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Foreword

-2:2020(E)

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

The
descijibed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriathg
diffefent types of document should be noted. This specification was drafted in accorda
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attenftion is drawn to the possibility that some of the elements of this specification
subjelct of patent rights. ISO and IEC shall not be held responsible for identifying any or al
right
Introduction and/or on the ISO list of patent declarations received (seeWwww.iso.org/paten
listo

Any rade name used in this specification is information given for,the convenience of users
consflitute an endorsement.

For
exprq
the World Trade Organization (WTO) principles. in the Technical Barriers to Tradg
www.iso.org/iso/foreword.html.

tenance are

rocedures used to r]nvp]np this cpprifirnfinn and those intended for its further mai

5. Details of any patent rights identified during the development of)the document v

eded for the
hce with the

may be the
such patent
yill be in the
£s) or the IEC

patent declarations received (see http://patents.iec.ch).

dn explanation of the voluntary nature of standdrds, the meaning of ISO specifi

This
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

This
techn

The rhain changes compared to.the previous edition are as follows:

Kpecification was prepared by Joint Technical Committee ISO/IEC JTC 1, Informatio

ically revised.

The sequence decoding process for mismatches in classes I and HM has been clarified.

=

umberOfMappedRecordSegments.

Ih subclausé 10.4.2 the decoding process of pos and rtype descriptors with computed 1
Heen clarified.

and does not

c terms and

ssions related to conformity assessment, as/well as information about ISO's adherence to

(TBT) see

n technology,

second edition cancels and replaces the first edition (ISO/IEC 23092-1:2019), whilch has been

Ih subclause 10.4-and its subclauses variable numberOfAlignedRecordSegments has been renamed to

eference has

IhSubclause 11.3.4 the decoding process of pushin has been revised.

The decoding of the reverseComp values has been revised.

The determination of the offset of mismatches within spliced segments has been revised.

The decoding process for signatures has been revised.
The signalling of computed references has been clarified.

In Clause 12 some decoding processes and some transformations have been clarified.

Alist of all parts in the ISO/IEC 23092 series can be found on the ISO website.

Any feedback or questions on this specification should be directed to the user’s national standards
body. A complete listing of these bodies can be found at www.iso.org/members.html.
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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 se nllmnr‘ing information hy-

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

— Being d¢signed at a time point when technologies and use cases are more matuté€. This pefmits
addressing one limitation of the textual SAM format, for which the incrementakad-hoc additjon of
featured followed along the years, resulting in an overall redundant and suboptimal format which
was unnecessarily complicated.

— Separating free-field user-defined information with no clear semantics from the genomid data
represemtation. This allows a fully interoperable and automatic exchange of information between
differenf data producers.

— Allowing multiplexing of relevant metadata information with the data since data and metadata are
partitioped at different conceptual levels.

— Following a strict and supervised development process which has proven successful in thg last
30 year$ in the domain of digital media for the transport format, the file format, the compressed
represemtation and the application program interfaces.

The ISO/IEC|23092 series provides the enablingfechnology that will allow the community to cregte an
ecosystem of novel, interoperable, solutions in-the field of genomic information processing. In partjcular
it offers:

— Consistgnt, general and properly designed format definitions and data structures to store sequencing
and alighment information. A rebust framework which can be used as a foundation to implgment
differenf compression algorithms.

— Speed a:ﬁiﬂexibility in theselective access to coded data, by means of newly designed data clustering
and optimized storage nmethodologies.

— Low lat¢ncy in data transmission and consequent fast availability at remote locations, bas¢d on
transmipsion pretocols inspired by real-time application domains.

— Built-in |pfigacy and protection of sensitive information, thanks to a flexible framework yhich
allows customizabte secured-access atattHayersof the data trierarchy:

— Reliability of the technology and interoperability among tools and systems, owing to the provision
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.

viii © ISO/IEC 2020 - All rights reserved
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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.

The genomicrecord, although itis 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 t
struc
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fundamental

ese-reasons, this document introduces the r‘nhr‘np‘l’ of access ll“if’ which is the
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EC 23092-2. An access unit is composed of one block for each descriptor used to r

same type (i.e. a descriptor) in a cluster.

ita classes: five classes are defined according to the result of their-alignment against

hccess. In fact access units inherit a specific data characterization (e.g. perfect mat

hiccess unit is the smallest data structure that can be decoded by a decoder cor

mation of its genomic records; therefore, a block payload is the coded representation d

Hition to clusters of genomic records compressed into access units, réads are further
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P, substitutions in class M, indels in class I, half-mapped reads in class HM) from the gen
composing them, and thus constitute a data structure capable of providing powerful filteri
for the efficient support of many different use cases.

Accegs units are the fundamental, finest grair<data structure in terms of content pr
in tefms of metadata association. In other wotds each access unit can be protected indi
indegendently. Figure 1 shows how access uiits, blocks and genomic records relate to each
ISO/IEC 23092 series data structure.
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Figure 1 — Access units, blocks and genomic records
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Figure 2 — High-level data structure: datasets and-dataset group

h coded data structure containing headers and one/or more access units. Typical dat
ample, contain the complete sequencing of an individual, or a portion of it. Other dat

dataset gro

‘1p
According t

bitstream sy
use cases,
per descript|
type of data
provides a r¢

The ISO/IEC
representati
decoding pr
identical deg

h for example a reference genome or a subset of'its chromosomes. Datasets are groug
s, as shown in Figure 2.

the ISO/IEC 23092 series, the compressed sequencing data can be multiplexed i
itable for packetization for real-time transport over typical network protocols. In st
pbded data can be encapsulated intg’;a file format with the possibility to organize b
pr stream or per access unit, to further optimize the selective access performance {
access required by the different application scenarios. The ISO/IEC 23092 series fu
pference process to converta'transport stream into a file format and vice versa.

23092 series defines the-syntax and semantics of the compressed genome sequencing
pn and the deterministic decoding process that reconstructs the contents of datasets

oded output. A(simplified diagram of the decoding process is shown in Figure 3.
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locks
o the
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r data
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bcess is fully specified such that all decoders that conform to this document will produce
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Figure 3 — The decoding process

The [International Organization for Standardization (ISO)} and International Eledtrotechnical
Comipission (IEC) draw attention to the fact that it is claimed that compliance with this ddcument may
involye the use of a patent.

o

ISO apd IEC take no position concerning the evidence, validity and scope of this patent righ

The Holder of this patent right has assured ISO and [EC that he/she is willing to negotiate litences under
reasdnable and non-discriminatory terms and.conditions with applicants throughout the yorld. In this
respdct, the statement of the holder of thisipatent right is registered with ISO and IEC. Infoymation may
be obtained from the patent database available at www.iso.org/patents.

Atterltion is drawn to the possibility’that some of the elements of this document may be¢ the subject
of patent rights other than thosein the patent database. ISO and IEC shall not be held regponsible for
identjfying any or all such patent rights.
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Information technology — Genomic information
representation —

Part 2:
Coding of genomic information

1 Scope

This |document provides specifications for the representation of the following.types| of genomic
information:

(et

naligned sequencing reads including read identifiers and quality values;
— adligned sequencing reads including read identifiers and quality values;

— reference sequences.

2 ormative references

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

ISO/IEC 10646, Information technology — Universal Coded Character Set (UCS)

ISO/IEC 23092-1:2020, Information technology — Genomic information representatio — Part 1:
Trangport and storage of genomic inforimation

3 erms and definitions

For the purposes of this.document, the terms and definitions given in ISO/IEC 23092-1 and the
folloying apply.

[SO apd IEC maintain terminological databases for use in standardization at the following addresses:

— IBO Onlinebrowsing platform: available at https://www.iso.org/obp

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

3.1
alignment

information describing the similarity between a sequence [typically a sequencing read (3.28)] and a
reference sequence (for instance, a reference genome)

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.

© ISO/IEC 2020 - All rights reserved 1
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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
compression unit containing one or more of: reference sequences; sequencing reads (3.28); and alignment
(3.1) information

Note 1 to ent1ly: Datasets shall be as specified in ISO/IEC 23092-1.

34
deletion
contiguous removal of one or more bases from a genomic sequence

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

Note 1 to entfy: Among other things, E-CIGAR enables the unambiguous répresentation of substitutions, spliced
reads and spljce strandedness.

3.6
edit operation
modification] of a sequence of nucleotides (3.20) by méans of a substitution, deletion (3.4), ins¢rtion
(3.18) or clig

3.7
FASTA
GIR that inclpdes a name and a nucleotide (3:20) sequence for each sequencing read (3.28)

Note 1 to entyy: Additional information is usually encoded in the read identifier by bioinformatics tools (syich as
database infofmation, and base calling jnfermation).

3.8
FASTQ
GIR that inclpdes FASTA (3.2))and quality values (3.22)

3.9

first end
end 1
read 1
first segment-efapaire

D,
b
b,
o+
]

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

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)

2 © ISO/IEC 2020 - All rights reserved
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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.

3.12

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
genopmic record index
positjon of a genomic record in the sequence of genomic records (3.12) encoded in anjdccess unit

3.14
genomic record position
0-baged position of the leftmost mapped base on the reference genome of the first alignment (3.1)
contdined in a genomic record (3.12)

Note [l to entry: A base present in the aligned read and not present in_thé’reference sequence (insertion) and
bases|preserved by the alignment process but not mapped on the reference sequence (soft clipg) do not have
mappjng positions.

3.15
genomic reference

referg¢nce

colle¢tion of reference sequences

Note ] to entry: Typical examples are a reference.gehome or a reference transcriptome.

3.16
hard|clip
base|or set of bases originally present at either side of a read, and removed from |it following
alignent (3.1)

Note ] to entry: The bases are 1o Jonger present in the sequence of the read.

3.17
indel
contipuous stretch of nucleotides (3.20) that, when aligning two sequences, are inserfed into one
sequénce, or alternatively deleted from the other, in order to make the two sequences the §ame

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

3.18

contiguous addition of one or more bases into a genomic sequence

3.19

leftmost read end

leftmost read

sequencing read (3.28) generated by a paired-end sequencing run and mapped at a position on the
reference sequence which is smaller than the mapping position of the other read in the pair
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3.20
nucleotide
base

base pair
monomer of
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anucleic acid polymer such as DNA or RNA

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

3.21
paired-end
paired-end
tuple (3.34)

Note 1 to entr]

3.22

quality valy
quality scorg
number assi

Note 1 to ent
nucleotide in

3.23
read group
set of reads |

3.24

read identif
read header
read name
text string a

read
emplate
made of two segments

y: Typically the segments correspond to the beginning and the end of the samenugleic acid mol

e

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

ry: Quality values express the base-call accuracy, i.e. the prebability (or a related measure]
Lhe sequence to have been incorrectly determined.

having some property in common

ier

ksociated with each sequencingread (3.28) stored in GIRs such as FASTA (3.7), FASTQ

and SAM (3.4

Note 1 to enti
as encoded by

3.25

rightmostr
rightmost re
sequencing 1
reference se

6)

bioinformatics tool$y(such as database information, and base calling information).

ead end

ad

ead (3.28) generated by a paired-end sequencing run and mapped at a position o
juenice which is greater than the mapping position of the other read in the pair

ecule.

for a

(3.8)

y: The read identifier,is‘usually unique within its dataset, and may contain additional informpation

n the

3.26
SAM

GIR that is human readable and includes FASTQ plus alignment (3.1) and analysis information

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

analysis infor

mation.

© ISO/IEC 2020 - All rights re

served


https://iecnorm.com/api/?name=6fd494ae583bc25491f14b8d4cc77f39

ISO/IEC 23092-2:2020(E)

3.27

second end

read 2

second segment of a paired-end template (3.33)

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

3.28
sequencing read
read
readqut, by a specific technology more or less prone to errors, of a continuous part ef\a segment of
nucleptides (3.20) extracted from an organic sample

3.29
single-end read
tuple|(3.34) made of one segment

3.30
soft ¢lip

soft dlipped bases
base pr set of bases at either side of the read that have been ignered during the alignment (B.1) process

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

3.31
splicgd read
aligngd read which, as a consequence of biological' splicing, covers non-continuous poftions of the
refergnce genome being the result of biological splicing

Note ] to entry: This means the read must come from RNA-sequencing, and contain at least one jun¢tion between
two cpnsecutive exons.

3.32
splitplignment
aligngd paired-end read (3.21) whose ends are encoded in two different genomic records (3{12)

3.33
template
genolnic sequence thatis produced by a sequencing machine as a single unit

Note ] to entry: A-femplate can be made of one or more segments (being called single-end sequencing read when
it only has one-ségment, and paired-end sequencing read when it has two segments — typically| they capture
both the beginning and the end of a nucleic acid molecule).

3.34
tuple
collection of one or more segments

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

3.35
decoded genomic descriptor
result of multiplexing the decoded symbols (3.37) of one or more descriptor subsequences (3.36)

3.36
descriptor subsequence
ordered collection of decoded symbols (3.37)
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decoded symbol
value needed to reconstruct a descriptor subsequence (3.36)

Note 1 to entry: If no inverse subsequence transformation is applied, the transformed symbol shall be equal to

the decoded s

3.38

ymbol.

transformed subsequence
ordered collection of transformed symbols (3.39)

Note 1 to entry: The transformed symbols of one or more transformed subsequences can be multiplexed to yield

decoded sym

3.39
transforme
concatenatid

3.40
decoded sul
output of an

Note 1 to entr
shall be equal

3.41

transforme
decoded cab
atomic value

hols.

d symbol
n of one or more decoded subsymbols (3.40)

bsymbol
inverse subsymbol transformation applied on a transformed subsymbol (3.41)

y: See subclause 12.6.2.7. If no inverse subsymbol transformation {s'applied, the decoded subs
to the transformed subsymbol.

d subsymbol
ac subsymbol
yielded by the cabac decoding process

4 Abbreyviated terms

AU access unit

CRPS co:‘anuted reference parametersset
GIR genjomic information representation
LUT look up table

QVPS  qudlity values parameters set

5 Conventions

5.1 General

ymbol

This clause contains the definition of operators, notations, functions, textual conventions and processes
used throughout this document.

The mathematical operators used in this document are similar to those used in the C programming
language. However, the results of integer division and arithmetic shift operations are specified more
precisely, and additional operations are specified, such as exponentiation and real-valued division.
Numbering and counting conventions generally begin from 0, e.g., "the first" is equivalent to the 0-th,
"the second" is equivalent to the 1-th, etc.
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5.2 Arithmetic operators

XY

addition

-2:2020(E)

subtraction (as a two-argument operator) or negation (as a unary prefix operator)

multiplication, including matrix multiplication

exponentiation

Specifies x to the power of y. In other contexts, such notation is used for superscripting not

intended for interpretation as exponentiation.

~

'M\< < |
N

T
>

X%V

5.3 [Logical operators

X &&ly

x?yiz

5.4 [Relational operators

integer division with truncation of the result toward zero
For example, 7 / 4 and -7 / —4 are truncated to 1 and -7 / 4 and 7 / -4 are €rund

division in mathematical equations where no truncation or rounding is intendec

division in mathematical equations where no truncation or roundjrg is intendec

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

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

Boolean logical AND of xand y
Boolean logical OR of xand y
Boolean logical NOT

if xis TRUE or not equalto 0, evaluates to the value of y; otherwise, evaluates to {

greater than
greaterthan or equal to

less than

ated to -1.

he value of z

less than or equal to

equal to

not equal to

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

&

X>>y

X<y

AND
When operating on integer arguments, operates on a two's complement representation of the
integer value. When operating on a binary argument that contains fewer bits than another

argument, 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 the
integer value. When operating on a binary argument that contains fewer bits than another

argument, the shorter argument is extended by adding more significant bits equal to 0.

exclusive or

i

ar
ri
is
th

le

as

n(

5.6 Assigl

++

as

hen operating on integer arguments, operates on a two's complement representation
eger value. When operating on a binary argument that contains fewer bits than“anot}
gument, the shorter argument is extended by adding more significant bits'equal to 0.

bht shift of a two's complement integer representation of x by y binarydigits This fun
defined only for non-negative integer values of y. Bits shifted into.the MSBs as a resul
e right shift have a value equal to the MSB of x prior to the shiftgperation.

't 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 L}

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

t operator returning 1 if applied to 0 and 0 if applied to 1

hment operators

signment operator

infcrement

1.4
\'%:
dq
1.4
\'%¢:

I

dq
1.4

., X++ is equivalent to x = x + 1; when used in an array index, evaluates to the value of {
riable prior to the increment operation.

crement
., X— - is equivalent tox = x — 1; when used in an array index, evaluates to the value of
riable prior to the-decrement operation.

increment by amount specified

., X += 3 igrequivalent to x = x + 3, and x += (-3) is equivalent to x = x + (-3).

crement by amount specified
., ¥+=)3 is equivalent to x = x - 3, and x —= (-3) is equivalent to x = x - (-3).

Of the
ler

Ction
t of

he

the

5.7 Range notation

X=Y.Z
array[x, y]
8

x takes on integer values starting from y to z, inclusive, with x, y, and z being integer
numbers and z being greater than y

sub-array containing the elements of array comprised between position x and y included

If x is greater than y, the resulting sub-array is empty.
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5.8 Mathematical functions

Ceil(x) smallest integer greater than or equal to x
Floor(x) largestinteger less than or equal to x
Log2(x) base-2 logarithm of x

X ; x<=y

Min(x,y)={
y o5 x>y

-2:2020(E)

1)
(2)
(3

(4)

fx——=x>=7
Max([x, y) =
y o5 X<y

5.9 [Order of operation precedence

When the order of precedence in an expression is not indicated explicitly.by use of parg
following rules apply:

— (perations of a higher precedence are evaluated before any operation of a lower prece
— (perations of the same precedence are evaluated sequentially from left to right.

Tableg 1 specifies the precedence of operations from higheSt'to lowest; a higher position|
indicgtes a higher precedence.

NOTH For those operators that are also used in the:C programming language, the order of pre
in thi$ document is the same as used in the C programming language.

(5)

ntheses, the

dence.

in the table

cedence used

Taple 1 — Operation precedence from highest (at top of table) to lowest (at bottonj of table)

operations (with operands x, y, and z)

X++, "x- -

g

x",'|-x" (as a unary prefix operator)

Xy

R’ e VA € A % S X% y"

Y
x+y", "x - y" (as atwo-argument operator), " Zf(i) '

1=Xx

"X<<y, X>>yn

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

(N

"x=x3yy\x!I=y"

"X & yll

”X | yll

nX && yu

x11y"

"X?y "

"X..y”

"x=y" "x+=y", "x —=y"
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5.10 Variables, syntax elements and tables

Syntax elements in the bitstream are represented in bold type. Each syntax element is described by
its name (all lower case letters with underscore characters), and one data type for its method of coded
representation. The decoding process behaves according to the value of the syntax element and to the
values of previously decoded syntax elements. When a value of a syntax element is used in the syntax
tables or the text, it appears in regular (i.e., not bold) type.

In some cases the syntax tables may use the values of other variables derived from syntax elements
values. Such variables appear in the syntax tables, or text, named by a mixture of lower case and upper

case letter and without any underscore characters (camel case notatlon) Varlables startlng with an

structures.
syntax stru
starting wit

In some caseg
with their n
values. The

one or more
case letter a

NOTE Th

Functions t}
functions. T
with an indi
Syntax func
end with lef
values (for ul

Functions th
are describe
upper case I
Zero or mor

one variable).

A one-dimef
Arrays can ¢
indexing of

(vertical) in
is reversed ¥
matrix s at h
single colum
the column g

arlables startmg with an upper case letter may be used in the decodlng process for
tures without mentioning the originating syntax structure of the variable(“Var
a lower case letter are only used within the clause in which they are derived:

, "mnemonic” names for syntax element values or variable values are used interchang
imerical values. Sometimes "mnemonic” names are used without anyassociated num
hssociation of values and names is specified in the text. The names$)are constructed

nd may contain more upper case letters.
e syntax is described in a manner that closely follows the C-language syntactic constructs.

at specify properties of the current position in the Bitstream are referred to as s
hese functions are specified in Clause 6 and assunm€ the existence of a bitstream pc
cation of the position of the next bit to be read by the decoding process from the bitst
ions are described by their names, which are\constructed as syntax element name
t and right round parentheses including zéte" or more variable names (for definitic
sage), separated by commas (if more than‘one variable).

at are not syntax functions (including‘mathematical functions specified in subclaus
d by their names, which start witlhi“an upper case letter, contain a mixture of lowe]
ptters without any underscore character, and end with left and right parentheses incl
e variable names (for definition) or values (for usage) separated by commas (if more

)sional array is referred to as a list. A two-dimensional array is referred to as a m
ither be syntax elements or variables. Subscripts or square parentheses are used fq
hirrays. In reference to a visual depiction of a matrix, the first subscript is used as
lex and the secend subscript is used as a column (horizontal) index. The indexing
vhen using,sSquare parentheses rather than subscripts for indexing. Thus, an elemen
orizontal\position x and vertical position y may be denoted either as s[ x
n of aumatrix may be referred to as a list and denoted by omission of the row index.
f aymatrix s at horizontal position x may be referred to as the list s[ x ].

l[y]orasg

ables

eably
brical
from

groups of letters separated by an underscore character. Each grioup starts with an {ipper

yntax
inter
feam.
s and
n) or

b 5.2)
r and
iding
than

atrix.
r the
i FOW
prder
t of a

LA
Thus,

A specificati

on oI values oI the entries In rows and columns oI an array may be denoted Dy 4 {..

34D

}, where each inner pair of brackets specifies the values of the elements within a row in increasing
column order and the rows are ordered in increasing row order. Thus, setting a matrix s equalto {{1 6
}{49}}specifiesthats[0][0]issetequalto1,s[1][0]issetequalto6,s[0][1]issetequalto4,and
s[1][1]1issetequaltoO9.

Binary notation is indicated by enclosing the string of bit values by single quote marks. For example,
'01000001' represents an eight-bit string having only its second and its last bits (counted from the most
to the least significant bit) equal to 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of
binary notation when the number of bits is an integer multiple of 4. For example, 0x41 represents an
eight-bit string having only its second and its last bits (counted from the most to the least significant
bit) equal to 1.
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Numerical values not enclosed in single quotes and not prefixed by "0x" are decimal values.

A value equal to 0 represents a FALSE condition in a test statement. The value TRUE is represented by

any v

5.11

alue different from zero.

Text description of logical operators

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

if( condition 0 )
statement 0

else i
St

else
stat

may |

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

— 1
—

—
Each

the following applies" immediately followed:by "If ... ". The last condition of the "If ... Ot

Othel
can b

In the

if( co
St
else i
st

else
st

L Lt 4.
 CULIUILIUIT 1]

atement 1

* informative remark on remaining condition */
bment n

pe described in the following manner:

F condition 0, statement 0

therwise, if condition 1, statement 1

therwise (informative remark on remaining e¢endition), statement n

"If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as fq

wise, ..." is always an "Otherwise, ...\Interleaved "If ... Otherwise, if ... Otherwise, ...
e identified by matching "... as follows" or "... the following applies" with the ending "O

text, a statement of logical opérations as would be described mathematically in the fol

hdition 0Oa && condition-0b")
atement 0

F( condition 1a || condition 1b )
htement 1

htement n

ollows / ... the following applies:

llows" or "...
herwise, if ...
' statements
therwise, ...".

lowing form:

— condition Oa

— condition Ob

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

— condition 1a

— condition 1b

— Otherwise, statement n
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In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition

0)

statement 0

if( condition

1)

statement 1

may be described in the following manner:

When condition 0, statement 0

When cg

5.12 Proce

Processes ar
and invokin
depending 4§
specificatior]
has explicitl
a lower-case

When invok

Iftheva
are expl

Otherwi

ndition 1 ctatamant 1
RHeHHoh— —StatteRent +

SSesS

e used to describe the decoding of syntax elements. A process has a separate’specifid
. All syntax elements and variables that pertain to the current syntax’ structur
yntax structures are available in the process specification and(invoking. A pr
may also have alower-case variable explicitly specified as input. Eachprocess specifid
y specified an output. The output is a variable that can either he,an upper-case varia
variable.

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

riables at the invoking and the process specification do nethave the same name, the var
citly assigned to lower-case input or output variables of the process specification.

se (the variables at the invoking and the process specification have the same n|

assign

In the speci

a value equal to the address of the specific codingblock.

6 Syntax

6.1 Method of specifying syntax in tabular form

The syntax t
the syntax n

Table 2 lists
that a synta
position bey

ent is implied.

cation of a process, a specific coding block may be referred to by the variable name h

and semantics

ables specify a superset of the syntax of all allowed bitstreams. Additional constrair
lay be specified; either directly or indirectly, in other clauses.

examplesofithe syntax specification format. When syntax_element appears, it spe
k elementys parsed from the bitstream and the bitstream pointer is advanced to the
pnd the-syntax element in the bitstream parsing process.

ation
b and
ocess
ation
ble or
ables

ame),

aving

ts on

cifies
next

Table 2 — Fyamplpq of the syntax cpprifiraﬁnn format

Syntax

Type

examples */

/* A statement 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

syntax_element

ue(v)

conditioning

statement

/*A group of

tionally as a single statement. */

statements enclosed in curly brackets is a compound statement and is treated func-

12
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Table 2 (continued)

Syntax Type

Statement

Statement

}

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

whilg( condition )

stgtement

/* A ldo ... while" structure specifies evaluation of a statement once, followed by a test bf whether h
cond]tion is true, and if true, specifies repeated evaluation of the statement until the tondition is n
longqr true */

do

o

stgtement

whilg( condition )

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

true,|specifies evaluation of a primary statement, otherwise;specifies evaluation of an alternative
stateent. The "else” part of the structure and the associdted alternative statement is omitted if np
alterhative statement evaluation is needed */

if( condition )

primary statement

else

alternative statement

/* Alfor" structure specifies evaluation of an initial statement, followed by a test of a condition, a)d
if the|condition is true, specifies tepeated evaluation of a primary statement followed by a subse-
quenf statement until the condition is no longer true. */

for( ipitial statement; condition; subsequent statement )

primary statement

6.2 |Bit ordering

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

6.3 Specification of syntax functions and data types

The functions presented here are used in the syntactical description. These functions are expressed
in terms of the value of a bitstream pointer that indicates the position of the next bit to be read by the
decoding process from the bitstream.

byte_aligned( ) is specified as follows:

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

— Otherwise, the return value of byte_aligned( ) is equal to FALSE.
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read_bits( n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit
positions. When n is equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not advance
the bitstream pointer.

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

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

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

14

ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this data

type is gpecified 1n subclause 12.5.2.2.

ae(t): context-adaptive arithmetic entropy-coded termination syntax. The parsing process’for this

data typle is specified in subclause 12.5.2.5.

f(n): fixed-pattern bit string using n bits written (from left to right) with the left bitfirst. The p3
process ffor this data type is specified by the return value of the function readabits( n ).

n__n

i(n): sigmed integer using n bits. When n is "v" in the syntax table, the iumber of bits varie
manner|dependent on the value of other syntax elements. The parsing{process for this data
is specified by the return value of the function read_bits( n ) interpreted as a two's complg
integer representation with most significant bit written first.

se(v): signed integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The p3
process [ffor this data type is specified in subclause 12.2.4.2:

st(v): nulll-terminated string encoded as universal codéd character set (UCS) transmission for
(UTF-8)| characters as specified in ISO/IEC 10646« The parsing process is specified as fol
st(v) redds and returns a series of bytes from the Bitstream, beginning at the current positio
continuing up to but not including the next bytethat is equal to 0x00, and advances the bitst
pointer by ( stringLength + 1) * 8 bit positions, where stringLength is equal to the number of
returnegl.

n_n

u(n): ungigned integer using n bits. When n is "v" in the syntax table, the number of bits varig
manner |[dependent on the value of @ther syntax elements. The parsing process for this data tj
specifiegl by the return value of the'function read_bits( n ) interpreted as a binary representat
an unsigned integer with most significant bit written first.

ue(v): upsigned integer-0-th order Exp-Golomb-coded syntax element with the left bit first.

parsing process for this'data type is specified in subclause 12.2.4.

u7(v): variable sizéd unsigned integer computed by iteratively reading 8 bits, where the
significgnt 7 bits-are interpreted as a binary representation of an unsigned integer v, with the
significgnt bit yritten first, and the 8th bit signaling if the iteration should stop. The parsing prj

rsing

5 in a

type
ment

rsing

mat-8
lows:
n and
ream
bytes

sina
pe is
jon of

The

least
most
ocess

for this gatatype is specified below:

v=0
do {
c =read_bits( 8);
v=(v<<7)] (c&0x7f);
} while (c & 0x80)
c(n): sequence of n ASCII characters as specified in ISO/IEC 10646.
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Semantics associated with the syntax structures and with the syntax elements within each structure
are specified in a clause following the clause containing the syntax structures. When the semantics of
a syntax element are specified using a table or a set of tables, any values that are not specified in the

table(s) shall not be present in the bitstream unless otherwise specified in this document.

7 Data structures

Data unit

Table 3 —Data unit syntax

use 7.3.2 specifies the structure of a raw reference.

use 7.2 specifies the structure of a data unit. A data unit is a data structure used-as
reference structure, a parameter set structure or an access unit structure.

use 7.5 specifies the structure of an access unit. An access unit’consists of an accesg
ed by one or more blocks. Table 19 in subclause 7.5.1.2 specifjes\the syntax for an acces

lock consists of a block header, as specified in subclause\75.1.3.2, followed by a blog

ified in subclause 7.5.1.3.3.

Syntax Type
data unit () {
data_unit_ type u (8]
if (datapunit type == 0) {
data unit_size u(64—)

raw_reference ()

raw reference

¥

else if (data unit type == 1) {
reserved u(10)
data_unit_size u(ZZ)

parameter set()

parameter set

}

rontainer for

use 7.4 specifies the structure of a parameter set. A parameter set corisists of a paremt parameter
ntifier, a parameter set identifier and encoding parameters as specified in subclause

74.1.

unit header,
b unit header.

k payload as

TIse If(data untt _type ==

)1

reserved u(3)
data_unit_size u(29)
access_unit () access unit

}

else /*(data unit type > 2)*/{

/*skip data unit*/

© ISO/IEC 2020 - All rights reserved
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data_unit_type specifies the type of data unit. Table 4 lists the values of data_unit_type and the
associated data unit types.

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 74
2 access unit 7.5

data_unit_s
and data_un

raw_referen
parameter_s|

access_unit(

A conformant bitstream containing at least one data unit of type access unit\shall contain at leas

data unit of {
7.3 Rawr

7.3.1 Gen

This subclau
used to:

deliver 1

return d

If a raw refe
decoder prid

7.3.2  Syni

7e is the fnta] Size in byfnc of the daf') unit inrluding the byfnc ucnd for data unit

it_size.
ce() is a raw_reference structure as specified in subclause 7.3.
et() is a parameter_set structure as specified in subclause 7.4.

is an access_unit structure as specified in subclause 7.5.
ype parameter set.

eference

pral

se specifies the data structure used to represent a raw reference. This structure sh

eference sequences to the decoder,
ecoded reference sequences or partithereof from the decoder.

[ence is required to decode a¢cess units, this raw reference shall be made available {
r to any other data unit.

ax and semantics

Table 5 — Raw reference syntax

type

t one

hll be

o the

Syntax Type
raw_rgference () {
seq_count u(16)
for (i=0; i<seq count; i++) {
sequence_ID u(16)
seq_start[sequence ID] u(40)
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

sequence_n

16

ame specified in [SO/IEC 23092-1:2020, 6.5.2.3.3.
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seq_start[sequence_ID] is the coordinate, on the reference sequence identified by sequence_ID, of the
first base present in the ref_sequence[] array.

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

ref_sequence[sequence_ID][i] is the ith base in the reference sequence identified by sequence_ID.

7.4 Parameter set

7.4.1 Syntax and semantics

This subclause specifies the parameter set syntax and semantics.

Table 6 — Parameter set syntax

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

encoding parameters()

}

parameter_set_ID is the unique identifier of the parameter set.

parent_parameter_set_ID is the unique identifier of an existing parameter set. Referencinlg an existing
parameter set from another parameter set enables the generation of a hierarchy of pa
wherp the values of the encoding parameters of’'each element override the corresponding

enco
7.4.2| Encoding parameters

7.4.2l1 General

pareIt node. If equal to parameter_set_ID, the:parameter set is at the top level in the hieratchy.

ing_parameters() are the encodiniggparameters as specified in subclause 7.4.2 of this

The gncoding parameters are configuration parameters used during the decoding process

Table 7 — Encoding parameters syntax

rameter sets
values of the

document.

Syntax Type
encofing parameters () {
dptaset_type u(4)
alphabet ID u(8)
read length u(24)
number of template_segments_minusl u(2)
reserved u(6)
max_au_data unit_size u(29)
pos_40 _bits_flag u(1)
qv_depth u(3)
as_depth u(3)
num_classes u(4)

© ISO/IEC 2020 - All rights reserved
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Table 7 (continued)
Syntax Type
This for loop specifies the
for(j=0; j < num classes; j++) order of data classes for the
entire syntax structure.
class_ID[]] u(4)
for (i=0; 1 < NUM DESCRIPTORS; i++) {
class_specific_dec_cfg flagl[i] u(1)
if (class_specific dec cfg flag[i] == 0) {
Descriptor contiguratior, as
d¢scriptor configuration (i) specified in subclau 1.2.2,
applied to all clag,s‘%
} elge { q:
for (j=0; j< num classes ; J++) {

Descrlp;?%conflguratlor, as
speci 7.4.2.2, applied

to ass identified by
@ss_ID[]]

descriptor configuration (i)

O
) e

num_groyps ) 6\ ) u(16)
for(j=0} j < num groups; J++) /.\<<

rgroyp ID[J] ‘ QV st(v)
multiple alignments_flag c\\}\ u(1)
spliced|reads_flag R o u(1)
reserved \\,\ u(30)
signatute flag \Q)Q‘ u(1)
if (signgture flag != 0){ Q\

signature_constant_length flag \U u(1)

if (s..gnature_constant_lengjakggﬁag '=0){

signature_length (_)\ u(8)
}

} O\‘

for (¢ # 0; ¢ < numk&.&sses, ct++) {
N

qv_c >ding_mode§ u(4)

L f (qf_codigd ndde == 1) {

ayps_flag u(1)

if (&gps_flag)

parameter set gvps(class_ID[c]) See subclause 7.4.2.3.
else
qvps_preset_ID u(4)
}
qv_reverse_flag u(1)
}
crps_flag u(1)

18 © ISO/IEC 2020 - All rights reserved
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Table 7 (continued)
Syntax Type
if (crps flag)
parameter set crps() See subclause 7.4.2.4.
while ( !byte aligned( ) )
nesting zero bit (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

alphabet_ID identifies the alphabet of symbols used for data encoded in access units referfring to these
encodling parameters. shows the alphabets associated to each value of alphabet_IDt

read]length specifies the length in bases of sequencing reads. The value Orindicates the presence
of vgriable read lengths. Variable read lengths are signalled genomie-vécord as fspecified in
subclpuse 10.4.9).

number_of_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 Jau_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
maximum data unit size.

pos_40_bits_flag is set to 1 when the mapping positions are expressed as 40 bits integerfs. Otherwise
all mppping positions are expressed as 32 bits integers. In the scope of this document the value of the
variaple posSize is set to 32 when pos_40_bits~flag is equal to 0 and set to 40 otherwise.

qv_depth specifies the number of qualitysvalues associated to each nucleotide. A value of ) means that
no qyality values are encoded. The maximum value shall be 2.

as_depth specifies the number of alignment scores associated to each alignment. A valu¢ of 0 means
that o alignment scores are encdoded. The maximum value shall be 2.

num)classes specifies the number of data classes encoded in all access units referring tq the current
Parameters Set.

class| ID is one of the data class identifiers specified in subclause 9.5. For any value of ci gtreater than 0
it shalll always beselass_ID[ci] > class_ID[ci - 1].

NUM| DESCRIRTORS is a constant counting the number of genomic descriptors specjfied in this
documentand it is set to 18.

classLspecific_dec_cfg flag signals the presence of class-specific decoder configuration for a given
desc_ID. If set to 0, only one decoder configuration is signalled for all classes. Otherwise, separate class
specific decoder configurations are signalled.

descriptor_configuration(i) signals the descriptor’s decoder configuration as specified in
subclause 7.4.2.2.

num_groups specifies the number of read groups present in all access units referring to the current
Parameters Set. If num_groups is set to 0, the rgroup descriptor shall not be present in the AUs
referring to this parameter 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.
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multiple_alignments_flag is a flag signaling the presence of multiple alignments in the access unit.

When set to

0 no multiple alignments are present.

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

reserved is set to 0 and reserved for future use.

signature_flag signals the presence of signatures in the access unit. When set to 0 no signatures are

present.

signature_constant_length_flag signals if all signatures in an access unit have the same constant length.

signature_l
flag is set to

qv_coding_
qvps_flag s

qvps_prese
subclause 10

1.

ode shall be set to 1, all other values are reserved.

:Enals the presence of a parameter_set_qvps(class_ID[c]) element.

[_ID signals the ID of the quality values parameter set preset as specifie
4.16.

parameter_S
If not preser
be used.

qv_reverse_
subclause 1(

et_qvps(class_ID][c]) is the quality values parameter set as'specified in subclause 10

ength specifies the length in bases of signatures when the signature_constant_leJ\gth_

d in

.4.16.

it, the parent quality values parameter set identified by‘parent_parameter_set_ID

flag signals if the decoded qv string shall be reyersed in the decoding process specif
4.16.2.

crps_flag si

parameter_s
present, the
parameter_s

nesting_zer

7.4.2.2 D¢

bnals the presence of a parameter_set_crps()‘element.

et_crps() is the computed reference parameter set as specified in subclause 11.3.
computed reference parameters. set' of the parent parameter set identified by p3
et_ID shall be used.

o_bit is one bit set to 0.
scriptor configuration'syntax and semantics

Table 8 — Descriptor configuration syntax

shall

ed in

[f not
rent_

Syntax Type

descriptor

{

| configurdtion (desc ID)

dec_cfg

| preset u(8)

if (dec

L fg, preset ) {

encoding—moede—ID

1 LOY)

—= g V)

if (desc ID != 11 && desc ID != 15)

decoder configuration(encoding mode ID)

As specified in 12.3.

else

if (desc_ID == 11 || desc ID == 15){

decoder configuration tokentype (encoding mode ID)

As specified in 12.3.5.

}

else{

/* reserved for future use */

}

}

dec_cfg_preset shall be set to 0 to signal the presence of a decoder configuration.

20
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encoding_mode_ID when set to 0 it signals the use of CABAC compression. Other values are reserved.

decoder_configuration(encoding_mode_ID) signals the decoder configuration parameters as specified
in subclause 12.3.

decoder_configuration_tokentype(encoding_mode_ID) signals the decoder configuration parameters
as specified in subclause 12.3.5.

7.4.2.3 Quality values parameter set syntax and semantics

7.4.2.3.1 General

Table 9 — Syntax of the quality values parameter set

Syntax Type

parapeter set qvps(class id) {

qv_num_codebooks_total u(4)

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

qv_num_codebook _entries[Db] u(8)

for (e = 0; e < gv_num codebook entries[b]; e++) {
qv_recon[b] [e] u(8)

}

qv_nyim_codebooks_total is the number of qualityvalue codebooks. When qvps_flag is equal to 1, the
minigum allowed value is 2 for class_id == Class>I or class_id == Class_HM. Otherwise , the minimum
allowed value for all other classes is 1. For class-id == Class_U, this value shall be set to 1.

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

qv_re¢con|b][e] is the quality value reconstructed from a quality value index identified by e, using the
quality value codebook identified’by b.

qVNufnCodebooksAligned is.the state variable indicating the number of quality value codebooks used
for aligned reads compuited as specified in Table 10.

Table 10 — Computation of qvNumCodebooksAligned

if( plass_id y¥= Class I || class id == Class HM) {

/fF FQT jelasses I and HM, the last codebook is reserved for unaligned data *

gpNumCodebooksAligned = gv_num codebooks total - 1

} else if( class_id != Class U ) { /* Classes P, N, M*/
gvNumCodebooksAligned = gv_num codebooks total
} else { /* Class U */

gvNumCodebooksAligned = 0

7.4.2.3.2 Quality values parameter set presets

This specification provides three quality values parameters presets, identified by qvps_preset_ID.
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7.4.2.3.2.1 Support of all printable ASCII characters

This set of parameters (see Table 11) supports the representation of all printable ASCII characters. It is
identified by qvps_preset_ID equal to 0.

Table 11 — Parameters for the support of all printable ASCII characters

Parameter name Value
qv_num_codebooks_total 1
qv_num_codebook_entries 94

The reconstructed quality values qv_recon[0][i] are derived from quality value indexes i, with-i peing
an integer n@imber in the range 0..93, with the following expression:

qv_recon[0][i] =i+ 33

7.4.2.3.2.2 | Quantized quality values, offset 33, range 0-41

This set of garameters (see Table 12) supports the representation of quantized-/quality values in the
range 0..41 with an offset equal to 33. It is identified by qvps_preset_ID equédl te 1.

Table 12 — Parameters for quantized quality values, offset 33, range 0-41

Parameter name Value
qv_num_codebooks_total 1
gqv_num_codebook_entries 8

Table 13 shows how the reconstructed quality values gv:recon[0][] are derived from the quality value
indexes.

Table 13 — 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 |oD|W N =YD | -

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

This set of parameters supports the representation of quantized quality values in the range 0..40 with
an offset equal to 64. It is identified by qvps_preset_ID equal to 2.

Table 14 — Parameters for quantized quality values, offset 64, range 0-40

Parameter name Value
qv_num_codebooks_total 1
qv_num_codebook_entries 8

Table 14 shows how the reconstructed quality values qv_recon[0][] are derived from the quality value
indexes.
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Table 15 — 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
104

N (OB W N RO -

7.4.214 Computed Reference parameter set

This |subclause specifies the data structure used to carry parameters related to the reference
computation algorithms specified in subclause 11.3.

Table 16 — Syntax of the computed reference parameter set

Syntax Type
parameter set crps() {
cr_alg ID u(8)
if(cr alg ID == 2 || cr @l ID == 3){
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
valugs for cr_alg_ID are listed in Table 17. The value 0 is reserved.

Table 17 — Values of cr_alg_ID and 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.

cr_buf_max_size is the maximum size in bytes of the buffer used in the decoding process as specified
in subclause 11.3.

7.5 Access unit

An access unit (AU) is alogical 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 (see Table 18) and semantics.

Table 18 — Access unit syntax

Syntax Type

access_unit () {

access unit header () accessunitheader

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

block[i] () block

}

access_unit () {

access_unit_header() is specified in subclause 7.5.1.2.

num_blockg specifies the number of blocks encoded in the access unit anddit iS encoded in the ag

unit_headeras specified in subclause 7.5.1.2.

block([i]() is|a block as specified in subclause 7.5.1.3.

7.5.1.2 Ackess unit header

This subclause specifies the access unit header syntax and-semantics.

Table 19 — Access unit header syntax

cess_

Syntax Type
access unif header () {
access_ynit_ID u(32)
num_blo¢ks u(8)
parameter set ID u(8)
AU_type u(4)
reads_céunt u(32)
if (AU type == N_TYPE AU || AU type == M_TYPE AU ) {
mm_threshold u(16)
mm_céunt u(32)
}
if (datagetvtype == 2){
ref_sequence_ID u(16)
ref_start _position u(posSize)
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)
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Table 19 (continued)
Syntax Type
if (multiple_alignments_flag) { Specified in subclause 7.4.2.
extended AU start position u(posSize)
extended AU _end position u(posSize)
}
}
else {
if (signature flag !'= 0) f{ Specified in subclause 7.4.2.
num_signatures u(16)

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

if (signature constant length flag == 0) {
signature_length[i] u(8)
}
signature[i] u(signatureSize)

while( !byte aligned( ) )

nesting zero bit f(1)

accegs_unit_ID is an unambiguous identifier fox~each AU_type, zero-based. If AU_type [is not equal
to U_TYPE_AU, it is encoded with respect to.each reference sequence (identified by a spefific value of
sequénce_ID), i.e,, it is reset for the first accessunit aligned on a specific reference sequence.

num |blocks specifies the number of Blocks in the access unit.

parameter_set_ID is a unique identifier of the parameter set to be used to decode the afcess unit to
which this access unit header belongs. Decoding of an access unit is unspecified if at least onje parameter
in the hierarchy of parameterysets referred to by the field parameter_set_ID of the access unit and
by the fields parent_parameter_set_ID of the parameter sets in the same hierarchy, as|specified in
subclpuse 7.4.1, set is notavailable.

AU_type identifies ‘the type of access unit and the class of data carried therein as |specified in
subclpuse 7.5.2,

reads_count'signals the number of genomic sequencing reads encoded in the access unit.

mm_thteshold specifies the maximum number of substitutions a read (of class N or M) shall contain to
be counted hy mm count Ifsetto Qthe feature of r‘nnnfing substitutionsin encoded readsd is disabled.

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

ref_sequence_ID specifies the identifier of the reference sequence encoded in this access unit.

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.
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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.

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 align]

of all genom

c records contained in the access unit, irrespective of the strand.

nents

num_signatjures specifies the number of signatures used to index unmapped reads as specified in

ISO/IEC 230
signature_l

signature i
as specified
using the sig

signatut

with bits_pd
alphabet_ID
signature_le
subclause 74

D2-1.

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

n ISO/IEC 23092-1. The length in bits of this field, named signdatGreSize shall be calcu
nature_length specified in Table 19 as follow:

eSize = signature_length * bits_per_symbol

pr_symbol corresponding to BitsPerSymbol(S, e 1p) as specified in Table 34
as specified in subclause 7.4.2, and with sighature_length corresponding eith
hgth as specified in subclause 7.4.2 when sighature_constant_length_flag (as specif

signature_cg
represented

signature_bj

with Salphabe

posSize is sp
7.5.1.3 BI

7.5.1.3.1 (

This subclau

|.2) is equal to 1 or to the signature-specifi¢signature_length[i] specified in Table 19
nstant_length_flag (specified in subclausé’7.4.2) is equal to 0.The j-th base in a signat
by the u(bits_per_symbol) value computed as follows:

se[i][j] = Saiphabet_ip[(signature[i] >*/((signature_length - j - 1) * bits_per_symbol))
& ((1 << bitsZper_symbol) - 1)]
¢ 1p as specified in Table-34"with alphabet_ID as specified in subclause 7.4.2

ecified in subclause %.4:2.
bck

Leneral

se specifies the block syntax (see Table 20) and semantics.

the unsigned integer representing the signature of the cluster this access unit belongs to,

lated

with
er to
ed in
when
ure is

Table 20 — Block syntax

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

block_header is a block header structure as specified in subclause 7.5.1.3.2.

block_payload is a block payload structure as specified in subclause 7.5.1.3.3.
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This subclause describes the block header syntax (see Table 21) and semantics.

Table 21 — Block header syntax

Syntax Type
block header () {
reserved u(1)
descriptor_ ID u(7)
reserved t3)
block payload _size u(29)

}

reserved bits used to preserve byte alignment.

desc)

blocKs in the access unit.

block_payload_size specifies the size in bytes of the block payload:

7.5.

This

113.3 Block payload

contdining entropy-coded descriptors.

Table 22 — Block payload syntax

fiptor_ID signals the descriptor type as specified in Table 24. Its valueshall be uniq

subclause specifies the syntax (see Table 22) and semantics of the block paylod

1le among all

d structure

Syntax

Typ

1"

block payload(descriptor ID) {

-

f (descriptor ID == 11 || descxiptor ID == 15){

encoded tokentype ()

As specified in 10.4.20.2.

ellse {

encoded descriptor.sequences (descriptor ID)

As specified in 12.6.2.2.

=

hile ( !byte aligned( ) )

nesting_zero bit

f(1)

}

stri

encoted_tokentype() is a data structure specified in subclause 10.4.20.2 carrying encod
ngs.

bd tokenized

encoded_descriptor_sequences(descriptor_ID) is a data structure specified in subclause 12.6.2.2
carrying the encoded genomic descriptors for sequences and quality values specified in Clause 8.

nesting_zero_bit is one bit set to 0.

7.5.2 Access unit types

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

gen

omic records belonging to a single data class as shown in Table 23.

© ISO/IEC 2020 - All rights reserved

27


https://iecnorm.com/api/?name=6fd494ae583bc25491f14b8d4cc77f39

ISO/IEC 23

092-2:2020(E)

Table 23 — Class of encoded data per access unit type

The blocks
correspondi
Descriptors

AUs of any (

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

I TYPE_AU 4 Class 1
HM_TYPE_AU 5 Class HM
U_TYPE_AU 6 Class U

of descriptors encoded in one access unit as specified in subclause Z5.1<3 are
hg to sequencing reads belonging to one class of data as specifiedCin/subclaus
carried by each access unit type are listed in Table 24.

lass can be possibly associated with blocks of descriptors representing the read n

and/or quality values of the encoded sequencing reads.

8 Descri

ptors

those
b 9.5,

ames

When datasgt_type specified in subclause 7.2 is equal to 0 or-X, the only mandatory descriptois are
those requirjed to represent the sequences of nucleotides, whereas read names and quality valugs are
optional.
Descriptors pre the output of the decoding process spegified in 10.4.
Descriptors |[required for the representation of sequencing reads, quality values, read name$ and
transformed reference sequences are shown ini“ITable 24. Descriptors are specified in subclaus¢ 10.4
and its subclauses.
Tablé 24 — Genomic descriptors
descriptor_ID | Genomic descriptor | Number of descriptor| Decoding process
name subsequences
(‘\-) sequencing reads

0 pos 2 10.4.2

1 rcomp 1 10.4.3

2 flags 3 10.4.4

3 mmpos 2 10.4.5

4 mintype 3 1046

5 clips 4 10.4.7

6 ureads 1 10.4.8

7 rlen 1 1049

8 pair 8 10.4.1

9 mscore 1 10.4.11

10 mmap 5 10.4.12

11 msar 2 10.4.13

12 rtype 1 10.4.14

13 rgroup 1 10.4.1
28 © ISO/IEC 2020 - All rights reserved


https://iecnorm.com/api/?name=6fd494ae583bc25491f14b8d4cc77f39

ISO/IEC 23092-2:2020(E)

Table 24 (continued)
descriptor_ID | Genomic descriptor | Number of descriptor| Decoding process
name subsequences
quality values
14 qv Variable, as specified in|10.4.16
subclause 10.4.16.
read names

15 rname 2 10.4.17

reference sequences
16 ritp 1 10.4.16
17 rftt 1 10.4.19

Table 25 — Subsequences for descriptor_ID = 0 (pos descripter)

subgequence_ID Semantics Type
0 Mapping position of the first alignment. Signed integer.
1 Mapping position of additional alignments. |Signed integer.

Table 26 — Subsequences for descriptor_ID=2'(flags descriptor)

subgequence_ID Semantics Type

0 Read is PCR or optical duplicate. Unsigned integer with value eithef 0 or 1.
1 Read fails platform/vendor quality checks. |Unsigned integer with value either 0 or 1.
2 Read mapped in proper pair Unsigned integer with value either 0 or 1.

Table 27 — Subsequences for descriptor_ID = 3 (mmpos descriptor)

subgequence_ID Semanties Type

0 Terminator flag Unsigned integer with value either 0 or 1.
1 Position value Unsigned integer.

Table 28 — Subsequences for descriptor_ID = 4 (mmtype descriptor)

subgequence_ID Semantics Type

0 Symbol type flag Unsigned integer with values eithqr 0, 1 or 2.
1 Substitution type Unsigned integer.

2 Insertions type Unsigned integer.

Table 29 — Subsequences for descriptor_ID = 5 (clips descriptor)

subsequence_ID Semantics Type

0 Record identifier Unsigned integer.

1 Type/Position flag Unsigned integer as specified in subclause 10.4.7.
2 Nucleotides indexes with terminators |Unsigned integer as specified in Table 54.

3 Hard clips length Unsigned integer.
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Table 30 — Subsequences for descriptor_ID = 8 (pair descriptor)

subsequence_ID Semantics Type

0 Sequence identifying: Unsigned integer.

— the subsequence 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 equal to 6.

1 same_rec decoding case as specified in 10.4.9. Sequence of values Unsigned integer.
containing the segment ordering and the distance between the map-
ping position of read 1 and the mapping position of read 2 on the ref-
erence sequence. Encoded as '(delta << 1) | read1_first', where delta
is comprised between 0 and 32767 and read1_firstis a 1-bit flag.

2 R1_split decoding case as specified in 10.4.10. Unsigned integer.

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 recotd containing read 1 in
the current AU.

3 R2_split decoding case as specified in 10.4.10. Unsigned integet.

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.

4 R1_diff ref seq deceding case as specified in 10.4.10. Unsigned integer.
Sequence of values representing:

for classes PNyM , I the identifier of the reference sequence
to which réad’1 is mapped. The maximum value is 216-1.

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

5 R2-diff_ref_seq decoding case as specified in 10.4.10. Unsigned integet.

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

£ 1 11l 1 e £ ALY PR S| +1 10
10T TldS5S U LT TUTIILITITT U UIIT AU CULILAIITIITE LIIT TCdU 4.

6 R1_diff ref seq decoding case as specified in 10.4.10. Sequence Unsigned integer.
of values representing the position of read 1 on the reference
sequence. The maximum value is is 2P0sSize — 1 where posSize
is specified in subclause 7.4.2.

7 R2_diff_ref_seq decoding case as specified in 10.4.10. Sequence Unsigned integer.
of values representing the position of read 2 on the reference
sequence. The maximum value is is 2PosSize - 1 where posSize
is specified in subclause 7.4.2.
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Table 31 — Subsequences for descriptor_ID = 10 (mmap descriptor)

subsequence_ID Semantics Type

0 Number of alignments of the leftmost and rightmost reads. Unsigned integer

1 Index of right alignments. Unsigned integer

2 Flag signalling the presence of more alignments in other genomic |Boolean flag
records.

3 Values representing the identifier of the reference sequence Unsigned integer

I SECONAary aigIIment of the [eftimostTead 1S Mapped to. 1 e
maximum value is 216-1.

4 Values representing a secondary alignment mapping position Unsigned integer
of the leftmost read on the reference sequence. The maximum
value is is 2posSize — 1 where posSize is specified in subclause 7.4.2;

Table 32 — Subsequences for descriptor_ID = 11 and 15 (msar andrname descrfptors)

subgequence_ID Semantics Type

0 Output of decode_descriptor_subsequence() for Unsigned imteger
CABAC_METHOD_0 as specified in subclause 10.4:2044.5.

1 Output of decode_descriptor_subsequence()for Unsigned imteger
CABAC_METHOD_1 as specified in subclause'10.4.20.4.6.

Table 33 — Subsequences for descriptor_ID = 14 (qv descriptor)

subsequence_ID Semantics Type
Quality valué present flag. Boolean flag.
1 Quality value codebook identifier. Unsigned infteger.
2.(4+ Qualitywalue index used to look up a Unsigned irJteger.

qv_num_codebooks_total - 1) |reconstructed quality value in the quality
valtue codebook identified by
b = (subsequence_ID - 2).

9 Sequencing reads

9.1 |General

This [clause dpeécifies the semantics of genomic descriptors used to represent nucleotides segments
and gssociated alignment information. Each template produced by a sequencing machine pr alignment
generfatéd-by an aligner is encoded in a genomic record by means of a subset of the genomi¢ descriptors
desciibed in this clause. The genomic descriptors are extracted from a compliant bitstream according
to the processes described in subclause 12.6 and the genomic templates with the associated alignment
information can be reconstructed from the decoded genomic descriptors according to the decoding
processes described in subclause 10.4.

9.2 Supported symbols
The supported alphabets are specified in Table 34.
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Table 34 — Identifiers of alphabets supported for sequencing reads representation

alphabet—ID Salphabet ID Size(salphabet ID) BitsPerSymbol(Sathabet ID)
0 Sy=[A,C,G,T,N] 5 3
1 ${=[ACGTRYSWKM,B,D,HV,N,-] 16
2..255 reserved

Each alphabet is identified by an alphabet_ID as shown Table 34.

The notation Saiphabet_ip[index] specifies a conversion from a numerical index to an ASCII clagacter

correspondihg to a symbol of the alphabet identified by alphabet_ID, as specified in Table 35;

Table 35 — Conversions from numerical indexes to ASCII characters corresponding t¢

alphabet symbols
Salphabet plindex] |Sy[index] S;[index]
Saiphabet 10[0] Sol0] = “A” S,[0] = “A”
Salphabet_1p[1] So[1] =“C” S,[1] = “C”
Salphabet_p[2] Sol2] ="“G” $,[2] =&
Salphabet_p[3] Sol3]1="T" S,[3] =T
Saiphabet 1p[4] Sol4] =“N” S, 4] =“R”
Salphabet 1p[°] N/A Syf5] = “Y”
Salphabet_1p[6] N/A s,[6]=“S”
alphabet inl7] N/A S,[7]="“W
Salphabet_1p[8] N/A S,[8] = “K”
Salphabet 1p[9] N/A S,[9] ="M
Salphabet_1p[10] N/A S,[10] =
Salphabet_1p[11] N/A S,[11] = “D”
Salphabet_ID[lz] N/A S,[12] = “H
Salphabet_ID[IS] N/A S,[13] ="V
Salphaterip[14] N/A S,[14] = “N”
Satphabet_1p[15] N/A S,[15] = "

The notation) Code,,p,pd: ID[symbol] specifies the inversion conversion of S, ,pe¢ plindex], such that

Codeypnapet ip[Saiphasecaplindex]] is always equal to index for any valid value of index as speciffed in
Table 35 £
Each alphabgt&ymbol Sym is associated with a complementary symbol Complement(Sym) as spefified
in Table 36.
Table 36 — Complementary alphabet symbols

Splindex] So[Complement(index)] S;[index] S;[Complement(index)]

SO[O] = HA" SO[3] = llT” 51[0] = HA” 51[3] = MT”

Soll] = So[2] =“G” S,[1]="C" $4[2] ="G"

Sol21 = So[1] = “C” Si21=°C"[S[1="C"

50[3] "T" SO[O] = “A" 51[3] = "T" Sl[o] = “A"

SO[4] = “N" SO[4] = “N" 51[4] = “R” 51[5] = MY"

N/A S4[5]1="Y" S[4]=“R”

N/A 5,[6] = “S” S,[6] = “S”
32
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Table 36 (continued)

Splindex] So[Complement(index)] S;[index] S;[Complement(index)]

N/A S.[7]="W" $.[7]=“W”

N/A S,[8] = “K” S,[9] = “M”

N/A $,[9] = “M” S,[8] = “K”

N/A S,[10] = “B” S,[13] = “V”

N/A S;[11]=“D” S,[12] =“H"

N/A S,[12] = “H” S,[11] = “D”

N/A S,[13] = “v” S,[10] = “B”

N/A S,[14] = “N” S,[14] = “N”

N/A S.[15] =" S.[15] ="
9.3 |Paired-end reads
In cage reads are generated in pairs by sequencing devices, each pair can-beencoded as a §ingle logical
data ptructure named genomic record where the mapping position of oné of the reads is|represented
using the pair descriptor as specified in subclause 10.4.10. The inforfnation linking one redd to its mate
is refprred to as “pairing information” in this document.
The ttwo reads are not sequenced from the same strand, but'can be aligned to the same strand. The
sequéncing device determines which read in the pair is marked as read 1, whereas the othdr one will be
read P. An example is shown in Figure 4.

READ 1
>
5 3’
HA— R e e
3 5
<€
¢ Qviad
Figure 4 — Read 1 sequenced from the forward strand and read 2 from the reverse strand

Positjons of mismatches with respect to the used reference sequence shall be encoded a$ offset from
the lg¢ftmost mapped base of the leftmost read. The rightmost read is considered to be cpntiguous to
the ldftmost.The calculation of the actual position of mismatches on the rightmost read is|described in
subclpuse-10.4.10.
The pai n also be split into two reads th e encoded sep £ n thi he pair shall be

reconstructed using both the pairing descriptors and the template name shared by the two reads.

9.4

Reverse-complement reads

The reverse-complement of a read is computed by inverting the order the read bases and replacing each
base B with its complementary base Complement(B) as specified in subclause 9.2. If Read[] is the array of
basesin aread, the array of bases in the corresponding reverse-complement ReverseComplementRead[]
is specified as follows:

ReverseComplementRead[n] = Complement(Read[Size(Read[]) - n - 1]), for nin 0 .. Size(Read[]) - 1.
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9.5 Data classes

Six data classes are specified to classify genomic records according to the result of the mapping of the
encoded sequencing reads against one or more reference sequences.

If a template contains more than one read, if both reads are mapped, the genomic record belongs to the
class of the read with the highest class_ID. In case of multiple aligments the genomic record belongs to
the class of the first alignment in the record.

The data classes and their descriptions are specified in Table 37.

Tahla 27 Coauanco data claccac
Fable 37— Sequence-dataclasses
class_ID Class Identifier Genomic record content
lass_P Only reads perfectly matching to the reference sequence.
lass_N Reads perfectly matching to the reference sequence or containing
mismatches which are unknown bases only.

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

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

5 lass_HM Paired-end reads with only one mapped-read.

6 lass_U Unmapped reads only.

When the syntax specified in this document needs to use the maximum number of specified| data

classes, this

9.6 Align

In the conte

This subcla
subclause 7.

is specified by the constant NUM_CLASSES =6.

bd data

kt of this document, aligned genomic data are genomic segments which require the fise of
an external ¢r embedded reference genomeé.(as specified in subclause 10.6.2.3) to be decoded.

ise specifies the types™of descriptors contained in the blocks payload specifi
b.1.3.3. Each block contains binary coded descriptors of a single type identified b

descriptor_I

Once decode
Clause 13. T4

D present in the blockheader as specified in subclause 7.5.1.3.2.

d, each descriptorshall be used to initialize one or more output record fields as specif]

bd in
y the

ied in

ble 38 liststhedescriptors used for aligned reads with a brief description and reference to

the correspd

nding cladse:

Table 38 — Descriptors used to represent aligned sequencing reads

descriptoriB deseripter Semanties subelause
0 pos Read mapping position. 10.4.2
1 rcomp Strand information for reads in a template. 10.4.3
2 flags Additional alignment information usually produced by 10.4.4
aligners.
3 mmpos Position of mismatches in reads. 10.4.5
4 mmtype Type of mismatches. 10.4.6
5 clips Information on clipped bases (i.e. Soft clips or hard clips). 10.4.7
6 ureads Unmapped reads encoded verbatim. 10.4.8
7 rlen Read lengths. 10.4.9
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Table 38 (continued)
descriptor_ID descriptor Semantics subclause
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
segment in a template.
AND
2 IllfUl lllﬂt;Ull Disllﬂ}ills 1f t}lC }CftlllUDt 1llalJlJCd I cad 111
the genomic record is read 1.
9 mscore Provides a score per alignment . 10.4.11
10 mmap Used to represent multiple alignments. 10.4.12
11 msar Supports spliced alignments and alternative secondary 10.4.13
alignments which do not preserve the same céntiguity of
mapping of the primary alignment.
13 rgroup Identifier of the read group each genomicftecord belongs to. 10.4.15
9.7 |Unaligned data
Unaligned reads belong to class U only. They are encodedyas unmapped reads in aligrled datasets.
Somgq of the descriptors specified for reads aligned to_an external or internal reference|as specified
in subclause 9.6 are used to encode unaligned reads {see Table 39). This is motivated by [the fact that

unali
used

Table 39 — Descriptors used to represent raw sequencing reads

bned reads are encoded using reference sequences built from the data to be encoded. Tihe reference
for mapping is computed according to the pregedures described in subclause 11.3.

descriptor_ID Descriptor Semantics $ubclause
0 pos Read mapping position. 10.4.2
1 rcomp Strand information for reads in a template. 10.4.3
2 flags Additional alignment 10.4.4
information usually produced by aligners.
3 mmjpos Mismatch position. 10.4.5
4 mmtype Type of edit operations: 10.4.6
— substitutions;
— deletions;
— insertions.
5 clips String of nucleotides with 10.4.7
variable length (e.g. soft clips).
ureads Unmapped reads encoded verbatim. 10.4.8
rlen Unsigned integer representing the number of bases in 10.4.9
the read minus one.
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Table 39 (continued)

descriptor_ID Descriptor Semantics Subclause
8 pair Represents: 10.4.10
l.a The unsigned distance from one segment to the next.
OR
1.b The absolute position on a computed reference
sequence of a segment in a template.
AND
2 IllfUl ulatiuu oisua}iug lft}lc fll Dt I Cad ill t}lC 5cuuul
icrecord isread 1.
12 rtype This identifies the subset of descriptors needed to 104.1
decode the read.
13 rgroup Identifier of the read group each genomic record 10.4.1%
belongs to.
10 Decoding process
10.1 Generyal
This clause |describes the decoding process to reconstruct the @enomic information encoded in a
bitstream cqmpliant with this document.
The input tolthis process is one data unit. The output of this process can be:
1) araw reference as specified in subclause 7.3.
2) alist of ISO/IEC 23092 series records as specified in Clause 13.
The decodinjg process is specified such that all*decoders that conform to this document will produce
numerically|identical decoded output as(either ISO/IEC 23092 seriesrecords or raw refergnces.
Any decoding process that produces identical decoded output ISO/IEC 23092 series records of raw
references tp those produced by thexprocess described herein conforms to the decoding prpcess
requirements of this document.
10.2 dataspt_type = 0 or-1
10.2.1 Gengral
The input tolthe processes described in the following clauses is decoded genomic descriptors generated
as output of the parsing process specified in subclause 11.3.6. The genomic descriptors are contaired in
the decoded| symbols data structure specified in this subclause.

In the context of the decoding process each decoded symbol is identified by

decoded_symbols[descriptor_ID][descriptor_subsequence_ID][

]descriptor_lD, descriptor_subsequence_

in]

Where jgescriptor ID, descriptor_subsequence 1p 1S the index to read the decoded symbols as specified in
subclause 12.3. The valid values of descriptor_ID are specified in Table 24. The values of descriptor_
subsequence_ID are between 0 and the number of descriptor subsequences minus 1 as specified in
Table 24.

At the beginning of the decoding process of one AU all indexes jyescriptor Ib, descriptor_subsequence_ID aI'€
initialized to 0.
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The output of this process is a sequence of output records as specified in clause 13. If cr_alg_ID is
equal to 3 and the rftp and rftt descriptors are present, an additional output of this process is a raw_
reference, ., structure as specified in subclause 7.3.2.

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.

If dataset_type is equal to O then only AU of type 6 (CLASS_U) shall be present in the dataset.

10.2.2 References padding

In caseofAlUsoftype P N M [ and HM ifthe raw reference structure containingthe reference sequence
to be|used during the decoding process specifies a seq_start that is greater than AU_staff\pos or a seq_
end that is less than AU_end_pos, the decoder shall pad the missing portions of referefice’sgquence with

“N”. This is shown in Figure 5.

10.2.8 Type 1 AU (ClassP)

AU Jstart_position

seq_start seqléend
: reference sequence :

|N|N|N|N|A|C|T|A|A|C| G|T|A|A|G|T|A| C|G|G|A|T| C|N|N|1\|

AU_¢gnd_position

™
.
.
L
.
0
"
.
.
.
"
.
.
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.
.
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.
.
e
.
.
N
.
.
L
0
0
"
.
.
.
"

rawreference
seq_start
seq_end

Decodet

access unit
AU_start_position
AU_end_position

Figure 5=~ Padding process for a reference sequence

Type|1 access units.encode aligned sequencing reads which perfectly match to the usgd reference

sequence.

The dlecoding process of one record within a binary decoded access unit of type 1, which shall be

repedted fot all the records within the same access unit, is as follows:
1.
2.

et a Classld variable equal to the value of AU_type as speciiied In subclause /.5.1.4.

Decode  the  variables  numberOfRecordSegments, = numberOfAlignedRecordSegments,
numberOfMappedRecordSegments and unpairedRead as specified in subclause 10.4.10.

Compute the arrays softClips[][], softClipSizes[][] and hardClips[][] as specified in subclause 10.4.7.

Compute the arrays readLength[], numberOfSplicedSeg[], splicedSegLength[][] and
splicedSegMappedLength[][] as specified in subclause 10.4.9.

Decode the output variables specified in subclause 10.4.12 containing the alignment and mapping
information.

Decode the pos descriptor as specified in subclause 10.4.2.
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information.

Decode the rcomp descriptor as specified in subclause 10.4.3.

specified in subclause 10.4.15.

10.
11.

Decode the readName variable as specified in subclause 10.4.17.

in subclause 10.4.11.

Decode the output variables specified in subclause 10.4.10 containing pairing and/or splicing

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

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

12.

If multiple_alignments_flag specified in subclause 7.4.2 is 1 decode the msar descripy

specifiedl in subclause 10.4.13.

13.
a.
b. dec

14. If this p
applied
crps_flg
and the

specifie

10.2.4 Typ

Access unit9
(Class P) in

If present, decode the following optional descriptors:

decode the flags descriptor as specified in subclause 10.4.4.

de the qv descriptor as specified in subclause 10.4.16.

Focess is being applied to access units of type 1 (Class P) (j.eNf this process is not
to access units of other types as specified in subclauses~-10:2.4, 10.2.5 and 10.2.6)
g specified in Table 7 is equal to 1 and cr_alg_ID specified-in Table 16 is equal to 2, 3
value of rtype descriptor specified in Table 66 is equalto 1, decode the read sequen
] in subclause 10.5.2.

p 2 AU (Class N)

of type 2 (Class N) are decoded by following the process described for AUs of t)
subclause 10.2.3, then applying the information on unknown bases (symbol N) c3

by the mmplos descriptor as specified in subclause 10.4.5, and finally decoding the read sequeng

specified in

bubclause 10.5.2.

Additional i

the arra

the misr

The decode
represented
subclause 1(

puts to this process are

i splicedSequence[][] specified in subclause 10.5

hatchOffsets[][] and numMismatches[] arrays specified in subclause 10.4.5

1 splicedSequéncge[][] array shall be computed by replacing each base at a po

.5.2 with the'symbol ‘N’".

The substitutions-are applied as specified in Table 40.

or as

being
or if
,or4
es as

ype 1
rried
es as

sition

by a decoded- mmpos value in the splicedSequence[][] array obtained as specified in

Table40—Sequence-decoding processforelassN
Decoding step Description
processSplSegN (segment, splSeg) {
for(j = 0; 7 < numMismatches[segment]; j++) {
splicedSequence[segment] [splSeqg]
[mismatchOffsets[segment] [j]] = ‘N’

38
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10.2.5 Type 3 AU (Class M)

Access units of type 3 (Class M) are decoded by following the process described for AUs of type 1
(Class P) in subclause 10.2.3, then applying the information on substitutions obtained by following the

decoding process of mmpos and mmtype descriptors as specified in subclauses 10.4.5 and 10.4.6, and

finally decoding the read sequences as specified in subclause 10.5.2.

Additional 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 gubstitutions are applied as specified in Table 41.

Table 41 — Sequence decoding process for class M

Decoding step

Dlescription

procgssSplSegM(segment, splSeg) {

fpr(j = 0; J < numMismatches|[segment]; Jj++) {

splicedSequence[segment] [splSeqg]

[mismatchOffsets[segment] [j]] = mismatches[segment] [J]

10.2.6 Type 4 AU (ClassI)

Accegs units of type 4 (Class I) are decoded by follewing the process described for AUs of

ype 1 (Class

P) in pubclause 10.2.3, then applying the edit.operations represented by the decoded mmplos, mmtype
and dlips descriptors as specified in subclauseés 10.4.5, 10.4.6 and 10.4.7, and finally decoding the re

sequégnces as specified in subclause 10.5.2;
Additional inputs to this process are;

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

—

he mismatches[][] and nmiismatchTypes[][] arrays specified in subclause 10.4.6;

—

— the variable ségld set equal to sequence_ID as specified in subclause 7.5.1.2;

— the arraysref_sequence[][] and seq_start[] specified as in subclause 7.3;

— the mappingPos[0][] array specified in subclause 10.2.3;

he softClips[][][](seftClipsSizes[][] and hardClips[][] arrays specified in subclause 10{4.7;

The substitutiomns; imsertions and deletionsareappliedas specifiedim Table 42:

Table 42 — Sequence decoding process for mismatches in classes I and HM

ad

Decoding step Description
processSplSegl (segment, splSeqg) {
rlen = splicedSeglength[segment] [splSeqg]
if (splSeg == 0) {
rlen -= softClipSizes[segment] [0]
}
if (splSeg == numberOfSplicedSeg[segment] - 1) {
rlen -= softClipSizes[segment] [1]
}
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Table 42 (continued)

Decoding step Description
indelsCount = 0
mmStartIdx = splicedSegMismatchIdx[segment] [splSeqg]
for(j = 0; j < splicedSegMismatchNumber [segment] [ splSeg]; j++) {
if (mismatchTypes[segment] [mmStartIdx + j] == 0) { Substitution.
splicedSequence[segment] [splSeqg]
[splicedSegMismatchOffsets|[segment] [splSeg] [j]] =
mismatches[segment] [mmStartIdx + Jj]
} else if (mismatchTypes[segment] (mmStartTdx 4+ ] == 1) { Insertion
for(k = rlen - 1 All symbp@ ter
k > splicedSegMismatchOffsets[segment] [splSeg] [j] ; k--) { the in n are
shlf htby
51t10n he
dé elementl‘
~\therefore lost
plicedSequence[segment] [splSeqg] [k] = -
splicedSequence[segment] [splSeg] [k — 1] /C)
} N\
A}
splicedSequence [segment] [splSeqg] é.)
[splicedSegMismatchOffsets[segment] [splSeg] [J]] \
mismatches[segment] [mmStartIdx + Jj] 5\
ifpdelsCount -= 1 AQ
} elge if (mismatchTypes[segment] [mmStartIdx + \;’— Deletion.
for(k = splicedSegMismatchOffsets]| segment] lSeg] 51 + 1; All symbols after
£ < rlen; k++) { the deletion afe
‘QQ) shifted left byl one
\. position.
plicedSequence [segment] [splSe%®§
splicedSequence [segment] eqg]
} xO
s licedSequence[segment]‘[@kKSeg] [rlen — 1] = Anewsymbo
ref_sequence [seqId] shall be copiefl
[splicedSegMappig?Pos [segment] [splSeq] from the refex-
: ence at the end of
- seq_star gId] + rlen segment.
+ indels((ég t]
ipdelsCount 1
N
boelfe (S
/ res%&eé */
N
} /,C)
} N\Z
processClips (segment, splSeq) Specified in
Table 43.
}

Information on clipped bases is applied as follows:
Soft clips

The contents of softClips[][] array computed as specified in subclause 10.4.7 are applied as specified in
Table 43.
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Table 43 — Sequence decoding process for soft clips in classes I and HM
Decoding step Description

processClips (segment, splSeq)

{

if (splSeg == 0) {

splicedSequence [segment] [splSeq]
strcat (softClips([segment] [0],

splicedSequence [segment] [splSeqg]) as input.

strcat returns the concat-
enation of the two arrays
of ASCII characters passed

}

if (splSeg == numberOfSplicedSeg[segment] — 1) {

strcat retuth
enationrefithd
of ASCII chard
as input.

splicedSequence [segment] [splSeqg]
strcat (splicedSequence[segment] [splSeqg],
softClips[segment] [1])

the concat-
two arrays
icters passed

}

Hard

The

clips

rdClips[][] array is used to compute the ecigarString[] and €cigarLength[] arrays

a
subc{[ause 10.6.2.

specified in

10.2.7 Type 5 AU (Class HM)

Class|HM applies only to paired-end reads. Access units-ef.type 5 are decoded as follows:

1. The mapped read is decoded by following the process specified for class I in subclause|10.2.6 and it
i$ stored as the first record segment in the otitput record specified in Clause 13.

2. 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

Accegs units of type 6 (Class U) are decoded as follows:

1. Seta classld variable:equal to the value of AU_type as specified in subclause 7.5.1.2.

2. Decode the ( variables numberOfRecordSegments, numberOfAlignedRecordSegments and
rumberOfMappedRecordSegments as specified in subclause 10.4.10.

3. (ompute~ the array readLength[], numberOfSplicedSeg[], splicedSegLength[][] and
splicédSegMappingPos[][] as specified in subclause 10.4.9.

4, . ind mapping
information.

5. Decode the output variables specified in subclause 10.4.10 containing pairing and/or splicing
information.

6. Decode the readName variable as specified in subclause 10.4.17.

7. If present, decode the following optional descriptors:
a. decode the flags descriptor as specified in subclause 10.4.4;
b. decode the qv descriptor as specified in subclause 10.4.16.

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

specified in subclause 10.4.15.
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9. Decode the read sequences as specified in subclause 10.5.3.

10.2.8.2 cr_alg ID =2

The “PushIn” computed reference algorithm specified in subclause 11.3.4 is used. In this case the
genomic sequencing reads are decoded as for other classes of data by using the rtype descriptor as
specified in subclause 10.4.14. The rtype descriptor is used to select the class of the next genomic record

to be decode

d.

10.2.8.3 cr_alg ID =4

The “Global
the genomic
as specified
record to be

10.3 datas

10.3.1 Gen
The input to

one AU
decodin

or
an AU of

The output (
ref_sequencs

Subclause 7.

sequencing reads are decoded as for other classes of data by using the rtype des
in subclause 10.4.14. The rtype descriptor is used to select the class of the next ge
decoded.

pt_type = 2

pral
this process is either

bf type 1, 2, 3 or 4 and a raw_reference data structure already initialized by a pre
s process;

type 6.

f this process is a raw_reference, . structure as specified in subclause 7.3.2. The

out
outputl ] identifies the ref_sequence field of raw_reference -

.2 specifies that all AUs referringto a parameter set having dataset_type setto 2 c

an encoded
subclause 7.

reference genome or portions-thereof. According to the value of AU_type specifi
b.1.2 the decoding process-is as specified in subclauses 10.3.2, 10.3.3, 10.3.4, 10.3.

Assembly” computed reference algorithm specified in subclause 11.3.6 is used. In thi1

case

criptor

omic

vious

array

ntain
d in
b and

10.3.6 for cla
The element|

seq_count i
found in the

ssesP,N,M, [ and U.

5 of the raw_reference syntax specified in subclause 7.3.2 shall be set as follows:

output

5 set to the number of different values of ref_sequence_ID, specified in subclause 7.

5.1.2,

headers of the.AUs with dataset_type equal to 2 referring to the same parameter set

For each val
— sequen

seq_sta

e of ref_sequence_ID the following applies:

e_ID in the raw_reference syntax is set to ref_sequence_ID.

— 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.

10.3.2 Type 1 AU

output

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.
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The decoding process of a binary decoded access unit of type 1 is as follows:

1. S

et an array of ASCII characters outBuf[] equal to the empty array.

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

-2:2020(E)

3. Decode one pos descriptor as specified in subclause 10.4.2 and set p, equal to mappingPos[0][0] as
specified in subclause 10.4.2.

4. A sequence of nucleotides outSequence is computed as follows:

a.

The position pRef;, in the reference sequence identified by sequence_ID as

specified in

<

<

o

(%)

(%)

10.3.

subctause7-3 s tomputedas fottows:
pRef,, = p,, - seq_start[sequence_ID]
'here seq_start[sequence_ID] is specified in subclause 7.3;
outSequence = ref_sequence[sequence_ID][pRef,, pRef,+ readLength{0])

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

U and stored in a buffer outBuf computed as

outBuf = strcat(outBuf, outSequence)
here strcat returns the concatenation of the two arrays of ASCII characters passed a
f more genomic records are present, then go back'to step 1 else go to step 7.

he buffer outBuf containing the concatenation of all output sequences is stored

rocess:

ref_sequence [ref_sequence_ID] =

output

utBuf[0, seq_end ref_sequence_ID] - seq_start ref_sequence_ID]],

output[ output[

Uhere

eq_start,,. and-seq_end,,,, correspond respectively to the seq_start and seq_enq

pw_reference, ¢, rStructure, and where the following condition shall always be met:

Size(outBuf) > seq_end ref_sequence_ID] - seq_start

output[ output[

3 Type2 AU

ref_sequence_ID].

he decoded sequence outSequence is concatenated with all pteviously decoded sequlences in this

5 input.

in the ref_

equence,, . array of the raw_referenge,,,, structure produced as output of this decoding

fields of the

In ca

senof AU of type 2 the sequence obtained at step 3 of subclause 10.3.2 is modified by

applying the

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

The decoding process continues then with step 5 of subclause 10.3.2.

10.3.4 Type 3 AU

In case of AU of type 3 the sequence obtained at step 3 of subclause 10.3.2 is modified by applying the
substitutions according to the process described in subclause 10.2.5.

The decoding process continues then with step 5 of subclause 10.3.2.
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10.3.5 Type 4 AU

In case of AU of type 4 the sequence obtained at step 3 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 5 of subclause 10.3.2.

10.3.6 Type 6 AU

Inan AU of type 6 encoding areference sequence, only ureads descriptors are always present, optionally
associated to rlen descriptors providing the length of each encoded segment.

The decoding process is as follows:
1. Setan array of ASCII characters outBuf[] equal to the empty array.

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

3. Decode [readLength[0] bases with decodeUreads(readLength[0]) as specified-in subclause 10.4.8
and set putSequence to decodedUreads.

4. The decpded sequence outSequence is concatenated with all previouslydecoded outSequerce in
this AU and stored in a buffer outBuf computed as

outBuf = strcat(outBuf, outSequence)
where sfrcat returns the concatenation of the two arrays of ASCII characters passed as input.
5. Ifmore genomic records are present, then go back to step 2 else go to step 6.

6. The bufffer outBuf containing the concatenation,of all output sequences is stored in th¢ ref_
SequUence,ypy: array of the raw_reference,, i structure produced as output of this decpding
process,|according to the process specified atpoint 7 of subclause 10.3.2.

10.4 Genomic descriptors

10.4.1 Gengral

The inputs fo this process are descriptor subsequences generated at output of the parsing prjocess
specified in pubclause 12.6. Each descriptor subsequence consists of a collection of symbols stofed in
the decoded| symbols data §tyucture specified in subclause 12.6.2.2.

For a given descriptordD;subsequenceN identifies the array decoded_symbols[descriptor_ID][N].

The input to|the decading process of a descriptor sequence identified by descriptor_ID are K desctiptor
subsequencgs subsequence0 .. subsequenceK-1, with K equal to the number of descriptor subsequgnces
as specified jinTdble 24.

The values of subsequenceN are read by means of indexes jy y where M = descriptor_ID and 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 44) is the array decoded_symbols[descriptor_ID][0] array
specified in subclause 12.6.2.2 when descriptor_ID is equal to 0 and the current value of jj,, 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 44 — Decoding process of the pos descriptor

Decoding step Description
1f(Jp,o > 0) |
mpppingPos[0] [0] =
previousMappingPos0 + subsequenceO[J, o]
}
elseff
iff (AU_type == 6) { Unmapped content usirjg computed
reference
mappingPos[0] [0] = subsequenceO[ij]
}H else {
mappingPos[0] [0] = AU_start_position is specified in
AU_start_position + subsequence0[]g ! subclause 7.5.1.2.
}
}
prevjiousMappingPos0 = mappingPos[0] [OF
for(f = 1; i < numberOfSegmentMappdngs([0]; 1++) numberOfSegmentMappings[0] is
specified in subclause 10.4.12.
mpppingPos[1] [0] =
mappingPos[i-1] [0] #Subsequencel [§0,1]
Jp, 1++
}
Jo, 0t
10.4.3 rcomp

The ihputs to this process are:

— theatray decoded_symbols[descriptor_ID][0] specified in subclause 12.6.2.2 when déscriptor_ID
is equal to 1 and the current value of j; (;

— 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 output of this process is the array reverseComp[][][].

In this description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N (i.e.
subsequenceN = decoded_symbols[1][N]).
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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 45 specifies
the computation of reverseComp[][][] values.

Table 45 — Determination of the reverseComp values

Decoding step

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

for(j =|0; 3 < numberOfSegmentMappings([i]; Jj++) {
if (splitMate[j][i] == 0) {

F () == 0) {

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

i

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

—

else {

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

}

When splices are present each decoded rcomp descriptor consists in a flag conveying information
about the stfandedness of each spliced segment of an alignmehnt It is set to 0 when the spliced segment
is on the foryard 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 is the decoded_symbels{descriptor_ID] array specified in subclause 12]6.2.2
when descriptor_ID is equal to 2 and descriptor_subsequence_ID are equal to 0, 1 and 2 as specifjed in
Table 26 and the current values of j, , j,  and j, , as defined in subclause 10.4.

The output df this process is the variable’decodedFlags.

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

The flag symtax elementycarries additional alignment information usually produced by aligngrs as
specified in [able 26.

The flags value shall.be calculated according to the process specified in Table 46.

Table 46 — Decoding process of the flags descriptor

Decoding step Description
decodedFlags = 0
decodedFlags [= subsequence0[j, o] << 0
decodedFlags |= subsequencel[jal] << 1
decodedFlags |= subsequence2[jz2] << 2
Jo,0tFs o0t Jo,0tF
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10.4.5 mmpos

The inputs to this process are:

two subsequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID] as
subclause 12.6.2.2 when descriptor_ID is equal to 3 and descriptor_subsequence_ID a
and 1 as specified in Table 27;

the current values of j; ;. and j; ; as defined in subclause 10.4;

the numberOfMappedRecordSegments variable specified in subclause 10.4.10;

-2:2020(E)

specified in
reequalto 0

tfreclassid vartabte spectffed imsubctanse 10-2-3;

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

the softClipSizes[][] array specified in subclause 10.4.7.

The dqutput of this process are:

—

he array mismatchOffsets[][]containing offsets of the mismatehes”in the sequen
ead pair;

—

—

he array numMismatches[] containing the number of elemehnts in the array mismatch

—

he array splicedSegMismatchOffsets[][][] containing the'offsets of mismatches within|
egment;

(%)

—

he array splicedSegMismatchldx[][] containing/the positions, within the mismatc
hismatchTypes[][] and mismatches[][] arraysseomputed as specified in subclause ]

=

ting read or

Dffsets[][];

each spliced

hOffsets[][],
0.4.6, of the

mismatches of each spliced segment;

—

he array splicedSegMismatchNumber|[ [} containing the number of mismatches for
segment.

In this description, subsequenceN isithe subsequence identified by descriptor_subsequenc
subs¢quenceN = decoded_symbols[3][N]).

The gverall decoding processfar'the output variables specified in this subclause is specifie

Table 47 — Determination of the offset of mismatches

each spliced

e_ID = N (i.e.

l in Table 47:

Decoding step Description
decopeMmpos () As specified in Table 48.
if (cllassIdss= Class I || classId == Class HM) {
mfi smatchOffsetCorrectionByType () As specified in Table 50.
}
decodeSplicedSegMismatchOffsets () As specified in Table 49.

The mismatch offsets for each aligned segment shall be computed as specified in Table 48.
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Table 48 — Determination of the offset of mismatches within genomic segments

Decoding step Description
decodeMmpos () |
for(i = 0; i < numberOfMappedRecordSegments; i++) {

previousOffset = 0

3 =20

for(k = 0; k < numberOfSplicedSeg[i]; k ++) {
splicedSegMismatchNumber[i] [k] = 0 A
splicedSegMismatchIdx[i] [k] = r{]>J

w]

J
1ile (subsequence0[j3 gt+] = ) {

Loop on subsequenceO.%l a
terminator 1 is found.,*

mismatchOffsets[i] [J]
subsequencel[j3JJ + previousOffset

\V
P

[@2\
previousOffset = mismatchOffsets[i][]] _ (lfj

previousOffset += 1 smatch positions a

0 ing mismatches.

p

\are specified in Table 50.

Oxr

Ad]ac%?
Strlcb% cremental to prevent

eptions to this requirement

e

splicedSegMismatchNumber [i] [k]++

J3, 1t It Increment read and write poin

fers.

numM

| smatches[i] = J

\\A

}

The mappin
as specified

R
~

b from splice mismatch indexe@o genomic segment mismatch indexes shall be com

n Table 49. .
\\0

Table 49 — Determm&lon of the offset of mismatches within spliced segments

buted

O

Decoding step

decodeSpli

*edSegMismaU&ﬁp&fsets() {

for(i =

0; 1 < n@ﬁSé}OfAlignedRecordSegments; i++) |

spli

0

X
edSegggﬁétOffset

splig¢e

S

QZ? ndOffset splicedSegStartOffset +
Nt

1

0

for (k

dSegLength[i] [0] - softClipSizes[i][0]
0;

k < numberOfSplicedSeg[i]l; k ++) {

for(j =

0; j < splicedSegMismatchNumber[i] [k]; J++) {

splicedSegMismatchOffsets[i] [k] []]
mismatchOffsets[i] [1] - splicedSegStartOffset

1++

48
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Table 49 (continued)

-2:2020(E)

Decoding step

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

splicedSegStartOffset splicedSegEndOffset

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

10.4.6 mmtype

The ipputs to this process are:

hree subsequences decoded_symbols[descriptor_ID][descriptor_subséquence_ID] as
ubclause 12.6.2.2 when descriptor_ID is equal to 4 and descriptor_subsequence_ID a
and 2 as specified in Table 28. The decoding process specified i subclause 12.6.2.3
ymbols[4][1] shall be performed after the decoding process spécified in Table 51;

N Nt

—

he array with the number of mismatches numMismatches[{,and the offset array mism
calculated for the current genomic record as specifiedéin‘subclause 10.4.5;

—

he arrays splicedSegMismatchNumber[][] and splicedSegMismatchOffsets[][][] as
ubclause 10.4.5 the current values of j4 o, j, ; andj,s as defined in subclause 10.4;

(%)

—

he array S,jpapet ipl] @s specified in subelause 9.2, for the value of alphabet_ID
ubclause 9.2; )

%2}

—

he arrays mappingPos[][] and splicedSegMappingPos[][] as specified in subclause

specified in
e equal to 0,
for decoded_

itchOffsets|]

specified in

specified in

5 10.4.2 and

0.4.10;

he classld variable specified inksubclause 10.2.3;

he numberOfMappedRecordSegments variable specified in subclause 10.4.10;

—

he variable seqld set.equal to sequence_ID as specified in subclause 7.5.1.2. If crps_f
 Table 7 is equal to° and cr_alg_ID specified in Table 16 is equal to 2, 3 or 4, seqld is

—

—

he variable seqStart equal to 0 if crps_flag specified in Table 7 is equal to 1 and cr_alg|
h Table 164s\equal to 2, 3 or 4, else seqStart is set equal to seq_start[seqld] with se
pecifiedin'subclause 7.3;

v =

—

he atray splicedSegMappedLength[][] computed as specified in subclause 10.4.9.

ag specified
not used;

|ID specified
g_start[] as

fxzma P2 S
TC

£
Cy petorCtor

perations 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_I or Class_HM:

the modified mismatchOffsets[][] array;

signals insertions and 2 signals deletions;

the array substMappingOffsets[][] containing the offsets of the mismatches within t
sequence the segment is mapped to;

the modified splicedSegMappedLength[][] array.

© ISO/IEC 2020 - All rights reserved

the array mismatchTypes[][] contains values for the type of mismatch. 0 signals substitutions, 1

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

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

subsequenceN = decoded_symbols[4][N]).

If classld is equal either to Class_I or to Class_HM, the output mismatchOffsets[][] array specified in
subclause 10.4.5 shall be modified, before any possible use, according to the decoding process specified

in Table 50.

Table 50 — Updating mismatchOffsets[][] array based on mismatch types

Decoding step Description
mismatchOffsetCorrectionByType () {
k = j4,
for(i =|0; i < numberOfMappedRecordSegments; i++) {
numOfDeletions = 0
for(y = 0; J < numMismatches([i]; j++) {
m}ismatchOffsets[i] [j] -= numOfDeletions Deletions can(occur at the sgme
position ofthe next mismatgh.
Therefore) the extra +1 offsdt to

prevent overlapping mismatiches,
as spécified in Table 90, doef not
apply to deletions.

== 2) {

F (subsequence0 [k]

Deletion.

numOfDeletions += 1

The arrays gubstMappingOffsets[] and splicedS¢gMapped
and modifiedl following the process described-irr Table 51.

Table 51 — Determination of the subst

Length[][] shall be, respectively, calcylated

MappingOffsets[] arrays.

Decoding'step Description
k = 34,0
for(i = 0;|1i < numberOfMappedRecordSegments; i++) {
1 =0
substMappingOffsetslfi] = {} Empty array.
if (numb¢rOfSplicedSeg[i] == 1) { Case of no splices.
mapp¢dMmpos = mappingPos[0] [1] - segStart
previols@ffset = 0
for(j = 0; j < numMismatches[i]; j++) {
mappedMmpos +=
mismatchOffsets[i] [j] - previousOffset
previousOffset = mismatchOffsets[i][]]

50
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Decoding step Description
if (subsequencel[k] == 0) { Substitution.
substMappingOffsets([i] [1] = mappedMmpos
1++
} else if (subsequencel[k] == 1) { Insertion.
mappedMmpos -= 1 Insertions increase mmpos
descriptor value but, since they
do not represent an actual base
on the reference sequence, they
shall not increase@ mapped
position, as speci in Table 90.
} else if (subsequencel[k] == 2) { Deletion. 7

ol

mappedMmpos += 1

Deletions d6'not incfease mmpos
desc Fif value but} since they
re nt an actual pase on the
ence sequence, they shall
increase the mapped position, as
specified in Table 9(.

} e

k++ ’\'“O

) Q
Helse { ({( Case of splices.
previousOffset = 0 QV
previousSpliceEndOffset = 0 “\\ i
for(s = 0; s < numberOfSplicedSeg[ir;:-\\g-w) {
. Yo\
mappedMmpos = spllcedSegMappls@os[l] [s] —
segStart R
previousOffset = 0 ‘\\Q)‘

)
for(j = 0; j < splicegi\%gMismatchNumber[i] [s]1;
j++) 1 A

OF

mappedMmpos  +=\\}
splicedSe@smatchOffsets [11[s][3] -
previoLkéOffset

N
previo ?%set =
spari dSegMismatchOffsets[i] [s][]]
et

if (Swpsequencel (k] == 0) { Substitution.
,.\Q*_,\ubstMappingOffsets[i] [1] = mappedMmpos
\A\J 1++
/) » } else if (subsequenceO[k] == 1) { Insertion.

W mappedMmpos -= 1

Insertions increase nmpos

descriptor 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 90.

splicedSegMappedLength[i] [s] -= 1

} else if (subsequenceO[k] == 2) {

Deletion.

mappedMmpos += 1

Deletions do not increase mmpos
descriptor value but, since they
represent an actual base on the
reference sequence, they shall
increase the mapped position, as

specified in Table 90.
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Table 51 (continued)

Decoding step

Description

splicedSegMappedLength[i] [s] += 1

}

The remainihg output of mmtype descriptor decoding process shall be calculated following thepriocess

described in|

Table 52, after having decoded subsequencel according to the decoding process.spe

rified

in Table 124|using, if required by the said decoding process specified in Table 124 and by following the

decoding pr
in Table 51.

cess specified in subclause 12.6.2.3, the array substMappingOffsets[] decoded as spe

Table 52 — Determination of the mismatchTypes[] and mismatches[] arrays

rified

Decoding step Description
for(s = 0;|s < numberOfMappedRecordSegments; s++) {
j =0
while (j|< numMismatches([s]) {
if (S1ze (subsequencel[]) > 0) {
mlsmatchTypes[s] [j] = subsequenceO[j4,0]
} elge {
m]smatchTypes[s][j] = O Default to substitution if
subsequence0 is empty.
}
if (m]smatchTypes[s] [j] == 0) Substitution.
mismatches([s] [J] = S, ipnaper rplSubsequencel[j, ,]]
3f it
} elge if (mismatchTypes[s}hN == 1) { Insertion.
mismatches([s] [J] = S qpnaper rplsubsequence2[j, ,]]
3 t+
} elge if (mismatchTypes(s][j] == 2) { Deletion.
/T nothing needs to be done */ The value of mismatches|[j] is

undefined, as it is not relevant
for any decoding process.

34, otfralGAt

10.4.7 clips

The inputs to this process are:

subclause 12.6.2.2 when descriptor_ID is equal to 5;

itis initialized to O at the beginning of current AU decoding process;

52

the current values of js , js 1, j5 » and js 3 as defined in subclause 10.4;

four subsequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID] as specified in

the variable currentRecordCount is the number of processed genomic records in the current AU and
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the array S,jpapec pl] as specified in subclause 9.2, for the value of alphabet_ID specified in
subclause 7.4.2;

the value Size(S,phapet 1p) @s specified in subclause 9.2, for the value of alphabet_ID specified in
subclause 7.4.2; )

the variable numberOfMappedRecordSegments calculated as specified in subclause 10.4.10;

the classld variable specified in subclause 10.2.3.

The four subsequences are identified by subsequences_ID from 0 to 3 as specified in Table 29.

The qutputofthisprocessisamarray softChpstitithamarraysoftChipSizestifiamdamarray hardClips|]

[1 as specified in Table 54.

The decoding process of the clips descriptor is provided in Table 54 where:

sjubsequenceN is the subsequence identified by descriptor_subsequence_ID &N;

(%)

ubsequence0[js o] represents the next genomic record containing clipped bases;

(%)

ubsequencel[js ;] represent the type and position of clipped basgs;

spftClips, softClipSizes, and hardClips are the output of this.de¢oding process:

- softClips[0][0] and softClips[1][0] contain strings of characters representing soft clips preceding
the first mapped base of the leftmost read and rightmost read respectively,

—+ softClips[0][1] and softClips[1][1] contain strings of characters representing soft cljps following
the last mapped base of the leftmost read and rightmost read respectively,

—+ softClipSizes[i][j] contain the number-6f charcters in the strings in softClips[i][j] respectively,

-+ 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 53.

Table 53 — 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
used if 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.
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Table 53 (continued)

subsequencel values semantics

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 not be
used if 2 is present for the same genomic record.

7 Hard clips after end of rightmost read. Shall not be
used if 3 is present for the same genomic record.

8 End-of-clips terminator.

For a decodj
more than o

1CeE.

bd genomic record each value of subsequencel as specified in Table 53 shall not

used

Table 54 — Decoding process of the clips descriptor ﬂ/
£ 4
Decoding process Q@Qscrlptlon
for(i = 0;|1i < numberOfMappedRecordSegments; i++) { q;)
for (3 =[0; § < 2; ++) | 10
. . . — /4 \' :
softflips([i][j] = A\‘\\Ffmptystrmg.
soft€lipSizes[i][j] = O
hard{lips[i][§] = O « N7
! O
} QO
v
if (classId|== Class I || classId == Class HM) { \({
- . AN
if(j5 o [ Size (subsequence0) ‘\0
&& clhrrentRecordCount == subsequenceO[j5,@
end § O \\'Qv
do K\
if (subsequencel (i, ;] < 3){ N Soft clips.
=0 xO
segmentIdx = subseque‘n‘s%}[jil] >> 1
leftRightIdx = subsgguencel[js ;] & 1
dof{ L
\3
softClips| ntIdx] [leftRightIdx][j] =
Salpk@bg)m [subsequence?2[] 5,2] ]
Js, 2tk ’ Increment pointer for
A subsequence2.
e
3y . . . -
@zb’lle(subsequenceﬂjg;,z] != Size(S.ipnavet 10)) Continue reading symbols
A\ of clipped bases until the
end-of-soft-clips terminator
is reached.
Js,ott Increment pointer for
subsequence2.
softClipSizes[segmentIdx] [leftRightIdx] = J Store Softclips size.
}
else if(subsequencel[jf),l] < 7)) Hard ClipS.
segmentIdx = (subsequencel[j5,l] - 4) >> 1
leftRightIdx = (subsequencel[j5,l] - 4) & 1
hardClips[segmentIdx] [leftRightIdx] = Store the number of hard
subsequence3[Jg ;] clips.

54
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Decoding process

Description

Js,3tt Increment pointer for
subsequence3.
}
else if (subsequencel[js ;] == 8){ End-of-clips terminator.
end = 1
}
Js, 1t Increment pointer for
stbseqteneedy
} while(end == 0) Continue decoclling soft

and hard.clips until the
end of clips terminator is
detectéd.

j5,0++

Inerement pointer for
subsequence0.

LrrentRecordCount++

Q

10.4.8 ureads

The ihputs to this process (see Table 55) are:

—

descriptor_ID is equal to 6;

— the current value of jg o;

he array decoded_symbols[descriptor_ID][0]:structure as specified in subclause 12.6.2.2 when

— the array S,pnaper ipl] as specifieddn subclause 9.2, for the value of alphabet_ID [specified in

subclause 7.4.2.

The dqutput of this process is a string decodedUreads.

Table 55 — Decoding process of the ureads descriptor

Decoding process

Description

decofeUreads (length) {

decodedUreads = “”

Empty string.

fpr(j =.0;) J < length; Jj++) {

de€cqQdedUreads = strcat (decodedUreads,

Salphabet 1pldecoded symbols[6] [0] [j6,o”

strcat returns the concatepation of the
two arrays of ASCII charagters passed

asinpnut
P

j6, ott

10.4.9 rlen

The rlen 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 12.6.2.2 when descriptor_

ID is equal to 7;

© ISO/IEC 2020 - All rights reserved
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— the variable classld computed in subclause 10.2.3;

— the variables numberOfRecordSegments and numberOfAlignedRecordSegments computed as
specified in subclause 10.4.10;

— if classld is equal to Class_I or Class_HM, the array hardClips[][] computed as specified in
subclause 10.4.7;

— the spliced_reads_flag syntax element specified in subclause 7.4.2;

£ (Rl Fall 1] L o) h | 1 e . ]
— the soft¢lipSizestiffarray specified imsubclause 1047

— the curr
The outputs
— thearra
— thearraq
— thearraq

— thearra

ent value of j; .

of this process are:

y readLength[];

y numberOfSplicedSeg[];

y splicedSegLength[][];

y splicedSegMappedLength[][].

The decodinjg process of the rlen descriptor is specified in Table 56/ In this description, subsequenceN

is the subs
symbols[7]]

N]).

Table 56 — Decoding process of the rlen descriptor

bquence identified by descriptor_subsequence_ID\'= N (i.e. subsequenceN = decpded_

Decoding step Description
if (read lemgth == 0) {
for(i =|0; i < numberOfRecordSegments; i++) {
readlength[i] = subsequenceO[jLO++] + 1
}
telse(
for(i =|0; i < numberOfReeordSegments; i++) {
if (classId == Clags,T) {
readLength [#}\= read length
- hardClips[1i][0] - hardClips[i][1]
}
else|ifs(cllassId == Class HM && i == 0){
réadlengthl[i] = r@adi'l ength
- hardClips[0][0] - hardClips[0][1]
}
else {
readLength[i] = read length
}
}
}
for(i = 0; 1 < numberOfRecordSegments; i++) {
numberOfSplicedSeg[i] =1
splicedSegLength[i] [0] = readLength[i]
splicedSegMappedLength[i] [0] = readLength[i]
56 © ISO/IEC 2020 - All rights reserved
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Decoding step

Description

}

if (spliced reads flag &&

(classId == Class I || classld ==

Class HM)) {

for(i = 0;

i < numberOfAlignedRecordSegments;

i4++) {

remaininglen = readLength[i]

splicelen =

subsequenceO[j%O++]

remaininglen -= splicelen

splicedSegLength[i] [j] =

splicelen

splicedSegMappedLength[i] [J] =

splicelen

J++

} while(remainingLen > 0)

numberOfSplicedSeg[i] = j

splicedSegMappedLength[i] [0] -=
softClipSizes[1][0]

splicedSegMappedLength[i] [j-1] -=
softClipSizes[i] [1]

-

10.4.10pair

Table 57 lists the possible decoding.¢ases for the pair descriptor with the associated description for the

first alignment and class U.

Table 57 — Specification of the decoding cases for the pair descriptor for primary glignments

and class U
Dejcoding case Description
ClassesP,N, M, I | Class HM Class U

samed 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 sequence but coded the same AU.
separately.

R1_diff ref _seq Read 1 is on a different reference |N/A Read 1 paired with mate 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. different AU.

R1_unpaired Read 1 is unpaired. N/A Read 1 unpaired.

R2_unpaired Read 2 is unpaired. N/A Read 2 unpaired.

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

alignments after the first one.

© ISO/IEC 2020 - All rights reserved
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When the two ends of a paired-end read are coded in two different genomic records, they are part of a
split alignment.

Table 58 — Specification of the decoding cases for the pair descriptor for alignments after the

Table 59 list
spliced read§

The inputs t

first one
. Description
Decoding case
ClassesP,N, M, I

same_rec_short Read 1 and read 2 are encoded in the same genomic record and the absolute
pairing distance is smaller than or equal to 32767.

Same_ \'L_}Ulls R\'ﬂd 1 ﬂlld I M“d 2 arc \'ll\-\.ld\'d ;ll th\' SAIIIC suuuun;\. I'CCVUl d aud th\' abou}ut\.
pairing distance is greater than 32767.

R2_diff_ref_seq Read 2 is on a different reference sequence.

s the possible decoding cases for the pair descriptor with the associated descriptid

P .

n for

Table 39 — Specification of the decoding cases for the pair descriptor for spliced reads
) Description
Decpding case
Classes I, HM

same_rec_short The next splice is in the same genomic record @s current splice, and the splic-
ing distance is smaller than or equal to 65535.

same_rec_long The next splice is in the same genomic récprd as current splice, and the splic-
ing distance is greater than 65535.

splice_diff ref_seq |The next splice is on a different reféerence sequence than the current splice.

the valu

eight st
in subcl

b this process are:

e of numberOfTemplateSegments as-specified in subclause 7.4.2;

ibsequences decoded_symbolsfdescriptor_ID][descriptor_subsequence_ID] as spe
huse 12.6.2.2 when descriptor_ID is equal to 8. The description of each subsequer

provide
the curr
the arra
the class
a seqld

the arra

l in Table 30;

ent values of jg , jg 14Jg,2- 8,3 J8.4 I8 5 Jg,6aNd Jg 7;

¥ mappingPos[][0] computed as specified subclause 10.4.2;

Id variable specified in subclause 10.2.3;

rariable'set to sequence_ID as specified in subclause 7.5.1.2;

y lignPtr[][] specified in subclause 10.4.12;

rified
ce is

the var

subclause 10.4.12;

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

able numberOfAlignments and the array numberOfSegmentAlignments[] specified in

the crps_flagvalue 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:

— avariable numberOfRecordSegments calculated as follows:

58

— if numberOfTemplateSegments is equal to 1 then numberOfRecordSegments is set to 1,

— else if classld is equal to Class_HM as specified in Table 37 then numberOfRecordSegments is
setto 2,
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— elseif subsequence0[;g o] is equal to 0 then numberOfRecordSegments is set to 2,

— else numberOfRecordSegments is set to 1;

a variable numberOfAlignedRecordSegments calculated as follows:

issetto1,

issetto 0,

AL

-2:2020(E)

if classld is equal to Class_HM as specified in Table 37 then numberOfAlignedRecordSegments

elseif classld is equal to Class_U as specified in Table 37 then numberOfAlignedRecordSegments

jo5)

(%)

L (D ct+

——etse umberOfAtigmedRecordSegmentsisset to the vatue of mumberOfRecord Segt
variable numberOfMappedRecordSegments calculated as follows:

- if classld is equal to Class_U as specified in Table 37, and crps_flag is not'egual to
ID is equal to 2 or 4 as specified in subclause 7.4.2, then numberOfMappedRecor(
set to the value of numberOfRecordSegments,

variable unpairedRead calculated as follows:
- if classld is equal to Class_HM as specified in Table 37*thén unpairedRead is set to

- else if numberOfTemplateSegments is equal to ¥ or“subsequence0[g ] is equal t
unpairedRead is setto 1,

- else unpairedRead is set to 0;

ne flag read1First, whose value follows the’same semantics of read_1_first output sy
pecified in subclause 13.2.8;

he arrays splitMate[][i] for i from*l to numberOfTemplateSegments, where the v
lement follows the same semantics of split_alignment output syntax element
ubclause 13.2.23;

—

he 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 proc

t

t

he arrays mappingPos[][i] for i from 1 to numberOfTemplateSegments;

he arraysaateSeqld[][i] for i from 1 to numberOfTemplateSegments.

When classlé:is equal to Class_U, additional output of this process is:

—

1ents;

and cr_alg_
ISegments is

- elsenumberOfMappedRecordSegments is set to the value of numberOfAlignedRecordSegments,

0,

5 or 6 then

ntax element

alue of each
specified in

PSS iS:

he'arrays pairingMate[i] from 1 to numberOfTemplateSegments. A -1 value in an arr:

1y element is

u

sed 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 60, Table 61, and Table 62, in this exact order.

The decoding process of the pair descriptor for the first alignment and for class U is specified in
Table 60.
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Table 60 — Decoding process of the pair descriptor subsequences for the first alignment in the

record or class U

Decoding step Description
splitMate[0][0] = 0
readlFirst =1
if (classId == Class HM) {
readlFirst = (subsequencel([jg ;++] & 0x0001) 2 O 1 same_rec - in records of class
HM the pnirnd segments are
always in the same recoyd.
splitMafe (01 (1] = 0 Qv
} else { n".l/
for(i =|1; i < numberOfTemplateSegments; i++) { Qf
if (sybsequence0l[jg, o] == 0){ same_r’g(\ujv
splitMate[0][1i] = O "f)
if (classId != Class U C) i
|| (crps_flag != 0 && \Q/
(cr _alg ID == || cr alg ID == 4))) { &
readlFirst = (subsequencel[Jjg ;] & 0x0001) ? O :@
delta = subsequencellj, ;] >> 1 ~ |0sdeltas32767
mappingPos[0] [1] = mappingPos[0][0] + delt;\Q -
if (classId != Class U) { O\)
mateSeqId[0] [1] = seqgld \\\\
lelse { A\\I’
pairingMate[i] = -1 N \Y
) N
Jg,1t+ ‘\\Q)‘
}lelse { h(\\‘
readlFirst = 1 \I;\'v
pairingMate[i] = —l,_\\()‘
) L
) v
else|if (subsequer}c@\jg,o] == 1){ R1_split
sy litMate[O]A[\'\f‘é 1
roaleirs@
i’(class\@\é Class U) |
ma@m‘gPOS[O] [1] = subsequence2l[jg ;] Absolute mapping positi¢n of
Q/ read 1 on the same refer¢nce
X oquence. The i
value is 2PosSize — 1 where
posSize is specified in
subclause 7.4.2.
mateSeqId[0] [1] = seqld
} else {
pairingMate[i] = -1
}
j8,2++
}
else if (subsequenceO[jg o] == 2){ R2_split
splitMate[0] [1] =1
readlFirst = 1

60
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Decoding step

Description

if (classId != Class U) {

mappingPos[0] [1] = subsequence3 [j8,3]

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

mateSeqId[0] [1] = seqld
T else [ o
pairingMate[i] = -1 f!1>)
} Q>
g, 3t ﬂ/’v
) ol
else if (subsequence0[jg o] == 3){ _aiff ref_seq
splitMate[0] [1] = 1 ~ ' l;’

readlFirst = 0

if (classId != CLASS U) {

mateSeqld[0] [1] = subsequence4[Jg, 4]

Identifier of the rjeference
sequence to whidh read 1 is
mapped.

mappingPos[0] [1] = subsequence6[j8é \S

>
<

Absolute mapping position
of read 1 on the reference
sequence identified by
mateSeqld[0][i]. The
maximum value {s 2posSize — |
where posSize isspecified in
subclause 7.4.2.

lelse{

pairingMate[1i] \Gl

) oF

. N N
Jg,atts Jg, 6Tt ('}\
T

} ol

else if (subsw\nceo Jg, 0l == 4){

R2_diff_ref_seq

[
splitMat€[PTIi] = 1

re adl‘@s‘t =1

if(&assId 1= CLASS_U) {

< ~:\-r{ateSqud[O] [i] = subsequence5 [j8,5]

S

Identifier of the feference
sequence to whidh read 2 is
mapped.

mappingPos (0] [1] = subsequence7[Jg, ]

Absolute mapping position of
the read 2 on the reference
sequence identified by
mateSeqld[0][i]. The
maximum value is 2PosSize — 1
where posSize is specified

in subclause 7.4.2.

telse(

pairingMate[i] = -1

}

j8,5++l j8’7++l

}

else if (subsequenceO[jglo] == 5){

R1_unpaired
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Table 60 (continued)
Decoding step Description
splitMate[0] [1] = 2
readlFirst =1
if (classId == CLASS U) {
pairingMate[i] = -1
}
}
else if (subsequenceO[jg o] == 6){ R2_unpaired
sPpIitMate (0T [IT = o
readlFirst = 0 X 9
if(classId == CLASS U)({ Y
pairingMate[i] = -1 fL/V
) oV
} O\QJ
Jg, 0| _ (1;’

N
4

}

\UJ
The decodinf process of the pair descriptor for the alignments after}\hgﬂrst one is specified in Tahle 6

=

Table 61 |— Decoding process of the pair descriptor subﬁdu?nces for the alignments in the
record after the firs
AN
Decoding step g\\)\\ Description
for(i = 1;|i < numberOfSegmentAlignments([0]; \1;{@ ‘{
splitMafe[i][0] = O O
) oY
if ((classI@l == Class P || classId == ClaééiN
|| clas$ ID == Class M || class%&: Class 1)
&& !unpaire¢dRead) { ,.\\O

for(j =|1; j < numberOfTemp,l&i’eSegments; JH++) |

currhlignIdx = 0

; N ; ;
for(l = 1; i < nurpb@fz-\llgnments; i++) {

alignIdx = alg'\arrﬁtr[i] [31]

if (alignId@?‘éurrAlignIdx) {

curr@@{\nldx = alignIdx

if((-s,%sequenceO[jg,o] == 0){

same_rec_short

& splitMatelalignldx] [j] = 0

delta = subsequencel[jg,l] >> 15

0 < delta < 32767

if (subsequencel[jg ;] & 0x0001)
delta = - delta

read sign bit

mappingPos[alignIdx] [j] =

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

+ delta
mateSeqld[alignIdx] [j] = seqgld
Jg, 11+
}
else 1if (subsequenceO[jBIO] == 2){ same_rec_long

splitMate[alignIdx][j] = O
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Decoding step

Description

mappingPos[alignIdx] [j] =

subsequence3[Jg, ;]

For classes P, N, M, I

Absolute mapping position
of read 2 on the same
reference sequence. The
maximum value is

2posSize _ 1 where posSize is

specified in subclause 7.4.2.

mateSeqgld[alignIdx] [j] = seqgld

Jg, 3t [QN
NJ
} (\\J(]/
else if (subsequence0[jg, o] == 4) { R2_diff_r(,e£_t%q
splitMate[alignIdx][j] = 1 ArY
mateSeqld[alignIdx][j] = Ide of the refdrence
. S ce to which rjead 2 is
subsequence5 [Jg 5]
’ . ped.
mappingPos[alignIdx][j] = \@ 4=or classesP,N,M,
subsequence? [Jg 4] O\ Absolute mapping plosition of

read 2 on the referehce sequence
identified by subsequence5[jg 5].

o The maximum valug¢ is
Q 2posSize — 1 where pgsSize is
OO specified in subclaulse 7.4.2.
o, 5t g, \\‘
) R\
else { x\ow
- A
/* other subsequence0 [js@ values */ reserved
) R4
g, ot N
} N
AUY)
} AN
\

} N

The decoding proceﬁ)%gthe pair descriptor for spliced reads is specified in Table 62.

Tablee?l Decoding process of the pair descriptor subsequences for spliced reads
A\

C ,v Decoding step Description
for(i\s@; i < numberOfMappedRecordSegments; i++) {
splicedSegMappingPos[i] [0] = mappingPos[0] [1]
}
if (classId == Class I || classId == Class HM) {
for(i = 0; 1 < numberOfAlignedRecordSegments;
i++) {

for(j = 1; 7 < numberOfSplicedSeg[i]; j++) {

prevSpliceMappingEnd =
splicedSegMappingPos[i][] - 1]
+ splicedSegLength{i] [j - 1]

if(subsequenceO[jgro] == 0) {

same_rec_short

delta = subsequencell[jg, ;] >> 1

0 < delta < 32767
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Table 62 (continued)

Decoding step

Description

if(subsequencel[j&lJ & 0x0001)
delta = - delta

read sign bit

splicedSegMappingPos[i] [J] =
prevSpliceMappingEnd + delta

j8,l++

}

else 1if (subsequenceO[j&o] == 2){

same_rec_long

splicedSegMappingPos[i] [J] =

subsequence3[j&3}

Absolute mapping positig
of the splice on thesame
reference sequence as
the previous splice. The
maximum yalue is 2posSiz
where posSize is specifie
subclayse 7.4.2.

n

P -1
d in

j&3++

else {

/* other subsequenceO[jg o] values */

reserved

10.4.11mscpre

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

The inputs t¢ this process are:

— the decqded_symbols[descriptor_ID] array specified in subclause 12.6.2.2 when descriptor|

equal to|9;

— the currgent value of jgy;

— the valup of syntax‘element as_depth specified in subclause 7.4.2;

— the arraly nuimperOfSegmentAlignments[] calculated as specified in subclause 10.4.12;

bw to

ID is

JR— the Varl bhlo nuumbhaorOfAlionadRacardSacmantc calenlatad Ac cpnn!FInr‘ mcuhelanicea 10 4.10-

T T O e o 5 T C O C o o Tt to Ctortoiae e oo

— the array splitMate as specified in subclause 10.4.10.

comre oottt Us T Yy

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

The decoding process of the mscore descriptor is specified in Table 63.

In this description,

subsequenceN is the subsequence identified by descriptor_subsequence_ID = N (i.e. subsequenceN =

decoded_symbols[9][N]).

64
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Table 63 — Decoding process for the mscore descriptor

-2:2020(E)

Decoding step Description

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

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

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

if (splitMatelk] [j] == 0) {

mappingScores[k] [J] [1] = subsequencel[jg o++];

10.4.12mmap

10.4.012.1 General

The jnmap descriptor is used to signal on how many positions the'read or the leftmost r
has heen aligned. A genomic record containing multiple alighments is associated with
descifiptor.

The ihputs to this process are:

—

he variables unpairedRead, numberOfAligneédRecordSegments and numberOfRecc
omputed in subclause 10.4.10;

Q

he subsequences decoded_symbols[déseriptor_ID][descriptor_subsequence_ID] as
ubclause 12.6.2.2 when descriptor-ID is equal to 10. The description of each sul
rovided in Table 31;

= \n o

—

he current values of jy o, j10.45 J10,2- J10,3 J10,43

— the classld variable specified in subclause 10.2.3;

— the value of multipletalignments_flag specified in subclause 7.4.2;

— thecrps_flagvalugspecified in subclause 7.4.2 and the cr_alg_ID value specified in subd

ead of a pair
one mmap

rdSegments

specified in
hsequence is

lause 7.4.2.4.

The qutputs of this process are:
— the variable numberOfAlignments containing the total number of alignments;

— thearray numberOfSegmentAlignments[] containing the total number of segr

nent-specific

HETIents;

— 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;

— the variable moreAlignmentsNextSeqld;
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— the variable numberOfSegmentMappings[] calculated as follows:

— ifclassldisequalto Class_Uasspecifiedin Table 37,and crps_flagisnotequalto 0 and cr_alg_IDis
equalto 2,3 or4 asspecified in subclause 7.4.2, then the elements numberOfSegmentMappings[i]

are set 1 for all values of i from 0 to numberOfRecordSegments - 1,
— else numberOfSegmentMappings[] is set equal to numberOfSegmentAlignments]].

In the following clauses, subsequence0 is the array decoded_symbols[10][0] specified in
subclause 12.6.2.2.

The decoding process shown in Table 64 applies.

Table 64 — Decoding process of mmap QQ,Q
@)
Decoding step Descriq'}'dﬁ
if (classId|!= Class U) { il .
if (multyple alignment flag == 0) { A Y
numb¢rOfSegmentAlignments[0] = 1 Total nWer of alignment of
the)@nost read.
} else &(/
numbg¢rOfSegmentAlignments[0] = subsequenceO[] 10,0++] P J\
} &\;J
} else { y O\
numberOfSegmentAlignments[0] = 0 (\\(
} XY
moreAlignm¢nts = 0 &\\r\
if (unpairedlRead || classId == Class HM) { 0,\

numberOfAlignments = numberOfSegmentAlngIﬁ@cvs [0]
for(i =|0; i < numberOfAlignments; i++)n@
alighPtr[i] [0] = i A\U
} \O
} else if(¢lassId == Class U) { (.\‘b
"4
if (numb¢rOfRecordSegments > F’N

numb<=rOfSegmentAlignmer&t‘s’ﬁ] =0
. _ \>
numberOfAlignments = Of&
} else { Q
numberO :SegmentAlj@{nents [1] = 0
_ — N
k=0, 1=-0 <
while (1]< nur@beegmentAlignments[O]) {
if(m lt/i@_alignments_flag == 0) {
n 1WOfAlignmentsPairs [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 [j10,0++]
}
3 =20
while (j < numberOfAlignmentsPairs[i]) {
if(k !'= 0){ Skip this for first alignment.

ptr = sequencel [Jj, ;++]

} else {
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Table 64 (continued)
Decoding step Description
ptr = 0
}
alignPtr([k][1l] =
numberOfSegmentAlignments[1l] - ptr
alignPtr([k] [0] = 1
if (ptr == 0)
numberOfSegmentAlignments[1]++
j++, k++
}
i++

o}

LimberOfAlignments = k

if (jnultiple alignments flag == More alignments of another
reference sequence|
&& classId != Class U
&& subsequenceZ[jlm2++]){
mpreAlignments = 1
mpreAlignmentsNextSeqId = Identifier of the refprence
. sequence an additignal
subsequence3 ++ . .
Hhsedn B10,5%+] alignment of read 1| is
mapped to in case ¢f multiple
alignments.
mpreAlignmentsNextPos = Absolute mapping position
. of an additional alignment
subsequence4 +4+ P
4 [D10,4%+] ofread 1 on the refgrence
sequence identified by
moreAlignmentsNgxtSeqld.
}
10.4.02.2 Multiple alighmments on different sequences

It canp happen that the-alignment process finds alternative mappings to another referer]

than

Forr
read
(mor
to sig
temp

the one where the-first mapping is positioned.

pad pairs that'are uniquely aligned, the mmap descriptor shall be used to represent
positions'when there is for example a chimeric alignment with the mate on another
e alignments on another reference sequence case in Table 64). The mmap descriptor

ce sequence

the absolute

rhromosome
thall be used

nal the reference and the position of the next record containing further alignments
ate/The last record (e.g. the third if alternative mappings are coded in three different access

for the same

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.

msar is intended to convey information related to secondary aligments on:

— amapped segment length;

— adifferent mapping contiguity (i.e. e-cigar string) for additional alignment and/or spliced reads.
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Each msar descriptor is an array of ASCII characters following the syntax specified in subclause 10.6.

The syntax, semantics and decoding process for msar descriptors are those for the tokentype
descriptors specified in subclause 10.4.20.

The output of the decoding process of the msar descriptor is the array decodedStrings[] specified in
subclause 10.4.20.5, when descriptor_ID is equal to 12.

Table 65 shows how the array of strings decodedMsar[][] is computed using the following additional
input:

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

— the varigble numberOfAlignedRecordSegments calculated as specified in subclause 10.4.10;

— the arraly splitMate as specified in subclause 10.4.10.

For each genomic record the number encoded msar descriptors is equal to (numberQfAlignments|- 1) *
numberOfRgcordSegments.

Table 65 — Computation of decodedMsar

Decoding step Description
k=0
for(i = 0;|1 < numberOfAlignedRecordSegments; i++) {
decodedlfisar[][1] = {} Empty array.
for(j =|0;
j < pumberOfSegmentAlignments[i]-1; j++) {
if (splitMate[j][1] == 0) {
d¢codedMsar[j] [1] = decodedStrings[kdw]
}
}
10.4.14rtyple

10.4.14.1 General

The rtype descriptor is used to signal the subset of descriptors used to decode one unmapped read
(class HM and class U) or read pair (Class U) in a genomic record as shown in Table 66.

The rtype dpscriptoradso enables mixing reference-based and reference-less compression in the|same
dataset. In this scenario rtype = 0 signals reference-based encoded records, while rtype > 0 signals
the set of dgscriptors to be used for reference-less compression (in this case descriptors refer fo the
computed rdferénce, when needed).

The input to this process is the decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.2
when descriptor_ID is equal to 12 and the current value of j;, .

The output of this process is the decoded_symbols[descriptor_ID] array itself used by the decoder to
select the appropriate descriptors for further decoding the genomic record.
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Table 66 — Semantics of the rtype descriptor
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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)

using reference based compression and reference

less compression. The decoding proces
Record uses the external or embedded

encoded

s for this
reference

according to the Class of the AU as speq
subclause 10.2.

ified in

2,4

Unmapped reads only.

1 = the decoding process is obtained by
the decoding process specifiéd in subcl

applying
ause 10.2.3,

but without applying the steps specific
(subclause 10.4.7), mscere (subclause

to clips
10.4.11),

msar (subclause 10.4.13) and rgroup
(subclause 10.4.15) descriptors.

2 =the decoding process is obtained by
the decoding process specified in subc

r applying
ause 10.2.4,

but witheut-applying the steps specific
(subclause”10.4.7), mscore (subclause

to clips
10.4.11),

msar (Subclause 10.4.13) and rgroup
(stibclause 10.4.15) descriptors.

3= the decoding process is obtained by
the decoding process specified in subcl

applying
ause 10.2.5,

but without applying the steps specific
(subclause 10.4.11), msar (subclause 1

to mscore
4.13) and

rgroup (subclause 10.4.15) descriptorg.

4 =the decoding process is obtained by

applying
ause 10.2.6,

the decoding process specified in subcl
but without applying the steps specific
(subclause 10.4.7), mscore (subclause

to clips
10.4.11),

msar (subclause 10.4.13) and rgroup
(subclause 10.4.15) descriptors.

Unmapped reads or aligned
with reference less
compression only.

1 = apply the decoding process specifie
subclause 10.2.3.

2 = apply the decoding process specifig
subclause 10.2.4.

3 = apply the decoding process specifig
subclause 10.2.5.

4 = apply the decoding process specifie

din

din

d in

din

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.

Unmapped reads only.

The decoding process is specified in
subclause 10.2.8.

Unmapped reads.

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.
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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.

10.4.14.2 PushiIn

When class U data are compressed using the “PushIn” 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 67 prolvides a description on the use of the pos and pair descriptors in this decoding precess.

Taple 67 — Semantics of the pos and pair descriptors for the Pushln algorithm

descriptor semantics

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 withrits mate.

10.4.15rgrdup
The rgroup descriptor identifies the read group the genomic record’belongs to.

The input t¢ this process (see Table 68) is the decoded_symbols[descriptor_ID] array specified in
subclause 14.6.2.2 when descriptor_ID is equal to 13 andthe current value of j; 3 .

The output df this process is the variable readGroupld:

Table 68 — Determination of the readGroupld value

Decoding step Description

read¢roupId = subsequencel[]3ot+]

10.4.16qv

10.4.16.1 General
The qv desctiptor carrjes:information to reconstruct the quality values.

The processifor decoding quality values at a genomic position can be summarized informatively |n the
following stéps;

1. Determinetheguality value indexesatthegenomicposition——— |

2. Determine the quality value codebook identifier at this genomic position.

3. Use the quality value codebook identifier to select the quality value codebook for the genomic
position.

4. Decode the quality 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;
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— the numberOfRecordSegments value computed in subclause 10.4.10;

— the current value of j;, o;
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— the decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.2 when descriptor_ID is

equal to 14;

— 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 qutputs of this process are the quality values of each nucleotide for each segmep&

genomnic record and the value of qvCodebookIndexesLoadFlag.

In this description, subsequenceN is the subsequence identified by descriptor_su&équenc

subsgquenceN = decoded_symbols[14][N]).

The decoding process for one genomic record is specified in Table 69: q:b

Table 69 — Decoding process of the quality valueéj}a genomic record

P

P

F the current

e_ID =N (i.e.

Decoding step ‘C)

De{

cription

decofle quality values() {

-

f (qvCodebookIndexesLoadFlag == 1) {

decode gv codebook indexes () QQ\

As sped
Table 7

ified in

gvCodebookIndexesLoadFlag = 0 <

K

fpr (tSeg 0; tSeg <
numberOfRecordSegments; tSe«{Qﬁ{

for(gs = 0; gs < qgv deptl}\ﬂisﬁrﬂ

lf(j14’0 < Size subgfc}\&ence@[])) {

quresentFlag\‘@ubsequence0 [314,0]
)

Jig,0tt

} else { (\\ N

qure’_s@}?Flag =1

TR

if(g@&‘esentﬂag == 1) ({

@ecode_qu ()
~

As sped
Table 7

ified in
1.

U Stri — w7
‘Qv' qvString

Empty

string.

lon — 0

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

revComp = reverseComp[i] [0] [tSeq]

gvSplice =
qualityValues[tSeq] [gs] [len, len+splicedSeglLength[tSeg] [1]-1]

if (gv_reverse flag && revComp) {

gvString = strcat (gvString,

reverseStr (qvSplice))

}

else{

gvString = strcat(gqvString, gvSplice)
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Table 69 (continued)
Decoding step Description
}
qualityValues[tSeq] [gs] = gvString

} else {

qualityValues[tSeg] [gs] Empty string.

}

reverseStr(s
reversedStr

tr) returns the reverse of the input string str where the nth element of the revetsed {
s computed as

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

10.4.16.3Ddcoding processes of quality value codebook indexes and quality‘values of a segm

The inputs t

p these processes are:

— the decqded_symbols[descriptor_ID] array specified in subclauseZ1276.2.2 when descriptor]

equal to

14;

— the qv_num_codebooks_total and qvNumCodebooksAligned values specified in subclause 7.

tring

ent

ID is

1.2.3;

— the current values of j,, ; for the qvCodebooklds subsequence;

— the current values of jy4 y,, with N ranging from Q-to'qv_num_codebooks_total - 1 for the qv |
codebodks_total subsequences for quality valueiindexes;

— the numBases variable equal to number of miicleotide of the segment for which the quality v

shall be

— the bas

decoded;

ePos array containing the vhapping positions relative to the AU_start_position of]

nuclotide in the segment for whichquality values shall be decoded, as specified in subclause 1

nuim

alues

each
0.4.2;

— the clas§ld variable specified.in-subclause 10.2.3;

— thevalu
values s

— thevalu

e tSeg identifyingthe segment within the ISO/IEC 23092 series record for which the q;
hall be decoded:

> gs identifzing the gsth quality value string for the tSegth segment within the ISO/IEC 2

series rgcord foxwhich the quality values shall be decoded.

In this descrjiption, subsequenceN is the subsequence identified by descriptor_subsequence_ID =

subsequenc

hality

3092

N (i.e.

4 410N11N

AL | P P | 1 lal
IN="UTCTUUTU_S y IIIDUIS| IT|TINT]).

The output of this process is the array of strings qualityValues[][], containing the quality values of each
nucleotide in the segment for which the quality values shall be decoded.

In the case that qvNumCodebooksAligned is larger than 1, the value of subsequencel shall be used
to identify the quality value codebook for a genomic position of each aligned base. This quality value
codebook is used to reconstruct all quality values at that genomic position. Multiple quality value
codebooks can be used in one access unit. The variable qvCodeBooklds contains the indexes of the
quality value codebooks associated to a given mapping position relative to AU_start_position as
specified in subclause 9.6. The decoding process of qvCodeBooklIds variable is specified in Table 70.
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Table 70 — Decoding of quality value codebook indexes

Decoding step Description

decode gv codebook indexes () {
if (gvNumCodebooksAligned > 1) {

pos = 0

for(jM,1 = 0; j14,1 < Size (subsequencel[]); j14,1++) {

gqvCodeBookIds [pos] = subsequencel[]q,,]

The values qvCodeBooklIds[pos]
Laoll L H £l a)
SIIAdIT v IIr v 1 ﬂlls\, v

(qvNumCodebooksAli g:ned -1).
nVQV
} (T/
4
) 09/

} o\

Q/C)

Table 71 — Decoding process of qa@\} values

pos++

The decoding process of the quality values is specified in Table 71.

Decoding step ’_&\“ Descriptjon
decople gvs () { \)
_ \}
fpr (baseldx = 0; baseldx < numBases; baseld}\@ {
if ((classId == CLASS I || classId == C.&\:%_HM) Classes I and HM cqntain

66 | isAligned (baseIdx)) g\ bases that are not aligned to

Q the reference sequgnce, for
\"Q which the _last q_ugl ty values
$ codebook identifien reserved

.\Q) for unaligned data $hall be

A\ used, as specified i
\O subclause 7.4.2.3.
gvCodeBookId = qv+qﬁ§h:codebooks_total -1

} else if(classId f\,&’Asst) {

RS,

subclause 7.4.2.3.

gvCodeBookId =* Qv For records belonging to
Class U, only one cddebook
O shall be used, as spegcified in

} else @vNumCodebooksAligned > 1) |

quo?eBookId = gvCodeBookIds [basePos[baseldx]]

) T

Il
o

\évCodeBookId
A\ X/
\V

J

gvCodeBookSubSeq = gvCodeBookId + 2

See 1 7.4.2.3.

j = jl4,gvCodeBookSubSeq

314, gvCodeBookSubSeqg++

gvIndex =

decoded symbols[14] [gvCodeBookSubSeq] []]

qualityValues[tSeq] [gs] [baseldx] =

gv_recon[gvCodeBookId] [gvIndex]
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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.

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 inrthebottonrthirdofthe figul (Sh
j genomic position
T T T T T T >
AGC|[TTTTCATTCTGACTGCA
—FQ@CIDFFFFHHHHHJIJJIJIIJJ
AGCI[TTTTCATTCTGACTGCAGCG
Al 4 % > @ 4 A
IgIﬁ-IE-IIEEgggIgﬁ)IEE-( 7Sequencereadsani
GC[TTTTCATTCTGACTGCAACGGGCA (original) quality vplues
1 DD[cCDDDCDDDDDC/DCDDDBDDDDEE
H EH E B B B B B B B B B B B B BB HE B N = = = =
i TTTTCATTCTGACTGCAACGGGC CAARA
:23>>:::CDCDC>@:@Q>7?2<59C>14 <
2282 R 2 R 22 2 A L T 2 2 X X s T
855/3622222222242222222222748 identifiers
=<
g2 SO T T O T T )
l» ) =5|5 1 1 3 JJJ ! JJTJT;TTIT L | reconstructed quality
L—>»J (0030333 JJJJ0TJITITJIITTIJNVJIJIJ values
2 DR T O A T R ARG
qv_cofling_mode ==
Figure 6(— Relationship between sequencing reads, quality values, reconstructed quality
values and genomic positions
10.4.17rname
Sequencing ffead identifiers apesencoded as a sequence of rname descriptors (descriptor_ID equal tp 15).
Each rname|descriptor is composed by tokens which have a type and possibly one or more paramgters.
The syntax,| semanticsyand decoding process for rname descriptors are those for the tokentype
descriptors $pecifieditrsubclause 10.4.20. The output of the decoding process of the rname descriptor

g the
Name

array decod¢dStrings[] is specified in subclause 10.4.20.5. If rname descriptor is not present, read

is set to the ¢mpty string “”.

for a ith recc?{d in_theaccess unit is the string variable readName equal to decodedStrings][i], usin

An example of read identifiers tokenization is provided in Annex A.

10.4.18rftp
The rftp descriptor

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

— 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 72 for an entire access unit.

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

Table 72 — Decoding process of the rftp descriptor

Decoding step Description

[¢)

refTfransfPos[0] = subsequencel[j4 ot+] + Positien of the first referend
tragsformation in the current

AP start position - seq start o
- - - ref séquence as specified in|
subclause 7.3.2.
for(fi = 1; 1 < Size(subsequenceQ); 1i++) {
refTransfPos[i1i] = refTransfPos[i - 1] +

subsequence0[] 4 gt+]

10.4.19rftt
The 1fftt descriptor

— shall be present only in access units of type 3 (class M) when cr_alg_ID specified in subclause 7.4.2
i$ setto 1;

— T1hay be present when cr_alg 1D specified in subclause 7.4.2 is set to 3.
It shall not be present in dny other case.
The ihputs to this process are:

— the decoded, Symbols[descriptor_ID] array specified in subclause 12.6.2.2 when desgriptor_ID is
gqual to 17

— the clrrent value of j;; .

Th 4 + £ 113 3 £T £C Lol faias +1 4 £+ £, t t b
€ outpttor s processIsofeartray rerrransrouoseontatig ety peortransroriiiations to be

applied to a decoded raw reference as specified in subclause 11.3.3.

In this description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N (i.e.
subsequenceN = decoded_symbols[17][N]).

The output of the rftt descriptor decoding process shall be calculated following the process described in
Table 73, after having decoded subsequence0 according to the decoding process specified in Table 124
using, if required by the said decoding process specified in Table 124 and by following the decoding
process specified in subclause 12.6.2.3, the array refTransfPos[] decoded as specified in Table 72.
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Table 73 — Decoding process of the rftt descriptor

Decoding step

Description

for(i = 0;

i < Size(subsequence0) ;

i++) {

refTransfSubs[i]

= S,iphabet 1plSubsequencel[j; o++]]

10.4.20tokentype descriptors

10.4.20.1

General

The msar ahd rname share the same syntax, semantics and the decoding process specified i1|1 this
subclause fof the generic tokentype descriptor. The tokentype descriptor is not a genomiccdescriptor
identified by a descriptor_ID, but a simple alias for rname and msar in the syntax, semantics and

decoding pr
tokentype d
— strings,
— digits,

— single ct
Both a read
identifier co

A tokentypq
possibly be fi

jaracters.

cess specified in this subclause.

escriptors can be of three types:

identifier and an e-cigar string are represented as, set of differences and matches
respect to one of the previously decoded reads identifiers ar e-cigar strings, respectively. The
led in an access unit always starts with a DIFF teken followed by the value 0.

Table 74 — The tokentypé values and related semantics.

with
first

e descriptor can take the values listed in the'table below. The tokentype descriptorfs can
pbllowed by one or more parameters.

tokentype Token Parameters Semantics
value name
0 DUP unsigned integer Indicates that the current descriptor is an exact
DISTANCE ranging from |duplicate of the descriptor DISTANCE records ago, with
0 to 232 “1” being the previously decoded descriptor and
counting backwards in the list of previously decoded
descriptors. The value of DISTANCE shall always refer
to a descriptor coded in the current access unit. If a[DUP
token is found no further tokens are required to de¢ode
the descriptor. DUP can only occur at the first token
position.
1 DIFF unsigned integer Indicates which descriptor this token is being comppared
R M—— against, usually “1” to indicate the previous descripkor.
0 to 232-1 sHie DIFF can only occur at the first token position.
The first descriptor of a coded access units always starts
with “DIFF 0”.
2 STRING st(v) This is an arbitrary run of ASCII characters (as specified
in ISO/IEC 10646) and need not be purely alphabetical.
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
from 0 to 232-1 starting with a leading zero.
5 DELTA unsigned integer ranging |Numerical delta to a previous DIGITS value, between 0
from 0 to 28-1 and 255.
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Table 74 (continued)
tokentype Token Parameters Semantics
value name

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.

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 jof the cufrent

tokentype descriptor sequence.
10.4.20.2 Decoding process
The input to this process is the block payload (as specified in subclaus€.7.5.1.3.3) for descriptor_ID equal

to 11
The ¢
repre

The ¢
sequg
the m

10.4.20.3

The s

Syntax and semantics

yntax of encoded_tokentype() is. specified in Table 75.

Table 75'— Syntax of encoded_tokentype()

or descriptor_ID equal to 15, which corresponds to the msar-and rname descriptors fespectively.
encoded_tokentype() structure of this block payload ifiternally contains a list of|compressed
sentation of tokentype descriptor sequences.

utput of this process is the list of decompressed-tépresentation of these tokentyple descriptor
nces, which serve as input to the assembly process (Specified in subclause 10.4.20.5) tq reconstruct
sar descriptors or read identifiers respectively:

Syntax Type
encoded tokentype ()7 {
num_output ‘déscriptors u(32)
num_tokentype_sequences u(14)

for (i _=90;

i <

num_tokentype sequences; 1i++) {

effcoded tokentype sequence (i)

}

num_uutput_dcaLI iptun S bpcuifica themumberofdescr ipt\u S (lllbdl orreadidentifier b) ericoded in the
current block payload.

num_tokentype_sequences specifies the number of tokentype descriptor sequences in the current

block payload.

encoded_tokentype_sequence(i) specifies the data structure containing the byte-aligned compressed
representation of the ith tokentype descriptor sequence. Its syntax is specified in Table 76.
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Table 76 — 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)
COP (1)
blse |
num_output_symbols u760
decode tokentype sequence (i, method ID,
num_output symbols)
}

type_ID spe
a state varig
incremented
variable typ
Table 77.

cifies the type of the ith tokentype descriptor sequence. This process internally main
ble typeNum, which is initialized with -1 for every block payload of the descriptor 3
for every tokentype descriptor sequence with type*ID = 0. The current values of]
ENum and type_ID are then used to generate a “mapped” value of type_ID as specif

Table 77 — Computation,of mappedTypeld

tains
nd is
state
ed in

if (type ID

typeNum

mappedType

= 0)

-+
d = (typeNum<<4) | (type ID )& Oxf)

Every decoded tokentype descriptor(for which ref type_ID is equal to a previously calcy

lated

mappedTyp¢ld shall be identical to the previously decoded tokentype descriptor.
method_ID |specifies the conpression method (among those listed in Table 78) used for the ith
tokentype descriptor sequence.
Table 7|8 — Description of compression methods for the tokentype descriptor sequence
method_IL Description
0 copP The current tokentype descriptor sequence is an exact duplicate
of a previously decoded 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 is
specified in subclause 10.4.20.4.4.
3 CABAC_METHOD_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.

78
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Table 78 (continued)

method_ID Description

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 A recursive decorrelation method to split a tokentype_sequence into
four equisized interleaved subsequences (wWhenever size is divisible
by 4), 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
payldad of current tokentype descriptor sequence is an exact duplicate.

num|output_symbols signals the number of symbols to be reconstructed, frem the |compressed
payldad of the ith tokentype descriptor sequence.

decodle_tokentype_sequence(i, method_ID, numOutputSymbols) specifies, the syntax for decoding the
ith tokentype descriptor sequence (of size numOutputSymbols) using the decoding methjod indicated
by me¢thod_ID. Its syntax is specified in Table 79.

Table 79 — Syntax of decode_tokentype_sequence()

Syntax

decofle tokentype sequence (i, methodID, numOutpftSymbols) {
iff (methodID == 1)

CAT (i, numOutputSymbols)

ellse if (methodID == 2)

RLE (i, numOutputSymbols)

ellse if (methodID == 3)

CABAC METHOD 0(i, numOutputSymbols)
ellse i1if (methodID == 4)

CABAC METHOD 1 (i, numOutputSymbols)
ellse 1if (methodID == 5)

X4 (i, numOutputSymbols)

ellse

~

I reserved fok future use */

10.4.20.4 Decoding process for compressed tokens

10.4.20.4.1 General

The input to this process is the data structure encoded_tokentype_sequence() specifying the byte-
aligned compressed representation of the ith tokentype descriptor sequence, which is decoded with
one of the compression methods listed in Table 78 and specified in this subclause.

The output of this process is the decompressed representation of the ith tokentype descriptor sequence.

10.4.204.2 COP

The input to this process is ref _type_ID, which shall be equal to a previously computed variable
mappedTypeld of a previously decoded tokentype descriptor sequence as specified in Table 77.

The output of this process is a tokentype descriptor sequence, obtained by copying the already decoded
reference tokentype descriptor sequence uniquely identified by ref_type_ID.
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10.4.20.4.3 CAT

This subclause specifies the decoding process for the method CAT (see Table 80). The output of this
process is a reconstructed tokentype descriptor sequence of size numOQutputSymbols.

Table 80 — Decoding process for the method CAT

Decoding process Type

CAT (1, numOutputSymbols) {

for (3j=0; Jj<numOutputSymbols; j++) {
decoded tokens[i][j] u(8)

}

decoded_tokensJi][j] specifies the jth token in the ith decompressed tokentype descriptar’sequence.

10.4.20.4.4( RLE

This subclayse specifies the decoding process for the method RLE (see Table;81). The output of this
process is a reconstructed tokentype descriptor sequence of size numOutputSymbols.

Table 81 — Decoding process for the methed RLE

Decoding process Type
RLE (1, num@utputSymbols) {
for (j=0} j< numOutputSymbols ; ) {
tmp_yalue u(E )
if (tpp value == rle guard tokentype) {
rle len u7 V)
if(rle len == 0)
decoded_tokens[i] [J++] = r4e guard tokentype
else {
tmp_value u(E)
for(r=0; r< rle leny r++) {
decoded token§Vi][j++] = tmp value
}
}
} elge
de¢coded tokens[i] [J++] = tmp value

}

rle_guard_tokentype specifies the guard value signalled in decoder configuration for sequences of
tokentype descriptors (see 12.3.5).

decoded_tokens[i][j] specifies the jth token in the ith decompressed tokentype descriptor sequence.

10.4.20.4.5 CABAC_METHOD_0

This subclause specifies the decoding process for the method CABAC_METHOD_0 used to decompress a
tokentype descriptor sequence (see Table 82). The output of this process is a reconstructed tokentype
descriptor sequence.
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Table 82 — Decoding process for the method CABAC_METHOD_0

Decoding process Type
CABAC METHOD 0 (i, numOutputSymbols) {
decoded symbols[descriptor ID][0] = decode descriptor As Specified in
subsequence (descriptor ID, 0, numOutputSymbols, remainingPayloadSize) subclause 12.6.2.2.
decoded token[i][] = decoded symbols[descriptor ID][0][]

}

decode_descriptor_subsequence(descriptor_ID, 0, numOutputSymbols, remainingPayloadSize) specifies
the decoding process for the 0th descriptor subsequence (of size numOutputSymbols) of the descriptor
identffied by descriptor_ID. For the CABAC_METHOD_0, the descriptor_ID is equal to 11 pr [15.

decodled_symbols[descriptor_ID][0][] specifies the list of symbols decoded by decode_descriptor_
subs¢quence(descriptor_ID, 0, numOutputSymbols).

rema(LningPayloadSize is the number of bytes remaining in the current block payload.

decodled_tokens][i] specifies the list of tokens in the ith decompressed tokéntype descriptor] sequence.

10.4.20.4.6 CABAC_METHOD_1

This pubclause specifies the decoding process for the method*CABAC_METHOD_1 (see Table 83). The
outpyit of this process is a reconstructed tokentype descriptor sequence of size numOQutpytSymbols.

Table 83 — Decoding process for the, method CABAC_METHOD_1

Decoding process Type
CABAL METHOD 1 (i, numOutputSymbols) {
dpcoded symbols[descriptor ID][1] =*decode descriptor As Specified in
subspquence (descriptor ID, 1, numOutputSymbols, remainingPayloadSize) subclalise 12.6.2.2.
dpcoded token[i][] = decoded sywmbols[descriptor ID][1][]

}

decodle_descriptor_subsequence{descriptor_ID, 1, numOutputSymbols, remainingPayloadS]ze) specifies
the dpcoding process for the\1st descriptor subsequence (of size numOutputSymbols) of the descriptor
identffied by descriptor_ID. For the CABAC_METHOD_1, the descriptor_ID is equal to 11 or [L5.

decodled_symbols[descriptor_ID][1][] specifies the list of symbols decoded by decodg¢_descriptor_
subsgquence( descriptor_ID, 1, numOutputSymbols).

rema(LningPayloadSize is the number of bytes remaining in the current block payload.

decodled_fokens[i][] specifies the list of tokens in the ith decompressed tokentype descriptor sequence.

10.4.20.47 X4

This subclause specifies the decoding process for the method X4, which is be used to decompress a
tokentype descriptor sequence (see Table 84). The output of this process is a reconstructed tokentype
descriptor sequence of size numOutputSymbols.
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Table 84 — Decoding process for the method X4

Decoding process

Type

X4 (i, numOutputSymbols)

{

x4_method IDs

u(16)

for

(s=0; s<4; s++)

{

methodID

(x4 method IDs >>(12 - (s*4))) & 0xf

n

decoded tokens x4[s][]

decode tokentype sequence (s, methodID, [|Asspecifiedin

subctause 16426

imOutputSymbols/4)

/* Mult

lplexing of interleaved subsequences */

for (3=0

j< numOutputSymbols ; J += 4) {

for (

=0, s<4; s++) {

d{

bcoded tokens[i] [J+s] decoded tokens x4[s] []>>2]

}

x4_method_
method_ID 4
subsequencs

decode_toke
subsequencg
method indi

0) used to decompress the four interleaved subsequerices, where the method_ID for t
can be derived as method_ID = (x4_method_IDs >>(12 - (s*4))) & 0xf.

(of size numOutputSymbols/4) as a tokentype descriptor sequence using the dec
cated by method_ID.

decoded_to

decoded_to

10.4.20.5

The input tg
decompress
of num_toke

The output
descriptors
as strings.

]

ens_x4[s][j] specifies the jth byte token in the sth decompressed interleaved subseque

ens[i][j] specifies the jth byte token in the ith decompressed tokentype descriptor seqy

Assembly of tokens

this process (see Table™85) is the bi-dimensional array decoded_tokens[][], which
bd representation of €ncoded_tokentype() specified in subclause 10.4.20.3, containing
tntype_sequences/decompressed tokentype descriptor sequences.

of this proeess’ is the data structure decodedStrings[] containing a list of either
[when deseriptor_ID is equal to 11) or read identifiers (when descriptor_ID is equal t

IDs specifies the four compression methods (among those listed in Table 78 ¢

ntype_sequence(s, method_ID, numOutputSymbols/4) decodes the sth interl

xcept
he sth

baved
bding

nce.

ence.

s the
alist

msar
0 15)

82
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Table 85 — Decoding process of tokentype descriptors into strings representing either msar

descriptors or read identifiers

Decoding process

cIdx = 0

refl

dx = 0

decodedStrings[ ] = {“"}

do {

t fal

bkType = get tok type(decoded tokens[t<<4])

t
diistance = get tok int(decoded tokens[t<<4 | tokType])
r

EfIdx = cIdx - distance

-

f (tokType == 0) /* Token: DUP */

strcpy (decodedStrings [cIdx], decodedStrings [reflIdx])

D

[ se { /* Token: DIFF */

for (t=1; t< num tokentype sequences; t++) {

tokType = get tok type (decoded tokens[t<<4])

if (tokType == 10) /* Token: END */

break

tokStr = extract tok value (decoded tokens,/ tokType, t, reflIdx)

strcat (decodedStrings[cIdx], tokStr)

}

} whjile (cIdx < num _output descriptors && (strlen(decodedStrings[cIdx++]) > 0)

num |

output_descriptors specifies the number of descriptors (msar or read identifiers) en

currgnt block payload. It is specified in 1@:4.20.3.

get_t

get_t

pk_type(decoded_tokens|[ ]) peps and returns one byte from data structure decoded_

pk_int(decoded_tokens[ Jspops four bytes from data structure decoded_tokens] ]

them|as a 32-bit integer as specdified in subclause 6.2.

strcply (dst, src) specifiesithe string copying operation from the source string to the destine

strca

strle

[(dst, src) specifies the string concatenation operation of source string to the destinat

(str) returnis the length of the input string.

extract_tekwalue() pops and returns token value based on its type (as listed in Table 74
locatg¢ddoKens in the reference descriptor (msar or read identifier). The syntax of extract_t

desc

ihad in Tohls QF

coded in the

rokens| |.

hnd decodes
tion string.

ion string.

and the co-
bk_value() is

TOCCO 1T TOUIc- OO
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Table 86 — Decoding process associated to a call to extract_tok_value()

Decoding process

extract tok value(decoded tokens[ ][ ], tokType, t, refldx) ({
tokIdx = (t << 4) | tokType
if (tokType == 2) /* Token: STRING */
tmp_str = get_tok_string(decoded_tokens[tokIdX])
else if (tokType == 3) /* Token: CHAR */

L_Hlp_b L = ge& L_LOK_L[ldL \UELOUEU_LOKEIIb [LOKIAXT])

dlse if (tokType == 4) /* Token: DIGITS */

tmp str = get tok digits(decoded tokens[tokIdx])

dlse if (tokType == 5) /* Token: DELTA */

tmp str = get tok delta(decoded tokens[tokIdx], refldx)
dlse if (tokType == 6) /* Token: DIGITSO */

tmp str = get tok digitsO (decoded tokens[tokIdx])

dlse if (tokType == 7) /* Token: DELTAOQ0 */

tmp str = get tok deltal(decoded tokens[tokIdx], refildk)
dlse if (tokType == 8) /* Token: MATCH */

tmp str = get tok match(refldx)

geturn tmp str

}

get_tok_string(decoded_tokens| ]) pops and returns a null terminated string from data structure
decoded_toKens[ ] as described for token STRING in Table*74.

get_tok_chag(decoded_tokens[ ]) pops and returns ene ASCII character from data structure decpded_
tokens|[ ] as flescribed for token CHAR in Table 74:

get_tok_digits(decoded_tokens[ ]) pops four bytes from data structure decoded_tokens[ ], defodes
them as a 32-bit integer as specified in subclause 6.2, as described for token DIGITS in Table 74, and
returns a stijing with the big-endian de€imal representation of said integer.

get_tok_delth(decoded_tokens| ], refldx) pops a one byte delta value from data structure encpded_
tokens[ ] as|described for token\DELTA in Table 74, sums said delta value and the digit value ¢f the
co-located DIIGITS token in the reference descriptor (msar or read identifier) identified by refldy¥, and
returns a stijing with the big-endian decimal representation of the result of said sum.

get_tok_digifsO(decoded-tokens[ ]) pops a one byte length value as DZLEN token.and a four bytes yalue,
decoded as g4 32-bitinteger as specified in subclause 6.2, as described for token DIGITSO in Table 74, and
returns a stijing with the big-endian zero-padded fixed-width decimal representation of said integer.

get tOk delt'\nrr]al‘nrlnrl tolkancl 1 »aflds) mance 2 ana hata dolia nql.m from datq structure dac ded

OO C CoOTOC O _ToORCII o7 T oo pPpop s o Ont—oy tT Ottt v oo T o toto ot ot ©—atT

tokens[ | as described for token DELTA in Table 74, 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 74.
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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.

The inputs to this process are the variables numberOfRecordSegments and
numberOfMappedRecordSegments calculated as specified in subclause 10.4.10.

Th i ot il ratla 1a AC L1 G N Ay 5 L Ofn 4C t
€ garpaTortsSprocessIs e array - Spriceastqueheer i twitrost—<hamoeromecoraygegments).

10.5.2 Aligned reads (Classes P, N, M, I, HM)

Additlional input to this process are:

— the array mappingPos[0][] is computed as specified in subclause 10.2.3;

— the arrays numberOfSplicedSeg[], and splicedSegLength[][] ,computed as dpecified in
ubclause 10.4.9;

(%)

—

he array splicedSegMappingPos[][] computed as specifiedidn-subclause 10.4.10;

— the array softClipSizes[][] computed as specified in subclause 10.4.7;

— the variable classld is computed as specified in subiclause 10.2.3;

— The variable seqld set equal to sequence_ID,as specified in subclause 7.5.1.2;
— The arrays ref_sequence[][] and seq_start]] as specified in subclause 7.3.

If crps_flag specified in Table 7 is equal to'l and cr_alg_ID specified in Table 16 to is equall to 2, 3 or 4,
in the decoding process specified in Table'87, seqld is set equal to 0, ref_sequence[seqld][] i$ set equal to
refBUf[] specified in subclauses 11.3¢, 11.3.5, 11.3.6, respectively, and seq_start[seqld] is set equal to 0.

The decoding process specified.innTable 87 shall be applied:

Table 87 «— Decoding process of sequence[] array for aligned reads

Decoding step Description

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

fpr(j = 04/5~'< numberOfSplicedSeg[i]; Jj++) {

pRef\=“splicedSegMappingPos|[i] [j] -
seq_ptart|seqld]

wmdppedlength = splicedSeglength[i] []j]
if(classId == Class I || classId == Class HM) {
if(j == 0) |
mappedLength -= softClipSizes[i] [0]

}
if(j == numberOfSplicedSeg[i] - 1) {

mappedLength -= softClipSizes[i][1]

}

splicedSequence[il [j] =

ref sequence[seqld] [pRef,

pRef + mappedLength - 1]

© ISO/IEC 2020 - All rights reserved 85


https://iecnorm.com/api/?name=6fd494ae583bc25491f14b8d4cc77f39

ISO/IEC 23092-2:2020(E)

Table 87 (continued)

Decoding step

Description

if (classId == Class N) {

processSplSegN (i, 7)

Specified in subclause 10.2.4.

} else if (classId == Class M) {

processSplSegM (i, 7)

Specified in subclause 10.2.5.

} else if(classId == Class I

|| classId == Class HM) {

processSplSegI (i, J)

Specified in subclause 10.2.6.

10.5.3 Unnpapped reads (Class HM, U)

The decodin|

b process specified in Tables 88 and 89 shall be applied:

Table 88 — Decoding process of sequence[] array for unmapped reads

Decoding step

Description

for (i = nu

hWberOfAlignedRecordSegments;

i < numperOfRecordSegments; i++) {
if (crps|flag == 0){
decodleUreads (splicedSegLength[i][0]) Specified in subclause 10.4.8.
splig¢edSequence[i] [0] = decodedUreads decodedUreads as specifipd in
subclause 10.4.8.
}else if(crps flag == 1 && cr alg ID == &) {

decode acc

rding to the process specified@n subclause 11.3.4

telse i

F (crps _flag == 1 && cr_alg IB == 4){

decode acc

rding to the process spegified in subclause 11.3.6

}

Tablg

e 89 — Sequence decoding processes corresponding to crps_flag and cr_alg_ID
crps-flag cr_alg_ID sequence decoded as
specified in subclause
— 10.4.8
1 2 11.3.4
1 4 1136

10.6 e-cigar

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 read

S.

Alignments are described as a sequence of consecutive edit operations between the reference sequence
and a sequence mapped onto the reference sequence.

86
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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 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 90.

Table 90 — Syntax of the ISO/IEC 23092 series E-CIGAR string

Operation Semantics E-CIGAR Equivalent SAM CIGAR
representation representation
Increfment both pointer-to- n_matching bases = nM1n oldervarsions
referpnce R and pointer-to-read (not equivalént),

r by 1 positions (match). _in réteht varsions

Repldce nucleotide in the read substitution of character b |[b M inlelder verfsions,
with pase b from the reference, (b is presentin the read and ’ .

. . . X in recent vgrsions
increment pointer-to-reference R |notin the reference) where (ot equivalént)
and pointer-to-read r by 1. b is one of the symbols of q

the alphabets defined in
subclause 9.2.

Incrgment pointer-to-read r by n nbases are inserted inthe |n+ nl
positions (insert from the read). read (not present in the

reference)
Incrgment pointer-to-reference R |n bases are deleted in the n- nD
by n positions (deletion of sequence |read (but present in the
S in the read). reference).
Incregment pointer-to- read rbyn  |n soft clips (n) ns

positfons (insertion in the read).
Can dnly occur at beginning or end

of reqd.

Hard|trim. Can only occur at n hard(lips [n] nH
begining or end of read.

Incrgment pointer-to-reference R _|Anundirected splice of n n* nN
by n positions, splice consensus bases.

observed (splice in the read).

Incrgment pointer-to-reference R | A forward splice of n bases. |n/ Not existing.
by n positions, splice consensus
obsefved on the forward.strand
(forward splice in the'read).

o\

Incrgment pointer-to-reference R |A reverse splice of n bases. |n
by n positions; Splice consensus
observed on-the reverse strand
(revelrse splice in the read).

Not existing.

The generatframework s ittustratedim Table—S5tshowsamexampteof atignment—with soft clips,
deletions and substitutions.

© ISO/IEC 2020 - All rights reserved 87


https://iecnorm.com/api/?name=6fd494ae583bc25491f14b8d4cc77f39

ISO/IEC 23092-2:2020(E)

Table 91 — Example of e-cigar string

0000000000111111111122222222223333333 Position in the reference
0123456789012345678901234567890123456

ACAGATATATCAGAGACCATACAGGAACATAACAGAC Reference

AAAGATCTAT+++++++++++CAGGTACATA Read
0000000000 1111111111 Position in the read
0123456789 0123456789

E-CIGAR=(2]4=C3=11+4=T5=

10.6.2 Decpding process for the first alignment

10.6.2.1 General

The inputs t¢ this process are:

— readLenjgth[] array computed as specified in subclause 10.2.3;

— the clasgld variable specified in subclause 10.2.3;

— the numperOfAlignedRecordSegments variable specified*in subclause 10.4.10.

For classld equal to Class_N, Class_M, Class_I, and Clasgs, HM:

— the misthatchOffsets[][] array computed as specified in subclause 10.4.5;

— the numMismatches[] array computed as-specified in subclause 10.4.5.

If cr_alg_ID kpecified in subclause 11.3 ig set to 1, for classld equal to Class_M mismatchOffsets[]]|] and
numMismat¢hes|[] are pre-processed as-per subclause 10.6.4 prior to being decoded as specified in this
subclause.

For classld equal to Class_M, Class: I, and Class_HM:

— the misthatches[][] arrays computed as specified in subclause 10.4.6.

If cr_alg_ID [specifieddasubclause 11.3 is set to 1, for classld equal to Class_M mismatches[][] i$ pre-
processed ag per subelause 10.6.4 prior to being decoded as specified in this subclause.

For classld equal to Class_I and Class_HM:

— the mismatchTypes[] array computed as per subclause 10.4.6;

— the softClips[][][] arrays, the softClipSizes[][] array, and the hardClips[][] array computed as
specified in subclause 10.4.7.

The output of this process is the array of strings ecigarString[], and the array of the corresponding
string lengths ecigarLength[].

In this subclause, the decoding process uses strings, where strings are sequences of a given length
of universal coded character set (UCS) transmission format-8 (UTF-8) characters as specified in
ISO/IEC 10646 of a given length.

In this subclause the following strings operators are defined:
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arraytostr(a, 1) returns a string of length | created by copying the first | characters from array a,
where a is a one-dimensional array of characters

strtoc(s) returns all characters in string s in a sequence compliant with c(n) data type
specified in subclause 6.3, where n corresponds to the length of string s

returns a string composed by the characters between the quotes
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

£l L. AL 3 H ] L. i - A | A | ool £1 £l
LIl Uusu oIV IS d Dlllslc CIIdl dCLLUT, ITU 1S5 LUILISIUTTICTU a St llls Ul lCllsLll L

strlen(s) returns the length of string s

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
procgss of e-cigar strings is specified in Table 92.

Table 92 — Decoding process for the e-cigar strings of a genomic record without spliced reads

Decoding step Desdription
for(p = 0; s < numberOfAlignedRecordSegments; s++)
iff (classId == Class_P){ Class P.
mmOffsets = {} Empty arrpy.
mms = {} Empty array.
mmTypes = {} Empty arry.
decodeECigarMismatches (classIdy readLength[s], As specifig¢d in
0, mmOffsets, mms, mmType¥) Table 93.
ecigar = decodedEcigar decodedEgigar
computed|as specified
in Table 93.
}
ellse if (classId == €lass N) { Class N.
mms = {} Empty arrpy.
mmTypes = {7 Empty array.
decodeRChigarMismatches (classId, readLength[s], As specifig¢d in
numMismatches[s], mismatchOffsets[s], mms, mmTypes) Table 93.
edigar = decodedEcigar decodedEgigar
computed|as specified
T Tabte93.
}
else if (classId == Class M) { Class M.
mmTypes = {} Empty array.
decodeECigarMismatches (classId, readLength[s], As specified in
Table 93.

numMismatches([s], mismatchOffsets(s],

mismatches[s], mmTypes)

ecigar = decodedEcigar decodedEcigar
computed as specified

in Table 93.
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Table 92 (continued)

Decoding step

Description

}

else if (classId == Class I

[ | classId == Class HM) {

Classes I or HM.

leftSoftClips
arraytostr (softClips[s] [0][],
softClipSizes([s] [0])

‘[', inttostr(rightHardClips), '1')

mapped base.

rightSoftClips =
a LdyLUSUTL \DULL\JliLJD[D] El] [] 2
softClipSizes[s][1]) ,\Q,Q
leftfardClips = hardClips[s] [0] q>)'
righfHardClips = hardClips(s][1] ni :
mapp¢dLength = readLengthls] @)V
—|strlen(leftSoftClips) - strlen(rightSoftClips) ({b
decodleECigarMismatches (classId, mappedLength, C) KS specified in
Table 93.
nfimMismatches([s], mismatchOffsets([s], \\Q/
m}smatches[s], mismatchTypes|[s]) ‘C-,O
ecighar = decodedEcigar 5\\’ decodedEcigar
e computed as specified
(\Q in Table 93.
. : | = v
if(sfrlen(leftSoftClips) != 0) { \Q
etigar = strcat( g\\)\ Soft clips are present
fore the leftm
YN, inttostr(strlen(leftSoftClip%\QJ e, before the leftmogt
B\ mapped base.
ecigar) Q
)
} \\\Q)
1 1 | =
else|if (leftHardClips 0) { "9
e¢igar = strcat( N~ Hard clips are prefent
) \EJ , before the leftmodt
I, 1nttostr(left}@ lips), '1’,
mapped base.
ecigar) “.
} o
1 1 7 | =
if (s rlen(rlghtSS\@llps) ! 0) {
etigar = s }ét(ecigar, Soft clips are present
(Y, @ ostr(strlen(rightSoftClips)), ')’) after the rlghtmOSt
AN mapped base.
) &
else i\ﬁ\/riqhtHardClips = 0) {
ecigar = strcat (ecigar, Hard clips are present

after the rightmost

}

ecigarString([s]

strtoc (ecigar)

ecigarLength([s]

strlen(ecigar)

90
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Table 93 — Decoding process for the mismatches within one e-cigar string

Decoding step

Description

decodeECigarMismatches (classId, len,

mmNumber, mmOffsets, mms, mmTypes) {

74

ecigar =

Empty string.

if (classId == Class P) {

Class P.

A p—

ecigar = strcat(inttostr(len), ‘=')

elgse if(classTd == Clas N) {

previousOffset =0

i=20

while (1 < mmNumber) {

delta = mmOffsets[i] - previousOffset

previousOffset = mmOffsets[i] + 1

if (delta == 0) {

ecigar = strcat(ecigar, ‘N’)

} else {

_ . . —
ecigar = strcat(ecigar, inttostr(delta), s(‘\“'f

O\

ecigar = strcat(ecigar, ‘N’)

2
) A)

i++ \\\( )

} N

delta = len - previousOffset \(\Q)

\t\‘
K\

if(delta > 0) {

ecigar = strcat(ecigar, i‘(\@é?)str(delta), ‘="

} o)

} O

Class M.

ellse if(classId == Clas§\¥) {
previousOffset =\O,

i=0 o

hile (i < miaNihm
while (i “ma)lmber){

delt;hg\}ﬁmOffsets[i] - previousOffset

= i] +
p{@%usOffset mmOffsets[i] 1

‘(-‘Rﬁdelta == 0) {

\<</ ecigar = strcat(ecigar, mms[i]))

} else {
ecigar = strcat(ecigar, inttostr(delta), ‘=')
ecigar = strcat(ecigar, mms[i])

}

i++

}

delta = len - previousOffset

if (delta > 0) {

ecigar = strcat(ecigar, inttostr(delta), ‘=')
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Table 93 (continued)

Decoding step Description
else if(classId == Class I || classId == Class HM)) { Classes I or HM.
previousOffset = 0
i=0
while (i < mmNumber) {
count = 0
delta = mmOffsets[i] - previousOffset
previousOffset = mmOffsets[i]
if (delta > 0) { A
ecigar = strcat(ecigar, inttostr(delta), ‘=') QV
delta = 0 Rd
) Ao‘\lf
if (mmTypes[i] == 0) { atution
ecigar = strcat(ecigar, mms[i])) C.
previousOffset = mmOffsets[i] + 1 o
i++ d§/
) D
else if (mmTypes[i] == 1) { L O\ Insertion.
while (1 < mmNumber QK
&& mmTypes[i] == 1 \\Q
&& mmOffsets[i] - previousOffset s\o
== 0) { Q(sb
previousOffset = mmOffsets[iiQ: 1
count++, i++ A‘\‘o
) «O
ecigar = strcat(eciga‘{:(.) tfnttostr (count))
ecigar = strcat(ecj_q%b\, Y+7)
} A\"
else if(mmTypes’E(T)Q= 2) | Deletion.
while (i < guwdmber
&& n&s[i] == 2
%Q\Offsets[i] - previousOffset
O == 0 ¢
WpreviousOffset = mmOffsets[i]

count++, i++

}

ecigar = strcat(ecigar, inttostr (count))

ecigar = strcat(ecigar, ‘-')

92
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Table 93 (continued)

Decoding step Description

delta = len - previousOffset

if(delta > 0) {

ecigar = strcat(ecigar, tostr(delta), ‘=')

}

decodedEcigar = ecigar

10.6.2.3 Decoding process with spliced reads

When the spliced_reads_flag syntax element specified in subclause 7.4.2 is equal to 1} the e-cigar
strings are decoded as follows.

Additional input to this process are:

For classld equal to Class_N, Class_M, Class_I, and Class_HM:

—

he numberOfSplicedSeg|[], splicedSegMappedLength[][] and splicedSegLength[][] arrays computed
s specified in subclause 10.4.9;

job)

—

he splicedSegMismatchOffsets[][][], splicedSegMismatchNumber[][] and splicedSegM]smatchldx][]
[| arrays computed as specified in subclause 10.4.5;

—

he array splicedSegMappingPos[][] computed-as specified in subclause 10.4.10;
— the array reverseComp[][][] computed asspecified in subclause 10.4.3

The decoding process is specified in Table-94.

Taple 94 — Decoding process forthe e-cigar strings of a genomic record with splided reads.

Decoding step Déscription
for(p = 0; s < numberOfAldgnedRecordSegments; s++) {
iff (classId == Class\\P) { Class|P.
mmOffsets = {4 Emptly array.
mms = {} Emptly array.
mmTypes/~"{} Emptly array.
decodeFCigarMismatches (classId, readLength[s], As spgcified in
Tablef93.

0, mmOffsets, mms, mmTypes)

eCigar = decodedEcigar decodedEcigar
computed as
specified in

Table 93.
}
else if (classId == Class N) { Class N.
mms = {} Empty array.
mmTypes = {} Empty array.
decodeECigarMismatches (classId, readLength[s], As specified in
Table 93.

numMismatches[s], mismatchOffsets[s], mms, mmTypes)
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Table 94 (continued)
Decoding step Description
ecigar = decodedEcigar decodedEcigar
computed as
specified in
Table 93.
}
else if(classId == Class M) { Class M.
mmTypes = {} Empty array.
decogeECigarMismatches{classid —readlengthls], As cpnrifinﬂ in
Table 93.
nimMismatches([s], mismatchOffsets([s], (3
m}smatches[s], mmTypes)
eciggr = decodedEcigar éaEmg(r
Qjﬁted as
Q( ecified in
_0~-{Table 93.
} C %
else iffclassId == Class I || classId == Class_ HM) { R )“’ Classes I or HM.
AN\
leftfoftClips = (:>

afraytostr (softClips([s]([0][],
softClipSizes([s] [0])

rightSoftClips =
afraytostr(softClips[s] [1][],
spftClipSizes([s][1l])

Nt
(X

leftflardClips = hardClips[s] [0] N
rightHardClips = hardClips([s][1] [7“J
eciggr = V7 \‘S\v Empty string
for(l = 0; 1 < numberOfSplicedSeg[sl¢§§++) {
léngth = splicedSegLength[s][iLS&J
if(i == 0) { xO
length -= softClipSizeﬁ*§T[O]
) N
if (i = (numberOfSplicedseg[s] - 1)) {
length -= sof;Q§§bSizes[s][l]
) >’
if(i > 0)

splicigf%;ét = splicedSegMappingPos[s] [1]
‘ss icedSegMappingPos[s] [1i - 1]

<O

splicedSegMappedLength[s] [1 - 1]

igar = strcat(ecigar, inttostr(spliceQffset))
if (reverseComp([i] [s] [0] == 0) {
ecigar = strcat(ecigar, “/”) Forward splice.

} else if(reverseComp[i][s][0] == 1)

wo

ecigar = strcat(ecigar, $7)

Reverse splice.

} else if(reverseComp[i][s][0] == 2)

ecigar = WETY)

strcat (ecigar,

Undirected splice.

} else {

/* reserved */

94
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Table 94 (continued)
Decoding step Description
mmStartIdx = splicedSegMismatchIdx([s] [1]
mmEndIdx = mmStartIdx + splicedSegMismatchNumber[s][i] - 1
decodeECigarMismatches (classId, length, As specified in
Table 93.
splicedSegMismatchNumber([s] [i],
splicedSegMismatchOffsets([s] [i],
mismatches[s] [mmStartIdx, mmEndIdx],
mismatchTypes|[s] [mmStartIdx, mmEndIdx])
ecigar = strcat(ecigar, decodedEcigar) deca edEcigar
compjuted as
specified in
TFable]93.
}
if (strlen(leftSoftClips) != 0) {
ecigar = strcat( Soft dlips are
(', inttostr(strlen(leftSoftClips)), ')’, presgnt before
ecigar) the ldftmost
mapyed base.
}
else if (leftHardClips != 0) {
ecigar = strcat( Hard|clips are
‘[', inttostr(leftHardClips), ’'1', presgnt before
) the ldftmost
ecigar)
mapped base.
}
if (strlen(rightSoftClips) != 0) {
ecigar = strcat (ecigar, Soft dlips are
‘(', inttostr (strlen (rightSoftClips)), ')’) pres¢nt after
the rightmost
mapped base.
}
else if (rightHardClaps !'= 0) {
ecigar = strcat (ecigar, Hard|clips are
‘[', in&tOstr (rightHardClips), '17) presgnt after
the rightmost
mapped base.
}
}
efigarString[s] = strtoc(ecigar)
epigarlength[s] = strlen(ecigar)
}

10.6.3 Decoding process for other alignments

For all alignments other than the first one, the e-cigar strings are decoded as specified in
subclause 10.4.13.

10.6.4 Reference transformation

When cr_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 be pre-processed according to the process described in Table 95 prior to being decoded as
specified in subclause 10.6.2.
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Additional input to the process is:

— the array mappingPos[][] computed as specified in subclauses 10.4.2 and 10.4.10;

— thereadLen[] array computed as specified in subclause 10.4.9;

— the array refSequence equal to ref_sequence[i] specified in subclause 7.4.2 where i is equal to ref_
sequence_ID as specified in subclause 7.5.1;

— the array refTransfOrigSymbols computed in subclause 11.3.3;

— the variables numberOfRecordSegments computed as specified in subclause 10.4.10.

The output| of the process are the modified arrays mismatchOffsets[][], mismatches[][]}] and
numMismatg¢hes]].
Table 95 — Pre-processing process when cr_alg_ID is equal to 1
Processing step Description
for(s = 0;|s < numberOfRecordSegments; s++) {
mPos = mhappingPos[0] [s] - seq_start
newMismgtchOffsets[] = {} Empty arrays.
newMismgtches[] = {}
i=0, =0, k=20
while (i]|< Size (refTransfPos) && Search for the transforma-
refThansfPos[i] < mPos) i++ tions in the leftmost reafl
range.
while (1]|< Size(refTransfPos) &&
refTransfPos[i] < mPos + readLength[s] )
if (]2 numMismatches[s] || One ref transformation found
. before the next mismatdh
r¢fTransfPos[i] - mPos < .
position.
mlsmatchOffsets[s] [J]) {
n¢wMismatchOffsets[k] =
refTransfPos[i] - mRos
n¢wMismatches[k] = _YefSequence[refTransfPos[i]] Read the base in the ref
sequence.
it+, k++
}
else|if (reffransfPos[i] - mPos == One substitution in the read
n] smaf R0t fsetss] [31) { found at the same placg 3s the
reference transformatioh.
1 Hmrsmeteheste— Stere-tonty-i-differentirom

refTransfOrigSymbols[i]) {

OTOTCTT Oy T O rCTreTc

the original reference.

newMismatchOffsets[k] =

mismatchOffsets[s] []]

newMismatches[k] = mismatches[s] []]

k++

}

it+, 4+

} else {

while (j < numMismatches[s] &&
refTransfPos[i] - mPos >

mismatchOffsets[s][j]) {

Copy all mismatches until

the next reference
transformation.

96
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Table 95 (continued)

Processing step Description

newMismatchOffsets[k] =

mismatchOffsets[s] []]

newMismatches[k] = mismatches[s][]]

k++, j++

|
while (j < numMismatches([s]) { Copytherananﬁng
mismatchésiifany.

newMismatchOffsets[k] = mismatchOffsets[s][]]

newMismatches[k] = mismatches([s] []]

kt++, 4+

mjismatchOffsets[s] = newMismatchOffsets

npmMismatches[s] = k

mfismatches[s] = newMismatches

11 Representation of reference sequences

The 1leference sequence is usually part of an ayailable reference genome (split into chrorilosomes and
other| sequences), but can in principle haverany origin. With respect to a bitstream co
ISO/IEC 23092-1, the following types of reference sequences are supported:

remotely and shall be retrieved.fo enable the decoding of the bitstream.
Hmbedded Reference: the.reference sequence is coded within the bitstream as datas

(Jomputed Reference: the reference sequence can be computed using the information
the sequencing reads-coded in the bitstream.

pliant with

Hxternal Reference: the reference\sequence is coded as an independent resource either locally or

pt.

contained in

In th¢ scope of thisdeeument embedded and computed references are referred to as interngl references.

11.1| External reference

The

Feference used for compression is not included in the bitstream. A mechanism

identjfication is specified in ISO/IEC 23092-1.

for unique

11.2 Embedded reference

The reference is stored in the bitstream as dataset as specified in ISO/IEC 23092-1.

11.3 Computed reference

11.3.1 General

A computed reference is used:

— to improve compression efficiency by modifying an available external reference before decoding

sequence data, or
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— to encode aligned sequencing reads without using the reference sequences used for alignment, or
— to encode raw (unmapped) reads.

In case of aligned reads it can be beneficial to support encoding and decoding without requiring access
to the reference sequences used for alignment.

This approach uses the sequencing reads to be encoded to build a local consensus assembly to perform
reference-based encoding. In this case all reads shall be encoded using class U descriptors, but the
classification in P, N, M, I and HM classes shall be preserved.

When sequencing reads are encoded using a computed reference, the rtype descriptor currently
specified in fubclause 10.4.1T shall be used as specified in Table 96 to:

1. signal the set of descriptors needed to decode the current record,

2. signal the type of reference (embedded reference or computed reference) needed,to decode the
current fecord.

11.3.2 Supported Algorithms

Table 96 specifies the supported reference computation algorithmsi\er_alg ID is specifigd in
subclause 11.3.

Table 96 — Supported reference computation algorithms

cr_alg_ID| Name Description

0 reserved

RefTransform To improve compression efficiency, an available external
reference is medified before decoding sequence data. This
algorithm applies only to aligned data as described in
subclause~t.3.3.

2 PushIn The reference is created by simple concatenation of already
decdéded 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 decoding is
encoded in each AU as sequence of ureads descriptors. This is
described in subclause 11.3.6.

5..255 reserved

11.3.3 Refdrence transformation

The input to this process is the ref_sequence[seqld] array specified in subclause 7.4.2, with seqld equal
to ref_sequence_ID as specified in subclause 7.5.1, and the arrays refTransfPos[],and refTransSubs][]
computed as specified in subclauses 10.4.18 and 10.4.19 respectively.

The output of this process is the modified ref sequence[seqld] array computed by applying the
decoding process shown in Table 97 and a refTransfOrigSymbols[] array containing the substituted
symbols in the original reference.
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Table 97 — Reference transformation process

Transformation step Description
len = Size(refTransfPos][])
refTransfOrigSymbols[] = {} Empty array.
for (i = 0; i < len; 1i++){
refTransfOrigSymbols[i] = Save the symbol in the reference before
ref sequence[seqld] [refTransfPos[i]] transformation.
rLf_sequence[squd] [refTransfPos[i]] = Substitution.

refTransSubs[i]

}

When cr_alg_ID is equal to 1 the decoder shall first apply the reference transformation

Table

97 to the raw reference structure received as input and then use it ferreference-bas

as spgcified in subclause 10.2.
11.3.4 Pushin

11.3.4.1 General

The 1
alrea
the p

decodled reads, each composed by a sequence 6f\Symbols from one of the alphabets as

subcl

eference is created by pushing into a reference buffer refBuf[] of size crBufSize, i.e. co
y decoded reads. In this subclause reads are speecified as the sequences computed
rocess described in Table 66 for cr_alg_ID equal to 2. The reference is built from crBi

huse 9.2.

A de
previ

11.3.
The i

— t

I
J S EY)]

oded read is pushed in front of thevcomputed reference buffer only if it is differe
ous one. The computed reference obtained in this way is padded at its beginning and

1.2 Process for the construction of the reference

hputs to this process are:

he buffer refBuf[] of size crBufSize specified in subclause 11.3.4.3 which contains crBu

r_buf max_size.as specified in subclause 7.4.2.4;

r_pad_sizéas specified in subclause 7.4.2.4;

ignature_flag, num_signatures, signature_length[] and signature[] fields in the acces
s specified in subclause 7.5.1.2;

described in
ed decoding

ncatenating,
as output of
ifNumReads
specified in

bnt from the
ts end.

fNumReads;

b unit header

11.3.4.3 Initialization of the reference

At the start of the decoding process of an AU set crBufSize equal to 2*cr_pad_size and crBufNumReads
equal to 0.

If signature_flag is equal to 1 and num_signatures is bigger than 0:

1. insert the contents of signature[0] to the refBuf[] (at position cr_pad_size)

C

rBufNumReads by 1 and increment crBufSize by signature_length[0];

, increment

2. for each remaining signature, if (crBufSize + 2* cr_pad_size + the size of the previous signature) is
greater than cr_buf max_size, oldest signatures are pushed out of the buffer refBuf[] and crBufSize
decremented of the length in nucleotides of each pushed out signature until (crBufSize + 2* cr_
pad_size + the size of the current signature) is smaller than or equal to cr_buf max_size. Push the
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current signature in front of the previous signature and increment crBufSize with the length in
nucleotides of the current signature.

11.3.4.4 Update of the reference
The output of this process is the updated buffer refBuf[] and the updated variable crBufSize.

This process is skipped when the last decoded read perfectly matches the previously pushed read into
the refBuf[] in the sense that all the following conditions are all satisfied:

— rtype value of the last decoded read is smaller or equal to 2

crBufNu

mReads is greater than 0

— lengths pf both reads are equal

This procesq consists of the following steps:

1. If (crBuf
pulled 9
pushed

cr_buf n

Size + the size of the last decoded read) is greater than cr_buf max (size, oldest reads are
ut of the buffer refBuf[] and crBufSize decremented of the length in nucleotides off each
put read until (crBufSize + the size of the last decoded read) js\smaller than or equal to
nax_size. Decrement crBufNumReads by the number of reads pushed out of the refBuf][].

are present in the buffer, the whole buffer, except the leftmost cr_pad_size positions, is
pack until the leftmost base of the oldest read is at cr_pad_size position.

If reads
pushed |

n the
by 1

The lastjdecoded read, decoded as described in Table 66 for'cr_alg_ID equal to 2, is pushed
refBuf[]| after the last decoded read already in the refBuf[], crBufNumReads is incremented
and crByifSize is incremented of the length in nucleotideés of the pushed in read.

cr_pad_s bf the

newly in

ize rightmost remaining positions of refBuf[] are padded with the rightmost base
serted read.

ize leftmost positions of refBuf[]~ate padded with the leftmost base of the oldest| read

hg in refBuf[].

cr_pad_{
remaini

The leftmost ldest

read shall hg

position in the buffer shallhiave position 0; by consequence the leftmost base of the
ve position cr_pad_sizef

n the

The output
array refBuf
correspondi

The refBuf[]

of the computation\process described above is a reference sequence contained i
[] which shall bé used to decode the next genomic records contained in the curre
hg to values of Ftype not equal to 5 as specified in subclause 10.4.14.

shall be deleted at the end of the decoding process of each AU.

nt AU

read
been

If the reverseComp[][][] flag (as specified in subclause 10.4.3) corresponding o the last decoded
is 1, output [thé read as reverse-complemented as specified in subclause 9.4 after that this has
pushed to the edmputed reference

11.3.5 Local assembly

11.3.5.1 General

The reference is created by computing a local sliding consensus reference sequence. This can be seen as
equivalent to performing a local assembly. A local assembly is created by collecting all bases mapping to
a unique genomic position and by deriving the consensus base at that position through a majority vote.
In this subclause reads are specified as the sequences computed as output of the process described in
subclause 10.5.2 This algorithm applies only to aligned data as described in subclause 11.3.5.2.

An array crBuf[][] is built during the decoding process. A number of already decoded reads may be
needed and are stored in the array crBuf[][]. The number of decoded reads stored in the array crBuf[]
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[] is stored in the variable crBufNumReads. The current size in bytes of the array crBuf[][] is stored in
the variable crBufSize.

If the optional rftp and rftt descriptors are present, an additional output of this decoding process
is a raw_referenceg.,,, structure (specified in subclause 7.3.2) containing the computed Local
Assembly reference specific to current Access Unit, as specified in point 6 of subclause 11.3.5.3 and in

subcl

ause 11.3.5.4.

11.3.

5.2 Process for adding a decoded aligned read to the list crBuf

The inputs to this process is an array crBuf[][] which contains crBufNumReads reads of size in bytes

equaltocrBufSize-The outputof this process s the updatedarray crBuffitfamd the updated variables

crBufNumReads and crBufSize.

This process consists of the following steps:

1. [If the variable crBufSize plus the length in bases of the already decoded aligned read is greater
than cr_buf_max_size, the oldest reads are removed from the array crBuf|][] until crBufSize plus
the size of the already decoded aligned read is smaller than or equal €p €r_buf_max_size.

2. The last decoded read is added to the array crBuf[][] as newest read.

11.3.5.3 Process for the construction of the reference

The ihput to this process is an array crBuf[][] containing atleast one aligned read and th¢ position on

the re¢ference sequence of each nucleotide.

The dqutput of this process is an array refBuf[] containing a sequence of consensus symbolg.

For epch position covered by aligned reads in the array crBuf[][], the consensus symbol |s derived as

follows:

1. (ollect all bases mapping to the current position.

2. (ount the occurrences of each sy#hbol.

3. Iftwo symbols s; s; (withi«j indexes of one of the alphabets specified in subclause 9.2) have the
spme maximum number‘ef occurrences, then select s; as consensus symbol.

4. Qtherwise, select the:symbol with the maximum number of occurrences as consensus|symbol.

5. Append the consensus symbol to the array refBuf[].

6. If the optienal rftp and rftt descriptors are present, copyrefBuf[] into ref_sequence},[seqld][]
ih a raw reference, . structure (specified in subclause 7.3.2) according to the mappjng position.

The result of the decoding process described above is a reference sequence contained fin the array

refBu f[] which-shatH-betusedto-decodethe scuuuxib records-containredintheeurrentAb—e rresponding

to values of rtype not equal to 0 or 5 as specified in subclause 10.4.14.

11.3.

5.4 Decoding process for rftp and rftt

When cr_alg_ID is equal to 3, if the optional descriptors rftp and rftt are present in the bitstream, they
shall be used to reconstruct the original reference used for sequence alignment for the records in current

Access Unit. The decoder shall apply a transformation to the reference sequence ref_sequence

output

[seqld][] constructed according to the process described in subclause 11.3.5.3 by replacing the symbols
present in the reference sequence ref_sequence,,[seqld][] at the absolute position represented by
each rftp; descriptor with the symbols conveyed by each corresponding rftt; descriptor.
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11.3.6 Global assembly

When cr_alg_ID is equal to 4, the the reference sequence and the genomic records are decodedas
follows for each AU of type 6 (Class U) or of type 5 (class HM):

1. An array refBuf[] is set equal to the empty array.

2. Decode one rtype descriptor as specified in subclause 10.4.14.

3. Ifthe value of the decoded rtype descriptor is equal to 5 then go to step 4 else go to step 8.

4. Decode one rlen descriptor as specified in subclause 10.4.9.

5. Decode the ureads descriptor with decodeUreads(rlen) as specified in subclause 10.4.8, whey
is the value from rlen descriptor decoded at previous step 4.

6. Concatehate the array refBuf[]with the output of step 5.

7. Goto stgp 2.

8. Decode the next sequence as specified in subclause 10.4.14 according te thie value of the
descriptjor decoded at step 2.

9. For eaclh sequence decoded at the previous step whose reverseCompl[][][] flag (as specifi
subclauge 10.4.3) is 1, replace the sequence with its reverse-complément sequence as specif
subclauge 9.4, and set the reverseComp[][][] flag to O.

10. If more rtype descriptors are present go to step 2.

The result o
refBuf[], and
equalto 5 (a

12 Block

12.1 Genel

This clause d
carried by a

The input to

The outputs|

decoded_symbols[][{] ]} data structure, as specified in subclause 12.6.2.

A graphical 1

f the decoding process specified above is 1) a.reference sequence contained in the
| 2) the genomic records contained in the current AU corresponding to values of rtyp

payload parsing process

ral

escribes the parsing process of encoded_descriptor_sequences and encoded_toker
block payload as specified in subclause 7.5.1.3.3.

this process is the block payload.

of this process are decoded symbols of all descriptor subsequences populated inf]

epreséentation of the parsing process is show in Figure 7 and Figure 8.

5 specified in subclause 10.4.14) and decoded using the reference sequence in refBuf[].

b rlen

rtype

ed in
ed in

array

e not

itype

o the
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12.2 Inverse binarizations

12.2.1 General

The process of inverse binarization converts the decoded binary symbols (binVals) into a non-binary-

valued symbol (symVal). The following subclauses describe the decoding process for the different
binarizations adopted in this document.

The following variables are specified:

— binVal is the binary value returned by the decoded_bit().
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— symVal is the non-binary reconstructed value yielded by the inverse binarization process. In this
subclause, it is also referred as decodedCabacSubsym.

— cmax is the largest possible binarized value. Larger values are truncated.

Annex C provides examples of inverse binarizations.

12.2.2 Binary (BI)
The inputs to this process are bits from the block payload.

The output of this process is the variable symVal.

The paramefer cLength computed in subclause 12.3.6.2 indicates the length in bits of the bindrized
symVal. The|decoding process is described in Table 98.

Table 98 — BI decoding process

symVal = 0
for (i=0; 1<clength; i++) {

symVal § (symVal<<l) | decode bit()

12.2.3 Truncated unary (TU)
The inputs t this process are bits from the block payload.

The output df this process is the variable symVal.

The paramefer cmax indicates the maximum value of symVal. The decoding process is described in
Table 99.

Table 99 - TU decoding process

symVal=0;
while (symVgl < cmax && decode bIt () == 1) {

symVal+t

12.2.4 Exp¢nential golomb (EG)

12.2.4.1 General

The inputs tothis process are bits from tie biock paytoad.
The output of this process is the variable symVal.

The decoding process is described in Table 100.
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Table 100 — EG decoding process
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leadingZeroBits= -1

for( b = 0; !b; leadingZeroBits++ )
b = decode bit ()

symvVal = 0

for( i = 0; i1 < leadingZeroBits; i++ )
symVal = (symVal << 1) + decode bit ()

symVal += 2leadingZeroBits - 1

12.2,

The
subcl

1.2 Signed exponential golomb (SEG) binarization

nput to this process is the output of an exponential golomb binarizatien as
puse 12.2.4.1.

The @
1. B
2. 1

12.2.
The i
The g

Trun

cmax_teg signalled in subclause 12.3.3.2) and-an exponential golomb binarization. The paf

for th
1. H
2. 1

d

symV

12.2.
The i
The g

utput of this process is the variable symVal.

erform the Exponential Golomb decoding process specified in subclause 12.2.4.1.

Fthe output of step 1 is not equal to 0, decode a one-bit sign flag.

5 If the output of step 2 is 1, symVal= -1*symValTruficated exponential golomb (
hputs to this process are bits from the block payload.
utput of this process is the variable symVal,

rated exponential golomb is a concatenatidn of a truncated unary binarization (with c

ese syntax elements are processed as\follows:

Fthe output of step 1 is equal®to cmax_teg:

Perform the exponential golomb decoding process specified in subclause 12.2.4.

al is equal to the sum of step 1 and step 2a.

6 Signed truncated exponential golomb (STEG)
hputs te'this process are bits from the block payload.

utput’of this process is the variable symVal.

erform the truncated unary degoding process with cmax equal to cmax_teg (see 12.2{

specified in

TEG)

max equal to
sing process

3).

Signed truncated exponential golomb is a concatenation of a truncated unary binarization (with cmax
equal to cmax_teg signalled in subclause 12.3.3.2), an exponential golomb representation and a 1-bit
binary binarization (flag). The decoding process for these syntax elements is as follows:

1. Perform the truncated unary decoding process with cmax equal to cmax_teg (see 12.2.3).

2. Ifthe output of step 1 is equal to cmax_teg:

a

Perform the exponential golomb decoding process specified in subclause 12.2.4.

3. Ifthe sum of the outputs of step 1 and step 2 is not equal to 0:

a

Decode a one-bit sign flag.
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symVal is equal to the sum of the output values of step 1 and step 2a. If the output of step 3a is 1,
symVal= -1*symVal.

12.2.7 Split unit-wise truncated unary (SUTU)
The inputs to this process are bits from the block payload and:

— split_unit_size specified in subclause 12.3.3.2;

— output_symbol_size specified in subclause 12.3.2.

where split_unit size < output symbol size.

The output df this process is the variable symVal.

The SUTU binary string is a concatenation of n TU binarizations (subclause 12.2.3), Wher¢ n =
Ceil(output_pymbol_size / split_unit_size).

The decoding process for SUTU binarization is described in Table 101

Table 101 — SUTU decoding process

symVal=0
for (i=0; J]<output symbol_ size; i+=split _unit_size) {
unitvall= 0

o)

cmax = [i == 0 && (output symbol size % split unigysize) != 0) ?

(1<<[output symbol size % split unit size)) -1

(I<<$plit unit size)-1

while (upitvVal < cmax && decode bit() == 1)
unitYal++
symVal § (symVal<<split unit size) ( unitval

12.2.8 Signled split unit-wise truncated unary (SSUTU)
The inputs t¢ this process arebits from the block payload and:

— split_unjt_size specified in subclause 12.3.3.2,

— output_symbol_size specified in subclause 12.3.2,

where split_finit(size < (output_symbol_size-1) and output_symbol_size has one bit reserved for thd sign.

Ll o - 4=1 L . | A &SN |
The output ofthisprocessisthevartablesymvat:

The SSUTU bin string is extension of the SUTU binarization (subclause 12.2.7) with sign of symVal
coded as a separate flag. The decoding process for this binarization is as follows:

1. The SUTU binarization produces the absolute value of symVal (of size output_symbol_size-1).
2. Ifthe output of step 1 is not equal to 0, decode a one-bit sign flag.

If the output of step 2 is 1, symVal= -1*symVal.
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12.2.9 Double truncated unary (DTU)

The inputs to this process (see Table 102) are bits from the block payload and:

— cmax_dtu, split_unit_size (specified in 12.3.3.2),

— output_symbol_size (specified in 12.3.2),

where Log2(cmax_dtu) < split_unit_size and split_unit_size < output_symbol_size.

The output of this process is the variable symVal.

The HU-birary-stringis-aconcatenationof-two-binarizations, a1 U-binarization{subelause 12.2.3) and
a SUTU binarization (subclause 12.2.7). The parameter cmax_dtu is used for the TU binagization with
cmax equal to cmax_dtu, and the parameters split_unit_size and output_symbol_size\are|used for the
SUTY binarization (where cmax is computed internally).

Table 102 — DTU decoding process

symVpl = decode cabac TU(cmax dtu)
if (symval 2 cmax_dtu) {
symVal += decode cabac SUTU(split unit size, output symbol size)

}

decoIe_cabac_TU() specifies the decoding process specified in subclause 12.2.3.

decodle_cabac_SUTU() specifies the decoding processspecified in subclause 12.2.7.

12.2.10Signed double truncated unary (SDTU)
The ihputs to this process are bits from theblock payload and:

— dmax_dtu and split_unit_size specified in subclause 12.3.3.2,

— dutput_symbol_size specifiedin subclause 12.3.2,

wherp Log2(cmax_dtu) < split junit_size, split_unit_size < (output_symbol_size-1) and output_symbol_
size Has one bit reserved for the sign.

The qutput of this protess is the variable symVal.

The §DTU bin string is an extension of the DTU binarization with sign of symVal coded gs a flag. It is
obtaiped as follaws:

1. The DTU binarization produces the absolute value of symVal (of size output_symbol_size-1).

2.

]

[ the output of step 1 is not equal to 0, decode a one-bit sign flag.

If the output of step 2 is equal to 1 then symVal is set to -1 * symVal.

12.3 Decoder configuration

This subclause provides syntax and semantics to convey information related to the decoder
configuration in the parameter set specified in subclause 7.4.

12.3.1 Sequences and quality values

The decoder configuration syntax is specified in Table 103.
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Table 103 — Decoder configuration syntax

Syntax Type

decoder configuration (encodingModelID) {

if

(encodingModeID

){ /* CABAC */

num_descriptor subsequence_cfgs minusl

u(8)

for (

i=0;

i £ num descriptor subsequence cfgs minusl;

i++) {

2seriptor—subsequence—Ib u{10)
\Y J

s

FansformSubsegCounter 1

+

ansform subseq parameters ()

As specifiedin 14.3.

[

r 0; j < transformSubseqgCounter ; j++) {

(J

transform ID_ subsym u(3)

support values () As.specified in 14

cabac_binarization() As specified in 12

} else

>

| £ (encodingModeID 1) {

/* rese

ved for future use */

}

num_descriptor_subsequence_cfgs_minus1 plus 1 spécifies the number of subsequences the gepomic

descriptor f

subsequencs

descriptor_
configuratio

minus 1 as §
subsequend

transform_s

specified in {

transform_

in in subclau

br which configurations are being signdlled in this syntax. The number of desci
s for each genomic descriptor are specified in Table 24.

subsequence_ID identifies the descriptor subsequence to which the current de
h is applied. Its value is comprised between 0 and the number of descriptor subsequ

e_ID shall be used more than once.

ibseq_parameters() signals the parsing of parameters for transformed subsequence
bubclause 12.3.4.

D_subsym specifies the subsymbol transform to be applied. Allowed values are spe

se 12.3.4.

support_vallles() specifies a set of configuration parameters used to parse the transfo

subsequencg

cabac_binar

.Itis'specified in subclause 12.3.2.

iptor

roder
ences

pecified in Table 24. Within the same descriptor_configuration(), no value of descriptor_

5. [t is

rified

rmed

zation(]) specifies information about the hinarization used for the CABAC decoding

bf the

transformed subsequence. It is specified in subclause 12.3.3.
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12.3.2 Support values

Table 104 — Support values data structure

-2:2020(E)

Syntax Type
support values () {
output_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)
}
}
outppt_symbol_size signals the size in bits of each transforméd) symbol of the fransformed
subs¢quence to be output by the decoding process. For unsigned-binarizations the minjum value of
outpuit_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 {§
atomIc unit of coding. The value of coding_subsym_size shall be a factor (exact divisor
symbol_size. It yields X = output_symbol_size //coding_subsym_size atomic subs
Thes¢ X transformed subsymbols shall be independently decoded with CABAC, go throug
trangformations (if any) to yield decoded subsymbols, which shall be combined to output a
symMbol (of size output_symbol_size). If LUTsst@ibsymbol transformation (subclause 12.3.4

erve as the
) of output_
ymbol slots.
h subsymbol
transformed
) is used, the

maximum allowed value for coding_subsym_size is 8. For signed values, one bit is used

coding_order signals the number of\previously decoded symbols internally maintai
variaples and is used 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,

f]\r the sign.

ed as state

6.2.5) to be

shargd among all transforimed subsymbols to perform inverse LUT subsymbol trg
(subdlause 12.6.2.8). Otherwise, for each transformed subsymbol their own look-up-table
and ysed for inverse LU-Tsubsymbol transformation. The default value is 1.

share_subsym_pryv_flagifsetto 0 a separate copy of the the previously decoded subsymbol
in subclause 12,6:2.2) is maintained to decode transformed subsymbol for each sub

nsformation
is signalled

s (prvValues
symbol slot.

Otherwise, a sinigle copy of previously decoded subsymbols is circularly shared to decode fransformed
subsymbols-atall subsymbol slots. The default value is 1.
12.3.8 “\CABAC binarizations
12.3.3.1 General
Table 105 — CABAC binarization data structure
Syntax Type
cabac _binarization() {

binarization ID u(5)

bypass_flag u(1)

cabac _binarization parameters (binarization ID) 12.3.3.2

if (!bypass flag) {
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Table 105 (continued)

Syntax Type

cabac_context parameters () 12.3.3.3

}

binarization_ID indicates the binarization method to be used for CABAC decoding. The list of
binarizations is shown in Table 106. 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_fla if cqua‘l totHattbinsof the bimarizationraredecoded using the CABAC by pass modet can
only be set tp 1 with coding_order equal to 0.

Table 106 — Values of binarization_ID and associated binarizations

bingrization_ID Type of binarization

0 Binary coding as specified in subclause 12.2.2.

Truncated unary as specified in subclause 12.2.3.
Exponential golomb as specified in subclause 12.2.4.

Signed exponential golomb as specified in subclause 12.2.4.2.

Truncated exponential golomb as specified in subclause 12.2.5.

Signed truncated exponential golomb as specified in subclause 12.2.6.
Split unit-wise truncated unary as specified in subclause 12.2.7.

Signed split unit-wise truncated unary as specified in subclause 12.2.8.
Double truncated unary as specified in subclause in 12.2.9.

O |0 |N ||| |wWw [N |-

Signed double truncated unaxrgas specified in subclause in 12.2.10.

10..31 Reserved for future use.

12.3.3.2 CABAC binarizations parameters

The cabac_binarization_parameters(data structure contains the binarization parameters fdqr the
transformed subsequence. binarization_ID is specified in subclause 12.3.3.

Table'107 — CABAC binarization parameters

Syntax Type

cabpc binarizetion parameters(binarization ID) {

Lf ( bihavization ID == ) |

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)
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Table 107 (continued)
Syntax Type
if (binarization ID==6 || binarization ID==7 ||
binarization ID==8 || binarization ID==9) ({
split unit_size u(4)
}
}

cmax is specified in subclause 12.2.3. The maximum allowed value is 255 and shall always be less than
(1<< codimg—subsym—size}-itshattbegreaterthamrzero:

cmax_teg is specified in subclauses 12.2.5 and 12.2.6. The maximum allowed value\is’ 255 and shall
always be less than (1<< coding_subsym_size) and greater than 0.

cmay_dtu is specified in clauses 12.2.9 and 12.2.10. The maximum allowed [yalue is 2p5 and shall
always be smaller than (1<<split_unit_size) and greater than 0.

split]unit_size is specified in subclause 12.2.7. The maximum allowed vdlue is 8 and shgll always be
greatler than 0 and smaller than output_symbol_size specified in subclause 12.3.2.

The binarizations SUTU (subclause 12.2.7), SSUTU (subclause‘\12.2.8), DTU (subclause| 12.2.9) and
SDTU (subclause 12.2.9) shall only be used when coding_ordeér:is equal to 0 and output_symbol_size
is equal to coding_subsym_size, while the internal subsymlbol size is signalled by the pargmeter split_
unit Jsize.

12.3.3.3 CABAC context parameters

The dabac_context_parameters data structuré signals the parameters used for the initiglization and
adaptation of the ctxTable[] (specified in 12.4)for the transformed subsequence (see Table[108).

Table 108 — Syntax of-the cabac_context_parameters data structure

Syntax Type
cabac context paxameters() {
adaptive_mode flag u(1)
num_contexts u(16)

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)

}

adaptive_mode_flag if set to 1 signals that the arithmetic decoding engine specified in subclause 12.5
uses context adaptation, otherwise contexts adaptation is disabled.

num_contexts signals the size of the table ctxTable[ ] (initialized as defined in 12.4) containing the list
of context variables needed for the decoding of the LUTs and the transformed subsequence.

When num_contexts is signalled as 0:
— the process defined in 12.3.6.6 shall be used to calculate the state variable numCtxTotal;

— the process defined in 12.4 initializes the contexts in ctxTable[ ] with initState equal to 64
(equiprobability).
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Otherwise
— the state variable numCtxTotal is set to the signalled value of num_contexts;

— the process defined in 12.4 initializes the contexts in ctxTable[ | with the values signalled in
context_initialization_values] ].

context_initialization_values][i] specifies the initialization state value for the ith context variable. The
state value can range between 0 and 127, with value 64 representing the equiprobable state value.

coding_subsym_size is specified in subclause 12.3.2.

output_symbuol_sizeisspetifiedimsubctause12-3-2:
share_subsym_ctx_flagifsetto 1, all transformed subsymbols are decoded on the same set of\confexts.

Otherwise, deparate set of contexts are initialized and used to decode each transformed subsymbol.
The default yalue is 0.

12.3.4 Trapsformation parameters

Table 109 — Data structure for transformation parameters

Syntax Type
transform subseq parameters () {
transform ID subseq u(8)
if (transform ID subseq == equality coding)~

transformSubsegCounter += 1

} else if(transform ID subseq == match\Coding) {

match _coding buffer size u(16)

transformSubseqgCounter += 2

} else if (transform ID subseg\== rle coding) {
rle coding guard u(8)
transformSubsegCountenr += 1
} else if (transform DD subseg == merge coding)
merge_coding_subseq_count u(4)

transformSubsegCounter = merge coding subseq count

for (1=0;y I<merge coding subseq count; i++)

mefge coding shift sizel[il u(5)

}
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Table 110 — Values of transform_ID_subseq and transform_ID_subsym

Sub-sequence transformations

transform_ID_subseq name Remarks

-2:2020(E)

0 no_transform No transform is applied.
1 equality_coding As specified in 12.6.2.10.2.
2 match_coding As specified in 12.6.2.10.3.
3 rle_coding As specified in 12.6.2.10.4.
4 merge_coding As specified in 12.6.2.10.5.
5..255 Reserved for future use.

Subsymbol transformations

transform_ID_subsym name Remarks

0 no_transform No transformatien.is applied.

1 lut_transform It can only be used when cod-
ing_order > 0.

2 diff_coding It can only~be used when cod-
ing_erder is equal to 0.

3.7 Reserved for future use.

form_ID_subsym specified in subclause 12.3.1 signals the applied subsymbol tra
ding to Table 110. The value transform_ID_subsym equal to 1 is not allowed whene
llowing is true: coding_order is equal to 0, coding_subsym_size is greater than 8, or |
bqual to one of the values {3, 5, 6, 7, 8, 9}.

formSubseqCounter is a state variable defined in subclause 12.3.1.

h_coding_buffer_size signals théJsize of the internal fifo buffer used in m
formation (subclause 12.6.2.10.3):

pding_guard is the guard value used in run-length coding transform (subclause 12.6

nsformation
ver either of
inarization_

atch coding

2.10.4).

e_coding_subseq_count’ signals the number of transform subsequences to be mg
e subsequence transformation (subclause 12.6.2.10.5). The minimum allowed value is

hch transfofimed subsequence while applying the merge subsequence tra

(subg
The 1
K

lause 12.6:2.10.5).
hergessubsequence transformation shall adhere to the following restrictions:

oreach transformed subsequence, coding_subsym_size shall be equal to output symbh

rged by the
2.

e_coding_shift. size[i] signals the number of bits to be shifted in the transformed symbols

nsformation

ol_size.

S

S

12.3.

hall also be equal to the number of symbols encoded in the descriptor subsequence.

hall not be greater than 32.

5 Msar descriptor and read identifiers

All transformed subsequences shall have exactly the same number of transformed symbols, which

The sum of the sizes of transformed symbols (output_symbol_size) for all transformed subsequences

The decoder configuration syntax for the msar descriptor and read identifiers (decoded as specified in

subcl

ause 10.4.20) is specified in Table 111.
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Table 111 — Decoder configuration syntax for msar and read identifiers

Syntax Type
decoder configuration tokentype (encodingModelID) {
if (encodingModeID == 0) {
/* configuration for RLE specified in subclause 10.4.19.3.3 */
rle guard_tokentype u(8)

/* configuration for CABAC METHOD 0 specified in subclause 10.4.19.3.4 */

deco

er configuration tokentype cabac (0)

/* c

nfiguration for CABAC METHOD 1 specified in subclause 10.4.19.3.5 */

deco

er configuration tokentype cabac (1)

} else

| f (encodingModeID 2= 1) {

/* rd

bserved for future use */

}

rle_guard_t

pkentype represents the guard value used in the decoding'process of RLE method (

isted

in Table 78 and specified in subclause 10.4.20.4.4) for the decoding of tokentype descriptor sequgnces.

Table 112 — Decoder configuration syntax for CABAC decoding of tokentype descriptors
Syntax Type
decofer configuration tokentype cabac() {
tlransformSubsegCounter = 1
tfpansform subseq parameters () As specified in 12.3.4.
fpr (j = 0; Jj < transformSubsed€euinter; J++) {
transform ID_ subsym u(3)
support values () As specified in 12.3.2.
cabac_binarization () As specified in 12.3.3.
}
}
transform_subseq_parameters() signals the parameters for transformed subsequences.

specified in |

transform_
specified in |

bubclause 12:34.

1 2.34.

support_va

llne() cignn]c aset nFr‘nnFignr:\finn parnmnfnrc usedto parse the transformed cnhcnql

It is

D_subsym signals the subsymbol transformion to be applied. Allowed values are as

ence.

It is specified in subclause 12.3.2.

cabac_binarization() signals information about the binarization used for the CABAC decoding of the
transformed subsequence. It is specified in subclause 12.3.3.

12.3.6 State variables

This subclause specifies how to calculate state variables used during the decoding process.

12.3.6.1 Number of alphabet symbols

The number of alphabet symbols for each subsymbol shall be calculated as numAlphaSubsym = 1 <<
coding_subsym_size. However, for some descriptor subsequences, this calculation produces larger

114
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alphabets than needed. Table 113 lists these special cases and the value of numAlphaSubsym when

numAlphaSubsym is not calculated as numAlphaSubsym = 1 << coding_subsym_size.

Table 113 — Special cases for numAlphaSubsym values.

descriptor_ID subsequence_ID numAlphaSubsym

3

Size[salphabet_ID)

Size(Salphabet_ID)

9

Size (Salphabet_ID) +1

Size(salphabet_ID)

6

O|IOC|OIN|FRr[INIFR|O

Size(salphabet_ID)

The humber of subsymbols shall be calculated as numSubsyms =

subsym_size.

12.3.6.2 Number of contexts per subsymbol

When bypass mode is not used (as signalled in subclause 12.3.3);the cabac decoding of the
subsymbol uses a number of contexts (as specified in subclause 12.5.2). Table 114 lists tH

contgxts needed to decode each transformed subsymbolwith all binarizations.

Table 114 — Calculation of numCtxSubsym

output_symbol_siz

e / coding_

transformed
e number of

biparization_ID numCtxSubsym

0 coding subsym size

1 cmax

2 Floor (Log2 (numAlphaSubsym + 1)) + 1

3 Floor (Log2yfnumAlphaSubsym + 1)) + 2

4 cmax_teg\¥ Floor (Log2 (numAlphaSubsym + 1)) + 1

5 cmax_teg + Floor (Log2 (numAlphaSubsym + 1)) + 2

6 (ottput symbol size / split unit size) * ((1<< split unit sige) - 1) +
((I<<(outputSymSize % split unit size)) - 1)

7 (output symbol size / split unit size) * ((1<< split unit sige) - 1) +
((1<<(outputSymSize % split unit size)) - 1) + 1

cmax dtu +
8 (output symbol size / split unit size) *
+ ((l<<(outputSymSize % split unit size))

((1<< split unit s

- 1)

lze) — 1)

cmax dtu +

9 (output_symbol size / split _unit_size) *

o)

((1<< split unit s
+ ((1<<(output symbol size % split unit size)) - 1)

+ 1

1ze) — 1)

coding_subsym_size is specified in subclause 12.3.2.

output_symbol_size is specified in subclause 12.3.2.

cLength is specified as a parameter to BI binarization (subclause 12.2.2) and it is set to coding_

subsym_size.

cmax is specified as a parameter to TU (subclause 12.2.3) and signalled in 12.3.3.2.

cmax_teg is specified as a parameter to the TEG (subclause 12.2.5) and STEG (subclause 12.2.5)

binarizations, and signalled in 12.3.3.2.
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split_unit_size is specified as a parameter to the SUTU (subclause 12.2.7), SSUTU (subclause 12.2.8),
DTU (subclause 12.2.9) and SDTU (subclause 12.2.9) binarizations, and signalled in 12.3.3.2.

cmax_dtu is specified as a parameter to the DTU (subclause 12.2.9) and SDTU (subclause 12.2.9)

binarization

12.3.6.3 Co

s, and signalled in 12.3.3.2.

ding order context offset

The decoding process of a subymbol can depend on a number of previously decoded subsymbols (at the

same bit pos

The process

itions) by signaling coding_order > 0 as specified in subclause 12.3.2.

o the

coding orde
decoded.

Table 115 s
order is cal
codingOrder

to correctly calculate the starting ctxldx in the ctxTable[ ], where each subsymbol.is

becifies how the list codingOrderCtxOffset[ | containing these offsets for, each c

CtxOffset are set to 0.

Table 115 — Calculation of codingOrderCtxOffset].]

coding_order State variable Value
codingOrderCtxOffset[0] 0
codingOrderCtxOffset[1] numCtXSubsym

codingOrderCtxOffset[2] numiCtxSubsym *

pumAlphaSubsym

12.3.6.4 Coding size context offset

The state v
transformed

This state v3
the starting

as specified

issetto 0.

hriable codingSizeCtxOffset specifies, the number of contexts needed to decode
subsymbol.

iriable is used in the contexts,selection process (subclause 12.6.2.6) to correctly calc
CtxIdx in the ctxTable[ | where each transformed subsymbol is to be decoded. It is com
n Table 116. If bypass_flagis’equal to 1 (as signalled in subclause 12.3.3), this state va

Table'116 — Calculation of codingSizeCtxOffset

to be

bding

culated. If bypass_flag is equal to 1 (as signalled in subclause 12.3.3J, |all elements of

each

ulate
buted
Fiable

if (share sfybsym ctx f£lag)
codingS}zeCtxOffdet = 0
else if (cofling,8fder == 0)
codingS]1zeltxOffset = numCtxSubsym
else
codingSizeCtxOffset = codingOrderCtxOffset[coding order] * numAlphaSubsym

12.3.6.5 Number of contexts for LUTs

The state variable numCtxLuts specifies the number of contexts needed to decode the LUTs using
the the decoding process for LUTs (specified in subclause 12.6.2.5), where each LUT symbol shall be
decoded using the SUTU binarization (binarization_ID equal to 6) with parameters splitUnitSize equal
to 2 and outputSymSize = coding_subsym_size. The value of numCtxLuts is computed as specified in
Table 117. If bypass_flag is equal to 1 (as signalled in subclause 12.3.3), this state variable is set to 0.
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Table 117 — Calculation of numCtxLuts

numCtxLuts = 0
if (transform ID subsym == 1)
/* Compute according to Table 114 for SUTU binarization */

numCtxLuts = (coding subsym size / 2) * ((1<< 2) - 1) +

o)

((1<<(coding subsym size % 2)) - 1)

12.3.6.6 Total number of contexts

The gtate variable numCtxTotal specifies the total number of contexts needed to decode a fransformed
subs¢quence, which includes all the contexts needed for decoding of LUTs (subclause 12.6.2.5) and
symbols (subclause 12.6.2.7) and shall be calculated as specified in Table 118. If Bypass_flag is equal to
1 (aspignalled in subclause 12.3.3), this state variable is set to 0.

Table 118 — Calculation of numCtxTotal

if (npm_contexts != 0) {
npmCtxTotal = num contexts
} elpe {
npmCtxTotal = numCtxLuts
npmCtxTotal += ((share subsym ctx flag) ? N/ numSubsyms) *

((coding order > 0) ? codingOrderCtxOffset[coding order]

numAlphaSubsym : numetxSubsymbol)

}

num/|contexts is signalled in 12.3.3.3 dlong with the list of specific context_initialization_yalues]].

12.4|Initialization process for context variables

ctxTapble[ ] is the data structure containing all context variables needed to decode a fransformed
subsgquence. Each element.of the ctxTable[ ] represents one context variable and consists of two
state|variables: pStateldx and valMps. The variable pStateldx represents a probability] state index
and the variable vafMps represents the value of the most probable symbol as further described in
subclpuse 12.5.2,

The ipputs tosthis process are:

txTable[] specified in subclause 12.6.2.4;

|
Q

tnn4-" 1D £ 9 A4
IC CLA L9 Y S W vy apay o)

The output 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 119.
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Table 119 — Calculation of ctxTable

Syntax

context initialize state(ctxTable[ ], ctxIdx, initState)

{

ctxTable[ctxIdx] .valMps

( initState £ 63 ) 2 0 : 1

(

ctxTable[ctxIdx] .pStateldx
63 — initState)

= ctxTable[ctxIdx].valMps ? ( initState - 64 )

}

where

ctxTable[ctx
index ctxId

ctxTable[ctx
index ctxIdx

12.5 Arith]

12.5.1 Initi

The outputs|

both in 16 bilt register precision.

The status
ivlOffset. In
to 510 and i
representati

The bitstrea

NOTE Th
precision. Ho
ivlCurrRange
subclause 12

[dx].valMps represents the variable valMps associated to the element in ¢ctxTalple at

dx].pStateldx represents the variable pStateldx associated to the element in ctxTaple at

metic decoding engine

alization

of this process are the initialized decoding enginge registers ivlCurrRange and ivlQffset

pf the arithmetic decoding engine is represented by the variables iviCurrRang¢ and
the initialization procedure of the arithmetie’decoding process, ivlCurrRange is set pqual
10ffset is set equal to the value returned@®rom read_bits( 9 ) interpreted as a 9 bit binary
pon of an unsigned integer with the mostsignificant bit written first.

m shall not contain data that resultin a value of ivlOffset being equal to 510 or 511.

e description of the arithmetic\decoding engine in this Specification utilizes 16 bit re
vever, a minimum register precision of 9 bits is required for storing the values of the var
and ivlOffset after invocation of the arithmetic decoding process (DecodeBin) as speciffed in
5.2. The arithmetic decoding process for a binary decision (DecodeDecision) as speciflfed in

gister
iables

subclause 12

specified in

stibclause 12.5.2.5 require a minimum register precision of 9 bits for the variables iviCurrRang
ivlOffset. Th;I bypass decoding process for binary decisions (DecodeBypass) as specified in subclause 17

requires a mij
9 bits for the

12.5.2 Arit

5.2.2 and the decodiftg process for a binary decision before termination (DecodeTerminate) as
re and
5.2.4
ion of

imum registér precision of 10 bits for the variable ivlOffset and a minimum register precis
Fariable ivlCurrRange.

hmetic decoding process

12.5.2.1 G

merat

The inputs to this process are ctxTable, ctxIdx, and bypass_flag, as specified in subclause 12.6.2.7, and
the state variables ivlCurrRange and ivlOffset of the arithmetic decoding engine.

The output of this process is the value of the bin.

Figure 9 illustrates the whole arithmetic decoding process for a single bin. For decoding the value of
a bin, the context index table ctxTable and the ctxldx are passed to the arithmetic decoding process
DecodeBin( ctxTable, ctxIdx ), which is specified as follows:

If bypassFlag is equal to 1, DecodeBypass( ) as specified in subclause 12.5.2.4 is invoked.

Otherwise,ifbypassFlagisequalto0,ctxTableisequalto0,and ctxIdxisequalto 0,DecodeTerminate()

as specified in subclause 12.5.2.5 is invoked.
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— Otherwise (bypassFlag is equal to 0 and ctxTable is not equal to 0), DecodeDecision( ) as specified
in subclause 12.5.2.2 is invoked.

(DecodeBin(cthable, ctxldx, bypass_flag) )

bypass_flag == 17

Yes

A

No DecodeBypass
ctxTable == 0 Yes
&& ctxldx == 0 ? l
DecodeTerminate
No

DecodeDecision(ctxTable, ctxldx, bypass_flag)

NOTE Arithmetic coding is based on the_principle of recursive interval subdivision. Given
estimption p( 0 ) and p(1) =1 - p( 0) of@,binary decision ( 0, 1), an initially given code sub

<

<

A 4

( Done )

Figure 9 — Overview of the arithmetic decoding process for a single bin

a probability
interval with

the range ivlCurrRange will be subdivided into two sub-intervals having range p( 0 ) * ivlCyirrRange and

ivlCufrRange - p( 0 ) * ivlCurrRange, téspectively. Depending on the decision, which has been
corresponding sub-interval will be chosen as the new code interval, and a binary code string poir
interyal will represent the sequengce’ of observed binary decisions. It is useful to distinguish bety
probdble symbol (MPS) and the least probable symbol (LPS), so that binary decisions have to be
eitherl MPS or LPS, rather than 0 or 1. Given this terminology, each context is specified by the prob
the LPS and the value of MPS (valMps), which is either 0 or 1. The arithmetic core engine in this

threel|distinct propertijes:

— Tjhe probability\estimation is performed by means of a finite-state machine with a table-ba
rocess between 64 different representative probability states { p; ps( pStateldx ) | 0 < pState

the LPS probability p; ps. The numbering of the states is arranged in such a way that the probabi
indexpStateldx = 0 corresponds to an LPS probability value of 0.5, with decreasing LPS proba

ighier-state indices.

bbserved, the
ting into that
reen the most
identified as
ability p; pg of
locument has

ed transition
Idx < 64 } for
ity state with
bility towards

— The range ivlCurrRange representing the state of the coding engine is quantized to a small set {Qy,...,Q4} of
pre-set quantization values prior to the calculation of the new interval range. Storing a table containing all
64x4 pre-computed product values of Q; * p; ps( pStateldx ) allows a multiplication-free approximation of the
product iviCurrRange * p; ps( pStateldx ).

— Forsyntax elements or parts thereof for which an approximately uniform probability distribution is assumed
to be given a separate simplified encoding and decoding bypass process is used.

12.5.2.2 Arithmetic decoding process for a binary decision

12.5.2.2.1 General

The inputs to this process are the variables ctxTable, ctxldx, iviCurrRange, and ivlOffset.
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The outputs of this process are the decoded value binVal, and the updated variables ivlICurrRange and
ivlOffset.

Figure 10 shows the flowchart for decoding a single decision (DecodeDecision):

1. The value of the variable iviLpsRange is derived as follows:

2. The vari

Given the v
Depending

Given the current value of iviCurrRange, the variable qRangeldx is derived as follows:

gRangeldx =( ivlCurrRange >>6) & 3

Given qRangeldx and pStateldx associated with ctxTable and ctxIdx, the value of the variable

rangetabbpsasspecifiedim Table 12t isassigned toivibpsRange:

ivlLpsRange = rangeTabLps|[ pStateldx ][ qRangeldx ]

able ivlCurrRange is set equal to ivlCurrRange - ivlLpsRange and the following appligs:

wn

IfivlOffsetis greater than or equal to iviCurrRange, the variable binVal is setequal to-1 - valMps,

ivlOffset is decremented by ivlCurrRange, and ivlCurrRange is set equaltoivliLpsRange.

Otherwise, the variable binVal is set equal to valMps.

subclause 14.5.2.3.

(DecodeDecision(cthable, cthdXD
v

gqRangeldx = (ivlCurpRange >> 6) & 3

ivlLpsRange = rangeTabLps|pStateldx][qRangeldx]

ivlCurrRange = ivlCurrRange - iviLpsRange

ivlOffset > No

v

hlue of binVal, the state transition is performed as specified in subclause 12.5.

2.2.2.

bn the current value of ivlCurrRange, renormalizatjon~is performed as specifi

ivlCurrRange?

binVal = lvalMps
ivlOffset = ivlOffset - ivlCurrRange
iylCurrRange = ivlLpsRange

v

120

<m

binVal = valMps

pStateldx = transldxMps|[pStateldx]

Yes

pStatel
\ /

No

!

valMps =1 - valMps

bd in

pStateldx = transldxLps[pStateldx]

!

RenormD

v

Figure 10 — Flowchart for decoding a decision
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12.5.2.2.2 State transition process

The inputs to this process are the current pStateldx, the decoded value binVal and valMps values of the
context variable associated with ctxTable and ctxIdx.

The outputs of this process are 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 associated
with ctxIdx is derived as specified in Table 120.

Table 120 — Undate ofthe twgovariables pStateldx and valMps

If (pdaptive mode flag) {
iff ( binval = = valMps )
pStateldx = transIdxMps( pStateldx )
ellse {
if( pStateldx = = 0 )
valMps = 1 - valMps

pStateldx = transIdxLps( pStateldx )

Table 122 specifies the transition rules transldxMps{))‘and transldxLps( ) after decoding the value of
valMps and 1 - valMps, respectively.

Table 121 — Specification of rangeTabLps(depending on the values of pStateldx and{qRangeldx

gRangeldx qRangeld>
pSkateldx pStateldx

0 1 2 3 0 1 2 3
0 128 176 208 240 32 27 33 3p 45
1 128 167 197 227 33 26 31 3y 43
2 128 158 187 216 34 24 30 3p 41
3 123 150 178 205 35 23 28 3B 39
4 116 142 169 195 36 22 27 3p 37
5 11¢ 135 160 185 37 21 26 3p 35
6 105 128 152 175 38 20 24 2p 33
7 100 122 144 166 39 19 23 2y 31
8 95 116 137 158 40 18 22 2p 30
9 90 110 130 150 41 17 21 2pb 28
10 85 104 123 142 42 16 20 23 27
11 81 99 117 135 43 15 19 22 25
12 77 94 111 128 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
15 66 80 95 110 47 12 15 18 21
16 62 76 90 104 48 12 14 17 20
17 59 72 86 99 49 11 14 16 19
18 56 69 81 94 50 11 13 15 18
19 53 65 77 89 51 10 12 15 17
20 51 62 73 85 52 10 12 14 16
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Table 121 (continued)

qRangeldx qRangeldx
pStateldx pStateldx

0 1 2 3 0 1 2 3
21 48 59 69 80 53 9 11 13 15
22 46 56 66 76 54 9 11 12 14
23 43 53 63 72 55 8 10 12 14
24 41 50 59 69 56 8 9 11 13
25 39 48 56 65 57 7 9 11 12
26 37 45 54 62 58 7 9 10 12
27 35 43 51 59 59 7 8 10 11
28 33 41 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

31 29 35 41 48 63 2 2 2

Table 122 — State transition table

pStateldx 0 2 4 7 9 10 M 12 13 14 15
transldxLps 1 4 8 9 9 11 11 12
transldxMps 3 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

12.5.2.3 Rlnormalization process in the arithmetic decoding engine

The inputs t
The outputs

A flowchart
compared tg

this process arelbits from block payload data and the variables ivlCurrRange and ivlQffset.

of this process.are the updated variables iviCurrRange and ivlOffset.

of the renormalization is shown in Figure 11. The current value of ivlCurrRange ig first
256-and then the following applies:

— If ivlCun

rRange is greater than or equal to 256, no renormalization is needed and the RenprmD

process is finished;

— Otherwise (ivlCurrRange is less than 256), the renormalization loop is entered. Within this loop,
the value of ivlCurrRange is doubled, i.e., left-shifted by 1 and a single bit is shifted into ivlOffset by

using read_bits( 1).

The bitstream shall not contain data that result in a value of ivlOffset being greater than or equal to

ivlCurrRange upon completion of this process.
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ivlCurrRange < 256 ?

Yes

A

ivlCurrRange = ivlCurrRange << 1
ivlOffset = ivlOffset << 1
tvtoffser=1vioffsetTead bitsth)

Done

Figure 11 — Flowchart of renormalization

12.5.2.4 Bypass decoding process for binary decisions
The ihputs to this process are bits from block payload data’and the variables ivlCurrRange gnd ivlOffset.
The dqutputs of this process are the updated variable vlOffset and the decoded value binVal.

The hypass decoding process is invoked when bypassFlag is equal to 1. Figure 12 shows a|flowchart of
the cprresponding process.

First|the value of ivlOffset is doubled, i.e;*left-shifted by 1 and a single bit is shifted intq ivlOffset by

using read_bits( 1 ). Then, the value ofivIOffset is compared to the value of ivlCurrRange pnd then the
following applies:

ol

[ivlOffset is greater than or‘equal to ivlCurrRange, the variable binVal is set equal to 1 pnd ivlOffset
i$ decremented by ivlCurrRange.

— Qtherwise (ivlOffsetis'less than ivlCurrRange), the variable binVal is set equal to 0.

The Bitstream shall'not contain data that result in a value of ivlOffset being greater than or equal to
ivlCufrRange uponicompletion of this process.
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( DecodeBypass )

ivlOffset = ivlOffset << 1
ivlOffset = ivlOffset | read_bits(1)

N
ivlOffset = ivlCurrRange ? °

A A

binVal =1

ivlOffset = ivlOffset — ivICurrRange binVal = 0

Done

Figure 12 — Flowchart of bypass decoding process

12.5.2.5 Ddcoding process for binary decisions before termination
The inputs t¢ this process are bits from block payload dataand the variables ivlCurrRange and ivlQffset.

The outputs of this process are the updated variables iviCurrRange and ivlOffset, and the de¢oded
value binVal

This decoding process applies to decoding of\end_of_descriptor_subsequence_terminate corresponding
to ctxTable pqual to 0 and ctxIldx equal to 0. Figure 13 shows the flowchart of the corresponding
decoding pr¢cess, which is specified asfollows:

First, the vallue of ivlCurrRange.is' decremented by 2. Then, the value of ivlOffset is compared fo the
value of ivlChirrRange and thenthe following applies:

— If ivlOffpet is greater than or equal to ivlCurrRange, the variable binVal is set equal to [1, no

renormglization is¢arried out, and CABAC decoding is terminated. The last bit inserted in register
st bit
ence.

and

This procedure may also be implemented using DecodeDecision( ctxTable, ctxIdx, 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.
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