 4 lists the values of data_unit_type and the ass

data unit types.

data_unit_size isithe total size in bytes of the data unit including the bytes used for data_unit_ty

data_unit_sizel

}

else if (data unit type == 1) {
reserved u(lO]
data_unit_size u[22)

parameter set ()

parameter set

}

else if (data unit type == 2){
reserved u(3)
data_unit_size u[29)

access unit ()

access unit

}

else /*(data_unit type > 2)*/{

/*skip data unit*/

}

Table 4 — Values of data_unit_type and associated data unit types

data_unit_type Data unit type Clause
0 raw reference 7.3
1 parameter set 7.4
2 access unit 7.5

raw_referencé() is a raw_reference structure as specified in subclause 7.3.

param

access_unit() is an access_unit structure as specified in subclause 7.5.

bciated

pe and

A conformant bitstream containing at least one data unit of type access unit shall contain at least one data
unit of type parameter set.
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7.3 Raw reference

7.3.1 General

This subclause specifies the data structure used to represent a raw reference. This structure shall be used to:
— deliver reference sequences to the decoder,

— return decoded reference sequences or part thereof from the decoder.

If a raw reference is required to decode access units, this raw reference shall be made available to the
decoder priortoany atherdataunit Table § me‘iﬁ'pc the syntax and data type of row references

7.3.2 | Syntax and semantics

Table 5 — Raw reference syntax

Syntax Type
raw_reference () {
seq_count u(16)
for (i=0; i<seq count; i++) {
sequence_ID u(16)
seq_start[sequence ID] u(4.0)
seq_end[sequence ID] u(40)
ref sequence[sequence ID] c(seq_end - seq_start + 1)

}

seq_count is the number of reference sequences in the raw reference.

sequence_ID is reference sequence identifier~Each sequence_ID is unique and shall correspond|to one
sequemnce_name specified in ISO/IEC 23092-1:2020, 6.5.2.3.3.

seq_start[sequence_ID] is the coordinate;on the reference sequence identified by sequence_ID, of the first
base pfesent in the ref_sequence[] array:.

seq_end[sequence_ID] is the coérdinate, on the reference sequence identified by sequence_ID, of the last
base prfesent in the ref_sequence[] array.

ref_sequence[sequence_IB][i] is the ith base in the reference sequence identified by sequence_ID.
7.4 Rarameter set

7.4.1 | Syntax-and semantics

This syhclause specifies the parameter set syntax and semantics. Table 6 specifies syntax and data [type of
param ter-sets:

Table 6 — Parameter set syntax

Syntax Type
parameter set () {
parameter_ set ID u(g)
parent parameter_ set ID u(8)

encoding_parameters ()
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parameter_set_ID is the unique identifier of the parameter set.

parent_parameter_set_ID is the unique identifier of an existing parameter set. Referencing an existing
parameter set from another parameter set enables the generation of a hierarchy of parameter sets where
the values of the encoding parameters of each element override the corresponding values of the parent node.
If equal to parameter_set_ID, the parameter set is at the top level in the hierarchy.

encoding_parameters() are the encoding parameters as specified in subclause 7.4.2.

7.4.2 Encoding parameters

7.4.2.1] General

The enfoding parameters are configuration parameters used during the decoding process are.specjfied in
Table 7

Table 7 — Encoding parameters syntax

Syntax Type
encoding parameters() {

daflaset_type u(4)

alghabet ID u(8)

regd_length u(24)

nuniber_of_template_segments_minus1 u(2)

rederved u(6)

may au data unit_size u(29)

pog 40 _bits_flag u(1)

qv_|depth u(3)

as_|depth u(3)

nun classes u(4)
This for loop specifies the

foq(3=0; J < num classes; j++) order of data classes for|the
entire syntax structure,

dlass_ID[]j] u(4)

foq (i=0; i < NUM DESCRIPTORS; i++) {

class_specific_dec-cfg flag[il] u(1)

if (class specifit~dec cfg flagli] == 0) {

Descriptor configuration, as
descriptonsconfiguration (i) specified in subclause 7.¢.2.2,
applied to all classes.

} elseN]

for«(j=0; j< num classes ; J++) {

Descriptor configuratiop, as
Specified in 7.4-2-Z,appiled to
the class identified by class_
ID[j].

descriptor configuration (i)

}

num_groups u(16)

for(j=0; Jj < num groups; J++)

rgroup_ID[j] st(v)

multiple alignments flag u(1)
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Table 7 (continued)
Syntax Type
spliced_reads_flag u(1)
extended alignment info_flag u(1)
reserved u(29)
signature flag u(1)
if (signature flag != 0){
signature_constant_length_flag u(1)
j_ﬂ(_sj_gnaj;unL_ggns_tan_t#nath_flaa 1= 0)¢{
signature_length u(8)
}
}
foq (c = 0; ¢ < num classes; c++) {
qv_coding_mode u(4)
if (gqv_coding mode == 1) {
qvps_flag u(1)
if (qvps flag)
parameter set gqups(class ID[c]) See subclause 7.4.2.3.
else
qvps_preset_ID u(4)
}
qv_reverse_ flag u(1)
}
crgs_flag u(1)
if{crps flag)
parameter set crps() See subclause 7.4.2.4.
while ( !byte aligned( ) )
nesting_ zero bit f(1)
}
dataset_type specifies the type of data encoded in the dataset. The possible values are: 0 = non-aligned
content; 1 = aligned content; 2 '=reference.
alphabhet_ID identifies the/alphabet of symbols used for data encoded in access units referring tp these
encoding parameters~Table 35 shows the alphabets associated to each value of alphabet_ID.
read_length specifies the length in bases of sequencing reads. The value 0 indicates the presence of vfariable
read lehgths or'when there are multiple alignments with splices. Variable read lengths are signalled genomic
record as specified in subclause 10.4.9.
numbgriof_template_segments_minus_1 specifies the number of segments in each sequenced
template. For single read sequencing it is set to 0, for paired-end sequencing it is set to 1. The variable

numberOfTemplateSegments is set to number_of_template_segments_minus_1 + 1.

max_au_data_unit_size is the maximum value permitted to the field data_unit_size in the data unit, when

data_unit_type is equal to 2, as specified in subclause 7.2. A value of 0 indicates an unspecified ma
data unit size.

Ximum

pos_40_bits_flag is set to 1 when the mapping positions are expressed as 40 bits integers. Otherwise all
mapping positions are expressed as 32 bits integers. In the scope of this document the value of the variable

posSize is set to 32 when pos_40_bits_flag is equal to 0 and set to 40 otherwise.
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qv_depth specifies the number of quality values associated to each nucleotide. A value of 0 means that no
quality values are encoded. The maximum value shall be 2.

as_depth specifies the number of alignment scores associated to each alignment. A value of 0 means that no
alignment scores are encoded. The maximum value shall be 2.

num_classes specifies the number of data classes encoded in all access units referring to the current
Parameters Set.

class_ID is one of the data class identifiers specified in subclause 9.5. For any value of ci greater than 0 it
shall always be class_ID]ci] > class_ID]ci - 1].

NUM_DESCRIPTORS is a constant counting the number of genomic descriptors specified in this dofument
and it if set to 18.

class_gpecific_dec_cfg_flag signals the presence of class-specific decoder configuration for a’given desc_
ID. If s¢t to 0, only one decoder configuration is signalled for all classes. Otherwise, separate class gpecific
decodér configurations are signalled.

descrigtor_configuration(i) signals the descriptor’s decoder configuration as specified in subclause 74.2.2.

num_groups specifies the number of read groups present in all access units referring to the ¢urrent
Paramg¢ters Set. If num_groups is set to 0, the rgroup descriptor shall not lbe\present in the AUs refefring to
this pafameter set.

rgroup_ID is the null-terminated string identifier of a read group.‘The maximum allowed length is 64
characters not including the terminating character.

multiple_alignments_flag is a flag signaling the presence ofimultiple alignments in the access unit. When
set to  no multiple alignments are present.

spliced_reads_flag signals the presence of spliced reads'in the access unit. When set to 0 no splicegdl reads
are prgsent.

reservied is set to 0 and reserved for future use,
signatpire_flag signals the presence of signatures in the access unit. When set to 0 no signatures are gresent.
signatfire_constant_length_flag signals if all signatures in an access unit have the same constant length.

signatpire_length specifies the length in bases of signatures when the signature_constant_length| flag is
setto 1.

qv_coding_mode shall bersetto 1, all other values are reserved.
qvps_fllag signals the-presence of a parameter_set_qvps(class_ID[c]) element.

qvps_preset_ID signals the ID of the quality values parameter set preset as specified in subclause 1(.4.16.

paramé¢ter_set_qvps(class_ID[c]) is the quality values parameter set as specified in subclause 10.4.1¢. If not
presen, the parent quality values parameter set identified by parent_parameter_set_ID shall be us¢d.

qv_reverse_flag signats if the decoded qv String shall be reversed i the decoding process specified in
subclause 10.4.16.2.

crps_flag signals the presence of a parameter_set_crps() element.

parameter_set_crps() is the computed reference parameter set as specified in subclause 7.4.2.4. If not
present, the computed reference parameters set of the parent parameter set identified by parent_parameter_
set_ID shall be used.

nesting_zero_bit is one bit set to 0.
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7.4.2.2 Descriptor configuration syntax and semantics

Table 8 — Descriptor configuration syntax

Syntax Type
descriptor configuration(desc ID) {
dec_cfg preset u(8)
if (dec_cfg preset == 0){
encoding_mode_ID u(8)
if ((desc_ID != 11 && desc_ID != 15) || (encoding mode_ID !'= 0))
decoder configuration (encoding mode ID) As specifiedin 12.4.1
else if (desc ID == 11 || desc ID == 15){
decoddr configuration tokentype (encoding mode ID) Asspecified in 12.4.5.
}
}
elde{
/* |reserved for future use */
}
}
dec_cfg_preset shall be set to 0 to signal the presence of a decoder/configuration.
encoding_mode_ID compression algorithm value as specified\in Table 9.
decoder_configuration(encoding_mode_ID) signals the(decoder configuration parameters as specified in
subclafise 12.4.1.
decoder_configuration_tokentype(encoding_modg D) signals the decoder configuration parameters as
specifigd in subclause 12.4.5.

Table'9 — Encoding mode values

encoding_mode_ID Name Description Algorithm reference
0 CABAC Context-Adaptive Binary |See subclause 12.6
Arithmetic Coding
1 LZMA Lempel-Ziv-Markov|ISO/IEC 23092-3:2022
Chain Algorithm
ZSTD Zstandard https://tools.ietf.org/html/rfc8478
BSC Block Sorting Coder  |See subclause 12.8
PROCRUSTES FMindex-based com-|ISO/IEC 23092-1:2020

pressor
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7.4.2.3 Quality values parameter set syntax and semantics

7.4.2.3.1 General

Table 10 — Syntax of the quality values parameter set

Syntax Type

parameter set qvps(class id) {

qv_num_codebooks_total u(4)

for (b = 0; b < gv_num codebooks total; b++) {

qv_num_codebook entries[Db]

for (e = 0; e < gv_num codebook entries[b]; e++) {

qv_recon[b] [e]

}

Table 1|0 specifies the syntax of the quality values parameter set.
qv_nump_codebooks_total is the number of quality value codebooks. When qvps_flag is equal tq 1, the
minimyim allowed value is 2 for class_id == Class_I or class_id == Glass_HM. Otherwise , the minimum
allowedl value for all other classes is 1. For class_id == Class_U, this yalue shall be set to 1.

qv_num_codebook_entries[b] is the number of qv_recon elements in the quality value codebook identified
by b. The minimum allowed value is 2 and the maximum allowed value is 94.

qv_recpn|b][e] is the quality value reconstructed from a quality value index identified by e, using the jquality
value cpdebook identified by b.

qvNun]CodebooksAligned is the state variable indicating the number of quality value codebooks ujsed for
aligned reads computed as specified in Table 11.

Table 11 — Computation of qvNumCodebooksAligned

Syntax
if( class id == Class I || class id == Class HM) {

/* |For classes I and HMy™ tHe last codebook is reserved for unaligned data */

gvNumCodebooksAligned s «qv_num codebooks total - 1

} elsq if( class id !s“Class U ) { /* Classes P, N, M*/

gvNumCodebooksAldgned = gv_num codebooks total
} elsq { /* Clasguv*/
gvNumCodeboeksAligned = 0

7.4.2.3.2-) Quality values parameter set presets

This specification provides three quality values parameters presets, identified by qvps_preset_ID.

7.4.2.3.2.1 Support of all printable ASCII characters

This set of parameters (refer to Table 12) supports the representation of all printable ASCII characters. It is
identified by qvps_preset_ID equal to 0.
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Table 12 — Parameters for the support of all printable ASCII characters

Parameter name Value
qv_num_codebooks_total 1
gv_num_codebook_entries 94

The reconstructed quality values qv_recon[0][i] are derived from quality value indexes i, with i being an
integer number in the range 0..93, with the following expression:

qv_recon|[0][i] =i+ 33

7.4.2.32.2 Quantized quality values, offset 33, range 0-41

This seft of parameters ( Table 13) supports the representation of quantized quality values in therange 0..41
with an offset equal to 33. It is identified by qvps_preset_ID equal to 1.

Table 13 — Parameters for quantized quality values, offset 33, range 0-41

Parameter name Value
qv_num_codebooks_total 1
gqv_num_codebook_entries 8

Table 14 shows how the reconstructed quality values qv_recon[0][]%are derived from the quality value
indexes.

Table 14 — Values of qv_recon for each value of entry when qvps_ID is equal to 1

qv_recon
33
41
46
51
56
61
66
74

N O|f(pbh | W IN|FR|O| -

7.4.2.3.2.3 Quantized quality values, offset 64, range 0-40

This sdt of parametersysupports the representation of quantized quality values in the range 0..40 With an
offset gqual to 64 aS/specified in Table 15. It is identified by qvps_preset_ID equal to 2.

Table 15 — Parameters for quantized quality values, offset 64, range 0-40

Parameter name Value
qv_num_codebooKs_total T
qv_num_codebook_entries 8

Table 16 specify how the reconstructed quality values qv_recon[0][] are derived from the quality value
indexes.
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Table 16 — Values of qv_recon for each value of i when qvps_preset_ID is equal to 2

qv_recon|[0][i]

64

72

77

82

87

92

97

N Q|G| W IN| RO -

104

7.4.2.4 Computed Reference parameter set

This sybclause specifies the data structure used to carry parameters related to the reference comp
algorithms specified in subclause 11.3. Table 17 specifies the syntax of the computed reference params

Table 17 — Syntax of the computed reference parameéter set

Syntax Type
parameter set crps() {
cr_alg ID u(8)
if(cr alg ID == 2 || cr_alg ID == 3)j4
cr_pad_size u(8)
cr_buf max size u(24)

}

cr_alg |ID signals the reference computation algorithm as specified in subclause 11.3.4. The possible

for cr_dlg_ID are listed in Table 18. The values‘0-and 5..25 are reserved.

Table 18 — Values of cr_alg_IDjand corresponding reference computation algorithms

cr_alg_ID algorithm
0 reserved
1 RefTransform
2 PushlIn
3 Local Assembly
4 Global Assembly
5..255 reserved

cr_pad| size is the number of bases used for padding in the process specified in subclause 11.3.4.

utation
ter set.

values

cr_but_max_snze 1s The maximum SizZe In bytes ol the buifer used 1n the decoding process as spec

subclause 11.3.4 and subclause 11.3.5.

7.5 Access unit

ified in

An access unit (AU) is a logical data structure containing a coded representation of genomic information. It

is the smallest data structure that can be decoded.
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7.5.1 Syntax and semantics

7.5.1.1 General

This subclause specifies the access unit syntax ( Table 19) and semantics.

Table 19 — Access unit syntax
Syntax Type

access unit () {

access—unit—headsxr{ Feeess i resder

for (i=0; i<num blocks; i++) { (]/b‘

block[i] () block (]9

} Al

access_unit () { r\gl/
NJ

access Junit_header() is specified in subclause 7.5.1.2.

num_hblocks specifies the number of blocks encoded in the access unit and i

S_unit_

"\@encoded in the acces

header|as specified in subclause 7.5.1.2.
block([]]() is a block as specified in subclause 7.5.1.3. \%
7.5.1.2l Access unit header QQ
This subclause specifies the access unit header syntax and\‘}skmantics. Table 20 specify the syntay of the
access unit header. Q
Qb
Table 20 — Acces&ﬁht header syntax
Syntax A\v Type
accesqd unit header () { \O
acdess_unit_ ID \\S’}‘ u(32)
nun_blocks Q\ u(8)
pagameter set ID “ u(8)
AU |type O\ u(4)
regds_count u(32)
if (AU type == N TY{@ﬁ || AU type == M TYPE AU ) ({
mm_threshold (O u(16)
mm_count Qy u(32)
) QO
if data@‘{ype == 2){
r&.{)s‘equence_ID u(16)

-Ee'#_s—éa—:—tpes—i—&i—eﬂ

L Qs al
U{puUsolLT)

ref _end position u(posSize)
}
if (AU Type != U TYPE AU)
{
sequence_ID u(16)
AU_start position u(posSize)
AU_end_position u(posSize)

if (multiple alignments flag) {

Specified in subclause 7.4.2.
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Table 20 (continued)

Syntax Type
extended AU start_position u(posSize)
extended AU _end position u(posSize)

}
}
else {
if (signature flag != 0) { Specified in subclause 7.4.2.
___num_signatures n(16)
for (i=0; i< num signatures; i++) {
if (signature constant length flag == 0) {
signature_length[i] u(8)
}
signature[i] u(signatutreSize)

while ( !byte aligned( ) )

nesting_zero_bit f[l)

access|unit_ID is an unambiguous identifier for each AU_type, zero-based. If AU_type is not equdl to U_
TYPE_AU, it is encoded with respect to each reference sequernce (identified by a specific value of sequence_
ID), i.e.} it is reset for the first access unit aligned on a specific reference sequence.

num:]locks specifies the number of Blocks in the ag¢ess unit.

paramleter_set_ID is a unique identifier of the-parameter set to be used to decode the access unit tq which
this acfess unit header belongs. Decoding of an access unit is unspecified if at least one parameter in the
hierardghy of parameter sets referred to by the field parameter_set_ID of the access unit and by thg fields
parent| parameter_set_ID of the paraméeter sets in the same hierarchy, as specified in subclause 7.4.1, set is
not avdilable.

AU_type identifies the type of access unit and the class of data carried therein as specified in subclauge 7.5.2.
reads_lcount signals the nuimber of genomic sequencing reads encoded in the access unit.

mm_threshold specifies)the maximum number of substitutions a read (of class N or M) shall contain to be
countefl by mm_count/If set to 0 the feature of counting substitutions in encoded reads is disabled.

mm_cqunt specifies the number of reads encoded in the access unit containing a number of substitutions
which {s equalite or lower than the threshold specified by mm_threshold. mm_count shall be set to|0 if the
threshgld.is set to 0.

ref_sequence_IDspecifies thedentifter of thereferencesequenceencoded i thisaccessumit:
ref_start_position specifies the position on the reference sequence of the first base encoded in this access unit.

ref_end_position specifies the position on the reference sequence of the last nucleotide encoded in this
access unit.

sequence_ID is the identifier of the reference sequence to be used to decode this access unit as specified in
clause 10. It corresponds to a sequence_ID element in Table 5.

AU_start_position is the position of the leftmost mapped base among the first alignments of all genomic
records encoded in the access unit irrespective of the strand.
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AU_end_position is the position of the rightmost mapped base among the first alignments of all genomic
records encoded in the access unit irrespective of the strand.

extended_ AU_start_position specifies the position of the leftmost mapped base among all alignments of
all genomic records contained in the access unit, irrespective of the strand.

extended_AU_end_position specifies the position of the rightmost mapped base among all alignments of
all genomic records contained in the access unit, irrespective of the strand.

num_signatures specifies the number of signatures used to index unmapped reads as specified in
ISO/IEC 23092-1:2020.

signat
signat
specifi
using t

sig
with b
ID as s
specifi
tolor

flag (s
symbo

signatu

with S,

posSizé
7.5.1.3

7.5.1.3

This su

ire_length specifies the signature length in terms of bases of a variable length signature.

ire is the unsigned integer representing the signature of the cluster this access unitbelong
bd in ISO/IEC 23092-1:2020. The length in bits of this field, named signatureSize shall be cal
he signature_length specified in Table 20 as follow:

natureSize = signature_length * bits_per_symbol

ts_per_symbol corresponding to BitsPerSymbol(S,,p,bet p) as specified(in Table 35 with aly
pecified in subclause 7.4.2, and with signature_length corresponding.either to signature_le}
bd in subclause 7.4.2 when signature_constant_length_flag (as specified in subclause 7.4.2) i
to the signature-specific signature_length[i] specified in Table 20-when signature_constant_

) value computed as follows:

re_base[i][j] = Syiphabet_ipl(signature[i] >> ((signature_length - j - 1) * bits_per_symbol))
& ((1 << bits_per_syfibol) - 1)]

iphabet_p s specified in Table 35 with alphabet ID as specified in subclause 7.4.2

b is specified in subclause 7.4.2.
Block

.1 General

bclause specifies the block-syntax ( Table 21) and semantics.

Table 21 — Block syntax

Syntax Type
block () {
block_header () block header
block_payload() block payload
}

s to, as
rulated

habet_
ngth as
5 equal
ength_

ecified in subclause 7.4.2) is equal to 0.The j-th base in a signature is represented by the u(bits_per_

block_

eader 1s a block header structure as specitied 1n subclause /.5.1.5.2.

block_payload is a block payload structure as specified in subclause 7.5.1.3.3.

7.5.1.3

.2 Block header

This subclause describes the block header syntax (Table 22) and semantics.
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Table 22 — Block header syntax

Syntax Type
block header () {
reserved u(1)
descriptor_ID u(7)
reserved u(3)
block payload size u(29)

}

reser

descriptor_ID signals the descriptor type as specified in Table 25. Its value shall be unique among all

dis setto 0 and used to preserve byte alignment.

in the 4ccess unit.

block_payload_size specifies the size in bytes of the block payload.

7.5.1.3,3 Block payload

This s
entrop

bclause specifies the syntax (Table 23) and semantics of the block\payload structure con|

y-coded descriptors.

Table 23 — Block payload syntax

blocks

[faining

Syntax

Type

block |

payload(descriptor ID) {

if

descriptor ID == 11 || descriptor ID == 15){

encoded tokentype ()

As specified in 10.4.20.2.

els

e {

encoded descriptor sequences (descriptor ID)

As specified in 12.6.2.2.

wh il

le( !byte aligned(

) )

nesting_zero_bit

f(1)

}

encode

encode
the end

nestin

7.5.2

Access unit types

p_zerogbit is one bit set to 0.

d_tokentype() is a data structure specified in subclause 10.4.20.2 carrying encoded tol
strings,

d_descriptor~sequences(descriptor_ID) is a data structure specified in subclause 12.6.2.2 c:

oded genomit descriptors for sequences and quality values specified in Clause 8.

tenized

rrying

AUs can be of different types according to the nature of the coded data. An access unit contains encoded

genomic records belonging to a single data class as shown in Table 24.
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The bldcks of descriptors encoded in one access unit as specified in subclause 7.5.1.3 are those corresp
to seqyencing reads belonging to one class of data as specified in subclause 9.5. Descriptors carried |

aCcess

AUs of pny class can be possibly associated with blocks of descriptors representing the ¥ead names
quality] values of the encoded sequencing reads.

8 Descriptors

When
requir

Descri

Descri

referer]ce sequences are reported in Table 25. Descriptors arée specified in subclause 10.4 and its subc

Subsequence semantics and types for each descriptor-ID of Table 25 are reported in Table 26, T§
Table 28, Table 29, Table 30, Table 31, Table 32, Tabl¢:33, Table 34.

ISO/IEC 23092-2:2024(en)

Table 24 — Class of encoded data per access unit type

Access unit type Data class
AU type name Value

P TYPE_AU 1 Class P
N_TYPE_AU 2 Class N
M_TYPE_AU 3 Class M
[_TYPE_AU 4 Class 1
HM_TYPE_AU 5 Class HM
H_'T‘VDF‘_AH 6 Class 11

unit type are listed in Table 25.

dlataset_type specified in subclause 7.4.2 is equal to 0 or 1, the only-mandatory descriptors ar

Itors are the output of the decoding process specified in clause 12.

tors required for the representation of sequencing reads, quality values, read names and trans

onding
by each

and/or

e those

¢d to represent the sequences of nucleotides, whereas read nameg and quality values are optional.

formed
lauses.

\ble 27,

Table 25~ Genomic descriptors

descriptor_ID | Genomic descriptor | Number of descriptor Decoding process
name subsequences
@ . sequencing reads
0 pos 2 10.4.2
1 rcomp 1 104.3
2 flags Variable, as specified in|10.4.4
subclause 10.4.4.
3 mmpos 2 10.4.5
4 mmtype 3 10.4.6
5 clips 4 10.4.7
6 ureads 1 10.4.8
7 rlen 1 1049
8 pair 8 10.4.10
9 mscore 1 10.4.11
10 mmap 5 10.4.12
11 msar Variable, as specified in|10.4.13
subclause 10.4.13.
12 rtype 1 10.4.14
13 rgroup 1 10.4.15
quality values

© ISO/IEC 2024 - All rights reserved

28


https://standardsiso.com/api/?name=7312d6fe72bf905e41c8b3011645ccea

ISO/IEC 23092-2:2024(en)

Table 25 (continued)
descriptor_ID | Genomic descriptor | Number of descriptor Decoding process
name subsequences
14 qv Variable, as specified in|10.4.16
subclause 10.4.16.
read names
15 rname Variable, as specified in|10.4.17
subclause 10.4.17.
reference sequences
16 rftp + +6-4-18
17 rftt 1 10.4.19

Table 26 — Subsequences for descriptor_ID = 0 (pos descriptor)

subselquence_ID Semantics Type
Mapping position of the first alignment. Signed integer.
Mapping position of additional alignments. |Signed integer.
Table 27 — Subsequences for descriptor_ID = 2 (flags.descriptor)
subsequence_ID Semantics Type
0 Read is PCR or optical duplicate. Unsigned integer with value either 0 or 1.
1 Read fails platform/vendor quality checks. |Ufisigned integer with value either 0 or 1.
2 Read mapped in proper pair Unsigned integer with value either 0 or 1.
3 Not primary alignment Unsigned integer with value either 0 or 1.
4 Supplementary alignment Unsigned integer with value either 0 or 1.
Table 28 — Subsequences for-descriptor_ID = 3 (mmpos descriptor)
subsequence_ID Semantics Type
Terminator flag Unsigned integer with value either 0 or 1.
Position value Unsigned integer.
Table 29 — Subsequences for descriptor_ID = 4 (mmtype descriptor)
subsequence_ID Semantics Type
Symbeltype flag Unsigned integer with values either 0, 1 or|2.
Substitution type Unsigned integer.
Insertions type Unsigned integer.
Table 30 — Subsequences for descriptor_ID = 5 (clips descriptor)
Subseq_u_enrn_ln Semantics "l"ypn
0 Record identifier Unsigned integer.
1 Type/Position flag Unsigned integer.
2 Nucleotides indexes with terminators Unsigned integer.
3 Hard clips length Unsigned integer.
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Table 31 — Subsequences for descriptor_ID = 8 (pair descriptor)

subsequence_ID

Semantics

Type

0

Sequence identifying:

— thesubsequence carrying the next symbol required for the decoding
process when values range from 0 to 4. Each value i in the range 0..4
corresponds to subsequence_ID =i+ 1

— R1_unpaired decoding case as specified in 10.4.10 when the value is
equal to 5.

— R2 unpaired decoding case as specified in 10.4.10 when the value is

Unsigned integer.

equal to 6.

same_rec decoding case as specified in 10.4.9. Sequence of values con-
taining the segment ordering and the distance between the mapping
position of read 1 and the mapping position of read 2 on the reference
sequence. Encoded as '(delta << 1) | read1_first', where delta is com-
prised between 0 and 32767 and read1_firstis a 1-bit flag.

Unsigned intege

3

R1_split decoding case as specified in 10.4.10.
Sequence of values representing:
For classes P, N, M, |

the position of read 1 on the reference sequence. The maximum value is
2possize _ 1 where posSize is specified in subclause 7.4.2.

For class U

the genomic record index of the genomic record containing read 1 in
the current AU.

Unsigned integg

=

R2_split decoding case as specified in 10.4.10s

For classes P, N, M, I the position of read 2 on'the reference
sequence. The maximum value is 2PsSize £1 where posSize is
specified in subclause 7.4.2.

For class U the genomic record index'of the genomic record
containing read 2 in the current AU:

3

Unsigned integg

R1_diff ref seq decoding cas€ as specified in 10.4.10.
Sequence of values represehting:

for classes P, N, M, I the\identifier of the reference sequence
to which read 1 is mapped. The maximum value is 216-1.

for class U the identifier of the AU containing the read 1.

Unsigned integg

3

R2_diff ref_seqdecoding case as specified in 10.4.10.

for classes.P'N, M, I the identifier of the reference sequence
to whichread 2 is mapped. The maximum value is 216-1.

for class™U the identifier of the AU containing the read 2.

Unsigned integé

=

R1, _diff ref seq decoding case as specified in 10.4.10. Sequence
of values representing the position of read 1 on the reference
sequence. The maximum value is is 2PosSize — 1 where posSize
is specified in subclause 7.4.2.

Unsigned integg

3

R2_diff ref_seq decoding case as specified in 10.4.10. Sequence
of values representing the position of read 2 on the reference

Unsigned intege

3]

SeqUence. T e Maximumm vatue 1515 2resStze =1 Wwitere possize
is specified in subclause 7.4.2.
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Table 32 — Subsequences for descriptor_ID = 10 (mmap descriptor)

subsequence_ID

Semantics

Type

Number of alignments of the leftmost and rightmost reads.

Unsigned integer

Index of right alignments.

Unsigned integer

Flag signalling the presence of more alignments in other genomic
records.

Boolean flag

of the leftmost read on the reference sequence. The maximum
value is is 2PosSize — 1 where posSize is specified in subclause 7.4.2.

3 Values representing the identifier of the reference sequence Unsigned integer
a secondary alignment of the leftmost read is mapped to. The
maximum value is 216-1.

4 Vatues Tepresenting aseconmdary aigment Iapping position Yrrsigmedimteger

Table 33 — Subsequences for descriptor_ID = 11 and 15 (msar and rname descriptors)

subselquence_ID Semantics Type
0 Output of decode_descriptor_subsequence() for Unsigned integer
CABAC_METHOD_0 as specified in subclause 10.4.20.4.5.
1 Output of decode_descriptor_subsequence()for Unsigned integer
CABAC_METHOD_1 as specified in subclause 10.4.20.4.6.
Table 34 — Subsequences for descriptor_ID = 14'(qv descriptor)
subsequence_ID Semantics Type
0 Quality value present flag, Boolean flag.
1 Quality value codebook identifier. Unsigned integer.
2..(24 Quality value index used to look up a Unsigned integer.
qv_pum_codebooks_total - 1) reconstructed quality value in the quality
value codebook idéentified by
b = (subsequence_ID - 2).
9 Sequencing reads

9.1 (eneral

This clpuse specifies the semantics of genomic descriptors used to represent nucleotides segme

associd
by an 3

ted alignment information. Each template produced by a sequencing machine or alignment ge
ligner is encoded.iii'a genomic record by means of a subset of the genomic descriptors descr

:ﬁts and

erated
ibed in

this clduse. The genomic descriptors are extracted from a compliant bitstream according to the propcesses
describled in subcladse 12.7 and the genomic templates with the associated alignment information|can be
reconsfructed frem the decoded genomic descriptors according to the decoding processes descrjbed in
subclalise 10.4-
9.2 Supported symbols
The supported alphabets are specified in Table 35.
Table 35 — Identifiers of alphabets supported for sequencing reads representation

alphabet—ID Salphabet 1D Size(salphabet ID) Bitspersymb(ﬂ(salphabet ID)
0 So=I[A,C,G,T,N] 5
1 S;=[ACGTR,Y,S,WKM,B,D,HV,N,-] 16
2..255 reserved
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Each alphabet is identified by an alphabet_ID as shown Table 35.

The notation S,j,p.pec iplindex] specifies a conversion from a numerical index to an ASCII character
corresponding to a symbol of the alphabet identified by alphabet_ID, as specified in Table 36:

Table 36 — Conversions from numerical indexes to ASCII characters corresponding to alphabet symbols

The nd

Code,

Each a
Table 3

tation Code,jpaper ID[symbol] specifies the inversion conversion of S
habet_Ip[Saiphabet_ip[index]] is always equal to index for any valid value oflndp ex as specified in T

phabet symbol Sym is associated with acomplementary symbol Complement(Sym) as spec

7.

Salphabet_1p[index] Solindex] S;[index]
Salphabet 1p[0] So[0] =“A” S,[0] = “A”
Salphabet_[D[l] So[l] =“C” Sl[l] = “c”
qalpﬂaDetJU[?] Sph==G~ S 2} ="G"
Salphabet_ipl[3] Sel3]1="T" $,[3]=“T”
Saiphabet 1p[4] Sol4] =“N” S,[4] = “R”
Salphabet_ID[S] N/A S,[5] =“Y”
Salphabet_[D[6] N/A S,[6] = “S”
SalphabetJD[7] N/A $,[7] = “W”
Salphabet_1p[8] N/A $,[8] = “K”
Salphabet_1p[%] N/A $,[9] = “M”
Salphabet_ID[lo] N/A $,[10] = “B”
Salphabet_ID[ll] N/A $,[11] = “D”
Salphabet_1p[12] N/A S, [A2]="H"
Salphabet_1p[13] N/A S;Ti3] = “V”
Salphabet_1p[14] N/A S,[14] = “N”
Salphabet_1p[15] N/A S,[15] = “-"

Table 37 & Complementary alphabet symbols

habet_ID 1r1dex] su

th that
Table 36.

ified in

Splindex] So[Complement(index)] S;[index] S,[Complement(index)]
Sol0] = "A" Sol31= P $,[0] = “A” S,[3]=“T”
Sl ="C” So(2) =G S,[1] =“C” S,[2] =“G"
So[2] = "G” Sel1] =“C” $1[2] = “G” S,[1] = “C’
So[3] = "T" Sol0] = “A” S,[3] = S,[0] = “A”
Sol4] = "N¢ Sol4] ="N" S,[4] = S,[5]="“Y”
N/A 5,[5]="Y" S;[4]="R"
b'a Si6]="S" [S6]="S’
L S\ W 5,[7] = "W”
N/A 5181 = S.O]="
N/A 51091 = 5,[8] = K’
N/A 5,[10] = “B” 5,[13] = V"
N/A S,[11] =D S,[12] = “H”
N/A S,[12] = “H” S,[11] = “D”
N/A $,[13] =" S,[10] = “B”
N/A 5,[14] = “N” S,[14] = “N”
N/A 5,[15] =" 5,[15] =’
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9.3 Paired-end reads

In case reads are generated in pairs by sequencing devices, each pair can be encoded as a single logical data
structure named genomic record where the mapping position of one of the reads is represented using the
pair descriptor as specified in subclause 10.4.10. The information linking one read to its mate is referred to
as “pairing information” in this document.

The two reads are not sequenced from the same strand, but can be aligned to the same strand. The
sequencing device determines which read in the pair is marked as read 1, whereas the other one will be read
2. An example is shown in Figure 4.

READ 1

W

=

Positio
leftmo
The ca

The p4

recons

9.4 K

The re
base B
bases i
specifi

Re

9.5 1

Six datf]
encode

If a ten]
of the 1
the firs

The da

¢ avad

jgure 4 — Read 1 sequenced from the forward strand and read 2 fromthe reverse stran

hs of mismatches with respect to the used reference sequence shiall be encoded as offset fr
tmapped base of the leftmost read. The rightmost read is considered to be contiguous to the le
culation of the actual position of mismatches on the rightmdst read is described in subclause

d

om the
ftmost.
10.4.10.

ir can also be split into two reads that are encoded‘Separately. In this case, the pair s
fructed using both the pairing descriptors and the template name shared by the two reads.

everse-complement reads

with its complementary base Complement(B) as specified in subclause 9.2. If Read[] is the 4
h a read, the array of bases in the corresponding reverse-complement ReverseComplementR
bd as follows:

verseComplementRead[n] = Complement(Read[Size(Read[]) - n - 1]), for nin 0 .. Size(Read[]) -

Data classes

a classes are specified to classify genomic records according to the result of the mapping
d sequencing reads.dgainst one or more reference sequences.

ead with the-highest class_ID. In case of multiple aligments the genomic record belongs to the
t alignment in the record.

Fa_classes and their descriptions are specified in Table 38.

hall be

yerse-complement of a read is computed bjZinverting the order the read bases and replacing each

rray of
bad|] is

of the

plate contaifis.more than one read, if both reads are mapped, the genomic record belongs to the class

class of
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Table 38 — Sequence data classes

class_ID Class Identifier Genomic record content
Class_P Only reads perfectly matching to the reference sequence.
Class_N Reads perfectly matching to the reference sequence or containing
mismatches which are unknown bases only.
3 Class_M Reads perfectly matching to the reference sequence or containing
substitutions or unknown bases, but no insertions, no deletions,
no splices and no clipped bases.
4 Class_I Reads perfectly matching to the reference sequence or containing
substitutions, unknown bhases, insertions, deletions, splices or
clipped bases.
Class_HM Paired-end reads with only one mapped read.
Class_U Unmapped reads only.
When the syntax specified in this document needs to use the maximum number of specified data ¢lasses,
this is $pecified by the constant NUM_CLASSES = 6.
9.6 Aligned data
In the fontext of this document, aligned genomic data are genomic segments which require the uge of an
externgl or embedded reference genome (as specified in subclause 10.6.2.2) to be decoded.
This dubclause specifies the types of descriptors contained( in" the blocks payload specified in

subclagse 7.5.1.3.3. Each block contains binary coded descriptors.of a single type identified by the desqriptor_

ID pres

ent in the block header as specified in subclause 7.5.1.3.2¢

Once decoded, each descriptor shall be used to initialize,one or more output record fields as specjfied in

Clause

the cor

Table 39 — Descriptors used to represent aligned sequencing reads

13.3. Table 39 lists the descriptors used for aligfied reads with a brief description and refergnce to
responding clause.

desdriptor_ID descriptor Semantics subclajuse

0 pos Read mapping position. 10.412
1 rcomp Strand information for reads in a template. 10.413
2 flags Additional alignment information usually produced by aligners. 10.444
3 mmpos Position of mismatches in reads. 10.415
4 mmtype Type of mismatches. 10.4l6
5 clips Information on clipped bases (i.e. Soft clips or hard clips). 10.457
6 treads Unmapped reads encoded verbatim. 10.4J)8
7 rlen Read lengths. 10.4P9
8 pair Represents: 10.4.10

1.a The unsigned distance from one segment to the next.

OR

1.b The absolute position on a reference sequence of a seg-

ment in a template.

AND

2 Information signaling if the leftmost mapped read in the

genomic record is read 1.
9 mscore Provides a score per alignment . 10.4.11
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Table 39 (continued)
descriptor_ID descriptor Semantics subclause
10 mmap Used to represent multiple alignments. 10.4.12
11 msar Supports spliced alignments and alternative secondary align- 10.4.13
ments which do not preserve the same contiguity of mapping
of the primary alignment.
13 rgroup Identifier of the read group each genomic record belongs to. 10.4.15

9.7 Unaligned data

Unaliglled reads belong to class U only. They are encoded as unmapped reads in aligned datasets;Jome of
the deqcriptors specified for reads aligned to an external or internal reference as specified in subelause 9.6
are us¢d to encode unaligned reads (see Table 40). This is motivated by the fact that unaligned reads are
encodeld using reference sequences built from the data to be encoded. The reference usedifor magping is
computed according to the procedures described in subclause 11.3.
Table 40 — Descriptors used to represent raw sequencing reads
des¢riptor_ID Descriptor Semantics Subclause
0 pos Read mapping position. 10.4|2
1 rcomp Strand information for reads in a templaté. 10.4|3
2 flags Additional alignment 10.4{4
information usually produced by-aligners.
3 mmpos Mismatch position. 10.4|5
4 mmtype Type of edit operations: 10.4|6
— substitutions;
— deletions;
— insertionsy
5 clips String of nucleotides with 10.4{7
variable length (e.g. soft clips).
6 ureads Unmapped reads encoded verbatim. 10.4|8
7 rlen Unsigned integer representing the number of bases in the 10.4|9
read minus one.
8 pair Represents: 10.4.10
1l.a The unsigned distance from one segment to the next.
OR
1.b The absolute position on a computed reference se-
quence of a segment in a template.
AND
2 Information signaling if the first read in the genomic
record is read 1.
12 rtype This identifies the subset of descriptors needed to 10.4.11
tdecode theTead:
13 rgroup Identifier of the read group each genomic record 10.4.15
belongs to.

10 Decoding process

10.1 General

This clause describes the decoding process to reconstruct the genomic information encoded in a bitstream
compliant with this document.
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The input to this process is one data unit. The output of this process can be:

a) ar

aw reference as specified in subclause 7.3.

b) alist of ISO/IEC 23092 series records as specified in Clause 13.

The decoding process is specified such that all decoders that conform to this document will produce
numerically identical decoded output as either ISO/IEC 23092 series records or raw references. Any decoding
process that produces identical decoded output ISO/IEC 23092 series records or raw references to those
produced by the process described herein conforms to the decoding process requirements of this document.

10.2 d

10.2.1

The input to the processes described in the following clauses is decoded genomic descriptors gener

output
decods

In the ¢
de

where

subclayise 12.1. The valid values of descriptor_ID are specified in{Table 25. The values of desq
subseqr;

At the
initiali

The ou
and th
structy

The dd
identif

If datag

10.2.2

In case
be use
thatis
is show

Jatasettype=0-or1

General

of the parsing process specified in subclause 11.3.6. The genomic descriptors.are’containec
d_symbols data structure specified in this subclause.

ontext of the decoding process each decoded symbol is identified by

foded_symbols[descriptor_ID][descriptor_subsequence_ID][

]descriptor_ID, descriptor_subsequence_lD]

Jdescriptor_ID, descriptor_subsequence_ID 1S the index to read the¢decoded symbols as speci

ence_ID are between 0 and the number of descriptor subsequences minus 1 as specified in T3

beginning of the decoding process of each AU all indexes jyescriptor I, descriptor_subsequencd
zed to 0. ) )

fput of this process is a sequence of output records as specified in clause 13. If cr_alg_ID is eq
p rftp and rftt descriptors are present, an additional output of this process is a raw_referen
re as specified in subclause 7.3.2.

coding process of each access unit refers to encoding parameters carried by the paramse
ed by the parameter_set_ID specifiediin subclause 7.5.1.2.

et_type is equal to 0 then only, AW of type 6 (CLASS_U) shall be present in the dataset.

References padding

l during the decoding process specifies a seq_start that is greater than AU_start_pos or a g
ess than AU_endpos, the decoder shall pad the missing portions of reference sequence with “J

nin Figure 5,

ated as
in the

fied in
riptor_
ible 25.

p are

hal to 3

C€output

ter set

of AUs of type P, N, M, I'and HM, if the raw reference structure containing the reference sequence to

eq_end
N". This
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seq_start seq.end

reference sequence :
et { {1 1 1t 1\ | 1 | 1 1 1 | | | |
INININTNTATcTTIATAlClGITIATATGTITIAICTGIGTATTICINININI

AU_end_positi

raw reference
seq_start
seq_end

[ ]

on

Decoder

access unit

AU_start_position
AU_end_position

Figure 5 — Padding process for a reference sequence

Type 1 AU (Class P)
access units encode aligned sequencing reads which perfectly match to the used reference sec
peginning of the decoding process of each AU the variable'msar_k is initialized to 0.

roding process of one record within a binary decoded access unit of type 1, which shall be re
he records within the same access unit, is as follaws:

a classld variable equal to the value of AU.type as specified in subclause 7.5.1.2.

code the variables numbef@®fRecordSegments, numberOfAlignedRecordSeg
mberOfMappedRecordSegments and.unpairedRead as specified in subclause 10.4.10.

juence.

peated

ments,

L.7.

mpute the arrays softClips[][], seftClipSizes[][] and hardClips[][] as specified in subclause 10.1

mpute  the arrays _weadLength[], numberOfSplicedSeg[],  splicedSegLength[][]
icedSegMappedLength[}{}.as specified in subclause 10.4.9.

code the output variables specified in subclause 10.4.12 containing the alignment and
prmation.

code the pos-descriptor as specified in subclause 10.4.2.

code thé output variables specified in subclause 10.4.10 containing pairing and/or {§
prmation.

and

apping

plicing

cade the rcomp descriptor as specified in subclause 10.4.3.

If num_groups specified in subclause 7.4.2 is greater than 0 decode the rgroup descriptor as specified
in subclause 10.4.15.

code the readName variable as specified in subclause 10.4.17.

If as_depth specified in subclause 7.4.2 is greater than 0 decode the mscore descriptor as specified in
subclause 10.4.11.

10.2.3
Type 1
At the ]
The de
for all t
a) Sef
b) De
nu
¢) Co
d) Co
spl
e) De
inf
f) De
g) De
inf
h) De
i)
j) De
k)
1)

If multiple_alignments_flag specified in subclause 7.4.2 is 1 decode the msar descriptor as specified in
subclause 10.4.13.

© ISO/IEC 2024 - All rights reserved

37


https://standardsiso.com/api/?name=7312d6fe72bf905e41c8b3011645ccea

ISO/IEC 23092-2:2024(en)

m) If present, decode the following optional descriptors:

i) decode the flags descriptor as specified in subclause 10.4.4.

ii) decode the qv descriptor as specified in subclause 10.4.16.

n) Ifthis processisbeingapplied to access units of type 1 (Class P) (i.e., if this process is not being applied to
access units of other types as specified in subclauses 10.2.4, 10.2.5 and 10.2.6), or if crps_flag specified

in Table 7 is equal to 1 and cr_alg_ID specified in Table 17 is equal to 2, 3, or 4 and the value of rtype
descriptor specified in Table 67 is equal to 1, decode the read sequences as specified in subclause 10.5.2.

10.2.4 Typn 2 AU (f‘lncc ]\l)

Access|units of type 2 (Class N) are decoded by following the process described for AUs of type. 1/((

lass P)

in subdlause 10.2.3, then applying the information on unknown bases (symbol N) carried By the mmpos
descrigtor as specified in subclause 10.4.5, and finally decoding the read sequences’as specified in
subclagise 10.5.2.
Additidnal inputs to this process are
— the¢ array splicedSequence[][] specified in subclause 10.5.1
— th¢ mismatchOffsets[][] and numMismatches[] arrays specified in sub¢lause 10.4.5
The defoded splicedSequence[][] array shall be computed by replacing.each base at a position repr¢sented
by a ddcoded mmpos value in the splicedSequence[][] array obtaided-as specified in subclause 10.5.2 with
the symbol ‘N’.
The substitutions are applied as specified in Table 41.
Table 41 — Sequence decoding process for class N
Decoding step Description
procedsSplSegN (segment, splSeg) {
fog(j = 0; J < numMismatches[segment]y j++) {
splicedSequence[segment] [splSeyl
[mismatchOffsets([segment]Ng]] = ‘N’
}
}
10.2.5( Type 3 AU (ClasstM)
Access|units of type 3 (€lass M) are decoded by following the process described for AUs of type 1 (Clags P) in
subclayse 10.2.3, themrapplying the information on substitutions obtained by following the decoding process

of mmpos and anmtype descriptors as specified in subclauses 10.4.5 and 10.4.6, and finally decodjing the

read sqquences-as specified in subclause 10.5.2.

Additidnal inputs to this process are

— the mismatchOffsets[][], numMismatches[] arrays specified in subclause 10.4.5;

— the mismatches[][] arrays specified in subclauses 10.4.6.

The substitutions are applied as specified in Table 42.
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Table 42 — Sequence decoding process for class M

Decoding step Description

processSplSegM (segment, splSeg) {

for(j = 0; J < numMismatches[segment]; j++) {

splicedSequence [segment] [splSeqg]
[mismatchOffsets|[segment] [j]] = mismatches[segment] []]

10.2.6| Type 4 AU (Class I)

Access|units of type 4 (Class I) are decoded by following the process described for AUs of typel(Clafs P) in
subclayse 10.2.3, then applying the edit operations represented by the decoded mmpos, mmtype and clips
descrigtors as specified in subclauses 10.4.5, 10.4.6 and 10.4.7, and finally decoding the‘riead sequepces as
specifigd in subclause 10.5.2.

Additidnal inputs to this process are:

— th¢ mismatchOffsets[][], numMismatches[] arrays specified in subclause\104.5;
— th¢ mismatches[][] and mismatchTypes[][] arrays specified in subclauSe 10.4.6;
— the softClips[][][], softClipsSizes[][] and hardClips[][] arrays specified in subclause 10.4.7;

— thg¢ variable seqld set equal to sequence_ID as specified in@gubclause 7.5.1.2;

— the arrays ref_sequence[][] and seq_start[] specified@sin subclause 7.3.2;

— the¢ mappingPos[0][] array specified in subclause 10.4.10;

The substitutions, insertions and deletions are applied as specified in Table 43.

Table 43 — Sequence decoding process for mismatches in classes I and HM

Deceding step Descriptiion

procedsSplSegl (segment, splSeg) ¢

rlqn = splicedSeglLength[sggment] [splSeqg]

if({splSeg == 0) {
rlen -= softClipSilzes[segment] [0]

}

if{splSeg == numberOfSplicedSeg[segment] - 1) {
rlen -= s©ftClipSizes[segment] [1]

}

indelsCotnt = 0

mmytedtIdx = splicedSegMismatchIdx[segment] [splSeqg]

for(j = 0; J < splicedSegMismatchNumber [segment] [ splSeg]l; j++) {

if (mismatchTypes|[segment] [mmStartIdx + j] == 0) { Substitution.

splicedSequence [segment] [splSeqg]
[splicedSegMismatchOffsets[segment] [splSeg] [J]] =
mismatches[segment] [mmStartIdx + J]

} else if (mismatchTypes[segment] [mmStartIdx + j] == 1) { Insertion.
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Table 43 (continued)

Decoding step Description
for(k = rlen - 1; All symbols after
k > splicedSegMismatchOffsets[segment] [splSeqg] [j] ; k--) { the insertion are
shifted right by one
position. The last
element is there-
fore lost.
splicedSequence[segment] [splSeqg] [k] =
splicedSequence[segment] [splSeg] [k — 1]
: —
splicedSequence[segment] [splSeqg] Q(]/
[splicedSegMismatchOffsets[segment] [splSeg] [j]] = '(]/
mismatches[segment] [mmStartIdx + 7J] _ f],’
indelsCount -= 1 C;§
Vo
} else if (mismatchTypes[segment] [mmStartIdx + j] == 2) { n('b\) Deletion.
for (k = splicedSegMismatchOffsets[segment] [splSeg][j] + 1; C) v All symbols after
k < rlen; k++) | Q/ the deletion pre
\\ shifted left by one
C-.O position.
splicedSequence([segment] [splSeg] [k - 1] = 5\
splicedSequence [segment] [splSeqg] [k] /. O
N
J RS)
splicedSequence[segment] [splSeg] [rlen — 1] :\\‘< A new symbg¢l shall
ref sequence[seqld] g\\}« be copied frqm the
[splicedSegMappingPos[segment] [spls@ﬁ] reference at the end
of segment.
b\
- seq start([seqld] + rlen N ®$
+ indelsCount] A\
indelsCount += 1 \O
} else { +.C)
/* reserved */ C)\\
} R
} oY
prdcessClips (segment, SMeg) Specified in
Ca Table 44.
} X
Informption on clié@bases is applied as follows:
Soft clips SQ
The cont ??)f softClips[][] array computed as specified in subclause 10.4.7 are applied as specified in
Table 4[41}
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Table 44 — Sequence decoding process for soft clips in classes  and HM

Decoding step Description
processClips (segment, splSeqg) {
if (splSeg == 0) {
splicedSequence [segment] [splSeg] = strcat returns the concate-
strcat (softClips[segment] [0], nation of the two arrays of
splicedSequence[segment] [splSeqg]) _ASCH characters passed as
Input.
}
T e e
splicedSequence [segment] [splSeg] = strcat returns tlié ¢oncate-
strcat (splicedSequence[segment] [splSeg], nation of the g¢wo arrpys of
softClips[segment] [1]) _ASCII charactefs pasised as
input.
}
Hard dlips
The h3rdClips[][] array is used to compute the ecigarString[] and ecigatlength[] arrays specified in
subclauise 10.6.2.
10.2.7| Type 5 AU (Class HM)
Class HM applies only to paired-end reads. Access units of type 5/are decoded as follows:
a) The mapped read is decoded by following the process specified for class I in subclause 10.2.6 and it is
stdred as the first record segment in the output record specified in Clause 13.
b) The unmapped read is decoded according to the process specified in subclause 10.5.3.
10.2.8| Type 6 AU (Class U)
10.2.8{1 General
Accessunits of type 6 (Class U) are decoded as follows:
a) Setaclassld variable equalto the value of AU_type as specified in subclause 7.5.1.2.
b) Defode the variables numberOfRecordSegments, numberOfAlignedRecordSegments| and
numberOfMappedRecordSegments as specified in subclause 10.4.10.
c¢) Compute  the,\)array readLength[],  numberOfSplicedSeg[],  splicedSegLength[][] and
splicedSegMappingPos[][] as specified in subclause 10.4.9.
d) Defode the-output variables specified in subclause 10.4.12 containing the alignment and mjapping
information.
e) Dekede—the—output—variables—speeified—in—subelatse—10-4-10—containing—pairing—andfor—splicing
information.
f) Decode the readName variable as specified in subclause 10.4.17.

g) Ifpresent, decode the following optional descriptors:

i)

decode the flags descriptor as specified in subclause 10.4.4;
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decode the qv descriptor as specified in subclause 10.4.16.

h) If num_groups specified in subclause 7.4.2 is greater than 0, decode the rgroup descriptor as specified
in subclause 10.4.15.

i) De

10.2.8.

code the read sequences as specified in subclause 10.5.3.

2 cr_algID=2

The “PushIn” computed reference algorithm specified in subclause 11.3.4 is used. In this case the genomic

sequencing rea
O 4

subcla

ds are decoded as for other classes of data by using the rtype descriptor as spec

e Vi h na-da nto ad-to o axt ganam acord-tobac

10.2.8

The “G
genom
in subc

3 cr_alg ID=4

10.3 d

10.3.1

ataset_type =2

General

The input to this process is either

— on

process;

or

— an

AU of type 6.

The oy

sequenice,,,,,.[] identifies the ref_sequence field of raw_reference

ified in
coded.

obal Assembly” computed reference algorithm specified in subclause 11.3.6 is used. Ih this cpse the
c sequencing reads are decoded as for other classes of data by using the rtype deScriptor as sgecified
lause 10.4.14. The rtype descriptor is used to select the class of the next genomicrecord to be d¢coded.

e AU of type 1, 2, 3 or 4 and a raw_reference data structure‘already initialized by a previous d¢coding

put of this process is a raw_reference, sy structure as specified in subclause 7.3.2. The arfay ref_

output*

Subclayise 7.4.2 specifies that all AUs referring to a parameter set having dataset_type set to 2

an endg

oded reference genome or porfions thereof. According to the value of AU_type speci

rontain
fied in

subclayse 7.5.1.2 the decoding process is as specified in subclauses 10.3.2, 10.3.3, 10.3.4, 10.3.5 and 10.3.6

for clas

The eld

sesP,N, M, Iand U.

ments of the raw_reference,, ., syntax specified in subclause 7.3.2 shall be set as follows:

seq_count is set to the nlunber of different values of ref_sequence_ID, specified in subclause 7.5.1.2, found

in the |
For ead

— Se

eaders of the AUs"'with dataset_type equal to 2 referring to the same parameter set.
h value of ref_sequence_ID the following applies:

queneerID in the raw_reference syntax is set to ref_sequence_ID.

— Se

1istart shall be set to the value of ref_start_position specified in subclause 7.5.1.2.

— seq_end shall be set to the value of ref_end_position specified in subclause 7.5.1.2.

The decoding process of each access unit refers to encoding parameters carried by the parameter set
identified by the parameter_set_ID specified in subclause 7.5.1.2.

The ref_sequence element specified in subclause 7.3.2 is initialised with the output ref_sequence, of
the decoding processes specified in subclauses 10.3.2 to 10.3.6.
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Type 1 AU

Type 1 access units used to encode a reference sequence carry portions of the reference sequence which
perfectly match to the reference sequence identified by sequence_ID, specified in subclause 7.5.1.2, used for
compression.

The de

coding process of a binary decoded access unit of type 1 is as follows:

a) Setan array of ASCII characters outBuf[] equal to the empty array.

b) De

c¢) De
sp

d) A dequence of nucleotides outSequence is computed as follows:

pRef,, = p,, - seq_start[sequence_ID]

wlhere seq_start[sequence_ID] is specified in subclause 7.3;

ii)

wlere ref_sequence[sequence_ID][] is specified as in subclause 7.3.

e) Th
an

where strcat returns the concatenation of thé two arrays of ASCII characters passed as input.

f) Ify

g) Th
arl

w

se
ra

oul[Buf[O, seq_end, g fref_sequence_ID] - seq_start

code the value readLength[0] as specified in subclause 10.4.9.

bcified in subclause 10.4.2.

The position pRef, in the reference sequence identified by sequence_ID as specified in subcl3
is computed as follows:

outSequence = ref_sequence[sequence_ID][pRef, pRef,+ readkength[0])

e decoded sequence outSequence is concatenated withvall previously decoded sequences in
] stored in a buffer outBuf computed as

outBuf = strcat(outBuf, outSequence)

hore genomic records are present, then go back to step a) else go to step g).

e buffer outBuf containing the congatenation of all output sequences is stored in the ref_sequen
ay of the raw_reference ., gStructure produced as output of this decoding process:

ref_sequence ref-sequence_ID] =

output[

output ref_sequence_ID]],,

ere

_start,,.,¢and seq_end,,, correspond respectively to the seq_start and seq_end fields

w_reference, ., structure, and where the following condition shall always be met:

Size(outBuf) > seq_end, ., [ref_sequence_ID] - seq_start, . [ref_sequence_ID].

code one pos descriptor as specified in subclause 10.4.2 and set p, equal to mappingPos[(I)] [0] as

use 7.3

this AU

e

output

of the

10.3.3

Type 2 AU

In case of AU of type 2 the sequence obtained at step c) of subclause 10.3.2 is modified by applying the

substit

utions of symbol “N” according to the process described in subclause 10.2.4.

The decoding process continues then with step e) of subclause 10.3.2.

10.3.4

Type 3 AU

In case of AU of type 3 the sequence obtained at step c) of subclause 10.3.2 is modified by applying the

substit

utions according to the process described in subclause 10.2.5.
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The decoding process continues then with step €) of subclause 10.3.2.

10.3.5 Type 4 AU

In case of AU of type 4 the sequence obtained at step c) of subclause 10.3.2 is modified by applying
substitutions, insertions, deletions and soft clips according to the process described in subclause 10.2.6.

The decoding process continues then with step e) of subclause 10.3.2.

10.3.6 Type 6 AU

In an AU Of Type 6 encoding a Teference SEqUENCE, only Ureads descriptors are always present, optionally

associdted to rlen descriptors providing the length of each encoded segment.

The defoding process is as follows:

a) Setan array of ASCII characters outBuf[] equal to the empty array.

b) Defrode the value readLength[0] as specified in subclause 10.4.9.

c¢) Defrode readLength[0] bases with decodeUreads(readLength[0]) as specifi€d in subclause 10.4.8 pnd set
outSequence to decodedUreads.

d) The decoded sequence outSequence is concatenated with all previgusly decoded outSequence in this AU
anfl stored in a buffer outBuf computed as
outBuf = strcat(outBuf, outSequence)
where strcat returns the concatenation of the two arrays.ef ASCII characters passed as input.

e) Ifhore genomic records are present, then go back te.step b) else go to step f).

f) The buffer outBuf containing the concatenation efall output sequences is stored in the ref_sequente .,
arfay of the raw_reference, ., structure produced as output of this decoding process, according to the
process specified at point g) of subclause 16,3.2.

10.4 (enomic descriptors

10.4.1| General

The inputs to this process are descriptor subsequences generated at output of the parsing process specified

in subdlause 12.6. Each descriptor subsequence consists of a collection of symbols stored in the dgcoded_

symbols data structure specified in subclause 12.1.

For a g]ven descriptorD, subsequenceN identifies the array decoded_symbols[descriptor_ID][N].

The input to thedecoding process of a descriptor sequence identified by descriptor_ID are K degcriptor

subsequencestsubsequence0 .. subsequenceK-1, with K equal to the number of descriptor subsequehces as

specifigd in Table 25.

The valuesof subsequenceN-are read by Tears of MMexes jy y Wiere M=descriptor_tb-amt N=descriptor_

subsequence_ID.

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 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.
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10.4.2 pos

The input to this process (see Table 45) is the array decoded_symbols[descriptor_ID][0] array specified in
subclause 12.1 when descriptor_IDisequalto 0 and the currentvalue ofj ,, the variable previousMappingPos0
produced by the previous iteration of this same process, and the array numberOfSegmentMappings]]
calculated as specified in subclause 10.4.12.

The output of this process is an array mappingPos[][0] and the variable previousMappingPos0.

In this description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N
(i.e. subsequenceN = decoded_symbols[0][N]).

Table 45 — Decoding process of the pos descriptor

Decoding step Description

if (§o,b > 0) 1

magpingPos[0] [0] =
previousMappingPosO + subsequenceO[j, (]

else{

if (AU_type == 6) { Unmapped content using complited
reference

mappingPos[0] [0]
} dlse {

subsequence0 [ o]

mappingPos [0] [0] AU_start_position is specified|in
AU start position + subsequence0[7j, o] subclause 7.5.1.2.

}
previqusMappingPos0 = mappingPos[0] [0]

for(i|= 1; i < numberOfSegmentMappings[0];~i++) { numberOfSegmentMappings|[0]
specified in subclause 10.4.12.

—-

S

magpingPos[1i] [0] =
mappingPos[i-1] [0] +subsequencel[j0,1]
JO, 1++

}

j0,0++

10.4.3| rcomp
The inputs to this précess are:

— the array decoded_symbols[descriptor_ID][0] specified in subclause 12.1 when descriptor_ID is gqual to
1 and thecurrent value of j; (;

— the value of numberOfTemplateSegments as specified in subclause 7.4.2;

— the array numberOfSegmentMappings[] calculated as specified in subclause 10.4.12;

— the variable numberOfMappedRecordSegments calculated as specified in subclause 10.4.10;

— the array splitMate as specified in subclause 10.4.10;

— the array numberOfSplicedSeg|[] specified in subclause 10.4.9;

— the variable extended_alignment_info_flag specified in subclause 7.4.2.

The output of this process is the array reverseComp[][][].
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In this description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N (i.e.
subsequenceN = decoded_symbols[1][N]).

Each decoded rcomp descriptor conveys information about the strandedness of each segment of an alignment.

When no splices are present in the genomic record, each bit of a decoded rcomp descriptor is a flag indicating
if the read is on the forward (bit set to 0) or reverse (bit set to 1) strand. Table 46 specifies the computation
of reverseComp[][][] values.

Table 46 — Determination of the reverseComp values

Decoding step.
O r

for(i]= 0; 1 < numberOfMappedRecordSegments; i++) {

fod(j = 0; 7 < numberOfSegmentMappings([i]; Jj++) {
if (splitMate[j][1i] == 0) {
if(3 == 0) {
for(k = 0; k < numberOfSplicedSeg[i]; k++)

reverseComp[k] [J] [1] = subsequenceO[jl,0++]

} else {

reverseComp[0] [J] [1] = subsequenceO[jl,0++]

}

for (k=1;k<numberOfTemplateSegments;k++) {
if (splitMate[j] [k] == 1 && extended alignmentAwfo flag) {

reverseComp[0] [J] [k] = subsequenceO[]jl, 0+%]

}

When s$plices are present each decoded rcomp_descriptor consists in a flag conveying informationp about
the str@gndedness of each spliced segment of an-alignment. It is set to 0 when the spliced segment is| on the
forward strand and it is set to 1 when the spliced segment is on the reverse strand.

10.4.4| flags
The input to this process are:
— the¢ decoded_symbols|descriptor_ID] array specified in subclause 12.1 when descriptor_ID is eqyal to 2;

— thg variable extended_alignment_info_flag specified in subclause 7.4.2;

— th¢ array numberOfSegmentMappings[] calculated as specified in subclause 10.4.12;

— thg¢ variable humberOfMappedRecordSegments calculated as specified in subclause 10.4.10;

— th¢ current values of j, o, j; 1, j2 2, j2, 3 and j, 4 as defined in subclause 10.4.

The descriptor_subsequence_ID are equal to 0, 1 and 2 as specified in Table 27 when extended_alignment_
info_flag is set to 0, othewrwise the descriptor_subsequence_ID are equal to 0, 1, 2, 3 and 4; The output of
this process is the array decodedFlags[][].

In this description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N (i.e.
subsequenceN = decoded_symbols[2][N]).

The flag syntax element carries additional alignment information usually produced by aligners as specified
in Table 27.

The flags value shall be calculated according to the process specified in Table 47.
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Table 47 — Decoding process of the flags descriptor

Decoding step Description
decodedFlags[0] [0] = 0
decodedFlags([0] [0] = subsequenceO[jzlo] << 0
decodedFlags([0] [0] |= subsequencel[j, ;] << 1
decodedFlags[0] [0] |= subsequence2[], ,] << 2
Jo, 0t Jo,atts Jo,0tF
} else {
for(di = 0; 1 numberOfMappedRecordSegment it4+) {
for(j = 0; j < numberOfSegmentMappings[i]; j++) { ﬂ,b‘
decodedFlags[j][i] = 0 > -
if (splitMate[j][1i] == 0) { ,\ﬂ/)’
decodedFlags[j] [1] |= subsequenceO[j2,O] << 0 ’\()‘)
decodedFlags[j] [1] |= subsequenceO[j2,l] << 1 n('b\J
decodedFlags[j][i] |= subsequenceO[j2,2] << 2 (-‘ v
decodedFlags[j] [1] |= subsequenceO[j2,3] << 3 \\ ;-
decodedFlags[j][1i] |= subsequenceO[j2,4] << 4 0
Jo,0tts Jo,atty Jo,otte Jo,3tts Jg, 41t :\(O'
! ya 6\
} (\Y
) LY
fog (i = numberOfMappedRecordSegments; g\\}\\
i < numberOfRecordSegments; i++) { s
decodedFlags[i] [0] = 0 \\,‘
decodedFlags[i] [0] |= subsequenceO[jzk@&< 0
decodedFlags[i] [0] |= subsequencel[,iﬁh <<1
decodedFlags[i] [0] |= subsequen({i}tfz,z] << 2
Jo,0tts Jo, 1t Jg,0tt ,_\\CJ\
} A
} ~

C)\.)

10.4.5| mmpos O
The inputs to this proce%@‘e:
— twp subsequ s decoded_symbols[descriptor_ID][descriptor_subsequence_ID] as specified in

subclause 1 %Ewhen descriptor_ID is equal to 3 and descriptor_subsequence_ID are equal to 0 and 1 as
pcified. b

sp d{g le 28;

the @(Yr:t values of j; 5. and j; ; as defined in subclause 10.4;

the numberOfMappedRecordSegments variable specified in subclause 10.4.10;

the classld variable specified in subclause 10.2.3;

the arrays numberOfSplicedSeg[] and splicedSegLength[][] specified in subclause 10.4.9;
— the softClipSizes[][] array specified in subclause 10.4.7.
The output of this process are:

— the array mismatchOffsets[][Jcontaining offsets of the mismatches in the sequencing read or read pair;
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— the array numMismatches|[] containing the number of elements in the array mismatchOffsets[][];

— the array splicedSegMismatchOffsets[][][] containing the offsets of mismatches within each spliced

segment;

— the array splicedSegMismatchldx[][] containing the positions, within the mismatchOffsets[][],
mismatchTypes[][] and mismatches[][] arrays computed as specified in subclause 10.4.6, of the

mismatches of each spliced segment;

— the array splicedSegMismatchNumber[][] containing the number of mismatches for each spliced

segment.

In this| description, subsequenceN is the subsequence identified by descriptor_subsequence_ID,=| N (i.e.

subsequenceN = decoded_symbols[3][N]).

The ovgrall decoding process for the output variables specified in this subclause is specifiedin Table[48:

Table 48 — Determination of the offset of mismatches

Decoding step

Description

decodgMmpos ()

As specifiéd in Table 49.

if (clgssId == Class I || classId == Class HM) ({

migmatchOffsetCorrectionByType ()

As specified in Table 51.

}

decoddqSplicedSegMismatchOffsets ()

As specified in Table 50.

The mismatch offsets for each aligned segment shall be computed as specified in Table 49.

Table 49 — Determination of the offset of niismatches within genomic segments

Decoding step

Description

decodqMmpos

) A

(
fod(i = 0; 1 < numberOfMappedRecordSégments; i++)

{

previousOffset = 0
j =0
for(k = 0; k < numberOfSplicedSeg[i]; k ++) {
splicedSegMismatchNumper[i] [k] = 0
splicedSegMismatchIdx[i] [k] = J
while (subsequencel[j; o++] == 0) { Loop on subsequence0 until a

terminator 1 is found.

mismagchOffsets[i] [jJ] =
subsequencel[j; ;] + previousOffset

pheviousOffset = mismatchOffsets[i] []]

previousOffset += 1

Adjacent mismatch positions afe

strictly incremental to preven{ over-
lnpping mismatches

Exceptions to this requirement
are specified in Table 51.

splicedSegMismatchNumber[i] [k]++

33,1ttt

Increment read and write pointers.
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Table 49 (continued)

Decoding step Description

numMismatches[1i] = 7]

}

The mapping from splice mismatch indexes to genomic segment mismatch indexes shall be computed as

specified in Table 50.
Table 50 — Determination of the offset of mismatches within cplil‘pd cpgmpnfe
Decoding step
decoddSplicedSegMismatchOffsets () {

fo

(i = 0; 1 < numberOfAlignedRecordSegments; i++) {

splicedSegStartOffset = 0

splicedSegEndOffset = splicedSegStartOffset +
splicedSeglength[i] [0] - softClipSizes([i] [0]

1 =20

for(k = 0; k < numberOfSplicedSeg[i]; k ++) {

for(j = 0; J < splicedSegMismatchNumber[i] [k]; Jj++) A

splicedSegMismatchOffsets[i] [k][]] =
mismatchOffsets[i] [1] - splicedSegStartQffset

1++

}

if (k < numberOfSplicedSeg[i] - 1) {

splicedSegStartOffset = splicedSegBndOffset

splicedSegEndOffset = splicedSegStartOffset +
splicedSegLength[i] [k + 1]

10.4.6

The inputs to this process_are:

— thi
sull

as
shi

— thg

mmtype

ee subsequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID] as specif

1l becperformed after the decoding process specified in Table 52;

ca

culated for the current genomic record as specified 1n subclause 10.4.5;

ied in

pclause 12.4when descriptor_ID is equal to 4 and descriptor_subsequence_ID are equal to 0, [l and 2
specifiediin Table 29. The decoding process specified in subclause 12.6.2.3 for decoded_symbals[4][1]

array with the number of mismatches numMismatches|[], and the offset array mismatchOffgets[][]

— the arrays splicedSegMismatchNumber[][] and splicedSegMismatchOffsets[][][] as specified in
subclause 10.4.5 the current values of j, ¢, j4 1 and j, , as defined in subclause 10.4;

— thearray S,j,papec_pl] as specified in subclause 9.2, for the value of alphabet_ID specified in subclause 9.2;

— the arrays mappingPos[][] and splicedSegMappingPos[][] as specified in subclauses 10.4.2 and 10.4.10;

— the classld variable specified in subclause 10.2.3;

— the numberOfMappedRecordSegments variable specified in subclause 10.4.10;
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— the variable seqld set equal to sequence_ID as specified in subclause 7.5.1.2. If crps_flag specified in
Table 7 is equal to 1 and cr_alg_ID specified in Table 17 is equal to 2, 3 or 4, seqld is not used;

— the variable seqStart equal to 0 if crps_flag specified in Table 7 is equal to 1 and cr_alg_ID specified in
Table 17 is equal to 2, 3 or 4, else seqStart is set equal to seq_start[seqld] with seq_start[] as specified
in subclause 7.3;

— the array splicedSegMappedLength[][] computed as specified in subclause 10.4.9.

The outputs of this process are arrays containing values identifying the type of edit operations to be
performed on the sequencing read or read pair computed as specified in subclause 10.4.20 when classld,
specified in subclause 10.2.3, is equal to Class M, Class 1 or Class HM:

— th¢ modified mismatchOffsets[][] array;

— th¢ array mismatchTypes[][] contains values for the type of mismatch. 0 signals substitutions, 1[signals
indertions and 2 signals deletions;

— th¢ array mismatches[][] contains the symbols to be used for substitutions and insertions;

— the¢ array substMappingOffsets[][] containing the offsets of the mismatChes within the reference
sequence the segment is mapped to;

— the¢ modified splicedSegMappedLength[][] array.

In this| description, subsequenceN is the subsequence identified by(descriptor_subsequence_ID =| N (i.e.
subsequenceN = decoded_symbols[4][N]).

If clasgld is equal either to Class_I or to Class_HM, the output mismatchOffsets[][] array specified in
subclayse 10.4.5 shall be modified, before any possible usejaccording to the decoding process specified in
Table 1.

Table 51 — Updating mismatchOffsets[][] array based on mismatch types

Decoding step Description
mismatjchOffsetCorrectionByType () {
k 4 34,0
fod(i = 0; 1 < numberOfMappedRecordSegments; i++) {
numOfDeletions = 0
for(j = 0; j < numMiématches[i]; j++) {
mismatchOffsetd[1]'[jJ] -= numOfDeletions Deletions can occur at the same
position of the next mismatgh.
Therefore, the extra +1 offs¢t to
prevent overlapping mismafches,
as specified in Table 91, doefs not
apply to deletions.
if(subsequencel[k] == 2) { Deletion.

numOfDeletions += 1

k++

}

The arrays substMappingOffsets[] and splicedSegMappedLength[][] shall be, respectively, calculated and
modified following the process described in Table 52.
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Table 52 — Determination of the substMappingOffsets[] arrays.

Decoding step Description
k = 34,0
for(i = 0; 1 < numberOfMappedRecordSegments; i++) {
1 =0
substMappingOffsets[i] = {} Empty array.
if (numberOfSplicedSegli] == 1) | Case of no splices.
mappedMmpos = mappingPos[0] [i] - segStart
nrevionsQffset = 0
for(j = 0; j < numMismatches[i]; j++) { ﬂb‘
Qv
mappedMmpos += (]/
mismatchOffsets[i] [j] - previousOffset qlo
previousOffset = mismatchOffsets[i][7] O(V'
if (subsequence0[k] == 0) { Substitutieh)
substMappingOffsets[i] [1] = mappedMmpos ~ ! l/d
1++ \J
X~
} else if (subsequencelO[k] == 1) { rtion.
mappedMmpos -= 1 \(Qnsertions increase mmpos de-
é\ scriptor value but, since thely do
Q not represent an actual bas¢ on
Q the reference sequence, they shall
Q not increase the mapped pofition,
i \\\ as specified in Table 91.
} else if (subsequenceO[k] == 2) { A\ d Deletion.
g
mappedMmpos += 1 \\'Q Deletions do not increase mmpos
$ descriptor value but, since they
‘\Q) represent an actual base onfthe
N reference sequence, they shall
\O increase the mapped positian, as
o specified in Table 91.
\v
} (J\
k++ \:,
> e
} dlse { ,\(-) Case of splices.
previousOffset =
previousSplice@gffset =0
for(s = O;Oy numberOfSplicedSeg[i]; s++) {
S
mapp os = splicedSegMappingPos[i][s] -
‘ﬁ tart
N
%}1ousOffset =0
ﬁ\
%for(j = 0; J < splicedSegMismatchNumber[i] [s];
J++) |
mappedMmpos +=
splicedSegMismatchOffsets[i] [s][]j] -
previousOffset
previousOffset =
splicedSegMismatchOffsets[i][s][]]
if (subsequencelO[k] == 0) { Substitution.
substMappingOffsets[i] [1] = mappedMmpos
1++
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Table 52 (continued)

Decoding step Description
} else if (subsequenceO[k] == 1) { Insertion.
mappedMmpos -= 1 Insertions increase mmpos de-

scriptor value but, since they do
not represent an actual base on
the reference sequence, they shall
not increase the mapped position,

as specified in Table 91.
splicedSegMappedLength[i] [s] -= 1
} else if (subsequencel[k] == 2) { Deletion. N
. . (9 P
mappedMmpos += 1 Deletions do not incr Mnmpos
descriptor value but, since they
represent an actua jase onfthe

h11
n, as

reference se e, they sh

splicedSegMappedLength[i] [s] += 1

increase th g pped positig
specifie able 91.
v

) ‘\\QO
k++ Cp
} s\\"
} < O
} QO
) \\‘
The re

described in Table 53, after having decoded subse

in Table 125 using, if required by the said decodin&
decodi
Table 52.

xO

Table 53 — Determinati?,l@f\t;he mismatchTypes[] and mismatches[] arrays
)

ecified

maining output of mmtype descriptor decodin gocess shall be calculated following the process

u&cel according to the decoding process sy
process specified in Table 125 and by followjng the
g process specified in subclause 12.6.2.3&@e array substMappingOffsets[] decoded as specjfied in

Decoding s?ep

Description

for (s

0; s < numberOfMappeﬁ&E)rdSegments; s++) |

0

O

while (j < numMismat [.s]) {

if(Size(subsec@«fc/eO[]) > 0) {

subsequence0[j4,0]

mismatc@i&s [s]([3]

} else }\?)

mlé\t}chTypes s][j] =0 Default to substitution if
subsequence0 is empty.
}@
if (mismatchTypes[s][j] == 0) Substitution.
mismatches([s] []j] =
S.iphavet 1plsubsequencel[j, ;1]
Iy, 1t
} else if (mismatchTypes[s][j] == 1) { Insertion.
mismatches[s] [j] =
Saiphapet 1plsubsequence2[j, ;1]
3y, 0t
} else if (mismatchTypes[s][j] == 2) { Deletion.
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Table 53 (continued)

Decoding step Description

/* nothing needs to be done */ The value of mismatches[j] is
undefined, as it is not relevant

for any decoding process.

Jg, 0Tt JHt

10.4.7

The inputs to this process are:

The fot

The ou
specifi

The de

fou
sull

the
ini

thg
the

the
sul

the
the

sul
sul
sul

sof

clips

pclause 12.1 when descriptor_ID is equal to 5;

fialized to O at the beginning of current AU decoding process;

current values of js o, js 1, j5 2 and js 3 as defined in subclause 10.4;

bclause 7.4.2;

variable numberOfMappedRecordSegments calcylated as specified in subclause 10.4.10;

classld variable specified in subclause 10.2.3,

r subsequences are identified by subsequences_ID from 0 to 3 as specified in Table 30.

[put of this process is an array softClips{][][], an array softClipSizes[][] and an array hardClipls
bd in Table 55.

Coding process of the clips descriptor is provided in Table 55 where:
psequenceN is the subsequence identified by descriptor_subsequence_ID = N;
psequence0|js o] repriesents the next genomic record containing clipped bases;
psequencel[js ;] Fepresent the type and position of clipped bases;

tClips, softClipSizes, and hardClips are the output of this decoding process:

firstmapped base of the leftmost read and rightmost read respectively,

last mapped base of the leftmost read and rightmost read respectively,

softClipSizes[i][j] contain the number of charcters in the strings in softClips[i][j] respectively,

r subsequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID]y'ds specified in

variable currentRecordCount is the number of processed genomic records in the current AU gnd it is

array S,jphapet_ipl] asspecifiedinsubclause 9.2, for the value of alphabet_ID specifiedin subclauge 7.4.2;

value Size(S,jppaper 1p) as specified in subclause 9.2, -for the value of alphabet_ID specified in

softClips{0][0] and softClips[1][0] contain strings of characters representing soft clips preceding the

qnﬂ'(‘]ipc[ﬂ][ﬂ and qnﬁ'(‘lipq[ﬂ[ﬂ contain strings of characters representing soft (‘lipq fnllnwing the

hardClips[0][0] and hardClips[1][0] contain the number of hard clips preceding the first mapped

base of the leftmost read and rightmost read respectively,

hardClips[0][1] and hardClips[1][1] contain the number of hard clips following the last mapped base

of the leftmost read and rightmost read respectively;

the semantics of subsequencel are as shown in Table 54.
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Table 54 — Values and semantics for subsequencel

subsequencel values semantics

0 Soft clips before the start of leftmost read. Shall not be
used if 4 is present for the same genomic record.

1 Soft clips after the end of leftmost read Shall not be used
if 5 is present for the same genomic record.

2 Soft clips before the start of rightmost read. Shall not be
used if 6 is present for the same genomic record.

3 Soft clips after the end of rightmost read. Shall not be
usedif 7 is present for the same genomic record

4 Hard clips before the start of leftmost read. Shall not be
used if 0 is present for the same genomic record.

5 Hard clips after the end of leftmost read. Shall not be

used if 1 is present for the same genomic record.

6 Hard clips before start of rightmost read. Shall nothe
used if 2 is present for the same genomic record,

7 Hard clips after end of rightmost read. Shallgiot be used
if 3 is present for the same genomic record,

8 End-of-clips terminator.

For a (1ecoded genomic record each value of subsequencel as specified in Table 54 shall not be used more
than ofjce.

Table 55 — Decoding process of the(clips descriptor

Decoding process Description

for(i|= 0; 1 < numberOfMappedRecordSegments; i+ O\

fod(j = 0; 7 < 2; J++) |

softClips[i] [j] = V"~ Empty string.
softClipSizes[i][j] = O
hardClips[i][j] = O

}
if (clgdssId == Class I || clafssid == Class HM) {

if js,o < Size (subsequence0)

&& currentRecord@ount == subsequencel[Jjs o]) {
end = 0
do{
if (subsequencel[j5 1] < 3){ Soft clips.
J=0

segmentIdx = subsequencel[Jjs ;] >> 1

leftRightIdx = subsequencel[j:s ;] & 1

do{

softClips[segmentIdx] [leftRightIdx] [j] =
Salphabet 1p[subsequence2 [j5,2] ]

Js, 2t Increment pointer for
subsequence2.

J++
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Table 55 (continued)

Decoding process Description

} while (subsequence2 [j5,2]

Continue reading symbols

!= Size (Salphabet_ID) )
of clipped bases until the

is reached.

end-of-soft-clips terminator

j5,2++

Increment pointer for
subsequence2.

softClipSizes[segmentIdx] [leftRightIdx] = j

Store soft clips size.

}

else if (subsequencel[js ] < 7){ Hard clips. nb&
segmentIdx = (subsequencel[j5,l] - 4) >> 1 QQV
leftRightIdx = (subsequencel[j5,1] - 4) & 1 (T/.V
hardClips|[segmentIdx] [leftRightIdx] = Store tl@amber of hard

subsequence3 (], ;] ClipSO\Q
Js, 3t In@g{“r)lent pointer for
) sequence3.

} a4

else if(subsequencell]js ;] == 8){ ‘C'}') End-of-clips terminatgr.
end = 1 &\v

P
} & ~

Js, 1+t Q\) ) Increment pointer for
N\ subsequencel.
} while(end == 0) ‘\\)‘ Continue decoding sofft and
< hard clips until the enfl of
\\\,0 clips terminator is detlected.
Js,ott ) Q)® Increment pointer for
K\ subsequence.
} \O
cugrentRecordCount++ . c\}‘
AN

} oY

10.4.8| ureads

S

The inputs to this process (@g)able 56) are:

the
ID

array decoded
is equal to 6;.<)

curren@ﬁe of jg o
ar}”{@ohabet_m[] asspecifiedin

t{ﬂ of this process is a string decodedUreads.

thg

the

The ou

ols[descriptor_ID][0] structure as specified in subclause 12.1 when desc

subclause 9.2, for the value ofalphabet_ID specified in subclaus

riptor_
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Table 56 — Decoding process of the ureads descriptor

Decoding process Description

decodeUreads (length) {

74

decodedUreads = Empty string.

for(j = 0; j < length; j++) {

decodedUreads = strcat (decodedUreads, strcat returns the concatenation of the
Salphabet 1pldecoded symbols[6] [0] [g,0]] Fwo arrays of ASCII characters passed as
input.
g, 0Tt
}
}
10.4.9( rlen

The rlgn descriptor is present when read_length is equal to 0 in the parameter set or when there are multiple
alignments with splices.

The inputs to this process are:

— the array decoded_symbols[descriptor_ID][0] as specified in subclause 12.1 when descriptor_ID is
eqpal to 7;

— the value read_length as specified in subclause 7.4.2;

— th¢ variable classld computed in subclause 10.2.3;

— the¢ variables numberOfRecordSegments and numberQfAlignedRecordSegments computed as specified
in pubclause 10.4.10;

— ifdassldis equal to Class_Il or Class_HM, the arrayjhardClips[][] computed as specified in subclausg 10.4.7;

— the spliced_reads_flag syntax element spegified in subclause 7.4.2;

— the¢ softClipSizes[][] array specified in@ubclause 10.4.7;

— thg¢ current value of j; .

The oufputs of this process are:

— the¢ array readLength[];

— the¢ array numberOfSplicedSeg[];

— the¢ array splicédSegLength[][];

— the¢ array_splicedSegMappedLength[][].

The defoding process of the rlen descriptor is specified in Table 57. In this description, subsequenceN is the
subsequence identified by descriptor subsequence ID = N (i.e. subsequenceN = decoded symbols[7][IN]).

Table 57 — Decoding process of the rlen descriptor

Decoding step Description
if (read length == 0) {
for(i = 0; 1 < numberOfRecordSegments; i++) {
readLength[i] = subsequenceO[j%O++] + 1
}
telse(
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Table 57 (continued)
Decoding step Description
for(i = 0; 1 < numberOfRecordSegments; i++) {
if (classId == Class I){
readLength[i] = read length
- hardClips[i][0] - hardClips([i][1]
}
else if(classId == Class HM && i == 0) {
readLength[i] = read length
- hardClips[0] [0] - hardClips[0][1] N
) AV
else { n".l/v
readLength[i] = read length X I/
) oQ°
) -0
} (/U
for(i|= 0; i < numberOfRecordSegments; i++) { \\V
nunfberOfSplicedSeg[i] = 1 \O
splicedSeglLength[i] [0] = readLength[i] (s\\\
splicedSegMappedLength[i] [0] = readLength[i] /\Q -
) Qv
if (splliced reads flag && 0\\‘

(classId == Class I || classId == Class HM) )As\

foyd(i = 0; i < numberOfAlignedRecordSegments;\‘.Q&}Jr){

o0

N

remaininglLen = readLength[i] \O

\\c\)b

[

splicelen = subsequer@) Ej7,0++]

remaininglen -=

sg_@ien

splicedSegLengt};{Mj] = splicelen

splicedSegMag@fength[i] [§] = spliceLen

J++ {\%\

} while(rex@h(ingLen > 0)

numberO, icedSeg[i] = J

A\ N
spli &éegMappedLength[i] [0] -=
_Agdftclipsizes[i] [0]

s@icedSeqMaDoedLenqth [i10j=-11 -=

softClipSizes[i] [1]

10.4.10pair

Table 58 lists the possible decoding cases for the pair descriptor with the associated description for the first

alignment and class U.
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Table 58 — Specification of the decoding cases for the pair descriptor for primary alignments

and class U
Decoding case Description
ClassesP,N,M, I | Class HM Class U
same_rec Read 1 and read 2 are encoded in the same genomic record.
R1_split Read 1 in pair is on the same N/A Read 1 paired with mate in
reference sequence but coded the same AU.
separately.
R2_split Read 2 in pair is on the same N/A Read 2 paired with mate in
reference segquence but coded the same AU
separately.
R1_diffl ref seq Read 1 is on a different reference |N/A Read 1 paired withymate in a
sequence. different AU.
R2_diff_ref_seq Read 2 is on a different reference |N/A Read 2 paired ‘with mate in a
sequence. differentAU.
R1_unpaired Read 1 is unpaired. N/A Read Tunpaired.
R2_unpaired Read 2 is unpaired. N/A Read 2 unpaired.
Table %9 lists the possible decoding cases for the pair descriptor with~the associated description for
alignments after the first one.
When the two ends of a paired-end read are coded in two different geniomic records, they are part of a split
alignmknt.
Table $9 — Specification of the decoding cases for the pair.descriptor for alignments after the first one
. Description
Decoding case
Classes P,N, M, I
g4ame_rec_short Read 1 and read 2 are encéded in the same genomic record and the absolute pair
ing distance is smaller than or equal to 32767.
dame_rec_long Read 1 and read 2 areencoded in the same genomic record and the absolute pair
ing distance is greater than 32767.
R2_diff_ref_seq Read 2 is on 4 different reference sequence.
Table 6 lists the possible decoding eases for the pair descriptor with the associated description for splicegl reads.
Table 60 — Specification of the decoding cases for the pair descriptor for spliced reads
. Description
Decoding case
Classes I, HM
4ame_rec_sHort The next splice is in the same genomic record as current splice, and the splicing
distance is smaller than or equal to 65535.
g4ame_tec_long The next splice is in the same genomic record as current splice, and the splicing
distance is greater than 65535.
15 A3EE £ T 4 1; 3 d3EE, s £, o +lh +h s 1;
;.Pll\,\,_\/llll_l \,I_O\,\.i TIIC TICATU DPII\,L IO UIT A UITICTUCIIU T UICTUTIIUT o\/qu\f‘l‘/\( tIIadir trrc TcurroIit Oyll\r\.«-

The inputs to this process are:

— the value of numberOfTemplateSegments as specified in subclause 7.4.2;

— eight subsequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID]

as specified in

subclause 12.1 when descriptor_ID is equal to 8. The description of each subsequence is provided in

Table 31;

— the current values of jg o, jg 1, jg 2, Jg 3 Jg 4 Jg 5 Jg,6a0d jg 75
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the array mappingPos[][0] computed as specified subclause 10.4.2;

the classld variable specified in subclause 10.2.3;

a seqld variable set to sequence_ID as specified in subclause 7.5.1.2;

the array alignPtr[][] specified in subclause 10.4.12;

the variable numberOfAlignments and the array numberOfSegmentAlignments[] specified in
subclause 10.4.12;

the arrays numberOfSplicedSeg[] and splicedSegLength[][] specified in subclause 10.4.9;

the crps_flag value specified in subclause 7.4.2 and the cr_alg_ID value specified in subclause %4.2.4;

a viariable numberOfRecordSegments calculated as follows:

— | if numberOfTemplateSegments is equal to 1 then numberOfRecordSegment$§issetto 1,
—| elseif classld is equal to Class_HM as specified in Table 38 then number@fRécordSegments is get to 2,
—| else if subsequenceO[;g o] is equal to 0 then numberOfRecordSegments is set to 2,
— | else numberOfRecordSegments is set to 1;

a vlariable numberOfAlignedRecordSegments calculated as folows:

—| ifclassld is equal to Class_HM as specified in Table 38 then numberOfAlignedRecordSegmentsisfetto 1,

—| else if classld is equal to Class_U as specified in Table 38 then numberOfAlignedRecordSegments is
setto 0,

— | else numberOfAlignedRecordSegments is set to the value of numberOfRecordSegments;
a viariable numberOfMappedRecordSegments calculated as follows:

—| if classld is equal to Class_U as spécified in Table 38, and crps_flag is not equal to 0 and cr_alg_ID is
equal to 2 or 4 as specified in subclause 7.4.2, then numberOfMappedRecordSegments is sef to the
value of numberOfRecordSegments,

—| else numberOfMappedRecordSegments is set to the value of numberOfAlignedRecordSegments,
a vlariable unpairedRead calculated as follows:
— | if classld is equdlto Class_HM as specified in Table 38 then unpairedRead is set to 0,

— | else if numiberOfTemplateSegments is equal to 1 or subsequenceO[;g o] is equal to 5 or|6 then
unpairédRead is setto 1,

— | else\unhpairedRead is set to 0;

oo - rot 1zl szali follovaze +1 S3aa agntio
one Trag T OISt wWhoSC—varaC—TOommovwsthnC—Samt—SCran SOt

CnA’I A
specified in subclause 13.2.8;

&
o}

Fst-outputsyntax—lement

the arrays splitMate[][i] for i from 1 to numberOfTemplateSegments, where the value of each element
follows the same semantics of split_alignment output syntax element specified in subclause 13.2.23;

the arrays splicedSegMappingPos[i][] for i from 0 to numberOfRecordSegments.

When classld is equal to Class_P, Class_N, Class_M or Class_I, additional output of this process is:

the arrays mappingPos[][i] for i from 1 to numberOfTemplateSegments;
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— the arrays mateSeqld[][i] for i from 1 to numberOfTemplateSegments.
When classld is equal to Class_U, additional output of this process is:

— the arrays pairingMate[i] from 1 to numberOfTemplateSegments. A -1 value in an array element is used
as reserved value;

In the following descriptions of the decoding process subsequenceN indicates the subsequence identified by
descriptor_subsequence_ID equal to N.

The decoding process of the pair descriptor is carried out by applying the decoding processes specified in
Table 61, Table 62, and Table 63, in this exact order.

The defoding process of the pair descriptor for the first alignment and for class U is specified in @@
Table 61 — Decoding process of the pair descriptor subsequences for the first alignmeént in|the
record or class U ;
e \4
Decoding step n"b\ﬁescription
splitMate[0][0] = O C) v
difirst = 1 d
rea \q\‘
if (clgssId == Class HM) { ,_O
reddlFirst = (subsequencel[Jjg ;++] & 0x0001) 2 0 : 1 \‘O same_rec - in records of|class
6\ HM, the paired segments are
AQ always in the same record.
splitMate[0][1] = O
} elsq { \Q
AR\
fod(i = 1; 1 < numberOfTemplateSegments; i++) {0\
]
if (subsequencel[jg o] == 0){ ‘\ same_rec
splitMate[0][i] = O .G
if (classId != Class U A\
|l (crps _flag != 0 && \O
(cr_alg ID == 2 || Sf~alg ID == 4))) {
readlFirst = (subseque@%e\‘l'[j&l] & 0x0001) 2 0 : 1
delta = Subsequence\{f}'g,ll >> 1 0 < delta < 32767
mappingPos[0] [i](‘ﬁ)\r\nappingPos[O] [0] + delta
if (classId != Elhss_U) |
mateSeq&{.@] [1] = seqgId
e
}Jelse L\%
O pairingMate[i] = -1
?é
Ja)
Q‘Q{H
/(K\é\lse {
@) readlFirst = 1
pairingMate[i] = -1
}
}
else if (subsequenceO[Jg o] == 1){ R1_split
splitMate[0][i] =1
readlFirst = 0
if (classId != Class U) {
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Table 61 (continued)

Decoding step

Description

mappingPos[0] [1]

subsequenceZ[jg ;]

Absolute mapping position of
read 1 on the same reference
sequence. The maximum value
is 2posSize — 1 where posSize is
specified in subclause 7.4.2.

mateSeqId[0] [1] = seqgld
} else {
pairingMate[i] = -1
} AN
Jg, ot (\QV
) R
else if (subsequenceO[Jg o] == 2){ R2_split 0\(1/'
splitMate[0] [i] = 1 oY
readlFirst = 1 f'.‘ l/v
if (classId != Class_U) { &’
mappingPos[0] [1] = subsequence3[jg, ;] OKbsolute mapping positipn
\% of the read 2 on the samg¢
5\ reference sequence. The
O maximum value is 2posSite — 1
Q<< where posSize is specifi¢d in
subclause 7.4.2.
mateSeqId[0] [i] = seqId . \\\‘
} else { 0, N
pairingMate[i] = -1 \\'Qv
) oY
Jg, 3+ R
! | \\)
else if (subsequence0[Jg, ] =‘=&@? R1_diff_ref seq
splitMate[0][i] = 1 N
readlFirst = 0 Q :
if (classId != cLagsiU)(
mateSeqId[0]fi]"= subsequenced[jg 4] Identifier of the referende
% sequence to which read [ is
N\ mapped.
mappag@;g[m [i] = subsequence6[jg ¢] Absolute mapping positipn
?\ of read 1 on the referende
Q sequence identified by
% mateSeqld[0][i]. The
«?‘ maximum value is 2PosSife — 1
C_) where posSize is specifig¢d in
subelatse 7421
}else(
pairingMate[i] = -1
}
j8,4++r j8,6++l
}
else if (subsequenceO[jg o] == 4){ R2_diff_ref_seq

splitMate[0] [1] 1

readlFirst 1
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Table 61 (continued)

Decoding step

Description

if (classId != CLASS U) {

mateSeqId[0] [1] = subsequenceb[Jg, 5]

Identifier of the reference
sequence to which read 2 is
mapped.

mappingPos[0] [1i] = subsequence? [j8,7]

Absolute mapping position of
the read 2 on the reference
sequence identified by
mateSeqld[0][i]. The

TMax1Mmum value 1s ZPo-otpe — 1
where posSize is spei/ d

in subclause 7.4.24)

lelse( ;.V
pairingMate[i] = -1 ({]/,'
J
} ()\Q
j8,5++, j8,7++r P (1/J
\J

} QQ"/

else if (subsequencel[jg o] == 5){ hl_unpaired
splitMate[0] [i] = 2 \G,)v
readlFirst =1 (@)
if (classId == CLASS U)({ X

pairingMate[i] = -1 \QV
Y

/ s@\

) \r\‘®

else if (subsequenceO[Jg o] == 6){ k\\) R2_unpaired
splitMate[0] [1] = 2 X N
readlFirst = 0 O )
if (classId == CLASS U){ \1;\'

pairingMate[i] = -1 r\\\)‘
; O
ﬂ\ P
} AN
Jg, 0t C)\J
} O
} e

~
The defoding proc@@f the pair descriptor for the alignments after the first one is specified in Tablg 62.

Tabld 62 — oding process of the pair descriptor subsequences for the alignments in the record
«?* after the first one
Pad
@) nprnding step npcrriptinn
for(i = 1; 1 < numberOfSegmentAlignments[0]; i++) {
splitMate[i] [0] = O
}
if((classId == Class P || classId == Class N
|| class ID == Class M || classId == Class 1I)
&& 'unpairedRead) {
for(j = 1; J < numberOfTemplateSegments; j++) {

currAlignIdx = 0
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Table 62 (continued)

Decoding step

Description

for(i = 1; 1 < numberOfAlignments; i++) {

alignIdx

alignPtr[i] []]

if(alignIdx > currAlignIdx) {

currAlignIdx

alignIdx

if(subsequenceO[jS,O] == 0) {

same_rec_short

splitMate[alignIdx] []] 0

delta ubseduencel[‘lo,J >> 1;

Q0 <delta < 32767

if(subsequencel[jg,lJ & 0x0001)
delta - delta

read sign bit

mappingPos[alignIdx] []]
mappingPos[alignPtr[i] [0]][0]

™
A
fl/
<V

+ delta .
mateSeqld[alignIdx] [j] = seqld q‘l )
Jg,att /'C)
} \\V
else if (subsequenceO[jg o] == 2){ \O%&me_rec_long
splitMate[alignIdx][j] = O ,_5\\\
mappingPos[alignIdx] [j] = Q - For classes P, N, M, I
subsequence3[Jg, ;] Q Absolute mapping position
\Q of read 2 on the same
‘\0\ reference sequence. The
2 maximum value is
\\'Q 2posSize — 1 where posSize i speci-
KN fied in subclause 7.4.2.1.
mateSegId[alignIdx][j] = seqId ‘\\Q)‘
. )
Jg, 37" «Q
S
} Vo
else if (subsequencel [jg,?&.\\\g 4){ R2_diff_ref_seq
splitMate[alignIdx]\[j]‘\é 1
mateSegId[alignI \j ] = Identifier of the reference se-
subsequence g‘[@ﬂ quence to which read 2 is njapped.
mappingPos [a@g‘rlllldx] (1 = For classes P, N, M, I
subseq\ eTl3g, 7] Absolute mapping position jof read
2 on the reference sequenc¢ iden-
Q tified by subsequence5[jg s|. The
??‘ maximum value is
0 2posSize — 1 where posSize is
é specified in subclause 7.4.2{1.

S
X Jg, 5Tt Jg,7tts

)

else {

/* other subsequenceO[jgro] values */

reserved

}

j8,0++

}
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The decoding process of the pair descriptor for spliced reads is specified in Table 63.

Table 63 — Decoding process of the pair descriptor subsequences for spliced reads

Decoding step Description
for(i = 0; 1 < numberOfMappedRecordSegments; i++) {
splicedSegMappingPos[1i] [0] = mappingPos[0] [i]
}
if (classId == Class I || classId == Class_ HM) {
for(i = 0; i < numberOfAlignedRecordSegments;
it4) { ™
for(j = 1; Jj < numberOfSplicedSeg[i]; Jj++) { ‘l;
2N
A)
prevSpliceMappingEnd = (T/l/
splicedSegMappingPos[i] []J - 1] q/’
+ splicedSeglLength[i] [ - 1] O
if (subsequencel[jg o] == 0) { same \_Jshort
delta = subsequencel[Jg ;] >> 1 ()/@1{51532767
if (subsequencel[jg ;] & 0x0001) {éfdsignbit
delta = - delta ,.O
splicedSegMappingPos[i] [Jj] = s\\‘o
prevSpliceMappingEnd + delta P O
Ja, 11+ X
v
) %
else if (subsequence0[Jjg o] == 2){ k\}\’\ same_rec_long
splicedSegMappingPos[i] [] = (%) Absolute mapping positipn
subsequence3[Jjg 5] \\,0 of the splice on the same
@ reference sequence as
A‘\QJ the previous splice. The
o maximum value is 2posSige — 1
b\ where posSize is specifigd in
oF subclause 7.4.2.1.
o, 5t &
} \'.
else { ()\\
/* other sub/ss&.ulenceO[jS,O] values */ reserved
} )
; N
g, ot C)%
} <)
N
) oy
< }V
} S
A
10.4.11mscore

The mscore descriptor provides a score per segment in each alignment. Some information on how to use the
mscore descriptor to express the mapping quality is provided in Annex B.

The inputs to this process are:
— the decoded_symbols[descriptor_ID] array specified in subclause 12.1 when descriptor_ID is equal to 9;
— the current value of jg o;

— the value of syntax element as_depth specified in subclause 7.4.2;
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— the variable extended_alignment_info_flag specified in subclause 7.4.2;

— the array numberOfSegmentAlignments[] calculated as specified in subclause 10.4.12;

— the variable numberOfAlignedRecordSegments calculated as specified in subclause 10.4.10;

— the array splitMate as specified in subclause 10.4.10.

The output of this process is the three-dimensional mappingScores[][][]array.

The decoding process of the mscore descriptor is specified in Table 64. In this description, subsequenceN is
the subsequence identified by descriptor_subsequence_ID = N (i.e. subsequenceN = decoded_symbols[9][N]).

Table 64 — Decoding process for the mscore descriptor

Decoding step

Description

for(i|= 0; i < as depth; i++) {

fod(j = 0; 7 < numberOfAlignedRecordSegments; J++) {

for(k = 0; k < numberOfSegmentAlignments[j]; k++) {

if (splitMatel[k][j] == 0) {

mappingScores[k] [J][1] = subsequencel[Jg, ot++];

}

for (h=1;h< numberOfTemplateSegments;h++) {
if (splitMate[j] [h] == 1 && extended alignment ififo flag) {

mappingScores[h] [J][1] = subsequencel[]q, ¢H™NA

10.4.12mmap

10.4.12.1 General

The mmap descriptor is used to-signal on how many positions the read or the leftmost read of a pair has
been aligned. A genomic record-containing multiple alignments is associated with one mmap descrigtor.

The inputs to this process.are:

— th¢ variables/unpairedRead, numberOfAlignedRecordSegments and numberOfRecordSegments

computed in Subclause 10.4.10;

— the subSequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID]

as speciffed in

subclause 12.1 when descriptor_ID is equal to 10. The description of each subsequence is provfided in

Table 32;

— the current values of jy( ¢, j10,1, j10,2 10,3 J10,4

— the classld variable specified in subclause 10.2.3;

— the value of multiple_alignments_flag specified in subclause 7.4.2;

— the crps_flag value specified in subclause 7.4.2 and the cr_alg_ID value specified in subclause 7.4.2.4.

The outputs of this process are:

— the variable numberOfAlignments containing the total number of alignments;
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— the array numberOfSegmentAlignments[] containing the total number of segment-specific alignments;

— the array numberOfAlignmentsPairs[] containing the number of alignments of the rightmost read

associated to each alignment of the leftmost read;

— the bi-dimensional array alignPtr[][] containing unsigned integer values representing, for each
alignment, the indexes of the corresponding segment-specific alignments;

— the variable moreAlignments;

— the variable moreAlignmentsNextPos;

— thevartablemoreAtigmmentsNextSeqid;

— the¢ variable numberOfSegmentMappings[] calculated as follows:

—| if classld is equal to Class_U as specified in Table 38, and crps_flag is not equal to'(0,and cr,
is equal to 2, 3 or 4 as specified in subclause 7.4.2, then the elements numberOfSegmentMapj

are set 1 for all values of i from 0 to numberOfRecordSegments - 1,

— | else numberOfSegmentMappings[] is set equal to numberOfSegmentAlignments|].

alg_ID
pings|i]

In the following clauses, subsequence0 is the array decoded_symbols[10][0]speCified in subclause 134.1.
The defoding process shown in Table 65 applies.
Table 65 — Decoding process oftnmap
Decoding step Description
if (clgssId != Class U) {
if(multiple alignment flag == 0) {
numberOfSegmentAlignments[0] = 1 Total number of alignmentk of the
leftmost read.
} dlse {
numberOfSegmentAlignments [0] = sybSequencel[Jjg, ot+]
}
} elsq {
nunjberOfSegmentAlignments [ON= 0
}
moreAllignments = 0
if (ungairedRead || claseId == Class HM) {
nunjberOfAlignmefits = numberOfSegmentAlignments[0]

fog(i = 0; igghnumberOfAlignments; i++) {

alignPEr[i] [0] = 1

}

} elsq GA(classId == Class U) {

if (numberOfRecordSegments > 1)

numberOfSegmentAlignments[1] = 0

numberOfAlignments = 0

} else {

numberOfSegmentAlignments[1l] = 0

k=20, 1=20

while (i < numberOfSegmentAlignments[0]) {

if (multiple alignments flag == 0) {
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Table 65 (continued)

Decoding step Description

numberOfAlignmentsPairs[i] = 1 numberOfAlignmentsPairs[i] is
the number of alignments of the
rightmost read associated to the
ith alignments of the

leftmost read.

} else {
numberOfAlignmentsPairs[i] = subsequencel[] 10,o++]
}
j=20 nb‘
while (j < numberOfAlignmentsPairs[i]) { ﬂQV
if(k = 0){ Skip this for firsf}jignment.
ptr = sequencel[Jg,++] OO/'
} else { QJ
05
ptr = 0 C v
\w
! \\@
. \\N
alignPtr([k][1] = (D
numberOfSegmentAlignments[1] - ptr \%
alignPtr(k][0] = i N
if (ptr == 0) {.\<<
numberOfSegmentAlignments[1]++ QV
J++, k++t §\§\
N
) %)
. oS
it+ \\,
*‘
} \\Q)
nunjberOfAlignments = k r\Q
\V
} \l\s
if (myltiple alignments flag == 1 \\CJ More alignments on anothér ref-
&& classId != Class U C) erence sequence.
&& subsequence2[Jig ,++] ‘\{\
_ N
mojeAlignments = 1 ,_O
mofeAlignmentsNextSe \J Identifier of the reference
subsequence3 [ ] 10,% sequence an additional
C-O\ alignment of read 1 is
Q mapped to in case of multiple
Q~ alignments.
moyjeAlignm NextPos = Absolute mapping position|
subse@ ced g, 4t+] of an additional alignment
?\ of read 1 on the reference
é sequence identified by
moreAlignmentsNextSeqld.
}
10.4.12.2 Multiple alignments on different sequences

[t can happen that the alignment process finds alternative mappings to another reference sequence than the
one where the first mapping is positioned.

For read pairs that are uniquely aligned, the mmap descriptor shall be used to represent the absolute read
positions when there is for example a chimeric alignment with the mate on another chromosome (more
alignments on another reference sequence case in Table 65). The mmap descriptor shall be used to signal
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the reference and the position of the next record containing further alignments for the same template. The
last record (e.g. the third if alternative mappings are coded in three different access units) shall contain the
reference and position of the first record.

10.4.13msar

The msar (multiple segments alignment record) descriptor supports spliced reads and alternative
alignments that contain indels or soft clips in case of class I data. It shall be present in a compliant bitstream
when multiple_alignments_flag specified in subclause 7.4.2 is set to 1 or when extended_alignment_
info_flag specified in subclause 7.4.2 is set to 1.

msar i
— an
— ad
Each m

The sy
specifi

is the dne defined in subclause 10.2.3.

The oy

subclayse 10.4.20.5, when descriptor_ID is equal to 12.

SiTTteTTded to convey foTTation Tetated to Secondary aiigIerts Ol
napped segment length;

ifferent mapping contiguity (i.e. e-cigar string) for additional alignment and/or spliced reads.

htax, semantics and decoding process for msar descriptors are those for theltokentype desd
bd in subclause 10.4.20 when encodingMode_ID is set to 0 as specified in“Table 8. The msar_k v

tput of the decoding process of the msar descriptor is the array decodedStrings[] spec

Table 6
— thg
—  the
—  thg
—  the

For ead
+ exte

6 shows how the array of strings decodedMsar(][] is computed using the following additional

array numberOfSegmentAlignments[] calculated as specified in subclause 10.4.12;

value of numberOfTemplateSegments as specifiedin subclause 7.4.2;

variable numberOfAlignedRecordSegments-¢alculated as specified in subclause 10.4.10;

array splitMate as specified in subclause 10.4.10.

h genomic record the maximal number of encoded msar strings is equal to (numberOfAlignmé¢
hded alignment info flag) * numberOfRecordSegments.

Table 66 — Computation of decodedMsar

sar descriptor is an array of ASCII characters following the syntax specified inGubclause 10.6.

riptors
ariable

fied in

input:

bnts — 1

Decoding step Description
for(i]|= 0; 1 < numbef@fAlignedRecordSegments; i++) {
deqodedMsar[] [h N~ {} Empty array.
fod(j = 0;
J < numberOfSegmentAlignments[i]-1;Jj++) {
if (spritMate[j][1] == 0) {
decodedMsar[j] [i] = decodedStrings[msar k++]

for (k=1;k< numberOfTemplateSegments;k++) {
if (splitMate[j] [k] == 1 && extended alignment info flag) {

decodedMsar[j] [k] = decodedStrings[msar k++]
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Table 66 (continued)

Decoding step Description

10.4.14rtype

10.4.14.1 General

The rtype descriptor is used to signal the subset of descriptors used to decode one unmappedmead (class

HM andl class U) or read pair (Class U) in a genomic record as shown in Table 67.

The rt
datase

ype descriptor also enables mixing reference-based and reference-less compression in the same
. In this scenario rtype = 0 signals reference-based encoded records, while rtypeé > 0 sigrals the

set of descriptors to be used for reference-less compression (in this case descriptors)refer to the computed

referer]ce, when needed).

The in
descri

but to this process is the decoded_symbols[descriptor_ID] array spegified in subclause 12.] when
ptor_ID is equal to 12 and the current value of j, ; .

The oufput of this process is the decoded_symbols[descriptor_ID] array itself used by the decoder t¢ select

the appropriate descriptors for further decoding the genomic record.
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Table 67 — Semantics of the rtype descriptor

rtype

cr_alg_ID

type of encoded reads

description

not used

Aligned reads with reference
based compression only.

The entire dataset is encoded using reference based
compression for mapped reads.

Aligned reads with both
reference-based compression
and reference-less compression.

The dataset contains both read (pairs) encoded using
reference based compression and reference less com-
pression. The decoding process for this Record uses
the external or embedded reference according to the
Class of the AU as specified in subclause 10.2.

2,4

Unmapped reads only.

1 = the decoding process is obtained by applying

the decoding process specified in subclause 10.2.3,
but without applying the steps specific to clips
(subclause 10.4.7), mscore (subclause 10:411),|msar
(subclause 10.4.13) and rgroup

(subclause 10.4.15) descriptors.

2 =the decoding process is obtaihed by applyinlg
the decoding process specified.in’subclause 10.p
but without applying the stépsspecific to clips
(subclause 10.4.7), mscore (subclause 10.4.11),msar
(subclause 10.4.13) and«group
(subclause 10.4.15)descriptors.

3 = the decoding process is obtained by applyi

4,

the decoding process specified in subclause 10.

.5,

but without applying the steps specific to mscd

(subclause10.4.11), msar (subclause 10.4.13) a

re
nd

rgroup)(subclause 10.4.15) descriptors.

4 = the decoding process is obtained by applying
the'decoding process specified in subclause 10.p
but without applying the steps specific to clips
(subclause 10.4.7), mscore (subclause 10.4.11),/msar
(subclause 10.4.13) and rgroup
(subclause 10.4.15) descriptors.

.6,

w
&
w

1 = apply the decoding process specified in
subclause 10.2.3.

2 = apply the decoding process specified in
subclause 10.2.4.

3 = apply the decoding process specified in
subclause 10.2.5.

4 = apply the decoding process specified in
subclause 10.2.6.

5 = apply the decoding process specified in
subclause 10.2.8.

6 = apply the decoding process specified in
subclause 10.2.7.

The decoding process is specified in
subclause 10.2.8.

The decoding process is specified in
subclause 10.2.8 where the U reads representing the
reference sequence are used for compression but do
not generate output records as specified in
subclause 11.3.6.

Unmapped reads or aligned with
reference less
compression only.

up-
o N

Unmapped reads only.

Unmapped reads.

In case of class HM, the mapped read is decoded by following the process for the mapped read of class HM
specified in subclause 10.2, and the unmapped read is decoded following the decoding process specified in
this subclause.
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10.4.14.2 PushiIn

When class U data are compressed using the “Pushln” computed reference algorithm specified in
subclause 11.3.4, the decoding process shall follow the one described for classes P, N, M, I in subclauses 10.2.3
to 10.2.6 (for rtype values 1 to 4 respectively), or by ureads as described in subclause 10.2.8 (rtype equal to
5). The process to be followed is indicated by the descriptor rtype as specified in subclause 10.4.14.

Table 68 provides a description on the use of the pos and pair descriptors in this decoding process.

Table 68 — Semantics of the pos and pair descriptors for the Pushln algorithm

desgriptor semanties
pos Matching position of the read on the PushIn computed reference, with coordinate as
described in subclause 11.3.4.

pair Used only for paired end reads. It associates a decoded read with its mate.

10.4.1brgroup

The rgroup descriptor identifies the read group the genomic record belongs to.

The input to this process (see Table 69) is the decoded_symbols[descriptor_ID] array specified in
subcla:lgse 12.1 when descriptor_ID is equal to 13 and the current value of J34).

The oufput of this process is the variable readGroupld.

Table 69 — Determination of the readGroupld value

Decoding step Description

readGroupId = subsequenceO[j13,O++]

10.4.16qv

10.4.16.1 General
The qv|descriptor carries information to reconstruct the quality values.

The process for decoding quality_values at a genomic position can be summarized informatively] in the
following steps:

a) Determine the quality value indexes at the genomic position.
b) Deftermine the quality~value codebook identifier at this genomic position.
c) Usg the quality<value codebook identifier to select the quality value codebook for the genomic pofition.

d. Defkode theguality value indexes by lookup in the quality value codebook.

10.4.16.2 Decoding process of the quality values of a genomic record

The inputs to this process are:

— the qv_depth value specified in subclause 7.4.2;

— the qv_reverse_flag value specified in subclause 7.4.2;

— the numberOfRecordSegments value computed in subclause 10.4.10;

— the current value of jy4 o;

— the decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.2 when descriptor_ID is
equal to 14;
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— the qvCodebookIndexesLoadFlag set to 1 at the beginning of each AU decoding process;

— the reverseComp array computed as specified in subclause 10.4.3.

The outputs of this process are the quality values of each nucleotide for each segment of the current genomic
record and the value of qvCodebookIndexesLoadFlag.

In this description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N (i.e.
subsequenceN = decoded_symbols[14][N]).

The decoding process for one genomic record is specified in Table 70:

Table 70 — Decoding process of the quality values of a genomic record b‘
Decoding step Dq&ﬁ)tlon
decodq quality values () { (L/V
if (gvCodebookIndexesLoadFlag == 1) { hdsl/
decode qv_codebook indexes () (b\%s specified i
_ V7| Table 71.
gvCodebookIndexesLoadFlag = 0 \Qy
} N
fog (tSeg = 0; tSeg < \%v
numberOfRecordSegments; tSeg++) { s‘\
for(gs = 0; gs < gv_depth; gs++) { /ﬂSZ -
if(j14,O < Size (subsequenceO[])) { <j\/
gvPresentFlag = subsequencel[J4,] (\\\\ )
J1a,0t7 [74) -
} else { \Q$>
gvPresentFlag = 1 x€£§“
} )
if (gvPresentFlag == 1) { LXSD
decode gvs () \\C)v As specified i
Q Table 72.
gvString = “~ (\‘ Empty string.
len = 0 ’_<:5\

for (i=0; iF\MnberOfSplicedSeg[tSeg]; i++) |

revCo UreverseComp[i] [0] [tSeq]

ce =
qualifyValues [tSQ@qs] [len, lent+splicedSeglength[tSeg] [1]-1]
W(qv reverse flag && revComp) {

N\ gvString = strcat (qvString,
reverseS;@‘@VSplice))
S )
else({
gvString = strcat (gqvString, gvSplice)
}
}
qualityValues[tSeq] [gs] = gvString
} else {

N4

qualityValues[tSeg][gs] = Empty string.
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Table 70 (continued)

Decoding step Description

}

reverseStr(str) returns the reverse of the input string str where the nth element of the reversed string
reversedStr is computed as

reversedStr[n] = str[Size(str[]) - n- 1], for nin 0 .. Size(str[]) - 1.

10.4.16.3 Decoding processes of quality value codebook indexes and quality values of a seg

The inputs to these processes are:

ment

— the¢ decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.2 when) descriptor_ID is

eqpal to 14;
— th¢ qv_num_codebooks_total and qvNumCodebooksAligned values specified)in subclause 7.4.2
— thg¢ current values of j,, ; for the qvCodebooklIds subsequence;

— th¢ current values of jy4 y,, with N ranging from 0 to qv_num_codebooks_total - 1 for the qy_
codlebooks_total subsequences for quality value indexes;

— th¢ numBases variable equal to number of nucleotide of thesegment for which the quality values
degoded;

— th¢ basePos array containing the mapping positions relative to the AU_start_position of each ny
in the segment for which quality values shall be decaded, as specified in subclause 10.4.2;

— the classld variable specified in subclause 10.2(3;

— the¢ value tSeg identifying the segment within the ISO/IEC 23092 series record for which the
values shall be decoded;

— th¢ value gs identifying the gsth quality value string for the tSegth segment within the ISO/IEQ
setties record for which the quality'values shall be decoded.

In thi
subse

The o

nucleotide in the segmient for which the quality values shall be decoded.

In the

the quality value«odebook for a genomic position of each aligned base. This quality value codebook

to rec

one acdess unit. The Varlable qVCodeBookIds contams the 1ndexes of the quality value codebooks ass

3.1;

s| description, subsequenceN is the subsequence identified by descriptor_subsequence_ID =
IenceN = decoded_symbols[14][N]).

put of this progess’is the array of strings qualityValues[][], containing the quality values

dase that gvNumCodebooksAligned is larger than 1, the value of subsequencel shall be used to i

onstrugtall quality values at that genomic position. Multiple quality value codebooks can be

y_num_

hall be

clotide

quality

23092

N (i.e.

of each

dentify
is used
hsed in
bciated

of quodeBookIds Varlable is spec1f1ed in Table 71.
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Table 71 — Decoding of quality value codebook indexes

Decoding step Description

decode gv_codebook indexes() {

if (gvNumCodebooksAligned > 1) {

pos = 0
for(jis,; = 07 Ji4,1 < Size(subsequencel[]); Ji4,++) {
gvCodeBookIds[pos] = subsequencel[] ] The values qvCodeBooklIds[pos]
shall be in the range 0..
(qvNumCodebooksAligned - 1).
pos++

The defoding process of the quality values is specified in Table 72.

Table 72 — Decoding process of quality values

Decoding step Description

decoddq gvs () {

fon (baseldx = 0; baseldx < numBases; baseldx++) {

if((classId == CLASS I || classId == CLASS_ HM) Classes I and HM contain
&& ! isAligned(baseIdx)) { bases that are not aligned fo
the reference sequence, for
which the last quality valugs
codebook identifier reservgd
for unaligned data shall be
used, as specified in
subclause 7.4.2.3.

gvCodeBookId = gv_num codebooksfotal - 1

} else if(classId == CLASS U) {

qvCodeBookId = 0 For records belonging to Class U,
only one codebook
shall be used, as specified in
subclause 7.4.2.3.

} else if (gvNumCodeboegoksAligned > 1) {

gqvCodeBookId = gvCodeBookIds |[basePos[baseIdx]]

} else {

gvCodeBook¥d = 0

}
qvCodeBadkSubSeq = gvCodeBookId + 2 See subclause 7.4.2.3.

j & J14, gvCodeBookSubSeq

114, gvCodeBookSubSeg++

gvIndex =
decoded symbols[14] [gvCodeBookSubSeq] []]

qualityValues[tSeq] [gs] [baseIldx] =
qv_recon[gvCodeBookId] [gvIndex]

}

isAligned(baseldx) returns 1 if the nucleotide at baseldx is aligned to the reference sequence, otherwise 0.
This means that isAligned(baseldx) returns 0 for every nucleotide corresponding to a soft clip or to an
insertion, or for nucleotides in the second segment of a genomic record in class HM.
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Subclause 10.4.2 specifies how to calculate the absolute mapping position of the leftmost mapped base in each
read, and thus every quality value, in a read. Figure 6 shows how quality value codebook identifiers relate to
sequencing reads, quality values, reconstructed quality values, and genomic positions. The top third of the
figure shows how nucleotides of four reads, including quality values, are mapped to genomic positions. The
center of the figure shows how each genomic position is associated to a quality value codebook. According
to the corresponding quality value index the reconstructed quality value is derived using the associated
quality value codebook. The reconstructed quality values are shown in the bottom third of the figure.

j genomic position
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Figure 6 — Relationship between sequencing reads (‘mallty values, reconstructed quality vdlues

and genomI@%smons

Q

)
10.4.1Y rname B
xO
Sequercing read identifiers are encoded sequence of rname descriptors (descriptor_ID equal|to 15).
Each rpame descriptor is composed byé}ﬁnas which have a type and possibly one or more parameters.

The syftax, semantics and decoding.process for rname descriptors are those for the tokentype desdriptors
specifigd in subclause 10.4.20 w; encodingMode_ID is set to 0 as described in Table 8. The output of the
decodihg process of the rnam scriptor for a ith record in the access unit is the string variable readName
equal to decodedStrings][i],cusing the array decodedStrings[] is specified in subclause 10.4.20.5. If rname
descriptor is not present\%i Name is set to the empty string “”

An exdmple of rea&@ntiﬁers tokenization required when encodingMode_ID is set to O is provjded in
AnnexA. ?\

10.4.18rft %
The rffp‘descriptor

— shall be present only in access units of type 3 (class M) when cr_alg_ID specified in subclause 7.4.2 is setto 1;
— may be present when cr_alg_ID specified in subclause 7.4.2 is set to 3.
It shall not be present in any other case.

The inputs to this process are:

— the decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.2 when descriptor_ID is equal
to 16 and the current value of j;¢ o;
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— the value AU_start_position as specified in subclause 7.5.1.2;

— the value seq_start as specified in subclause 7.3.2.

The output of this process is an array refTransfPos[] containing the positions of the transformations to
be applied to a decoded raw reference as specified in subclause 11.3.3. The decoding process for rftp is
specified in Table 73 for an entire access unit.

In this description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N
(i.e. subsequenceN = decoded_symbols[16][N]).

Table 73 — Decoding process ofthe rfl'p dnct‘ri}?fnr
Decoding step Description
refTrgnsfPos[0] = subsequencel([jq, ot+] + Position of the first reference
AU [start position - seq start transformation in the current
ref_sequence as specified'in
subclause 7.3.2.
for(i|= 1; i < Size(subsequence0); i++) {
reflTransfPos[i] = refTransfPos[i - 1] +
subsequence0l [j16,0++]
}
10.4.19rftt
The rftt descriptor

— sha:
— mg

It shall

The inputs to this process are:

11 be present only in access units of type 3 (class M) when cr_alg_ID specified in subclause 7.4.2 is
y be present when cr_alg_ID specified in subclause 7.4.2 is set to 3.

not be present in any other case.

setto 1;

— the¢ decoded_symbols[descriptor_ID}ndrray specified in subclause 12.6.2.2 when descriptor_ID is

eqnal to 17;
— thg¢ current value of j; .
The oufput of this process is-one array refTransfSubs[]containing the type of transformations to be applied
to a defoded raw reference as’specified in subclause 11.3.3.
In this| description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N (i.e.
subse:[:enceN = dec¢odéd_symbols[17][N]).
The output of the rftt descriptor decoding process shall be calculated following the process descrjibed in
Table 74, after having decoded subsequence0 according to the decoding process specified in Talple 125
using, i frequ1red by the said decoding process specified in Table 125 and by followmg the decoding process
specifig bcl 2.6.2.3.th f f ifi Table 73.

Table 74 — Decoding process of the rftt descriptor
Decoding step Description

for(i = 0; 1 < Size(subsequence0); i++){

refTransfSubs[i] = S_jpnaper rplsubsequencel[]y; o++]1]

}

© ISO/IEC 2024 - All rights reserved

76


https://standardsiso.com/api/?name=7312d6fe72bf905e41c8b3011645ccea

ISO/IEC 23092-2:2024(en)

10.4.20tokentype descriptors

10.4.20.1

General

The msar and rname share the same syntax, semantics and the decoding process specified in this subclause
for the generic tokentype descriptor when the encodingMode_ID specified in Table 8 is set to 0. The
tokentype descriptor is not a genomic descriptor identified by a descriptor_ID, but a simple alias for rname
and msar in the syntax, semantics and decoding process specified in this subclause.

tokentype descriptors can be of three types:

—  strres;
— digits,
— single characters.
Both a fead identifier and an e-cigar string are represented as set of differences and matehes with regpect to
one of the previously decoded reads identifiers or e-cigar strings, respectively. The first identifier cpded in
an accdss unit always starts with a DIFF token followed by the value 0.
A tokeptype descriptor can take the values listed in the Table 75. The tokentype descriptors can possibly
be follqwed by one or more parameters.
Table 75 — The tokentype values and relatéd semantics.
tokentype Token Parameters Semantics
value name
0 DUP unsigned integer Indicates-that the current descriptor is an exact
DISTANCE ranging from 0 |duplicate of the descriptor DISTANCE records ago, With
to 232-1 “1%“ being the previously decoded descriptor and coupting
backwards in the list of previously decoded descriptors.
The value of DISTANCE shall always refer to a descriE)tor
coded in the current access unit. If a DUP token is foiind no
further tokens are required to decode the descriptoi. DUP
can only occur at the first token position.
1 DIFF unsigned integer Indicates which descriptor this token is being compdred
DISTANCE ranging from 0 |against, usually “1” to indicate the previous descriptpr.
to 23241 DIFF can only occur at the first token position.
The first descriptor of a coded access units always starts
with “DIFF 0”.
2 STRING Stv) This is an arbitrary run of ASCII characters (as specified
in ISO/IEC 10646) and need not be purely alphabetidal.
STRING is always null-terminated.
3 CHAR c(1) ASCII character as specified in ISO/IEC 10646.
4 DIGITS unsigned integer ranging |Numerical value no more than 9 digits long and not qtart-
from 0 to 232-1 ing with a leading zero.
5 DELTA unsigned integer ranging |Numerical delta to a previous DIGITS value, betweer] 0 and
from 0 to 28-1 255.
6 DIGITSO an 8-bitlength and a Fixed-width numerical value no more than 8 digits long,
32-bit unsigned integer possibly starting with a leading zero.
7 DELTAO 8-bit unsigned integer Numerical delta to a previous DIGITSO value. The same
fixed length is assumed.
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Table 75 (continued)
tokentype Token Parameters Semantics
value name
8 MATCH none The next token value is identical to the token at the same
position in the descriptor the currently decoded
descriptor is compared against (regardless of token type).
9 DZLEN unsigned integer Used internally by DIGITSO to code length.
DISTANCE ranging
from 0 to 28-1
10 END none Marker indicating the termination of the current
ToRentype descriptor sequence.

10.4.20.2 Decoding process

The input to this process is the block payload (as specified in subclause 7.5.1.3.3) for desCriptor_ID €qual to
11 or descriptor_ID equal to 15, which corresponds to the msar and rname descripters respectively. The
encoded_tokentype() structure of this block payload internally contains a list of copdpressed represeptation

of tokgntype descriptor sequences.

The oytput of this process is the list of decompressed representation of ‘tHese tokentype degcriptor
sequenices, which serve as input to the assembly process (specified in subclause 10.4.20.5) to recopstruct
the msar descriptors or read identifiers respectively.

10.4.20.3 Syntax and semantics

The syntax of encoded_tokentype() is specified in Table 76.

Table 76 — Syntax of encoded_tokentype()

Syntax Type
encoded tokentype () {
num_output_descriptors u(32)
num_tokentype sequences u(16)
for(i = 0; i < num tokentype sequences; i++) {

encoded_ tokentype ‘sequence (1)

}

num_output_descripters-specifies the number of descriptors (msar or read identifiers) encoded in the
currenf block payload.

num_tpkentype. sequences specifies the number of tokentype descriptor sequences in the currert block
payloagl.

encodeld_tokentype_sequence(i) specifies the data structure containing the byte-aligned compressed
repres¢ntation of the ith tokentype descriptor sequence. Its syntax is specified in Table 77.

Table 77 — Syntax of encoded_tokentype_sequence()

Syntax Type
encoded tokentype sequence (i) {
type_ ID u(4)
method_ID u(4)
if (method ID == 0) {
ref type ID u(16)
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Table 77 (continued)
Syntax Type
COP (1)
}
else {
num output_symbols u7(v)

decode tokentype sequence (i, method ID,
num_output symbols)

}

type_ID specifies the type of the ith tokentype descriptor sequence. This process internally mdintaing a state
variable typeNum, which is initialized with -1 for every block payload of the descriptor and|is increpented
for every tokentype descriptor sequence with type_ID = 0. The current values of state variable typeNum
and type_ID are then used to generate a “mapped” value of type_ID as specified in Table-78.

Table 78 — Computation of mappedTypeld

if (tyge ID == 0)
tygeNum++
mappedTypeld = (typeNum<<4) | (type ID & 0xf)

Every decoded tokentype descriptor for which ref_type_ID is equalte a previously calculated mappedTypeld
shall b¢ identical to the previously decoded tokentype descriptér.

methofd_ID specifies the compression method (among thdse’listed in Table 79) used for the ith tokentype
descriptor sequence.

Table 79 — Description of compression. methods for the tokentype descriptor sequence

method_ID Description

0 Ccop The current tokentype descriptor sequence is an exact duplicate of a previ-
ouslyrdecoded tokentype descriptor sequence for which mappedTypeld is
equal to the current ref_type_ID as specified in
subclause 10.4.20.4.2.

1 CAT The null coding, ideal for small data. Its syntax is specified in
subclause 10.4.20.4.3.

2 RLE Run length coding, ideal for long list of repeated symbols. Its syntax if spec-
ified in subclause 10.4.20.4.4.

3 CABACYETHOD_0 |The CABAC method 0 as specified in subclause 10.4.20.4.5. The signaling of
its configuration parameters are specified in subclause 12.3.5.

4 CABAC_METHOD_1 |The CABAC method 0 as specified in subclause 10.4.20.4.5. The signaling of

its configuration parameters are specified in
subclause 12.3.5.

5 X4 Arecursive decorrelation method to split a tokentype_sequence into four
equisized interleaved subsequences (Whenever size is divisible by 4J, each of
them being coded with one of the above methods except method_ID 0x0. Its
syntax is specified in subclause 10.4.20.4.7.

0x6 .. 0xf reserved

ref_type_ID is the mappedTypeld of a previously decoded tokentype descriptor sequence of which payload
of current tokentype descriptor sequence is an exact duplicate.

num_output_symbols signals the number of symbols to be reconstructed from the compressed payload of
the ith tokentype descriptor sequence.
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decode_tokentype_sequence(i, method_ID, numOutputSymbols) specifies the syntax for decoding the
ith tokentype descriptor sequence (of size numOutputSymbols) using the decoding method indicated by
method_ID. Its syntax is specified in Table 80.

Table 80 — Syntax of decode_tokentype_sequence()

Syntax

decode tokentype sequence (i, methodID, numOutputSymbols) ({

if (methodID == 1)

CAT (i, numOutputSymbols)

els

it lmethodlD = 20

RLE (1, numOutputSymbols)

eld

e if (methodID == 3)

CABAC METHOD 0 (i, numOutputSymbols)

elg

e 1f (methodID == 4)

CABAC _METHOD 1(i, numOutputSymbols)

els

e 1f (methodID == 5)

X4 (i, numOutputSymbols)

eld

e

/*

reserved for future use */

10.4.2

10.4.2

The input to this process is the data structure encoded-tekentype_sequence() specifying the byte-

compreé
compré

The ou

10.4.2

The input to this process is refitype_ID, which shall be equal to a previously computed V

mappe

).4 Decoding process for compressed tokens

D.4.1 General

ssed representation of the ith tokentype descriptor sequence, which is decoded with ong
ssion methods listed in Table 79 and specified in this subclause.

Fput of this process is the decompressedbepresentation of the ith tokentype descriptor seque

D.4.2 COP

ATypeld of a previously décoded tokentype descriptor sequence as specified in Table 78.

hligned
of the

1ce.

ariable

The output of this process is\a tokentype descriptor sequence, obtained by copying the already decoded

referen

10.4.2

This su
isared

ce tokentype descriptor sequence uniquely identified by ref_type_ID.

D.4.3 CAT

bclause §pecifies the decoding process for the method CAT (see Table 81). The output of this j
onstructed tokentype descriptor sequence of size numOutputSymbols.

process

Table 81 — Decoding process for the method CAT

Decoding process Type
CAT (1, numOutputSymbols) {
for (j=0; j<numOutputSymbols; j++) {
decoded_tokens[i] []] u(g)

}

decoded_tokens]i][j] specifies the jth token in the ith decompressed tokentype descriptor sequence.
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10.4.20.4.4 RLE

This subclause specifies the decoding process for the method RLE (see Table 82). The output of this process
is areconstructed tokentype descriptor sequence of size numQutputSymbols.

Table 82 — Decoding process for the method RLE

Decoding process Type
RLE (1, numOutputSymbols) {
for (j=0; j< numOutputSymbols ; ) {
tmp_value (8)
if (tmp value == rle guard tokentype) {
rle_len uf(v)
if(rle len == 0)
decoded tokens[i] [j++] = rle guard tokentype
else {
tmp_value u(8)
for (r=0; r< rle len ; r++) {
decoded_tokens[i][j++] = tmp value
}
}
} else
decoded tokens[i][j++] = tmp value

}

rle_gudrd_tokentype specifies the guard value signalled in decoder configuration for sequences of tokentype
descriptors (see 12.3.5).

decoddd_tokens[i][j] specifies the jth token.in the ith decompressed tokentype descriptor sequence.

10.4.20.4.5 CABAC_METHOD_0

This sybclause specifies the degoding process for the method CABAC_METHOD_O used to decompress a
tokentlype descriptor sequence,(See Table 83). The output of this process is a reconstructed tokentype
descrigtor sequence.

Table83 — Decoding process for the method CABAC_METHOD_0

Decoding process Type
CABAC |[METHOD+B,(i, numOutputSymbols) {
deqoded\symbols [descriptor ID][0] = decode descriptor ASSpedfmdin
subsequghte’(descriptor ID, 0, numOutputSymbols, remainingPayloadSize) subclause 1216.2.2.
decoded—tokertHH—tecoded—symbotstdescriptor—TBH 6413

}

decode_descriptor_subsequence(descriptor_ID, 0, numOutputSymbols, remainingPayloadSize) specifies the
decoding process for the 0th descriptor subsequence (of size numOutputSymbols) of the descriptor identified
by descriptor_ID. For the CABAC_METHOD_0, the descriptor_ID is equal to 11 or 15.

decoded_symbols[descriptor_ID][0][] specifies the list of symbols decoded by decode_descriptor_
subsequence(descriptor_ID, 0, numOutputSymbols).

remainingPayloadSize is the number of bytes remaining in the current block payload.
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decoded_tokens][i] specifies the list of tokens in the ith decompressed tokentype descriptor sequence.

10.4.20.4.6 CABAC_METHOD_1

This subclause specifies the decoding process for the method CABAC_METHOD_1 (see Table 84). The output
of this process is a reconstructed tokentype descriptor sequence of size numOutputSymbols.

Table 84 — Decoding process for the method CABAC_METHOD_1

Decoding process Type

CABAC METHOD 1 (i, numOutputSymbols) {
deqoded symbols[descriptor ID][1] = decode descriptor As specified inh

subsedquence (descriptor ID, 1, numOutputSymbols, remainingPayloadSize) subclause 12 16.2.2.
deqoded token[i][] = decoded symbols[descriptor ID][1][]

}
decode descriptor_subsequence(descriptor_ID, 1, numOutputSymbols, remainingPayloadSize) specifies the
decodihg process for the 15t descriptor subsequence (of size numOutputSymbols),of the descriptor id¢ntified

by desq

decode

riptor_ID. For the CABAC_METHOD_1, the descriptor_ID is equal to 11 or 15.

d_symbols[descriptor_ID][1][] specifies the list of symbols decoded by decode_desc

subsequence( descriptor_ID, 1, numOutputSymbols).

riptor_

remainfingPayloadSize is the number of bytes remaining in the curgent-block payload.
decoddd_tokens[i][] specifies the list of tokens in the ith decompressed tokentype descriptor sequenge.
10.4.20.4.7 X4
This stibclause specifies the decoding process for_the method X4, which is be used to decompress a
tokentlype descriptor sequence (see Table 85). The“output of this process is a reconstructed tokentype
descriptor sequence of size numQOutputSymbols.
Table 85 — Decoding process for the method X4
Decoding process Type
X4 (i, [numOutputSymbols) {
x4 |method_1IDs u(16)
foqd (s=0; s<4; s++) {
methodID = (x4 _m&Thod IDs >>(12 - (s*4))) & Oxf
decoded tokefisy%4[s] [] = decode_ tokentype sequence (s, methodID, As specified in
numOutphfSymbols/4) subclause 10.4.2(.3.
}
/* [Multipléxing of interleaved subsequences */
foq (3=0," j< numOutputSymbols ; j += 4) {
For{s=0- 4—s++—+
decoded tokens[i] [j+s] = decoded tokens x4([s][j>>2]
}
}
}

x4_method_IDs specifies the four compression methods (among those listed in Table 79 except method_ID
= 0) used to decompress the four interleaved subsequences, where the method_ID for the sth subsequence
can be derived as method_ID = (x4_method_IDs >>(12 - (s*4))) & Oxf.
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decode_tokentype_sequence(s, method_ID, numOutputSymbols/4) decodes the sth interleaved subsequence
(of size numOutputSymbols/4) as a tokentype descriptor sequence using the decoding method indicated by
method_ID.

decoded_tokens_x4[s][j] specifies the jth byte token in the sth decompressed interleaved subsequence.

decoded_tokens][i][j] specifies the jth byte token in the ith decompressed tokentype descriptor sequence.

10.4.20.5 Assembly of tokens

], which is the

The input to this process (see Table 86) is the bi-dimensional array decoded_tokens]]
; on ifiedi o indpga list of

decomj 3 — 22 5
num_tpkentype_sequences decompressed tokentype descriptor s

p —

equences.
The oufput of this process is the data structure decodedStrings[] containing a list of either msar desdriptors
(when Hescriptor_ID is equal to 11) or read identifiers (when descriptor_ID is equal to 15) as strings.

Taple 86 — Decoding process of tokentype descriptors into strings representing either msar
descriptors or read identifiers

Decoding process Type

cIdx § 0

refIdy = 0

decodddStrings|[ ] = {“"}
do {
t 0

toHType = get tok type(decoded tokens[t<<4])

didtance = get tok int (decoded tokens[t<<4 | HQkType])

reflIdx = cIdx - distance

if{tokType == 0) /* Token: DUP */
strcpy (decodedStrings [cIdx], decgdedStrings [refldx])
elde { /* Token: DIFF */

for (t=1; t< num tokentype s€quences; t++) {

tokType = get tok type(decoded tokens[t<<4])

if (tokType == 10) %* Token: END */
break

tokStr = extract/tok value (decoded tokens, tokType, t, refldx)

strcat (deco@edStrings[cIdx], tokStr)

}

} whille (cTdx.XV¥num output descriptors && strlen(decodedStrings[cIdx++]) > 0)

num_ofitput_descriptors specifies the number of descriptors (msar or read identifiers) encoded|in the

currentblockpayeadttisspecifiedin104-20-3

get_tok_type(decoded_tokens[ ]) pops and returns one byte from data structure decoded_tokens] ].

get_tok_int(decoded_tokens| ]) pops four bytes from data structure decoded_tokens| ] and decodes them as
a 32-bit integer as specified in subclause 6.2.

strcpy(dst, src) specifies the string copying operation from the source string to the destination string.
strcat(dst, src) specifies the string concatenation operation of source string to the destination string.

strlen(str) returns the length of the input string.
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extract_tok_value() pops and returns token value based on its type (as listed in Table 75) and the co-located
tokens in the reference descriptor (msar or read identifier). The syntax of extract_tok_value() is described
in Table 87.

Table 87 — Decoding process associated to a call to extract_tok_value()

Decoding process Type
extract tok value(decoded tokens[ ][ ], tokType, t, refIdx) {
tokIdx = (t << 4) | tokType
if (tokType == 2) /* Token: STRING */

fmostrx — oot +tolk otringldocodaed ftokaons lfolkTdel)
T 7 J 13 T

elde if (tokType == 3) /* Token: CHAR */

tmp str = get tok char (decoded tokens[tokIdx])

elde if (tokType == 4) /* Token: DIGITS */

tmp str = get tok digits(decoded tokens[tokIdx])

elde if (tokType == 5) /* Token: DELTA */

tmp str = get tok delta(decoded tokens[tokIdx], refldx)
elde if (tokType == 6) /* Token: DIGITSO */

tmp str = get tok digitsO (decoded tokens[tokIdx])

elde if (tokType == 7) /* Token: DELTAO */

tmp str = get tok deltal(decoded tokens[tokIdx], refIdx)
elde if (tokType == 8) /* Token: MATCH */

tmp str = get tok match (refldx)

refjurn tmp str

}

get_tolf_string(decoded_tokens| ]) pops and returns a nul¥terminated string from data structure dgcoded_
tokens| ] as described for token STRING in Table 75.

get_toK_char(decoded_tokens][ ]) pops and returns'onhe ASCII character from data structure decoded_tokens|
] as degcribed for token CHAR in Table 75.

get_toK_digits(decoded_tokens| ]) pops four bytes from data structure decoded_tokens] ], decodes them as
a 32-bif integer as specified in subclause 6.2, as described for token DIGITS in Table 75, and returns g string
with tHe big-endian decimal representation of said integer.

get_tol_delta(decoded_tokens|[{;refldx) pops a one byte delta value from data structure encoded_tgkens] ]
as desdribed for token DELTA in‘Table 75, sums said delta value and the digit value of the co-located |DIGITS
token ip the reference deseriptor (msar or read identifier) identified by refldx, and returns a string with the
big-endian decimal representation of the result of said sum.

get_toK_digitsO(deeoded_tokens[ ]) pops a one byte length value as DZLEN token_and a four byteg value,
decoded as a 32-bitinteger as specified in subclause 6.2, as described for token DIGITSO in Table 5, and
return$ a string with the big-endian zero-padded fixed-width decimal representation of said integer.

get_tolf_deélta0(decoded_tokens| ], refldx) pops a one byte delta value from data structure decoded_tgkens] ]
as desdribed for token DELTA in Table 75, sums said delta value and the digit value of the co-located DIGITSO
token in the reference descriptor (msar or read identifier) identified by refldx, and returns. a string with the
big-endian zero-padded fixed-width decimal representation of the result of said sum.

get_tok_match(refldx) returns the token value of the co-located token in the reference descriptor (msar or
read identifier) identified by refldx as described for token MATCH in Table 75.
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10.5 sequence

10.5.1

General

This subclause specifies how sequences of nucleotides are computed by a conformant decoder. For class
HM, the mapped read is computed as specified in subclause 10.5.2 while the unmapped read as specified in
subclause 10.5.3.

TheinputstothisprocessarethevariablesnumberOfRecordSegmentsand numberOfMappedRecordSegments

calcula

The ou

ted as specified in subclause 10.4.10.

10.5.2
Additiq
— thg
—  the
— thg
—  thg
—  thg
— Th
— Th

If crps
decodi
specifi

The de

ol il el 1. AC LAl Cosadla O H h) OLN AC e
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Aligned reads (Classes P, N, M, I, HM)
nal input to this process are:
array mappingPos[0][] is computed as specified in subclause 10.2.3;

arrays numberOfSplicedSeg[], and splicedSegLength[][] computed as spécified in subclause

10.4.9;

array splicedSegMappingPos[][] computed as specified in subclause-10:4.10;

array softClipSizes[][] computed as specified in subclause 10.4.7;

variable classld is computed as specified in subclause 10.2.3;
e variable seqld set equal to sequence_ID as specified insubclause 7.5.1.2;
e arrays ref_sequence[][] and seq_start|[] as specified in subclause 7.3.

| flag specified in Table 7 is equal to 1 and cr_alg\ID specified in Table 17 to is equal to 2, 3 or 4
g process specified in Table 88, seqld is setequal to 0, ref_sequence[seqld][] is set equal to r
bd in subclauses 11.3.4, 11.3.5, 11.3.6, respectively, and seq_start[seqld] is set equal to 0.

Foding process specified in Table 88.shall be applied:

Table 88 — Decoding/process of sequence[] array for aligned reads

,in the
efBuf[]

Decoding step Description
for(i|= 0; 1 < numberOfMappedRecordSegments; i++) {
fod(j = 0; J < numberOfiSplicedSegl[i]; j++) {

pRef = spliced8egMappingPos[i] [j] -
seq stayt[seqld]

mappedLength™= splicedSegLength[i] []]

if (clas§Id == Class I || classId == Class HM) {
i@ == 0) {
mappedlLength -= softClipSizes([i] [0]
}
if (3 == numberOfSplicedSeg[i] - 1) {
mappedLength -= softClipSizes([i][1]

}

splicedSequence[i] [jJ] =
ref sequence[seqld] [pRef,
pRef + mappedLength - 1]

if (classId == Class N) {
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Table 88 (continued)
Decoding step Description
processSplSegN (i, 7J) Specified in subclause 10.2.4.
} else if(classId == Class M) {
processSplSegM(i, J) Specified in subclause 10.2.5.
} else if(classId == Class I

classId

|| Class HM) {

processSplSegI (i, 7J)

Specified in subclause 10.2.6.

}
}
10.5.3| Unmapped reads (Class HM, U)
The defoding process specified in Tables 89 and 90 shall be applied:
Table 89 — Decoding process of sequence[] array for unmapped reads
Decoding step Description
for (i |= numberOfAlignedRecordSegments;
i numberOfRecordSegments; i++) ({
if{crps flag == 0){
decodeUreads (splicedSegLength[1] [0]) Specified in subclause 10}4.8.
splicedSequence[i] [0] = decodedUreads decodedUreads as specified in.
subclause 10.4.8
}ellse if (crps flag == 1 && cr alg ID == 2){
decodq according to the process specified insubclause 11.3.4
}else if (crps _flag == 1 && cr alg ID ==~4){
decodd according to the process specified”in subclause 11.3.6
}
}
Table 90 — Sequence'decoding processes corresponding to crps_flag and cr_alg_ID
crps._flag cr_alg_ID sequence decoded as
specified in subclause
0 — 10.4.8
2 11.3.4
4 11.3.6
10.6 ¢-gigar

10.6.1 Syntax

This subclause specifies an extended CIGAR (E-CIGAR) syntax for strings to be computed from sequences

and related mismatches, indels, clipped bases and information on multiple alignments and spliced reads.

Alignments are described as a sequence of consecutive edit operations between the reference sequence and

a sequence mapped onto the reference sequence.

Edit operations might involve skipping or replacing part of the sequence of either reference or read; due to
this reason one has to keep track of a pointer R to the current position within the reference, and a pointer r
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to the current position within the read. They are both set to 0 at the beginning of the alignment process, the
0 of the reference being the position of the match.

Edit operations specified in this document are listed in Table 91.

Table 91 — Syntax of the ISO/IEC 23092 series E-CIGAR string

splice ih the read).

by n positions, splice consensus ob-
served|on the reverse strand. (reverse

Operation Semantics E-CIGAR Equivalent SAM CIGAR
representation representation
Increment both pointer-to- n matching bases n= nM in older versions
reference R and pointer-to-read (not equivalent),
r by npg USTtioTS (llldl.l,il). = ln recent versions
Replacg nucleotide in the read substitution of character b b M in older versions,
with bgse b from the reference, (b is presentin the read and ¥ in recent versions
incremgent pointer-to-reference R and |not in the reference) where (not equivalent)
pointeq-to-read r by 1. b is one of the symbols of
the alphabets defined in
subclause 9.2.
Incremfent pointer-to-read r by n n bases are inserted in the n+ nl
positiops (insert from the read). read (not present in the refer-
ence)
Incremlent pointer-to-reference Rby |n bases are deleted in the read |n- nD
n positjons (deletion of sequence S in |(but present in the reference).
the reafd).
Incremlent pointer-to- read r by n n soft clips () ns
positiohs (insertion in the read). Can
only odcur at beginning or end of
read.
Hard tifim. Can only occur at n hard clips [n] nH
beginnjng or end of read.
Incremlent pointer-to-reference R An undirected splice of n n* nN
by n pdsitions, splice consensus ob- |bases.
served|(splice in the read).
Incremfent pointer-to-reference R A forwardsplice of n bases. n/ Not existing.
by n pasitions, splice consensus
observgd on the forward strand (for-
ward splice in the read).
Incremlent pointer-to-reference R A reverse splice of n bases. ns

Not existing.

The geperal frameworK is illustrated in Table 92 shows an example of alignment with soft clips, dgletions

and substitutionss

Table 92 — Example of e-cigar string

00000Q0000111111111122222222223333333

Position in the reference

0000000000
0123456789

E-CIGAR= (2) 4=C3=11+4=Tb=

ACAGATATATCAGAGACCATACAGGAACATAACAGAC
AAAGATCTAT+++++++++++CAGGTACATA

1111111111
0123456789

0123456789012345678901234567890123456

Reference
Read

Position in the read
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Decoding process for the first alignment

10.6.2.1 General

The inputs to this process are:

— readLength[] array computed as specified in subclause 10.2.3;

— the classld variable specified in subclause 10.2.3;

— the numberOfAlignedRecordSegments variable specified in subclause 10.4.10.

For clagsld equal to Class_N, Class_M, Class_I, and Class_HM:

— the
— the

If cr_a

numMismatches|[] are pre-processed as per subclause 10.6.4 prior to being decdded as specified
subclause.

For clagsld equal to Class_M, Class_I, and Class_HM:

— the

If cr.a

processed as per subclause 10.6.4 prior to being decoded as specified in this subclause.

For clapsld equal to Class_I and Class_HM:

mismatchOffsets[][] array computed as specified in subclause 10.4.5;

numMismatches[] array computed as specified in subclause 10.4.5.

mismatches[][] arrays computed as specified in subclause 10.4<6.

g_ID specified in subclause 11.3 is set to 1, for classld €qual to Class_M mismatches[][]

g_ID specified in subclause 11.3 is set to 1, for classld equal to Class_M mismatchOffsets][][] and

in this

is pre-

— th¢ mismatchTypes[] array computed as per subclause 10.4.6;
— the softClips[][][] arrays, the softClipSizes[][].array, and the hardClips[][] array computed as spedified in
subclause 10.4.7.

The output of this process is the array of strings ecigarString[], and the array of the corresponding string

lengthg ecigarLength[].

In this| subclause, the decoding process uses strings, where strings are sequences of a given lepgth of

universal coded character set (UCS):transmission format-8 (UTF-8) characters as specified in ISO/IE( 10646

of a givien length.

In this pubclause the following strings operators are defined:

arrayt¢str(a, 1) returns a string of length 1 created by copying the first1 characters from array a| where
ais a one-dimensional array of characters

strtoc(f) returns all characters in string s in a sequence compliant with c(n) datja type
specified in subclause 6.3, where n corresponds to the length of string s

‘) returns a string r‘nmpncpd hy the characters between the guotes

inttostr(i) returns a string containing the base-10 representation of the integer

strcat(sl, ..., sN) returns the concatenation of the strings from s1 to sN. If any of the input strings s1 through

sN is a single character, it is considered a string of length 1

strlen(s) returns the length of string s
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10.6.2.2 Decoding process without spliced reads

When the spliced_reads_flag syntax element specified in subclause 7.4.2 is equal to 0, the decoding process
of e-cigar strings is specified in Table 93. Table 94 reports the decoding process for the mismatches within
one e-cigar string.

Table 93 — Decoding process for the e-cigar strings of a genomic record without spliced reads

Decoding step Description
for(s = 0; s < numberOfAlignedRecordSegments; s++) {
if(classId == Class P){ Class P.
mmOffsets = {} Emptyarraynb(
mms = {} Emptyarr—@v
mmTypes = {} Emptyé}:}”fg/
decodeECigarMismatches (classId, readLengthls], As@%ﬂfled in Table 94.
0, mmOffsets, mms, mmTypes) Q
ecigar = decodedEcigar qﬁécodedECigar

C) computed as spegified
A in Table 94.

elde if (classId == Class_N) { s‘\vJ Class N.
N
mms = {} yo §) Empty array.
_ \
mmTypes = {} AO Empty array.
decodeECigarMismatches (classId, readLength[s], As specified in Table 94.
numMismatches[s], mismatchOffsets[s], mms,\n@ ypes)
ecigar = decodedEcigar < decodedEcigar
\\.0 computed as spedified
@$ in Table 94.
} K\
elde if (classId == Class M) { \O Class M.
mmTypes = {} \\\g}b Empty array.
decodeECigarMismatches (clas s(id, readLength[s], As specified in Table 94.
numMismatches[s], mismatchOffsets[s],
mismatches[s], mmTy,
ecigar = decodedEcig@v decodedEcigar
O computed as spedgified
9 in Table 94.
}
de i Y_ ——
elde 1f(clas‘s\$ Class I || classId Class HM) { Classes I or HM.
leftSo \/1‘ps =
%‘ tostr (softClips[s][0][],
« softClipSizes[s][0])
r‘@htSoftClle =
arraytostr (softClips[s] [1][],
softClipSizes([s][1])
leftHardClips = hardClips([s] [0]
rightHardClips = hardClips([s][1]
mappedLength = readLength[s]
- strlen(leftSoftClips) - strlen(rightSoftClips)
decodeECigarMismatches (classId, mappedLength, As specified in Table 94.

numMismatches[s], mismatchOffsets[s],

mismatches[s], mismatchTypes[s])
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Table 93 (continued)

Decoding step Description
ecigar = decodedEcigar decodedEdgar
computed as specified
in Table 94.
if (strlen(leftSoftClips) != 0) {
ecigar = strcat( Soft clips are present
‘ (Y, inttostr(strlen(leftSoftClips)), ’)’, before the leftmost
ecigar) mapped base.
1
else if (leftHardClips '= 0) { qb‘
— N\
ecigar = strcat( Hard cllpxﬁé présent
‘[, inttostr(leftHardClips), '1’, before the-leftmofst
ecigar) ma QEQ ase.
} Q-
. - - J
if(strlen(rightSoftClips) != 0) { f'q/
ecigar = strcat(ecigar, Q/\) Soft clips are pregent
‘(', inttostr(strlen(rightSoftClips)), ')’) Q> after the rightmofst
(.AO mapped base.
} kaJ
else if (rightHardClips != 0) { <; (@)
ecigar = strcat(ecigar, > Hard clips are pr¢sent
‘[', inttostr(rightHardClips), ’']1') \fz after the rightmogt
c\\} mapped base.
) o
%)
) NN
A\
ecigarString[s] = strtoc(ecigar) ‘QSSQ
ecilgarLength([s] = strlen(ecigar) ’\\3\
O
) \%\
Table 94 — Decoding pﬁ)tess for the mismatches within one e-cigar string
[N ry
r@}tcoding step Descriptiopn
decodeECigarMismatches(claéé}?ﬂ len,
mmNumber, mmOffsetfs,) mms, mmTypes) {
ecijgar = V7 ,.,\(O Empty string.
if({classId == C{%QiP) { Class P.
ecigar = ééf?gt(inttostr(len), ="
\
} RS
elde af assId == Class N) { Class N.

pe%&ﬁbusOffset =0

1 =0

while (1 < mmNumber) {

delta = mmOffsets[i] - previousOffset
previousOffset = mmOffsets[i] + 1
if (delta == 0) {
ecigar = strcat(ecigar, ‘N’)
} else {
ecigar = strcat(ecigar, inttostr(delta), ‘=')
ecigar = strcat(ecigar, ‘N’)
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Table 94 (continued)
Decoding step Description
}
i++
}
delta = len - previousOffset
if (delta > 0) {
ecigar = strcat(ecigar, inttostr(delta), ‘'=')
}
} A
elde if(classId == Class M) { Class M. (]QV
previousOffset = 0 R
i=0 “l/ﬂ/
while (i < mmNumber) { rbc)'
delta = mmOffsets[i] - previousOffset (.“ V
previousOffset = mmOffsets[i] + 1 & 7
if(delta == 0){ o)
ecigar = strcat(ecigar, mms[i])) (,\
} else { L, o
ecigar = strcat(ecigar, inttostr(delta), ‘=:‘0‘<
ecigar = strcat(ecigar, mms[i]) \\Y N
) QO
i+ g <
} N
delta = len - previousOffset \\®$
if (delta > 0) { O

ecigar = strcat(ecigar, 1nttrg$tr(delta), ‘="

\4
: C}\

“ .
elde if(classId == Class_m\ classId == Class HM)) {
N

Classes I or HM.

previousOffset = 0 Q

i=0 (.Q’

2

while (i < mmNu@;s\{) (

count =(39v

deltg\?}mOffsets[i] - previousOffset

prwsOffset = mmOffsets[i]

AXldelta > 0) |

% ecigar = strcat(ecigar, inttostr(delta), ‘=')

delta = 0
}
if (mmTypes[i] == 0) { Substitution.
ecigar = strcat(ecigar, mms[i]))
previousOffset = mmOffsets[i] + 1
i++
}
else if (mmTypes[i] == 1) { Insertion.
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Table 94 (continued)
Decoding step Description
while (i < mmNumber
&& mmTypes[i] ==
&& mmOffsets[i] - previousOffset

== 0) {
previousOffset = mmOffsets[i] + 1

count++, i++

}

ecigar = strcat(ecigar, inttostr (count))
ecigar = strcat(ecigar, ‘+’) (-\(]/V‘
( 4
} A’
else if (mmTypes[i] == 2) { Deleqo'my
v
while (i < mmNumber QU)
&& mmTypes[i] == q;b
&& mmOffsets[i] - previousOffset C)
== 0 \\Q/
previousOffset = mmOffsets[i] O\‘
7~
count++, i++ Q\‘O
AN
} , O
ecigar = strcat(ecigar, inttostr (count)) <S<
— v
: — : N_7
ecigar strcat (ecigar, ) \§f<
i Q
} %7
delta = len - previousOffset &
if (delta > 0) { X2}
\\‘\
ecigar = strcat (ecigar, tostr(%@ta), ="
A"
| &
N
} Y
. e

dedodedEcigar = ecigar

“\
} (\S

.

10.6.2{3 Decoding proc%so@lith spliced reads

When the spliced_re \llag syntax element specified in subclause 7.4.2 is equal to 1, the e-cigar [strings
are deqoded as foll

Additidnal inp this process are:

For cla ;sId&e?ual to Class_N, Class_M, Class_I, and Class_HM:

— the splicedSegMismatchOffsets[][][], splicedSegMismatchNumber[][] and splicedSegMismatchldx[][]
arrays computed as specified in subclause 10.4.5;

— the array splicedSegMappingPos[][] computed as specified in subclause 10.4.10;
— the array reverseComp[][][] computed as specified in subclause 10.4.3

The decoding process is specified in Table 95.
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Table 95 — Decoding process for the e-cigar strings of a genomic record with spliced reads.

Decoding step Description
for(s = 0; s < numberOfAlignedRecordSegments; s++) {
if (classId == Class P){ Class P.
mmOffsets = {} Empty array.
mms = {} Empty array.
mmTypes = {} Empty array.

decodeECigarMismatches (classId, readLengthl[s],

0, mmOffsets, mms, mmTypes)

As specified in
Table 94.

ecigar = decodedEcigar

dec

spe
T

st

oder}ibkg{ar

94.

Y

eld

e if (classId

Class N) {

Class N.

mms = {}

Empty array.

mmTypes = {}

Empty array.

decodeECigarMismatches (classId, readLengthls],

As specified|in

numMismatches[s], mismatchOffsets[s], mms, mmTypes) "<ED Table 94
ecigar = decodedEcigar N decodedEcigar
Q computed as
QQ specified in
\§‘ Table 94.
) QO
elde if(classId == Class M) { % Class M.
% N
mmTypes = {} Q\ Empty array.
decodeECigarMismatches (classId, read hg%th [s], As specified|in
numMismatches[s], m1smatch0ffset§ s1, Table 94.
mismatches[s], mmTypes)
ecigar = decodedEcigar Qs;? decodedEcigar
C) computed aj
@Q . specified in
O Table 94.
i @)
elde if(classId == gy:as_l classId == Class_ HM) { Classes I or HM.
leftSoftClips <$9
arraytost ftClips[s][O0][],
sofg‘ Sizes[s][0])
rightsS lips =

tostr(softClips[s][1]1[],
&%CllpSlzes [s]1[11)

1%PtHardClips = hardClips[s] [0]
rightHardClips = hardClips[s][1]
ecigar = Empty string.
for(i = 0; 1 < numberOfSplicedSegl[s]; i++) {

length = splicedSegLength[s] [1]

if (i == 0) {

length -= softClipSizes([s][0]
}
if (1 == (numberOfSplicedSeg[s] - 1)) {
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Table 95 (continued)

Decoding step

Description

length -= softClipSizes([s][1l]

}

if(i > 0) |

spliceOffset = splicedSegMappingPos([s] [1]
- splicedSegMappingPos[s][1 - 1]
- splicedSegMappedLength[s] [1 - 1]

ecigar = strcat(ecigar, inttostr(spliceOffset))

if (reverseComp[i] [s][0] == 0) {

ecigar = strcat(ecigar, “/”)

} else if(reverseComp[i][s][0] == 1)

-
Forvg\@ls‘pllice.
0‘ v

wo

ecigar = strcat(ecigar, “%”)

4 :
‘Réverse splite.

} else if(reverseComp[i][s][0] == 2)

ecigar = strcat(ecigar, “*”)

Undirected $plice.

} else {

/* reserved */

}

-

(@)
mmStartIdx = splicedSegMismatchIdx[s][1] /\<<

mmEndIdx = mmStartIdx + splicedSegMismatchNume'\é] [i1 - 1

decodeECigarMismatches (classId, length, KO\\

As specified|in

splicedSegMismatchNumber([s] [1], Table 94.
splicedSegMismatchOffsets[s] [1i], \\'Q
mismatches[s] [mmStartIdx, mmEndI
mismatchTypes[s] [mmStartIdx, mm’\s&ldx] )
ecigar = strcat (ecigar, decodedl“@ﬂ‘gar) decodedEcig ar
N~ computed as
‘\\() specified in
(@) Table 94.
} A\’ .

if(strlen(1eftSoftc1ip@)\\?= 0) {

ecigar = strcat Soft clips ar¢
(Y, intto%gétrlen(1eft50ftc1ips)), ryr, present befdre the
ecigar) ~\ leftmost mapped
/\% base.
} A4
else 1if tHardClips != 0) {

e$_~ r = strcat(
& ‘[, inttostr(leftHardClips), "17,

% ecigar)

Hard clips are
present befdre the
leftmost mapped

base.

}

if(strlen(rightSoftClips) != 0) {

ecigar = strcat (ecigar,

Soft clips are

‘' (', inttostr(strlen(rightSoftClips)), ’)’) present after the
rightmost mapped
base.

}
else if (rightHardClips != 0) {
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Table 95 (continued)
Decoding step Description
ecigar = strcat (ecigar, Hard clips are
‘[', inttostr(rightHardClips), '1') present after the
rightmost mapped
base.

}

ecigarString[s] = strtoc(ecigar)
ecigarbengthtel——strtentecigas)
}
10.6.3| Decoding process for other alignments
For all plignments other than the first one, the e-cigar strings are decoded as specifiedittsubclause 10.4.13.
10.6.4| Reference transformation
When ¢r_alg_ID specified in subclause 11.3 is set to 1, for records belonging to class Class_M, the input
arrays mismatchOffsets[][], mismatches[][], and numMismatches[] specified’in subclauses 10.4.5 and 10.4.6
shall b¢ pre-processed according to the process described in Table 96 prior to being decoded as spedified in
subclagise 10.6.2.
Additidnal input to the process is:
— th¢ array mappingPos[][] computed as specified in subclauses 10.4.2 and 10.4.10;
— the readLen[] array computed as specified in subclause 10.4.9;
— the array refSequence equal to ref_sequencefi] specified in subclause 7.4.2 where i is equal |to ref_
sequence_ID as specified in subclause 7.5.1;
— th¢ array refTransfOrigSymbols computed in subclause 11.3.3;
— the variables numberOfRecordSeginents computed as specified in subclause 10.4.10.
The output of the process are* the modified arrays mismatchOffsets[][], mismatches[][]], and
numMismatches|[].
Table’96— Pre-processing process when cr_alg_ID is equal to 1
Processing step Description
for(s|= 0; s < nuberOfRecordSegments; s++) {
mPqs = mapRihgPos[0] [s] - seq_start
neyMism&tchOffsets[] = {} Empty arrays.
neyMismatches([] = {}
i A—t———
while (i < Size(refTransfPos) && Search for the transformations
refTransfPos[i] < mPos) i++ in the leftmost read range.
while (i < Size(refTransfPos) &&
refTransfPos[i] < mPos + readLength[s]) {
if (j 2 numMismatches[s] || One ref transformation found
refTransfPos[i] - mPos < before the next mismatch
mismatchOffsets([s][J]) { position.
newMismatchOffsets[k] =
refTransfPos[i] - mPos
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Table 96 (continued)

Processing step

Description

newMismatches[k] = refSequence[refTransfPos[i]] Read the base in the ref se-
quence.
it++, kt++
}
else if (refTransfPos[i] - mPos == One substitution in the read

mismatchOffsets[s][]]) {

found at the same place as the
reference transformation.

. . 2 PR ST R
TL \([Mfomacclles (o1 JJ1 -

refTransfOrigSymbols[i]) {

Ci e Leaaf docC 4
Jtore ooty ratrrerefrairom

the original reference.

newMismatchOffsets[k] = mismatchOffsets([s] [j]

newMismatches[k] = mismatches[s][]]

k++

}

i++, j++

} else {

while (j < numMismatches[s] &&
refTransfPos[i] - mPos >
mismatchOffsets[s][J]) {

Copy all mismatches until the
next reference
transformation.

newMismatchOffsets[k] =
mismatchOffsets[s] [J]

newMismatches[k] = mismatches([s][7]

kt++, J++

whille (j < numMismatches([s]) {

Copy the remaining
mismatches if any.

newMismatchOffsets[k] = mismatehOffsets[s][]]

newMismatches[k] = mismatches[s][]]
k++, Jj++
}
migmatchOffsets([s] = wmewMismatchOffsets
nunMismatches[s] Exk
midmatches[s] ,5“\pewMismatches

11 Regpresentation of reference sequences

The reference sequence is usually part of an available reference genome (split into chromosomes and other
sequences), but can in principle have any origin. With respect to a bitstream compliant with ISO/IEC 23092-1,
the following types of reference sequences are supported:

External Reference: the reference sequence is coded as an independent resource either locally or

remotely and shall be retrieved to enable the decoding of the bitstream.

Embedded Reference: the reference sequence is coded within the bitstream as dataset.

Computed Reference: the reference sequence can be computed using the information contained in the

sequencing reads coded in the bitstream.
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In the scope of this document embedded and computed references are referred to as internal references.

11.1 External reference

The reference used for compression is not included in the bitstream. A mechanism for unique identification
is specified in ISO/IEC 23092-1.

11.2 Embedded reference

The reference is stored in the bitstream as dataset as specified in ISO/IEC 23092-1.

11.3 (

11.3.1
A comg

— to

sequence data, or

— to
— to

In casd
the ref

This approach uses the sequencing reads to be encoded te'build a local consensus assembly to p
ce-based encoding. In this case all reads shallcbé encoded using class U descriptors, hut the
classification in P, N, M, I and HM classes shall be preserved.

referen

When
in subg

omputed reference

General
uted reference is used:

improve compression efficiency by modifying an available external reference before de

bncode aligned sequencing reads without using the reference sequences used for alignment, o
encode raw (unmapped) reads.

of aligned reads it can be beneficial to support encoding and decoding without requiring ac
brence sequences used for alignment.

equencing reads are encoded using a computed reference, the rtype descriptor currently sy
lause 10.4.4 shall be used as specified in Table 97 to:

a) sig

b) sig
cu

11.3.2
Table 9

nal the set of descriptors needed to decode the current record,

nal the type of reference (embédded reference or computed reference) needed to decg
'rent record.

Supported Algorithms

7 specifies the supported reference computation algorithms. cr_alg_ID is specified in subclause

coding

cess to

erform

ecified

de the

7.4.2.4.
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Table 97 — Supported reference computation algorithms

cr_alg_ID Name Description

0 reserved

1 RefTransform To improve compression efficiency, an available external
reference is modified before decoding sequence data. This
algorithm applies only to aligned data as described in
subclause 11.3.3.

2 PushlIn The reference is created by simple concatenation of already
decoded reads, with padding. This is described in
subclause 11.3.4.

3 Local assembly The reference is created by performing a local assembly. This
algorithm applies only to aligned data as described in
subclause 11.3.5.

4 Global assembly The reference used to perform reference based decodingis
encoded in each AU as sequence of ureads descripters¢ This is
described in subclause 11.3.6.

5..25 reserved

11.3.3| Reference transformation

The input to this process is the ref_sequence[seqld] array specified insubclause 7.3.2, with seqld equal

to ref[sequence_ID as specified in subclause 7.5.2, and the arraysi refTransfPos[],and refTrangSubs|]

computed as specified in subclauses 10.4.18 and 10.4.19 respectively.

The ouftput of this process is the modified ref_sequence[seqld{ array computed by applying the dg
5 shown in Table 98 and a refTransfOrigSymbols[] artay containing the substituted symbolj
| reference.

proces
origing

Table 98 —

Referencetransformation process

coding
in the

Transformation step

Description

len =|[Size(refTransfPos][])
refTrgnsfOrigSymbols[] = {} Empty array.
for (i = 0; 1 < len; i++){

reflTransfOrigSymbols[i] =

Save the symbol in the reference before

ref_sequence[seqId] [refTransfPos[i]] transformation.

reff sequence([seqld] [refTFfansfPos[i]] = Substitution.

refTransSubs[1i]

}

When ¢
to the 1

subclalise 10.2:

11.3.4| Pushin

r_alg_ID is.equal to 1 the decoder shall first apply the reference transformation described in Tj
aw refer€nce structure received as input and then use it for reference-based decoding as speg

able 98
ified in

11.3.4.1 General

The reference is created by pushing into a reference buffer refBuf[] of size crBufSize, i.e. concatenating,
already decoded reads. In this subclause reads are specified as the sequences computed as output of the
process described in Table 67 for cr_alg_ID equal to 2. The reference is built from crBufNumReads decoded
reads, each composed by a sequence of symbols from one of the alphabets as specified in subclause 9.2.

A decoded read is pushed in front of the computed reference buffer only if it is different from the previous
one. The computed reference obtained in this way is padded at its beginning and its end.
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11.3.4.2 Process for the construction of the reference

The inputs to this process are:

11.3.4
Atthes

— crBufNumReads is greater than 0

If signg
a) ing
by
b) fory
grd
de
siz
sig
thg
11.3.4
The ou
This py
refBuf
— Ity
— len
This py
a) If
ou
red
De
b) Ifr
ba
9]
d.
e.

the buffer refBuf[] of size crBufSize specified in subclause 11.3.4.3 which contains crBufNumReads;

Cr_

Cr_

buf_max_size as specified in subclause 7.4.2.4;

pad_size as specified in subclause 7.4.2.4;

signature_flag, num_signatures, signature_length[] and signature][] fields in the access unit header as
specified in subclause 7.5.1.2;

3 Initialization of the reference
tart of the decoding process of an AU set crBufSize equal to 2*cr_pad_size and crBufNumReads eq
ture_flag is equal to 1 and num_signatures is bigger than 0:

ert the contents of signature[0] to the refBuf[] (at position cr_pad_size), inéjement crBufNur
1 and increment crBufSize by signature_length[0];

each remaining signature, if (crBufSize + 2* cr_pad_size + the size, 'of the previous signaf
bater than cr_buf max_size, oldest signatures are pushed out of ¢hée buffer refBuf[] and cr
‘remented of the length in nucleotides of each pushed out sighature until (crBufSize + 2*
e + the size of the current signature) is smaller than or equal*to cr_buf max_size. Push the
nature in front of the previous signature and increment ¢fBufSize with the length in nucleo
current signature.

4 Update of the reference
[put of this process is the updated buffer refBuf[] and the updated variable crBufSize.

ocess is skipped when the last decoded read perfectly matches the previously pushed read i
] in the sense that all the following conditions are all satisfied:

pe value of the last decoded read is'smaller or equal to 2

gths of both reads are equal
ocess consists of the(following steps:

crBufSize + the $ize of the last decoded read) is greater than cr_buf_max_size, oldest reads ar¢

1d until (crBufSize + the size of the last decoded read) is smaller than or equal to cr_buf m4
crement’ctBufNumReads by the number of reads pushed out of the refBuf[].

eads are present in the buffer, the whole buffer, except the leftmost cr_pad_size positions, is

hal to 0.

nReads

ure) is
BufSize
Cr_pad_
furrent
fides of

nto the

pulled

F of the buffer'wefBuf[] and crBufSize decremented of the length in nucleotides of each pushed out

X_size.

pushed

cluntil the leftmost base of the oldest read is at cr_pad_size position.

The last decoded read, decoded as described in Table 67 for cr_alg_ID equal to 2, is pushed in the
refBuf[] after the last decoded read already in the refBuf[], crBufNumReads is incremented by 1 and
crBufSize is incremented of the length in nucleotides of the pushed in read.

cr_pad_size rightmost remaining positions of refBuf[] are padded with the rightmost base of the newly
inserted read.

cr_pad_size leftmost positions of refBuf[] are padded with the leftmost base of the oldest read remaining
in refBuf[].
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The leftmost position in the buffer shall have position 0; by consequence the leftmost base of the oldest read
shall have position cr_pad_size.

The output of the computation process described above is a reference sequence contained in the array
refBuf[] which shall be used to decode the next genomic records contained in the current AU corresponding
to values of rtype not equal to 5 as specified in subclause 10.4.14.

The refBuf[] shall be deleted at the end of the decoding process of each AU.

If the reverseComp[][][] flag (as specified in subclause 10.4.3) corresponding o the last decoded read is 1,
output the read as reverse-complemented as specified in subclause 9.4 after that this has been pushed to the

compu

ted reference.

11.3.5

11.3.5

The re
equiva

Local assembly

1 General

ference is created by computing a local sliding consensus reference sequence;-This can be
ent to performing a local assembly. A local assembly is created by collecting all bases map

a uniqyie genomic position and by deriving the consensus base at that position.through a majorit

In this

subclause reads are specified as the sequences computed as output.ef the process descr

subcladise 10.5.2 This algorithm applies only to aligned data as described in.siibclause 11.3.5.2.

An arr
and ar
in the
crBufS

hy crBuf[][] is built during the decoding process. A number of alkeady decoded reads may be
e stored in the array crBuf[][]. The number of decoded reads stored in the array crBuf[][] is
yariable crBufNumReads. The current size in bytes of the array crBuf[][] is stored in the v
ze.

If the gptional rftp and rftt descriptors are present, an additional output of this decoding process ig

referen
specifi

11.3.5

The in
equal f{

Ceoyeput Structure (specified in subclause 7.3.2).containing the computed Local Assembly re
[ to current Access Unit, as specified in point 6 of'subclause 11.3.5.3 and in subclause 11.3.5.4.

2 Process for adding a decoded aligned read to the list crBuf

o crBufSize.The output of this process is the updated array crBuf[][] and the updated v3

crBufNumReads and crBufSize.

This pr
a) Ift
cr

thg
b) Th

11.3.5

ocess consists of the following steps:

he variable crBufSize plus the length in bases of the already decoded aligned read is great
buf_max_size, the Oldest reads are removed from the array crBuf[][] until crBufSize plus the
already decoded-aligned read is smaller than or equal to cr_buf_max_size.

e last decodédread is added to the array crBuf[][] as newest read.

3 Process for the construction of the reference

been as
ping to
y vote.
ibed in

needed
stored
ariable

araw_
ference

buts to this process is an array crBuf[][] which contains crBufNumReads reads of size in bytes

riables

br than
size of

The inputto this process is an array crBuf[][] containing at least one aligned read and the position

on the

reference sequence ol each nucleotide.

The output of this process is an array refBuf[] containing a sequence of consensus symbols.

For each position covered by aligned reads in the array crBuf[][], the consensus symbol is derived as follows:

a) Collect all bases mapping to the current position.

b) Count the occurrences of each symbol.

¢) Iftwo symbolss; s; (with i <jindexes of one of the alphabets specified in subclause 9.2) have the same
maximum number of occurrences, then select s; as consensus symbol.
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Otherwise, select the symbol with the maximum number of occurrences as consensus symbol.

Append the consensus symbol to the array refBuf[].

If the optional rftp and rftt descriptors are present, copyrefBuf[] into ref_sequence
raw_reference

output

output Structure (specified in subclause 7.3.2) according to the mapping position.

[seqld][] in a

The result of the decoding process described above is a reference sequence contained in the array refBuf][]
which shall be used to decode the genomic records contained in the current AU corresponding to values of
rtype not equal to 0 or 5 as specified in subclause 10.4.14.

11.3.5

When

shall b
Access
constrificted according to the process described in subclause 11.3.5.3 by replacing the symbeols presen
referer
with th

11.3.6

When ¢
each Al

a) An|
b) De
c) Ift
d) De
e) De
thg
f) Co
g) Go
h) De
de
i) For
sul
sul
i) Ify
The res
and 2)

Decoding nrocess for rftn and rftt
o r r

cr_alg_ID is equal to 3, if the optional descriptors rftp and rftt are present in the bitstreal
e used to reconstruct the original reference used for sequence alignment for the records in
Unit. The decoder shall apply a transformation to the reference sequence ref_sequence;, ., [s

ce sequence ref_sequence, . [seqld][] at the absolute position represented by:each rftp; des
e symbols conveyed by each corresponding rftt; descriptor.

Global assembly

r_alg_ID is equal to 4, the the reference sequence and the genomi¢records are decodedas foll
J of type 6 (Class U) or of type 5 (class HM):

array refBuf[] is set equal to the empty array.

code one rtype descriptor as specified in subclause 10:4.14.

he value of the decoded rtype descriptor is equal to,5 then go to step d) else go to step h).

code one rlen descriptor as specified in subclause 10.4.9.

code the ureads descriptor with decodeUreads(rlen) as specified in subclause 10.4.8, wheré
value from rlen descriptor decoded atprevious step d).

hcatenate the array refBuf[|with-the‘output of step e).
to step b).

code the next sequence as'specified in subclause 10.4.14 according to the value of the rtype deg
Coded at step b).

pclause 10.4.3)is”1, replace the sequence with its reverse-complement sequence as spec

pclause 9.4, and'set the reverseComp|[][][] flag to 0.
hore rtype descriptors are present go to step b).

ult‘ef'the decoding process specified above is 1) a reference sequence contained in the array r¢

m, they
furrent

eqld][]
tin the

criptor

bws for

rlen is

criptor

each sequence-‘decoded at the previous step whose reverseComp[][][] flag (as specified in

fied in

L FBuf[],

th€)genomic records contained in the current AU corresponding to values of rtype not equal

o 5 (as

specified in subclause 10.4.14) and decoded using the reference sequence in refBuf[].

12 Block payload parsing process

12.1 General

This clause describes the parsing process of encoded_descriptor_sequences carried by a block payload as
specified in subclause 7.5.1.3.3 when encodingMode_ID is not set to 0 as specified in Table 8.

The input to this process is the block payload.
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The outputs of this process are decoded symbols of all descriptor subsequences populated into the decoded_
symbols[][][] data structure, as specified in subclause 12.7.2.

A graphical representation of the parsing process is show in Figure 7.

12.2 Encoding Mode 0

This clause describes the parsing process of encoded_descriptor_sequences and encoded_tokentype
carried by a block payload as specified in subclause 7.5.1.3.3 when encodingMode_ID is set to 0 as specified

in Table 8.

Th 3 o 12 re-tlaa lal 1 ] A
e lnpul. LU LIIIO l.)l ULLOS 10 UIIU UIUUIN PC[)’ IUdu.

The outputs of this process are decoded symbols of all descriptor subsequences populated into the.de

symbols[][][] data structure, as specified in subclause 12.7.2.

A graphical representation of the parsing process is show in Figure 7 and Figure 8.
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Figure 7=-Block payload parsing process
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Figure 8 — Decoding process for descriptor subSequences

nverse binarizations

General

pcess of inverse binarization converts the decoded binary symbols (binVals) into a non-binary
(symVal). The following subclauses describge the decoding process for the different binari
d in this document.

Jowing variables are specified:

— binVal is the binary value returned by the decoded_bit().

sul

—

Annex

12.3.2

mVal is the non-binary reconstructed value yielded by the inverse binarization process.
hclause, it is also referred‘as decodedCabacSubsym.

ax is the largest possible binarized value. Larger values are truncated.

C provides examples of inverse binarizations.

Binary (BI)

The inputs te,this process are bits from the block payload.

The ou

[put of this process is the variable symVal.

valued
zations

In this

The parameter cLength computed in subclause 12.4.6.2 indicates the length in bits of the binarized symVal.
The decoding process is described in Table 99.

© ISO/IEC 2024 - All rights reserved

103


https://standardsiso.com/api/?name=7312d6fe72bf905e41c8b3011645ccea

ISO/IEC 23092-2:2024(en)

Table 99 — BI decoding process

Decoding process Description
symVal = 0
for (i=0; i<cLength; i++) {
symVal = (symVal<<l) | decode bit()
}

12.3.3 Truncated unary (TU)

The inpuTs To This process are bits from the biock paytoad.
The oufput of this process is the variable symVal.

The pafameter cmax indicates the maximum value of symVal. The decoding process is described in Talple 100.

Table 100 — TU decoding process

Decoding process Description
symVal=0;
while({symVal < cmax && decode bit() == 1) {
synvVal++
}

12.3.4| Exponential golomb (EG)

12.3.4{1 General
The inputs to this process are bits from the block payload.
The oufput of this process is the variable symVal.

The defoding process is described in Table-101.

Table 101 — EG decoding process

Decoding process Description

leadirgZeroBits= -1

B = 0; !b; leadingZeroBits++ ) {

(
b g decode bit()

symVal = 0
for( ] = 0;, < leadingZeroBits; i++ ){
synfValss' (symVal << 1) + decode bit ()

symVal += 2leadingZeroBits - 1

12.3.4.2 Signed exponential golomb (SEG) binarization
The inputto this process is the output of an exponential golomb binarization as specified in subclause 12.3.4.1.

The output of this process is the variable symVal.

a) Perform the Exponential Golomb decoding process specified in subclause 12.3.4.1.
b) Ifthe output of step 1 is not equal to 0, decode a one-bit sign flag.
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he output of step 2 is 1, symVal= -1*symVal

Truncated exponential golomb (TEG)

The inputs to this process are bits from the block payload.

The output of this process is the variable symVal.

Truncated exponential golomb is a concatenation of a truncated unary binarization (with cmax equal to
cmax_teg signalled in subclause 12.4.3.2) and an exponential golomb binarization. The parsing process for
these syntax elements are processed as follows:

a) Pe

b) Ift
i)

symVa

12.3.6

The inputs to this process are bits from the block payload.

The ou

Signed
equal t
binariz

a) Pefform the truncated unary decoding process with-emax equal to cmax_teg (see 12.4.3).
b) Ifthe output of step a) is equal to cmax_teg:
i) | Perform the exponential golomb decoding process specified in subclause 12.4.4.
c) Ifthe sum of the outputs of step a) and-step b) is not equal to O:
i) | Decode a one-bit sign flag.
symVal is equal to the sum of the-eutput values of step a) and step b)i). If the output of step c)i)is 1, s
-T*sympal.
12.3.7| Split unit-wise truncated unary (SUTU)

The inputs to this proeess are bits from the block payload and:

— spl

— ou

[form the truncated unary decoding process with cmax equal to cmax_teg (see 12.3.3).
he output of step a) is equal to cmax_teg:

Perform the exponential golomb decoding process specified in subclause 12.3.4.

is equal to the sum of step a) and step b)i).

Signed truncated exponential golomb (STEG)

[put of this process is the variable symVal.

truncated exponential golomb is a concatenation of a tfuncated unary binarization (witl
p cmax_teg signalled in subclause 12.4.3.2), an exponential golomb representation and a 1-bit]
ation (flag). The decoding process for these syntax elentents is as follows:

it_unit_size specified in subclause 12.4.3.2;

[ put-_symbol_size specified in subclause 12.4.2.

1 cmax
binary

ymVal=

where

‘p]if unit size < output cymhn] size

The output of this process is the variable symVal.

The SUTU binary string is a concatenation of n TU binarizations (subclause 12.3.3), where n = Ceil(output_
symbol_size / split_unit_size).

The decoding process for SUTU binarization is described in Table 102
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Table 102 — SUTU decoding process

Decoding process Description

symVal=0

for (i=0; i<output symbol size; i+=split unit size) {

unitval = 0

cmax = (1 == 0 && (output symbol size % split unit size) != 0) ?

(1<<(output symbol size % split unit size))-
(1<<split unit size)-1

while (unitVal < cmax && decode bit() == 1) ({
unitval++

}

synfval = (symVal<<split unit size) | unitval

12.3.8| Signed split unit-wise truncated unary (SSUTU)
The inputs to this process are bits from the block payload and:

— split_unit_size specified in subclause 12.4.3.2,

— oufput_symbol_size specified in subclause 12.4.2,

where pplit_unit_size < (output_symbol_size-1) and output_symbol) size has one bit reserved for the sign.
The oufput of this process is the variable symVal.

The SSPTU bin string is extension of the SUTU binarizatien (subclause 12.3.7) with sign of symVal coded as
a sepaifate flag. The decoding process for this binarizatien is as follows:

a) The SUTU binarization produces the absolute\value of symVal (of size output_symbol_size-1).
b) If the output of step a) is not equal to 0, deeode a one-bit sign flag.

If the output of step b) is 1, symVal= -1*symVal.

12.3.9| Double truncated unary{DTU)

The inputs to this process (see'‘TFable 103) are bits from the block payload and:

— cnjax_dtu, split_unit:size (specified in 12.4.3.2),

— oufput_symbolssize (specified in 12.4.2),

where Log2(cmax ‘dtu) < split_unit_size and split_unit_size < output_symbol_size.

The oufput of this process is the variable symVal.

The DU hinary cfrin(r is a2 concatenation of twa ]mnnr'l'7ahnnc a2 TU binarization fcnhr‘]ancn 12 3 '2) and a
SUTU binarization (subclause 12.3.7). The parameter cmax_ dtu is used for the TU blnarlzatlon with cmax
equal to cmax_dtu, and the parameters split_unit_size and output_symbol_size are used for the SUTU
binarization (where cmax is computed internally).
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Table 103 — DTU decoding process

Decoding process Description

symVal = decode_cabac_TU(cmax_dtu) decoding process specified in

subclause 12.3.3

if (symval 2 cmax_dtu) {

size)

symVal += decode cabac SUTU(split unit size, output symbol

subclause 12.3.7

decoding process specified in

}

decode_cahac TII() specifies the decoding process specified in subclanse 12 3.3

decodg _cabac_SUTU() specifies the decoding process specified in subclause 12.3.7.

12.3.1

The inputs to this process are bits from the block payload and:

— cmjax_dtu and split_unit_size specified in subclause 12.4.3.2,

— ou

where

The oufput of this process is the variable symVal.

The SD
as follows:

a) The DTU binarization produces the absolute value’ef symVal (of size output_symbol_size-1).
b) If the output of step a) is not equal to 0, decode'@ one-bit sign flag.

If the output of step b) is equal to 1 then symVakis set to -1 * symVal.

12.4 Decoder configuration

This sybclause provides syntax and-semantics to convey information related to the decoder configur
the parfameter set specified in subélause 7.4.

12.4.1

The de

)Signed double truncated unary (SDTU)

[put_symbol_size specified in subclause 12.3.2,

Sequences and quality values

coder configuration syntax is specified in Table 104.

Table 104 — Decoder configuration syntax

Log2(cmax_dtu) < split_unit_size, split_unit_size < (output_symbagl)size-1) and output_symbol_size
has ong¢ bit reserved for the sign.

TU bin string is an extension of the DTU binarization with sign of symVal coded as a flag. It is olptained

ition in

Syntax Type
decoddqrcdonfiguration (encodingModelID) {
if (encodingModeID == 0){ /* CABAC */ As specified in Table 9
num_descriptor_ subsequence_cfgs minusl u(8)
for( i = 0;

i £ num descriptor subsequence cfgs minusl;

i++) {
descriptor_subsequence_ ID u(10)
transformSubsegCounter = 1
transform subseq parameters () As specified in 12.4.4.
for (j = 0; j < transformSubseqgCounter ; j++) {

© ISO/IEC 2024 - All rights reserved

107


https://standardsiso.com/api/?name=7312d6fe72bf905e41c8b3011645ccea

ISO/IEC 23092-2:2024(en)

Table 104 (continued)
Syntax Type
transform ID_ subsym u(3)
support values () As specified in 12.4.2.
cabac _binarization() As specified in 12.4.3.
}
}
} else if(encodingModeID < 5) {
—output symbol size u(6)
} dlse {
/* reserved for future use */
}
}

num_descriptor_subsequence_cfgs_minusl plus 1 specifies the number of subsequences the genomic
descrigtor for which configurations are being signalled in this syntax. The number of degcriptor
subsequences for each genomic descriptor are specified in Table 25.

descriptor_subsequence_ID identifies the descriptor subsequence (t0-"which the current decoder
configyration is applied. Its value is comprised between 0 and the numberof descriptor subsequences minus
1 as spgcified in Table 25. Within the same descriptor_configuration(), nho value of descriptor_subsequence_
ID shall be used more than once.

transfdrm_subseq_parameters() signals the parsing of parameters for transformed subsequencgs. It is
specifigd in subclause 12.4.4.

transfprm_ID_subsym specifies the subsymbol transform to be applied. Allowed values are specifigd in in
subclayise 12.4.4.

supporjt_values() specifies a set of configuration parameters used to parse the transformed subsequlence. It
is spec]fied in subclause 12.4.2.

cabac_binarization() specifies information” about the binarization used for the CABAC decoding| of the
transfdrmed subsequence. It is specified-in subclause 12.4.3.

output| symbol_size signals the size'in bits of each symbol of the subsequence to be output by the dgcoding
process.

12.4.2| Support values

Table 105 — Support values data structure

Syntax Type
suppofdt valties () {
oufiput) symbol size u(6)
coding_subsym size u(6)
coding_order u(2)

if (coding subsym size < output symbol size && coding order > 0) {

if (transform ID subsym == 1)
share subsym lut flag u(1)
share_subsym prv_flag u(1)
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Table 105 reports the syntax of the data structure of support_values.

output_symbol_size signals the size in bits of each transformed symbol of the transformed subsequence to
be output by the decoding process. For unsigned binarizations the minium value of output_symbol_size is
1, while for signed binarizations the minimum value of output_symbol_size is 2. For signed values one bit

is used for the sign.

coding_subsym_size signals the size in bits of the transformed subsymbol, which serve as the atomic
unit of coding. The value of coding_subsym_size shall be a factor (exact divisor) of output_symbol_size.
It yields X = output_symbol_size / coding_subsym_size atomic subsymbol slots. These X transformed
subsymbols shall be lndependently decoded w1th CABAC go through subsymbol transformatlons (if any)

to yield-decoded
symba
coding_subsym_size is 8. For signed values, one bit is used for the sign.

1_size). If LUTs subsymbol transformatlon (subclause 12 4 4) is used the maximum allowed Vi

qutput_
hlue for

coding_order signals the number of previously decoded symbols internally maintained as|state vgriables

and is @ised to decode the next subsymbol. The maximum allowed value is 2.

share_subsym_lut_flag if set to 1 only one look-up-table is signalled (subclause, 12.7.2.5) to be

shared

among(all transformed subsymbols to perform inverse LUT subsymbol transformation (subclause 12.7.2.8).
Otherwise, for each transformed subsymbol their own look-up-table is signalled"and used for inverse LUT

subsymbol transformation. The default value is 1.

share_subsym_prv_flag if set to 0 a separate copy of the the previously‘decoded subsymbols (prvValues in
subclayise 12.7.2.2) is maintained to decode transformed subsymbol for each subsymbol slot. Othenwise, a
single ¢opy of previously decoded subsymbols is circularly sharedt0 decode transformed subsymbols at all

subsymbol slots. The default value is 1.
12.4.3| CABAC binarizations
12.4.3]1 General

Table 106 — CABAC binarization data structure

Syntax Type
cabac binarization () {
binarization_ID u(5)
bypass_flag u(1)
cabac binarizatfon parameters (binarization ID) 12.4.3.2
if (!bypasdATaqg) {
cabacZeontext parameters () 12.4.3.3

}

Table 1j06 repeorts the syntax of the CABAC binarization data structure.

binarikation_ID indicates the binarization method to be used for CABAC decoding. The list of binari

ations

is shown in Table 107. The signed binarizations identified by binarization_ID = {3, 5, 7, 9} are only allowed

when coding_subsym_size is equal to output_symbol_size.

bypass_flag if equal to 1, all bins of the binarization are decoded using the CABAC bypass mode. It can only

be set to 1 with coding_order equal to 0.

© ISO/IEC 2024 - All rights reserved

109


https://standardsiso.com/api/?name=7312d6fe72bf905e41c8b3011645ccea

ISO/IEC 23092-2:2024(en)

Table 107 — Values of binarization_ID and associated binarizations

binarization_ID Type of binarization

0 Binary coding as specified in subclause 12.3.2.

Truncated unary as specified in subclause 12.3.3.

Exponential golomb as specified in subclause 12.3.4.

Signed exponential golomb as specified in subclause 12.3.4.2.

Truncated exponential golomb as specified in subclause 12.3.5.

Signed truncated exponential golomb as specified in subclause 12.3.6.
Shlit unitasico truncated unarv ac enocifiod in c"bgla"sg I g 37
r J r —_———

Signed split unit-wise truncated unary as specified in subclause 12.3.8.

Double truncated unary as specified in subclause in 12.3.9.

O |0 |IN(P || |W (N

Signed double truncated unary as specified in subclause in 12.3.10.

10..31 Reserved for future use.

12.4.3{2 CABAC binarizations parameters

The capac_binarization_parameters data structure is specified in Table 108'and contains the binarjization
paramgters for the transformed subsequence. binarization_ID is specified\in subclause 12.4.3.

Table 108 — CABAC binarization parameters

Syntax Type

cabac binarization parameters(binarization IDENN{

if( binarization ID == ) A

cmax u(8)

} else if (binarization ID==4 ||
binarization ID==5) ({

cmax_teg u(8)

} else if (binarization ID==8 ||
binarization ID==9) ({

cmax_dtu u(8)
}
if (binarizatior TID==6 || binarization ID==7 ||

binarizatifén) ID==8 || binarization ID==9) {

split_unit/size u(4)

}

cmax is specified in subclause 12.3.3. The maximum allowed value is 255 and shall always be less than (1<<
coding| subsym_size). It shall be greater than zero.

cmax_teg : d ubelay 3-5-and 6 The maxim 3 j always
be less than (1<< coding_subsym_size) and greater than 0.

cmax_dtu is specified in clauses 12.3.9 and 12.3.10. The maximum allowed value is 255 and shall always be
smaller than (1<<split_unit_size) and greater than 0.

split_unit_size is specified in subclause 12.3.7. The maximum allowed value is 8 and shall always be greater
than 0 and smaller than output_symbol_size specified in subclause 12.4.2.

The binarizations SUTU (subclause 12.3.7), SSUTU (subclause 12.3.8), DTU (subclause 12.3.9) and SDTU
(subclause 12.3.9) shall only be used when coding_order is equal to 0 and output_symbol_size is equal to
coding_subsym_size, while the internal subsymbol size is signalled by the parameter split_unit_size.
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12.4.3.3 CABAC context parameters

The cabac_context_parameters data structure signals the parameters used for the initialization and

adapta

adapti
contex

num_c
contex

When pum_contexts is signalled as 0:

—  thg
—  thg
Othery
—  the

— the

conte
value ¢

coding
output

share_
Otherw

ithialization_values[ 1

tion of the ctxTable[] (specified in 12.5) for the transformed subsequence (see Table 109).

Table 109 — Syntax of the cabac_context_parameters data structure

Syntax Type
cabac context parameters () {
adaptive mode flag u(1)
num—context w16}
— i S

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

context_initialization_value[i] u(7)

}

if (coding subsym size < output symbol size) {

share_subsym ctx flag u(1)

}

F adaptation, otherwise contexts adaptation is disabled.

pntexts signals the size of the table ctxTable[ ] (initialized-ds defined in 12.5) containing th
[ variables needed for the decoding of the LUTs and the trahsformed subsequence.

process defined in 12.4.6.6 shall be used to cal¢llate the state variable numCtxTotal;

ise
state variable numCtxTotal is set:t6.the signalled value of num_contexts;

process defined in 12.5 initializes the contexts in ctxTable[ ] with the values signalled in cqg

t_initialization_valuesfi] specifies the initialization state value for the ith context variable. T}
an range between 0-and 127, with value 64 representing the equiprobable state value.

_subsym_size-isspecified in subclause 12.4.2.

_symbol_size is specified in subclause 12.4.2.

subsym>ctx_flag if set to 1, all transformed subsymbols are decoded on the same set of cd
Fises separate set of contexts are initialized and used to decode each transformed subsymb

default

ve_mode_flag if set to 1 signals that the arithmetic decoding engifie,specified in subclause 12.6 uses

b list of

processdefinedin12.5initializesthe contextsin ctxTable[ ] withinitState equalto 64 (equiprobgbility).

mtext_

le state

ntexts.
ol. The

viatue is 0.
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12.4.4 Transformation parameters

Table 110 — Data structure for transformation parameters

Syntax Type
transform subseq parameters () {
transform ID_ subseq u(8)
if (transform ID subseq == equality coding) {

transformSubsegCounter += 1

I else if(transform ID subseqg == match coding) f
match_coding buffer_size u(16)
transformSubseqCounter += 2
} else if(transform ID subseqg == rle coding) {
rle_coding_guard u(8)

transformSubsegCounter += 1

} else if (transform ID subseg == merge coding)

merge coding_subseq_count u(4)

transformSubseqgCounter = merge coding subseq count

for (i=0; i<merge coding subseq count; i++)

merge _coding shift sizel[i] u(5)

}

Table 1|10 specifies the data structure for transformation parameters.

transform_ID_subseq signals the applied subsequence-transformation according to Table 111.

Table 111 — Values of transform_ID_subseq and transform_ID_subsym

Sub-sequence transformations

transform_ID_subseq name Remarks
0 no_transform No transform is applied.
1 equality_coding As specified in 12.7.2.10.2.
2 match_coding As specified in 12.7.2.10.3.
3 rle_coding As specified in 12.7.2.10.4.
4 merge_coding As specified in 12.7.2.10.5.
5..255 Reserved for future use.

Subsymbol transformations

transform_ID_subsym name Remarks

0 no_transform No transformation is applied.

1 lut_transform It can only be used when coding_
order > 0.

2 diff_coding It can only be used when coding_

order is equal to 0.

3.7 Reserved for future use.

transform_ID_subsym specified in subclause 12.4.1 signals the applied subsymbol transformation
according to Table 111. The value transform_ID_subsym equal to 1 is not allowed whenever either of the
following is true: coding_order is equal to 0, coding_subsym_size is greater than 8, or binarization_ID is
equal to one of the values {3, 5, 6, 7, 8, 9}.

transformSubseqCounter is a state variable defined in subclause 12.4.1.
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match_coding_buffer_size signals the size of the internal fifo buffer used in match coding transformation
(subclause 12.7.2.10.3).

rle_coding_guard is the guard value used in run-length coding transform (subclause 12.7.2.10.4).

merge_coding_subseq_count signals the number of transform subsequences to be merged by the merge
subsequence transformation (subclause 12.7.2.10.5). The minimum allowed value is 2.

merge_coding_shift_size[i] signals the number of bits to be shifted in the transformed symbols of each
transformed subsequence while applying the merge subsequence transformation (subclause 12.7.2.10.5).

The me

rge subsequence transformation shall adhere to the following restrictions:

— Fo
— All

— The sum of the sizes of transformed symbols (output_symbol_size) for all transformed subseq
shall not be greater than 32.

12.4.5

The de
in subd

- each transformed subsequence, coding_subsym_size shall be equal to output symbol_size,

Msar descriptor and read identifiers

coder configuration syntax for the msar descriptor and read‘identifiers (decoded as sy

Table 112 — Decoder configuration syntax for msar and read identifiers

transformed subsequences shall have exactly the same number of transformed symbelsy whi¢h shall
algo be equal to the number of symbols encoded in the descriptor subsequence.

uences

ecified

lause 10.4.20) is specified in Table 112. The decoder configuration syntax for CABAC decoding of
tokentype descriptors is specified in Table 113.

Syntax Type
decodqr configuration tokentype (encodingModeID) {
if | (encodingModeID == 0) {
/* configuration for RLE specified inl\subclause 10.4.19.3.3 */
rle guard_ tokentype u(8)

/* configuration for CABAC METHOD 0 specified in subclause 10.4.19.3.4 */

decoder configuration tokentype cabac (0)

/* configuration for CABAC\METHOD 1 specified in subclause 10.4.19.3.5 */

decoder configuration~‘tokentype cabac (1)

} 4

lse if (encodingModeiD 2= 1) {

/* reserved for«flture use */

}

rle_gu
Table 7

hrd_toKentype represents the guard value used in the decoding process of RLE method (li
9 andspecified in subclause 10.4.20.4.4) for the decoding of tokentype descriptor sequences.

sted in

Syntax Type
decoder configuration tokentype cabac() {
transformSubsegCounter = 1
transform subseq parameters () As specified in 12.4.4.
for (j = 0; j < transformSubsegCounter; j++) {
transform ID subsym u(3)
support values () As specified in 12.4.2.
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Table 113 (continued)

Syntax Type
cabac binarization() As specified in 12.4.3.

}

transform_subseq_parameters() signals the parameters for transformed subsequences. It is specified in
subclause 12.4.4.

transform_ID_subsym signals the subsymbol transformion to be applied. Allowed values are as specified

in 12.4[4.
support_values() signals a set of configuration parameters used to parse the transformed subsequence. It
is spec]fied in subclause 12.4.2.
cabac_binarization() signals information about the binarization used for the CABAC“decoding| of the
transfdrmed subsequence. It is specified in subclause 12.4.3.
12.4.6| State variables
This sybclause specifies how to calculate state variables used during the décoding process.
12.4.6{1 Number of alphabet symbols
The number of alphabet symbols for each subsymbol shall be cal¢ulated as numAlphaSubsym = 1 << ¢oding_
subsym_size. However, for some descriptor subsequences, this‘calculation produces larger alphabefs than
needed. Table 114 lists these special cases and the value of numAlphaSubsym when numAlphaSubsyin is not
calculated as numAlphaSubsym = 1 << coding_subsym_size.
Table 114 — Special cases:for numAlphaSubsym values.
descriptor_ID subsequence_ID numAlphaSubsym

4 0 3

4 { Size(salphabet_ID)

4 2 Size(salphabet_lD)

5 1 9

5 2 Size(salphabetJD) +1

6 0 SiZe(salphabet_ID)

12 0 6

7 0 Size(salphabet D)
The number of subsymbols shall be calculated as numSubsyms = output_symbol_size / coding_subsym_size.
12.4.6{2 Number of contexts per subsymbol
When bypass mode is not used (as signalled in subclause 12.4.3), the cabac decoding of the transtormed

subsymbol uses a number of contexts (as specified in subclause 12.6.2). Table 115 lists the number of
contexts needed to decode each transformed subsymbol with all binarizations.
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Table 115 — Calculation of numCtxSubsym

binarization_ID numCtxSubsym

0 coding subsym size

1 cmax

2 Floor (Log2 (numAlphaSubsym + 1)) + 1

3 Floor (Log2 (numAlphaSubsym + 1)) + 2

4 cmax_teg + Floor (Log2 (numAlphaSubsym + 1)) + 1

5 cmax_teg + Floor (Log2 (numAlphaSubsym + 1)) + 2

6 (outpnt symbol 1ze qn'lw'f_nn'i#_ 1ze) * ( (1 'rﬂ'i‘t'_nrﬂ'f_qw' e) — 1) +
((1<<(outputSymSize % split unit size)) - 1)

7 (output symbol size / split unit size) * ((1<< split unit size) ) |+
((1<<(outputSymSize % split unit size)) - 1) + 1
cmax dtu +

8 (output symbol size / split unit size) * ((1<< split unigysize) - 1) +
((1<<(outputSymSize % split unit size)) - 1)
cmax dtu +

9 (output symbol size / split unit size) * ((1<< split unit size) - 1) +
((1<<(output symbol size % split unit size)) - L\ 1

coding_subsym_size is specified in subclause 12.4.2.

outpul_symbol_size is specified in subclause 12.4.2.

cLength is specified as a parameter to Bl binarization (subclause;12.3.2) and it is set to coding_subsym_size.

cmax is specified as a parameter to TU (subclause 12.3.3) and'signalled in 12.4.3.2.

cmax_feg is specified as a parameter to the TEG ($ubclause 12.3.5) and STEG (subclause [12.3.5)

binariZations, and signalled in 12.4.3.2.

it_size is specified as a parameter to the SUTU (subclause 12.3.7), SSUTU (subclause 12.3.8), DTU

split_jllll
(subclause 12.3.9) and SDTU (subclause 12.3.9)binarizations, and signalled in 12.4.3.2.

cmax_
binariz

12.4.6
The de

ltu is specified as a parameter.(to the DTU (subclause 12.3.9) and SDTU (subclause

12.39)

ations, and signalled in 12.3.4.2(

3 Coding order contextooffset

coding process of a subymbol can depend on a number of previously decoded subsymbols

same

The pr

order tp correctly calculate the starting ctxIdx in the ctxTable[ ], where each subsymbol is to be deco

are set

it positions) by signaling coding_order > 0 as specified in subclause 12.4.2.

cess of context sélection (subclause 12.7.2.6) requires the context offsets corresponding to the

Table 116 specifies how the list codingOrderCtxOffset| ] containing these offsets for each coding ¢

ed, Ifbypass_flagis equal to 1 (as signalled in subclause 12.4.3), all elements of codingOrderCt
te-0.

(at the
coding
ded.

rder is
xOffset

Table 116 — Calculation of codingOrderCtxOffset] ]

coding_order State variable Value
0 codingOrderCtxOffset[0] 0
codingOrderCtxOffset[1] numCtxSubsym

codingOrderCtxOffset[2] numCtxSubsym *
numAlphaSubsym
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12.4.6.4 Coding size context offset

The state variable codingSizeCtxOffset specifies the number of contexts needed to decode each transformed
subsymbol.

This state variable is used in the contexts selection process (subclause 12.7.2.6) to correctly calculate the
starting ctxIdx in the ctxTable[ | where each transformed subsymbol is to be decoded. It is computed as
specified in Table 117. If bypass_flagis equal to 1 (as signalled in subclause 12.4.3), this state variable is set to 0.

Table 117 — Calculation of codingSizeCtxOffset

Decodinmnrocess 1A ipfion

if (shqre subsym ctx flag) {

codingSizeCtxOffset = 0

} elsq if(coding order == 0) {

codingSizeCtxOffset = numCtxSubsym

} elsq {
codingSizeCtxOffset = codingOrderCtxOffset[coding order] * numAlphagubsym

12.4.6/5 Number of contexts for LUTs

The state variable numCtxLuts specifies the number of contexts needed to decode the LUTs using the
the de¢oding process for LUTs (specified in subclause 12.7.2.5),5where each LUT symbol shall be decoded
using the SUTU binarization (binarization_ID equal to 6) with parameters splitUnitSize equal td 2 and
outputfymsSize = coding_subsym_size. The value of numCtxluts is computed as specified in Table| 118. If
bypass| flag is equal to 1 (as signalled in subclause 12.4.3);this state variable is set to 0.

Table 118 — Calculation of numCtxLuts

Decoding process Description
numCtyLuts = 0
if (trgnsform ID subsym == 1) {
numCtyLuts = (coding subsym size./"2) * ((1<< 2) - 1) + Compute acford-
((1<<(coding\'subsym size % 2)) - 1) ing to Table|115
for SUTU bipari-
zation
}

12.4.6/6 Total numberof contexts

The state variable humCtxTotal specifies the total number of contexts needed to decode a transformed
subsequence,awhich includes all the contexts needed for decoding of LUTs (subclause 12.7.2.5) and symbols
(subcl(;tlse 12:7.2.7) and shall be calculated as specified in Table 119. If bypass_flag is equal to 1 (as signalled
in subdlause 12.4.3), this state variable is set to 0.
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Table 119 — Calculation of numCtxTotal

Decoding process Description
if (num_contexts != 0) {
numCtxTotal = num contexts
} else {
numCtxTotal = numCtxLuts
numCtxTotal += ((share subsym ctx flag) ? 1 : numSubsyms) *
((coding order > 0) 2 codingOrderCtxOffset [coding
order] *
numAlphaSubsym : numCtxSubsymbol)
}

num_cC

1251

ctxTab

pntexts is signalled in 12.4.3.3 along with the list of specific context_initialization_valu€s[].

nitialization process for context variables

e[ ]isthe data structure containing all context variables needed to decode atrahsformed subse

Each element of the ctxTable[ ] represents one context variable and consists of two state variables: pS

and va
the val

Mps. The variable pStateldx represents a probability state index and-the variable valMps rep
1e of the most probable symbol as further described in subclause 12:6°2.

The inputs to this process are:

juence.
tateldx
resents

— ctyTable[] specified in subclause 12.7.2.4;
— th¢ ctxIdx and initState variables specified in 12.7.2.4.
The oufput of this process is an initialized context variable’in the ctxTable array at index ctxIdx.
The state variables pStateldx and valMps corresponding to index ctxIdx are initialized based on|a 7-bit
initState as described in Table 120.
Table 120-— Calculation of ctxTable
Decoding process Description
context initialize state(ctxTabbe[ ], ctxIdx, initState) {
ctyTable[ctxIdx] .valMps =\ ( initState < 63 ) 2 0 : 1
ctjTable[ctxIdx] .pStateldx = ctxTable[ctxIdx].valMps
? ( initState) - 64 )
( 63 — GnrtState )
}
where
ctxTable[ctxIdx].valMps represents the variable valMps associated to the element in ctxTable at index ctxIdx
CtXTab [LtAIdA]-lJStatCIdA I Cpl CDClltD thC vdal ldb}C PStatC}dA aoau»iatcd tU thC ClClllCllt ill LtATClb}C at ;lldCIk CtXIdX

12.6 Arithmetic decoding engine

12.6.1

Initialization

The outputs of this process are the initialized decoding engine registers iviCurrRange and ivlOffset both in
16 bit register precision.

The status of the arithmetic decoding engine is represented by the variables ivlCurrRange and ivlOffset.
In the initialization procedure of the arithmetic decoding process, ivlCurrRange is set equal to 510 and
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ivlOffset is set equal to the value returned from read_bits( 9 ) interpreted as a 9 bit binary representation of
an unsigned integer with the most significant bit written first.

The bitstream shall not contain data that result in a value of ivlOffset being equal to 510 or 511.

NOTE The description of the arithmetic decoding engine in this Specification utilizes 16 bit register precision.
However, a minimum register precision of 9 bits is required for storing the values of the variables ivlCurrRange
and ivlOffset after invocation of the arithmetic decoding process (DecodeBin) as specified in subclause 12.6.2. The
arithmetic decoding process for a binary decision (DecodeDecision) as specified in subclause 12.6.2.2 and the decoding
process for a binary decision before termination (DecodeTerminate) as specified in subclause 12.6.2.5 require a
minimum register precision of 9 bits for the variables ivlCurrRange and ivlOffset. The bypass decoding process for
binary decisions (DecodeBypass) as specified in subclause 12.6.2.4 requires a minimum register precision of 10 bits
for the yartable IvIOTTSet and a minimum register precision ol 9 DILs for the variable IVICUrTRange.

12.6.2| Arithmetic decoding process

12.6.2/1 General

The inputs to this process are ctxTable, ctxIdx, and bypass_flag, as specified in suhclause 12.7.2.7, and the
state variables ivlCurrRange and ivlOffset of the arithmetic decoding engine.

The oufput of this process is the value of the bin.

Figure|9 illustrates the whole arithmetic decoding process for a single’bin. For decoding the vpalue of
a bin, the context index table ctxTable and the ctxldx are passedcto the arithmetic decoding process
DecodgBin( ctxTable, ctxIdx ), which is specified as follows:

— IfbypassFlagis equal to 1, DecodeBypass( ) as specified in subclause 12.6.2.4 is invoked.

— Otherwise, if bypassFlag is equal to 0, ctxTable is equal te 0, and ctxlIdx is equal to 0, DecodeTerm|nate( )
as ppecified in subclause 12.6.2.5 is invoked.

— Otherwise (bypassFlag is equal to 0 and ctxTable is not equal to 0), DecodeDecision( ) as specified in
subclause 12.6.2.2 is invoked.

( DecodeBin(ctxTable, ctxldx, bypass_flag) )

Yes

Yes

DecodeBypass

ctxTable==0
&& ctxldx ==07?

DecodeTerminate

DecodeDecision(ctxTable, ctxldx, bypass_flag)

{ Done )

Figure 9 — Overview of the arithmetic decoding process for a single bin
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NOTE Arithmetic coding is based on the principle of recursive interval subdivision. Given a probability estimation
p(0)andp(1)=1-p(0)ofabinarydecision (0, 1), an initially given code sub-interval with the range ivlCurrRange
will be subdivided into two sub-intervals having range p( 0 ) * ivlCurrRange and ivlCurrRange - p( 0 ) * ivlCurrRange,
respectively. Depending on the decision, which has been observed, the corresponding sub-interval will be chosen as
the new code interval, and a binary code string pointing into that interval will represent the sequence of observed
binary decisions. It is useful to distinguish between the most probable symbol (MPS) and the least probable symbol
(LPS), so that binary decisions have to be identified as either MPS or LPS, rather than 0 or 1. Given this terminology,
each context is specified by the probability p; ps of the LPS and the value of MPS (valMps), which is either 0 or 1. The
arithmetic core engine in this document has three distinct properties:

— The probability estimation is performed by means of a finite-state machine with a table-based transition process
between 64 different representatlve probablllty states { pLPS( pStateIdx ) | 0 < pStateIdx < 64 } for the LPS
pI'L UdUlllLy PLPS l llC llulllUCl llls Ul LllC deLCb lb auaugcu lll bubll d VVcly LlldL l.llC Pl UUdUlllLy deLU VVllh lndeX
pStateldx = 0 corresponds to an LPS probability value of 0.5, with decreasing LPS probability towardshigher state
indices.

— The range ivlCurrRange representing the state of the coding engine is quantized to a small set {Q;,...,Q,} of pre-
set] quantization values prior to the calculation of the new interval range. Storing a table’ ¢ontaining §ll 64x4
prg-computed product values of Q; * p; ps( pStateldx ) allows a multiplication-free approgimation of the product
ivlurrRange * p; p( pStateldx ).

— For syntax elements or parts thereof for which an approximately uniform probability distribution is assfimed to
be given a separate simplified encoding and decoding bypass process is used.

12.6.2)2 Arithmetic decoding process for a binary decision

12.6.2/2.1 General
The inputs to this process are the variables ctxTable, ctxIdx, iZlCurrRange, and ivlOffset.

The oytputs of this process are the decoded value bin¥al, and the updated variables ivlCurrRange and
ivlOffsét.

Figure[10 shows the flowchart for decoding a singlé’decision (DecodeDecision):
a) The value of the variable iviLpsRange is derived as follows:

— | Given the current value of ivlCurrRdnge, the variable qRangeldx is derived as follows:
gRangeldx =( ivlCurrRange>>.6 ) & 3

— | Given qRangeldx and pStateldx associated with ctxTable and ctxldx, the value of the vfariable
rangeTabLps as specified in Table 122 is assigned to ivlLpsRange:

ivlLpsRange = rangeTabLps[ pStateldx ][ qRangeldx ]
b) The variable iviIGurrRange is set equal to ivlCurrRange - ivlLpsRange and the following applies:

— | If ivlOffset is greater than or equal to ivlCurrRange, the variable binVal is set equal to-1 - yalMps,
ivlOffset is decremented by ivlCurrRange, and ivlCurrRange is set equal to ivlLpsRange.

— | Otherwise, the variable binVal is set equal to valMps.

Given the value of binVal, the state transition is performed as specified in subclause 12.6.2.2.2. Depending
on the current value of ivlCurrRange, renormalization is performed as specified in subclause 12.6.2.3.
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CDecodeDecision(cthable, ctxldx) >
v

gRangeldx= (ivlCurrRange>> 6) & 3
ivlLpsRange= rangeTabLps[pStateldx][qRangeldx]
ivlCurrRange = ivlCurrRange - ivlLpsRange

Yes ivlOffset> No
¥ ivlCurrRange? ]

binVal= IvalMps
#Offset=—iwOffset—ivCurrRans
ivlCurrRange = ivlLpsRange

binVal= valMps
pStateldx = transldxMps|pStateldx]

Yes

pStateldx == 0?

|

valMps =1 - valMps

No |

pStateldx = transldxLps[pStateldx]

:

RenormD

Figure 10 — Flowchart for decoding a decision

12.6.2]2.2 State transition process

The inputs to this process are the-current pStateldx, the decoded value binVal and valMps valueg of the
context variable associated with\ctxTable and ctxIdx.

The outputs of this processare'the updated pStateldx and valMps of the context variable associated with|ctxIdx.

Depending on the decoded value binVal, the update of the two variables pStateldx and valMps asspciated
with ctixIdx is derived as specified in Table 121.

Table 121 — Update of the two variables pStateldx and valMps

Decoding process Description

if (addptdve mode flag) |

if( binval = = valMps ) {

pStateldx = transIdxMps( pStateldx )

} else {

if( pStateldx = = 0 ){

valMps = 1 - valMps
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Table 121 (continued)

Decoding process Description
pStateldx = transIdxLps( pStateldx )

}

Table 123 specifies the transition rules transldxMps( ) and transldxLps( ) after decoding the value of valMps
and 1 - valMps, respectively. The specification of rangeTabLps according to the values of pStateldx and
gRangeldx is reported in Table 122. The corresponding state transition table is specified in table 123.

Tablle 122 — Specification of rangeTabLps depending on the values of pStateldx and qRﬁm&ldx

Z.
Rangeldx Rangel N\
pStdteldx arang pStateldx qarang (’ﬁqv’

0 1 2 3 0 1 'l 3
0 128 176 208 240 32 27 33 ( 39 45
1 128 167 197 227 33 26 33 37 43
2 128 158 187 216 34 24 4. 130 35 4
3 123 150 178 205 35 237 28 33 39
4 116 142 169 195 36 (@ 27 32 37
5 111 135 160 185 37 D21 26 30 35
6 105 128 152 175 38 O] 20 24 29 33
7 100 122 144 166 39X 19 23 27 31
8 95 116 137 158 a0 18 22 26 30
9 90 110 130 150 [ 41 17 21 25 28
10 85 104 123 142 o, 42 16 20 23 27
11 81 99 117 1350 43 15 19 22 25
2 77 94 11 |, 5178 44 14 18 21 24
13 73 89 105 [\ 122 45 14 17 20 23
14 69 85 100 116 46 13 16 19 22
5 66 80 95 110 47 12 15 18 21
16 62 76 190 104 48 12 14 17 20
17 59 72 N 86 99 49 11 14 16 19
18 56 69)" 81 94 50 11 13 15 18
9 53 .68 77 89 51 10 12 15 17
20 51 - 62 73 85 52 10 12 14 16
21 48 & 59 69 80 53 9 11 13 15
12 6/ 56 66 76 54 9 11 12 14
123 043 53 63 72 55 8 10 12 14
24 N a1 50 59 69 56 8 9 1 13
15 AN 39 48 56 65 57 7 9 11 12
167 37 45 54 62 58 7 9 10 12
27 35 43 51 59 59 7 8 10 11
28 33 4 48 56 60 6 8 9 11
29 32 39 46 53 61 6 7 9 10
30 30 37 43 50 62 6 7 8 9
31 29 35 4 48 63 2 2 2
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Table 123 — State transition table

pStateldx 0 2 5 6 7 8 9 10 (11 (12 |13 |14 |15
transldxLps 0 0 2 4 4 5 6 7 8 9 9 11 11 12
transldxMps |1 3 6 7 8 9 10 (11 (12 |13 |14 |15 |16
pStateldx 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
transldxLps |13 |13 (15 |15 |16 |16 |18 |18 |19 |19 |21 |21 |22 |22 |23 |24
transldxMps |17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
pStateldx 32 |33 |34 (35 (36 (37 (38 (39 (40 |41 |42 |43 |44 |45 |46 |47
transldxLps 24 25 26 26 27 27 28 29 29 30 30 30 31 32 32 33
transldxMps |33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
pStateldx 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
transldxLps 33 33 34 34 35 35 35 36 36 36 37 37 37 38 38 63
transldxMps (49 |50 (51 |52 |53 |54 |55 |56 |57 |58 |59 |60 |61 (62" |62 ||63
12.6.2{3 Renormalization process in the arithmetic decoding engine

The inputs to this process are bits from block payload data and the variables ivl€utrRange and ivlOffset.

The oufputs of this process are the updated variables ivlCurrRange and ivlOffset.

A flowdhart of the renormalization is shown in Figure 11. The current value of iviICurrRange is first compared
to 256 and then the following applies:

— IfiplCurrRange is greater than or equal to 256, no renormalization is needed and the RenormD j

is flinished;

— Otherwise (ivlCurrRange is less than 256), the renefimalization loop is entered. Within this Ilo
value of ivlCurrRange is doubled, i.e., left-shifted\by 1 and a single bit is shifted into ivlOffset b
redd_bits( 1).

The bifstream shall not contain data that result in a value of ivlOffset being greater than or e

ivlCurrRange upon completion of this process.

ivlCurrRange < 2567

No

Yes

ivlCurrRange= ivlCurrRange<< 1
ivlOffset= ivlOffset<< 1
ivlOffset = ivlOffset | read_bits(1)

process

op, the
y using

qual to

Done

Figure 11 — Flowchart of renormalization

© ISO/IEC 2024 - All rights reserved

122


https://standardsiso.com/api/?name=7312d6fe72bf905e41c8b3011645ccea

ISO/IEC 23092-2:2024(en)

12.6.2.4 Bypass decoding process for binary decisions
The inputs to this process are bits from block payload data and the variables ivlICurrRange and ivlOffset.
The outputs of this process are the updated variable ivlOffset and the decoded value binVal.

The bypass decoding process is invoked when bypassFlag is equal to 1. Figure 12 shows a flowchart of the
corresponding process.

First, the value of ivlOffset is doubled, i.e., left-shifted by 1 and a single bit is shifted into ivlOffset by using
read_bits( 1 ). Then, the value of ivlOffset is compared to the value of iviICurrRange and then the following
applies:

— If illeffset is greater than or equal to ivlCurrRange, the variable binVal is set equal to 1 anddwviQffset is
degremented by ivlCurrRange.

— Otherwise (ivlOffset is less than ivlCurrRange), the variable binVal is set equal to 0.

The bifstream shall not contain data that result in a value of ivlOffset being greater than or efual to

ivlCurrRange upon completion of this process.
‘ DecodeBypass )

ivlOffset= ivlOffset<< 1
ivlOffset = ivlOffset | read_bits(1)

ivlOffset = ivlCurrRange?

binVal=1

ivlOffset = ivlOffset - iviICurrRange binVal = 0

Figure 12 — Flowchart of bypass decoding process

12.6.2)5 Deeoding process for binary decisions before termination

The in;ruts to this process are bits from block payload data and the variables ivlCurrRange and ivlOffket.

The outputs of this process are the updated variables ivlCurrRange and ivlOffset, and the decoded value binVal.

This decoding process applies to decoding of end_of_descriptor_subsequence_terminate corresponding to
ctxTable equal to 0 and ctxIdx equal to 0. Figure 13 shows the flowchart of the corresponding decoding
process, which is specified as follows:

First, the value of ivICurrRange is decremented by 2. Then, the value of ivlOffset is compared to the value of
ivlCurrRange and then the following applies:

— IfivlOffsetis greater than or equal to iviCurrRange, the variable binVal is setequal to 1, no renormalization
is carried out, and CABAC decoding is terminated. The last bit inserted in register ivlOffset is equal to 1.
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When decoding end_of_descriptor_subsequence_terminate, this last bit inserted in register ivlOffset is
interpreted as the stop bit for the decoding of descriptor subsequence.

— Otherwise (ivlOffset is less than ivlCurrRange), the variable binVal is set equal to 0 and renormalization
is performed as specified in subclause 12.6.2.3.

This procedure may also be implemented using DecodeDecision( ctxTable, ctxldx, bypassFlag ) with
ctxTable = 0, ctxldx = 0 and bypassFlag = 0. In the case where the decoded value is equal to 1, seven more
bits would be read by DecodeDecision( ctxTable, ctxldx, bypassFlag ) and a decoding process would have to
adjust its bitstream pointer accordingly to properly decode following syntax elements.

4 2
\UCCOGE 1 ermmatej

ivlCurrRange = ivlCurrRange - 2

'

Yes
ivlOffset = ivlCurrRange?

binVal = 1 binVal = 0

RenormD

Done

Figure 13 < Flowchart of decoding a decision before termination

12.6.2{6 Alignment process prior to aligned bypass decoding
The input to this process is the variable ivlCurrRange.
The oufput ofithis process is the updated variable iviCurrRange.

ivlCurrRange is set equal to 256.

NOTE When ivlCurrRange is 256, ivlOffset and the bit-stream can be considered as a shift register, and binVal as
the register's second most significant bit (the most significant bit is always 0 due to the restriction of ivlOffset being
less than ivlCurrRange).

12.7 Decoding process for sequence descriptors

This subclause describes the decoding process for descriptors specified in subclauses 9.6 and 9.7.
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General

The inputs to this process are all bin strings of the binarization of the requested syntax element as specified
in subclause 12.3.

The output of this process is a decoded descriptor stream.

This process specifies how each bin of a bin string is parsed for each syntax element. After parsing each
bin, the resulting bin string is compared to all bin strings of the binarization of the syntax element and the
following applies:

— If the bin string is binarized using binary binarization and the bin string is of length coding_subsym_

siz
— Fo

syl
— Ot
While |
the firs
The pa
a) Th
b) Th

by
The d

e, the corresponding value of the syntax element is the output.

" other binarizations, if the bin string is equal to one of the bin strings, the correspondipgvalu
itax element is the output.

herwise (the bin string is not equal to one of the bin strings), the next bit is parsed:

barsing each bin, the variable binldx is incremented by 1 starting with binldx being set equal
t bin.

'sing of each bin is specified by the following two ordered steps:

e context selection process as specified in subclause 12.7.2.6.

e arithmetic decoding process as specified in subclause 12.6.2.1 is invoked with ctxTable, ctxI
bassFlag as inputs and the value of the bin as output.

bcoding process is unspecified if the corresponding configuration(s) for descriptor_l

subsequence_ID, as specified in subclauses 7.4.2.2 and 12.4, are not available in any parameter se

hierard
parent

12.7.2

12.7.2

hy of parameter sets referred to by the field parameter_set_ID of the access unit and by th
| parameter_set_ID of the parameter sets in the'same hierarchy, as specified in subclause 7.4.1

Block payload decoding process

1 General

The inJuts to this process are

— ablock payload as specified in'subclause 7.5.1.3.3;

— the

— ad
by

The oy
descrip

state variables spgecified in subclause 12.4;

ecoder configuration (as specified in subclauses 7.4.2.2 and 12.4) for the genomic descriptor idg
a descriptor2ID specified in the block header (subclause 7.5.1.3.2).

tput of.this process is the array decoded_symbols[descriptor_ID][][] (the reconstructed g
tors eftype descriptor_ID).

e of the

to 0 for

dx, and

D and
in the
e fields

ntified

enomic

12.7.2

2 -General dm‘nding process for dpcrriptnrc

A block payload of encoded descriptors is decoded as follows:

For each descriptor subsequence associated to the current descriptor_ID:

— Extract the portion of the byte stream corresponding to the current descriptor subsequence.

— Parse the number of symbols encoded in the current descriptor subsequence.

— For each transformed subsequence associated to the current descriptor subsequence:

— Extract the portion of the byte stream corresponding to the current transformed subsequence.
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— Compute the number of transformed symbols encoded for the current transformed subsequence.

— Initialize an array prvValues[][] and set all values to 0.

— Initialize ctxTable[] as specified in subclause 12.7.2.4.

— Retrieve the Look-Up Tables lutValues[][][] as specified in subclause 12.7.2.5.

— For each transformed symbol in the current transformed subsequence:

— With N=output_symbol_size/coding_subsym_size, perform N times the following steps:

specified in 12.6.2.3.

I nn]r 110 f]ﬁl’\ﬂn{]ﬂhf‘!ﬂ(‘ rIF ’\Y\‘Y-‘ ’\nf‘ IIY\A'\*‘Q f]’\ﬂ n?‘""’\]“ﬂ(‘r‘l L\'\(‘DI‘] ratal i’]’\ﬂ I"DY\Q“AQY Cles as
“H ~F C T T I Prv v oot oo oo oo e PeereT

— Select the starting context index ctxIdx as specified in subclause 12.7.2.6.

— Decode decodedCabacSubsym as specified in 12.7.2.7.

size[i]) | invTransfSubsym

— Update the state variables as specified in 12.7.2.9.

— Calculate invTransfSubsym as specified in subclause 12.7.2.8.

— Update the jth transformed symbol of the ith transformed subsegulence as:

transform_subseq_symbols[i][j]=(transform_subseq_symbols[i][j]<<coding_sybsym_

If ¢quality_coding is present for the current descriptor subsequence, apply the equality subsequence

trgnsformation as specified in 12.7.2.10.2.

El4e if match_coding is present for the current descriptor subsequence, apply the match subselquence

trgnsformation as specified in 12.7.2.10.3.

E
trgnsformation as specified in 12.7.2.10.4.

—

de if rle_coding is present for the current’descriptor subsequence, apply the RLE subsequence

Elde if merge_coding is present for the\current descriptor subsequence, apply the merge subselquence

trgnsformation as specified in 12.7:2:10.5.

The geheral decoding process for déscriptors is shown in Table 124.

Table.124 — General decoding process for descriptors

Decoding process

encoded_descriptor_sequences(descriptor_ID) {

/* |Initializations */

dedqoded symbols[descriptor ID][][] = {{0}}

renfainiagRayloadSize = block payload size

block_payload_siz
as specified in
subclause 7.5.1.3.2.

0

for (k=0; k < numDescriptorSubsequences; k++) {

numDescriptorSubse-
quences corresponds
to the value in column
'Number of descrip-
tor subsequences' of

Table 25.
if (k < numDescriptorSubsequences - 1) {
subsequence_payload size[k] u(32)
subsequencePayloadSize = subsequence payload size[k]
remainingPayloadSize -= (subsequencePayloadSize + 4)
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Table 124 (continued)
Decoding process
} else {
subsequencePayloadSize = remainingPayloadSize

}

if (subsequencePayloadSize > 0) {

num encoded symbols[k]

u(32)

if (encoding mode ID == 0) {

As specified in
subclause 7.4.2.2

decoded symbols[descriptor ID][k][] =

decode descriptor subsequence( descriptor ID, k,
num_erjcoded symbols[k],
subsequencePayloadSize)

} else if(encoding mode ID < 5){

As.specified in
subelause 7.4.2.2

decoded symbols[descriptor ID][k][] = decode
subsequence (encoding mode ID, num encoded symbols[k],
subsequencePayloadSize)

} else {

/* reserved for future use */

}

}/* if subsequencePayloadSize > 0 */

}

decodgd_symbols[descriptor_ID][][] contains the list>of output symbols decoded for all degcriptor

subsequences of the descriptor identified by descriptor_ID.

subsequence_payload_size[k] specifies the payload size of the kth descriptor subsequence, wh
kth subsequence payload corresponds to the part of the block payload (as specified in subclause 7.

requirg¢d by this decoding process to decedethe kth descriptor subsequence.

num_epcoded_symbols[k] specifies -thé number of output symbols encoded for the kth des

subsequence.

decodd subsequence() is the decoding process corresponding to encoding_mode_ID as specified in ]

bre the
b.1.3.3)

The oufput of this process_is ¢gomposed of symbols whose size in bits is specified by output_symbol

Table 1j04.

The dqcoding process/for the kth descriptor subsequence (of size num_symbols[k]) of the des

identified by descriptor_ID is shown in Table 125.

Table 125 — Decoding process of a descriptor subsequence

criptor

[able 9.
| size in

criptor

Decoding process

availablePayloadSize) {

decode descriptor subsequence (descriptor ID, k, numEncodedSymbols,

/* Initializations */

decoded symbols[descriptor ID][k][] = {0}

transform subseq symbols[][] = {{0}}
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