INTERNATIONAL ISO/IEC
STANDARD 23092-2

First edition
2019-10

Information technology =< Genomjic
information representation —

Part 2:
Coding of genomicinformation

Technologies de l'information — Représentation des informations
génomiques —

Partie 2: Codage desiriformations génomiques

Reference number
ISO/IEC 23092-2:2019(E)

© ISO/IEC 2019


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

/'\ COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2019

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

below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 vi
IIMETOUICEION. ..o vii
1 S0P ... 1
2
3
4
5 6
5.1 6
5.2 Arithmetic operators.. q; )
5.3 0T eq Tor 1 0} o Tc) =1 ) S QQ) ............................................ 7
5.4  Relational 0Perators. ... (]:b .................................................... 7
5.5 Bit-wise operators........ 7
5.6  Assignment operators 8
5.7 Range notation............. 8
5.8 Mathematical functions............cccocies 8
59 Order of operation precedence . 9
5.10 Variables, syntax elements and tables ..., 52
5.11 Text description of logical operators......
5012 PIOCESSES oot Nt
N
6 Syntax and semantics s\\) .................................................................................................
6.1 Method of specifying syntax in tabulapform
6.2 Bit ordering.......in \\'Q ........................................................................................................................... 13
6.3 Specification of syntax functlon&g\ld dAta LYPES oo 13
6.4 SemanticsS.....ecenceneerrn. Q\Q) ........................................................................................................................................ 14
7 Data structures...................... REY s ——————————— 15
7.1  Dataunit.. ...
7.2 Raw reference...... s
7.2.1  Syntax an
7.3 Parameter set% .....................................
7.3.1 Syn@{ nd semantics
7.3.2 dlng parameters
7.4
8 Des 1) OSSOSO
g S EIICHILG T@AMS ...
1 SUPPOTEEA SYIMDOLS ...
é I Y6 B3 Ve =Y o Lo
93 Reverse-complement reads
9.4 Data classes......
9.5  Aligned data.......
9.6 Unaligned data
10 DI@COMIIIGZ PIOCESS ......ooooe et
000 R €Y 5 V<) - 1 OO
T10.2  dAtaSEE_LYPE = 0 OF L.t
10.2.1 References padding
10.2.2 Type 1 AU (Class P).....

10.2.3 Type 2 AU (Class N)
10.2.4 Type 3 AU (Class M)...
10.2.5  TYPE 4 AU (CIASS D) oottt

© ISO/IEC 2019 - All rights reserved iii


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

11

12

10.3

10.4

10.2.6 Type 5 AU (Class HM)
10.2.7 Type 6 AU (Class U) ..o
dataset_type = 2 ..
10.3.1 Type 1l AU
10.3.2 Type 2 AU
10.3.3 Type 3 AU
10.3.4 Type 4 AU
10.3.5 Type 6 AU

Genomic descriptors..
10 .41

1.2
1.3

?‘l%?»:él- LOCAL @SSEIMIDLY .....oocc e

2

TU T L

10.4.2
10.4.3
10.4.4
10.4.5
10.4.6
10.4.7
10.4.8
10.4.9
10.4.10
10.4.11
10.4.12
10.4.13 TEYPE oot
10.4.14 rgroup
10.4.15
10.4.16
10.4.17
10.4.18
10.4.19
Y L0 LR T<) 1T o] O V. ee st 8
10.5.1 Aligned reads (Classes P, N,%@, HM)
10.5.2 Unmapped reads (Class HM, U) ..o
€-CIGAT oo \};{'@ ................................................................................................................................. 8
10.6.1 SyntaX........ S —
10.6.2 Decoding process{fg the first alignment..
10.6.3 Decoding pro§s's for other alignments.....

10.6.4 Reference ormation

11.3.5  GIODAL @SSEIMDIY ..ot

12.1
12.2

BlocKk payload parsing process ...

GENETAl...ooocooee s
Inverse binarizations
12.2.1 Binary (BD) .
12.2.2 Truncated Unary (TU).....ccoccce..
12.2.3 Exponential Golomb (EG)
12.2.4 Truncated Exponential Golomb (TEG) ...
12.2.5 Signed Truncated Exponential Golomb (STEG) ...

12.2.6 Split Unit-wise Truncated Unary (SUTU) ..o

12.2.7 Signed Split Unit-wise Truncated Unary (SSUTU)
12.2.8 Double Truncated Unary (DTU). ...

12.2.9 Signed Double Truncated Unary (SDTU) ...

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

12.3  Decoder configuration............
12.3.1 Sequences and quality values
12.3.2  Support values........
12.3.3  CABAC DINATTZATIONIS ..o
12.3.4  Transformation ParamEters ... ..o
12.3.5 Msar descriptor and read identifiers ..
12.3.6  STALE VATTADIES ..o
12.4 Initialization process for context Variables ...
12.5 Arithmetic decoding engine
25— Initalizatior——————
12.5.2 Arithmetic deCOding PIrOCESS. ...t )
12.6  Decoding process for seqUence deSCriPtOTS ...l e
12.6.1 General
13 Output format
13.1
13.2
13.2.1
13.2.2
13.2.3
13.2.4 _
13.2.5 read_group_len
13.2.6 T€AA_T_fITSE ool N
13.2.7 seq_ID
13.2.8 as_depth
13.2.9 read_len
13.2.10 qv_depth
13.2.11 read_name_len..
LRSI 7 (= U I 0 - U0 0 (< e 30
13.2.13  TEAA_GIOUP oo S5 e
13.2.14 sequence.........x,
13.2.15 quality_values
13.2.16 mappingpos...
13.2.17 ecigar_len-....
13.2.18 ecigarostring.......
13.2.19 reyerse_comp
13.2.20  MIAPPINE_SCOTE ..oooiioeiiiieiieeie et
13.2.21( )split_alignment......
13.2:22 delta ...
13.223 split_pos......
132.24 split_seq_ID
13.2.25 flags .
13.2.26  MOTE_alIZNIMEIITS ..o
13,227  DIEXE_POS itk
13.2.28  NEXE_SEQ_ID ootk
133 Initialization Process
Annex A (informative) Tokenization of reads identifiers ...,
Annex B (informative) Mapping qUAaITY ...
Annex C (informative) Inverse binarization eXamples ...,

© ISO/IEC 2019 - All rights reserved v


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

Foreword

ISO (the
Commis

International Organization for Standardization) and IEC (the International Electrotechnical
sion) 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 pa
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cedures used to develop this document and those intended for its further maintenance.ate
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fdr
rent types of document should be noted. This document was drafted in accordance) with thie
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

t rights. ISO and IEC shall not be held responsible for identifying any or all such patert
etails of any patent rights identified during the development of the document will be in thie
tion and/or on the ISO list of patent declarations received (see www.iso:0Tg/patents) or the IEC
tent declarations received (see http://patents.iec.ch).

e name used in this document is information given for the convenience of users and does nqt
e an endorsement.

bxplanation of the voluntary nature of standards, the{meaning of ISO specific terms anfd
ons related to conformity assessment, as well as information about ISO's adherence to thie
rade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.isp
foreword.html.
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fument was prepared by Joint Technical.@ommittee ISO/IEC JTC 1, Information technology,
mittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

hll parts in the ISO/IEC 23092 series\¢an be found on the ISO website.
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|lback or questions on this document should be directed to the user’s national standards body.
e 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
sfuch formats, the ISO/IEC 23092 series provides a new solution for the representation and compression
df genome sequencing information by:

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

-+ Being designed at a time point when technologies and use cases are more mature. This permits the
addressing of one limitation of the textual SAM format, for which incremental ad-hoc adflition of
features followed along the years, resulting in an overall redundant.and suboptimal format which
at the same time results not general and unnecessarily complicated:

-+ Normatively separating free-field user-defined information\with no clear semantics from the
normative genomic data representation. This allows a fully interoperable and automatic gxchange
of information between different data producers.

+ Allowing multiplexing of relevant metadata informatign‘with the data since data and metadata are
partitioned at different conceptual levels.

—+ Following a strict and supervised development process which has proven successful in|the last
30 years in the domain of digital media for the transport format, the file format, the conmjpressed
representation and the application program interfaces.

—

he ISO/IEC 23092 series provides the enabling technology that will allow the community to dreate an
cosystem of novel, interoperable, solutions in the field of genomic information processing. In particular
offers:

— D

1+ Consistent, general and properly designed format definitionsand data structures to store sequencing
and alignment informatien. A robust framework which can be used as a foundation to infplement
different compression‘algorithms.

4+ Speed and flexibility in the selective access to coded data, by means of newly-designed data
clustering and‘eptimized storage methodologies.

1+ Low latengyvin data transmission and consequent fast availability at remote locations, hased on
transmission protocols inspired by real-time application domains.

-+ Built-in privacy and protection of sensitive information, thanks to a flexible framework which
allows customizable secured access at all layers of the data hierarchy.

— Reliability of the technology and interoperability among tools and systems, owing to the provision
of a normative procedure to assess conformance to the standard 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
specification.

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.

© ISO/IEC 2019 - All rights reserved vii
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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 is a too small unit to allow effective and fast information
retrieva

—_—

For thege reasons, this document introduces the concept of access unit, which is the fundament
structuile for coding and access to information in the compressed domain.

The accg¢ss unit is the smallest data structure that can be decoded by a decoder compliant with this
document. An access unit is composed of one block for each descriptor used to representtheinformatiop
of its gehomic records; therefore, a block payload is the coded representation of all thé data of the samle
type (i.el a descriptor) in a cluster.

In addit{on to clusters of genomic records compressed into access units, reads.aré further classified i
six data|classes: five classes are defined according to the result of their alighment against one or mor
referende sequences; the sixth class contains either reads that could not be-mapped or raw sequencin|
data. Thie classification of sequencing reads into classes enables the development of powerful selecti
data acdess. In fact access units inherit a specific data characterization (e.g. perfect matches in clags
P, substitutions in class M, indels in class I, half-mapped reads imyclass HM) from the genomic records
composing them, and thus constitute a data structure capable of providing powerful filtering capabilit]
for the ¢fficient support of many different use cases.

D =

Access Winits are the fundamental, finest grain data structure in terms of content protection an
in term§ of metadata association. In other words eagh access unit can be protected individually an
indepenfently. Figure 1 shows how access units, bleeks and genomic records relate to each other in t
ISO/IEC|23092 series data structure.

Access Unit I r\b
| Agcess Unit P r\\\)
Accesp Unit M | \0 ’V Cluster |
| Accesp Unit Protection and Metadata | N
@Mic Record Genomic Record Genomic Record
[ SR —— ——"-!: _______ R —— S P —————— -y
:Blo Lk Header ’C’ Desc. pos value Desc. pos value | LERLL L LY Desc. pos value :
!.'_'.'::: """" ';1_'::::::::::__'__'_"_‘::::::::_‘_':::::::_“::::::::::._'_‘_:
: Blokk Headep Desc. pair value Desc. pair value Emsmmmnn Desc. pair value :
| JE R A e [ e o o o o e o o e e e e e S e e e o e o =1

<6

Figure 1 — Access units, blocks and genomic records
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Figure 2 — High-level data structure: datasets.and dataset group

dataset is a coded data structure containing headers and-ehe or more access units. Typical
ould for example contain the complete sequencing of an individual, or a portion of it. Other
ould contain for example a reference genome or a subset of its chromosomes. Datasets are gr
ataset groups, as shown in Figure 2.

ormative bitstream suitable for packetization‘for real-time transport over typical network p
h storage use cases coded data can be encapsulated into a file format with the possibility to
locks per descriptor stream or per access unit, to further optimize the selective access perf

h M ot 3 = N Q.0 O N

brmat and vice versa.

ecoding process is fully. Specified such that all decoders that conform to this document will
lentical decoded output. A simplified diagram of the decoding process is shown in Figure 3.

= o = 3

datasets
Hatasets
buped in

ccording to the ISO/IEC 23092 series, the compressed sequencing data can be multiplexed into a

Fotocols.
brganize
brmance

b the type of data access required by the different application scenarios. The ISO/IEC 23092 series
irther provides a reference procéss’to convert a normative transport stream into a normgtive file

his document defines the:syntax and semantics of the compressed genome sequencing data
epresentation and the deterministic decoding process that reconstructs the contents of datagets. The

produce
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Decoding process

Block

Block
payload 1

() payload 0

AUType 1(P)}
'I Block payload parser l%’

Block

Descriptor decoder I-o—.:.-
I Block payload parser I—"—’iﬁf:;‘mtir Descriptor decoder l-‘—.-

dataset type

0
MPEG-G records

—_—

g » % e I Block payload parser }%4 Descriptor decoder |——‘- é PR
- s T | haromdls I Block payload parser H=s22yl Descriptor decoder I—-— @ MPEG-G records
Data Units = b= 1 4
g access =) Block B _ o ________.______ A_L_J _TY?(E _2_(!\‘_) 9 el
gl s g (earezd 2 & Block payload parser I%:‘%ﬁ Descriptor decoder |— T
o S AUType 3 (M) 2 datasezt type
B e Raw reference
pvond ¥ 3 Block payload parser peBel pescriptor decoder
AU Type 4 (1)
Block
9
.G
Figure 3 — The decoding process
The Infernational Organization for Standardization (ISO) and. ‘International Electrotechnics
Commiskion (IEC) draw attention to the fact that it is claimed that{compliance with this document maly
involve the use of a patent.
ISO and| IEC take no position concerning the evidence, validity and scope of this patent right. The
holder df this patent right has assured ISO and IEC thatdre/she is willing to negotiate licences unddr

reasona

ble and non-discriminatory terms and conditions'with applicants throughout the world. In this

respect,

the statement of the holder of this patent rightis registered with ISO and IEC. Information maly

be obtained from:

GenomSJys SA

EPFL Infpovation Park Building C
CH-1013 Lausanne

Switzerland
info@genomsys.com

Attenti
patentr
any or a

is drawn to the possibility that some of the elements of this document may be the subject qf
ghts other than those identified above. ISO and IEC shall not be held responsible for identifying

1 such patent pights.
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Information technology — Genomic information
representation —

Part 2:

Scope

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

- unaligned sequencing reads including read identifiers and quality values;

- aligned sequencing reads including read identifiers and quality values;

—+ reference sequences.

2 Normative references

o |

he following documents are referred to in the text.im 'such a way that some or all of their
onstitutes requirements of this document. For dated references, only the edition cited app
yUndated references, the latest edition of the refes€nced document (including any amendments)

Q

p—

50/1EC 10646, Information technology — Universal Coded Character Set (UCS)

]

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

N

3 Terms and definitions

v w]

or the purposes of thisdocument, the terms and definitions given in ISO/IEC 23092-1
bllowing apply.

-

I50 and IEC maintain‘terminological databases for use in standardization at the following addy

- ISO Onlinebrowsing platform: available at https://www.iso.org/obp

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

31
alignment

types of

content
lies. For
applies.

bort and

and the

esses:

information describing the similarity between a sequence [typically a sequencing read (3.28

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 r

and a set of edit operations (matches, mismatches, insertions and deletions, clipping of the sequence
splicing information) needed to turn the first sequence into the second.

© ISO/IEC 2019 - All rights reserved
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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
compregsion unit containing one or more of: reference sequences; sequencing reads (3.28); and alignnier
(3.1) infprmation

~

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

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

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

[W

Note 1 td entry: Among other things, E-CIGAR enables the unambiguousrepresentation of substitutions, splice
reads andgl splice strandedness.

3.6
edit op¢ration

modification of a sequence of nucleotides (3.20) by mearns of a substitution, deletion (3.4), insertio
(3.18) oy clip

~

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

Note 1 td entry: Additional information is usually encoded in the read identifier by bioinformatics tools (such g
databaseginformation, and base calling.information).

%)

3.8
FASTQ
GIR thafjincludes FASTA (3%)and quality values (3.22)

3.9
first endl
end 1

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

N 1 += 11l H 1osl 11 . £ . 1 | | H 4 PR o | o 4l |
ote toenty Y- TITUIIITIT A PTAUUTTIIS US UAITY S TUTTTIT S UdITU S TLUITU TITUS TITTWU ST AT ALTTITTS dITU TN UTT S ATITTUT ocr

— 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 2019 - 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
ilentifier (3.24) and quality values (3.22)

A3
enomic record index
osition of a genomic record in the sequence of genomic records (3.12) encoded in anyaccess unit

14

enomic record position
-based position of the leftmost mapped base on the reference genome-of the first alignment (3.1)
ntained in a genomic record (3.12)

ote 1 to entry: A base present in the aligned read and not present in«tlie reference sequence (inserfion) and
ases preserved by the alignment process but not mapped on the reference sequence (soft clips) do|not have
apping positions.

A5

enomic reference

ference

llection of reference sequences

ote 1 to entry: Typical examples are a reference génome or a reference transcriptome.

ase or set of bases originally present at either side of a read, and removed from it fgpllowing
lignment (3.1)

ote 1 to entry: The bases are no\longer present in the sequence of the read.

17

ipdel
ntiguous stretch.of nucleotides (3.20) that, when aligning two sequences, are inserted Into one
sequence, or alternatively deleted from the other, in order to make the two sequences the sams

ote 1 to entryiFrom “insertion or deletion”.

18
ipsertion
fitiguous 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

© ISO/IEC 2019 - All rights reserved 3
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3.20

nucleotide

base
base pai

r

monomer of a nucleic acid polymer such as DNA or RNA

Note 1 to

entry: Nucleotides are denoted as letters (‘A’ for adenine; ‘C’ for cytosine; ‘G’ for guanine; ‘T’ for thymine

which only occurs in DNA; and ‘U’ for uracil which only occurs in RNA). The chemical formula for a specific
DNA or RNA molecule is given by the sequence of its nucleotides, which can be represented as a string over the

alphabet

(‘A’,’C’,’G’, “T’) in the case of DNA, and a string over the alphabet (‘A’, ‘C’, ‘G’, ‘U’) in the case of RNA. Bases

with unk

3.21

paired-
paired-4
tuple (3.

Note 1 to|

3.22

quality
quality {
number

Note 1t
nucleotid

3.23
read gr
set of re

3.24
read id¢
read hes

read namne

text stri
and SAM

Note 1 td
as encod

3.25

rightmgst read end

rightmo
sequencl
referend

3.26

nown molecular composition are denoted with ‘N’.

end read
nd template
34) made of two segments

entry: Typically the segments correspond to the beginning and the end of the same nugcleic acid moleculg.

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

<)

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

Dup
hds having some property in common

bntifier
der

hg associated with each sequending read (3.28) stored in GIRs such as FASTA (3.7), FASTQ (3.9)
(3.26)

entry: The read identifier_is usually unique within its dataset, and may contain additional informatiojn
bd by bioinformatics tools\(such as database information, and base calling information).

Kt read
ng read (3i28) generated by a paired-end sequencing run and mapped at a position on thie
e sequetice which is greater than the mapping position of the other read in the pair

SAM

GIR that

1s 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 information.
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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

quencing read

ad

adout, by a specific technology more or less prone to errors, of a continuous part ef\a seg
ucleotides (3.20) extracted from an organic sample

.29
ingle-end read
iple (3.34) made of one segment

~

3.30

soft clip

oft clipped bases

hase or set of bases at either side of the read that have been ignored during the alignment (3.1)

(%)

Note 1 to entry: The bases are still present in the sequence of theread.

3.31
jpliced read

ligned read which, as a consequence of biological splicing, covers non-continuous portion
reference genome being the result of biological splicing

Note 1 to entry: This means the read must come\firom RNA-sequencing, and contain at least one junction|
tvo consecutive exons.

3.32
lit alignment
ligned paired-end read (3.21) whose ends are encoded in two different genomic records (3.12)

.33
template
enomic sequence that is produced by a sequencing machine as a single unit

ote 1 to entry: Atemplate can be made of one or more segments (being called single-end sequencing r
it only has one-segment, and paired-end sequencing read when it has two segments — typically they
oth the beginning and the end of a nucleic acid molecule).

rment of

process

s of the

between

bad when
r capture

llection 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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3.37
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 symbol.

3.38
transformed subsequence
ordered collection of transformed symbols (3.39)

o

Note 1 tg entry: The transformed symbols of one or more transformed subsequences can be multiplexed toyyiel
decoded pymbols.

3.39
transformed symbol
concatepation of one or more decoded subsymbols (3.40)

3.40
decodedl subsymbol
output df an inverse subsymbol transformation applied on a transformed subsymbol (3.41)

—

Note 1 tolentry: See subclause 12.6.2.7. If no inverse subsymbol transformationis applied, the decoded subsymb
shall be ¢qual to the transformed subsymbol.

3.41
transformed subsymbol
decoded cabac subsymbol
atomic yalue yielded by the cabac decoding process

4 Abbreviations

AU access unit

CRPS | computed reference parameter§ set
GIR genomic information representation
LUT look up table

QVPS [quality values paraimeters set

5 Conventions

5.1 General

[72)

This clalisecontains the definition of operators, notations, functions, textual conventions and processe
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.

5.2 Arithmetic operators

The following arithmetic operators are defined:
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Addition
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.

Integer division with truncatijon of the result toward zero. For example,7 /4 and -7 / -4 are

)Wi0)

X%y

&&y

Ay

X?y:z

—

\/

1\

3.3 Logical operators

The following logical operators are defined:

3.4 Relational operators

he following relational operators are defined as follows:

truncated to 1 and -7 / 4 and 7 / -4 are truncated to -1.

Used to denote division in mathematical equations where no truncation or rouhding is
intended.

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

intended.

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

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

Boolean logical "and" of x and y
Boolean logical "or" of x and y
Boolean logical "not"

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

Greatercthan
Greater than or equal to

Less than

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.

5.5 Bit-wise operators

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

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

" Bit-wise "exclusive or". When operating on integer arguments, operates on a two's comple-
ment representation of the integer value. When operating on a binary argument that con-
tains fewer bits than another argument, the shorter argument is extended by adding more
significant bits equal to 0.

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

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

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

5.6 Assignment operators

The follgwing assignment operators are defined as follows:

= Assignment operator

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

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

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

-= Decrement by‘amount specified, i.e., x -= 3 is equivalent to x =x - 3, and x == (=3) is
equivalenttox = x - (-3).

5.7 Range notation

The follgwing notation is used to specify a range of values:

X=Yy.Z 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.

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

5.8 Mathematical functions

The following mathematical functions are defined:
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Ceil(x) the smallest integer greater than or equal to x (1)
Floor(x) thelargestinteger less than or equal to x (2)
Log2(x) the base-2 logarithm of x 3)
X ; x<=Yy
Min(x,y) = )
y o5 x>y
X ; x>=Y
Max(x,y) = (5)
Yy X<y
3.9 Order of operation precedence
When the order of precedence in an expression is not indicated explicitly by tise of parenthegses, the
fpllowing rules apply:
—+ Operations of a higher precedence are evaluated before any operation of a lower precedenge.
-+ Operations of the same precedence are evaluated sequentially from left to right.
Tlable 1 specifies the precedence of operations from highest<o lowest; a higher position in the table
indicates a higher precedence.
NOTE For those operators that are also used in the C¢programming language, the order of precedgnce used
in this document is the same as used in the C programming language.
Table 1 — Operation precedence from highest (at top of table) to lowest (at bottom of table)
operations'(with operands x, y, and z)

IIX++"’ ”X— _"

"Ix", "—x" (as-aunary prefix operator)

XYy

n nsn non non X non "

Xy /Yy kYL =""% %y
Y
y
"x+y","x - y" (as a two-argument operator), " Zf(i) "
I=x

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

"x<y""x<y", "x>y", "x=2y"

”X = = y", IIX != yll

Ilv 2, },"

IIX | yll

"X && y"

x| 1y"

"x?y:z"

”X__y"

IIX = yll’ HX += yll’ "X P yll
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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 notation). Variables starting with~ap
upper cgse letter are derived for the decoding of the current syntax structure and all depending syntajx
r
S

structuiles. Variables starting with an upper case letter may be used in the decoding process forlate
syntax ptructures without mentioning the originating syntax structure of the variable! Variable
starting|with a lower case letter are only used within the clause in which they are derivegd,

In some fases, "mnemonic” names for syntax element values or variable values are used interchangeably
with thgir numerical values. Sometimes "mnemonic" names are used without anyassdciated numericgl
values. The association of values and names is specified in the text. The name$-are constructed from
one or more groups of letters separated by an underscore character. Each group starts with an uppdr
case letter and may contain more upper case letters.

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

Functiops that specify properties of the current position in the-bitstream are referred to as syntaix
functionjs. These functions are specified in subclause 6.3 and ‘assume the existence of a bitstream
pointer with an indication of the position of the next bit tochgread by the decoding process from thie
bitstream. Syntax functions are described by their names;, which are constructed as syntax elemerjt
names gdnd end with left and right round parentheses‘including zero or more variable names (fdr
definitign) or values (for usage), separated by commas:{if more than one variable).

Functiofs that are not syntax functions (including*mathematical functions specified in subclause 5.2)
are desdribed by their names, which start witli-an upper case letter, contain a mixture of lower and
upper cdse letters without any underscore ¢haracter, and end with left and right parentheses including
zero or more variable names (for definition) or values (for usage) separated by commas (if more thap
one varipble).

A one-d|mensional array is referfed to as a list. A two-dimensional array is referred to as a matrix.
Arrays ¢an either be syntax elements or variables. Subscripts or square parentheses are used for the
indexing of arrays. In referehce to a visual depiction of a matrix, the first subscript is used as a roy
(vertical) index and the second subscript is used as a column (horizontal) index. The indexing ordgr
is reverged when using-square parentheses rather than subscripts for indexing. Thus, an element of p
matrix { at horizontalposition x and vertical position y may be denoted either as s[x ][y ] or ass,,.
single c¢lumn of a matrix may be referred to as a list and denoted by omission of the row index. '[yhu 5,
the column of a matrix s at horizontal position x may be referred to as the list s[ x ].

A speciffcation of values of the entries in rows and columns of an array may be denoted by { {...} {...}
where efpchinner pair of brackets specifies the values of the elements within a row in increasing columh
order and the rows are ordered in increasing row order. Thus, setting a matrixsequalto{{16}{49}}
specifiesthats[ 0][ 0 ] issetequalto1,s[1][0]issetequalto6,s[0][1]issetequalto4,ands[1][1]
is set equal to 9.

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 value different from zero.

5.11 Text description of logical operators
In the text, a statement of logical operations as would be described mathematically in the followi

if(condition 0 )

ng form:

statement 0
¢lse if( condition 1)
statement 1

D -

[se /* informative remark on remaining condition */
statement n

may be described in the following manner:

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

— If condition 0, statement 0

— Otherwise, if condition 1, statement 1

- Otherwise (informative remark on remaining cendition), statement n

Q O o

an be identified by matching "... as follows" or "... the following applies" with the ending "Other

]

—

( condition 0a && condition Ob )
statement 0

¢lse if( condition 1a || condition 1b)

statement 1

dlse

statementn

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

— _“f all of the following conditions are true, statement 0:

ach "If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows" or "...
he following applies” immediately followedchy "If ... ". The last condition of the "If ... Otherwise, if ...
therwise, ..." is always an "Otherwise, ..."~Interleaved "If ... Otherwise, if ... Otherwise, ..." stdqtements

wise, ...".

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

— condition Ua
— condition 0b

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

— condition 1b

— Otherwise, statement n

© ISO/IEC 2019 - All rights reserved
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In the text, a statement of logical operations as would be described mathematically in the following form:

if( condi

tion 0)

statement 0

if( condi

tion 1)

statement 1

may be described in the following manner:

— Wh

ncondition Q0 statement0

— Wh

5.12 Py

Process
and inv
dependi
specific

has explicitly specified an output. The output is a variable that can either b& an upper-case variable g

a lower-

When in

— Ifthe variables at the invoking and the process specification doret have the same name, the variables

are

— Oth
assi

In the sy
a value ¢

6 Syn

61 M

The syn
the synt]

Table 2
that a sy
position

bn condition 1, statement 1

[0CESSES

s are used to describe the decoding of syntax elements. A process has a separate specificatio
pking. All syntax elements and variables that pertain to the current syntax structure an
hg syntax structures are available in the process specification and (invoking. A proces
htion may also have alower-case variable explicitly specified as input. Each/process specificatio

= e W D

case variable.

voking a process, the assignment of variables is specified as follews:

explicitly assigned to lower-case input or output variables of the process specification.

brwise (the variables at the invoking and the process specification have the same name),
pnment is implied.

ecification of a process, a specific coding bléck may be referred to by the variable name havinjg
qual to the address of the specific coding block.

tax and semantics

ethod of specifying syntax'in tabular form

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

[72)

ists examples,of-the syntax specification format. When syntax_element appears, it specifie
mtax elemenfis parsed from the bitstream and the bitstream pointer is advanced to the nex
beyond the/syntax element in the bitstream parsing process.

(i

Table 2 — Examples of the syntax specification format

Svntax Tvne
Y I

/* 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
examples */

syntax_element ue(v)

conditioning statement

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

{

Statement

12

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

Table 2 (continued)

Syntax Type

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 */

rhile( condition
\Y J

statement

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

glo

statement

hile( condition )

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

{rue, specifies evaluation of a primary statement, otherwise, specifies-evaluation of an alternative
tatement. The "else" part of the structure and the associated altéxnative statement is omitted if no
\Iternative statement evaluation is needed */

1f( condition )

primary statement

blse

alternative statement

* A "for" structure specifies evaluation of an initial statement, followed by a test of a condition, and
f the condition is true, specifies repeatéd-evaluation of a primary statement followed by a subse-
uent statement until the condition(is;no longer true. */

for( initial statement; conditionj;subsequent statement )

primary statement

6.2 Bitordering

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

6.3 Specification of syntax functions and data types

The functions presented here are used in the syntactical description. These functions are ejpressed

i-. By Afthn yyaliin AfF o Wb b nay bt b s A natnc i ooty A F b g ik 40 T d b the
ILCTIITO U U1IICU  vdIuo Ul a ovitolroaIlir l.lUlllL\/l CIITAU TITUICAdlU O LIIC l.l\.l.)l\.l\lll Ul LIIU TICALV UIU LU U 1O y

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

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

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

— ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this data
type is specified in subclause 12.5.2.2.

t 4 PR | 3 ad] 3 i dod & H 3 4+ Tl H £ £los
- ae «» CUILILTATU aua})uvc dal TLIIIICLIC TIILL UlJ_y CUUCU LCT IITIAatIvUIl Dy IIUdA. T1IT lJal Dllls lJl ULTOSS 1IUL LIS

datg type is specified in subclause 12.5.2.5.

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

— i(n){ signed integer using n bits. When n is "v" in the syntax table, the number ofibits varies in
marner dependent on the value of other syntax elements. The parsing processfor this data typ|
is specified by the return value of the function read_bits( n ) interpreted as™a two's complemer
integer representation with most significant bit written first.

—~ O D

— se(V): signed integer 0-th order Exp-Golomb-coded syntax element witlrthe left bit first. The parsing
progess for this data type is specified in subclause 12.2.3.

— st(v): null-terminated string encoded as universal coded charactet set (UCS) transmission format-8
(UTJF-8) characters which shall be as specified in ISO/IEC 10646. The parsing process is specified
as fpllows: st(v) reads and returns a series of bytes from.the bitstream, beginning at the current

position and continuing up to but not including the next\byte that is equal to 0x00, and advances

the pitstream pointer by ( stringLength + 1 ) * 8 bit p@sitions, where stringLength is equal to the
nunjber of bytes returned.

— u(n): unsigned integer using n bits. When n is "¥&in the syntax table, the number of bits varies in
marjner dependent on the value of other syntax elements. The parsing process for this data type i
spetified by the return value of the function-read_bits( n ) interpreted as a binary representation gf
an Ynsigned integer with most significant bit written first.

n 9D

— ue(Y{): unsigned integer 0-th order Exp-Golomb-coded syntax element with the left bit first. Thie
parging process for this data type\is specified in subclause 12.2.3.

(s

— u7(y): variable sized unsigned integer computed by iteratively reading 8 bits, where the leas
sigrfificant 7 bits are intérpreted as a binary representation of an unsigned integer v, with the mos
sigrfificant bit written{irst, and the 8th bit signaling if the iteration should stop. The parsing procesg
for this data type is-specified below:

0 o+

V=
do {|
¢ 3 read_bits( 8);

v=(v<<7)]|(c&0x7f);
} while (c & 0x80)
— ¢(n): sequence of n ASCII characters which shall be as specified in ISO/IEC 10646.

6.4 Semantics

Semantics associated with the syntax structures and with the syntax elements within each structure
are specified in a clause following the clause containing the syntax structures. When the semantics of
a syntax element are specified using a table or a set of tables, any values that are not specified in the
table(s) shall not be present in the bitstream unless otherwise specified in this document.
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Subclause 7.1 specifies the structure of a data unit. A data unit is a data structure used as container for
araw reference structure, a parameter set structure or an access unit structure.

Subclause 7.2.1 specifies the structure of a

raw reference.

Subclause 7.3 specifies the structure of a parameter set. A parameter set consists of a parent parameter
set identifier, a parameter set identifier and encoding parameters as specified in subclause 7.3.1.

Subclause 74 specities

-

W

pecified in subclause 7.4.1.2.2.

7.1 Data unit

€ structure oI an access unit.

Table 3 — Data unit syntax

TT access unit consists of an access unitp header,
bllowed by one or more blocks. Table 19 in subclause 7.4.1.1 specifies the syntax for an accessunift header.

ach block consists of a block header, as specified in subclause 7.4.1.2.1, followed by a-block payload as

Syntax

Type

data unit () {

data_unit_type

u(8)

if (data unit type == 0) {

data_unit_size

u(64)

raw_reference ()

raw reference

}

else if (data unit {&iype == 1) {
reserved u(10)
data_unit_size u(ZZ]

paramet&nt set ()

parameter set

}

elsefdf(data unit type == 2){
reserved u(3)
data_unit_size u(29)

access_unit ()

access unit

}

else /*(data_unit type

> 2)*/{

/*skip data unit*/

|

J

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 unittype Clause
0 raw reference 72
1 parameter set 73
2 access unit 74

© ISO/IEC 2019 - All rights reserved
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data_unit_size is the total size in bytes of the data unit including the bytes used for data_unit_type
and data_unit_size.

raw_reference() is a raw_reference structure as specified in subclause 7.2.
parameter_set() is a parameter_set structure as specified in subclause 7.3.
access_unit() is an access_unit structure as specified in subclause 7.4.

A conformant bitstream containing at least one data unit of type access unit shall contain at least one
data unitof t_y pepat atreter-set:

7.2 Raw reference

This suljclause specifies the data structure used to represent a raw reference. This structuré shall bie
used to:

— deliyer reference sequences to the decoder,
— retyrn decoded reference sequences or part thereof from the decoder.

If a raw [reference is required to decode access units, this raw reference shall’‘be made available to thie
decoder|prior to any other data unit.

7.2.1 PByntax and semantics

Table 5 — raw reference syntax

Syntax Type
raw_reference () {
seq_count u(16)
for (i=0; i<seq count; i++H)\{
sequence_ID u(16)
seq_start[sequencke jID] u(40)
seq_end[sequenge ‘ID] u(40)
ref sequenceé[sequence_ ID] c(seq_end - seq_start + 1)

}

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

sequenge_ID is refefence sequence identifier. Each sequence_ID is unique and shall correspond to onje
sequen¢e_name specified in subclause 6.4.1.2.1 of ISO/IEC 23092-1.

seq_start[Sequence_ID] is the coordinate, on the reference sequence identified by sequence_ID, of t
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.
7.3 Parameter set

7.3.1 Syntax and semantics

This subclause specifies the parameter set syntax and semantics.
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Table 6 — Parameter set syntax

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

encoding parameters ()

}

arameter_set_ID is the unique identifier of the parameter set.

Fhere the values of the encoding parameters of each element override the

.3.2 Encoding parameters

Table 7 — Encoding parameters syntax

arent_parameter_set_ID is the unique identifier of an existing parameter set. Referencing an
arameter set from another parameter set enables the generation of a hierarchy 6f paramsg

arent node. If equal to parameter_set_ID, the parameter set is at the top level in(the hierarchy.

ncoding_parameters() are the encoding parameters as specified in subclause”7.3.2 of this doc

he encoding parameters are configuration parameters used during the decoding process.

corresponding valu

existing
rter sets
es of the

hment.

Syntax Type
bncoding parameters () {
dataset_type u(4)
alphabet ID u(g)
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.)

for(3=0; j,<Tdum classes; Jj++)

This for loop specifie
order of data classes

entire syntax structufre

5 the
or the

class ID([5] u(4)
forti=0; i < NUM_DESCRIPTORS,‘ i++) {
class_specific_dec_cfg flag[i] u(1)

if (class_specific dec cfg flag[i] == 0) {

descriptor configuration (i)

Descriptor Configuration, as
specified in subclause 7.3.2.1,

applied to all classes

} else {

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

descriptor configuration (i)

Descriptor Configuration, as
specified in 7.3.2.1, applied
to the class identified by

class_ID[j]

© ISO/IEC 2019 - All rights reserved
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Table 7 (continued)
Syntax Type
}
num_groups u(16)
for(j=0; j < num _groups; J++)
rgroup_ ID[]] St(V]
multiple alignments_flag u(1)
splicedreads_fi=g uil)
mulyiple signature_base u(31)
if (qultiple signature base > 0)
U _signature_size u(6)
for|(c = 0; ¢ < num classes; c++) {
qv_coding_mode u(4)
If (gqv_coding mode == 1) {
qvps_£flag u()
if (gvps flag)
parameter set gvps(class ID[c]) see subclause 7.3.2.2
else
qvps_preset_ ID u(4)
qv_reverse_flag u(1)
}
crpq flag u(1)
if (qrps_flag)
HQarameter set crps() see subclause 7.3.2.3
while ( !byte aligned( ) )
festing zero bit f(1)
}
dataset| type specifies the typeof-data encoded in the dataset. The possible values are: 0 = non-aligned
content;{1 = aligned content; 2=.reference.
alphabgt_ID identifies thedlphabet of symbols used for data encoded in access units referring to these
encoding parameters,
Table 34 shows the'dlphabets associated to each value of alphabet_ID.
read_length specifies the length in bases of sequencing reads. The value 0 indicates the presence of
variablelread.lengths. Variable read lengths are signaled genomic recordas specified in subclause M?

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_au_data_unit_size is the maximum value permitted to the field data_unit_size in the data unit,
when data_unit_type is equal to 2, as specified in subclause 7.1. 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 integers. Otherwise,
all mapping positions are expressed as 32 bits integers. In the scope of this document the value of the
variable posSize is set to 32 when pos_40_bits_flag is equal to 0 and set to 40 otherwise.
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qv_depth specifies the number of quality values associated to each nucleotide. A value of 0 means that
no quality values are encoded. The maximum value shall be 2.

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

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

class_ID is one of the data class identifiers specified in subclause 9.4. For any value of ci greater than 0,
ifshall always be class_ID[c1] > class_ID][cI - 1]

NUM_DESCRIPTORS is a constant counting the number of genomic descriptors speCified in this
document and it is set to 18.

o

lass_specific_dec_cfg_flag signals the presence of class-specific decoder configuration for a given
esc_ID. If set to 0, only one decoder configuration is signaled for all classes. Otherwise, separpte class
pecific decoder configurations are signaled.

v Q.

descriptor_configuration(i) signals the descriptor’s decoder configuration as specified in syibclause
73.2.1.

=

um_groups specifies the number of read groups present in all aeess units referring to the{ current
arameters Set. If num_groups is set to 0, the rgroup descriptor shall not be present in [the AUs
eferring to this parameter set.

=

=

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

=

nultiple_alignments_flag is a flag signaling thé presence of multiple alignments in the accgss unit.
Vhen 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, n¢ spliced
reads are present.

=

hultiple_signature_base is the default number of cluster signatures.

-

|_signature_size is the size in bits of each integer representing an encoded signature. Each signature
an be represented by oneorimore integers in the Master Index Table. Its value shall be greater than 0.

Q

v_coding_mode shallbe’set to 1, all other values are reserved.
vps_flag signals-the’presence of a parameter_set_qvps(class_ID[c]) element.

vps_preset/ID” signals the ID of the quality values parameter set preset as spedified in
ubclause 1024.15.

[N« Neo) Ne

arameter_set_qvps(class_ID][c]) is the quality values parameter set as specified in subclause|10.4.15.
F not present, the parent quality values parameter set identified by parent_parameter_set|ID shall
heGsed.

—_—

qv_reverse_flag signals if the decoded qv string shall be reversed in the decoding process specified in
subclause 10.4.15.2.

crps_flag signals the presence of a parameter_set_crps() element.

parameter_set_crps() is the computed reference parameter set as specified in subclause 11.3. If not
present, the computed reference parameters set of the parent parameter set identified by parent_
parameter_set_ID shall be used.

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

Table 8 — Descriptor configuration syntax

Syntax Type
descriptor configuration(desc ID) {
dec_cfg preset u(8)
if (dec cfg preset == 0){
greoding—mode—Ib t8)
Jf (desc ID != 11 && desc ID != 15)
decoder configuration (encoding mode ID) As specified in 2.3
qlse if(desc ID == 11 || desc ID == 15){
decqder configuration tokentype (encoding mode ID) As specified in12.3.5]
}
elsqg{
/* geserved for future use */
}
}

dec_cfg|preset shall be set to 0 to signal the presence of a decoder ¢onfiguration.
encoding_mode_ID, when set to 0, signals the use of CABAC<¢ompression. Other values are reserved.

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

decoder] configuration_tokentype(encoding_modé-ID) signals the decoder configuration parameter|s
as specified in subclause 12.3.5.

7.3.2.2 | Quality values parameter set syntax and semantics

Table 9 —Syntax of the quality values parameter set

Syntax Type
paramefler set gvps(clase~ud) {
qv_rjum_codebooks _total u(4)
for|(b = 0; b £/gv _num codebooks total; b++) {
qv_num_codebook_entries([b] u(8)
flor (e 0; e < gv_num codebook entries[b]; e++) {
qv._recon[b] [e] u(8)

}

gqv_num_codebooks_total is the number of quality value codebooks. The minimum allowed value is 2
for class_id == Class_I or class_id == Class_HM. 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 value codebook
identified by b. The minimum allowed value is 2 and the maximum allowed value is 94.
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qv_recon|b][e] is the quality value reconstructed from a quality value index identified by e, using the
quality value codebook identified by b.

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

Table 10 — Computation of qvNumCodebooksAligned

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

FOT classes I and HM, the Iast COUEDOOK 18 reserved ror unaligned data
gvNumCodebooksAligned = 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

.3.2.2.1 Quality values parameter set presets

]

This specification provides three quality values parameters presets, identified by qvps_preset]ID.

7.3.2.2.1.1 Support of all printable ASCII characters

—

his set of parameters supports the representation of'all printable ASCII characters. It is identified by
dvps_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 being
an integer number in therange 0..93, with the following expression:

qv_recon|[0][i] =i+ B3

7.3.2.2.1.2 «Quantized quality values, offset 33, range 0-41

This set of parameters supports the representation of quantized quality values in the range 0J41 with
an offsetiequal to 33. It is identified by qvps_preset_ID equal to 1.

L Table 12— Parametersforquantized guality values; offset 33, range §-41
Parameter name Value
qv_num_codebooks_total 1
qv_num_codebook_entries 8

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

7.3.2.2.

This set
an offse

Table 14
indexes.

7.3.2.3
This su

ol
66
74

N| O U DWW N[O -

|.3 Quantized quality values, offset 64, range 0-40

of parameters supports the representation of quantized quality values in the range 0..40 with
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

shows how the reconstructed quality values qv_reé&on[0][] are derived from the quality value

able 15 — Values of qv_recon for each vahie of i when qvps_preset_ID is equal to 2

qv_recon[0][i]
64
72
77
82
87
92
97
104

N (O U | WA RO =

Computed Reference parameter set

bclause specifies the data structure used to carry parameters related to the referende

comput

tien algorithms specified in subclause 11.3.

22

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_alg ID == 3){
cr_pad size u(8)
cr_buf_max_size u(24)
}
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Syntax

Type

}

cr_alg_ID signals the reference computation algorithm as specified in subclause 11.3.1. The possible
values 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 PushIn
3 Local Assembly
4 Global Assembly

h subclause 11.3.

—e

4 Access unit

~1

~1

4.1 Syntax and semantics

This subclause specifies the access unit syntax and semantics.

Table 18 — Access unit syntax

dr_pad_size is the number of bases used for padding in the process specified in subclause 11.3]3.

An access unit (AU) is alogical data structure containinga coded representation of genomic info
[t is the smallest data structure that can be decoded,

Syntax

Type

access_unit )% {

acces(s yinit header ()

access unit header

fof Xi=0; i<num blocks; i++) {

block[i] ()

Block

}

dccess, unit_header() is specified in subclause 7.4.1.1.

rium_blocks specifies the number of blocks encoded in the access unit and it is encoded in thg

gr_buf_max_size is the maximum size in bytes of the buffer used.inrthe decoding process as gpecified

rmation.

aCCess_

Nit_headeras specified imsubctause 74-1-1-

block([i]() is a block as specified in subclause 7.4.1.2.

7.4.1.1 Access unit header

This subclause specifies the access unit header syntax and semantics.

Table 19 — Access unit header syntax

Syntax

Type

access _unit header () {

© ISO/IEC 2019 - All rights reserved
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Table 19 (continued)
Syntax Type
access_unit_ID u(32)
num blocks u(8)
parameter_set_ID u(8)
AU_type u(4)
reads_count u(32)
if(qu_uypc == N_TYPE_AU [ AU _Lype —— M TIPL AU J{ —
r+m_threshold u(16) r\'\v‘)
r‘m_count u(32) . >
) A’ l/(]/
if (dataset type == 2){ (\%V
fef sequence_ID u(16) ({b\,
fef start_position u(posSjZ@)) ”
fef_end position u(p,(l&/e)
) 9
if (AU Type != U TYPE AU) & S
( O
dequence_ID OQ<< u(16)
AU start _position \\\‘ u(posSize)
AU _end position (N4 u(posSize)

Jf (multiple alignments flag) {

specified in subclause 7.3.2

U signature size) —{C_D

extended AU start_position ] h$ u(posSize)
extended AU end position A\U u(posSize)
xO
! ng}r
elsq { Q\
£ (multiple_Signature_bi\Ef\ b=0) { specified in subclause 7.3.2
U_cluster_signature [@\ u(U_signature_size)
if (U _cluster si Mre[O] = (1 <<

N
for (i=b%<multiple_signature_base;

i++) | Q~

G\fluster_signature [i]

u(U_signature_size)

&

N
<

L
T

num_signatures

u(16)

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

U_cluster_signature([i]

u(U_signature_size)

}

while( !byte aligned( ) )

nesting_zero bit

f(1)

24
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Table 19 (continued)

Syntax Type

}

access_unit_ID is an unambiguous identifier for 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 specific value of
sequence_ID), i.e,, it is reset for the first access unit 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 accesp unit to
which this access unit header belongs. Decoding of an access unit is unspecified if at least-one pgrameter
ih the hierarchy of parameter sets referred to by the field parameter_set_ID of theyaccess finit and
by the fields parent_parameter_set_ID of the parameter sets in the same hierarchy, as spefified in
subclause 7.3.1, is not available.

AU_type identifies the type of access unit and the class of data carried|therein as spegified in
sjubclause 7.4.2.

et

eads_count signals the number of genomic sequencing reads encodéd)in the access unit.

hm_threshold specifies the maximum number of substitutions &read (of class N or M) shall cgntain to
e counted by mm_count. If set to 0, the feature of counting substitutions in encoded reads is disabled.

o =

=

hm_count specifies the number of reads encoded in the aeCess unit containing a number of substitutions
hich is equal to or lower than the threshold specified:\by mm_threshold. mm_count shall bq set to 0
" the threshold is set to 0.

—

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

[

ef_start_position specifies the position or<the reference sequence of the first base encodefl in this
access unit.

=

ef_end_position specifies the positionon the reference sequence of the last nucleotide encoddd in this
access unit.

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

AU_start_position isthe position of the leftmost mapped base among the first alignments of all
enomic records encoded in the access unit irrespective of the strand.

gxtended vAU_start_position specifies the position of the leftmost mapped base among all alignments

ifnments

U_cluster_signature is the unsigned integer representing the signature of the cluster this access unit
belongs to, as specified in ISO/IEC 23092-1.

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

posSize and U_signature_size are specified in subclause 7.3.2.
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7.4.1.2

Block

This subclause specifies the Block syntax and semantics.

Table 20 — Block syntax

block_Iader is a block header structure as specified in subclause 7.4.1.2.1.

block_

7.4.1.2.1 Block header

This sub

reserved refers to bits used to preserve bytealignment.

descripfor_ID signals the descriptor type as specified in Table 24. Its value shall be unique among a
blocks lthe access unit.

block_

7.4.1.2.2 Block payload

This suljclause specifies’the syntax and semantics of the block payload structure containing entropy
coded descriptors.

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

yload is a block payload structure as specified in subclause 7.4.1.2.2.

clause describes the block header syntax and semantics.

Table 21 — Block header syntax

Syntax Type
block header () {
reserved u(l]
descriptor_ ID u(7)
reserved u(3)
block_payload_size u(29)

}

yload_size specifies thejsize in bytes of the block payload.

Table 22 — Block payload syntax

Syntax Type

block payload(descriptor ID) f{

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

encoded_tokentype () As specified in 10.4.19.1
}
else {

encoded descriptor sequences (descriptor ID) As specified in 12.6.2.1

}

while ( !byte aligned( ) )

nesting zero bit f(1)

26
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Syntax

Type

}

encoded_tokentype() is a data structure specified in subclause 10.4.19.1 carrying encoded tokenized
strings.

encoded_descriptor_sequences(descriptor_ID) is a data structure specified in subclause 12.6.2.1
carrying the encoded genomic descriptors for sequences and quality values specified in clause 8.

I

~1

= Q=

A

o o <

[
[

b Descriptors

ptional.

t
a

nd its subclauses.

4.2  Access unit types

esting_zero_bit is one bit set to 0.

Us can be of different types according to the nature of the coded data. An access-unit contains
enomic records belonging to a single data class as shown in Table 23.

Table 23 — Class of encoded data per access unittype

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 ClassM

[ TYPE_AU 4 €lass I
HM_TYPE_AU 5 Class HM
U_TYPE_AU 6 Class U

escriptors are the output of the decoding process specified in 10.4.

eSeriptors required for the representation of sequencing reads, quality values, read nages and
mﬂﬁmmmmmmmﬂw . ' ifred ;se 10.4

Table 24 — Genomic descriptors

he blocks of descriptors encoded in egne access unit as specified in subclause 7.4.1.2 a
orresponding to sequencing reads_belonging to one class of data as specified in subclg
escriptors carried by each access uiit type are listed in Table 24.

Us of any class can be possibly associated with blocks of descriptors representing the rea
and/or quality values of the encoded sequencing reads.

Vhen dataset_type specified in subclause 7.3.2 is equal to 0 or 1, the only mandatory descrip
hose required to represent the sequences of nucleotides, whereas read names and quality v

encoded

e those
use 9.4.

H names

tors are
lues are

descriptor_ID

Genomic descriptor

Number of descriptor

Decoding process

name subsequences
sequencing reads
0 pos 2 10.4.1
1 rcomp 1 10.4.2
flags 3 10.4.3
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Table 24 (continued)
descriptor_ID | Genomic descriptor | Number of descriptor| Decoding process
name subsequences
3 mmpos 2 10.4.4
4 mmtype 3 10.4.5
5 clips 4 10.4.6
6 ureads 1 10.4.7
7 rlen 1 10.4.8
8 pair 8 10.4.9
9 mscore 1 10.4.10
10 mmap 5 10.4.11
11 msar 2 10.4.12
12 rtype 1 10.4.13
13 rgroup 1 10.4.14
quality values AW
14 qv variable, as specified |10.4715
in subclause 10.4.15
read names o (o)
15 rname 2 |10.4.16
reference sequences \\\(
16 rftp 1 10.4.1
17 rftt 1 10.4.18

Table 25 — Subsequences for deScriptor_ID = 0 (pos descriptor)

subseqpuence_ID Semantics Type
0 Mapping position of the first alignment signed integer
1 Mapping position of additjonal alignments |signed integer

Table 26 — Subséquences for descriptor_ID = 2 (flags descriptor)

subseqpuence_ID Semantics Type

0 Read is RER or optical duplicate unsigned integer with value either 0 or 1
1 Readfails platform/vendor quality checks |unsigned integer with value either 0 or 1
2 Redd'mapped in proper pair unsigned integer with value either 0 or 1

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

subseqpénce_ID Semantics 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)

subsequence_ID Semantics Type

0 Symbol type flag unsigned integer with values either 0, 1 or 2
1 Substitution type unsigned integer

2 Insertions type unsigned integer
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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 10.4.6.

2 Nucleotides indexes with terminators ASCII string terminated by a reserved value
as specified in Table 54. Empty strings are not
allowed.

B Hard clips length unsigned integer

Table 30 — Subsequences for descriptor_ID = 8 (pair descriptor)

subsequence_ID

Semantics

Type,

Sequence identifying:

— 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

— R1l_unpaired decoding case as specified in 104.9 when the
value is equal to 5.

— R2_unpaired decoding case as specified/in 10.4.9 when the
value is equal to 6.

unsigned inte

ger

same_rec decoding case as specified in 10.4.9. Sequence of values
representing the distance between the'mapping position of read 1
and the mapping position of read 2 on the reference sequence. The
value is comprised between -3276% and 32767.

signed intege

R1_split decoding case as specified in 10.4.9.
Sequence of values representing:
For classes P, N, M, |

the position of read\I'on the reference sequence. The maximum value
is 2posSize — 1 where posSize is specified in subclause 7.3.2.

For class U

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

unsigned inte

ger

R2Jsplit decoding case as specified in 10.4.9.
For classes P,N, M, |

the position of read 2 on the reference sequence. The maximum value
is 2posSize — 1 where posSize is specified in subclause 7.3.2.

For class U

the genomic record index of the genomic record containing read 2 in

the currant Al
He-ctHeRtAo-

unsigned inte

ger

R1_diff_ref seq decoding case as specified in 10.4.9.
Sequence of values representing:
for classes P, N, M, |

the identifier of the reference sequence to which read 1 is mapped.
The maximum value is 216-1.

for class U

the identifier of the AU containing the read 1.

unsigned integer
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Table 30 (continued)
subsequence_ID Semantics Type
5 R2_diff _ref_seq decoding case as specified in 10.4.9. unsigned integer

for classes P, N, M, I

the identifier of the reference sequence to which read 2 is mapped.
The maximum value is 216-1.

for class U

the 1dentifier of the AU contalning the read 2.

6 R1_diff_ref _seq decoding case as specified in 10.4.9. Sequence of val- |unsigned integer.
ues representing the position of read 1 on the reference sequence.
The maximum value is is 2PosSize — 1 where posSize is specified in
subclause 7.3.2.

7 R2_diff ref_seq decoding case as specified in 10.4.9. Sequence of val-|unsigned integer
ues representing the position of read 2 on the reference sequence.
The maximum value is is 2PosSize — 1 where posSize is specified in
subclause 7.3.2.

Table 31 — Subsequences for descriptor_ID = 10 (mmap-déscriptor)

subseqpence_ID Semantics Type

0 number of alignments of the leftmost and rightmostdeads unsigned integer
1 index of right alignments unsigned integer
2 flag signalling the presence of more alignments.in other boolean flag

genomic records

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

4 values representing a secondary.alignment mapping position of |unsigned integer
the leftmost read on the reference sequence. The maximum value
is is 2posSize — 1 where posSizé is specified in subclause 7.3.2.

Taple 32 — Subsequences for'descriptor_ID = 11 and 15 (msar and rname descriptors)

subseqpence_ID Semantics Type

0 output of decode_descriptor_subsequence() for unsigned integer
CABAC_METHOD_O as specified in subclause 10.4.19.3.4

1 output ef decode_descriptor_subsequence()for unsigned integer

CABAC_METHOD_1 as specified in subclause 10.4.19.3.5

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

subsequence_ID Semantics Type
0 Quality vatue present fiag bootean fiag
1 Quality value codebook identifier unsigned integer
2 ..(2 + qv_num_codebooks_total - 1) |Quality value index used to look up a recon- unsigned integer
structed quality value in the quality value
codebook identified by b = (subsequence_ID - 2)

9 Sequencing reads

This clause specifies the semantics of genomic descriptors used to represent nucleotides segments
and associated alignment information. Each template produced by a sequencing machine or alignment
generated by an aligner is encoded in a genomic record by means of a subset of the genomic descriptors
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described 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.

9.1 Supported symbols
The supported alphabets are specified in Table 34.

Table 34 — Identifiers of alphabets supported for sequencing reads representation
alphabet_ID Salphabet 1D Size(Siphabet 1)
0 So=I[A,C,G,T,N] -
L S1=[A,CGTR,Y,SWKM,B,DHV,N,-] 16
2..255 reserved
Hach alphabet is identified by an alphabet_ID as shown in Table 34.
The notation S,j,,apec iplindex] specifies a conversion from a numerical index to an ASCII character
gorresponding to a symbol of the alphabet identified by alphabet_IB,as specified in Table 35:
Table 35 — Conversions from numerical indexes to ASCII characters corresponding to
alphabet symbaols
Saiphabet iplindex] So[indéx] S, [index]
Saiphabet 10[0] Sol0] =+A® $,[0] = “A”
Salphabet_p[1] So[E[="C" S,[1] =“C”
Salphabet_p[2] Spl2] =“G” $,[2]=“G”
Salphabet_lD[3] Sol3]1="T" $,[3] = “T”
Salphabet_ip[4] Sol4] =“N” S,[4] = “R”
Salphabet_lD[S] N/A 51[5] = “y”
Salphabet_lD[6] N/A s,[6] =“S”
Saphavet_1p[7] N/A $,[71=“W”
Salphabet_]D[8] N/A S,[8] = “K”
Salphabet_1p[%] N/A $,[9] = “M”
Salphabet_1p[10] N/A $,[10] = “B”
Sathabet_]D[ll] N/A S,[11] = “D”
Salphabet_lD[lz] N/A S,[12] = “H”
Salphabet_ID[13] N/A S,[13]=“V”
Salphabet_1p[14] N/A S,[14] = “N”
Salphabet 1p[15] N/A S,[15] = “-”

The notation Code,,p,pec p[Symbol] specifies the inversion conversion of S,j,p,pec plindex], such that

Codealéjhabet i0[Saiphabet_iplindex]] is always equal to index for any valid value of index as specified in
Table 35. )

Each alphabet symbol Sym is associated with a complementary symbol Complement(Sym) as specified
in Table 36.

Table 36 — Complementary alphabet symbols

Solindex] | Sp[Complement(index)] | S,[index] | S;[Complement(index]]
SO[O] = (IA’, 80[3] = I'T" Sl[O] = (IA’, 51[3] = llT,’
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9.2 P4
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Table 36 (continued)

So[index] | Sy[Complement(index)] | S;[index] | S;[Complement(index)]
So[l]="C" _ |So[2]="G" S,[1]="C"  [84[2]="G"
Sl2]="G" __|So[1] ="C” Si[21=“G"  |Sy[1] =“C”
So[31="T" _ |Sol0] = "A" S,[3]="T" [s,[0]="A"
Sol4] ="N"_ |So[4]="N" S,[4]="R"  |S,[5]="Y"
N/A S,[5]="Y"  |S,[4]="R"
N/& Sfer="3 STToT="s
N/A S,[71=“W"  [s,[7] =W’
/A $,[8]= K" [8,[9]="M"
N/A $,[9]="M"__[8,[8] ="K"
N/A $,[10]=“B" |s,[13] = V"
N/A S,[11]=“D" |S,[12]="“H"
N/A S,[12] =“H” |S4[11] = “D”
N/A S,[13]="V" [s,[10] = “B"
N/A S,[14]=“N”"  [s[14] = ‘N"
N/A S,[15] =" [s,[15]=™

jired-end reads

—_—

eads are generated in pairs by sequencing devices, each'pair can be encoded as a single logicg
ucture named genomic record where the mapping,position of one of the reads is representefd
e pair descriptor as specified in subclause 10.4.9.The information linking one read to its mat
ed to as “pairing information” in this document,

D

reads are not sequenced from the same-strand, but can be aligned to the same strand. Thee
ing device determines which read in the\pair is marked as read 1, whereas the other one will ble
\n example is shown in Figure 4.

READ 1

>

3

51

3

Figu

Position|

|
4—H—I—H—I—I—H44—H4—H4—|JIIIIIIIIIIIIIFH444444—LH44444—LH44—‘
I 5

<€

cavay

re 4 — Read 1 sequenced from the forward strand and read 2 from the reverse strand

s of\mismatches with respect to the used reference sequence shall be encoded as offset from

the leftr

host mapped base of the leftmost read. The rightmost read is considered to be contiguous tp

the leftmost. The calculation of the actual position of mismatches on the rightmost read is described in
subclause 10.4.9.

The pair can also be split into two reads that are encoded separately. In this case, the pair shall be
reconstructed using both the pairing descriptors and the template name shared by the two reads.

9.3 Reverse-complement reads

The reverse-complement of a read is computed by inverting the order of the read bases and
replacing each base B with its complementary base Complement(B) as specified in subclause 9.1. If

32
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Read[] is the array of bases in a read, the array of bases in the corresponding reverse-com
ReverseComplementRead[] is specified as follows:

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

9.4 Data classes

019(E)

plement

d[]) - 1.

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.

I
0
t

F a template contains more than one read, if both reads are mapped, the genomic record bélon
lass of the read with the highest class_ID. In case of multiple aligments, the genomic record bg
he class of the first alignment in the record.

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

Table 37 — Sequence data classes

s to the
longs to

o)

.5 Aligned data

|
an external or internal ieference genome (as specified in subclause 10.6.2.2) to be decoded.

his subclause specifies the types of descriptors contained in the blocks payload spe
ubclause 7.4.152)2. Each block contains binary coded descriptors of a single type identifie

il
S
descriptor_IDpresent in the block header as specified in subclause 7.4.1.2.1.

(an)

nce decoded, each descriptor shall be used to initialize one or more output record fields as spsg
lause\13. Table 38 lists the descriptors used for aligned reads with a brief description and refd

(@)

class_ID Class Identifier Genomic record content

1 Class_P Only reads perfectly matching to the reference sequence.

2 Class_N Reads perfectly matching to the reference sequence or containing migmatch-
es which are unknown bases only,

3 Class_M Reads perfectly matching to the reference sequence or containing substitu-
tions or unknown bases, but1io insertions, no deletions, no splices and no
clipped bases.

4 Class_I Reads perfectly matching to the reference sequence or containing sulstitu-
tions, unknown basgés; insertions, deletions, splices or clipped bases.

5 Class_HM Paired-end readsiwith only one mapped read.

6 Class_U Unmapped reads only.

When the syntax specified in this decument needs to use the maximum number of specifjed data
dlasses, this is specified by the constant NUM_CLASSES = 6.

h the context of this doCument, aligned genomic data are genomic segments which require the use of

ified in
1 by the

cified in
rence to

—

hé corresponding clause.

Table 38 — Descriptors used to represent aligned sequencing reads

descriptor_ID descriptor Semantics subclause
0 pos read mapping position 10.4.1
1 rcomp strand information for reads in a template 10.4.2
2 flags additional alignment information usually produced by  |10.4.3
aligners
3 mmpos position of mismatches in reads 10.4.4
4 mmtype type of mismatches 10.4.5
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Table 38 (continued)
descriptor_ID descriptor Semantics subclause

5 clips information on clipped bases (i.e. soft clips or hard clips) |10.4.6
6 ureads unmapped reads encoded verbatim 10.4.7
7 rlen read lengths 10.4.8
8 pair represents: 10.49

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 information signaling if the leftmost mapped read in

the genomic record is read 1
9 mscore provides a score per alignment 10.4.10
10 mmap used to represent multiple alignments 10.4.11
11 msar supports spliced alignments and alternative secondary [10.4.12

alignments which do not preserve the same'centiguity of

mapping of the primary alignment
13 rgroup identifier of the read group each genomic record be- 10.4.14

longs to

9.6 Unaligned data

Unalign¢d reads belong to class U only. They are encoded as unmapped reads in aligned dataset
Some of|the descriptors specified for reads aligned to“an external or internal reference as specified i
subclauge 9.5 are used to encode unaligned reads.-This is motivated by the fact that unaligned reads an
encoded using reference sequences built from.the data to be encoded. The reference used for mappin|

is compuited according to the procedures desdribed in subclause 11.3.

Table 39 — Descriptors used to represent raw sequencing reads

D =

')

34

descriptor_ID |Descriptor Semantics Subclause

0 pos read mapping position 10.4.1

1 rcomp strand information for reads |10.4.2
in a template

2 flags additional alignment 10.4.3
information usually produced
by aligners

3 mmpos mismatch position 10.4.4

4 mmtype type of edit operations: 10.4.5

stbstitutions

— deletions
— insertions

5 clips string of nucleotides with 10.4.6
variable length (e.g. soft clips)

6 ureads unmapped reads encoded 10.4.7
verbatim

7 rlen unsigned integer representing | 10.4.8
the number of bases in the
read minus one.
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Table 39 (continued)

descriptor_ID | Descriptor Semantics Subclause
12 rtype This identifies the subset of  |10.4.10
descriptors needed to decode
the read.

10 Decoding process

10.1 General

lowli—|

itstream compliant with this document.
The input to this process is one data unit. The output of this process can be:

1) araw reference as specified in subclause 7.2;

DD

) alist of MPEG-G records as specified in clause 13.

he decoding process is specified such that all decoders that conform to this document will
umerically identical decoded output as either MPEG-G records or raw references. Any d
rocess that produces identical decoded output MPEG-G rec¢rds or raw references to those p
y the process described herein conforms to the decoding process requirements of this docum

o =

[=Y

0.2 dataset_type=0or1

—

he input to the processes described in the following clauses is decoded genomic descriptors gg
s output of the parsing process specified in subelause 11.3.5. The genomic descriptors are cont
he decoded_symbols data structure specified'in this subclause.

o QO

Ih the context of the decoding process, éach decoded symbol is identified by

decoded_symbol[descriptor_ID]{descriptor_subsequence_ID][ jdescriptor_m, descriptor_subsequer]

<

rhere jgescriptor In, descriptor.sibsequence_ip 1S the index to read the decoded symbols as spe
ubclause 12.3. The valid walues of descriptor_ID are specified in Table 24. The values of de{
equence_ID are between 0 and the number of descriptor subsequences minus 1 as specified in |

w_Wn

At the beginning oftthe decoding process of one AU, all indexes jgescriptor 1D, descriptor_subsequen
ipitialized to 0.

—

he output ofithis process is a sequence of output records as specified in clause 13.

—

lentified by the parameter_set_ID specified in subclause 7.4.1.1.

—

p—

019(E)

his clause describes the decoding process to reconstruct the genomic information|encoded in a

produce
ecoding
roduced
bnt.

bnerated
ained in

ce_lD]

rified in
criptor_
[able 24.

ce_ID are

he decoding process of each access unit refers to encoding parameters carried by the parameter set

[ dataset type is equal to 0 then only AU of type 6 (CLASS U) shall be present in the dataset.

10.2.1 References padding

In case of AUs of type P, N, M, I and HM, if the raw reference structure containing the reference sequence
to be used during the decoding process specifies a seq_start that is greater than AU_start_pos or a seq_
end that is less than AU_end_pos, the decoder shall pad the missing portions of reference sequence with

“N”. This is shown in Figure 5.
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AU_sta rt_position

seq_start seq_end
: 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|N|

AU_end_position

.
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i
e
"
o
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e
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seq_start
seq_end

Decoder

access unit
AU_start_position
AU_end_position

Figure 5 — Padding process for a reference sequence

Type 1 AU (Class P)

access units encode aligned sequencing reads which pgerfectly match the used referende
.

pding process of a binary decoded access unit of typé\l'is as follows:
h classld variable equal to the value of AU_type as specified in subclause 7.4.1.1;

bde the variables numberOfRecordSegments, numberOfAlignedRecordSegments anfd
niredRead as specified in subclause 10.4:9;

pute the arrays softClips[][], softClipSizes[][] and hardClips[][] as specified in subclause 10.4.4;

pute the arrays readLength[],.numberOfSplicedSeg[] and splicedSegLength[][] as specified i
rlause 10.4.8;

-

bde the output variable§ specified in subclause 10.4.11 containing the alignment information;
bde the pos descripter as specified in subclause 10.4.1;

bde the output)variables specified in subclause 10.4.9 containing pairing and/or splicinjg
rmation;

bde the Feomp descriptor as specified in subclause 10.4.2;

i groups specified in subclause 7.3.2 is greater than 0, decode the rgroup descriptor a

[%2)

'ified in subclause 10.4.14;

10.2.2
Type 1
sequenc
The dec
1. Set
2. Dec
unp|
3. Conj
4, Con
sub
5. Dec
6. Dec
7. Dec
infol
8. Dec
9. Ifn
spe
10.

11.

12.

13.

36

Decode the readName variable as specified in subclause 10.4.16;

If as_depth specified in subclause 7.3.2 is greater than 0, decode the mscore descriptor as specified
in subclause 10.4.10;

If multiple_alignments_flag specified in subclause 7.3.2 is 1, decode the msar descriptor as
specified in subclause 10.4.12;

If present, decode the following optional descriptors:

a.

decode the flags descriptor as specified in subclause 10.4.3;
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b. decode the qv descriptor as specified in subclause 10.4.15.

10.2.3 Type 2 AU (Class N)

Access units of type 2 (Class N) are decoded by following the process described for AUs of type
P) in subclause 10.2.2 and then applying the information on unknown bases (symbol N) carrie
mmpos descriptor as specified in subclause 10.4.4.

Additional inputs to this process are

— the array splicedSequence[][] specified in subclause 10.5

- the mismatchOffsets[][] and numMismatches|[] arrays specified in subclause 10.4.4

—

he decoded splicedSequence[][] array shall be computed by replacing each /basé at a

—

sjubclause 10.5.1 with the symbol ‘N’.

The substitutions are applied as specified in Table 40.

Table 40 — Sequence decoding process for.class N

019(E)

1 (Class
d by the

position

epresented by a decoded mmpos value in the splicedSequence[][] array obtained as spegified in

Decoding step Description

processSplSegN (segment, splSeg) {

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

splicedSequence [segment] [splSeq]
[mismatchOffsets[segment] [j]] = ‘N’

[

0.2.4 Type 3 AU (Class M)

Class P) in subclause 10.2.2 and then applying the information on substitutions obtained by f
he decoding process of mmpos and mmtype descriptors as specified in subclauses 10.4.4 and|

= — N~

ccess units of type 3 (Class M)-atr€ decoded by following the process described for AUs of type 1

bllowing
10.4.5.

jary

dditional inputs to this(pyocess are

- the mismatchOffsets[][], numMismatches[] arrays specified in subclause 10.4.4;

- the mismatches[][] arrays specified in subclause 10.4.5.

The substitutions are applied as specified in Table 41.

Table 41 — Sequence decoding process for class M

Decoding step Deser
D p Desex

iption

processSplSegM (segment, splSeg) {

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

splicedSequence [segment] [splSeqg]

[mismatchOffsets[segment] [J]] = mismatches|[segment] []]

© ISO/IEC 2019 - All rights reserved
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10.2.5 Type 4 AU (ClassI)

Access units of type 4 (Class I) are decoded by following the process described for AUs of type 1
(Class P) in subclause 10.2.2 and then applying the edit operations represented by the decoded mmpos,
mmtype and clips descriptors as specified in subclauses 10.4.4, 10.4.5 and 10.4.6.

Additional inputs to this process are:

— the mismatchOffsets[][], numMismatches[] arrays specified in subclause 10.4.4;

h : PR | L1l 1 : PR I o1 £1rl L I 11 EWau i ]
— the HISTIIALUIICST T | AU HIISIHIIAdICITT Yy DEST I | Al Tdy S SPCUITITU TIT SUDCIdUST LUF. 9,

— the poftClips[][][], softClipsSizes[][] and hardClips[][] arrays specified in subclause 10.4.6;

— the yariable seqld set equal to sequence_ID as specified in subclause 7.4.1.1;

— the prrays ref_sequence[][] and seq_start[] specified as in subclause 7.2;

— the mappingPos[0][] array specified in subclause 10.2.2.

The subgtitutions, insertions and deletions are applied as specified in Table 42

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

Decoding step Description
procesqSplSegl (segment, splSeg) {

rlerl] = splicedSeglLength[segment] [splSeqg]

if(4dplSeg == 0) {

#flen -= softClipSizes[segment] [0]

if (dplSeg == numberOfSplicedSeg[segment]-s 1) {

flen -= softClipSizes[segment] [1]

indgqlsCount = 0

for(j = 0; 7 < numMismatches[segment]; j++) {

Jf (mismatchTypes [segment])[§] == 0) { substitution

splicedSequence [segment] [splSeg]
[mismatchOffsets[segment] [J]] =

mismgtcHes [segment] [J]

else if (mdématchTypes[segment] [J] == 1) { insertion

for (k=) 'rlen - 1; all symbols after the
insertion are shifted right]
by one position. The last
element is therefore lost.

ko> mismatchOffsets[segment] [J]; k--) {

splicedSequence[segment] [splSeqg] [k] =
splicedSequence [segment] [splSeg] [k — 1]

}
splicedSequence[segment] [splSeqg]

[mismatchOffets[segment] [J]] =

mismatches[segment] [J]

indelsCount -= 1

} else if (mismatchTypes[segment] [j] == 2) { deletion
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Decoding step

Description

for(k = mismatchOffsets[segment] [j] + 1;

k < rlen; k++) {

all symbols after the
insertion are shifted left
by one position

splicedSequence[segment] [splSeg] [k - 1]

splicedSequence[segment] [splSeqg] [k]

}

splicedSequence[segment] [splSeg] [rlen - 1]

ref_sequence[seqld]

[splicedSegMappingPos[segment] [splSeq]

- seq_start([seqgld] + rlen

+ indelsCount]

a new symbol shall be
copied from¢he rdference
at the end of segmpnt

indelsCount += 1

} else {

/* reserved */

}

processClips (segment, splSeq)

Specified in Table #3

Ihformation on clipped bases is applied as follows:

Soft clips

=

able 43.

Table 43 — Sequénce decoding process for soft clips in classes  and HM

The contents of softClips[][] array computed as specified in subclause 10.4.6 are applied as spdcified in

Decoding step

Description

processClips (segment, SplSeqg) {

if (splice == 0)~f

splicedSeduence [segment] [splSeg] =
stéat (softClips([segment] [0],

splicedSequence [segment] [splSeqg])

strcat returns the
concatenation of the two

arrays of ASCII characters
passed as input

}

If (splice == numberOfSplicedSeg[segment] - 1) {

p1ihdeaqnpnhaF pnmanfTFQpTQpnT =

strcatreturns the

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

concatenation of the two
arrays of ASCII characters
passed as input

}

Hard clips

The hardClips[][] array is used to compute the ecigarString[] and ecigarLength[] arrays specified in

subclause 10.6.2.
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10.2.6 Type 5 AU (Class HM)
Class HM applies only to paired-end reads. Access units of type 5 are decoded as follows:

1. The mapped read is decoded by following the process specified for class I in subclause 10.2.5 and it
is stored as the first record segment in the output record specified in clause 13.

2. The unmapped read is decoded according to the process specified in subclause 10.5.2.

10.2.7 Type 6 AU (Class U)

Access ynits of type 6 (Class U) are decoded as follows:
1. Setaclassld variable equal to the value of AU_type as specified in subclause 7.4.1.1

2. Decpde the variables numberOfRecordSegments and numberOfAlignedRecordSegments a
spe¢ified in subclause 10.4.9. In case of unmapped reads numberOfAlignedRecordSegments sha
be set to 0.

— W

=}

3. Conppute the array readLength[], numberOfSplicedSeg[] and splicedSegLength[][] as specified i
subglause 10.4.8. In case of unmapped reads the counters of spliced segments shall be se to 1.

4. Decpde the output variables specified in subclause 10.4.11 containing the alignment information.

5. Decpde the output variables specified in subclause 10.4.9 cofitaining pairing and/or splicinyg
infoprmation.

6. Decpde the read sequences as specified in subclause 10.5:2:

10.2.7.1 cr_alg ID=2

The “PushIn” computed reference algorithm specified in subclause 11.3.3 is used. In this case, t
genomid sequencing reads are decoded as for_ether classes of data by using the rtype descriptor
specifiefl in subclause 10.4.13. The rtype descriptor is used to select the class of the next genom
record tp be decoded.

i

10.2.7.24 cr_alg ID =4

The “Glgbal Assembly” computed reference algorithm specified in subclause 11.3.5 is used. In this casg,
the gengmic sequencing reads, are decoded as for other class of data by using the rtype descriptd
as specified in subclause 10:4713. The rtype descriptor is used to select the class of the next genomic
record tp be decoded.

—

10.3 dataset_type= 2

The input to this process is either

— one|AYof type 1, 2, 3 or 4 and a raw_reference data structure already initialized by a previoy
decoding process

[72)

or
— an AU of type 6.

The output of this process is a raw_reference . structure as specified in subclause 7.2.1. The array

out
ref_sequence [] identifies the ref_sequence 1Pield of raw_reference

output output*

Subclause 7.3.2 specifies that all AUs referring to a parameter set having dataset_type set to 2 contain
an encoded reference genome or portions thereof. According to the value of AU_type specified in
subclause 7.4.1.1, the decoding process is as specified in subclauses 10.3.1, 10.3.2, 10.3.3, 10.3.4 and
10.3.5 for classes P, N, M, I and U.
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The elements of the raw_reference syntax specified in subclause 7.2.1 shall be set as follows:

output

seq_count is set to the number of different values of ref_sequence_ID, specified in subclause 7.4.1.1,
found in the headers of the AUs with dataset_type equal to 2 referring to the same parameter set.

For each value of ref_sequence_ID, the following applies:
— sequence_ID in the raw_reference syntax is set to ref_sequence_ID.

— seq_start shall be set to the value of ref_start_position specified in subclause 7.4.1.1.

—+ seq_end shall be set to the value of ref_end_position specified in subclause 7.4.1.1.

The decoding process of each access unit refers to encoding parameters carried by the paranmeter set
lentified by the parameter_set_ID specified in subclause 7.4.1.1.

—

—

he ref_sequence element specified in subclause 7.2.1 is initialised with the outputref_sequence

output
df the decoding processes specified in subclauses 10.3.1 to 10.3.5.

10.3.1 Type 1 AU

Type 1 access units used to encode a reference sequence carry portions‘of the reference sequenge which
gerfectly match the reference sequence identified by sequence_ID;specified in subclause 7.4.1.1, used
fbr compression.

The decoding process of a binary decoded access unit of type’l is as follows:
1. Setan array of ASCII characters outBuf[] equal te.the empty array.
4. Decode the value readLength[0] as specified ift:subclause 10.4.8.

3. Decode one pos descriptor as specified.ippsubclause 10.4.1 and set p, equal to mappingPod[0][0] as
specified in subclause 10.4.1.

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

a. The position pRef, in the' reference sequence identified by sequence_ID as spe¢ified in
subclause 7.2 is computed as follows:

pRef;, = p, - seq_start[sequence_ID]

where seq,‘start[sequence_ID] is specified in subclause 7.2;
b. outSequence = ref_sequence[sequence_ID][pRef;, pRef,+ readLength[0])
whete ref_sequence[sequence_ID][] is specified as in subclause 7.2.

5. The-decoded sequence outSequence is concatenated with all previously decoded sequencgs in this
AU and stored in a buffer outBuf computed as

outBuf = strcat(outBuf, outSequence)

where strcat returns the concatenation of the two arrays of ASCII characters passed as input.
6. If more genomic records are present, then go back to step 2 else go to step 7.

7. The buffer outBuf containing the concatenation of all output sequences is stored in the ref_
sequence array of the raw_reference tructure produced as output of this decoding
process:

output output S

ref_sequence,,,[ref_sequence_ID] =
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10.3.2 [Type 2 AU

In case ¢f AU of type 2, the sequence obtained at step 4 of subclause 10.3.1 is modified by applying thie
substituftions of symbol “N” according to the process described in subclause 10.2.3.

The decpding process continues then with step 5 of subclause 10.3.1.

10.3.3 [Type 3 AU

In case ¢f AU of type 3, the sequence obtained at step 4 of subclause 10.3.1 iS modified by applying thie
substitutions according to the process described in subclause 10.2.4.

The decpding process continues then with step 5 of subclause 10.3.1,

10.3.4 [Type 4 AU

In case pf AU of type 4, the sequence obtained at step 4 of'subclause 10.3.1 is modified by applying
substituftions, insertions, deletions and soft clips accordingto the process described in subclause 10.2.5.

The decpding process continues then with step 5 of subclause 10.3.1.

10.3.5 [Type 6 AU

In an AU|of type 6 encoding a reference sequerice, only ureads descriptors are always present, optionall
associated to rlen descriptors providing'the length of each encoded segment.

The decpding process is as follows:
1.
2.

42

outBuf[0, seq_end ref_sequence_ID] - seq_start, ., [ref_sequence_ID]],

output[

where

seq_start,.,,. and seq_end,,, correspond respectively to the seq_start and seq_end fields of the

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

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

<<

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

Decpde the value readl.ength[0] as specified in subclause 10.4.8.

N

Decpde readLength{0] bases with decodeUreads(readLength[0]) as specified in subclause 10.4.
and|set outSequence to decodedUreads.

The| decoded" sequence outSequence is concatenated with all previously decoded outSequence inp
this|]AU4and stored in a buffer outBuf computed as

OUTBUf = strcat(outBuf, OUTSEQUENCE)

where strcat returns the concatenation of the two arrays of ASCII characters passed as input.
If more genomic records are present, then go back to step 2 else go to step 6.

The buffer outBuf containing the concatenation of all output sequences is stored in the ref_
sequence,,, array of the raw_reference,, structure produced as output of this decoding
process, according to the process specified at point 7 of subclause 10.3.1.

ref_sequence, . [ref_sequence_ID] = outBuf
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10.4 Genomic descriptors

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

process

specified in subclause 12.6. Each descriptor subsequence consists of a collection of symbols stored in

the decoded_symbols data structure specified in subclause 12.6.2.1.

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

The input to the decoding process of a descriptor sequence identified by descriptor_ID is K descriptor
subsequences subsequence0 .. subsequenceK-1, with K equal to the number of descriptor subsequences

job)

s specified in Table 24.

The values of subsequenceN are read by means of indexes jy y where M = descriptgcdlD
descriptor_subsequence_ID.
A
g

dditional inputs are state variables computed during the decoding process descfibed in this (
ther subclauses.

ome state variables listed among the outputs of the decoding processes described in this si

inputs of each subclause are not always required; the decoding pracess described in each si
pecifies which inputs are required and which outputs are generatéd,

(==

0.4.1 pos

he input to this process is the array decoded_symbols[descriptor_ID][0] array speq
ubclause 12.6.2.1 when descriptor_ID is equal to0"and the current value of j,,, the
reviousMappingPos0 produced by the previous, iteration of this same process, and th
umberOfSegmentAlignments[] calculated as spéCified in subclause 10.4.11.

=0 v e

S
shall be computed even if the corresponding descriptor is not present\in the access unit. The listed
i
S

and N =

lause or

ibclause

ibclause

ified in
variable
e array

The output of this process is an array mappingPos[][0] and the variable previousMappingPos0.
Ih this description, subsequenceN is the Subsequence identified by descriptor_subsequence_ID|= N (i.e.
sjubsequenceN = decoded_symbols[0]{N]].
Table 44— Decoding process of the pos descriptor
Decoding step Description
£ (30,0 > 0) {
mappingPos [0] [O]=
previousMappingPos0 + subsequenceO[j, o]
b1se
mappingPos [0] [0] = AU_start_position is specifigd in
AU_start_position + subsequence0[]j ] subclause 7.4.1.1.
previousMappingPos0 = mappingPos[0] [0]
for(i = 1; 1 < numberOfSegmentAlignments[0]; i++) { numberOfSegmentAlignments[0] is
specified in subclause 10.4.11.
mappingPos[1] [0] =
mappingPos[1i-1] [0] +subsequencel[] 0,1}
j 0, 1++
}
jO, O++
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10.4.2 rcomp
The inputs to this process are:

— thearray decoded_symbols[descriptor_ID][0] specified in subclause 12.6.2.1 when descriptor_ID is
equal to 1 and the current value of j, ,

— the array numberOfSegmentAlignments[] calculated as specified in subclause 10.4.11,

— the variable numberOfAlignedRecordSegments calculated as specified in subclause 10.4.9,

— the prray splitMate as specified in subclause 10.4.9,

— the prray numberOfSplicedSeg[] specified in subclause 10.4.8.

The output of this process is the array reverseComp[][][]-

B

In this description, subsequenceN is the subsequence identified by descriptor_subsequienice_ID = N (i.¢.
subsequlenceN = decoded_symbols[1][N]).

Each defoded rcomp descriptor conveys information about the strandedness.of each segment of a
alignmept.

=)

When np 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 (bitgetto 1) strand. Table 45 specifigs
the computation of reverse_comp values.

Table 45 — Determination of the reverseComp values

Decoding step Description

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

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

if (splitMate[j][i] == 0) {

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

reverseComp [k] [J1([4} = subsequencel[]; o++]

)

When splices are present; each decoded rcomp descriptor consists in a flag conveying informatio
about the strandedness-ef-éach spliced segment of an alignment. It is set to 0 when the spliced segmer]
is on thg forward strahd and it is set to 1 when the spliced segment is on the reverse strand.

— =

10.4.3 flags

=

trto'this process is the decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.
inta 1 1 an ara 0 N 1

D is ag o nd de 5to bsag a 1D q 001 and 2 as-specifiedih

Table 26 and the current values of j; ¢, jo,1 and jzlz_as defined in subclause 10.4.
The output of this process is the variable decodedFlags.

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

The flag syntax element carries additional alignment information usually produced by aligners as
specified in Table 26.

The flags value shall be calculated according to the process specified in Table 46.
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Table 46 — Decoding process of the flags descriptor

019(E)

Decoding step Description
decodedFlags = 0
decodedFlags |= subsequenceO[jzlo] << 0
decodedFlags |= subsequencel[jzll] << 1
decodedFlags |= subsequence2[j2,2] << 2
Jo,0t*s Jo,atts Jo,0tF

10.4.4 mmpos

The inputs to this process are:

1 two subsequences decoded_symbols[descriptor_ID][descriptor_subsequence)ID] as spegified in
subclause 12.6.2.1 when descriptor_ID is equal to 3 and descriptor_subseguence_ID are equal to 0
and 1 as specified in Table 27;

+ the current values of j3 . and j3 ; as defined in subclause 10.4;

—+ the numberOfAlignedRecordSegments variable specified in sulsclatise 10.4.9;

—+ the classld variable specified in subclause 10.2.2;

~+ the arrays numberOfSplicedSeg[] and splicedSegLength[][] specified in subclause 10.4.8.

The output of this process is:

-+ the array mismatchOffsets[][]containing offséts of the mismatches in the sequencing|read or
read pair;

4+ the array numMismatches[] containing\thie number of elements in the array mismatchOffsets[][];

-+ thearray splicedSegMismatchOffsets[][][] containing the offsets of mismatches within each spliced
segment;

—+ the array splicedSegMismatchldx[][] containing the positions, within the mismatchOffsets[][],
mismatchTypes[][] andsmismatches[][] arrays computed as specified in subclause 10.4.p, of the
mismatches of each spliced segment;

+ the array splicedSegMismatchNumber[][] containing the number of mismatches for each spliced
segment.

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

sjubsequenceN'= decoded_symbols[3][N]).

The oveérall decoding process for the output variables specified in this subclause is specified in Table 47:

Table 47 — Determination of the offset of mismatches
Decoding step Description
decodeMmpos () As specified in Table 48
if (classId == Class I || classId == Class HM) {
mismatchOffsetCorrectionByType () 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 < numberOfAlignedRecordSegments; i++)

{

previousOffset = 0

3 =0

WIS (SUDSEqQUeICeU 1 J3, 0171 —— O) 1 ToOp on subsequencevU until a

terminator 1 is found N\
mismatchOffsets[i] [j] = ’(]/Q
subsequencel [j; ;] + previousOffset Af]/'

previousOffset = mismatchOffsets[i][]] ,\d\
previousOffset += 1 adjacent mism I)ositions are

strictly incr ntal to prevent

overlap%@)msmatches Excep-

tions t s requirement are
spe in Table 50
I3, 1t+, I+ in&ment read and write

(Etsointers
X

rumMismatches[i] = J O\)

) RN

The mapping from splice mismatch indexes to genom'c’@gment mismatch indexes shall be compute

as specified in Table 49.

oW

¥

Table 49 — Determination of the of@t of mismatches within spliced segments

\\CDecodlng step
decodedplicedSegMismatchOffsets () | M
for{i = 0; i < numberOfAlig@RécordSegments; i+4) |

: N
dplicedSegIldx = 0 ,_O
dplicedSegMmNumber /:\bJ

dplicedSegMmIdx f@‘\)

splicedSegStar‘tag\fs,et =0

dplicedSegE &afvset = splicedSegStartOffset +
spliced§¥gLlength[i] [0]

flor (3 @lj < numMismatches[i]; j++) {

%?’e (mismatchOffsets[i] [j] 2 splicedSegEndOffset) {

C_) splicedSegMismatchNumber[i] [splicedSegIldx] = splicedSegMmNumber
splicedSegMismatchIdx[1i] [splicedSegIldx] = splicedSegMmIdx
splicedSegIdx++

splicedSegMmIdx += splicedSegMmNumber

splicedSegMmNumber = 0
splicedSegStartOffset = splicedSegEndOffset

splicedSegEndOffset = splicedSegStartOffset +

splicedSegLength[i] [splicedSegIdx]

}
splicedSegMismatchOffsets[i] [splicedSegldx] [splicedSegMmNumber] =

mismatchOffsets[i] [j] - splicedSegStartOffset
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Table 49 (continued)

019(E)

Decoding step

splicedSegMmNumber++

}

while (splicedSegldx < numberOfSplicedSeg[i]) {

splicedSegMismatchNumber[i] [splicedSegldx] = splicedSegMmNumber
splicedSegMismatchIdx[i] [splicedSegIdx] = splicedSegMmIdx
splicedSegIdx++

splicedSegMmIdx += splicedSegMmNumber

splicedSegMmNumber = 0

wv

0.4.5 mmtype

he inputs to this process are:

he output,6f this process is arrays containing values identifying the type of edit operatio
erformed on the sequencing read or read pair computed as specified in subclause 10.4.19 whe|
pecified in subclause 10.2.2, is equal to Class_M, Class_I or Class_HM:

three subsequences decoded_symbols[descriptor_ID][descriptor subsequence_ID] as spe
subclause 12.6.2.1 when descriptor_ID is equal to 4 and deseriptor_subsequence_ID are eq
1 and 2 as specified in Table 28. The decoding process specified in subclause 12.6.2.2 for d
symbols[4][1] shall be performed after the decoding precess specified in Table 51;

the array with the number of mismatches numMismatches[], and the offset array mismatch
[] calculated for the current genomic record as specified in subclause 10.4.4;

the arrays splicedSegMismatchNumber[][] and splicedSegMismatchOffsets[][][] as spe
subclause 10.4.4 the current values of j, ¢7j4 1 and j, , as defined in subclause 10.4;

the array S, paber pl] as specifiedCin subclause 9.1, for the value of alphabet_ID spe
subclause 7.3.2;

the arrays mappingPos[][] and splicedSegMappingPos[][] as specified in subclauses 10.4.1 an

cified in
ual to 0,
ecoded_

Dffsets[]

rified in

rified in

d10.4.9;

the classld variable specified in subclause 10.2.2;

the numberOfAlignedRecordSegments variable specified in subclause 10.4.9;
the variable seqld set equal to sequence_ID as specified in subclause 7.4.1.1;

the array seq_start[] as specified in subclause 7.2.

ns to be
| classld,

trrC ot e o ottt oottty

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

signals insertions and 2 signals deletions;

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

the array substMappingOffsets[][] containing the offsets of the mismatches within the reference

sequence the segment is mapped to.

In this description, subsequenceN is the subsequence identified by descriptor_subsequence_ID = N (i.e.
subsequenceN = decoded_symbols[4][N]).
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If classld is equal either to Class_I or to Class_HM, the output mismatchOffsets[][] array specified in
subclause 10.4.4 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
mismatchOffsetCorrectionByType () {
k = j4,o
for(i = 0; i1 < numberOfAlignedRecordSegments; i++) { O)
| '

. _ N
rumOfDeletions 0 AQ
flor(j = 0; J < numMismatches([i]; j++) { N

mismatchOffsets[i] [j] -= numOfDeletions deletions can oc 'tvthe
same position e next mis-
match. The(ﬁgre, the extra +1
offset to prevent
overl ing mismatches, as

specified in Table 90, does not
ap o deletions

{E?etion

if (subsequencel[k] == 2) {

&
numOfDeletions += 1 Z, O
\N
} AS)
k++ \\
QO
} %
k\"
: R\
R
The arrdy substMappingOffsets[]shall be calcul%ex\following the process described in Table 51.
b\

Table 51 — Determinat\i\@bof the substMappingOffsets[] arrays
Vi

Decoding s\é’p

K = 3, /\@

for(i 4 0; 1 < numberOfAlig(re}decordSegments; i++4) |

i O

substMappingOffsetﬁ.@: {1 empty array
if(rumberOfSpli,c‘@%‘ég[i] == 1) { case of no splices

nappedepo&% r;lappingPos[O] [1] - seq_start[seqId]

qubstMa \gOffsets[i] = {} empty array

s re\ki@Offset =0

fc%j\: 0; J < numMismatches([i]; J++) {

mappedMmpos +=

mismatchOffsets[i] [j] - previousOffset

previousOffset = mismatchOffsets[i][]]

if (subsequence0l[k] == 0) { substitution
substMappingOffsets[i] [1] = mappedMmpos
1++

} else if (subsequencel[k] == 1) { insertion
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Decoding step

mappedMmpos -= 1

insertions increase mmpos
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

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

deletion

0,

mappedMmpos += 1

deletions do not '}ea se
mmpos descri valye
but, since theyrepresent an
actual b n the reference
sequernice;they shall
incrjébe the mapped position,
ass cified in Table 9(

\ 4

-

k++

} N\

} else {

case of splices

previousOffset = 0

previousSpliceEndOffset = 0

\‘<v

A)
for(s = 0; s < numberOfSplicedSegl[i]; SW{

mappedMmpos = splicedSegMappingPosé@ [s]

previousOffset = 0

%
R\Y

J
for(j = 0; j < splicedSegMisig@thumber[i] [s];

el

j++) |

mappedMmpos += c\)lr

splicedSegMisr@}\chOffsets [i1[s]1[3] -
previousOf&.et

previousOf@\\=

splj_fgeggegMismatchOffsets [11[s]1[7]

if(sl{b,%e&uenceO[k] == 0) { substitution
AGiy\EtMappingOffsets[i] [1] = mappedMmpos
1++
(\W else if (subsequencel[k] == 1) { insertion

o)

R

mappedMmpos -= 1

insertions increase mrphpos de-
scriptor value but, sinde they
do not represent an actual

L £l £
oaSC O crnC T CIeTeIcT

sequence, they shall not
increase the mapped position,
as specified in Table 90

} 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

}

The remjaining output of mmtype descriptor decoding process shall be calculated following the proces
describg¢d in Table 52, after having decoded subsequencel according to the decoding process,specifie

in subclause 12.6.2.2, using the array substMappingOffsets[] decoded as specified in Table-51.

Tablg 52 — Determination of the mismatchTypes[] and mismatches[] arrays from decoded_

= wn

symbols[4]
Decoding step Déscription
for(s 4 0; s < numberOfAlignedRecordSegments; s++) {
3 =10
whille (j < numMismatches([s]) {

If (Size (subsequencel[]) > 0) {

mismatchTypes[s] [J] = subsequence0[],, ]

else {

mismatchTypes[s][j] = 0

Default to substitution if
subsequence0 is empty

If (mismatchTypes[s] [J] == 0) substitution
mismatches([s][j] =
Saiphapet 1plsubsequencel [J441]
j4,1++
else if (mismatchTypesAshij] == 1) { insertion
mismatches[s] [j] =
SakmamtID[subsequenceZ[ij]]
Jg, 0t
else if (mismatchTypes[s][j] == 2) { deletion

/* nothisg needs to be done */

the value of mismatches|[j] is
undefined, as it is not relevant for
any decoding process.

Ja,077r JTT

10.4.6 clips

The inputs to this process are:

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

subclause 12.6.2.1 when descriptor_ID is equal to 5;
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the variable currentRecordCount is the number of processed genomic records in the current AU and
it is initialized to 0 at the beginning of current AU decoding process;

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

the array S,jpapec pl] as specified in subclause 9.1, for the value of alphabet_ID specified in
subclause 7.3.2;

the value Size(S,jphapet 1p) @s specified in subclause 9.1, for the value of alphabet_ID specified in
subclause 7.3.2; B

—

—

he four subsequences are identified by subsequences_ID from 0 to 3 as specified.ih|Table 29.

the variable numberOfAlignedRecordSegments calculated as specified in subclause 10.4:9;

the classld variable specified in subclause 10.2.2.

he output of this process is an array softClips[][][], an array softClipSizes[][}.and an array hardClips][]

he decoding process of the clips descriptor is provided in Table 54 where!

as specified in Table 54.

subsequenceN is the subsequence identified by descriptor_subséquence_ID = N;
subsequenceO0[js o] represents the next genomic record containing clipped bases;
subsequencel([js ;] represent the type and position of¢lipped bases;

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

— softClips[0][0] and softClips[1][0] containstrings of characters representing soft clips pfeceding
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 clips fpllowing
the last mapped base of the leftmost read and rightmost read respectively,

— softClipSizes[i][j] contain-thenumber of charcters in the strings in softClips[i][j] respdctively,

— hardClips[0][0] and hardClips[1][0] contain the number of hard clips preceding the firstjmapped
base of the leftmostiréad and rightmost read respectively,

— hardClips[0][t}anid hardClips[1][1] contain the number of hard clips following the lastjmapped
base of the leftmost read and rightmost read respectively;

the semantics-of subsequencel is 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 15 present for the same genoimic 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.

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

used if 1 is present for the same genomic record.
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Table 53 (continued)

subsequencel values semantics

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.

F d PR PR | - pa | 1 1 £ 1 4 oA Tolal Imils ) 1 1l i )
or a LUUTU SCIUIIIIT TTLUTU, T4AlIl vd4dIuT UL SUUSTYUUCTIILT L 45 SPTUITITU 11T 1dUITC JJ SII4dll TTUT UT UST

more than once. Q\q
Table 54 — Decoding process of the clips descriptor Q/q/
Decoding process De{\éb,'\fftion
for(i 4 0; 1 < numberOfAlignedRecordSegments; i++) { (\(b\)
for{j = 0; 3 < 2; +4) { "
doftClips[i] [j] = V~ \e&dt'ystring
doftclipsizes(il[j] = o A~ 5
Hardclips[i][§] = 0  \7
} Al
} O
if (clagsId == Class I || classId == Class_HM) { ‘\\\(
if(:5,0 < Size (subsequencel) ‘\\)‘
4& currentRecordCount == subsequenceO[j5,0]m®
gnd = 0 A$V
dof A‘\‘O
if (subsequencel[jg ;] < 3){ \O soft clips

segmentIdx = subsequen@j5,1] >> 1

leftRightIdx = subse@iencel[j&l] & 1

o
softClips [6&&%ntIdx] [leftRightIdx] [j] =
S

alphal Iplsubsequence2[js ,]]

Js, 2t %\ increment pointer for
QQ subsequence?2
RS
A%
@h&le (subsequence2[js ,] != Size(S,ipnapet 1)) continue reading symbolg
?\ of clipped bases until the
é end-of-soft-clips
terminator is reached
Js, 2t increment pointer for
subsequence?2
softClipSizes[segmentIdx] [leftRightIdx] = j store soft ClipS size
}
else if(subsequencel[js5 ;] < 7){ hard clips
segmentIdx = (subsequencel [j5,1] - 4) >> 1
leftRightIdx = (subsequencel [j5,1] - 4) & 1
hardClips[segmentIdx] [leftRightIdx] = store the number of hard
clips

subsequence3[Js ;]
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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
subsequencel
} while(end == 0) continue)decoding soft

and hard’clips until the
end.ofclips termipator is
detected

j5,0++

increment pointey for
subsequence0

}

currentRecordCount++

10.4.7 ureads

The inputs to this process are:

descriptor_ID is equal to 6;

+ the current value of jg o;

subclause 7.3.2.

—

he output of this process is asstring decodedUreads.

Table 55 — Decoding process of the ureads descriptor

+ the array decoded_symbols[descriptor_ID][Q] structure as specified in subclause 12.6.2.1 when

1 the array S,papec ip[] as specified in subclause 9.1, for the value of alphabet_ID spetified in

Decoding process

Description

ecodeUreads (lerfigth) {

V74

decodedUfgads =

empty string

for (3,=<Y0; J < length; Jj++) {

decodedUreads = strcat (decodedUreads,

SahmaijD[decodedisymbols[6][O][jao]]

strcat returns the concatenatign of the
two arrays of ASCII characters|passed
as input

j6, ott

10.4.8 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.
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The inputs to this process are:

ID is equal to 7;

the value read_length as specified in subclause 7.3.2;

the variable classld computed in subclause 10.2.2;

the array decoded_symbols[descriptor_ID][0] as specified in subclause 12.6.2.1 when descriptor_

the variables numberOfRecordSegments and numberOfAlignedRecordSegments computed as

- laal 1040
micu irir suvtiaustt 1vV.7T1.J,

spe

if ¢
sub¢lause 10.4.6;

the ppliced_reads_flag syntax element specified in subclause 7.3.2;

the

current value of j- .

The output of this process is:

the prray readLength[];

the

hrray numberOfSplicedSeg[];

the prray splicedSegLength[][].

The decpding process of the rlen descriptor is specified in Tahle 56. In this description, subsequence
is the qubsequence identified by descriptor_subsequencéD = N (i.e. subsequenceN = decoded_

assld is equal to Class_I or Class_HM, the array hardClips[][] computed as specified i

—

=

symbold[7][N]).
Table 56 — Decoding process
Decoding step Description
if (read length == 0){
for{i = 0; i < numberOfRecordSegments; i++)
feadLength[i] = subsequenceO[j%O++] + 1
}
lelse{
for{i = 0; i < numberOfRecordSegments; i++) {
Jf (classId == Ckass I) {
readLength /] = read length
- hakdClips[i][0] - hardClips[i][1l]
qlsg! Xf(classId == Class HM && i == 0) {
readLength[i] = read length
— hardClips[0][0] - hardClips[0][1]
}
else {
readLength[i] = read length
}
}
}
for(i = 0; 1 < numberOfRecordSegments; i++) {
numberOfSplicedSeg[i] = 1
54 © ISO/IEC 2019 - All rights reserved
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Table 56 (continued)
Decoding step Description
splicedSegLength[i] [0] = readLength[i]
}
if (spliced reads flag &&
(classId == Class I || classId == Class HM)) {

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

lI\]’:edO‘ileIlgEH == U)
readLength[i] = subsequenceO[j%O++] + 1
remaininglen = readLength[i]
3 =20
do{
splicelen = subsequenceO[j%O++]
remaininglLen -= splicelen
splicedSeglLength[i] [j++] = splicelen

} while(remainingLen > 0)

R1_diff ref seq |read1ison adifferentrefer- |[N/A

read 1 paired with mat¢

CIICE SE(quULIItE

. 1cc ALY
T d UITICITIIU AU

R2_diff_ref_seq |read 2 ison a different refer- |[N/A
ence sequence

read 2 paired with mate
in a different AU

R1_unpaired read 1 is unpaired N/A

read 1 unpaired

R2_unpaired read 2 is unpaired N/A

read 2 unpaired

numberOfSplicedSeg[i] = J
}
10.4.9 pair
Tlable 57 lists the possible decoding cases for the’pair descriptor with the associated descriptiop for the
first alignment and class U.
Table 57 — Specification of the deceding cases for the pair descriptor for primary alignments
and class U
. Description
Decoding case
ClassesP,N, M, I | Class HM Class U
same_rec read)l 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 mat¢
reference sequence but in the same AU
coded
separately
R2_split read 2 in pair is on the same |N/A read 2 paired with mat¢
reference sequence but in the same AU
coded
separately

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

alignments after the first one.

When the two ends of a paired-end read are coded in two different genomic records, they are part of a

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

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_rec_long read 1 and read 2 are encoded in the same genomic record and the absolute
pairing distance is greater than 32767
R2_diff ref_seq read 2 is on a different reference sequence
Table 59 lists the possible decoding cases for the pair descriptor with the associated descriptieh fdr
spliced feads.
Table 59 — Specification of the decoding cases for the pair descriptor for spliced reads
. Description
Decoding case
Classes I, HM
same_rec_short the next splice is in the same genomic record as current splice, and the

splicing distance is smaller than or equal to 65535

same_rec_long the next splice is in the same genomic record as curnrent splice, and the

splicing distance is greater than 65535

SP

lice_diff ref seq |the nextsplice ison a different reference s€gquénce than the current splice

The inpits to this process are:

— the
— eigh

in's

proy
— the
— the
— the
— ase
— the
— the
— the

The out]

value of numberOfTemplateSegments as specified'in subclause 7.3.2;

jom

t subsequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID] as specifie
ibclause 12.6.2.1 when descriptor_ID is-equal to 8. The description of each subsequence i
ided in Table 30;

[72)

current values of jg o, jg 1, jg 2, Jg 39847 J,50 J,6300d g 7;
hrray mappingPos[][0] computed as specified subclause 10.4.1;
rlassld variable specified in/subclause 10.2.2;

qld variable set to sequence_ID as specified in subclause 7.4.1.1;

hrray alignPtr[J[]specified in subclause 10.4.11;
hrray numberOfAlignments specified in subclause 10.4.11;
hrraysnimberOfSplicedSeg[] and splicedSegLength[][] specified in subclause 10.4.8.

put-of this process is:

— ava

56

riable numberOfRecordSegments calculated as follows:
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,

else if subsequence0[;g o] is equal to 0 then numberOfRecordSegments is set to 2,
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— else numberOfRecordSegments is set to 1;

a variable numberOfAlignedRecordSegments calculated as follows:

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

issetto 1,

— elseifclassldis equal to Class_U as specified in Table 37 then numberOfAlignedRecordSegments

issetto 0,

e

—

i

Vhen classld is equal to Class_P, Class_N, Class_M.or Class_I, additional output of this process i

Vhen classld is equal to Class_U, additional output of this process is:

h the following)descriptions of the decoding process, subsequenceN indicates the subg
lentified by descriptor_subsequence_ID equal to N.

he decoding process of the pair descriptor is carried out by applying the decoding processes §
h Table .60, Table 61, and Table 62, in this exact order.

gl

hé/decoding process of the pair descriptor for the first alienment and for class U is spe

1 ] OL£AL JdD AC o o 2] ] £ 1. O£ AC
CIOU TIUIIIUTT u1n115ucu1\cuu1 UJCSILICIILD IS5 STUL LU LUIIT VAdIUUT Ul TTUIITUCTT UI'IN\ULUI udCslllClll
a variable unpairedRead calculated as follows:
— if classld is equal to Class_HM as specified in Table 37 then unpairedRead is setto 0,

— else if numberOfTemplateSegments is equal to 1 or subsequence0[jg o]cisequal to 5 g
unpairedRead is setto 1,

— else unpairedRead is set to 0;

one flag read1First, whose value follows the same semantics of réad_1_first output syntax
specified in 13.2.6;

the arrays splitMate[][i] forifrom 1 to numberOfTemplateSegments, where the value of each|
whose value follows the same semantics of split_alignment output syntax element spe
13.2.21;

the arrays splicedSegMappingPos[i][] for i from 0‘te numberOfRecordSegments.

the arrays mappingPos[][i] for i from 1 t0“humberOfTemplateSegments;

the arrays mateSeqld[][i] for i from*l-to numberOfTemplateSegments.

the arrays mateRecordIndex[i] for i from 1 to numberOfRecordSegments. A -1 value in
element signals that theiniate read is in the same record as the first read in this record;

the arrays mateAuldfi] for i from 1 to numberOfRecordSegments. A -1 value in an array
signals that thednate read is in the same AU as this record.

r 6 then

element

element
cified in

Vi

in array

element

equence

pecified

rified in

Table 60.

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] = O

readlFirst = 1

if (classId == Class HM) {
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Table 60 (continued)

Decoding step

Description

readlFirst

(subsequencel[j8,1++] & 0x0001 2 O

1

same_rec - in records
of class HM, the paired
segments are always in
the same record

splitMate[0] [1] = O
} else {
for{i = 1; 1 < numberOfTemplateSegments; i++) { On
Jf (subsequencel[jg, o] == 0){ same_rec (\'\'J
splitMate[0] [i] = O n.(l)’
if (classId != Class U) { q/V
readlFirst = (subsequencel[jgll] & 0x0001) 2 O 1 (\U)v
delta = subsequencel[Jg ;] >> 1 0 < delta 32767
mappingPos[0] [i] = mappingPos[0][0] + delta /C) i
ya
mateSeqId[0] [1] = seqgld A\‘/
Jg, 1t >
N\
} else { ‘\
readlFirst = 1 0
<
mateAulId[i] = -1 Q\) both reads are in the
N\ same AU
mateRecordIndex[i] = -1 $\\) both reads are in the
‘\(\\Q) same record
} Q\'
)
.\@
. X ) .
qlse if (subsequenceO[jg o] == 1){ «O R1_split
splitMate[0][i] = 1 \j?\'
Vad
X — O
readlFirst = 0 (\-_>\
if (classId != Class U) (-
_U) e
mappingPos[0] [1] —O§§}>sequence2 [Js,2] Absolute mapping
C) position of read 1 on the
O A same reference sequence
The maximum value is
%\ 2posSize — 1 where posSize
Q is specified in sub-
clause 7.3.2
magee?e“chd[m [i] = seqId
AN\Z
R
A naterurdri] = -1 read 1 is in the same AU
C_) asread 2

mateRecordIndex[1]

subsequence2[Jg ;]

Index of the genomic
record containing read 1
in the current AU

}

j8,2++
}
else if (subsequence0[Jg, o] == 2){ R2_split
splitMate([0] [1] = 1
readlFirst = 1
if (classId != Class U) {

58
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Decoding step

Description

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

Absolute mapping

position of the read 2 on

the same reference

sequence. The maximum
value is 2PosSize — 1 where

posSize is

specified in

subclause 7.3.Z.
mateSeqId[0] [1] = seqld (\'\

} else { A >
—

mateAuld[i] = -1 Read-24in the syme AU

as 1
mateRecordIndex[i] = subsequence3[jg, ;] r'[3.D\d)ex of the genomic

irecord containing read 2

in the current AU|

}

j8,3++

} &

R

else if (subsequenceO[jg o] == 3){ AQ - R1_diff ref seq
splitMate[0][i] = 1 »N
readlFirst = 0 ‘\\\\‘
if (classId != CLASS U) { O,
mateSeqId[0] [1] = Subsequence‘l’@,vﬂ Identifier of the reference

sequence to which read 1

is mapped.

mappingPos[0] [1] = subsey?ence6[j8,6]
O

O
O

Absolute mappin

o

position of read 1 on the

reference sequenge
identified by

mateSeqld[0][i]. The

maximum value is
2posSize _ 1 wherd

posSize is specifigd in

subclause 7.3.2

}elseb\\‘o
mate@I{i [1] = subsequence4[jg, ,] Identifier of the AU
A containing the repd 1.

teRecordIndex[i1i] = subsequence6 [js, 6]

&
N
%«?‘

Index of the genomic
record containing the

read 1 in the AU
identified by

PR S 2 | ok |
IIIdLCAUIUTI]

}

j8,4++r j8,6++r

}

else if (subsequencel js,o] == 4) {

R2_diff _ref_seq

[
splitMate[0] [1] =1

readlFirst = 1

if (classId != CLASS U) {
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Table 60 (continued)

Decoding step

Description

mateSeqId[0] [i] = subsequence5[jg 5]

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

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

Absolute mapping
position of the read 2 on
the reference sequence
identified by

mateSeqld[0][i]. The
maximum value is Q’\q

2posSize _ 1 wher
posSize is specified in

subclause 7.8y2'
lelse({ AQ\{)'
mateAuId[i] = subsequence5[Jjg 5] Ident of the AU
coitaining the read 2
mateRecordIndex[i] = subsequence7[j&7] ihaéxofthegenonﬂc

)record containing the
read 2 in the AU
identified by
mateAuld[i]

} O

g, 5Tt Jg, 7t

dlse if (subsequencel js,o] == 5){

R1_unpaired

[
splitMate[0] [1] = 2

readlFirst = 1

dlse 1if (subsequencel js,o] == §)(§\l~

R2_unpaired

[
)
splitMate[0][i] = 2 NN

readlFirst = 0 :

&

\0
O\‘

8,0++ /\U

} O)U

i XN

The dec

Tabl¢ 61 v‘ﬁécoding process of the pair descriptor subsequences for the alignments in the

record after the first one

ding proce@\o the pair descriptor for the alignments after the first one is specified in Table 61.

&& !unpairedRead) {

(02
— Decoding step Description
for(i = 1; 1 < numberOfSegmentAlignments[0]; i++) {
splitMate[1i][0] = O
}
if ((classId == Class P || classId == Class N
|| class ID == Class M || classId == Class I)

for(j = 1; 7 < numberOfTemplateSegments; j++) {

currAlignIdx = 0

60
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Decoding step

Description

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

alignIdx = alignPtr[i][]j]

if(alignIdx > currAlignIdx) {

currAlignIdx = alignIdx

) {

if (subsequencel [js,o]

same_rec_short

SpritMatefaroniox T ©

O\

delta = subsequencel([Jjg ;] >> 1;

J

0<delta<32767 [N

if (subsequencel [j8,1] & 0x0001)

delta = - delta

>

read sign bit

mappingPos[alignIdx] []] =

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

+ delta /,C)
mateSegIld[alignIdx] [j] = seqgId f\\\‘/
Jg,1tt . \J
} o~
o
; ; \ v/
else if (subsequenceO[jglo] == 2){ Q same_rec_long

splitMate[alignIdx][j] = O

mappingPos[alignIdx] [j] =

For classes P, N, M, |

Absolute mapping position of read

subsequence3[jg ;] Q
\"Q 2 on the same reference s¢quence.
$ The maximum value is 2P{sSize —
.\Q) 1 where posSize is specifigd in
A subclause 7.3.2.
mateSeqld[alignIdx] [j‘]\&)seqld
Jg, 3t \\C}‘
A

} s
else if (subsequéncel[jg o] == 4){ R2_diff_ref_seq

splitMate}@%nIdx] [71 = 1

mateSe@l}z{lignIdx] [(J] =
s@equence5 [Jsg,s]
(02)

Identifier of the reference
sequence to which read 2
mapped.

%]

-
ingPos[alignIdx] [J] =

subsequence? [Jg 4]

&

R

o)

For classes P, N, M, I

Absolute mapping positio

read 2 on the reference sefjuence
identified by subsequencef|jg s].
The maximum value is 2PgsSize — 1
where posSize is specified in

of

subclause 7.3.2.
Je,st*, Jg, 7+t
}
else {
/* other subsequencel[jg ,] values */ reserved

}

j8,0++

}
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Table 61 (continued)

Decoding step

Description

}

The decoding process of the pair descriptor for spliced reads is specified in Table 62.

Table 62 — Decoding process of the pair descriptor subsequences for spliced reads

Decoding step Description ,\Q
for(i 4 0; i1 < numberOfAlignedRecordSegments; i++) { ﬁQ\
splicedSegMappingPos[i] [0] = mappingPos[0] [1] ".V
VA4
} ol
if (cladsId == Class I || classId == Class HM) { . D
for{i = 0; i < numberOfAlignedRecordSegments; (]/D
1++) { (/C)
flor(j = 1; J < numberOfSplicedSeg[i]; J++) { r‘\\\\/
prevSpliceMappingEnd = \%\J
splicedSegMappingPos[i] [] - 1] cs)\
+ splicedSeglLength[i] [j - 1] /\Q
if (subsequencel[jg o] == 0) { N same_rec_short
delta = subsequencel[j&l] >> 1 (‘\\\\‘ 0 <delta< 32767
if (subsequencel[jg ;] & 0x0001) Q)\ read sign bit
delta = - delta \\,0
A\
splicedSegMappingPos[i] [J] = . Q)Q‘
\)
prevSpliceMappingEnd + del‘;qA
. \J
Jg, l++ N \
S
else if (subsequenceO[jSIO(}= 2){ same_rec_long
splicedSegMappingP@\i]’ (51 = Absolute mapping position of
subsequence3 [5E)] the splice on the same reference
sequence as the previous splice.
O . The maximum value is 2PosSize —
% 1 where posSize is specified in
O)\ subclause 7.3.2.
j8,3++/)\)
A
elseg{\)‘
’(v‘} other subsequenceO[jS,o] values */ reserved
Gy
38,0++

10.4.10mscore

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

62

© ISO/IEC 2019 - All rights reserved



https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

The inputs to this process are:

the decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.1 when descriptor_ID is
equal to 9;

the current value of jg o;
the value of syntax element as_depth specified in subclause 7.3.2;

the array numberOfSegmentAlignments|[] calculated as specified in subclause 10.4.11;

Q.

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

the variable numberOfAlignedRecordSegments calculated as specified in subclause 10.4.9;

the array splitMate as specified in subclause 10.4.9.

he decoding process of the mscore descriptor is specified in Table 68.-In this desfription,
ubsequenceN is the subsequence identified by descriptor_subsequence_ID =N (i.e. subsequlenceN =
ecoded_symbols[9][N]).

Table 63 — Decoding process for the mscore'descriptor

Decoding step Descriptjon

For (1 = 0; 1 < as_depth; i++) {

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

for(k = 0; k < numberOfSegmentAlignments [NV k++) |

if (splitMatel[k] [§] == 0) {
mappingScores[k] [J]1[i] = subsedquencel[jg o++];
}
}
}

10.4.11mmap
104.11.1 General
The mmap descriptot is used to signal on how many positions the read or the leftmost read pf a pair
Has been alignéd.”A genomic record containing multiple alignments is associated with on¢ mmap
descriptor.
The inputs.to this process are:

the variables unpairedRead, numberOfAlignedRecordSegments and numberOfRecordSpgments
computed in subclause 10.4.9;

the subsequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID] as specified
in subclause 12.6.2.1 when descriptor_ID is equal to 10. The description of each subsequence is
provided in Table 31;

the current values of jy o, j10,1, j10,2: J10,3 J10,49
the classld variable specified in subclause 10.2.2;

the value of multiple_alignments_flag specified in subclause 7.3.2.
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The output of this process is:

— the variable numberOfAlignments containing the total number of alignments;

— the

array numberOfSegmentAlignments[] containing the total number of segment-specific

alignments;

— the

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

associated to each alignment of the leftmost read;

i the bl dilucuaiuual alla_y a}isuptl [] [] L,uutaiuius uuaisucd iutC551 V(]}LICD IClJl CDClltills, fUl C(]Ll
alighment, the indexes of the corresponding segment-specific alignments; N
— the pariable moreAlignments; ‘],
. . 2
— the yariable moreAlignmentsNextPos; Q)q/
— the ypariable moreAlignmentsNextSeqld. q:bQ
In the following clauses, sequence0 is the array decoded_symbols[10][0] spec1f1€&§a’subclause 12.6.2.1.
| | | \
The decpding process shown in Table 64 applies. O
&
Table 64 — Decoding process of mma \
Decoding step QO\ Description
1 5 I =
if (cladsId ! Class U) | $>
if (qultiple alignment flag == 0) { k})
rfumberOfSegmentAlignments [0] = 1 \s'Q‘O total number of alignments of]
KN the leftmost read
N )
} else { bgb
mumberOfSegmentAlignments[0] = squ?%EéO[jlmo++]
N
) S
} else|{ (-\\\')
numijerOfSegmentAlignments [0] ;nq\/
) S
moreAlijgnments = 0 ()
if (unpgdiredRead || clas;_ == Class _HM) {
numkerOfAllgnments 3\‘rf’umberOfSegmentAl1gnments[O]

for

i=0; i <A@)erOfAllgnmel’ltS, it4) |

4

}

lignPtrLiQ;ST =1
Y

} else

QA
if SsId == Class U) {
;e _

if (1

1£%;$iOfRecordSegments > 1)

numberOfSegmentAlignments[1l] = 0

numberOfAlignments = 0

} else {
numberOfSegmentAlignments[1] = 0
k=0, i=0

while (i < numberOfSegmentAlignments[0]) {

if (multiple alignment flag == 0) {

64
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Table 64 (continued)
Decoding step Description
numberOfAlignmentsPairs[i] = 1 numberOfAlignmentsPairs[i]
is the number of alignments of
the rightmost read associated
to the ith alignments of the
leftmost read.
} else {
remberofAtignmentabateati o S —
} N
while (j < numberOfAlignmentsPairs[i]) { ni :
if(k = 0){ skip t}}'\g_gdffirst alignment
ptr = sequencel[jlo,l++] ﬂ(b\)
} else { e, v
ptr = 0 &{/
) o)
alignPtr (k] [1] = g\\J
numberOfSegmentAlignments|[1] - ptr (/ O
alignPtr[k][0] = i /)0\
if (ptr == 0) &\‘
numberOfSegmentAlignments[1]++ ‘\\)‘
j++, k++ QQ@
) Y
i++ A’\‘O
} \O
numberOfAlignments = k A(-\’L‘
&N
=1 more alignments on apother

| £ (multiple_alignment_fl@i =
&& classId != C @_U

reference sequence

subse@ence3 [J10,3*]

?\
X

&& subsequen(}e@ 10,2++] ) {
moreAllgnment@{
N e
moreAlign NextSegld = Identifier of the refergnce

sequence an additiongl
alignment of read 1 isjmapped
to in case of multiple
alignments.

fﬁQXeAl ignmentsNextPos

o)

oo ]

San.

Absolute mapping podition
of an additional alignthent

1 A2
< tIT0, 2 ]

of read 1 on the reference
sequence identified by
moreAlignmentsNextSeqld

10.4.11.2 Multiple alignments on different sequences

It can happen that the alignment process finds alternative mappings to

than the one where the first mapping is positioned.

another reference sequence

For read pairs that are uniquely aligned, the mmap descriptor shall be used to represent the absolute
read positions when there is for example a chimeric alignment with the mate on another chromosome
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(more alignments on another reference sequence case in Table 64). The mmap descriptor shall be used
to signal the reference and the position of the next record containing further alignments for the same
template. The last record (e.g. the third if alternative mappings are coded in three different access
units) shall contain the reference and position of the first record.

10.4.12msar

The msar (multiple segments alignment record) descriptor supports spliced reads and alternative
alignments that contain indels or soft clips in case of class [ data. It shall be present in a compliant

bi 1. | PR | L ta £1 ipe 1o ol 709 a1
1tstreaprwmen murapre_angnments_rrag specirea irstotratse 752 1S Setto T

msar isfintended to convey information related to secondary aligments on:

— amjpped segment length;

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

The syntax, semantics and decoding process for msar descriptors are these for the tokentyp
descriptjors specified in subclause 10.4.19.

™

-

The output of the decoding process of the msar descriptor is the arraycdecodedStrings|] specified i
subclauge 10.4.19.4, when descriptor_ID is equal to 12.

—_—

Table 63 shows how the array of strings decodedMsar[][] is computed using the following additiona
input:

— the prray numberOfSegmentAlignments[] calculated assspecified in subclause 10.4.11;
— the yariable numberOfAlignedRecordSegments calculated as specified in subclause 10.4.9;

— the prray splitMate as specified in subclause 10.4.9.

*

For each genomic record, the number encodéd-msar descriptors is equal to (numberOfAlignments - 1)
numberPfRecordSegments

Table«65 — Computation of decodedMsar

Decoding step Description

for(i 4 0; i < numbenOfATlignedRecordSegments; i++) {

decddedMsar[] [i4Ng {} empty array
for(j = 0;
1 < numbeY¥OfSegmentAlignments[i]-1; J++) {
If (spMitMate[j] [1] == 0) {
decodedMsar[j] [1] = decodedStrings[k++]
}
}
10.4.13rtype

10.4.13.1 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.
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The rtype descriptor also 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 descriptors to be used for reference less compression (in this case descriptors refer to the
computed reference, when needed).

The input to this process is the decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.1
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.

Table 66 — Semantics of the rtype descriptor

rtype cr_alg_ID type of encoded reads description
not used 1 aligned reads with reference the entire dataset is encodedsing referende based
based compression only compression for mapped reads
( 3 aligned reads with both refer- |the dataset contains bothi/read (pairs) encofled
ence-based compression and using reference based compression and ref¢rence
reference-less compression less compression.THe’decoding process for|this
record uses theexternal or embedded referfence
according to the Class of the AU as specified in
subclause 10.2
| .. 4 2,3,4 unmapped reads or aligned 1 = the/decoding process is specified in
with reference less compres- subelause 10.2.2
sion only 2.=the decoding process is specified in
subclause 10.2.3
3 =the decoding process is specified in
subclause 10.2.4
4 = the decoding process is specified in
subclause 10.2.5
b 2,3 unmapped readsor aligned the decoding process is specified in
with referenge less compres- subclause 10.2.7
sion only,
b 4 unmapped reads the decoding process is specified in
subclause 10.2.7 where the U reads represepting
the reference sequence are used for compression
but do not generate output records as specified in
subclause 11.3.5

]

h case of class HM) the mapped read is decoded by following the process for the mapped read of class
M specified/invsubclause 10.2, and the unmapped read is decoded following the decoding|process
pecified in‘this subclause.

T

10.4.13.2 PushIn

When class U data are compressed using the “PushIn” computed reference algorithm spetified in
subclause 11.3.3, the decoding process shall follow the one described for classes P,N, M, I in clauses 10.2.2
to 10.2.5 (for rtype values 1 to 4 respectively), or by ureads as described in subclause 10.2.7 (rtype equal
to 5). The process to be followed is indicated by the descriptor rtype as specified in subclause 10.4.13.

The following table provides a description on the use of the pos and pair descriptors in this decoding
process.
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Table 67 — Semantics of the pos and pair descriptors for the Pushln algorithm

descriptor semantics
pos Matching position of the read on the Pushln computed reference, with coordinate as
described in subclause 11.3.3
pair Used only for paired end reads. It associates a decoded read with its mate. It contains the AU
ID of the AU of type U_TYPE_AU and the genomic record index of the genomic record
containing the mate within that AU.

10.4.14fgroup
The rgroup descriptor identifies the read group the genomic record belongs to.

The inpyit to this process is the decoded_symbols[descriptor_ID] array specified in subclause/12.6.2.

when de

The output of this process is the variable readGroupld.

=

scriptor_ID is equal to 13 and the current value of j;3 (.

Table 68 — Determination of the readGroupld value

Decoding step Description

eadGroupld = subsequenceO[j13,O++]

10.4.15| qv
10.4.15{1 General
The qv descriptor carries information to reconstruct thé\quality values.

The progess for decoding quality values at a genomi¢’position can be summarized informatively in thie
followinlg steps:

1. Deteérmine the quality value indexes at the genomic position.

2. Det
3. Use

pos
4. Dec
10.4.15

The inputs to thi§ process are:

— the

ermine the quality value codebook identifier at this genomic position.

the quality value codebgok identifier to select the quality value codebook for the genomic
tion.

bde the quality valdejindexes by lookup in the quality value codebook.

2 Decoding process of the quality values of a genomic record

qv_depth value specified in subclause 7.3.2;

— the

— the numberOfRecordSegments value computed in subclause 10.4.9;

— the current value of jy4 o;

— the

decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.1 when descriptor_ID is

equal to 14;

— the genomicRecordIndex variable equal to the genomic record index as specified in clause 3;

— the reverseComp array computed as specified in subclause 10.4.2.
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The output of this process is the quality values of each nucleotide for each segment of the current
genomic record.

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

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

Table 69 — Decoding process of the quality values of a genomic record

ecode quality values () {
if (genomicRecordIndex == 0) { ‘(\'\J
decode gv_codebook indexes () A {)&Tﬁed in
,g!ﬁdhuse 10.4.15.3
) el
for(tSeg = 0; tSeg < (bv
numberOfRecordSegments; tSegt++) { ,
for(gs = 0; gs < gv_depth; gs++) { A&(/
if(jM,O < Size (subsequenceO[])) { CA
gvPresentFlag = subsequencel[J4, ] ’&\J
J14,0tt ~
} else { OQ\
gvPresentFlag = 1 \\\‘
) RN
if (qvPresentFlag == 1) { 5&0
decode _qvs () @ As specified|in
“\Q) subclause 1().4.15.3
qvString = %~ s‘O‘ Empty string
len = 0 ) r\‘&"
for (1i=0; 1 < num?e}b\fSplicedSeg[tSeg]; i4++) {
revComp = r\eVQrseComp[i] [0] [tSeq]
qvSplic@S‘
hualityValues [tSeq]’LqQ)[len, len+splicedSeglLength[tSeg] [1]-1]
if reverse flag && revComp) {
%\%\itring = strcat (gvString,
everseStr (@;@lice) )
ox
~év else{
‘&YV qvString = strcat(gvString, gvSplice)
2 )
}
qualityValues[tSeq] [gs] = gvString
} else {
qualityValues[tSeg][gs] = “” Empty string
}
}
}
}
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reverseStr(str) returns the reverse of the input string str where the nth element of the reversed string
reversedStr is computed as

reve

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

10.4.15.3 Decoding processes of quality value codebook indexes and quality values of a segment

The input to these processes is:

— the [decoded_symbols[descriptor_ID[ array specified in subclause 12.6.2.1 when descriptor_ID_is
equpl to 14;

— the gv_num_codebooks_total and qvNumCodebooksAligned values specified in subclause 7.3.2.1;

— the purrent values of j;4 ; for the qvCodebooklIds subsequence;

— the purrent values of j;4 y,, with N ranging from 0 to qv_num_codebooks_total 1 for the qv_num_
codebooks_total subsequences for quality value indexes;

— the humBases variable equal to number of nucleotide of the segment forwhich the quality values
shalll be decoded;

— the
nuc

— the

— the
be d

— the
recg

In this description, subsequenceN is the subseqtience identified by descriptor_subsequence_ID = N (i.¢.

subsequ

The outj]
nucleoti

In the c
to ident
codebog
codeboa
quality

specifie

basePos array containing the mapping positions relative toCthe AU_start_position of each
otide in the segment for which quality values shall be decoded, as specified in subclause 10.4.1;

rlassld variable specified in subclause 10.2.2;

—_—

value tSeg identifying the segment within the MPEG-G record for which the quality values sha
ecoded;

[oP]

value gs identifying the gsth quality value string for the tSegth segment within the MPEG-
rd for which the quality values shall be decoded.

enceN = decoded_symbols[14][N]J:

put of this process is the array of strings qualityValues[][], containing the quality values of each
e in the segment for whichthe quality values shall be decoded.

o

hse that qvNumCodebooksAligned is larger than 1, the value of subsequencel shall be use
fy the quality value 'cadebook for a genomic position of each aligned base. This quality val
k is used to regenstruct all quality values at that genomic position. Multiple quality val
ks can be used\in one access unit. The variable qvCodeBooklds contains the indexes of t
value codebeoks associated to a given mapping position relative to AU_start_position &
1 in subclause 9.5. The decoding process of qvCodeBooklIds variable is specified in Table 70.

[72)

Table 70 — Decoding of quality value codebook indexes

Aal-aaleancl VAN
y=aer ey T <

decode

_ 1

I T

if (gvNumCodebooksAligned > 1) {

pos = 0
for(jis,; = 07 Ji4,1 < Size(subsequencel[]); Ji4,++) {
gvCodeBookIds [pos] = subsequencel[Jji,, 4] The values qvCodeBooklIds[pos]
shall be in the range 0.. (qvNum-
CodebooksAligned - 1)
pos++

70
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Table 70 (continued)

}

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

Table 71 — Decoding process of quality values

decode gvs () {
for (baselIdx = 0; baseldx < numBases; baseldx++) {

if ((classId == CLASS I || classId == CLASS HM) Classes I and HM comtan bases
66 | isAligned (baseIdx)) that are not aligned*to }}e ref-
erence sequence) fer which the

last quality values codgbook
identifier reserved for yina-
ligned data shall be usdd, as
specified’'in subclause 7.3.2.2.

gvCodeBookId = gv_num codebooks total - 1
} else if(classId == CLASS U) {

gvCodeBookId = 0 For records belonging qo Class
U, only one codebook shall be

used, as specified in
subclause 7.3.2.2.

} else if (gvNumCodebooksAligned > 1) {
gvCodeBookId = gvCodeBookIds [basePos[baseldx]]

} else {
gvCodeBookId = 0

}

gvCodeBookSubSeq = gvCodeBookId +.:2 See subclause 7.3.2.2
j = jl4,quodeBookSubSeq
++

jl4,quodeBookSubSeq

gvIndex =

decoded symbols[14] fg¥CodeBookSubSeq] [J]

qualityValues[tSeqg] fgs] [baseldx] =
qv_recon[gqvCodeBookId] [qvIndex]

bAligned(baseldx)returns 1 if the nucleotide at baseldx is aligned to the reference sequence, otherwise
(. This meansthat isAligned(baseldx) returns 0 for every nucleotide corresponding to a soft ¢lip or to
n insertien)or for nucleotides in the second segment of a genomic record in class HM.

—

bclause 10.4.1 specifies how to calculate the absolute mapping position of the leftmost |mapped
ase'in each read, and thus every quality value, in a read. Figure 6 shows how quality value cpdebook

genomic
positions. The top third of the figure shows how nucleotides of four reads, including quality values, are
mapped to genomic positions. The center of the figure shows how each genomic position is associated
to a quality value codebook. According to the corresponding quality value index, the reconstructed
quality value is derived using the associated quality value codebook. The reconstructed quality values
are shown in the bottom third of the figure.
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10.4.16] rname

Sequending read identifiers are encoded as a sequence of rname descriptors (descriptor_ID equal to 15).
Each rname descriptor is composed by tokens which have atype and possibly one or more parameters.

The syntax, semantics and decoding process for rname descriptors are those for the tokentyp
descriptors specified in subclause 10.4.19. The output.of the decoding process of the rname descriptg

Figure 6 — Relationship between sequencing reads, quality values, recenstructed quality

for a ith

array degcodedStrings[] is specified in subclause 10:4.19.4. If rname descriptor is not present, readNa

is set to

An exanpple of read identifiers tokenizatjonis provided in Annex A.

10.4.17| rftp

The rftp descriptor shall be present only in access units of type 3 (class M) when cr_alg_ID specified i
subclauge 7.3.2 is set to 1. [tshall not be present in any other case.

The inpuits to this processare:

the
equ

the

the

0 : : : >
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values, and genomic positions

—~ (D

record in the access unit is the string variable readName equal to decodedStringsJi], using t

“un

the empty string “”.

-

v

decoded_symbols[descriptor_ID] array specified in subclause 12.6.2.1 when descriptor_ID i
il to 16 and'the current value of jy4 o;

value'AU_start_position as specified in subclause 7.4.1.1;

ralue seg-startasspecifiedinsubclause 72 L

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 11.3.2. The decoding process for rftp is
specified in Table 72 for an entire access unit.

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

72
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Table 72 — Decoding process of the rftp descriptor

Decoding step Description

refTransfPos[0] = subsequencel[j;¢ o++] + position of the first reference transforma-
tion in the current ref_sequence as specified

AU start position - seq start .
- =P S in subclause 7.2.1

for(i = 1; 1 < Size(subsequenceQ); 1i++) {

refTransfPos[i] = refTransfPos[i - 1] +

subsequenceO[J,. ,++]

10.4.18 rftt

]

he rftt descriptor shall be present only in access units of type 3 (class M) when ©x'alg_ID spécified in
ubclause 7.3.2 is set to 1. It shall not be present in any other case.

v

o |

he inputs to this process are:

- the decoded_symbols[descriptor_ID] array specified in subclause~12.6.2.1 when descriptor_ID is
equal to 17;

+ the current value of j;; .

The output of this process is one array refTransfSubs[]eentaining the type of transformations to be
applied to a decoded raw reference as specified in subclause 11.3.2.

]

h this description, subsequenceN is the subsequenge identified by descriptor_subsequence_ID|= N (i.e.
ubsequenceN = decoded_symbols[17][N]).

%)

The output of the rftt descriptor decoding process shall be calculated following the process dgscribed
in Table 73, after having decoded subsequence0 according to the decoding process spegified in
sjubclause 12.6.2.2, using the array refTransfPos[] decoded as specified in Table 72.

Table 73—"Decoding process of the rftt descriptor

Decoding step Description
For (1 = 0; 1 < Size(subsequencel); i++) {
refTransfSubs[i]~s subsequenceO[jl7,O++]

10.4.19 tokeéntype descriptors

The msar.and rname share the same syntax, semantics and the decoding process specifieg in this
sjubclause for the generic tokentype descriptor. The tokentype descriptor is not a genomic dgscriptor

lentified by a descriptor_ID, but a simple alias for rname and msar in the syntax, sema11tics and
deceding process specified in this subclause

—

tokentype descriptors can be of three types:
— strings,

— digits,

— single characters.

Both a read identifier and an e-cigar string are represented as set of differences and matches with
respect to one of the previously decoded reads identifiers or e-cigar strings, respectively. The first
identifier coded in an access unit always starts with a DIFF token followed by the value 0.
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A tokentype descriptor can take the values listed in the table below. The tokentype descriptors can
possibly be followed by one or more parameters.

Table 74 — The tokentype values and related semantics

tokentype Token Parameters Semantics
value name
0 DUP unsigned integer Indicates that the current descriptor is an exact dupli-
DISTANCE ranging from |cate of the descriptor DISTANCE records ago, with “1”
O-to2321 being-the-previousiy-decoded-deseriptorand-cotnting
backwards in the list of previously decoded descriptors,
The value of DISTANCE shall always refer to a deseriptof
coded in the current access unit. If a DUP token is found,
no further tokens are required to decode the descriptor,
DUP can only occur at the first token position,
1 DIFF unsigned integer Indicates which descriptor this token is being compared
DISTANCE ranging from |against, usually “1” to indicate the préyious descriptor.
0 to 232-1 DIFF can only occur at the first tokén position.
The first descriptor of a coded\ace€ss units always start$
with “DIFF 0”.

2 STRING st(v) This is an arbitrary run,of ASCII characters (as specified
in ISO/IEC 10646) andmeed not be purely alphabetical.
STRING is always null-terminated.

3 CHAR c(1) ASCII characterasspecified in ISO/IEC 10646.

DIGITS unsigned integer ranging |Numerical valtie no more than 9 digits long and not
from 0 to 232-1 starting witlra leading zero.

5 DELTA unsigned integer ranging |Numerical delta to a previous DIGITS value, between 0

from 0 to 28-1 and 255.

6 DIGITSO an 8-bitlength and a Fixed-width numerical value no more than 8 digits long,

32-bit unsigned integer _ possibly starting with a leading zero.

7 DELTAO 8-bit unsigned integer Numerical delta to a previous DIGITSO value. The same
fixed length is assumed.

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 END none Marker indicating the termination of the current token-
type descriptor sequence.

10.4.19(1 Decodingprocess
The input to this process is the block payload (as specified in subclause 7.4.1.2.2) for descriptor_ID equal

to 11 or|descriptor)ID equal to 15, which corresponds to the msar and rname descriptors respectivel
The endoded.tokentype() structure of this block payload internally contains a list of compresse
representation of tokentype descriptor sequences.

[SFEN

The output of This process is the list of decompressed representation of these tokentype descriptor
sequences, which serve as input to the assembly process (specified in subclause 10.4.19.4) to reconstruct
the msar descriptors or read identifiers respectively.

10.4.19.2

Syntax and semantics

The syntax of encoded_tokentype() is specified below.

74

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

Table 75 — Syntax of encoded_tokentype()

Syntax Type
encoded tokentype () {
num_output_descriptors u(32)
num_tokentype_sequences u(16)

for(i = 0; 1 <

num_tokentype sequences; i++)

{

encoded tokentype sequence (i)

}

um_ output_descriptors specifies the number of descriptors (msar or read identifiers) en
he current block payload.

o =

um_tokentype_sequences specifies the number of tokentype descriptor sequences in the
lock payload.

o =

ncoded_tokentype_sequence(i) specifies the data structure containing‘the byte-aligned con
epresentation of the ith tokentype descriptor sequence. Its syntax is specified in Table 76.

=S @

Table 76 — Syntax of encoded_tokentype_sequence()

roded in

current

pressed

Syntax Type
encoded tokentype sequence (i) {
type_1ID u(4)
method ID u(4)
if (method ID == 0) {
ref_ type ID u(16)
COP (1)
}
else {
num_output_symbols u7(v)
decode tokehtype sequence (i, method ID,
nun_output symbols)
}
}

ype_ID specifies the type of the ith tokentype descriptor sequence. This process internally m|
state variable typeNum, which is initialized with -1 for every block payload of the descript
hcreménted for every tokentype descriptor sequence with type_ID = 0. The current values
aridble typeNum and type_ID are then used to generate a “mapped” value of type_ID as spe

aintains
r and is
of state
cified in

= < = e+

abte 77.

Table 77 — Computation of mappedTypeld

if (type ID == 0)

typeNum++

mappedTypeld (typeNum<<4) | (type ID & Oxf)

Every decoded tokentype descriptor for which ref type_ID is equal to a previously calculated

mappedTypeld shall be identical to the previously decoded tokentype descriptor.
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method_ID specifies the compression method (among those listed in Table 78) used for the ith
tokentype descriptor sequence.

Table 78 — Description of compression methods for the tokentype descriptor sequence

method_ID Description

0 COP 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 sub-

nnnnn 104192 1

1 CAT The null coding, ideal for small data. Its syntax is specified in sub-
clause 10.4.19.3.2.

2 RLE Run length coding, ideal for long list of repeated symbols. Its syntax is
specified in subclause 10.4.19.3.3.

3 CABAC_METHOD_0 |The CABAC method 0 as specified in subclause 10.4.19.3@Fhe signaling
of its configuration parameters are specified in subclause 12.3.5.

4 CABAC_METHOD_1 |The CABAC method 0 as specified in subclause 10.5.18.3.5. The signaling
of its configuration parameters are specified insdbclause 12.3.5.

5 X4 Arecursive decorrelation method to split a tokentype_sequence into
four equisized interleaved subsequences (Whenever size is divisible
by 4), each of them being coded with oné.of the above methods except
method_ID 0x0. Its syntax is specified in subclause 10.4.19.3.6.

0x6 .. Oxf reserved

ref type¢_ID is the mappedTypeld of a previously decoded, toekentype descriptor sequence of which

payload

num_oy
payload

decode_
ith tokej

of current tokentype descriptor sequence is an exact duplicate.

tput_symbols signals the number of symbels“to be reconstructed from the compressed
of the ith tokentype descriptor sequence.

fokentype_sequence(i, method_ID, numQutputSymbols) specifies the syntax for decoding thie
ntype descriptor sequence (of size numOutputSymbols) using the decoding method indicatefd
by methjpd_ID. Its syntax is specified belowxr

Table 79 — Syntax of decode_tokentype_sequence()

Syntax

decode tokentype) 'sequence (i, methodID, numOutputSymbols) {

if (methodlID/ ==

CAZN% numOutputSymbols)

elsé/+f (methodID == 2)

RLE (1, numOutputSymbols)

else 1f (methodID

== 3)

CABAC METHOD 0 (i, numOutputSymbols)

76

else if (methodID

== 4)

CABAC METHOD_l(i, numOutputSymbols)

else if (methodID == 5)

X4 (1, numOutputSymbols)

else

/* reserved for future use */
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10.4.19.3 Decoding process for compressed tokens

019(E)

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.

10.4.19.3.1 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 théalready decoded
reference tokentype descriptor sequence uniquely identified by ref_type_ID.
10.4.19.3.2 CAT
This subclause specifies the decoding process for the method CAT. The output of this progess is a
reconstructed tokentype descriptor sequence of size numOutputSymbals.
Table 80 — Decoding process for the method CAT
Decoding process Type
AT (i, numOutputSymbols)
for (3J=0; j<numOutputSymbols; j++) {
decoded tokens[i] []] u(8)
}

10.4.19.3.3 RLE

decoded_tokens]i][j] specifies the jth teken in the ith decompressed tokentype descriptor sequence.

This subclause specifies the.decoding process for the method RLE. The output of this progess is a
reconstructed tokentype descriptor sequence of size numOutputSymbols.
Table 81 — Decoding process for the method RLE
Decoding process Type
LE (1, numOwtputSymbols) {
for (3&0, j< numOutputSymbols ; ) {
tmp_value u(8)
if (tmp value == rle guard tokentype) {
Tie_ten u7(v)
if(rle len == 0)
decoded tokens[i] [j++] = rle guard tokentype
else {
tmp_value u(8)
for(r=0; r< rle len ; r++) {
decoded tokens[i] [j++] = tmp value
}
}
} else
77
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Table 81 (continued)

Decoding process Type

decoded tokens[i][j++] = tmp value

}

rle_guar

d_tokentype specifies the guard value signaled in decoder configuration for sequences of

tokentype descriptors (see 12.3.5).

decoded

10.4.19

This suk
a token
sequenc

_tokens[i][j] specifies the jth token in the ith decompressed tokentype descriptor sequence!

3.4 CABAC_METHOD_O

clause specifies the decoding process for the method CABAC_METHOD_0 used-foydecompres
[ype descriptor sequence. The output of this process is a reconstructed tokentype descriptg
.

= Wn

Table 82 — Decoding process for the method CABAC_METHOD_0

Decoding process Type

CABAC N

ETHOD 0 (i, numOutputSymbols) {

[e

decode |

remaini

ecoded symbols[descriptor ID][0] = as specified

, ) in subclause
descriptor subsequence (descriptor ID, 0, numOutputSymbols, 12.6.2.1

ngPayloadSize)

[e

ecoded token[i][] = decoded symbols[descriptor ID][0][]

}

decode_
the decd
identifie

decoded
subsequ

remaini

decoded

10.4.19

This sul
process

[72)

Hescriptor_subsequence(descriptor_ID, 0, numOutputSymbols, remainingPayloadSize) specifig
ding process for the 0th descriptor subsequence (of size numOutputSymbols) of the descriptd
d by descriptor_ID. For the CABAC_METHOD_O0, the descriptor_ID is equal to 11 or 15.

—

_symbols[descriptor_ID][0][] specifies the list of symbols decoded by decode_descriptor_
ence(descriptor_ID, 0, numQuatputSymbols).

hgPayloadSize is the number of bytes remaining in the current block payload.

_tokens][i] specifiegthe list of tokens in the ith decompressed tokentype descriptor sequence.

3.5 CABAC:METHOD_1

clause specifies the decoding process for the method CABAC_METHOD_1. The output of thi
is a reconsStructed tokentype descriptor sequence of size numOutputSymbols.

v

Table 83 — Decoding process for the method CABAC_METHOD_1

Decoding process Type

CABAC METHOD 1 (i, numOutputSymbols) {

decoded_symbols[descriptor ID][1] = as specified
decode descriptor subsequence (descriptor ID, 1, numOutputSymbols, 12.6.2.1

remainingPayloadSize)

in subclause

decoded token[i][] = decoded symbols[descriptor ID][1][]

78
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decode_descriptor_subsequence(descriptor_ID, 1, numOutputSymbols, remainingPayloadSize) specifies
the decoding process for the 15t descriptor subsequence (of size numOutputSymbols) of the descriptor
identified by descriptor_ID. For the CABAC_METHOD_1, the descriptor_ID is equal to 11 or 15.

decoded_symbols[descriptor_ID][1][] specifies the list of symbols decoded by decode_descriptor_
subsequence( descriptor_ID, 1, numOutputSymbols) .

remainingPayloadSize is the number of bytes remaining in the current block payload.

decoded_tokens[i][] specifies the list of tokens in the ith decompressed tokentype descriptor sequence.

10.4.19.3.6 X4

—

his subclause specifies the decoding process for the method X4, which is be usedto."decorpress a
pkentype descriptor sequence. The output of this process is a reconstructed tokentype dgscriptor
equence of size numOQOutputSymbols.

wn_e+

Table 84 — Decoding process for the method X4

Decoding process Type
K4 (1, numOutputSymbols) {
x4_method IDs u(16
for (s=0; s<4; s++) {
methodID = (x4_method_IDs >> (12 - (s*4))) &AOx¥
decoded tokens x4[s][] = decode tokentypg sSequence (s, methodID, as
numOutputSymbols/4) EEEaSSi;n
10.419.2

}

/* Multiplexing of interleaved subSequences */

for (j=0, j< numOutputSymbols ;, Jj¥+= 4) {

for (s=0, s<4; s++) {

decoded tokens[i] [j+s] = decoded tokens x4[s][]j>>2]

_method_IDs (specifies the four compression methods (among those listed in Table 78 except
ethod_ID = 0J'used to decompress the four interleaved subsequences, where the method_ID fgr the sth
sjubsequence,can be derived as method_ID = (x4_method_IDs >>(12 - (s*4))) & 0xf.

ecodestokentype_sequence(s, method_ID, numOutputSymbols/4) decodes the sth intprleaved
sjubsequence (of size numOutputSymbols/4) as a tokentype descriptor sequence using the decoding
éthod indicated by method_ID.

decoded_tokens_x4[s][j] specifies the jth byte token in the sth decompressed interleaved subsequence.

decoded_tokens[i][j] specifies the jth byte token in the ith decompressed tokentype descriptor sequence.

10.4.19.4 Assembly of tokens

The input to this process is the bi-dimensional array decoded_tokens[][], which is the decompressed
representation of encoded_tokentype() specified in subclause 10.4.19.2, containing a list of num_
tokentype_sequences decompressed tokentype descriptor sequences.
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The output of this process is the data structure decodedStrings[] containing a list of either msar
descriptors (when descriptor_ID is equal to 11) or read identifiers (when descriptor_ID is equal to 15)
as strings.

Table 85 — Decoding process of tokentype descriptors into strings representing either msar
descriptors or read identifiers

Decoding process

cIdx = 0
refIdx = 0

decodedStrings[ ] = {“"}
do {
t =0

toklype = get tok type(decoded tokens[t<<4])

disflance = get tok int(decoded tokens[t<<4 | tokType])

reflldx = cIdx - distance

if (§okType == 0) /* Token: DUP */
dtrcpy (decodedStrings [cIdx], decodedStrings [refIdx])
elsq { /* Token: DIFF */

flor (t=1; t< num tokentype sequences; t++) {

tokType = get tok type(decoded tokens[t<<4])
if (tokType == 9) /* Token: END */

break

tokStr = extract tok value (decoded tokens, «t&okType, t, reflIdx)
strcat (decodedStrings[cIdx], tokStr)

}
} whilgq (cIdx < num output descriptors && strlen(decodedStrings[cIdx++]) > 0)

num_oufput_descriptors specifies the number-of descriptors (msar or read identifiers) encoded in thie
current plock payload. It is specified in 10:4.19.2.

get_tok Jtype(decoded_tokens[ ]) pops and returns one byte from data structure decoded_tokens] |.

get_tok Jint(decoded_tokens| ]) pops four bytes from data structure decoded_tokens| ] and decodes
them as|a 32-bit integer as specified in subclause 6.2.

strepy(dst, src) specifiesthe-string copying operation from the source string to the destination string
strcat(dpt, src) specifiesthe string concatenation operation of source string to the destination string.
strlen(s{r) returfis the length of the input string.

extract_tok<vdlue() pops and returns token value based on its type (as listed in Table 74) and the cd
located tokens in the reference descriptor (msar or read identifier). The syntax of extract_tok_value() i
described below.

[72)

Table 86 — Decoding process associated to a call to extract_tok_value()

Decoding process

extract tok value(decoded tokens[ ][ ], tokType, t, reflIdx) {
tokIdx = (t << 4) | tokType
if (tokType == 2) /* Token: STRING */

tmp str = get tok string(decoded tokens[tokIdx])
else if (tokType == 3) /* Token: CHAR */
tmp str = get tok char(decoded tokens[tokIdx])
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Table 86 (continued)
Decoding process

else if (tokType == 4) /* Token: DIGITS */

tmp str = get tok digits(decoded tokens[tokIdx])
else if (tokType == 5) /* Token: DELTA */

tmp str = get tok delta(decoded tokens[tokIdx], refIdx)
else if (tokType == 6) /* Token: DIGITSO */

tmp str = get tok digits0O (decoded tokens[tokIdx])
else if (tokType == 7) /* Token: DELTAQ */

tmp str = get tok deltal(decoded tokens[tokIdx], reflIdx)
else if (tokType == 8) /* Token: MATCH */

tmp str = get tok match (reflIdx)

return tmp str

et_tok_string(decoded_tokens[ ]) pops and returns a null terminated ‘string from data sfructure
ecoded_tokens[ ] as described for token STRING in Table 74.

j@W1]e]

get_tok_char(decoded_tokens[ ]) pops and returns one ASCII character from data structure decoded_
tpkens|[ ] as described for token CHAR in Table 74.

get_tok_digits(decoded_tokens[ ]) pops four bytes from data structure decoded_tokens| ], [decodes
them as a 32 bit 1nteger as spec1f1ed in subclause 6.2, as descrlbed for token DIGITS in Tabld 74, and

get_tok_delta(decoded_tokens| ], refldx) pops a.ehe byte delta value from data structure gncoded_
tpkens[ ] as described for token DELTA in Table\74, sums said delta value and the digit valye of the
-located DIGITS token in the reference deseriptor (msar or read identifier) identified by reflldx, and
eturns a string with the big-endian decimdlrepresentation of the result of said sum.

get_tok_digitsO(decoded_tokens[ ]) pops’a one byte length value and a four bytes value, decoded as a
§2-bit integer as specified in subclafise 6.2, as described for token DIGITSO in Table 74, and returns a

get_tok_deltaO(decoded_tokens[ ], refldx) pops a one byte delta value from data structure decoded_
tpkens[ ] as described for\token DELTA in Table 74, sums said delta value and the digit valye of the
-located DIGITSO tokern-in the reference descriptor (msar or read identifier) identified by refldx, and
eturns. a string withthe big-endian zero-padded fixed-width decimal representation of the fesult of

br (msar

: e der. For
class HM the mapped read is computed as spec1f1ed in subclause 10.5.1 5 1 wh11e the unmapped read as
specified in subclause 10.5.2.

The inputs to this process are the variables numberOfRecordSegments and
numberOfAlignedRecordSegments calculated as specified in subclause 10.4.9.

The output of this process is the array splicedSequence[i][] (with 0 <i < numberOfRecordSegments) .
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10.5.1 Aligned reads (Classes P, N, M, I, HM)
Additional inputs to this process are:
— the array mappingPos[0][] computed as specified in subclause 10.2.2;

— the arrays numberOfSplicedSeg[], and splicedSegLength[][] computed as specified in
subclause 10.4.8;

— the array splicedSegMappingPos[][] computed as specified in subclause 10.4.9;

— the prray softClipSizes[][] computed as specified in subclause 10.4.6;

— the yariable classld computed as specified in subclause 10.2.2;

— the yariable seqld set equal to sequence_ID as specified in subclause 7.4.1.1;

— the prrays ref_sequence[][] and seq_start[] as specified in subclause 7.2.

The decpding process specified in Table 87 shall be applied.

Table 87 — Decoding process of sequence[] array for aligned reads

Decoding step Description

for(i 4 0; i < numberOfAlignedRecordSegments; i++) {

for{j = 0; 7 < numberOfSplicedSeg[i]; j++) {

gRef = splicedSegMappingPos([i][]j] -
seq_stgrt[seqld]

nappedLength = splicedSeglLength[i] []J]

If (classId == Class I || classId == Clags*HM) {
if(y == 0) |
mappedLength -= softClipSizesW¥i] [0]
}
if(j == numberOfSplicedSegl[i] - 1) {
mappedLength -= softllipSizes[i][1]

JplicedSequence iN¥j] =
ref_sequence)seqld] [pRef,
pRef*mappedLength — 1]

if (class®d/ == Class N) {
proeessSplSegN (i, j) Specified in subclause 10.2.3
ehse if (classId == Class M) {
processSplSegM (i, j) Specified in subclause 10.2.4
} else if (classId == Class I
|| classId == Class HM) {
processSplSegI (i, j) Specified in subclause 10.2.5
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10.5.2 Unmapped reads (Class HM, U)

The decoding process specified in Table 88 shall be applied.

Table 88 — Decoding process of sequence[] array for unmapped reads

Decoding step Description

for (i = numberOfAlignedRecordSegments;

i < numberOfRecordSegments; i++) {

if (crps_flag == 0){
decodeUreads (splicedSegLength[i] [0]) Specified in subclause(10.4.7
splicedSequence[i] [0] = decodedUreads decodedUreads s spefified in
subclause-10.4.7
}else if (crps flag == 1 && cr alg ID == 2){

ecode according to the process specified in subclause 11.3.3

}else if(crps flag == 1 && cr _alg ID == 4){

ecode according to the process specified in subclause 11.3.5

}

Table 89 — sequence decoding processes corresponding to crps_flag and cr_alg_ID
crps_flag cr_alg_ID sequence decoded as
specified in subclause
0 — 10.4.7
2 11.3.3
4 11.3.5

10.6 e-cigar

10.6.1 Syntax

This subclause specifies.@n extended CIGAR (E-CIGAR) syntax for strings to be computpd from
equences and related mismatches, indels, clipped bases and information on multiple alignments and
pliced reads.

W _Wn

Alignments are,described as a sequence of consecutive edit operations between the reference sequence
and a sequenge mapped onto the reference sequence.

Hdit operations might involve skipping or replacing part of the sequence of either reference |or read;
fpr this ¥eason, one has to keep track of a pointer R to the current position within the referenge, and a
dointef r to the current position within the read. They are both set to 0 at the beginning of the alignment
fdrocess, the 0 of the reference being the position of the match. T

Edit operations specified in this document are listed in Table 90.

Table 90 — Syntax of the MPEG-G E-CIGAR string

Operation Semantics E-CIGAR Equivalent SAM
representation |CIGAR representation
Increment both pointer-to-reference |n matching bases n= nM in older versions
R and pointer-to-read r by n posi- (not equivalent),

tions (match) . .
=in recent versions
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Table 90 (continued)
Operation Semantics E-CIGAR Equivalent SAM
representation |CIGAR representation
Replace nucleotide in the read with |substitution of character b |b M in older versions,

base b from the reference, increment | (b is present in the read and

. . . X in recent versions
pointer-to-reference R and pointer- |notin the reference) where

(not equivalent)

to-read rby 1 b is one of the symbols of the
alphabets defined in
subclause 9.1.
Increment pointer-to-read r by n n bases are inserted in the n+ nl
positiong (insert from the read) read (not present in the
reference)
Incremept pointer-to-reference R by |n bases are deleted in the read |n- nD
n positidns (deletion of sequence s in |(but present in the reference)
the read|
Incremept pointer-to-read r by n n soft clips (n) ns

positionf (insertion in the read). Can
only occpir at beginning or end of read

Hard trim. Can only occur at begin- |n hard clips [n] nH
ning or ¢nd of read

Incremept pointer-to-reference R An undirected splice of n nx* nN
by n posjtions, splice consensus bases

observefl (splice in the read)

Incremept pointer-to-reference R A forward splice of n bases ny Not existing
by n posftions, splice consensus
observedl on the forward strand
(forwardl splice in the read)

o©

Incremepnt pointer-to-reference R A reverse splice of nlbases n Not existing
by n posjtions, splice consensus
observefl on the reverse strand (re-

verse splice in the read)

v

The gengral framework illustrated in Table:91 shows an example of alignment with soft clips, deletion
and substitutions.

Table 91 — Example of e-cigar string

000000¢000111111111122222222223333333 Position in the reference
012345¢789012345678900234567890123456

ACAGATATATCAGAGACCATACAGGAACATAACAGAC Reference

AAAGATQTAT+ P F++++++CAGGTACATA Read
0000000000 TTITITTITIIIT Position iIn the read
0123456789 0123456789

E-CIGAR=(2) 4=C3=11+4=T5=

10.6.2 Decoding process for the first alignment

The inputs to this process are:

— readLength[] array computed as specified in subclause 10.2.2;
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— the classld variable specified in subclause 10.2.2;

— the numberOfAlignedRecordSegments variable specified in subclause 10.4.9.
For classld equal to Class_N, Class_M, Class_I, and Class_HM:
— the mismatchOffsets[][] array computed as specified in subclause 10.4.4;

— the numMismatches[] array computed as specified in subclause 10.4.4.

I"r‘r_nlg_ln Qppr‘ifipd insubclause 11 3 issetto 1 for classid pqnql to Class M _mismatchQffset

s[][] and

=

umMismatches[] are pre-processed as per subclause 10.6.4 prior to being decoded as specifig
sjubclause.

Hor classld equal to Class_M, Class_I, and Class_HM:

— the mismatches[][] arrays computed as specified in subclause 10.4.5.

]

F cr_alg_ID specified in subclause 11.3 is set to 1, for classld equal to Class_M, mismatches][]
fdrocessed as per subclause 10.6.4 prior to being decoded as specified in this-subclause.

v w]

or classld equal to Class_I and Class_HM:

— the mismatchTypes[] array computed as per subclause 10.4.5;

- the softClips[][][] arrays, the softClipSizes[][] array,-and the hardClips[][] array comp
specified in subclause 10.4.6.

—

he output of this process is the array of strings eéigarString[], and the array of the corres
tring lengths ecigarLength[].

v

]

h this subclause, the decoding process uses.strings, where strings are sequences of a give
df universal coded character set (UCS) tirafismission format-8 (UTF-8) characters as spe
50/1EC 10646 of a given length.

p—

Ih this subclause, the following strings-operators are defined:

arraytostr(a, 1) returns a string of length 1 created by copying the first1 characters from ar
where ais-a'one-dimensional array of characters.

sftrtoc(s) returns all characters in string s in a sequence compliant with c(n) data typ
fiedin subclause 6.3, where n corresponds to the length of string s.

4 returns a string composed by the characters between the quotes.

ipttostr(i) returns a string containing the base-10 representation of the integer .

strcat(st, .., sN)  returns the concatenation of the strings from s1 to sN. If any of the input sti
through sN is a single character, it is considered a string of length 1.

d in this

] is pre-

uted as

ponding

n length

rified in

ray a,

e speci-

rings sl

strlen(s) returns the length of string s.

10.6.2.1 Decoding process without spliced reads

When the spliced_reads_flag syntax element specified in subclause 7.3.2 is equal to 0, the decoding

process 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 Description

for(s = 0; s < numberOfAlignedRecordSegments; s++) {
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Table 92 (continued)

Decoding step

Description

if (classId Class_P){

Class P

mmOffsets = {}

empty array

mms = {} empty array
mmTypes = {} empty array
decodeECigarMismatches (classId, readLengthl[s], as specified in Table 93
0, mmOfrfsets, mms, mmlypes) ~
dcigar = decodedEcigar decodedEcigar N:D
computed as sml/@ied
in Table 93 ﬂ,
VA4
} OJQ’
elsq if(classId == Class N) { (]asq{£)
=
nms = {} e;npq,y array

nqmTypes = {}

R /e)ﬂ'{pty array

decodeECigarMismatches (classId, readLengthls],

numMismatches([s], mismatchOffsets[s], mms, mmTypes)

\\
%O

as specified in Table 93

dcigar = decodedEcigar

<X

o\
A\

decodedEcigar
computed as specified
in Table 93

} N
O

elsq if (classId Class M) {

Class M

nqmTypes = {}

®
&

empty array

decodeECigarMismatches (classId, readLen @[s] '
mismatchOffsets [ﬂ\,

<O

numMismatches[s],

mismatches[s], mmTypes)

as specified in Table 93

S~

o

dcigar = decodedEcigar

decodedEcigar
computed as specified
in Table 93

} r\$\

- strlen(leftSoftClips) - strlen(rightSoftClips)

elsq if (classId == ClassG)VI classId == Class_ HM) { Classes ] or HM

JeftSoftClips =

arraytostr ( s@%llps [s1[011[],

softC zes[s][0])

BightSo

arr%@str (softClips(s] (1111,

z\hftcnpslzes [s][11)
1e'¥PHardClips = hardClips([s] [0]
rightHardClips = hardClips([s][1]
mappedLength = readLength[s]

decodeECigarMismatches (classId, mappedLength,
numMismatches[s], mismatchOffsets[s],

mismatches[s], mismatchTypes([s])

as specified in Table 93

ecigar = decodedEcigar

decodedEcigar
computed as specified
in Table 93
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Decoding step

Description

if(strlen(leftSoftClips) != 0) {

ecigar = strcat(
(Y,

ecigar)

inttostr(strlen(leftSoftClips)), ')’

14

soft clips are present
before the leftmost
mapped base

}

else 1f (leftHardClips = 0) {

ecigar = strcat( hard clip. Jpresent
before eftimost
‘['Y, inttostr(leftHardClips), 17, *
map ase
: 4
ecigar) ”{1?
} )

AP

if(strlen(rightSoftClips) != 0) {

(]/u

ecigar =

\(\,

strcat (ecigar,

inttostr(strlen(rightSoftClips)), ’)’)

soft clips are pfesent
after the rightipost
mapped base

@
oV

} QQFD
else if (rightHardClips != 0) { y; (j\
ecigar = strcat (ecigar, <:S( hard clips are present
‘[', inttostr(rightHardClips), ’1’) \Q after the rightmost
LN mapped base
) Y

(02
}

a\
X3

. ()

ecigarString[s] = strtoc(ecigar)

ecigarLength[s] = strlen(ecigar) \S¢J

c)\ previousOffset =0

O
‘~i~\
.\()
Table 93 — Decodinﬁ}rocess for the mismatches within one e-cigar string
A@ Decoding step Descriptjon
ecodeECigarMismatcheéj}iassId, len,
mmNumber, mEQ:)Sets, mms, mmTypes) {
ecigar = C‘\‘O empty string
if(classIA((?ﬁ}Class_P){ Class P
ecigeés=: strcat (inttostr (len), ‘=')
QO
%lv%‘if (classId == Class N) { Class N

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), ‘=')
ecigar = strcat(ecigar, ‘N’)

© ISO/IEC 2019 - All rights reserved

87


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

Table 93 (continued)

Decoding step Description
}
i++
}
delta = len - previousOffset
if (delta > 0) {
TCIgdl — StICaC(eCIigar, rfhnttostridetrtar, —— —
N
) QO
elsq if (classId == Class M) { Class M nf\l/’
greviousOffset = 0 (\QV
1 =0

Wwhile (i < mmNumber) {

delta = mmOffsets[i] - previousOffset A\\\
previousOffset = mmOffsets[i] + 1 O\U\
if (delta == 0){ ‘_&\"’
ecigar = strcat(ecigar, mms[i])) </ ©
} else { OQ\
ecigar = strcat(ecigar, inttostr(delta), ‘%}

ecigar = strcat(ecigar, mms[i])

i++

delta = len - previousOffset

xO

jJf (delta > 0) {

\\C\)b

ecigar = strcat (ecigar, i@str(delta), ‘="

.

k‘
} O

if (classId == Cla;,iy |l classId == Class_HM)) {

Classes I or HM

greviousOffset =

>~

1=0 O X
while (i < m@dﬁer) {
countdw‘
e — .
de@— mmOffsets[i] previousOffset

ré&e‘/iousOffset =

mmOffsets[i]

C
V£ (delta 0y

ecigar = strcat(ecigar, inttostr(delta), ‘=')

delta = 0

}

if (mmTypes[i] == 0) { substitution
ecigar = strcat(ecigar, mms[i]))
previousOffset = mmOffsets[i] + 1
i++

}

else if (mmTypes[i] == 1) ({ insertion
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Table 93 (continued)

Decoding step Description

while (1 < mmNumber
&& mmTypes[i] == 1
&& mmOffsets[i] - previousOffset

== 0) {
previousOffset = mmOffsets[i] + 1

count++, i++

}

ecigar = strcat(ecigar, inttostr (count))
ecigar = strcat(ecigar, ‘+')
}
else if (mmTypes[i] == 2) { deletion

while (i < mmNumber
&& mmTypes[i] == 2
&& mmOffsets[i] - previousOffset
== 0) {

previousOffset = mmOffsets[i]

count++, i++

}

ecigar = strcat(ecigar, inttostr(eount))

ecigar = strcat(ecigar, ‘-')

}

delta = len - previousOffseft

if (delta > 0) {

A p—

ecigar = strcat(ecigar, tostr(delta), =)

}

decodedEcigar =(egigar

10.6.2.2 Decoding process with spliced reads

<

Vhen the'spliced_reads_flag syntax element specified in subclause 7.3.2 is equal to 1, the e-cigar
trings’are decoded as follows.

(%)

Additional inputs to this process are:

For classld equal to Class_N, Class_M, Class_I, and Class_HM:
— thenumberOfSplicedSeg[]andsplicedSegLength[][]arrayscomputedasspecifiedinsubclause 10.4.8;

— thesplicedSegMismatchOffsets[][][], splicedSegMismatchNumber([][] and splicedSegMismatchldx]]
[] arrays computed as specified in subclause 10.4.4;

— the array splicedSegMappingPos[][] computed as specified in subclause 10.4.9;
— the array reverseComp[][][] computed as specified in subclause 10.4.2.

The decoding process is specified in Table 94.
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Table 94 — Decoding process for the e-cigar strings of a genomic record with spliced reads

Decoding step

Description

for(s = 0; s < numberOfAlignedRecordSegments; s++)

{

if (classId Class P){

Class P

mmOffsets = {} empty array
mms = {} empty array
mmTypes = {} empty array
decodeECigarMismatches (classId, readLengthls], as specified In CB
0, mmOffsets, mms, mmTypes) Table 93 '\
dcigar = decodedEcigar decodedEci 7
computed asspeci-
fied i e 93
4
) Q
2=\
elsq if (classId == Class N) { ,.CHgSN
nms = {} R )‘e)mpty array
N\
fqmTypes = {} 0\ empty array
decodeECigarMismatches (classId, readLength[s], \fF) as specified in
numMismatches[s], mismatchOffsets[s], mms, mmTypesL (§\ Table 93
dcigar = decodedEcigar 6( decodedEcigar
Q computed as
N specified in Table 93
} \\)
o
elsq if (classId == Class M) { ,&O Class M
nmTypes = {} ®$ empty array
decodeECigarMismatches (classId, readLeygth[s], as specified in
Table 93
numMismatches([s], mismatchOffset@s] ,
mismatches([s], mmTypes) \‘\0
dcigar = decodedEcigar ()\ decodedEcigar
‘. computed as
f'\® specified in Table 93
) Q”
elsd if (classId == C}égg;l || classId == Class_HM) { Classes I or HM
JeftSoftClips =%\
arraytos ftClips[s][O0] T[],
soft§Mpsizes[s][0])
IightSnggﬁips =
&Etostr (softClips[s][1]11[],
softClipSizes[s][11])

leftHardClips hardClips([s][0]

rightHardClips hardClips[s][1]

V74

ecigar =

empty string

for(i = 0; 1 < numberOfSplicedSegl[s]; i++) {

if(i > 0) |

spliceOffset splicedSegMappingPos[s] [1]
- splicedSegMappingPos|[s][1i - 1]

- splicedSeglength([s][i - 1]

ecigar = strcat(ecigar, inttostr(spliceOffset))
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Table 94 (continued)
Decoding step Description
if (reverseComp[i] [s][0] == 0) {
ecigar = strcat(ecigar, “/”) forward splice

} else if (reverseComp[i][s][0] == 1)

ecigar = strcat(ecigar, “%”) reverse splice
} else if (reverseCompl[i][s][0] == 2)
SCIgar — Strcactecigar, T unalreCIeg\solice
~)
} else { ,\\;\
/* reserved */
)
} a’
vV
) D
mmStartIdx = splicedSegMismatchIdx([s] [1] ({b
mmEndIdx = mmStartIdx + splicedSegMismatchNumber[s] [i],O v
decodeECigarMismatches (classId, $</ as specified in
. . O Table 93
bplicedSeglength[s] [i], \%
splicedSegMismatchNumber[s] [1], cs)\
splicedSegMismatchOffsets[s] [1], QQ
mismatches[s] [mmStartIdx, mmEndIdx], Q
mismatchTypes|[s] [mmStartIdx, mmEnck(I.@~ )
ecigar = strcat(ecigar, decodedEcig@)\ decodedEcighr
\\'Q computed as
D specified in Table 93
} W\
if (strlen(leftSoftClips) != QO{
ecigar = strcat( . c\}‘ soft clips are|present
V(v inttostr( t(l}\(l ftSoftClips)), 7)° before the leftmost
, 1 ostr s’ e o ips)), , mapped base
ecigar) (\\ N
\‘
) ~O
else if(leftHfa\r&e’lips 1= 0) {
ecigar :%%cat ( hard clips arg
N present before the

) %inttostr (leftHardClips), "1', leftmost mapped

x\%@gar) base
1Q°

bgﬁ'strlen(rightSoftClips) 1= 0) {

é\\ ecigar = strcat (ecigar, soft clips are|present
after the rig}* tmost

mapped base

(7, 1nttostr(strlen(rightsoftClips)), ")7)

}

else if (rightHardClips != 0) {
ecigar = strcat (ecigar, hard clips are
‘['Y, inttostr(rightHardClips), ’17) p_resent after the
rightmost mapped
base

}

ecigarString[s] = strtoc(ecigar)
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Table 94 (continued)

Decoding step

Description

ecigarLength[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

subclaug§e 10.2-1Z.

10.6.4 Reference transformation

When cr_alg_ID specified in subclause 11.3 is set to 1, for records belonging to class ClassCM, the inpu
arrays mismatchOffsets[][], mismatches[][], and numMismatches|[] specified in subclauses 10.4.4 an
10.4.5 shall be pre-processed according to the process described in Table 95 prior te,being decoded 4

specifiefl in subclause 10.6.2.

Additiornal input to the process is:

— the prray mappingPos[][] computed as specified in subclauses 10.4.1 and 10.4.9;
— the FeadLen[] array computed as specified in subclause 10.4.8;

— the prray refSequence equal to ref_sequence[i] specified inSubclause 7.3.2 where i is equal to ref_

seqpence_ID as specified in subclause 7.4.1;

— the prray refTransfOrigSymbols computed in subclause;11.3.2;

— the|variables numberOfRecordSegments and numberOfAlignedRecordSegments computed as

spegified in subclause 10.4.9.

The oufput of the process is the modified arrays mismatchOffsets[][], mismatches[][], and

numMismatches][].

Table 95 — Pre-processing process when cr_alg_ID is equal to 1

n o+

Processing step Description
for(s 4 0; s < numberOfRecordSegments; s++) {
mPoq = mappingPos[0]{s) - seq_start
newMismatchOffsefs[) = {} empty arrays
newMismatches [fN= {}

i=[0, 3 =&k =0

whille (i <. Size(refTransfPos)

&&

fefTransfPos[i] < mPos) i++

search for the transforma-
tions in the leftmost read
range

while (i < Size(refTransfPos)

&&

refTransfPos[i] < mPos + readLength[s]) {

refTransfPos[i] - mPos

if(J 2 numMismatches([s] ||

mismatchOffsets[s][J]) {

<

one ref transformation found
before the next mismatch
position

newMismatchOffsets[k]

refTransfPos[i1i] - mPos

newMismatches[k] = refSequencel[refTransfPos[i]]

read the base in the ref
sequence

92
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Processing step

Description

i++, k++

}

else if (refTransfPos[i] - mPos ==

mismatchOffsets[s][J]) {

one substitution in the read
found at the same place as
the reference transformation

if (mismatches[s][j] !'=

store it only if different from

efTransfOrigSymbols[i]) {

the original referenc¢

newMismatches[k] = mismatches([s][]]

k++

}

it+, J++

} else {

while (j < numMismatches[s] &&
refTransfPos[i] - mPos >

mismatchOffsets[s][J]) {

Copy all mismatches until
the next reference
transformation

newMismatchOffsets[k] =

mismatchOffsets[s] []]

newMismatches[k] = mismatches[s][]]

k++, J++

}

while (j < numMismatches([s]) {

copy the remaining
mismatches if any

newMismatchOffsets[k] = dndsmatchOffsets([s][]j]
newMismatches[k] = mismatches[s] []]
k++, j++
}
mismatchOffsets sy += newMismatchOffsets
numMismatches\s) = k
mismatches[s} = newMismatches

|

Th

1 Representation of reference sequences
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other sequences), but can in principle have any origin. With respect to a bitstream compliant with
ISO/IEC 23092-1, the following types of reference sequences are supported:

External reference: the reference sequence is coded as an independent resource either locally or

remotely and shall be retrieved to enable the decoding of the bitstream.

the sequencing reads coded in the bitstream.

Embedded reference: the reference sequence is coded within the bitstream as dataset.

Computed reference: the reference sequence can be computed using the information contained in

In the scope of this document, embedded and computed references are referred to as internal references.
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11.1 External reference

The reference used for compression is not included in the bitstream. A normative mechanism for unique
identification is specified in ISO/IEC 23092-1.

11.2 Embedded reference

The reference is stored in the bitstream as dataset as specified in ISO/IEC 23092-1.

11.3 C¢

A compuyted reference is used:
— to ehcode aligned sequencing reads without using the reference sequences used for alignment,
— to epcode raw (unmapped) reads.

In case ¢f aligned reads, it can be beneficial to support encoding and decoding without requiring accegs
to the rgference sequences used for alignment.

This apy

referende-based encoding. In this case, all reads shall be encoded using-class U descriptors, but thie
classifichtion in P, N, M, I and HM classes shall be preserved.

When spquencing reads are encoded using a computed reference, the rtype descriptor currently
specifiefl in subclause 10.4.10 shall be used as specified in Table 96 to:

1. sigral 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

curiy

11.3.1 [General

Table 9p specifies the supported reference computation algorithms. cr_alg_ID is specified i

subclaus

mputed reiference

roach uses the sequencing reads to be encoded to build a local consensus assembly to perform

ent record.

o=}

el1.3.

Table 96 — Supported reference computation algorithms

cr_alg_ID Name Description

reserved

RefTransform To improve compression efficiency, an available external reference
is modified before decoding sequence data. This algorithm applies
only to aligned data as described in subclause 11.3.2.

PushlIn The reference is created by simple concatenation of already
decoded reads, with padding. This is described in
subclause 11.3.3.

Local assembly The reference is created by performing a local assembly. This
algorithm applies only to aligned data as described in
subclause 11.3.4.

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 11.3.5.

11.3.2 Reference transformation

The input to this process is the ref_sequence[seqld] array specified in subclause 7.3.2, with seqld equal
to ref_sequence_ID as specified in subclause 7.4.1, and the arrays refTransfPos[],and refTransSubs]]
computed as specified in subclauses 10.4.17 and 10.4.18 respectively.

94
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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.

Table 97 — Reference transformation process

Transformation step Description
len = Size(refTransfPos[])
refTransfOrigSymbols[] = {} empty array
for (1 = 0; 1 < len; i++){
refTransfOrigSymbols[i] = save the symbol in the reference-before
ref sequence[seqld] [refTransfPos[i]] transformation
ref_sequence[seqId] [refTransfPos[i]] = substitution
refTransSubs[i]
When cr_alg_ID is equal to 1, the decoder shall first apply the reference’transformation desdribed in
Tlable 97 to the raw reference structure received as input and then uge,it for reference-based decoding
ds specified in subclause 10.2.
11.3.3 Pushin
11.3.3.1 General
The reference is created by pushing into a referenge buffer crBuf of size crBufSize, i.e. concatienating,
dlready decoded reads. In this subclause, reads-are specified as the sequences computed as dutput of
the process described in subclause 10.5.2. Thetkeference is built from crBufNumReads decoddd reads,
gach composed by a sequence of symbols frofm’one of the alphabets as specified in subclause 9.[L.

revious one. The computed refereneetobtained in this way is padded at its beginning and its e

o=

1.3.3.2 Process for the construction of the reference

—

he inputs to this process are:

- the buffer crBuf of size crBufSize specified in subclause 11.3.3.1 which contains crBufNum

— cr_buf_max_size as specified in subclause 7.3.2.3;

—+ cr_pad_siZze as specified in subclause 7.3.2.3;

- an alteady decoded non-aligned read.

The output of this process is the updated buffer crBuf and the updated variable crBufSize.

hd.

A decoded read is pushed in front of thé computed reference buffer only if it is different from the
)t

Reads;

This process is executed only when the last decoded read is different from the previous last decoded

read; it consists of the following steps:

1. If (crBufSize + 2* cr_pad_size + the size of the last decoded read) is greater than cr_b

uf max_

size, oldest reads are pushed out of the buffer crBuf and crBufSize decremented of the length in
nucleotides of each pushed out read until (crBufSize + 2* cr_pad_size + the size of the last decoded

read) is smaller than or equal to cr_buf_max_size.

2. Thelastread, decoded as described in Table 66 for cr_alg_ID equal to 2, is pushed to buffer
front of the previous last decoded read (after the rightmost cr_pad_size positions).
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3. cr_pad_size rightmost positions of crBuf are padded with the rightmost base of the newly
inserted read.

4, The

whole buffer, except the leftmost cr_pad_size positions, is pushed back until the leftmost base

of the oldest read is at cr_pad_size position.

5. cr_pad_size leftmost positions of crBuf are padded with the leftmost base of the oldest read

rem

aining in crBuf.

The leftmost position in the buffer shall have position 0; by consequence, the leftmost base of the oldest

read shd
11.3.4

11.3.4.1

The refe
equivalg
a unique
In this s
clause 1|

An array
and are
in the v
crBufSiz

11.3.4.2

The inpits to this process are:

— ana
— anad

The out
crBufSiz

This prd
1. If th

tham cr_buf_max_size)the oldest reads are removed from the array crBuf until crBufSize plus thie

size

2. The

11.3.4.3

IThave position cr_pad_siZe.
Local assembly

General

rence is created by computing a local sliding consensus reference sequence. This can be seen a
nt to performing a local assembly. A local assembly is created by collecting all bases mapping t
genomic position and by deriving the consensus base at that position thteugh a majority vot¢.
ubclause, reads are specified as the sequences computed as output gfithe process described ip
).5.1. This algorithm applies only to aligned data as described in stibgclause 11.3.4.2.

o w

r crBuf is built during the decoding process. A number of already’decoded reads may be needef
stored in the array crBuf. The number of decoded reads-stored in the array crBuf is storefd
iriable crBufNumReads. The current size in bytes of th&array crBuf is stored in the variable
e.

Process for adding a decoded aligned read te the list crBuf

rray crBuf which contains crBufNumReads of size in bytes equal to crBufSize,
Iready decoded aligned read.

but of this process is the updated array crBuf and the updated variables crBufNumReads an{d
e.

cess consists of the follewing steps:

e variable crBufSize plus the length in bases of the already decoded aligned read is greatdr

of the already'decoded aligned read is smaller than or equal to cr_buf max_size.

last decdded read is added to the array crBuf as newest read.

Process for the construction of the reference

The input to this process is an array crBuf containing at least one aligned read.

The output of this process is an array ref containing a sequence of consensus symbols.

For each position covered by aligned reads in the array crBuf, the consensus symbol is derived as

follows:

1. Collect all bases mapping to the current position.

2. Count the occurrences of each symbol.

3. If two symbols s; s; (with i < j indexes of one of the alphabets specified in subclause 9.1) have the
same maximum number of occurrences, then select s; as consensus symbol.

96

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=2ed462a63f32e7f110fdc4bf37e54dd1

ISO/IEC 23092-2:2019(E)

4. Otherwise, select the symbol with the maximum number of occurrences as consensus symbol.

5.

Append the consensus symbol to the array ref.

11.3.4.4 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. The decoder shall
apply a transformation to the reference sequence ref constructed according to the process described

1]

B
d

(o lien S |

1

osition represented by each rftp; descriptor with the symbols conveyed by each correspond
escriptor.

1.3.5 Global assembly

Vhen cr_alg_ID is equal to 4, the reference sequence is computed as follows foreach AU of type
) or of type 5 (class HM):

he result of the dedoding process described above is a reference sequence contained in tl
efBuf[] which shall’be used to decode the genomic records contained in the current AU corres
b values of rtyp€mot equal to 6.

2 Blockpayload parsing process

2:1"General

An array refBuf[] is set equal to the empty array.

Decode one rtype descriptor as specified in subclause 10.4.13.

If the value of the decoded rtype descriptor is equal to 6 then'go to step 4 else go to step 7.
Decode one rlen descriptor as specified in subclause 10.4.8.

Decode the ureads descriptors with decodeUreads(rlen) as specified in subclause 10.4.
rlen is the value from rlen descriptor decoded at previous step 4.

Concatenate the array refBuf[]with the output of step 4.

Go to step 2.

absolute
ing rftt;

6 (Class

/, where

Decode the next sequence as specified in subclause 10.4.13 according to the value of the rtype

descriptor decoded at step 2.

For each sequence decoded at the previous step whose reverse_compl[][] flag (as spe
subclause 10.4.2 ) is 1, replace the sequence with its reverse-complement sequence as spe
subclause 9.3, and set the reverse_comp[][] flag to 0. Go to step 2.

rified in
cified in

e array
ponding

This clause describes the parsing process of encoded_descriptor_sequences and encoded_tokentype
carried by a block payload as specified in subclause 7.4.1.2.2.

The input to this process is the block payload.

Outputs of this process are decoded symbols of all descriptor subsequences populated into the decoded_
symbols[][][] data structure, as specified in subclause 12.6.2.

A graphical representation of the parsing process is shown in Figure 7 and Figure 8.
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Figure 8 — Decoding process for descriptor subsequences

12.2 Inverse binarizations

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().

— symVal is the non-binary reconstructed value yielded by the inverse binarization process. In this
subclause, it is also referred as decodedCabacSubsym.
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— cmax is the largest possible binarized value. Larger values are truncated.

Annex C provides examples of inverse binarizations.

12.2.1 Binary (BI)
The input to this process is bits from the block payload.

The output of this process is the variable symVal.

The parameter cLength computed in subclause 12.3.6.2 indicates the length in bits of the-binarized
sfymVal. The decoding process is described in Table 98.

Table 98 — BI decoding process

EymVal = 0
For (i1i=0; i<cLength; i++) {

symVal = (symVal<<l) | decode bit()

12.2.2 Truncated Unary (TU)

The inputs to this process are bits from the block payload.

—

he output of this process is the variable symVal.

—

he parameter cmax indicates the maximum valug,of symVal. The decoding process is desdribed in
able 99.

=

Table 99 =—TU decoding process

EymVal=0;
thile (decode bit ()==1 && symVal\< cmax) {

symVal++

12.2.3 Exponential Golomb (EG)

12.2.3.1 General

The inputs.torthis process are bits from the block payload.

—

he output of this process is the variable symVal.

THe-decoding process is described in Table 100.

Table 100 — EG decoding process

leadingZeroBits= -1
for( b = 0; !b; leadingZeroBits++ )
b = decode bit ()
symVal = 0
for( i = 0; 1 < leadingZeroBits; i++ )

symvVal = (symVal << 1) + decode bit ()

symVal += pleadingZeroBits _ 7
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12.2.3.2 Signed Exponential Golomb (SEG) Binarization

The input to this process is the output of an Exponential Golomb Binarization as specified in
subclause 12.2.3.1.

The output of this process is the variable symVal.

The symVal value for an input value k is calculated as (-1)k* 1 Ceil( k + 2 ) An example is provided in
Table 101.

Table 101 — Example of decoding process for SEG binarization

Input symVal

BIWIN RO
|
[aa

12.2.4 [Truncated Exponential Golomb (TEG)

The inpuits to this process are bits from the block payload.

The output of this process is the variable symVal.

—_—

Truncatgd Exponential Golomb is a concatenation of a Trunéated Unary binarization (with cmax equa
to cmay_teg signaled in subclause 12.3.3.1) and an Exponential Golomb binarization. The parsing
process ffor these syntax elements is as follows:

1. Perform the Truncated Unary decoding process.with cmax equal to cmax_teg (see 12.2.2).
2. Ifthe output of step 1 is equal to cmax_teg
a. [Perform the Exponential Golomp-decoding process specified in subclause 12.2.3.

symVal s equal to the sum of step 1 and'step 2a.

12.2.5 Pigned Truncated Exponential Golomb (STEG)

2. Ifthe output of step 1 is equal to cmax_teg:

a. Perform the Exponential Golomb decoding process specified in subclause 12.2.3.
3. Ifthe output of step 1 is not equal to 0:
a. Decode a one-bit sign flag.

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.
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12.2.6 Split Unit-wise Truncated Unary (SUTU)

The inputs to this process are bits from the block payload and:
— split_unit_size specified in subclause 12.3.3.1;

— output_symbol_size specified in subclause 12.3.2.

where split_unit_size < output_symbol_size.

The r\nfpnf ofthis process isthe variahle cym\/a]

|

eil(output_symbol_size / split_unit_size).

The decoding process for SUTU binarization is described in Table 102.

Table 102 — SUTU decoding process

he SUTU binary string is a concatenation of n TU binarizations (subclause 12.2.2), 'wh

ere n =

EymVal=0

for (i=0; i<output symbol size; i+=split unit size) {

unitval = 0

cmax = (1 == 0 && (output symbol size % split unitysize) != 0) ?
(1<<(output symbol size % split unit size))-ik
(I<<split unit size)-1

while (decode bit()==1 && unitvVal < cmax)

unitVal++

symVal = (symVal<<split unit size) ,|punitval

12.2.7 Signed Split Unit-wise Truncated Unary (SSUTU)

—

he inputs to this process are bits from the block payload and:

- split_unit_size specifiéd)in subclause 12.3.3.1,

- output_symbol_size specified in subclause 12.3.2,

<

—

he output of\this process is the variable symVal.

—

doded‘asa separate flag. The decoding process for this binarization is as follows:

Fhere split_unit_Size < (output_symbol_size-1) and output_symbol_size has one bit reserved for

he SSUTW bin string is extension of the SUTU binarization (subclause 12.2.6) with sign of

the sign.

symVal

The SUTU binarization produces the absolute value of symVal (of size output_symbol_size

).

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

12.2.8 Double Truncated Unary (DTU)
The inputs to this process are bits from the block payload and:

— cmax_dtu, split_unit_size (specified in 12.3.3.1),

— output_symbol_size (specified in 12.3.2),
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where Log2(cmax_dtu) < split_unit_size and split_unit_size < output_symbol_size.
The output of this process is the variable symVal.

The DTU binary string is a concatenation of two binarizations, a TU binarization (subclause 12.2.2) and
a SUTU binarization (subclause 12.2.6). The parameter cmax_dtu is used for the TU binarization with
cmax equal to cmax_dtu, and the parameters split_unit_size and output_symbol_size are used for the
SUTU binarization (where cmax is computed internally).

Table 103 — DT decoding praocess

symVal |= decode cabac_ TU(cmax dtu)
if (symfal 2 cmax_dtu) {

sym({al += decode cabac SUTU(split unit size, output symbol size)

}

decode_rabac_TU() specifies the decoding process specified in subclause 12.2.2.

decode_fabac_SUTU() specifies the decoding process specified in subclause 12.2:6.

12.2.9 Bigned Double Truncated Unary (SDTU)
The inputs to this process are bits from the block payload and:

— cmdx_dtu and split_unit_size specified in subclause 12.3.3:1,

— output_symbol_size specified in subclause 12.3.2,

where Log2(cmax_dtu) < split_unit_size, split_unit_size < (output_symbol_size-1) and output_symbol_
size has|one bit reserved for the sign.

The output of this process is the variable symVat.

The SDTU bin string is an extension of the DTU binarization with sign of symVal coded as a flag. It i
obtained as follows:

[72)

1. The|DTU binarization producesithe 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 ouftput of step 2 is eqtral to 1 then symVal is set to -1 * symVal.

12.3 Decoder configuration

This supclause\provides syntax and semantics to convey information related to the decodqr
configufationyin-the parameter set specified in subclause 7.3.

12.3.1

The decoder configuration syntax is specified below.

Table 104 — Decoder configuration syntax

Syntax Type
decoder configuration (encodingModelID) {

if (encodingModeID == 0){ /* CABAC */

num_descriptor_subsequence_cfgs_minusl u(8)
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Table 104 (continued)

Syntax Type

for( i = 0;

i £ num descriptor subsequence cfgs minusl;

i++) {

descriptor_subsequence_ ID u(10)
transformSubsegCounter = 1
transform subseq parameters () As specifiedin 12.3.4
for (j = 0; Jj < transformSubsegCounter ; J++) {

transform ID subsym u(3)

support values () As,spécified iIIl 12.3.2

cabac_binarization () As specified irll 12.3.3

}

} else if (encodingModeID = 1) {

/* reserved for future use */

}

(%)

—

o=

=05 0 o

um_descriptor_subsequence_cfgs_minus1 plus 1 specifies the number of subsequences the
escriptor for which configurations are being signaled in this syntax. The number of dg
ubsequences for each genomic descriptor are specified in Table 24.

escriptor_subsequence_ID identifies the descriptor subsequence to which the current
onfiguration is applied. Its value is comprised*between 0 and the number of descriptor subse

bsequence_ID shall be used more thah’once.

ansform_subseq_parameters() sighals the parsing of parameters for transformed subsequern

specified in subclause 12.3.4.

transform_ID_subsym specifies the subsymbol transform to be applied. Allowed values are s

subclause 12.3.4.

support_values() specifies a set of configuration parameters used to parse the tran
sjubsequence. It is-specified in subclause 12.3.2.

cenomic
scriptor

decoder
quences

hinus 1 as specified in Table 24. Within the 'same descriptor_configuration(), no value of deskcriptor_

ces. Itis

pecified

sformed

bac_binarization() specifies information about the binarization used for the CABAC decoding of the

ansformed’subsequence. It is specified in subclause 12.3.3.

2.3:2/Support values

Table 105 — Support values data structure

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)
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Table 105 (continued)

Syntax Type
share_subsym prv_flag u(1)

}

output_symbol_size signals the size in bits of each transformed symbol of the transformed
subsequence to be output by the decoding process. For unsigned binarizations, the minium value of

coding_lorder signals the number of previously decoded symbols intérnally maintained as state
variablefs and is used to decode the next subsymbol. The maximum allowed value is 2.

[om

share_subsym_lut_flag if set to 1 only one look-up-table is signaled(subclause 12.6.2.4) to be share
among #ll transformed subsymbols to perform inverse LUT SubSymbol transformation (subclaus
12.6.2.7). Otherwise, for each transformed subsymbol, their own look-up-table is signaled and used fq
inverse LUT subsymbol transformation. The default value is

= O

share_subsym_prv_flag: if set to 0, a separate copy-of the the previously decoded subsymbols
(prvValges in subclause 12.6.2.1) is maintained to decode transformed subsymbol for each subsymbagl
slot. Otherwise, a single copy of previously decoded subsymbols is circularly shared to decode
transformed subsymbols at all subsymbol slots.(Bhe default value is 1.

12.3.3 [CABAC binarizations

Table 106:~— CABAC binarization data structure

Syntax Type
cabac binarizafion () {
binarization ID u(5)
bypass_\flag u(1)
cab¥C binarization parameters (binarization ID) 12.3.3.1
+=f (!bypass_flag) {
cabac_context parameters () 12.3.3.2
1
}

binarization_ID indicates the binarization method to be used for CABAC decoding. The list of
binarizations is shown in Table 107. The signed binarizations identified by binarization_ID = {3, 5, 7, 9}
are only allowed when coding_subsym_size is equal to output_symbol_size.

bypass_flag if equal to 1, all bins of the binarization are decoded using the CABAC bypass mode.
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Table 107 — Values of binarization_ID and associated binarizations

binarization_ID

Type of binarization

0

Binary Coding as specified in subclause 12.2.1

Truncated Unary as specified in subclause 12.2.2

Exponential Golomb as specified in subclause 12.2.3

1
2
3

Signed Exponential Gomb as specified in sub-
clause 12.2.3.2

Tttt o e p o et o oo S-S p e et tr oo

clause 12.2.4

Signed Truncated Exponential Golomb as specified in
subclause 12.2.5

Split Unit-wise Truncated Unary as specified in sub-
clause 12.2.6

Signed Split Unit-wise Truncated Unary as spegified in
subclause 12.2.7

Double Truncated Unary as specified in stibelause in
12.2.8

Signed Double Truncated Unary as\specified in sub-
clausein 12.2.9

10..31

Reserved for future use.

—

12.3.3.1 CABAC binarizations parameters

Table 108 — CABAC binarization parameters

Syntax Type
cabac binarization parameters (binarization ID) {
if ( binarization ID"== 1 ) {
cmax u(8)
} else if (Bimarization ID== |
binarizatiofi ID==5) {
cmax -teg u(8)
} €lse if (binarization ID==8 ||
binmarization ID==9) ({
cmax_dtu u(8)
}
if (binarization ID==6 || binarization ID==7 ||
binarization ID==8 || binarization ID==9) ({
split_unit_size u(4)
}
}

The cabac_binarization_parameters data structure contains the binarization parameterq for the
Fansformed subsequence. binarization_ID is specified in subclause 12.3.3.

cmax is specified in subclause 12.2.2. The maximum allowed value is 255 and shall always be less than

(1<< coding_subsym_size). It shall be greater than zero.

cmax_teg is specified in subclauses 12.2.4 and 12.2.5. The maximum allowed value is 255 and shall
always be less than (1<< coding_subsym_size) and greater than 0.
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cmax_dtu is specified in clauses 12.2.8 and 12.2.9. The maximum allowed value is 255 and shall always
be smaller than (1<<split_unit_size) and greater than 0.

split_unit_size is specified in subclause 12.2.6. The maximum allowed value is 8 and shall always be
greater than 0 and smaller than output_symbol_size specified in subclause 12.3.2.

The binarizations SUTU (subclause 12.2.6), SSUTU (subclause 12.2.7), DTU (subclause 12.2.8) and SDTU
(subclause 12.2.8) shall only be used when coding_order is equal to 0 and output_symbol_size is equal
to coding_subsym_size, while the internal subsymbol size is signaled by the parameter split_unit_size.

12.3.3.2 CABAC context parameters

The cabjac_context_parameters data structure signals the parameters used for the initialization and
adaptation of the ctxTable[] (specified in 12.4) for the transformed subsequence.

Table 109 — Syntax of the cabac_context_parameters data structuse

Syntax Type
cabac context parameters () {
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)

}

o1

adaptive_mode_flag if set to 1 signals that the'arithmetic decoding engine specified in subclause 12|
uses corntext adaptation, otherwise contexts adaptation is disabled.

(i

num_contexts signals the size of the table ctxTable[ ] (initialized as defined in 12.4) containing the lis
of contekt variables needed for the decoding of the LUTs and the transformed subsequence.

When nfim_contexts is signaled as 0:
— the process defined in 42.3.6.6 shall be used to calculate the state variable numCtxTotal;

— the |process defirfed in 12.4 initializes the contexts in ctxTable[ ] with initState equal to 6f
(eqyiprobability)

Otherwise

— the ptatewariable numCtxTotal is set to the signaled value of num_contexts;

— the process defined in 12.4 initializes the contexts in ctxTable[ | with the values signaled 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_symbol_size is specified in subclause 12.3.2.

share_subsym_ctx_flagifsetto 1, all transformed subsymbols are decoded on the same set of contexts.
Otherwise, separate set of contexts are initialized and used to decode each transformed subsymbol.
The default value is 0.
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12.3.4 Transformation parameters

Table 110 — Data structure for transformation parameters

Syntax Type
transform subseq parameters () {
transform_ID_ subseq u(8)
if (transform ID subseq == equality coding) {

LIAIISTOTIMOoUDSESULOUITLE LD - — L

} else if(transform ID subseq == match coding) {

match _coding buffer size u(16)

transformSubsegCounter += 2

} else if(transform ID subseq == rle coding) {

rle coding_guard u(8)

transformSubsegCounter += 1

} else if (transform ID subseqg == merge coding)

merge coding_ subseq_count u(4)

transformSubseqgCounter = merge coding subséghcount

for (i=0; i<merge coding subseqg count; i4+)

merge coding shift size[i] u(5)

}

transform_ID_subseq signals the applied subseguience transformation according to Table 111

Table 111 — Values of transform_ID_subseq and transform_ID_subsym

Sub-Sequence transformations

transform_ID_subseq name Remarks

0 no_transform no transform is applied

1 equality_ coding As specified in 12.6.2.9.1

2 match_coding As specified in 12.6.2.9.2

3 rle_coding As specified in 12.6.2.9.3

4 merge_coding As specified in 12.6.2.9.4

54 255 Reserved for future use
Subsymbol transformations

transform_ID_subsym name Remarks

0 no_transform no transformation is applied

1 lut_transform It can only be used when cod-

ing_order > U.

diff_coding

3.7 Reserved for future use

transform_ID_subsym specified in subclause 12.3.1 signals the applied subsymbol transformation
according to Table 111. The value transform_ID_subsym equal to 1 is not allowed whenever either of
the following is true: coding_order is equal to 0, coding_subsym_size is greater than 8, or binarization_
ID is equal to one of the values {3, 5, 6, 7, 8, 9}.

transformSubseqCounter is a state variable defined in subclause 12.3.1.
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match_coding_buffer_size signals the size of the internal fifo buffer used in match coding
transformation (subclause 12.6.2.9.2).

rle_coding_guard is the guard value used in run-length coding transform (subclause 12.6.2.9.3).

merge_coding_subseq_count signals the number of transform subsequences to be merged by the
merge subsequence transformation (subclause 12.6.2.9.4). The minimum allowed value is 2.

merge_coding_shift_size[i] signals the number of bits to be shifted in the transformed symbols of
each transformed subsequence while applying the merge subsequence transformation (subclause

12.6.2.9M7.
The merjge subsequence transformation shall adhere to the following restrictions:
— For pach transformed subsequence, coding_subsym_size shall be equal to output symbol. size.
— All fransformed subsequences shall have exactly the same number of transformed&ymbols, which
shall also be equal to the number of symbols encoded in the descriptor subsequence.
— The|sum of the sizes of transformed symbols (output_symbol_size) for all trarsformed subsequences
shall not be greater than 32.
12.3.5 Msar descriptor and read identifiers
The decpder configuration syntax for the msar descriptor and read-identifiers (decoded as specified ip
subclauge 10.4.19) is specified in Table 112.
Table 112 — Decoder configuration syntax for msar and read identifiers
Syntax Type
decodey configuration tokentype (encodingModelD) {
if ({encodingModeID == 0) {
* configuration for RLE specified In subclause 10.4.19.3.3 */
#le_guard_tokentype u(8)
* configuration for CABAC METHOD 0 specified in subclause 10.4.19.3.4 */
decoder configuration tokentype cabac(0)
* configuration for CABAC METHOD 1 specified in subclause 10.4.19.3.5 */
decoder configuratilon tokentype cabac(1l)
} ellse if (encodingMode€ID 2= 1) {
* reserved for) future use */
}
}
rle_guard_tokentype represents the guard value used in the decoding process of RLE method (listed
in Table[78 and specified in subclause 10.4.19.3.3) for the decoding of tokentype descriptor sequences.

Table 113 — Decoder configuration syntax for CABAC decoding of tokentype descriptors

Syntax Type
decoder configuration tokentype cabac() {
transformSubsegCounter = 1
transform subseq parameters () As specified in 12.3.4
for (j = 0; j < transformSubsegCounter; j++) {
transform ID subsym u(3)
support values () As specified in 12.3.2
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Table 113 (continued)

Syntax Type
cabac_binarization() As specified in 12.3.3

}

transform_subseq_parameters() signals the parameters for transformed subsequences. It is
specified in subclause 12.3.4.

transform_ID_subsym signals the subsymbol transformion to be applied. Allowed value$ are as
specified in 12.3.4.

pport_values() signals a set of configuration parameters used to parse the transformed subs¢quence.
It is specified in subclause 12.3.2.

bac_binarization() signals information about the binarization used for the CABAC decoding of the
transformed subsequence. It is specified in subclause 12.3.3.

2.3.6 State variables

his subclause specifies how to calculate state variables used duking the decoding process.

2.3.6.1 Number of alphabet symbols

he number of alphabet symbols for each subsymbol shall be calculated as numAlphaSubsym = 1 <<
ding_subsym_size. However, for some descriptor ‘subsequences, this calculation produces larger
Iphabets than needed. Table 114 lists these specidl cases and the value of numAlphaSubsym when
riumAlphaSubsym is not calculated as numAlphaSubsym = 1 << coding_subsym_size.

Table 114 — Special cases for numAlphaSubsym values

descriptor_ID subsequence_ID numAlphaSubsym
3

Size(Saiphabet 1)
Size(Saiphabet 1)

9

Size[Salphabet_ID) +1
Size(Saiphabet 1)

6

Size (Salphabet ID)

CIOC|IOIN|FRPIN|IFR|O

The nuwmber of subsymbols shall be calculated as numSubsyms = output_symbol_size /|coding_
sjubsym_size.

12.3.6.2 Number of contexts per subsymbol

When bypass mode is not used (as signaled in subclause 12.3.3), the cabac decoding of the transformed
subsymbol uses a number of contexts (as specified in subclause 12.5.2). Table 115 lists the number of
contexts needed to decode each transformed subsymbol with all binarizations.

Table 115 — Calculation of numCtxSubsym

binarization_ID numCtxSubsym
0 coding subsym size
1 cmax
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Table 115 (continued)

binarization_ID numCtxSubsym

2 Floor (Log2 (numAlphaSubsym + 1)) + 1

3 Floor (Log2 (numAlphaSubsym + 1)) + 2

4 cmax_teg + Floor (Log2 (numAlphaSubsym + 1)) + 1

5 cmax_teg + Floor (Log2 (numAlphaSubsym + 1)) + 2

6 (output symbol size / split unit size) * ((1<< split unit size) - 1) +
((I1<<(output symbol size % split unit size)) — 1)

7 (output symbol size / split unit size) * ((1<< split unit size) - 1)k
((1<<(output symbol size % split unit size)) - 1) + 1
cmax dtu +

8 (output symbol size / split unit size) * ((1<< split unit sigey”- 1) +
((1<<(output symbol size % split unit size)) - 1)
cmax dtu +

9 (output symbol size / split unit size) * ((1<< split @nit size) - 1) +
((1<<(output symbol size % split unit size)) - 1) 4

coding _[subsym_size is specified in subclause 12.3.2.

output_symbol_size is specified in subclause 12.3.2.

cLength
cmax is

cmax_tq

binarizations, and signaled in 12.3.3.1.

split_un
DTU (su

cmax_(iu is specified as a parameter to ¢he DTU (subclause 12.2.8) and SDTU (subclause 12.2.§)

binariz

12.3.6.3

The dec
same bif

The pro
coding d

decoded.

Table 11
is calcul

is specified as a parameter to Bl binarization (subclause 12:2.1) and it is set to numCtxSubsyn.
specified as a parameter to TU (subclause 12.2.2) and:signaled in 12.3.3.1.

pg is specified as a parameter to the TEG (subclause 12.2.4) and STEG (subclause 12.2.4)

it_size is specified as a parameter to the SUTU (subclause 12.2.6), SSUTU (subclause 12.2.7),
bclause 12.2.8) and SDTU (subclause 12.2.8) binarizations, and signaled in 12.3.3.1.

ions, and signaled in 12.3.3.1.

Coding order context offset

pding process of a subymbol can depend on a number of previously decoded subsymbols (at thie
positions) by signaling coding_order > 0 as specified in subclause 12.3.2.

Cess of contextséléction (subclause 12.6.2.5) requires the context offsets corresponding to thie
rder to corréctly calculate the starting ctxldx in the ctxTable[ ], where each subsymbol is to b

—

6 specifies how the list codingOrderCtxOffset[ ] containing these offsets for each coding ordd
hted.

110

Table 116 — Calculation of codingOrderCtxOffset| ]

coding_order State variable Value
codingOrderCtxOffset[0] 0
codingOrderCtxOffset[1] numCtxSubsym

codingOrderCtxOffset[2]

numCtxSubsym *
numAlphaSubsym
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12.3.6.4 Coding size context offset

The state variable codingSizeCtxOffset specifies the number of contexts needed to decode each
transformed subsymbol.

This state variable is used in the contexts selection process (subclause 12.6.2.5) to correctly calculate
the starting ctxIdx in the ctxTable[ | where each transformed subsymbol is to be decoded. It is computed

as specified in Table 116.

Table 117 — Calculation of l‘ndingQiﬂnf‘fvﬂffcpf

| £ (share subsym ctx flag)
codingSizeCtxOffset = 0

blse if (coding order == 0)
codingSizeCtxOffset = numCtxSubsym

bl se
codingSizeCtxOffset = codingOrderCtxOffset[coding order] * nmAlphaSubsym

12.3.6.5 Number of contexts for LUTs

The state variable numCtxLuts specifies the number of contexts hieeded to decode the LUTs using the the
decoding process for LUTs (specified in subclause 12.6.2.4);where each LUT symbol shall be decoded
ysing the SUTU binarization (binarization_ID equal to 6) with parameters split_unit_size edual to 2
and output_symbol_size = coding_subsym_size. The value of numCtxLuts is computed as specified in

Table 118.

Table 118 — Calculation of numCtxLuts

humCtxLuts = 0
| £ (transform ID subsym == 1)

/* Compute according to ‘fable 115 for SUTU binarization */
numCtxLuts = (coding subsym size / 2) * ((1<< 2) - 1) +

o)

((1s<(coding subsym size % 2)) - 1)

12.3.6.6 Total number of contexts

—

he state variable numCtxTotal specifies the total number of contexts needed to decode a transformed
ubsequencerwhich includes all the contexts needed for decoding of LUTs (subclause 13.2.5.2.4) and
ymbols+{subclause 13.2.5.2.1) and shall be calculated as specified in Table 119.

v _Wn

Table 119 — Calculation of numCtxTotal

if (num_contexts != 0) {
numCtxTotal = num contexts
} else {
numCtxTotal = numCtxLuts
numCtxTotal += ((share subsym ctx flag) ? 1 : numSubsyms) *

((coding order > 0) ? codingOrderCtxOffset[coding order] *

numAlphaSubsym : numCtxSubsymbol)
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num_contexts is signaled in 12.3.3.2 along with the list of specific context_initialization_values[].

12.4 Initialization process for context variables

ctxTable[ ] is the data structure containing all context variables needed to decode a transformed
subsequence. 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 valMps represents the value of the most probable symbol as further described in
subclause 12.5.2.

The inplllts to this process are:

— ctxTable[] specified in subclause 12.6.2.3;

— the ftxIdx and initState variables specified in12.6.2.3.

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-bjt
initStat¢ as described in Table 120.

Table 120 — Calculation of ctxTable

Syntax
contexfl initialize state(ctxTable[ ], ctxIdx, initState)/f
ctxTable[ctxIdx].valMps = ( initState < 63 ) 2?2 0 :
ctxTable[ctxIdx] .pStateldx = ctxTable[ctxIdx].valMps ? ( initState - 64 ) : ( 63 -
initStdte)
}
where

Q)
ot

ctxTablg¢[ctxIdx].valMps represents the varjable valMps associated to the element in ctxTable
index ctixldx

Q)
t

ctxTablg[ctxIdx].pStateldx represents the variable pStateldx associated to the element in ctxTable
index ctkldx

12.5 Arithmetic decoding-engine

12.5.1 [nitialization

Outputs|of this proegss are the initialized decoding engine registers ivlCurrRange and ivlOffset both ip
16 bit register precision.

The stafuscof the arithmetic decoding engine is represented by the variables ivlCurrRange anfd
ivlOffset. dnythe initialization procedure of the arithmetic decoding process, ivlCurrRange is set equa
to 510 anmd iviOffsetissetequal to the vatue Teturmned from read_bits{ 5 ) imterpreted as a 9 bitbimar
representation of an unsigned integer with the most significant bit written first.

—_—

The bitstream shall not contain data that result in a value of ivlOffset being equal to 510 or 511.

The description of the arithmetic decoding engine in this document utilizes 16 bit register precision.
However, a minimum register precision of 9 bits is required for storing the values of the variables
ivlCurrRange and ivlOffset after invocation of the arithmetic decoding process (DecodeBin) as
specified in subclause 12.5.2. The arithmetic decoding process for a binary decision (DecodeDecision)
as specified in subclause 12.5.2.2 and the decoding process for a binary decision before termination
(DecodeTerminate) as specified in subclause 12.5.2.5 require a minimum register precision of 9 bits
for the variables ivlCurrRange and ivlOffset. The bypass decoding process for binary decisions
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(DecodeBypass) as specified in subclause 12.5.2.4 requires a minimum register precision of 10 bits for
the variable ivlOffset and a minimum register precision of 9 bits for the variable iviCurrRange.

12.5.2 Arithmetic decoding process

12.5.2.1 General

The inputs to this process are ctxTable, ctxldx, and bypass_flag, as specified in subclause 12.6.2.6, and
the state variables ivlCurrRange and ivlOffset of the arithmetic decoding engine.

—

he output of this process is the value of the bin.

igure 9 illustrates the whole arithmetic decoding process for a single bin. For decoding the|value of
bin, the context index table ctxTable and the ctxldx are passed to the arithmetic decoding|process
ecodeBin( ctxTable, ctxIdx ), which is specified as follows:

=

+ IfbypassFlagis equal to 1, DecodeBypass( ) as specified in subclause 12.512:4 is invoked.

-+ Otherwise,ifbypassFlagisequalto0,ctxTableisequalto0,and ctxldxisequalto0,DecodeTerminate()
as specified in subclause 12.5.2.5 is invoked.

-+ Otherwise (bypassFlag is equal to 0 and ctxTable is not equal t0-0), DecodeDecision( ) as gpecified
in subclause 12.5.2.2 is invoked.

( DecodeBin(ctxTable, ctxIdx, bypass_flag) )

Yes
bypass_flag ==1?
A\ 4
No DecodeBypass
ctxTable==0 Yes
&& ctixldx ==0?
v
DecodeTerminate
No

DecodeDecision(ctxTable, ctxIdx, bypass_flag)

Figure 9 — Overview of the arithmetic decoding process for a single bin
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NOTE Arithmetic coding is based on the principle of recursive interval subdivision. Given a probability
estimation p( 0 ) and p(1) =1 - p( 0) of a binary decision ( 0, 1 ), an initially given code sub-interval with
the range ivlCurrRange will be subdivided into two sub-intervals having range p( 0 ) * ivlCurrRange and
ivlCurrRange - p( 0 ) * ivlCurrRange, respectively. Depending on the decision which has been observed, the
corresponding sub-interval will be chosen as the new code interval, and a binary code string pointing into that
interval will represent the sequence of observed binary decisions. It is useful to distinguish between the most
probable symbol (MPS) and the least probable symbol (LPS), so that binary decisions have to be identified as
either MPS or LPS, rather than 0 or 1. Given this terminology, each context is specified by the probability p; ps of
the LPS and the value of MPS (valMps), which is either 0 or 1. The arithmetic core engine in this document has
three distinct properties:

— The|probability estimation is performed by means of a finite-state machine with a table-based transitio|
prodess between 64 different representative probability states { p; ps( pStateldx ) | 0 < pStateldx < 64 } fdr
the ILPS probability p; ps. The numbering of the states is arranged in such a way that the probability state wi
index pStateldx = 0 corresponds to an LPS probability value of 0.5, with decreasing LPS probability, towards
highler state indices.

— Thefrange ivlCurrRange representing the state of the coding engine is quantized to a snfall-set {Qy,....Q,} ¢f
pre-get quantization values prior to the calculation of the new interval range. Storing a table containing afl
64x4 pre-computed product values of Q; * p; ps( pStateldx ) allows a multiplication-free approximation of thie
product iviCurrRange * p; ps( pStateldx ).

— For gyntax elements or parts thereof for which an approximately uniform probability distribution is assumed
to b¢ 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 inpuits to this process are the variables ctxTable, ctxldx, ivlCurrRange, and ivlOffset.

[om

The outputs of this process are the decoded value.binVal, and the updated variables ivlCurrRange an
ivlOffset.

Figure 1|0 shows the flowchart for decoding alsingle decision (DecodeDecision):
1. The|value of the variable iviLpsRange is derived as follows:
— |Given the current value of ivlCurrRange, the variable qRangeldx is derived as follows:
gRangeldx =( ivlCurrRange >> 6 ) & 3
— |Given gRangeld%and pStateldx associated with ctxTable and ctxIdx, the value of the variable
rangeTabLps-as specified in Table 122 is assigned to ivILpsRange:
ivlLpsRange = rangeTabLps| pStateldx ][ qRangeldx ]

2. The|variable ivlCurrRange is set equal to ivlCurrRange - ivlLpsRange and the following applies:

— IfivlOffsetis greater than or equal to ivlCurrRange, the variable binVal is set equal to-1 — valMps,
ivlOffset is decremented by ivlCurrRange, and ivlCurrRange is set equal to ivlLpsRange.

— Otherwise, the variable binVal is set equal to valMps.

Given the value of binVal, the state transition is performed as specified in subclause 12.5.2.2.2.
Depending on the current value of ivlCurrRange, renormalization is performed as specified in
subclause 12.5.2.3.
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(DecodeDecision(cthable, cthde

v

gRangeldx = (ivlCurrRange >> 6) & 3
ivlLpsRange = rangeTabLps[pStateldx][qRangeldx]
ivlCurrRange = iviCurrRange - iviILpsRange

Yes ivIOffset > No

v WICUITRAnge? v
binVal = IvalMps . -~
ivlOffset = ivlOffset — iviCurrRange l)jnVal = valMps
ivICurrRange = ivILpsRange pStateldx = transIdxMps[pStatdldx]

Yes

pStateldx == 0?

!

valMps = 1 — valMps

A 4

pStateldx = transIdxLps[pStateldx]

RenormD

v

Figure 10 — Flowchart for decoding a decision

12.5.2.2.2 State transition process

he inputs to this process are the current pStateldx, the decoded value binVal and valMps values of the
ontext variable-aSsociated with ctxTable and ctxIdx.

Q=]

The outputs-ef this process are the updated pStateldx and valMps of the context variable associated
with ctxIdx)

epending on the decoded value binVal, the update of the two variables pStateldx and valMps asfociated
Uith) ctxIdx is derived as specified in Table 121.

—

<
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Table 121 — Update of the two variables pStateldx and valMps

If (adaptive mode flag) {
if( binval = = vallMps )
pStateldx = transIdxMps ( pStateldx )
else {
if( pStateldx = = 0 )
valMps = 1 - valMps
gStateldx = transIdxLps( pStateldx ) th
) D
) %
Table 142 specifies the transition rules transldxMps( ) and transldxLps( ) after deco &e value qf
valMps gnd 1 - valMps, respectively. q/
Table 122 — Specification of rangeTabLps depending on the values of prS&garldx and gRangeldx
pStateldx qRangeldx pStateldx O)\JqRangeIdx
0 1 2 3 0 - 1 2 3
0 128 176 208 240 32 1| 33 39 45
1 128 167 197 227 33 49\&6 31 37 43
2 128 158 187 216 34 N 24 30 35 41
3 123 150 178 205 35, 23 28 33 39
4 116 142 169 195 ‘\\9‘6 22 27 32 37
5 111 135 160 185 | C$\ 37 21 26 30 35
6 105 128 152 175 \[ 38 20 24 29 33
7 100 122 144 \;16&) 39 19 23 27 31
8 95 116 137|158 40 18 22 26 30
9 90 110 130 {7 150 41 17 21 25 28
10 85 104 1@\ ’ 142 42 16 20 23 27
11 81 9 |-la7 135 43 15 19 22 25
12 77 94 111 128 44 14 18 21 24
13 73 865 | 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
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
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(@)

—-

ompared to 256 and then the following applies:

—  Otherwise (ivlCurrRange is less than 256), the renormalization loop is entered. Within t
the value of igl€urrRange is doubled, i.e., left-shifted by 1 and a single bit is shifted into ivl
using readbits( 1).

The bitstream shall not contain data that result in a value of ivlOffset being greater than or
/ICurrRange upon completion of this process.

gRangeldx gRangeldx
pStateldx pStateldx
0 1 2 3 0 1 2 3

29 32 39 46 53 61 6 7 9 10

30 30 37 43 50 62 6 7 8 9

31 29 35 41 48 63 2 2 2 2

Table123—State-transition-table

pStateldx 0 2 4 5 6 7 8 9 10 |11 (12 |13~ [14{ |15
transldxLps |0 1 2 2 4 4 5 6 7 8 9 9 11/ |11 12
fransldxMps |1 3 5 6 7 8 9 10 (11 12 13714 |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 |20),7|22 |22 |23| |24
tfransldxMps |17 (18 (19 |20 |21 |22 |23 |24 |25 |26 (27,N28 |29 (30 |31| (32
pStateldx 32 |33 |34 |35 |36 (37 |38 |39 (40 (41 |42~"|43 |44 |45 |44 |47
fransldxLps (24 |25 |26 |26 (27 |27 |28 |29 |29 |30C+430 |30 (31 (32 |32 (33
fransldxMps (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 Renormalization process in the arithmetic decoding engine
The inputs to this process are bits from block@ayload data and the variables iviICurrRange and ivl1Offset.
The outputs of this process are the updated variables ivlCurrRange and ivlOffset.
A flowchart of the renormalization.is shown in Figure 11. The current value of ivlCurrRange is first

— If ivlCurrRange is greater than or equal to 256, no renormalization is needed and the RenormD
process is finished;

his loop,
Dffset by

equal to
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ivlCurrRange < 2567
No

ivlCurrRange = ivlCurrRange << 1
ivlOffset = ivlOffset << 1
vlOffset = ivlOffset | read bits(1)

Figure 11 — Flowchart of renormalization

12.5.2.4 Bypass decoding process for binary decisions

The inpuyts to this process are bits from block payload dataand the variables ivlCurrRange and ivlOffsef.

The outputs of this process are the updated variableivlOffset and the decoded value binVal.

=)

The byppss decoding process is invoked when bypassFlag is equal to 1. Figure 12 shows a flowchart
the corrpsponding process.

First, the value of ivlOffset is doubled, i(e.;left-shifted by 1 and a single bit is shifted into ivlOffset EE
using repd_bits( 1 ). Then, the value of ivlOffset is compared to the value of ivlCurrRange and then t
followinjg applies:

(s

— Ifiv]Offsetis greater than orequal to ivlCurrRange, the variable binVal is set equal to 1 and iv1Offse
is d¢cremented by iviCurrRange.

— Othgrwise (ivlOffsetis less than ivlCurrRange), the variable binVal is set equal to 0.

The bitgtream shall;iiot contain data that result in a value of ivlOffset being greater than or equal t
ivlCurrRange upon'completion of this process.

[=]
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