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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that
are 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
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Introduction

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

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

of cenaome sequencing information by:
T [=] %4

ecifying an abstract representation of the sequencing data rather than a specific\for
irect implementation.

eing designed at a time point when technologies and use cases are more mature. Thig

ddressing of one limitation of the textual SAM format, for which incremental ad-ho
features followed along the years, resulting in an overall redundantand suboptimal fi
the same time results not general and unnecessarily complicated.

= =z

ormative genomic data representation. This allows a fully-interoperable and autom
f information between different data producers.

o

llowing multiplexing of relevant metadata informatjon with the data since data and 1
artitioned at different conceptual levels.

0 years in the domain of digital media for, the transport format, the file format, the

A
¢
Hollowing a strict and supervised development process which has proven successft
3
representation and the application progranrinterfaces.

The ISO/IEC 23092 series provides the enabling technology that will allow the community

ecosy
it offé

stem of novel, interoperable, solutions in the field of genomic information processing.
rs:

(Jonsistent, general and prepetly designed format definitions and data structures to stor
and alignment information. A robust framework which can be used as a foundation {
different compression algorithms.

eed and flexibility in the selective access to coded data, by means of newly-dg
ustering andvoptimized storage methodologies.

ow lateney: in data transmission and consequent fast availability at remote locatio
transmission protocols inspired by real-time application domains.

mat with its

permits the
c addition of
brmat which

ormatively separating free-field user-defined information ‘with no clear semanﬁjtcs from the

ic exchange

netadata are

1l in the last
compressed

to create an
In particular

e sequencing
0 implement

signed data

ns, based on

uilt-in privacy and protection of sensitive information, thanks to a flexible framsg

work which

altowstustomizabte secured-access atattayersof the data ierarchy:

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.
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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

retrieval.

For these r
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structure fo
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n access unit is composed of one block for each descriptor used to represent the inform
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asSons, this document introduces the rnnr‘npf of access nnit', which is the fundam

nit is the smallest data structure that can be decoded by a decoder complidnt-witl

c records; therefore, a block payload is the coded representation of all the data of the

p clusters of genomic records compressed into access units, reads aré€ further classif
ses: five classes are defined according to the result of their alighment against one or
Huences; the sixth class contains either reads that could not-bge mapped or raw seque
ssification of sequencing reads into classes enables the development of powerful selg
In fact access units inherit a specific data characterization (e.g. perfect matches in
ns in class M, indels in class [, half-mapped reads in ¢lass HM) from the genomic re

ent support of many different use cases.

h this
ation
same

ed in
more
ncing
ctive
class
cords

hem, and thus constitute a data structure capable ofproviding powerful filtering capapility

are the fundamental, finest grain data structure in terms of content protection and

y and
n the

in terms of metadata association. In other words eachyaccess unit can be protected individuall
independent]ly. Figure 1 shows how access units, bloecks and genomic records relate to each other
ISO/IEC 230P2 series data structure.
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viii

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

aset is a coded data structure containing headers and.gne or more access units. Typ
for example contain the complete sequencing of ar,individual, or a portion of it. Of]
contain for example a reference genome or a subSet of its chromosomes. Datasets ar
et groups, as shown in Figure 2.

ding to the ISO/IEC 23092 series, the compressed sequencing data can be multip
ative bitstream suitable for packetizationfor real-time transport over typical netwo
rage use cases coded data can be encapsulated into a file format with the possibility
s per descriptor stream or per access unit, to further optimize the selective access
e type of data access required byithe different application scenarios. The ISO/IEC
er provides a reference process’to convert a normative transport stream into a n
it and vice versa.

document defines the.syntax and semantics of the compressed genome sequ
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Information technology — Genomic information
representation —

Part 2:
Coding of genomic information

1 Scope

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

(et

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

— reference sequences.

2 ormative references

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

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

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

3 erms and definitions

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

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

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

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

3.1
alignment

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

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

© ISO/IEC 2019 - All rights reserved 1
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3.2

CIGAR string

CIGAR

textual way of representing an alignment (3.1)

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

3.3

dataset
compression unit containing one or more of: reference sequences; sequencing reads (3.28); and alignment
(3.1) information

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

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

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

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

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

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

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

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

3.9

first end
end 1
read 1
first segment-efapaire

D,
b
b,
o+
]

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

3.10

genomic descriptor

descriptor

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

2 © ISO/IEC 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
identifier (3.24) and quality values (3.22)

3.13
genopmic record index
positjon of a genomic record in the sequence of genomic records (3.12) encoded in anjdccess unit

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

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

3.15
genomic reference

referg¢nce

colle¢tion of reference sequences

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

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

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

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

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

3.18

contiguous addition of one or more bases into a genomic sequence

3.19

leftmost read end

leftmost read

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

© ISO/IEC 2019 - All rights reserved 3
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3.20
nucleotide
base

base pair
monomer of

092-2:2019(E)

anucleic acid polymer such as DNA or RNA

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

3.21
paired-end
paired-end
tuple (3.34)

Note 1 to entr]

3.22

quality valy
quality scorg
number assi

Note 1 to ent
nucleotide in

3.23
read group
set of reads |

3.24

read identif
read header
read name
text string a

read
emplate
made of two segments

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

e

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

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

having some property in common

ier

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

and SAM (3.4

Note 1 to enti
as encoded by

3.25

rightmostr
rightmost re
sequencing 1
reference se

6)

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

ead end

ad

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

ecule.

for a

(3.8)

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

n the

3.26
SAM

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

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

analysis infor

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

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

3.30
soft ¢lip

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

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

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

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

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

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

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

3.34
tuple
collection of one or more segments

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

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

3.36
descriptor subsequence
ordered collection of decoded symbols (3.37)
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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)

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

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

3.40
decoded subsymbol
output of anfinverse subsymbol transformation applied on a transformed subsymbol (3.41)

Note 1 to entry: See subclause 12.6.2.7. If no inverse subsymbol transformation is'applied, the decoded subsymbol
shall be equal to the transformed subsymbol.

3.41
transformefd subsymbol
decoded cabpc subsymbol
atomic valugq yielded by the cabac decoding process

4 Abbreviations

AU accgss unit
CRPS colputed reference parametersiset
GIR genjomic information representation

LUT look up table

QVPS  quality values parameters set

5 Conventions

5.1 Geneyal

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

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

5.2 Arithmetic operators

The following arithmetic operators are defined:
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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 truncation of the result toward zero. For example, 7 / 4 and -7 / -4 are

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

5.3
The f

X &&

y

Logical operators

bllowing logical operators are defined:

Relational operators

bllowing relationalloperators are defined as follows:

Used to denote division in mathematical equations where no truncation or r,oumn
intended.

Used to denote division in mathematical equations where no truncation.or roun

intended.

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

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

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

If x is TRUE or not equalito 0, evaluates to the value of y; otherwise, evaluates to tl

Greater:than

Greater than or equal to

ding is

ding is

=

b Y-

D and y > 0.

he value of z.

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 copn-
tafins 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-birfary digijts.
This function is defined only for non-negative integer values ofy. Bits shiftedinto the MSBs
aq a result of the right shift have a value equal to the MSB of x prior to,the shift operation.

X <<y Arithmetic left shift of a two's complement integer representatior 0fX by y binary digit$
This function is defined only for non-negative integer values of y\Bits shifted into the L§Bs
ad a result of the left shift have a value equal to 0.

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

5.6 Assighment operators

The followinjg assignment operators are defined as follows:

= Agsignment operator

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

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

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

-= Dé¢crement bysamount specified, i.e., x —= 3 is equivalent to x =x - 3,and x -= (-3) is
edquivalentto X = x - (-3).

5.7 Range notation

The following 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:

8 © ISO/IEC 2019 - All rights reserved


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

ISO/IEC 23092-2:2019(E)

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<=

Min(x,y) ={ 7 )
y o5 x>y

x5 x>=y
A')'J—I
y X<y

Max( (5)
5.9 [Order of operation precedence

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

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

Tableg 1 specifies the precedence of operations from highest to lowest; a higher position| in the table
indicptes a higher precedence.

NOTH For those operators that are also used in the G{proegramming language, the order of prgcedence used
in thi$ document is the same as used in the C programminglanguage.

Tapble 1 — Operation precedence from highest (at top of table) to lowest (at botton} of table)

operations‘(with operands x, y, and z)

x++", "%

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

XY

non non X non

”X*y","X/y, X+y, ; ’ X%yn

Y
"x+y","x - y" (as a two-argument operator), " Zf(i) "

i=x

"X<<y, X>>y"

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

X == y", X I= y
IlX & y"

IIX | yll

"y && yn

"y | | yu
"x?y:z"

”X__y"

llx=y’ X+=y, X_=yn
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5.10 Variables, syntax elements and tables

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

In some cases, the syntax tables may use the values of other variables derived from syntax elements
values. Such variables appear in the syntax tables, or text, named by a mixture of lower case and upper
case letter and without any underscore characters (camel case notatlon) Varlables startlng with an

structures.
syntax stru
starting wit

In some caseg
with their n
values. The

one or more
case letter a

NOTE Th

Functions t}
functions. T
pointer with
bitstream. S
names and

definition) o

Functions th
are describe
upper case I
Zero or mor

one variable).

A one-dimef
Arrays can ¢
indexing of

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

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

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

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

at specify properties of the current position in the Bitstream are referred to as s
hese functions are specified in subclause 6.3 and<assume the existence of a bitst
an indication of the position of the next bit todye-read by the decoding process froi
yntax functions are described by their names; which are constructed as syntax ele

[ values (for usage), separated by commas{if more than one variable).

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

)sional array is referred to as a list. A two-dimensional array is referred to as a m
ither be syntax elements or variables. Subscripts or square parentheses are used fq
hirrays. In reference to a visual depiction of a matrix, the first subscript is used as

lex and the secend subscript is used as a column (horizontal) index. The indexing

vhen using,sSquare parentheses rather than subscripts for indexing. Thus, an elemen
orizontal\position x and vertical position y may be denoted either as s[ x
n of aumatrix may be referred to as a list and denoted by omission of the row index.
f aymatrix s at horizontal position x may be referred to as the list s[ x ].

bnd with left and right round parentheseslincluding zero or more variable namef

l[y]orasg

ables

eably
brical
from

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

yntax
ream
m the
ment
(for

e 5.2)
r and
iding
than

atrix.
r the
i FOW
prder
t of a

LA
Thus,

A specificati

on of values oI the entries 1 rows and columns ol an array may be denoted Dy { ...y

{3 b

where each inner pair of brackets specifies the values of the elements within a row in increasing column
order and the rows are ordered in increasing row order. Thus, setting a 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 v

5.11

alue different from zero.

Text description of logical operators

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

if( condition 0 )
statement 0

else i
St

else
stat

may |

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

— 1
—

—
Each

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

Othel
can b

In the

if( co
St
else i
st

else
st

L Lt 4.
 CULIUILIUIT 1]

atement 1

* informative remark on remaining condition */
bment n

pe described in the following manner:

F condition 0, statement 0

therwise, if condition 1, statement 1

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

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

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

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

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

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

htement n

ollows / ... the following applies:

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

lowing form:

— condition Oa

— condition Ob

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

— condition 1a

— condition 1b

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

if( condition

0)

statement 0

if( condition

1)

statement 1

may be described in the following manner:

When condition 0, statement 0

When cg

5.12 Proce

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

When invok

Iftheva
are expl

Otherwi

ndition 1 ctatamant 1
RHeHHoh— —StatteRent +

SSesS

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

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

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

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

assign

In the speci

a value equal to the address of the specific codingblock.

6 Syntax

6.1 Method of specifying syntax in tabular form

The syntax t
the syntax n

Table 2 lists
that a synta
position bey

ent is implied.

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

and semantics

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

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

ation
b and
ocess
ation
ble or
ables

ame),

aving

ts on

cifies
next

Table 2 — Fyamplpq of the syntax cpprifiraﬁnn format

Syntax

Type

examples */

/* A statement can be a syntax element with an associated data type or can be an expression used
to specify conditions for the existence, type and quantity of syntax elements, as in the following two

syntax_element

ue(v)

conditioning

statement

/*A group of

tionally as a single statement. */

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

{

Statement

12
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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 */

while( condition )

statement

37}

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

do

o

sthtement

whilg( condition )

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

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

if( copdition )

primary statement

else

alfernative statement

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

for( ipitial statement; condition;subsequent statement )

pifimary statement

6.2 |Bitordering

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

6.3 |Specification of syntax functions and data types

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

byte_aligned( ) is specified as follows:

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

— ae(t): context-adaptive arithmetic entropy-coded termination syntax. The parsing process for this
data type is specified in subclause 12.5.2.5.

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

— i(n): siged integer using n bits. When n is "v" in the syntax table, the number of bits varief in a
manner [dependent on the value of other syntax elements. The parsing processCfor this datd type
is specified by the return value of the function read_bits( n ) interpreted asya-two's complgment
integer fepresentation with most significant bit written first.

— se(v): signed integer 0-th order Exp-Golomb-coded syntax element withthe left bit first. The pqrsing
process ffor this data type is specified in subclause 12.2.3.

— st(v): nulll-terminated string encoded as universal coded characterset (UCS) transmission forjnat-8
(UTF-8)|characters which shall be as specified in ISO/IEC 10646. The parsing process is spefified
as follows: st(v) reads and returns a series of bytes fromrthe bitstream, beginning at the current
position|and continuing up to but not including the next’byte that is equal to 0x00, and advances
the bitsfream pointer by ( stringLength + 1 ) * 8 bit positions, where stringLength is equal o the
number|of bytes returned.

— u(n): ungigned integer using n bits. When n is 'v>in the syntax table, the number of bits varids in a
manner|dependent on the value of other syntax elements. The parsing process for this data type is
specifiefl by the return value of the functionread_bits( n ) interpreted as a binary representatjon of
an unsigned integer with most significant bit written first.

— ue(v): upsigned integer 0-th order(Exp-Golomb-coded syntax element with the left bit firsg. The
parsing process for this data typejis specified in subclause 12.2.3.

— u7(v): vpriable sized unsigned integer computed by iteratively reading 8 bits, where the|least
significgnt 7 bits are intekpreted as a binary representation of an unsigned integer v, with the{most
significgnt bit written first, and the 8th bit signaling if the iteration should stop. The parsing prpcess
for this ¢lata type is,specified below:

v=0

do {

c =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 7.4 specifies the structure of an access unit. An access unit consists of an access unit header,
followed by one or more blocks. Table 19 in subclause 7.4.1.1 specifies the syntax for an access unit header.

Each |block consists of a block header, as specified in subclause 7.4.1.2.1, followed by a blodk payload as

specified in subclause 7.4.1.2.2.

7.1 |Data unit

Table 3 — Data unit syntax

Syntax

Type

data unit () {

data_unit_type

u(8)

if (data unit type == 0) {

data_unit_size

u(64)

raw_reference ()

raw reference

}

else if

(data unitAYpe == 1)

{

reserved

u(10)

data_unit_size

u(22)

paramet€n set ()

parameter set

}

else~if'(data unit type == 2){
reserved u(3)
data_unit_size u(29)
access_unit () access unit

}

else /*(data_unit type

> 2)*/{

/*skip data unit*/

}

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 7.2
1 parameter set 7.3
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 unit of type parameter set.

7.2 Raw iHeference

This subclayse specifies the data structure used to represent a raw reference. This structure shpll be
used to:

— deliver feference sequences to the decoder,
— return decoded reference sequences or part thereof from the decoder.

If a raw refefence is required to decode access units, this raw reference shall’be made available {o the
decoder pridr to any other data unit.

7.2.1 Synfax and semantics

Table 5 — raw reference syntax

Syntax Type
raw_reference () {
seq_count u(16)
for (i=0; i<seq count; i++){
sequence_ID u(16)
seq_start[sequencel ID] u(40)
seq_end[sequencer1D] u(40)
ref sequencefsequence ID] c(seq_end - seq_start + 1)

}

seq_count i the numberof reference sequences in the raw reference.

sequence_ID is reference sequence identifier. Each sequence_ID is unique and shall correspond tjo one
sequence_nrlme specified in subclause 6.4.1.2.1 of ISO/IEC 23092-1.

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

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

ref_sequence[sequence_ID][i] is the ith base in the reference sequence identified by sequence_ID.
7.3 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 ()

}

parameter_set_ID is the unique identifier of the parameter set.

pare

wher
pare

enco

7.3.2| Encoding parameters

The 9

Table 7 — Encoding parameters syntax

ing_parameters() are the encoding parameters as specified in subclause7.3.2 of this

ncoding parameters are configuration parameters used during the decoding process

ht_parameter_set_ID is the unique identifier of an existing parameter set. Referencinlg an existing
paragneter set from another parameter set enables the generation of a hierarchy of, pa
e the values of the encoding parameters of each element override the corresponding
It node. If equal to parameter_set_ID, the parameter set is at the top level in the hieraj

rameter sets
values of the
chy.

document.

Syntax Type
encofling parameters() {

dhtaset_ type u(4)
allphabet ID u(g)
rpad_length u(24)

number of template_segments_minusl u(2)

rFserved u(6)
mLx_au_data_unit_size u(29)

pps_40 _bits_flag u(1)

qlv_depth u(3)

ak_depth u(3)

num classes u(4.)

fpr(3=0; j~8hum_classes; Jj++) This for loop spegifies the

order of data cla

ses for the

entire syntax strjucture
eclass ID[]] u(4)
forNdi=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 Confi
specified in subc

applied to all classes

guration, as
lause 7.3.2.1,

} else {

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

descriptor configuration (i)

Descriptor Confi

specified in 7.3.2.1, applied
to the class identified by

class_ID[j]

guration, as

© 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)
spliced reads_flag u(1)
multiple_signature base u(31)
if (multiple signature base > 0)
U_signature_size u(6)
for (c § 0; ¢ < num classes; c++) {
qv_c¢ding mode u(4)
if (gy_coding mode == 1) {
qyps_£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)
}
crps_flag u(1)
if (crps|flag)
parafeter set crps() see subclause 7.3.2.3
while ( |byte aligned( ) )
nesting zero bit f(1)
}
dataset_typle specifies the type 0f data encoded in the dataset. The possible values are: 0 = non-aljgned
content; 1 = hligned content; 2 5 reference.
alphabet_ID identifies the.alphabet of symbols used for data encoded in access units referring to fthese
encoding pafameters.
Table 34 shows thezalphabets associated to each value of alphabet_ID.
read_length specifies the length in bases of sequencing reads. The value 0 indicates the presence of

variable read Iengths. Variable read Iengths are signaled genomic recordas specified in subclause 10.4.8.

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,
it shall always be class_ID][ci] > class_ID]ci - 1].

NUM[DESCRIPTORS is a constant counting the number of genomic descriptors specjfied in this
docunent and it is set to 18.

class| specific_dec_cfg_flag signals the presence of class-specific decoder configuration for a given
descJID. If set to 0, only one decoder configuration is signaled for all classes. Otherwise, s¢parate class
specific decoder configurations are signaled.

descrjiptor_configuration(i) signals the descriptor’s decoder configuration as specified jn subclause
7.3.2]1.

num)groups specifies the number of read groups present in all"access units referring tq the current
Paramneters Set. If num_groups is set to 0, the rgroup des¢riptor shall not be present in the AUs
referring to this parameter set.

rgroyp_ID is the null-terminated string identifier of asead group. The maximum allowed| length is 64
chargcters not including the terminating character.

multjple_alignments_flag is a flag signaling thé\presence of multiple alignments in the| access unit.
When set to 0, no multiple alignments are presént.

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

multjple_signature_base is the default number of cluster signatures.

U_signature_size is the size inbits of each integer representing an encoded signature. Ealch signature
can ble represented by one or'more integers in the Master Index Table. Its value shall be gre¢ater than 0.

qv_coding_mode shaltbe set to 1, all other values are reserved.
qvpsl flag signals the presence of a parameter_set_qvps(class_ID[c]) element.

qvps| preset/ID- signals the ID of the quality values parameter set preset as fppecified in
subclpuse 10:4°15.

parameter_set_qvps(class_ID][c]) is the quality values parameter set as specified in subclause 10.4.15.
If notpresent, the parent quality vatues parameter set identified by . ~set_ID shall

be used.

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){
encoding mode_ID u(8)
if(desc ID != 11 && desc ID != 15)
d¢coder configuration (encoding mode ID) As specified inh2.3
else|if (desc ID == 11 || desc ID == 15){
decoder|configuration tokentype (encoding mode ID) Asspeciﬁedinth3.5
}
}
else{
/* resetved for future use */
}
}

dec_cfg_preset shall be set to 0 to signal the presence of a decoder configuration.
encoding_mode_ID, when set to 0, signals the use of CABAG.compression. Other values are reseryed.

decoder_conffiguration(encoding_mode_ID) signals the decoder configuration parameters as spefified
in subclause|12.3.

decoder_conffiguration_tokentype(encoding_modé&>ID) signals the decoder configuration paramnjeters
as specified |n 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
parameter g$et gvps(class_id) f{
qv_num_¢odebooks _total u(4
for (b ¥ 0; b £ gV num codebooks total; b++) {
qv_num codebook entries([b] u(8
for [e’s70; 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) {

/* For classes I and HM, the last codebook is reserved for unaligned data */

q NumCodelbook A'Iw'f:}rnarq = —Rum codelkbook total — 1

} elpe if( class id != Class U ) { /* Classes P, N, M*/
gpfNumCodebooksAligned = gv_num codebooks total
} elpe { /* Class U */

gNumCodebooksAligned = 0

7.3.2{2.1 Quality values parameter set presets

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

7.3.212.1.1 Support of all printable ASCII characters

This et of parameters supports the representation of all printable ASCII characters. It is jdentified by
qvps]|preset_ID equal to 0.

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

Parameter naime Value
qv_num_codebooks_total 1
gqv_num_codebook:entries 94

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

qv_recon|[0][i] =4+33

7.3.212.1.2 (Quantized quality values, offset 33, range 0-41

This pet.of parameters supports the representation of quantized quality values in the range 0..41 with
an offset.€équal to 33. It is identified by qvps_preset_ID equal to 1.

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

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

7.3.2.2.1.3

This set of p
an offset equ

Table 14 sho
indexes.

Tabl¢

Table 14 — Parameters for quantized quality values, offset64, range 0-40

qv_recon
33
41
46
51
56

61
66

NP b |W N[O -

74

Quantized quality values, offset 64, range 0-40

hrameters supports the representation of quantized quality values in therange 0..40
al to 64. Itis identified by qvps_preset_ID equal to 2.

Parameter name Value
qv_num_codebooks_total 1
qv_num_codebook_entries 8

ws how the reconstructed quality values qv_re€en[0][] are derived from the quality

e 15 — Values of qv_recon for each valtie of i when qvps_preset_ID is equal to 2

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

N | U WD | WA [ [ O -

7.3.23 C

putéd Reference parameter set

with

value

This subclause specifies the data structure used to carry parameters related to the reference
computation 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)
}

© ISO/IEC 2019 - All rights reserved


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

Table 16 (continued)

ISO/IEC 23092-2:2019(E)

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_pa3

cr_bu
in sul

7.4

An ad
Itist

7.4.1
This

acces

cr_alg_ID algorithm
0 reserved
1 RefTransform
2 PushIn
3 Local Assembly
4 Global Assembly

pclause 11.3.

Access unit

he smallest data structure that can be decoded.

Syntax and semantics

subclause specifies the access unit syfitax and semantics.

Table 18 — Access unit syntax

d_size is the number of bases used for padding in the process specified in subclause |

f max_size is the maximum size in bytes of the buffer used in‘the decoding process

cess unit (AU) is alogical data structure containing.a coded representation of genomic

Syntax

Type

access_unit (V. {

access\unit header ()

access unit header

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

block[i] ()

Block

}

s.uhit_header() is specified in subclause 7.4.1.1.

11.3.3.

as specified

information.

num_blocks specifies the number of blocks encoded in the access unit and it is encoded in the access_
unit_header as specified in subclause 7.4.1.1.

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

acce

ss_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 (AU type == N_TYPE AU || AU type == M TYPE AU ) {
mm_threshold u(le6)
mm_cunt u(32) ,\Q
} oD
if (dataget type == 2){ (T/’V
ref_ sequence_ID u(16) O(\l;
ref_gtart_position u(posS,i\zB})v
ref_end position u(pPSS‘i;fe)
} >
AN\
if (AU fype != U TYPE AU) )
— _ - Vad
( 7
sequénce_ID , O\ u(16)
AU_start position <S< u(posSize)
v
AU_end_position \\Y u(posSize)
if (fultiple alignments flag) { Q » specified in subclause 7Z.3.2
extended AU start position \(\Q) u(posSize)
extended AU end position Q\'\ u(posSize)
>
} ~
xO
lse { N
- X
if (nultiple_signature_bapw 0) { specified in subclause 7Z.3.2
U__cluster_signature‘[\O’}‘v u(U_signature_size)
if = (1 <<

N\
(U_cluster_si@ure [o1 !

U_signagure size) -1 {

for (izés&multiple_signature_base;
[+)

luster signature[i]

u(U_signature_size)

<

3

}

else {

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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Syntax

Type

}

access_unit_ID is an unambiguous identifier for each AU_type, zero-based. If AU_type
to U_TYPE_AU, it is encoded with respect to each reference sequence (identified by a spe
sequence_ID), i.e,, it is reset for the first access unit aligned on a specific reference sequenc

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 a

is not equal
cific value of
e.

ccess unit to

which this access unit header belongs. Decoding of an access unit is unspecified if at leastor]

in the hierarchy of parameter sets referred to by the field parameter_set_ID of the'acc
by the fields parent_parameter_set_ID of the parameter sets in the same hierarchy, as
subclpuse 7.3.1, is not available.

AU_type identifies the type of access unit and the class of data carried-therein as
subclpuse 7.4.2.

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

mm_threshold specifies the maximum number of substitutions a read (of class N or M) sh{

be counted by mm_count. If set to 0, the feature of counting substitutions in encoded read

mm_rount specifies the number of reads encoded in the agcess unit containing a number of s

e parameter
ess unit and
specified in

specified in

1l contain to
5 is disabled.

ubstitutions

11 be setto 0

Init.

oded in this

roded in this

F as specified

ments of all

ments of all

l alignments

extended_AU_end_position specifies the position of the rightmost mapped base among all alignments

of all genomic records contained in the access unit, irrespective of the strand.

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

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

posSize and U_signature_size are specified in subclause 7.3.2.

© ISO/IEC 2019 - All rights reserved
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74.1.2 Bl

ock

This subclause specifies the Block syntax and semantics.

block_head

block_payld

7.4.1.2.1

This subclau

Table 20 — Block syntax

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

¥

Block header

se describes the block header syntax and semantics.

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

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

Table 21 — Block header syntax

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

reserved refers to bits used to preserve byte alignment.

descriptor_
blocks in thd

block_payld

7.4.1.2.2

This subclay

access unit.

Block payload

coded descriptors:

ad_size specifies the'size in bytes of the block payload.

Table 22 — Block payload syntax

D signals the descriptor type as specified in Table 24. Its value shall be unique amo

se specifi€s the syntax and semantics of the block payload structure containing ent]

ng all

ropy-

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.

nesti

ng_zero_bit is one bit set to 0.

7.4.2
AUs d

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

The
corre
Desci

AUs
and/

8 1

When dataset_type specified in subclause 7.3.2 is equal to 0 or 1, the only mandatory de

those

optiopal.

Desci

Access unit types

an be of different types according to the nature of the coded data. An access unit cont

Table 23 — Class of encoded data per access unittype

If any class can be possiblyyassociated with blocks of descriptors representing the

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 Glass M

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

blocks of descriptors encoded in gne access unit as specified in subclause 7.4.1
sponding to sequencing reads belonging to one class of data as specified in sy
iptors carried by each access ufiit type are listed in Table 24.

r quality values of the éncoded sequencing reads.
Descriptors
required.to represent the sequences of nucleotides, whereas read names and qualif

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

hins encoded

2 are those
bclause 9.4.

read names

scriptors are
y values are

Descriptors required for the representation of sequencing reads, quality values, read names and
transformed reference sequences are shown in Table 24. Descriptors are specified in subclause 10.4
and its subclauses.

Table 24 — Genomic descriptors

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

© ISO/IEC 2019 - All rights reserved
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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
Q paiv Q 10490
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 C ; v
14 qv variable, as specified |10.435
in subclause 10.4.15
read names ) \‘Ov
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)

subsequende_ID Semantics Type
0 Mapping position of the firstalignment signed integer
1 Mapping position of additional alignments |signed integer

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

subsequende_ID Semantics Type

0 Read is PCR/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 Read mapped in proper pair unsigned integer with value either 0 or 1

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

subsequence_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)

-2:2019(E)

subsequence_ID

Semantics Type

0

Record identifier unsigned integer

1

Type/Position flag unsigned integer as specified in
subclause 10.4.6.

allowed.

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

Hard clips length unsigned integer

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

subsequence_ID

Semantics

Type

Sequence identifying: unsigned

— 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 1049 when the
value is equal to 5.

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

integer

same_rec decoding case as specified in40\4.9. Sequence of values signed in
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 -32767-and 32767.

teger

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

the position of read.¥’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.

integer

R2_split decoding case as specified in 10.4.9. unsigned
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.

integer

For class U

the genomic record index of the genomic record containing read 2 in
the current AU.

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.

R1_diff_ref seq decoding case as specified in 10.4.9. unsigned integer

© ISO/IEC 2019 - All rights reserved
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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 identifier of the AU containing the read 2.

6 R1 _Aiff vaof cong dacadinagcacaaccnacifind in 1040 Canuinnen o fual lunciagnad intagar
b T S S et ot 5t S e S S p et e e T o o e et e e- OV arTu S g e e e 5T

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 integei
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-dé€scriptor)

subsequende_ID Semantics Type

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

genomic records

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

4 values representing a secondaryalignment 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.

Table 32 — Subsequences fordescriptor_ID = 11 and 15 (msar and rname descriptors)

subsequende_ID Semantics Type

0 output of decode_descriptor_subsequence() for unsigned integer
CABACMETHOD_0 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 value present flag boolean flag
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_ID Size(S phabet 1)
0 So=I[A,C,G,T,N] -
L $1=[A,CGTR,Y,SWKMB,DHYVN,-] 16
2..255 reserved
Eachplphabet 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
corrgsponding to a symbol of the alphabet identified by alphabet_ID,as specified in Table 35:
Table 35 — Conversions from numerical indexes to ASEII characters corresponding to
alphabet symbols
Saiphabet iplindex] S,[indéx} S, [index]
Saiphabet 10[0] Sol0] =AY $,[0] = “A”
Salphabet_p[1] So[="C" S,[1] =“C”
Salphabet_p[2] Spt2] =“G” $,[2]=“G”
Salphabet_lD[3] Sol3]1="T" $,[3] = “T”
Salphabet_ip[4] Sol4] =“N” S,[4] = “R”
Salphabet_1[°] N/A S,[5]=“Y”
Salphabet i5[6] N/A s,[6] =“S”
Saifhabet 1[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 Paire

In case read
data struct
using the p
isreferred t

The two rea
sequencing (
read 2. An ey}

r
%Lr descriptor as specified in subclause 10.49. The information linking one read to its

Table 36 (continued)

Splindex] So[Complement(index)] S;[index] Sl[Complement(lndex)]
Solll="C" [s,[2]="G" s="c"_ [s,[21="G
Sl2]="G"  |Se[1]="C" Si[2]="G"  |§4[1] =
Sol3]="T" Sol0] = “A” S3]1="T" S,[0] =“A”
Sol41="N"__[s,[4]="N" S[4]="R"__[s,[5]="Y
N/A S4[5] =“Y” S,[4] =“R
N/A S,[6]=“S” S.[6]="S
N/A SI7l=“W” [S.[7]="W"
N/A S4[8] = “K” S4[9] = “M”
N/A S,[91="M"__[s,[8] ="K
N/A S4[10] =“B”  |S4[13] =
N/A S4[11]1=“D” |S4[12] =“H
N/A S4[12] =“H” |S4[11] =“D”
N/A S4[13]=“V” |S4[10] =“B”
N/A Sq[14] =“N" |S;[14] = "N/
N/A S4[15] =" S4[15]E=%+"

1-end reads

e named genomic record where the mapping pesition of one of the reads is repres

as “pairing information” in this document:

levice determines which read in thépair is marked as read 1, whereas the other one w
rample is shown in Figure 4.

ds are not sequenced from the same strand, but can be aligned to the same strand.

5 are generated in pairs by sequencing devices, eaeh pair can be encoded as a single lpgical

bnted
mate

The
rill be

READ 1
>

5 | 3

H—I—I—I—I—I—I—I—I—I—H—H4—|JIIIIIIIIIIIIIFH—H44—H4—LLLH4—H44—H—
3 |

<€
zavay
Figure 4|— Read' 1 sequenced from the forward strand and read 2 from the reverse strand

Positions of

fSTatchies with Tespect to the Used reference Sequence shalt be encoded as offset

from

the leftmost mapped base of the leftmost read. The rightmost read is considered to be contiguous to
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-complement
ReverseComplementRead[] is specified as follows:

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

9.4

Data classes

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

If a template contains more than one read, if hoth reads are mapped, the genomic record b

elongs to the

class
the cl

The d

of the read with the highest class_ID. In case of multiple aligments, the genomic recoy
ass of the first alignment in the record.

ata classes and their descriptions are specified in Table 37.

Table 37 — Sequence data classes

d belongs to

clags_ID Class Identifier Genomic record content

i Class_P Only reads perfectly matching to the refetence sequence.

Y Class_N Reads perfectly matching to the refekence sequence or containing mismatch-
es which are unknown bases only:

B Class_M Reads perfectly matching to théreference sequence or containing substitu-
tions or unknown bases, butfio insertions, no deletions, no splic¢s and no
clipped bases.

& Class_I Reads perfectly matching to the reference sequence or containing substitu-
tions, unknown basés}insertions, deletions, splices or clipped bases.

b Class_HM Paired-end readswith only one mapped read.

b Class_U Unmapped réads only.

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

class

9.5

In th
an ex

This
subcl
descr

Once
claus

s, this is specified by the constant NUM_CLASSES = 6.

Aligned data

iptor_IDpresent in the block header as specified in subclause 7.4.1.2.1.

b 13 Tahle 38 lists the dncr‘ripfnrc used for a]ignpd reads with a brief dpcrr‘ipfinn and

the corresponding clause.

Table 38 — Descriptors used to represent aligned sequencing reads

ecified data

e context of this docuiment, aligned genomic data are genomic segments which requifre the use of
ternal or internal reference genome (as specified in subclause 10.6.2.2) to be decoded.

subclause _specifies the types of descriptors contained in the blocks payload [specified in
ause 7.4.152-2. Each block contains binary coded descriptors of a single type ident

ified by the

decoded, each descriptor shall be used to initialize one or more output record fields a$ specified in

reference to

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

Ththeabsolute posItion O a TEfeTeNTe SEqUENTE 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.contiguity 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

Unaligned reads belong to class U only. They are encoded as unmapped reads in aligned datasets.

Some of the

descriptors specified for reads aligned, to~an external or internal reference as specified in

subclause 9.5 are used to encode unaligned reads..This is motivated by the fact that unaligned reads are
encoded usipg reference sequences built from-the data to be encoded. The reference used for mapping
is computed|according to the procedures described in subclause 11.3.

Table 39 — Descriptors used to represent raw sequencing reads

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
— substitutions
— 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

-2:2019(E)

This
bitsti

The i
1)
2)

d
d

The
nume

proce
by th

10.2

Thei
as ou
thed

In thg
d

wher
subcl
sequg

At th

initiallized to 0.

The g
The d

clause describes the decoding process to reconstruct the genomic information-¢
eam compliant with this document.

hput to this process is one data unit. The output of this process can be:
raw reference as specified in subclause 7.2;
list of MPEG-G records as specified in clause 13.

lecoding process is specified such that all decoders that conform to this document
rically identical decoded output as either MPEG-G recerds or raw references. A
ss that produces identical decoded output MPEG-G records or raw references to thg
e process described herein conforms to the decoding process requirements of this do

dataset_type=0or1

fput of the parsing process specified in subclause 11.3.5. The genomic descriptors are
ecoded_symbols data structure specified'in this subclause.

context of the decoding process, edeh decoded symbol is identified by
ecoded_symbol[descriptor_ID}{descriptor_subsequence_ID][

]descriptor_ID, descriptor_subs

e Jdescriptor ID, descriptor §ubséquence_ID 1S the index to read the decoded symbols as
puse 12.3. The valid values of descriptor_ID are specified in Table 24. The values o
nce_ID are between 0.and the number of descriptor subsequences minus 1 as specifie

e beginning of(the decoding process of one AU, all indexes jyescriptor I, descriptor_subs

utput of this process is a sequence of output records as specified in clause 13.

ecoding process of each access unit refers to encoding parameters carried by the p

ncoded in a

will produce
ny decoding
se produced
cument.

hput to the processes described in the following clauses is decoded genomic descriptojrs generated

contained in

3quence_lD]

specified in
[ descriptor_
1 in Table 24.

bquence_ID are

hrameter set

ident

fied by the parameter_set_ID specified in subclause 7.4.1.1.

If 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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|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|

seq_start seq_end
: reference sequence :

AU_start_position .............. /—\U_end_position
raw reference
seq_start —]
seq_end
Decoder
access unit
AU_start_position
AU_end_position
Figure 5 — Padding process for a reference sequence

10.2.2 Type 1 AU (Class P)
Type 1 accgss units encode aligned sequencing reads which perfectly match the used reference
sequence.
The decoding process of a binary decoded access unit of type<l is as follows:
1. Seta clapsld variable equal to the value of AU_type as'specified in subclause 7.4.1.1;
2. Decode| the variables numberOfRecordSegments, numberOfAlignedRecordSegments | and

unpaireflRead as specified in subclause 10.4.9;
3. Comput¢ the arrays softClips[][], softClipSizes[][] and hardClips[][] as specified in subclause 1{0.4.6;
4. Comput¢ the arrays readLength[], numberOfSplicedSeg[] and splicedSegLength[][] as specif]jed in

subclauge 10.4.8;
5. Decode the output variables specified in subclause 10.4.11 containing the alignment informatjon;
6. Decode the pos descriptor as specified in subclause 10.4.1;
7. Decode [the output-variables specified in subclause 10.4.9 containing pairing and/or splicing

information;
8. Decode the rcomp descriptor as specified in subclause 10.4.2;
9. If num_groups specified in subclause 7.3.Z is greater than U, decode the rgroup descriptor as

10.
11.

12.

13.

36

specified in subclause 10.4.14;

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 1 (Class
P) in subclause 10.2.2 and then applying the information on unknown bases (symbol N) carried by the

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

The Hecoded splicedSequence[][] array shall be computed by replacing each base at a position
reprgsented by a decoded mmpos value in the splicedSequence[][] array obtained as|specified in

subclpuse 10.5.1 with the symbol ‘N’.

The gubstitutions are applied as specified in Table 40.

Table 40 — Sequence decoding process for class N

Decoding step Descripfion

procgssSplSegN (segment, splSeg) {

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

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

10.2.4 Type 3 AU (Class M)

Accegs units of type 3 (Class M) are decoded by following the process described for AlUs of type 1
(Clas$ P) in subclause 10.2.2 and then applying the information on substitutions obtained |by following
the dpcoding process of mmpos and mmtype descriptors as specified in subclauses 10.4.4/and 10.4.5.

Additional inputs to this;process are
— the mismatchOffsets[][], numMismatches[] arrays specified in subclause 10.4.4;
— the mismatches[][] arrays specified in subclause 10.4.5.

The gubstitutions are applied as specified in Table 41.

© ISO/IEC 2019 - All rights reserved

Table 41 — Qnr}npnrp dprnding process for class M
Decoding step Description

processSplSegM (segment, splSeg) {

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

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

}

}
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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;

— the mismatches[][] and mismatchTypes[][] arrays specified in subclause 10.4.5;

— the softChps{ififH softChpsStzesfifand ardChpsiiffarrays specified imsubclause 104°56;

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

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

— the maiEingPos[O] [] array specified in subclause 10.2.2.

The substitutions, 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
processSplyegl (segment, splSeg) {

rlen = g$plicedSeglength[segment] [splSeqg]

if (splS¢g == 0) {

rlen|-= softClipSizes[segment] [0]

}

if (splS¢g == numberOfSplicedSeg[segment] v 1) |
rlen|-= softClipSizes[segment] [1]

}
indelsC¢unt = 0

for(j =|0; 7 < numMismatchesf{segment]; j++) {

if (mlsmatchTypes|[segment].[]J] == 0) { substitution

splicedSequence [gegment] [splSeqg]
[mismatchQff'sets[segment] [J]] =

mismdtéhes [segment] [J]

} elge if (mismatchTypes[segment] [j] == 1) { insertion

for (K5 rlen - 1; all symbols after the

insertion are shifted right
ananacitioy Thal st

by-ene-position—het

element is therefore lost.

kKV> 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

by one position

shifted left

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

}

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

a new symbol shall be

ref_sequence[seqld]

[splicedSegMappingPos[segment] [splSeq]

- seq_start([seqgld] + rlen

+ indelsCount]

P o 4+
LUlJlel TT'UIIT U

at the end of'{

he reference
egment

indelsCount += 1

} else {

/* reserved */

pffocessClips (segment, splSeq)

Specified in T

}

Information on clipped bases is applied as follows:

Soft ¢lips

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

Table 43.

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

specified in

stkecpt (softClips([segment] [0],

splicedSequence [segment] [splSeqg])

Decoding step Description
prockssClips (segmentpN\splSeqg) {
iff (splice == 0§ {
splicedS&guence [segment] [splSeg] = strcat returns the

concatenation of the two

arrays of ASC
passed as inp

[1 characters
ut

}

if(splice == numberOISplicedSeg[segment] - 1) [

splicedSequence[segment] [splSeg] =
strcat (splicedSequence[segment] [splSeqg],

softClips[segment] [1])

strcat returns the
concatenation of the two

arrays of ASC

passed as input

II characters

}

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

1. Setaclapsld variable equal to the value of AU_type as specified in subclause 7.4.1.1

2. Decode | the variables numberOfRecordSegments and numberOfAlignedRecordSegments as
specifieql in subclause 10.4.9. In case of unmapped reads numberOfAlignedRecordSegments|shall
be set td 0.

3. Compute the array readLength[], numberOfSplicedSeg[] and splicedSegLength[][] as specifled in
subclauge 10.4.8. In case of unmapped reads the counters of spliced segments shall be se to 1.

4. Decode the output variables specified in subclause 10.4.11 containinigthe alignment informatjon.

5. Decode [the output variables specified in subclause 10.4.9 centaining pairing and/or splicing
information.

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

10.2.7.1 crfalg ID=2

The “PushIn” computed reference algorithm specified in subclause 11.3.3 is used. In this casg, the
genomic sequencing reads are decoded as for, gther classes of data by using the rtype descriptor as
specified in|subclause 10.4.13. The rtype descriptor is used to select the class of the next gefomic
record to be|decoded.

10.2.7.2 crfalg ID =4

The “Global Assembly” computed:reference algorithm specified in subclause 11.3.5 is used. In this|case,
the genomiq sequencing reads)are decoded as for other class of data by using the rtype descriptor
as specified |in subclause 10.4.13. The rtype descriptor is used to select the class of the next genomic
record to be[decoded.

10.3 dataspt_type=2

The input to|this/process is either

— one AU of type 1, 2, 3 or 4 and a raw_reference data structure already initialized by a previous
decoding process

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 thé parameter set
identjfied by the parameter_set_ID specified in subclause 7.4.1.1.

The nef_sequence element specified in subclause 7.2.1 is initialised with the outputsref_sequence

output
of thg decoding processes specified in subclauses 10.3.1 to 10.3.5.

10.3.1 Type 1 AU

Type(l access units used to encode a reference sequence carry portiors of the reference sequence which
perfeictly match the reference sequence identified by sequence_ID,'specified in subclause|7.4.1.1, used
for cqmpression.

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

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

(%)

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

af The position pRef, in the reference sequence identified by sequence_ID as |specified 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;
h. outSeduernce = ref_sequence[sequence_ID][pRef,, pRef,+ readLength[0])

where ref_sequence[sequence_ID][] is specified as in subclause 7.2.

5. Thedecoded sequence outSequence is concatenated with all previously decoded sequences 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 ¢ structure produced as output of this decoding
process:

outpu outpu

ref_sequence,,,[ref_sequence_ID] =
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outBuf[0

where
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, seq_end,q, [ref_sequence_ID] - seq_start, ., [ref_sequence_ID]],

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

raw_reference

Size(outBuf) > seq_end

output Structure, and where the following condition shall always be met:

outputlFef_sequence_ID] - seq_start, ., [ref_sequence_ID].

10.3.2 Type 2 AU

In case of Al
substitution

The decodin|

10.3.3 Typ

In case of Al
substitution

The decodin|

10.3.4 Typ

In case of A
substitution

The decodin

10.3.5 Typ

Inan AU of ty
associated t

The decodin|

and set putSequerice to decodedUreads.

of type 2, the sequence obtained at step 4 of subclause 10.3.1 is modified by applyir
5 of symbol “N” according to the process described in subclause 10.2.3.

b process continues then with step 5 of subclause 10.3.1.

b 3 AU

| of type 3, the sequence obtained at step 4 of subclause 10.3.1 is\modified by applyir
5 according to the process described in subclause 10.2.4.

b process continues then with step 5 of subclause 10.3.1.

e 4 AU

J of type 4, the sequence obtained at step 4 .of‘subclause 10.3.1 is modified by apy
5, insertions, deletions and soft clips accordingto the process described in subclause 1

b process continues then with step 5 of subclause 10.3.1.

b 6 AU

'pe 6 encoding a reference seqtierice, only ureads descriptors are always present, optic
rlen descriptors providing the length of each encoded segment.

b process is as follows;
'ray of ASCII charpacters outBuf[] equal to the empty array.
'he value readLength[0] as specified in subclause 10.4.8.

readLength|0] bases with decodeUreads(readLength[0]) as specified in subclause !

bded sequence outSequence is concatenated with all previously decoded outSequer

g the

g the

lying
0.2.5.

nally

this AU andstoredima bufferoutBuf computedas

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

according to the process specified at point 7 of subclause 10.3.1.

ref_sequence, . [ref_sequence_ID] = outBuf

1. Setana
2. Decode
3. Decode
4. The dec
5.
6.
process,
42
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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

as specified in Table 24.

The yalues of subsequenceN are read by means of indexes jy y where M = descripter]ID and N =

descijiptor_subsequence_ID.

Additional inputs are state variables computed during the decoding process describ&d in this clause or

other subclauses.

Somg state variables listed among the outputs of the decoding processesidescribed in this subclause
shall |be computed even if the corresponding descriptor is not present'in the access unit. The listed
inputls of each subclause are not always required; the decoding precess described in eath subclause

specifies which inputs are required and which outputs are generated:

10.4.1 pos

The [input to this process is the array decoded_symbols[descriptor_ID][0] array fpecified in
subclause 12.6.2.1 when descriptor_ID is equal te)0/ and the current value of jj,, fthe variable
previobusMappingPos0 produced by the previous. iteration of this same process, and the array

numberOfSegmentAlignments[] calculated as speeified in subclause 10.4.11.

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

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

subs¢quenceN = decoded_symbols[0][N]).

Table 44,— Decoding process of the pos descriptor

Decoding step

Description

if(3h o > 0) |

mpppingPos[0] [0],=

previousMappingPos0 + subsequenceO[], o]

elsell

mppPpinigPos [0] [0] =

AU_start_position is specified in
subclause 74.1.1

AU_Start_positiom T subsequenceulJg, o]

}

previousMappingPos0 = mappingPos([0] [0]

for(i = 1; 1 < numberOfSegmentAlignments[0]; i++)

{

numberOfSegmentAlignments[0] is
specified in subclause 10.4.11.

mappingPos[1] [0] =

mappingPos[i—l][O}+subsequencel[jml}

j0,1++

}

j0,0++
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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 array splitMate as specified in subclause 10.4.9,

— the array numberOfSplicedSeg[] specified in subclause 10.4.8.
The output df this process is the array reverseComp[][][]-

In this descrjiption, subsequenceN is the subsequence identified by descriptor_subseguience_ID = N (i.e.
subsequencgN = decoded_symbols[1][N]).

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

When no splices are present in the genomic record, each bit of a decoded rcomp descriptor is a flag
indicating if|the read is on the forward (bit set to 0) or reverse (bit set-to 1) strand. Table 45 spelcifies
the computaltion of reverse_comp values.

Table 45 — Determination of the reverseComp values

Decoding step Description
for(1 = 0; 1 < numberOfAlignedRecordSegmefats; i++) {

Hh

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

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

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

reverseComp [k] [JNIL]™ = subsequenceO[]; g++]

}

When splices are present, each decoded rcomp descriptor consists in a flag conveying information
about the strandedness-ofieach spliced segment of an alignment. It is set to 0 when the spliced segment
is on the foryard stpand and it is set to 1 when the spliced segment is on the reverse strand.

10.4.3 flags

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 2 and descriptor_subsequence_ID are equal to 0, 1 and 2 as specified in
Table 26 and the current values of j, , j, ; and j, , 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

-2:2019(E)

Decoding step Description
decodedFlags = 0
decodedFlags |= subsequenceO[jLO] << 0
decodedFlags |= subsequencel[jll] << 1
decodedFlags |= subsequence2[jz2] << 2

Jo, 0ty Jo, 1t Jg,0tt

10.4.4 mmpos

The i

t
S

t

t

—

wn_ct+

— ct

—

S|

In thi
subse

hputs to this process are:

wo subsequences decoded_symbols[descriptor_ID][descriptor_subsequence\ID] as
ubclause 12.6.2.1 when descriptor_ID is equal to 3 and descriptor_subsequence_ID a

and 1 as specified in Table 27;

he current values of j3 . and j; ; as defined in subclause 10.4;

he numberOfAlignedRecordSegments variable specified in subclause 10.4.9;

he classld variable specified in subclause 10.2.2;

utput of this process is:

he array mismatchOffsets[][]containing offsgts of the mismatches in the sequen
ead pair;

he array numMismatches[] containingthie number of elements in the array mismatch

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

he array splicedSegMismadtehldx[][] containing the positions, within the mismatc

hismatches of each spliced segment;

he array splicedSegMismatchNumber[][] containing the number of mismatches for
egment.

s description, subsequenceN is the subsequence identified by descriptor_subsequenc
quenceN= decoded_symbols[3][N]).

The g

verall decoding process for the output variables specified in this subclause is specifie

he arrays numberOfSplicedSeg[] and splicedSegLength[][] specified in subclause 10.4.8

specified in
ire equal to 0

o

Cing read or

Dffsets[][];

each spliced

hOffsets[][],

hismatchTypes[][] and mismatches[][] arrays computed as specified in subclause 10.4.5, of the

each spliced

e ID =N (i.e.

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
J =20
while (subsequence(O[j; o++] == 0) { loop on subsequence0 until a
terminator 1 is found
mlsmatchOffsets[1] []] = '\q
subsequencel[j; ;] + previousOffset ~AQ
ptreviousOffset = mismatchOffsets[i][]] Q’V,V
. : : A
pfeviousOffset += 1 adjacent mis é];hposmons are
strictly inc%ﬁntal to previent
overlap ismatches. Excep-
tlons s requirement aife
speg} in Table 50
jf, 1t It Ment read and write
oginters
-
) ¢ N
numM] smatches[i] = J yI (@)
) O
) X

The mapping
as specified |n

b from splice mismatch indexes to genomlc‘&\,}gment mismatch indexes shall be com

Table 49. \s'Q

Table 49 — Determination of the (&.@ﬁ of mismatches within spliced segments

buted

\Qecoding step
decodeSpli¢edSegMismatchOffsets ().‘d'\,j\~
for(i =|0; i < numberOfAligné@%\ecordSegments; i+4+) |
spli¢edSegIdx = 0 o,
spli¢edSegMmNumber 7—\&“‘
spli¢edSegMmIdx :@)\J
spli edSegStar“@f’set =
spli¢edSegE \set = splicedSegStartOffset +
S lic;&égLength[i] [0]
for ( (/\}r)j < numMismatches[i]; j++) {
w i\g(miqmafhhﬂff ets[i][d] > splicedSegkndQffget)
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

46
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Decoding step

splicedSegMmNumber++

}

while (splicedSegldx < numberOfSplicedSeg[i]) {

splicedSegMismatchNumber[i] [splicedSegldx] = splicedSegMmNumber

splicedSegMismatchIdx[i] [splicedSegIdx] = splicedSegMmIdx

splicedSegIdx++

splicedSegMmIdx += splicedSegMmNumber

E 2 2
SPlLICccOoCgrINumoer — U

10.4.5 mmtype

The

The

perf

inputs to this process are:

hree subsequences decoded_symbols[descriptor_ID][descriptor subsequence_ID] as
ubclause 12.6.2.1 when descriptor_ID is equal to 4 and descriptor_subsequence_ID a
and 2 as specified in Table 28. The decoding process spetified in subclause 12.6.2.2
ymbols[4][1] shall be performed after the decoding préacess specified in Table 51;

N Nt

—

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

—

he arrays splicedSegMismatchNumber([][}, and splicedSegMismatchOffsets[][][] as
ubclause 10.4.4 the current values of j, /3 ; and j, , as defined in subclause 10.4;

(%)

—

he array S, naver ipl] as specifiedzin subclause 9.1, for the value of alphabet_ID
ubclause 7.3.2;

v

—

he arrays mappingPos[][] andsplicedSegMappingPos|[][] as specified in subclauses 10.4

specified in
e equal to 0,
for decoded_

itchOffsets|]

specified in

specified in

1and 10.4.9;

the classld variable specified in subclause 10.2.2;

the numberOfAlignédRecordSegments 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.

mied'on the sequencing read or read pair computed as specified in subclause 10.4.19 ¥

ations to be
vhen classld,

%utput of this process is arrays containing values identifying the type of edit oper

speci iedlin subclause 102 2 is pqnnl to Class M Class [ or Class HM:

the modified mismatchOffsets[][] array;

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 t
sequence the segment is mapped to.

he reference

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 = 734,09
for(i = 0; i1 < numberOfAlignedRecordSegments; i++) {
numOfDeletions = 0
for(y = 0; J < numMismatches([i]; j++) { (\'\VJ
mlsmatchOffsets[i] [j] -= numOfDeletions deletions can oc Wthe
same position oﬁh’e next mis-
match. The %e, the extifa +1
offsetto@ nt
overla g mismatches, as
specified in Table 90, doed not
aJ o deletions
if (subsequencel[k] == 2) { ('ﬁe‘étion
numOfDeletions += 1 \%\,
) Lo
1 X
a4
) {\Q
}
} AN
xt\‘®
. N .
The array substMappingOffsets[]shall be calcula@ following the process described in Table 51.
.\Q)
Table 51 — Determinag'{gy of the substMappingOffsets[] arrays
Decodiqg@\?p
X <=
k=340 C)
for(i = 0;|1 < numberOfAlig@@RecordSegments; i++) |
_ N
1=0 /-O
substMaj pingOffsets&i}J: {} empty array
if(numberOfSpliﬁC@\e‘g[i] == 1) { case of no splices
mappedepoi&E)r‘nappingPos[O] [1] - seq_start[seqId]
subs Mipﬁj}}gOffsets[i] = {} empty array
prev,c\‘ﬁéffset =0
for(j = 0; j < numMismatches([i]; Jj++) {

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

MaPPSaMMmMpos. T= L

deletions do not ijcrease
mmpos descri@ value
but, since F@ regresent an
actual baselon theg reference
sequ?ieg/fhey shall

inc the mapped position,
gfﬁzciﬁed in TaBle 90

)/J

Vi
k++ \J
} &
(&)
H else { N\ >~ case of splices
previousOffset = 0 (-;\‘

previousSpliceEndOffset = 0

N

for(s = 0; s < numberOfSplicedSegl[i]; S%Q\/{

mappedMmpos = splicedSegMappingPo&\[s&[ s]
N

previousOffset = 0

%)
N
for(j = 0; J < splicedSegMi@?;l“t\chNumber[i] [s];

j++) |

\@
{3
O

splicedSegMisgﬁzc\c'hOffsets [11[s][3] -

mappedMmpos +=

previousOffEB‘é.
. \J
prev1ousOffsgt =

spli}aﬁ egMismatchOffsets[i] [s][]]

if(suqs}duenceom == 0) {

substitution

A@bstMapplngOffsets[l] [1] = mappedMmpos

Nef™

f‘e\}, else if (subsequencel[k] == 1) {

insertion

mappedMmpos -= 1

\<</v

insertions increade mmpos de-
scriptor value butl 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

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 remaini
described in
in subclause

ng output of mmtype descriptor decoding process shall be calculated tollowing the pr
Table 52, after having decoded subsequencel according to the decoding processispe
12.6.2.2, using the array substMappingOffsets[] decoded as specified in Table51.

bcess
rified

Table 52 — Determination of the mismatchTypes[] and mismatches[] arrays from decoded_
symbols[4]
Decoding step Déscription
for(s = 0;|s < numberOfAlignedRecordSegments; s++) {
3 =20
while (j|< numMismatches([s]) {

if (S1ze (subsequencel[]) > 0) {

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

} elge |

mismatchTypes[s][]j] = 0

Default to substitution if
subsequence0 is empty

if (mlsmatchTypes[s] [j] == 0) substitution
m]smatches[s] [j] =
Saiphapet 1plsubsequencel{j, 71]
3 1t
} elge if (mismatchTypes[sIMj] == 1) { insertion
m}smatches[s] []] =
Salphabet D [stibgeéquence2[]j, ,]]
o) PR
} elge if (mismatchTypes(s][j] == 2) { deletion
/T nothi#hg needs to be done */ the value of mismatches[j] is

undefined, as it is not relevant
any decoding process.

for

j4'0++, J++

10.4.6 clips

The inputs to this process are:

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

50

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 o, js 1, j5 2 and js 5 as defined in subclause 10.4;

— the array S;phapec ipl] as specified in subclause 9.1, for the value of alphabet_ID specified in

S

ubclause 7.3.2;

— the value Size(S,j,papec 1p) as specified in subclause 9.1, for the value of alphabet_ID

S

ubclause 7.3.2;

specified in

— the variable numberOfAlignedRecordSegments calculated as specified in subclause 10.4.9;

— t
The f

The g
[las

The d

he classld variable specified in subclause 10.2.2.

bur subsequences are identified by subsequences_ID from 0 to 3 as specified.in [Fable

utput of this process is an array softClips[][][], an array softClipSizes[][}-and an arra)
bpecified in Table 54.

ecoding process of the clips descriptor is provided in Table 54 where*
ubsequenceN is the subsequence identified by descriptor_subsequence_ID = N;
ubsequence0[js (] represents the next genomic record containing clipped bases;
ubsequencel[js ;] represent the type and position of clipped bases;

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

- softClips[0][0] and softClips[1][0] contairxstrings of characters representing soft cli
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 cl
the last mapped base of the leftmost read and rightmost read respectively,

- softClipSizes][i][j] contain the'number of charcters in the strings in softClips][i][j] r

- hardClips[0][0] and hardClips[1][0] contain the number of hard clips preceding the
base of the leftmost read and rightmost read respectively,

- hardClips[0][1]"and hardClips[1][1] contain the number of hard clips following the
base of the leftmost read and rightmost read respectively;

he semanties of subsequencel is as shown in Table 53.

Table 53 — Values and semantics for subsequencel

9.
y hardClips[]

ps preceding

ps following

espectively,

first mapped

last mapped

subsequencel values semantics

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

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

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

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

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

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.

For a decoded genomic record, each value of subsequencel as specified in Table 53 shall not be used
more than once.

Table 54 — Decoding process of the clips descriptor N
(@)
Decoding process Desf:Tj;Kion
for(i = 0;|1 < numberOfAlignedRecordSegments; i++) { O(J/"
for(j =|0; J < 2; J++) { O\QJ
. . . wrr ()~ .
soft¢lips[i] [J] = ,.emldtystrmg
soft{lipSizes[i][j] = O \Q::J
hard{lips[i] [§] = O o) )
) e
N\
} , 0
if (classId|== Class I || classId == Class_HM) { <-§<
\ "4
if(j5,O Size (subsequence0) \Q
&& chrrentRecordCount == subsequenceO[j5,O]k{)\
end F 0 \{\Q)
do{ \A\)
i} (subsequencel[§s ;] < 3) { X2 soft clips
. N
j=0 QO
segmentIdx = subsequens@}jil] >> 1
leftRightIdx = subs?q:&%cel[j&l] & 1
N\
do{ .
s\ .
softClips| ntIdx] [leftRightIdx][j] =
Salp@ab@m [subsequence2[js ,]]
Js, 2++®’ increment pointer foy
,.\Q‘ subsequence2
=
@Lh’ile(subsequenceZ[jg),z] != Size(S.iphavet 10)) continue reading symbols
A of clipped bases until the
end-of-soft-clips
terminator is reached
Js, 2t increment pointer for
subsequence?2
softClipSizes[segmentIdx] [leftRightIdx] = j store SOftClipS size
}
else if(subsequencel[js5 ;] < 7){ hard clips
segmentIdx = (subsequencel[j5,l] - 4) >> 1
leftRightIdx = (subsequencel[j5,l] - 4) & 1
hardClips|[segmentIdx] [leftRightIdx] = store the number of hard
subsequence3[Js ;] clips
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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
subsequence
} while(end == 0) continue'decpding soft
and hard’clips until the
end pf-clips t¢rminator is
detected
Js,0tt increment pdinter for
subsequencel)

chrrentRecordCount++

10.4.[7 ureads

The ihputs to this process are:

|
o,

escriptor_ID is equal to 6;

— the current value of jg o;

he array decoded_symbols[descriptor_ID][@} structure as specified in subclause 12.6.2.1 when

— the array S;phapec ipl] as specified in subclause 9.1, for the value of alphabet_ID [specified in

ubclause 7.3.2.

(%)

The qutput of this process is a'string decodedUreads.

Table 55 — Decoding process of the ureads descriptor

Decoding process

Description

decofeUreads (L&ngth) {

decodedUfeéads = “”

empty string

fpr (3~=0; J < length; Jj++) {

decodedUreads = strcat (decodedUreads,

strcat returns the concatepation of the

£ACCIY

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

tVVU arl a_ya Ul ouIll Lhal aLterS 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;

specified in subclause 10.4.9;

subclaug
the splig
— the curr
The output d

the arra

the arra

the arra

The decodinig process of the rlen descriptor is specified in Table'56. In this description, subsequsg
pquence identified by descriptor_subsequencéAD = N (i.e. subsequenceN = dec

is the subs
symbols[7][

e 10.4.6;

red_reads_flag syntax element specified in subclause 7.3.2;
ent value of j; .

f this process is:

y readLength[];

y numberOfSplicedSeg[];

 splicedSegLength[][].

NT).

Table 56 — Decoding process

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

the variables numberOfRecordSegments and numberOfAlignedRecordSegments computed as

if classlg—Ts—equalto—€lasstor Class—HM;the—array ardClipstiffcomputed—=as—spectifipd in

nceN
bded _

Decoding step Description
if (read lempgth == 0){
for(i =|0; i < numberOfRecordSegments; i++) {
readlength[i] = subsequenceO[j%O++] + 1
}
lelse{
for(i =|0; i < numbeprOfRecordSegments; i++) {
if (classId == Class I){
réadLengthfi] = read length
- hardClips[i][0] - hardClips[i][1]
}
elselif(classTId == Clg HM &g 3 == 03
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
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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;

i < numberOfAlignedRecordSegments;

i+4) {

if (read length == 0)

readlength[i]

subseauenceOFﬁ1A++1 + 1

remaininglen = readLength[i]

3 =20

do{
splicelen = subsequenceO[j%O++]
remaininglLen -= splicelen

splicedSegLength[i] [j++]

splicelen

} while(remainingLen > 0)

numberOfSplicedSeg[i] = j

_

10.4.p pair

Table] 57 lists the possible decoding cases for the pair descriptor with the associated description for the

first alignment and class U.
Tablle 57 — Specification of the decoding cases for the pair descriptor for primary glignments
and class U
. Description
Decoding case
Classes P, 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|mate
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|mate
reference sequence but in the same AU
coded
separately

R1_diff ref seq |read1ison adifferentrefer- |[N/A read 1 paired with mate
ence sequence in a different AU

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

Table 58 lists the possible decoding cases for the
alignments after the first one.

pair descriptor with the associated description for

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 list
spliced read

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

5.

n for

Table 39 — Specification of the decoding cases for the pair descriptor for spliced reads
. Description
Decpding case
Classes I, HM
same_rec_short the next splice is in the same genomic record as currentsplice, and the
splicing distance is smaller than or equal to 65535
same_rec_long the next splice is in the same genomic record as current splice, and the
splicing distance is greater than 65535
splice_diff ref_seq |the nextsplice is on a different reference sequence than the current splice

The inputs t
— thevalu

— eight s
in subcl
provide

— the curr]
— thearra
— the class
— aseqldy
— thearra
— thearra

— thearra

b this process are:

e of numberOfTemplateSegments as specifiéd.in subclause 7.3.2;

ibsequences decoded_symbols[descriptor_ID][descriptor_subsequence_ID] as spe
| in Table 30;

ent values of jg o, jg 1, jg,2, Jg 3 J8i7 J8,5: 8,630 g 7;

¥ mappingPos[][0] computed as specified subclause 10.4.1;

Id variable specified.in'subclause 10.2.2;

rariable set to sequence_ID as specified in subclause 7.4.1.1;

y alignPtr[J[specified in subclause 10.4.11;
y numberOfAlignments specified in subclause 10.4.11;

ysimumberOfSplicedSeg[] and splicedSegLength[][] specified in subclause 10.4.8.

rified

huse 12.6.2.1 when descriptor_ID istequal to 8. The description of each subsequence is

The output of this process is:

— avariable 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

56

if subsequence0[jg o] is equal to 0 then numberOfRecordSegments is set to 2,
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issetto 0,

-2:2019(E)

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

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

else numberOfAlignedRecordSegments is set to the value of numberOfRecordSegments;

wv_o

—

variabte unpairedRead catculatedas fottows:

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

else if numberOfTemplateSegments is equal to 1 or subsequence0[;g o] islequal t
unpairedRead is setto 1,

else unpairedRead is set to 0;

ne flag read1First, whose value follows the same semantics of réad’1_first output sy
pecified in 13.2.6;

he arrays splitMate[][i] forifrom 1 to numberOfTemplateSegments, where the value of
'hose value follows the same semantics of split_alignment output syntax element
3.2.21;

—

he arrays splicedSegMappingPos][i][] for i from 040 numberOfRecordSegments.

When classld is equal to Class_P, Class_N, Class_M-or Class_I, additional output of this proc

t

t

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

he arrays mateSeqld[][i] for i from:“to numberOfTemplateSegments.

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

t
€

wn _ct+

In th
ident

The d

he arrays mateRecordIndex(i] for i from 1 to numberOfRecordSegments. A -1 value

he arrays mateAuld{i] for i from 1 to numberOfRecordSegments. A -1 value in an a
ignals that the imate read is in the same AU as this record.

e followidg descriptions of the decoding process, subsequenceN indicates the
fied by descriptor_subsequence_ID equal to N.

ecoding process of the pair descriptor is carried out by applying the decoding proces

in Tal

lement signals that the mate read is in the same record as the first read in this record;

0,

5 or 6 then

ntax element
bach element

specified in

PSS iS:

in an array
U
'ray element

subsequence

ses specified

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

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

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 0 : 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; i < numberOfTemplateSegments; i++) {
if(sﬂﬁ SFeeRe n[jg U] — h\{ Samec—Tee
splitMate[0] [i] = O ,\“{)
if (classId != Class_U) { O
readlFirst = (subsequencel[jgll] & 0x0001) 2 O 1 Afl/,v
delta = subsequencel[jg ;] >> 1 Osq@‘§32767
mappingPos[0] [1] = mappingPos[0][0] + delta (\(b\)
mateSeqId[0] [1] = seqgld (" v
Jg, 1t \{</
}lelse { O\
readlFirst = 1 k\v‘/
mateAuld[i] = -1 << O both reads are in the
O same AU
. 4 ;
mateRecordIndex[i] = -1 \Q both reads are in thd
(‘\‘\} same record
} N
\0)
) S
else|if (subsequencel[Jg o] == 1){ | O)Q‘ R1_split
splitMate[0][1] = 1 A
£
r¢adlFirst = 0 \U
-
o S | — .
if(classId ! Class_U)’_\§()
mappingPos[0] [1] = ga)osequence2 [Js,2] Absolute mapping
: position of read 1 on/the
O same reference sequence.
Q The maximum valuelis
@. 2posSize — 1 where pofSize
is specified in sub-
N clause 7.3.2
ma};\}@qld[O] [i] = seqId
} QQ {
i\
mateAuldli] = -1 read 1 isin the same AU
as read 2
mateRecordIndex[i] = subsequence2[jg ;] Index of the genomic
record containing read 1
in the current AU
}
j8,2++
}
else if (subsequencel[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]

posSize is
specified in

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

subclause 7.3.2

mateSeqTd[0][i] = seqgTld

} else {

)

mateAulId[i] = -1

Readrﬁﬁ in{
as(qé'a 1

he same AU

mateRecordIndex[i] = subsequence3[jg ;]

VA4
(Ibdex of the
}ecord conta
in the currer

benomic
ining read 2
t AU

.

o

| ’4
i O
Jg, 3t A\{O
} Re)
. . - N\~ .
else if (subsequenceO[jg o] == 3){ % R1_diff_ref geq
splitMate[0] [1] =1 (/ O
readlFirst = 0 AO\
if (classId != CLASS U) { \\“
mateSeqId[0] [1] = Subsequence‘lm;] Identifier of the reference
‘QQ) sequence to which read 1
JO is mapped.
mappingPos[0] [i] = Sub.S@?enc% (g, 6! Absolute mapping
W position of r¢ad 1 on the
\O reference sequence
N~ identified by
QS mateSeqld[0][i]. The

maximum v
2posSize _ 1

lue is
here

@ posSize is splecified in
rQ subclause 7.3.2
\J
}elsei\y,
mate@&d [i] = subsequenced[jg ,] Identifier of fhe AU
\O containing the read 1.
@YﬁeRecordIndex[i] = subsequenceb[Jg ¢] Index of the genomic
Q/ record contdining the
A\ readtinthe AU
identified by
mateAuld[i]

}

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] [1]

subsequenceb [jg, 5]

is mapped.

Identifier of the reference
sequence to which read 2

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

Absolute mapping

identified by
mateSeqld[0][i]. The

maximumvalueis

position of the read 2 on
the reference sequence

2possize _ 1 where
posSize is specified in
subclause 7.

Y +

}else N’
mateAuld[i] = subsequence5[jg 5] Ide '@yofthe AU
cg\nftgﬁing the read

mateRecordIndex[1]

subsequence7 [] 8, 7]

| Index of the genomic
ecord containing th
read 2 in the AU
identified by
mateAuld[i]

[¢)

,5++, j8,7++,

else|if (subsequencel[Jjg o] == 5){ k\}’\\ R1_unpaired
splitMate[0][i] = 2 O
readlFirst = 1 ‘\\\)

N

} ‘\\Q

else|if (subsequenceOl[jg o] == EH“ R2_unpaired
splitMate[0][1i] = 2 \F\"
re¢adlFirst = 0 ("\\\)

} 4

k\ L3
Js, ot N
) O~
} RN

The decodin

O

Table 61

Y pro@he pair descriptor for the alignments after the first one is specified in Tah

-@ecoding process of the pair descriptor subsequences for the alignments in t

he

Tecord after the firstone

=

Decoding step

Description

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

0

splitMate[1i] [0]

}

if ((classId == Class P ||

'unpairedRead) {

classId == Class N
class ID == Class M || classId == Class I)

&&

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

currAlignIdx 0

60
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Table 61 (continued)

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

splitMate[alignIdx][j] = 0

delta subseguencel [] >> 1;

,‘\‘l

0 <delta < 32767

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

delta = - delta

read sign bit

N

2

mappingPos[alignIdx] [J]

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

T
5

mappingPos[alignIdx] [j] =

subsequence3[jg ;]

+ delta n(bg
mateSegIld[alignIdx] [j] = seqgId "') v
) @)
1se if b 0[] == 2 \“
else if (subsequenceO[]jg ¢] ) { & same_rec_long
splitMate[alignIdx][j] = 0 ¢ o
ya
\Y

For classes P, N, M, |

Absolute mapping pogition of read
2 on the same referer]ce sequence.
The maximum value {s 2P0sSize —

1 where posSize is spgcified in
subclause 7.3.2.

mateSeqIld[alignIdx] [] ]'\\Z) seqld
-~

g, g+t e

} o

else if (subseql@ﬁO[jslo] == 4){

R2_diff_ref_seq

splitMate [@Iignzdx] (3] 1

N
mateSe@alignIdx] (31

u quence5[jg 5]
Q-

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

N\
ingPos[alignIdx] [J] =
% subsequence7 [Jg, ;]

&S

For classes P, N, M, I

Absolute mapping pogition of
read 2 on the referenge sequence
identified by subsequience5[jg s].

The maximum vatue s 2posSize — 1
where posSize is specified in

subclause 7.3.2.
Jg, 5T+, Jg, 77+,
}
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
for(i = 0;|1i < numberOfAlignedRecordSegments; i++) {
spliced$egMappingPos|[i] [0] = mappingPos[0] [1] (\'\J
N\
} g
if (classId|== Class I || classId == Class HM) { n; i
for(i =|0; i < numberOfAlignedRecordSegments; Q(bl/
i++4) n(b
for(y = 1; J < numberOfSplicedSeg[i]; J++) { (') v
ptevSpliceMappingEnd = \{</
splicedSegMappingPos[i] [] - 1] (-OO
+ splicedSegLength[i][] - 1] 5\\“
if (subsequencel[jg o] == 0) { O same_rec_short
delta = subsequencel[jg ;] >> 1 {)Q\ 0 < delta < 32767
if (subsequencel[jg ;] & 0x0001) \\‘ read sign bit
delta = - delta K\}
£
splicedSegMappingPos[i] [J] = \"Q
prevSpliceMappingEnd + del‘g_,as
Jg, 1t A\U
} xO
else 1if (subsequenceO[jSJQ‘I:‘&= 2) { Same_rec_long
splicedSegMappingPo@ (51 = Absolute mapping position of]
subsequence3 [gy 1] the splice on the same referefce
&'3 sequence as the previous splifce.
O The maximum value is 2PosSize —
C) 1 where posSize is specified i
A@’ subclause 7.3.2.
Je 3++r\;<
} \J
N
efse,
Wother subsequence0[jg o] values */ reserved
}
Jg, 0t
}
}
}

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.
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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;

the variable numberOfAlignedRecordSegments calculated as specified in subclause 10.4.9;

—

he array splitMate as specified in subclause 10.4.9.
dutput of this process is the three-dimensional mappingScores[][][]array.

decoding process of the mscore descriptor is specified in Table 63 In this [description,

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

decodled_symbols[9][N]).

Table 63 — Decoding process for the mscore/descriptor

Decoding step Desdription

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

fpr(j = 0; Jj < numberOfAlignedRecordSegments; {r+) {

for(k = 0; k < numberOfSegmentAlignmentsfyNs k++) {

if (splitMatel[k] [§] == 0) {

mappingScores[k] [J] [1] = subsequence0l[Jg o++];

10.4.11mmap

10.4.011.1 General

The mnmap descriptor is used to signal on how many positions the read or the leftmost rgad of a pair

has

descifiptor.

The ihputs.to this process are:

heen alignéd: A genomic record containing multiple alignments is associated with one mmap

the variables unpairedRead, numberOfAlignedRecordsegments and numberOfRecordSegments
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;

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

— the varigble moreAlignments; \Q
Q
— the varigable moreAlignmentsNextPos; q/(]/
— the variable moreAlignmentsNextSeqld. O)‘],’
Q
In the followfing clauses, sequence0 is the array decoded_symbols[10][0] specifiqeﬁn subclause 12)6.2.1.
The decoding process shown in Table 64 applies. Q/C)
S\
Table 64 — Decoding process of mm
D
Decoding step . (5\ Description
if (classId|!= Class U) { <'§<
if (multlple alignment flag == 0) { \Qv
numb¢rOfSegmentAlignments[0] = 1 g\\}\\ total number of alignments of
0, the leftmost read
&
} else \\"
numb¢rOfSegmentAlignments[0] = seqpa&éo [jlo,0++]
} N
} else { \.U
sl

numberOfSegmentAlignments [0] 4\\@\
} N

moreAlignmg¢nts = 0 §§> i
if (unpairedRead || clas?%}; Class_ HM) {

numberO :Alignments\*}i{lmberOfSegmentAlignments [0]

for(i =10; 1 <r@erOfAlignments; i+4+) |

aligpPtr[i =i
} (/U‘

} else if (L12¥sTd == Class U) ¢

if (numberOfRecordSegments > 1)

numberOfSegmentAlignments[1l] = 0

numberOfAlignments = 0

} else {

numberOfSegmentAlignments[1] = 0
k=0, i=0

while (i < numberOfSegmentAlignments[0]) {

if (multiple alignment flag == 0) {
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Decoding step

Description

numberOfAlignmentsPairs[i] =1

numberOfAlignmentsPairs[i]
is the number of alignments of
the rightmost read associated
to the ith alignments of the
leftmost read.

} else {

numberOfAlignmentsPairs[i] = sequencel [j10,0++]

}

j=09 )
while (j < numberOfAlignmentsPairs[i]) { nQ\
if(k !'= 0){ skip th@f@(ﬁrst hlignment
ptr = sequencel[Jq, ++] OO/"
7
} else { Q
.22
ptr = 0 ~
) A\
\\\/
alignPtr[k][1] = O\
numberOfSegmentAlignments[l] - ptr c\%
alignPtr[k] [0] = i ) o
if (ptr == 0) \ ¢
| Q
numberOfSegmentAlignments[1]++ \Q
Jj++, k++ ‘\\}\
} =
i++
: <
W\
npmberOfAlignments = k O\
S
if (nultiple_alignment_f]@\\== 1 more alignmentsfon another
. reference sequenfe
&& classId != Class U
&& subsequencg2f] g ,t+]) {
mpreAli nments(z)\l’ ,
g s
mareAligqu&NextSqud = Identifier of the rgference
. sequence an additional
subs ce3 ++ . .
§®3 [J10,3%] alignment of read 1 is mapped
C) to in case of mult]ple
\g/ alignments.

moreAlignmentsNextPos =

subsequenced [Jg, 4++]

Absolute mapping position
of an additional alignment
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.

10.4.12msa

r

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
bitstream when multiple_alignments_flag specified in subclause 7.3.2 is set to 1.

msar is inte

a mappe

a differe

Each msar descriptor is an array of ASCII characters following the syntax specifiedin-subclause 1

The syntax,
descriptors §

The output ¢f the decoding process of the msar descriptor is the array. decodedStrings|] specif

subclause 10

Tded to convey imformation retated to seconmdary aHgmernts om
d segment length;

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

semantics and decoding process for msar descriptors are those for the toker
pecified in subclause 10.4.19.

.4.19.4, when descriptor_ID is equal to 12.

Table 65 shd
input:
the arra

the vari

the arra

For each genjomic record, the number encoded msar descriptors is equal to (numberOfAlignments

numberOfRé

ws how the array of strings decodedMsar([][] is computed using the following addif

y numberOfSegmentAlignments[] calculated as'specified in subclause 10.4.11;
hible numberOfAlignedRecordSegments caleulated as specified in subclause 10.4.9;
iy splitMate as specified in subclause-10.4.9.

cordSegments

Table 65— Computation of decodedMsar

0.6.

itype

ed in

ional

-1)*

Decoding step Description

k 0

for(i = 0;

i < numberOfAdignedRecordSegments; i++)

{

decoded)

{1

1sar[][id empty array

for (j

J <1

0;

huriberOfSegmentAlignments[1]-1; J++) {

if (s

1Mot o[ 1 11 —— 0O L
L e e 7 T

decodedMsar[j][1]

decodedStrings [k++]

10.4.13rtyp

10.4.13.1

e

General

The rtype descriptor is used to signal the subset of descriptors used to decode one unmapped read

(class HM an

66

d 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.

Td‘l}}c ()(J - SCllldlltiLa Uf thc I ty pC dCDLl iptun
rtype cr_alg_ID type of encoded reads description
not used 1 aligned reads with reference the entire dataset is encoded-using ref¢rence based
based compression only compression for mapped reads
0 3 aligned reads with both refer- |the dataset contains bothvead (pairs) ¢ncoded
ence-based compression and using reference based’sompression and reference
reference-less compression less compression, The’decoding procesf for this
record uses the-external or embedded reference
according to the.Class of the AU as spedified in
subclause 102
1.4 2,3,4 unmapped reads or aligned 1 = the deeoding process is specified in
with reference less compres- subclause 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
5 2,3 unmapped readsor aligned the decoding process is specified in
with reference less compres- subclause 10.2.7
sion only.
5 4 unmapped reads the decoding process is specified in
subclause 10.2.7 where the U reads representing
the reference sequence are used for compression
but do not generate output records as gpecified in
subclause 11.3.5
In case of class HM; the mapped read is decoded by following the process for the mapped [read of class
HM gpecified-itf subclause 10.2, and the unmapped read is decoded following the decogling process
specified in-this subclause.
10.4.13.2 Pushln

When class U data are compressed using the “PushIn” computed reference algorithm specified 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.

10.4.14rgroup

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

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 13 and the current value of j;3 .

The output df this process is the variable readGroupld.

Table 68 — Determination of the readGroupld value

Decoding step Description

read¢roupIld = subsequenceO[j13,O++]

10.4.15 qv

10.4.15.1

The qv desctiptor carries information to reconstruct the'quality values.

General

The processifor decoding quality values at a genomieposition can be summarized informatively |n the

following stéps:

1. Determ:Ee the quality value indexes at the genomic position.

2. Determ

e the quality value codebgok identifier at this genomic position.

3. Use the[quality value codebook-identifier to select the quality value codebook for the gemomic

position

4. Decode the quality value indexes by lookup in the quality value codebook.

10.4.15.2

The inputs t thi§ process are:

— the qv_depthvalue specified in subclause 7.3.2;

Decoding process of the quality values of a genomic record

— the qv_reverse_flag value specified in subclause 7.3.2;

— 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.

68
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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

decode quality values() {

i

L LD o N O] T e
FtoeTomTeT eIt T

decode gv_codebook indexes ()

As m\’g}

lau

ified in
se 10.4.15.3

y

| 4

-

br (tSeg = 0; tSeg <

numberOfRecordSegments; tSegt++) {

for(gs = 0; gs < gv_depth; gs++) {

if(jM,O < Size (subsequenceO[])) {

gvPresentFlag

subsequence0[]j, ]

J1a,0tt

} else {

gvPresentFlag = 1

) R

if (gvPresentFlag == 1) {

decode gvs ()

As spec
subclau

ified in
se 10.4.15.3

— W

gvString

Empty {

tring

len = 0

O
for (1i=0; 1 < numgi?§f8pliced5eg[t8eg]; i4++) {

revComp =:;§§§QgseComp[i][O][tSeg]

qual

qvSplice.Q‘)
i tyValues [tSeq]

len, lentsplicedSegLength[tSeg] [1] -

1]

reve

if(ﬁ?{reverse_flag && revComp) {

@’qVString

ice))

strcat (gvString,

rseStr

(
\4
B )

else{

R
\v

h
q

. R
RS v o T Vi

faF'S
Tt T

~

}

qualityValues[tSeq] [gs] gvString

} else {

74

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

reversedStr[n] = str[Size(str[]) - n- 1], for nin 0 .. 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
equal to 14;

— the qv_nfum_codebooks_total and qvNumCodebooksAligned values specified in subclause 7|
— the current values of j,4 ; for the qvCodebooklIds subsequence;

— the current values of jy4 y,, with N ranging from 0 to qv_num_codebooks_total <1, for the qv |
codebodks_total subsequences for quality value indexes;

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

shall be

— the bas

nuclotide in the segment for which quality values shall be decoded; as specified in subclause 1
— the clas§ld variable specified in subclause 10.2.2;

— the valup tSeg identifying the segment within the MPEG-G record for which the quality valueg
be dec0|]led;

— the val

record fpr which the quality values shall be decoded.

In this descrjiption, subsequenceN is the subsequence identified by descriptor_subsequence_ID =
subsequencgN = decoded_symbols[14][N])x

The output (f this process is the array.efstrings qualityValues[][], containing the quality values o
nucleotide ir) the segment for which'the quality values shall be decoded.

In the case
to identify t

codebook is|used to recanstruct all quality values at that genomic position. Multiple quality
codebooks dan be use@-in one access unit. The variable qvCodeBooklds contains the indexes
quality value codebooks associated to a given mapping position relative to AU_start_positi

specified in

decoded;

pPos array containing the mapping positions relative to-the AU_start_position of]

e gs identifying the gsth quality value:§tring for the tSegth segment within the MF

that qvNumCodepooksAligned is larger than 1, the value of subsequencel shall be
he quality value codebook for a genomic position of each aligned base. This quality

subclause 9.5. The decoding process of qvCodeBooklds variable is specified in Table 7

B3.2.2;

num_

alues

each
0.4.1;

shall

EG-G

N (i.e.

Feach

used
value
value
f the
bn as
0.

hoolcindosoac
D OO TIIOCXCS

decode qgv__

codebook indexes () {

if (gvNumCodebooksAligned > 1) {

pos

=0

for (

J1a,1 = 05 Ji4,1 < Size(subsequencel[]); Ji4,++) |

gqvCodeBookIds [pos] = subsequencel[J,,¢]

CodebooksAligned - 1)

The values qvCodeBooklIds[pos]
shall be in the range 0.. (qvNum-

P

os++
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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 contain bases
that-arenetaligned to the ref-
erence sequencé)fpr which the
last quality values|codebook
identifier reserved for una-
ligned data‘shall bg used, as
specified in subclause 7.3.2.2.

&& ! isAligned (baseldx)) {

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

gvCodeBookId = 0 For records belonging to Class
U, only one codebdok shall be

used, as specified In
subclause 7.3.2.2.

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

} else {
gvCodeBookId = 0

}

gvCodeBookSubSeq = gvCodeBookId #(Z See subclause 7.3.2.2.
j = jl4,quodeBookSubSeq
++

jl4,quodeBookSubSeq

gvIndex =

decoded symbols[14] gvCodeBookSubSeq] [J]

qualityValues[tSeq)Tds] [baseldx] =
qv_recon[gqvCqodeBookId] [gvIndex]

}

isAligned(baseldx) returns 1 if the nucleotide at baseldx is aligned to the reference sequende, otherwise
0. Thjs mean$ that isAligned(baseldx) returns 0 for every nucleotide corresponding to a doft clip or to
an ingertioefi; or for nucleotides in the second segment of a genomic record in class HM.

Subclause 10.4.1 specifies how to calculate the absolute mapping position of the leftmost mapped
base in each read, and thus every quality value, in a read. Figure 6 shows how quality value codebook
identifiers relate to sequencing reads, quality values, reconstructed quality values, and genomic
positions. The top third of the figure shows how nucleotides of four reads, including quality values, are
mapped to genomic positions. The center of the figure shows how each genomic position is associated
to a quality value codebook. According to the corresponding quality value index, the reconstructed
quality value is derived using the associated quality value codebook. The reconstructed quality values
are shown in the bottom third of the figure.
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Figure 6 — Relationship between sequencing reads, quality values, reconstructed quali

10.4.16 rname

Sequencing ffead identifiers are encoded as a sequence of rname.descriptors (descriptor_ID equal t
Each rname|descriptor is composed by tokens which have a£ype and possibly one or more param

0
AGCTTTTCATTCTGACTGCA
FRCDFFFFHHHHHJIJIJIJIIJIJ
AGCTTTTCATTCTGACTGCAGCG
+?234#%:C>:4CCCRCRA9&) &0 (
GCTTTTCATTCTGACTGCAACGGGCA
DDCDDDCDDDDDC/DCDDDBDDDDEE
TTTTCATTCTGACTGCAACGGGC CA AR
:23>>:::CDCDC>@ :@>?<59C>14
B=JJJJgJJJIJIJIJIJIJJJIJIJIJIJ
T =T A v s s A A A S A e A o O T B
JJJJJIJTJIJJJJIJIJIJOITJIJIJIJIJIJIITJTJ ¢
52!13JJ3JJJJJJJJJTJIJTITJIJTTJITJTJTrAY%

values, and genomic positions

Ly

b 15).
bters.

The syntax,| semantics and decoding process for rname descriptors are those for the tokentype
descriptors $pecified in subclause 10.4.19. The output©f the decoding process of the rname descriptor
for a ith record in the access unit is the string variable readName equal to decodedStrings[i], usinjg the

array decod¢dStrings[] is specified in subclause 10:4.19.4. If rname descriptor is not present, read
is set to the ¢mpty string “”.

“un

An example pf read identifiers tokenizationis provided in Annex A.

10.4.17 rftp

The rftp degcriptor shall be présent only in access units of type 3 (class M) when cr_alg_ID specif

subclause 7.3.2 is set to 1. Itz'shall not be present in any other case.

The inputs t this process-are:

— the decqded_symbols[descriptor_ID] array specified in subclause 12.6.2.1 when descriptor]

equal to|16 and-the current value of j;¢ o;

—  the valuk A"_anrf_pnciﬁnn as cppr‘ifipd insubclause 741 1:

Name

ed in

ID is

— the value seq_start as specified in subclause 7.2.1.

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[jlaO++]

10.4./18 rftt

The 1fftt descriptor shall be present only in access units of type 3 (class M) whenrer.alg_Il} specified in
subclpuse 7.3.2 is set to 1. It shall not be present in any other case.

The ihputs to this process are:

— the decoded_symbols[descriptor_ID] array specified in subclause, 12.6.2.1 when desgriptor_ID is
equal to 17;

— the current value of j;; .

The qutput of this process is one array refTransfSubs[]cofitaining the type of transfornjations to be
appligd to a decoded raw reference as specified in subclatise 11.3.2.

In this description, subsequenceN is the subsequengce identified by descriptor_subsequence_ID = N (i.e.
subs¢quenceN = decoded_symbols[17][N]).

The qutput of the rftt descriptor decoding process shall be calculated following the process described
in Table 73, after having decoded subsequence0 according to the decoding process |specified in
subclpuse 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(i = 0; 1 < Size(subsequenceQ); i++) {
rpfTransfSubs[i]/ subsequenceO[j1%O++]
}

10.4.19 tokeéntype descriptors

The msar_and rname share the same syntax, semantics and the decoding process spetified in this
subclpuse for the generic tokentype descriptor. The tokentype descriptor is not a genomjc descriptor
identified by a descriptor_ID, but a simple alias for rname and msar in the syntax, semantics and
decoding process specified in this subclause.

tokentype descriptors can be of three types:
— 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”
0 to 232-1 being the previously decoded descriptor and counting
backwards in the list of previously decoded descriptors.
Fhevatue of PISTANCE shattatwaystefertoadescniptor
coded in the current access unit. If a DUP token,is-fdund,
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\beihg compared
DISTANCE ranging from |against, usually “1” to indicate the préwious descripfor.
0 to 232-1 DIFF can only occur at the first token’position.
The first descriptor of a coded-accéss units always dtarts
with “DIFF 0”.

2 STRING st(v) This is an arbitrary runof ASCII characters (as spedified
in ISO/IEC 10646) and:nieéd not be purely alphabetical.
STRING is always null-terminated.

3 CHAR c(1) ASCII character as-specified in ISO/IEC 10646.

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

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

from 0 to 28-1 and 255.

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

32-bit unsigned integer -Jpossibly starting with a leading zero.

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

8 MATCH none The next token value is identical to the token at the shme
position in the descriptor the currently decoded
descriptor is compared against (regardless of token fype).

9 END none Marker indicating the termination of the current token-
type descriptor sequence.

10.4.19.1 Decodingprocess

The input tothis process is the block payload (as specified in subclause 7.4.1.2.2) for descriptor_ID pqual
to 11 or desdriptory ID equal to 15, which corresponds to the msar and rname descriptors respectively.
The encoded.tokentype() structure of this block payload internally contains a list of comprgssed

representatiomn of tORENtype descriptor SEqUENCES.

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
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Table 75 — Syntax of encoded_tokentype()

Syntax Type
encoded tokentype () {
num_output_descriptors u(32)
num_tokentype_sequences u(16)
for(i = 0; i < num tokentype sequences; i++) {

encoded tokentype sequence (i)

i

| output_descriptors specifies the number of descriptors (msar or read identifiers) encoded in
irrent block payload.

[tokentype_sequences specifies the number of tokentype descriptor segquences ir] the current

encodled_tokentype_sequence(i) specifies the data structure containing the byte-aligned|compressed

reprgsentation of the ith tokentype descriptor sequence. Its syntax is,specified in Table 76

type]
a stat
incre
varia

Table 76 — Syntax of encoded_tokentype_sequence()

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 tokentype sequence (i, method ID,
nung~Qutput symbols)
}
}

[ID specifies the type of the ith tokentype descriptor sequence. This process internally maintains
e variable typeNum, which is initialized with -1 for every block payload of the descfiptor and is
merited for every tokentype descriptor sequence with lues of state

D V1D oi—aiG pe1Dare t G 0§ a a SpeCIfledll’l
Table 77.
Table 77 — Computation of mappedTypeld
if (type ID == 0)
typeNum++
mappedTypeld = (typeNum<<4) | (type ID & O0xf)

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-
clause 10.4.19.3.1.

CAT

The null coding, ideal for small data. Its syntax is specified in sub-

clause 10.4.19.3.2.

RLE

—-

Run length coding, ideal for long list of repeated symbols. Its syntax
specified in subclause 10.4.19.3.3.

S

CABAC_METHOD_0

The CABAC method 0 as specified in subclause 10.4.19.3.4. Phe signjling
of its configuration parameters are specified in subclause 12.3.5.

CABAC_METHOD_1

The CABAC method 0 as specified in subclause 10/5:18.3.5. The signpling
of its configuration parameters are specified in subclause 12.3.5.

X4

A recursive decorrelation method to split afokentype_sequence int
four equisized interleaved subsequences (Wwi€never size is divisible
by 4), each of them being coded with one_ of the above methods except
method_ID 0x0. Its syntax is specifiedin subclause 10.4.19.3.6.

=4

0x6 .. Oxf

reserved

ref_type_ID||lis the mappedTypeld of a previously decoded tekentype descriptor sequence of yhich

payload of c

rrent tokentype descriptor sequence is an exact duplicate.

num_output_symbols signals the number of symbels' to be reconstructed from the comprgssed

payload of the ith tokentype descriptor sequence.

decode_tokentype_sequence(i, method_ID, num@utputSymbols) specifies the syntax for decodirlg the
ith tokentypge descriptor sequence (of size nuimOutputSymbols) using the decoding method indifated

by method_ID. Its syntax is specified below.

Table 79 —Syntax of decode_tokentype_sequence()

Syntax

decode tokentype)sequence (i, methodID, numOutputSymbols) {

if (methodID” ==

CAZ(1, numOutputSymbols)

elsé 1f (methodID == 2)

RLE (1, numOutputSymbols)

else 1f (methodID

== 3)

CABAL METAUD UTL, NUMUUTPpUTSYMOOLS)

else if (methodID

== 4)

CABAC METHOD_l(i, numOutputSymbols)

else if (methodID == 5)

X4 (1, numOutputSymbols)

else

/* reserved for future use */

76
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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 descript

10.4.19.3.1 COP

The input to this process is
mapp v :

Thed
refer

utput of this process is a tokentype descriptor sequence, obtained by copying the.alre
ence tokentype descriptor sequence uniquely identified by ref_type_ID.
CAT

10.4.19.3.2

This
recon]

subclause specifies the decoding process for the method CAT. The output of this
structed tokentype descriptor sequence of size numOutputSymbols.

Table 80 — Decoding process for the method CAT

or sequence.

ref_type_ID, which shall be equal to a previously computed variable

e77

ady decoded

process is a

Decoding process Type
CAT (i, numOutputSymbols) {
fpr (3=0; j<numOutputSymbols; j++) {
decoded tokens[i] []] u(g)
}
}
decofled_tokens]i][j] specifies the jth token in the ith decompressed tokentype descriptoi sequence.
10.4.19.3.3 RLE
This jsubclause specifies the decoding process for the method RLE. The output of this |process is a
recor]structed tokentype descriptor sequence of size numOutputSymbols.
Table 81 — Decoding process for the method RLE
Decoding process Type
RLE (L, numQutputSymbols) {
fpr (7=0% j< numOutputSymbols ; ) {
tmp_value u(8)
if (tmp value == rle guard tokentype) {
rle_len u7@d
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_guard_tokentype specifies the guard value signaled in decoder configuration for sequences of
tokentype descriptors (see 12.3.5).

decoded_tokens[i][j] specifies the jth token in the ith decompressed tokentype descriptor sequence.

10.4.19.3.4( CABAC_METHOD_O
This subclause specifies the decoding process for the method CABAC_METHOD_0 used o, decompress
a tokentypg descriptor sequence. The output of this process is a reconstructed tokentype descriptor
sequence.
Table 82 — Decoding process for the method CABAC_METHOD_0
Decoding process Typé

CABAC METHQD 0 (i, numOutputSymbols) {

decofled symbols[descriptor ID][0] = as specifigd
decode des¢riptor subsequence (descriptor ID, 0, numOutputSymbols, g;iggﬁéuse
remainingPgyloadSize)

decodled token[i][] = decoded symbols[descriptor ID][0][]

}

decode_desd
the decoding
identified by

decoded_symbols[descriptor_ID][0][] .specifies the list of symbols decoded by decode_descr

subsequencs

remainingP3

riptor_subsequence(descriptor_ID, 0, sumOutputSymbols, remainingPayloadSize) specifies

r process for the 0th descriptor subséquence (of size numOutputSymbols) of the desci
descriptor_ID. For the CABAC_METHOD_O, the descriptor_ID is equal to 11 or 15.

(descriptor_ID, 0, numQutputSymbols).

yloadSize is the nuniber of bytes remaining in the current block payload.

iptor

ptor_

decoded_toKens][i] specifiesthe list of tokens in the ith decompressed tokentype descriptor sequernce.

10.4.19.3.5

This subclay

CABACMETHOD_1

se specifies the decoding process for the method CABAC_METHOD_1. The output of this

processisa

reconstructed tokentype descriptor sequence of size numOutputSymbols.

Table 83 — Decoding process for the method CABAC_METHOD_1

Decoding process

Type

CABAC METHOD 1 (i, numOutputSymbols) {

decoded_symbols[descriptor_ID][l} =

decode descriptor subsequence (descriptor ID,

remainingPayloadSize)

1, numOutputSymbols,

as specified
in subclause
12.6.2.1

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

This pubclause specifies the decoding process for the method X4, which is be used-to- decompress a
tokentype descriptor sequence. The output of this process is a reconstructed tokentype descriptor
sequégnce of size numOutputSymbols.

Table 84 — Decoding process for the method X4

Decoding process Type

X4 (i}, numOutputSymbols) {

xfl_method IDs u(16)
fbr (s=0; s<4; s++) {
methodID = (x4_method_IDs >> (12 - (s*4))) &/0x¥F
decoded tokens x4[s][] = decode tokentypgysequence (s, methodID, as
numOutputSymbols/4) :EEgSSi;n
10.4.19.2

.

[ Multiplexing of interleaved sukbsequences */

H

br (7=0, j< numOutputSymbols ;. g%+= 4) {

for (s=0, s<4; s++) {

decoded tokens[i] [j*s] = decoded tokens x4[s][j>>2]

}

x4_mlethod_IDs sspecifies the four compression methods (among those listed in Table 78 except
methpd_ID = 0J:GSed to decompress the four interleaved subsequences, where the method_|ID for the sth
subsgquencé.can be derived as method_ID = (x4_method_IDs >>(12 - (s*4))) & 0xf.

interleaved
he decoding

method ID

decoe tokentype sequence(s

numOutputSymbols/4) decodes the sth

method 1nd1cated 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[ 1 = {“"}
do {
t =20
tokType|= get tok type(decoded tokens[t<<4])
distance¢ = get tok int(decoded tokens[t<<4 | tokType])
refIdx ¥ cIdx - distance
if (tokType == 0) /* Token: DUP */
strcpy (decodedStrings [cIdx], decodedStrings [refIdx])
else { /* Token: DIFF */
for [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,{tokType, t, reflIdx)
strcat (decodedStrings[cIdx], tokStr)
}
}
} while (cIgix < num output descriptors && st¥rlen(decodedStrings[cIdx++]) > 0)

num_output
current bloc

| descriptors specifies the number‘of descriptors (msar or read identifiers) encoded In the

k payload. It is specified in 10.4.49.2.

get_tok_typé(decoded_tokens| ]) popsiand returns one byte from data structure decoded_tokens]||

[a—

get_tok_int(dlecoded_tokens[ ]) pops four bytes from data structure decoded_tokens| ] and defodes

them as a 32
strcpy(dst, s

strcat(dst, si

Lbit integer as specified in subclause 6.2.
Irc) specifies theString copying operation from the source string to the destination st

c) specifies the string concatenation operation of source string to the destination str

ring.

ng.

strlen(str) rg¢turns;the length of the input string.

4

zalbial) pnone and ot c talran ol

ondte tuna (e ictnd 100 Tl ln 74) A d +1
- oHtSype @SSt a I aoe A aha+t

extract_tok ! e co-

located tokens in the reference descriptor (msar or read identifier). The syntax of extract_tok_value() is
described below.

ahaca
a7 PopSaRa et RS tokeh—vardteoase

Table 86 — Decoding process associated to a call to extract_tok_value()

Decoding process
extract tok value(decoded tokens[ ][ ], refIdx)
tokIdx (t << 4) |
) /* Token: STRING */
get tok string(decoded tokens[tokIdx])
) /* Token: CHAR */
get tok char (decoded tokens[tokIdx])

tokType, t, {

tokType

if (tokType ==

tmp str

else if (tokType ==

tmp str

80 © ISO/IEC 2019 - All rights reserved


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

ISO/IEC 23092

-2:2019(E)

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 digitsO (decoded tokens[tokIdx])
else if (tokType == 7) /* Token: DELTAQ */

tMp—StTr—get—tok detrtatttecoded—tokersttokTox T, Tef Ty
ellse if (tokType == 8) /* Token: MATCH */

tmp str = get tok match (reflIdx)

Pturn tmp_ str

}

get_t

decodled_tokens[ ] as described for token STRING in Table 74.

get_t
token

get_t
them
retun

get_t
token
co-lo
retur

get_t
32-bi
strin

get_t
toker
co-lo
retur
said S

get_t
orre

pk_string(decoded_tokens[ ]) pops and returns a null terminated, string from da

pk_char(decoded_tokens[ ]) pops and returns one ASCII character from data structy
s[ ] as described for token CHAR in Table 74.

pk_digits(decoded_tokens[ ]) pops four bytes from data structure decoded_tokens
as a 32-bit integer as specified in subclause 6.2, a§,described for token DIGITS in ]
ns a string with the big-endian decimal representation of said integer.

pk_delta(decoded_tokens][ ], refldx) pops a ohe byte delta value from data structu
s[ ] as described for token DELTA in Table“74, sums said delta value and the digit
cated DIGITS token in the reference descriptor (msar or read identifier) identified b
ns a string with the big-endian decimal representation of the result of said sum.

pk_digitsO(decoded_tokens[ ]) pops a one byte length value and a four bytes value,
L integer as specified in subclatise 6.2, as described for token DIGITSO in Table 74, a
b with the big-endian zero-padded fixed-width decimal representation of said integer:

pk_deltaO(decoded_tokens| ], refldx) pops a one byte delta value from data structu
s[ ] as described for token DELTA in Table 74, sums said delta value and the digit
tated DIGITSO token'in the reference descriptor (msar or read identifier) identified b
ns. a string with,the big-endian zero-padded fixed-width decimal representation of
um.

pk_match(refldx) returns the token value of the co-located token in the reference desc
hd identifier) identified by refldx as described for token MATCH in Table 74.

fa structure

re decoded_

[ ], decodes
lable 74, and

re encoded_
value of the
 refldx, and

lecoded as a
nd returns a

re decoded_
value of the
y refldx, and
the result of

riptor (msar

conallance

10.5

T TIITT

This subclause specifies how sequences of nucleotides are computed by a conformant decoder. For
class HM, the mapped read is computed as specified in subclause 10.5.1 while 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 array softClipSizes[][] computed as specified in subclause 10.4.6;

— the varigable classld computed as specified in subclause 10.2.2;

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

— the arrafys ref_sequence[][] and seq_start[] as specified in subclause 7.2.

The decoding process specified in Table 87 shall be applied.

Table 87 — Decoding process of sequence[] array for aligned reads

Decoding step Description

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

for(j =|0; 7 < numberOfSplicedSeg[i]; j++) {

pRef|= splicedSegMappingPos[i] []j] -
seq_start[$eqld]

mapp¢dLength = splicedSegLength[i] [J]

if(classId == Class I || classId == ClassvHM) {
ir@g == 0) {
mappedLength -= softClipSizes¥i] [0]
}
if(j == numberOfSplicedSegi] - 1) {
mappedLength -= sofitClipSizes[i][1]

spli¢edSequence[d ][9] =
ref sequence{seqld] [pRef,
pRef M~mappedLength — 1]

if (classld == Class N) {
proe&ssSplSegN (i, 7) Specified in subclause 10.2.3
} else 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.

ISO/IEC 23092

Table 88 — Decoding process of sequence[] array for unmapped reads

-2:2019(E)

Decoding step

Description

for(i =

i < numberOfRecordSegments;

numberOfAlignedRecordSegments;

i++) {

if (crps_flag == 0){

decodetreadstsprceaSegtengtirt o)

Speciried In Subcl

use 10.4.7

splicedSequence[i] [0]

= decodedUreads

decodedUreads aj
subclause0.4.7

specified in

}plse if (crps flag == 1 && cr alg ID == 2){

decofle according to the process specified in subclause 11.3.3

}Jplse if(crps flag == 1 && cr _alg ID == 4){

decofle 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
1 2 11.3.3
4 11.3.5

10.6|e-cigar

10.6.1 Syntax
This

spliced reads.

subclause specifies, an extended CIGAR (E-CIGAR) syntax for strings to be computed from

sequé¢nces and relatedmismatches, indels, clipped bases and information on multiple alignments and

Aligniments are described as a sequence of consecutive edit operations between the referemce sequence

and 4

Edit

sequenge\mapped onto the reference sequence.

pperations might involve skipping or replacing part of the sequence of either refere
for tHis'teason, one has to keep track of a pointer R to the current position within the refé

pointerrtothecurrent positiomwithimthe read: Theyare bothrsetto 0atthe beginming of t

process, the 0 of the reference being the position of the match.

Edit operations specified in this document are listed in Table 90.

Table 90 — Syntax of the MPEG-G E-CIGAR string

nce or read;
rence, and a
1e alignment

Operation

Semantics

E-CIGAR
representation

Equivalent SAM

CIGAR representation

tions (match)

Increment both pointer-to-reference
R and pointer-to-read r by n posi-

n matching bases

n=

nM in older versions
(not equivalent),

=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
positions (in‘nv‘f from-the rnaﬂ) read (nnf‘ pr‘ncnnf‘ inthe
reference)
Increment pqinter-to-reference R by |n bases are deleted in the read |n- nD
n positions (deletion of sequence s in |(but present in the reference)
the read)
Increment pdinter-to-read r by n n soft clips (n) ng

positions (ingertion in the read). Can
only occur atjbeginning or end of read

Hard trim. C4n only occur at begin- |n hard clips [n] nH
ning or end of read

Increment pqdinter-to-reference R An undirected splice of n nx* nN
by n positiong, splice consensus bases

observed (splice in the read)

Increment pqdinter-to-reference R A forward splice of n bases R/ Not existing
by n positionp, splice consensus
observed on fhe forward strand
(forward splice in the read)

o©

Increment pdinter-to-reference R A reverse splice of pnbases n
by n positionk, splice consensus
observed on the reverse strand (re-
verse splice ih the read)

Not existing

The general framework illustrated in Table'91 shows an example of alignment with soft clips, delgtions
and substituftions.

Table 91 — Example of e-cigar string

0000000000311111111122222222223333333 Position in the reference
0123456789012345678901284567890123456

ACAGATATATCAGAGACCATACAGGAACATAACAGAC Reference

AAAGATCTATt+ ¥+ ++++++CAGGTACATA Read
0000000000 1111111111 Position in 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.

If cr_alg_ID specified in subclause 11.3 is set to 1, for classld equal to Class_M, mismatchOffsets[][] and
numMismatches[] are pre-processed as per subclause 10.6.4 prior to being decoded as specified in this
subclpuse:

For classld equal to Class_M, Class_I, and Class_HM:

—

he mismatches[][] arrays computed as specified in subclause 10.4.5.

If cr_plg_ID specified in subclause 11.3 is set to 1, for classld equal to Class>M, mismatchges[][] is pre-
procgssed as per subclause 10.6.4 prior to being decoded as specified in thiS)subclause.

For classld equal to Class_I and Class_HM:

— the mismatchTypes[] array computed as per subclause 10.4.5;

—

he softClips[][][] arrays, the softClipSizes[][] array, and the hardClips[][] array ¢omputed as
pecified in subclause 10.4.6.

(%)

The qutput of this process is the array of strings e€igarString[], and the array of the cgrresponding
string lengths ecigarLength[].

In thjs subclause, the decoding process uses-§trings, where strings are sequences of a given length
of urjiversal coded character set (UCS) transmission format-8 (UTF-8) characters as [specified in
ISO/IEC 10646 of a given length.

In this subclause, the following strings operators are defined:

arrayftostr(a, 1) returns a string of length | created by copying the first | characters from array a,
where a is.d one-dimensional array of characters.

strtof(s) returns all characters in string s in a sequence compliant with c(n) datg type speci-
fiedin subclause 6.3, where n corresponds to the length of string s.

returns a string composed by the characters between the quotes.

inttostr(i) returns a string containing the base-10 representation of the integer .

strcaf(st, ..., sN) returns the concatenation of the strings from s1 to sN. If any of the inpyt strings s1
through SV IS a Singie character, {tis considered a String of fengtit I

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++) {

© ISO/IEC 2019 - All rights reserved 85


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

ISO/IEC 23092-2:2019(E)

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, mmOffsets, mms, mmTypes)
ecigar = decodedEcigar dprndde‘rignr
computed as s fied
} NI
A°
else iffclassId == Class N) { ClaSS(N/V
|
mms F {} e@@ array
mmTypes = {} ( }apty array
decofleECigarMismatches (classId, readLength[s], Q/C) as specified in Taljle 93
nyimMismatches([s], mismatchOffsets[s], mms, mmTypes) f'\\\
eciggr = decodedEcigar %\J decodedEcigar
g\\ computed as specified
, O in Table 93
} N ¢
| Q
else iffclassId == Class M) { \ Class M
- AN
N
mmTypes = {} g\ » empty array
decodleECigarMismatches (classId, readLen,%Qs] , as specified in Talle 93
ngmMismatches[s], mismatchOffsets[&N ,
m}lsmatches[s], mmTypes) :\\Q
eciggr = decodedEcigar \O‘ decodedEcigar
N computed as specified
_\‘\\O in Table 93
} *
else iffclassId == Clas%l'l classId == Class_ HM) { Classes ] or HM
-
left$oftClips = Q
afraytostr( Clips[s] (0111,
softCP@Izes [s][0]
righ SOftQ.\ps =
arr str(softClips([s][1]11[],
softCITpSTzesTsTTTh
leftHardClips = hardClips|[s] [0]
rightHardClips = hardClips([s][1]
mappedLength = readLength[s]
- strlen(leftSoftClips) - strlen(rightSoftClips)
decodeECigarMismatches (classId, mappedLength, as specified in Table 93
numMismatches[s], mismatchOffsets[s],
mismatches[s], mismatchTypes([s])
ecigar = decodedEcigar decodedEcigar
computed as specified
in Table 93

86 © ISO/IEC 2019 - All rights reserved


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

Table 92 (continued)

ISO/IEC 23092-2:2019(E)

Decoding step

Description

if(strlen(leftSoftClips) != 0) {

ecigar =

\(\,

strcat (ecigar,

inttostr(strlen(rightSoftClips)),

ecigar = strcat( soft clips are present
‘(', inttostr(strlen(leftSoftClips)), ’")’, Ef;g;iahbeal:gtmOSt
ecigar)
}
else if(leftHardClips != 0) {
tear—=——atreatt hard-elpsare present
‘['Y, inttostr(leftHardClips), 17, lr)r;f%%}i?ll:gtm()ﬁ
ecigar) .(]/
) v
if (strlen(rightSoftClips) != 0) { (\Q)V
NJ

"))

soft clips dre present
after the rjghtmost

‘OC) mapped base
V/
} 2N
else if (rightHardClips != 0) { \%V
ecigar = strcat (ecigar, 6\ ) hard clipsfare present
‘[', inttostr(rightHardClips), '1') Q after t}:jeglghtmOSt
QO mapped base
} \\
) >
S - - - O
efigarString([s] strtoc (ecigar) x\\o
efigarLength[s] = strlen(ecigar) $
) S

O

Table 93 — Decodilgsp}'ocess for the mismatches within one e-cigar string

\\‘
» Decoding step

Desdription
decofleECigarMismatch classId, len,
mmNumber, mp{@sets, mms, mmTypes) {
efpigar = “"A\V empty string
if(classa@i\\‘Class_P){ Class P
eci&&):‘ strcat (inttostr (len), ‘=')
|, O
el%/if(classld == Class_N) { Class N

previousOffset =0

i=20

while (1 < mmNumber) {

delta = mmOffsets[i] - previousOffset

previousOffset = mmOffsets[i] + 1

if (delta == 0) {

ecigar = strcat(ecigar, ‘N’)

} else {
ecigar = strcat(ecigar, inttostr(delta), ‘=')
ecigar = strcat(ecigar, ‘N’)
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Table 93 (continued)

Decoding step Description
}
i++
}
delta = len - previousOffset
if (delta > 0) {
ecigar = strcat(ecigar, inttostr(delta), ‘=')
}

) &)
else iffclassId == Class M) { Class M Q,Q‘
prevjiousOffset = 0 q;°v
s U
whilé¢ (i < mmNumber) { "0)\)’

d¢lta = mmOffsets[i] - previousOffset (-“ l/
pfeviousOffset = mmOffsets[i] + 1 RN\ -
. N
if(delta == 0){ He)
ecigar = strcat(ecigar, mms[i])) <(\
}lelse ¢ P o
ecigar = strcat(ecigar, inttostr(delta), A‘éﬁx
ecigar = strcat(ecigar, mms[i]) \\({ N
) QO
} it+ Q‘{{\\Q)
delta = len - previousOffset ‘\\é‘
if(de}ta > 0) { | | x\O\‘
etigar = strcat(ecigar, 1{\1}}1;ostr(delta), =)
: @
} A
else iffclassId == Clafs&_%‘l | classId == Class_HM)) { Classes I or HM
prevjousOffset = (OV
= /)@’
whild (i < myMyfoer) {
cpunt .
d<=1@/\é mmOffsets[i] - previousOffset
previousOffset = mmOIffsets|[1]
if (delta > 0) {
ecigar = strcat(ecigar, inttostr(delta), ‘=')
delta = 0
}
if (mmTypes[i] == 0) { substitution
ecigar = strcat(ecigar, mms[i]))
previousOffset = mmOffsets[i] + 1
i++
}
else if (mmTypes[i] == 1) ({ insertion
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Table 93 (continued)

Decoding step Description

while (1 < mmNumber
&& mmTypes[i] == 1
&& mmOffsets[i] - previousOffset

== 0) {
previousOffset = mmOffsets[i] + 1

count++, i++

h|
J

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 - previousOffset

if (delta > 0) {

ecigar = strcat(ecigar, tostr(delta), ‘=')

[o})

ccodedEcigar = lecigar

10.6.2.2 Decoding process with spliced reads

stringsare decoded as follows

Whelt the-spliced_reads_flag syntax element specified in subclause 7.3.2 is equal to 1, the e-cigar
nu

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, readLength[s],

as specified in

0 Topes) Table 93
eciggr = decodedEcigar decodedEci
computed(@s spgci-
fied in-Table 93
) v
else iffclassId == Class N) { i sN
mms F {} q‘/ mpty array

mmTypes = {}

empty array

P
decodleECigarMismatches (classId, readLength[s], \\\/ as specified in
npmMismatches[s], mismatchOffsets[s], mms, mmTypes)\ Table 93
ecig@r = decodedEcigar c‘)\\ decodedEcigar
Q computed as
AQ specified in Table 93
! \\f<
else iffclassId == Class M) { $\ » Class M
mmTypes = {} .)(\Q) empty array
N
decofleECigarMismatches (classId, read@l}th [s1, as specified in
nmMismatches([s], mismatchOffse s],
mismatches[s], mmTypes) \O
eciggr = decodedEcigar . c\)& - decodedEcigar
C)\ computed as
) specified in Table 93

} RS

afraytos %oftClips [s]1[011[1,
sofs€Mpsizes[s] [0])

else iffclassId == C](a&S)‘I || classId == Class HM) { Classes [ or HM
~ _
NS
leftfoftClips = .

righ S@C’lips =
A\

arTayroSCIr(SOItCIIpS ISt 11y

softClipSizes[s][1])

leftHardClips = hardClips|[s] [0]

rightHardClips = hardClips([s][1]

ecigar = empty string
for(i = 0; 1 < numberOfSplicedSeg[s]; i++) {

if(i > 0) |

spliceOffset = splicedSegMappingPos|[s] [1]
- splicedSegMappingPos|[s][1i - 1]

- splicedSeglength([s][i - 1]

ecigar = strcat(ecigar, inttostr(spliceOffset))

90
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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)

ecigar = strcat(ecigar, “*”) undirected splice
1 else {

/* reserved */

A

A

}

M4

-

mmStartIdx = splicedSegMismatchIdx([s] [1]

mmEndIdx = mmStartIdx + splicedSegMismatchNumber([s] [1i]

decodeECigarMismatches (classId, C) as specified in
Table 93
splifedSegLength[s] [i], Q/ S
\
splicedSegMismatchNumber[s] [1], %O
splicedSegMismatchOffsets[s] [1], 5\\
mismatches[s] [mmStartIdx, mmEndIdx], Q O
mismatchTypes[s] [mmStartIdx, mmEn )
ecigar = strcat(ecigar, decodedEcig%)\ decodedEcigar
Q computgd as
R~ specifiedl in Table 93
} >

AN
. . .
if (strlen(leftSoftClips) ! \\QQﬁ
ecigar = strcat( O

(', inttostr (stisgen (leftSoftClips)), ’)’,
) ‘\0
ecigar) }

soft clipy are present
before the leftmost
mapped|base

~=7
} *

“ .
else if(leftH(a-&&_ips = 0) {

N4
ecigar :Cs)rcat (

hard clips are

‘(', inttostr(strlen(rightSoftClips)), ')’)

. resent pefore th
M inttostr (leftHardClips), 17, present pefore the
leftmost mapped
\®:igar) base
Ty
&(strlen(rightSoftClips) 1= 0) {
ecigar = strcat (ecigar, soft clips are present

after the rightmost
mapped base

}

else if (rightHardClips != 0) {

ecigar = strcat(ecigar,

‘['Y, inttostr(rightHardClips), ’17)

hard clips are
present 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

subclause 10

4.12.

10.6.4 Refe

When cr_alg
arrays mism
10.4.5 shall |
specified in

Additional iy

rence transformation

_ID specified in subclause 11.3 is set to 1, for records belonging to class Class‘M,the
atchOffsets[][], mismatches[][], and numMismatches[] specified in subclauses 10.4.
he pre-processed according to the process described in Table 95 prior te-being decod
subclause 10.6.2.

jput to the process is:

input

1 and

ed as

— the array mappingPos[][] computed as specified in subclauses 10.4.1 and’10.4.9;
— thereadlLen[] array computed as specified in subclause 10.4.8;
— the arraf refSequence equal to ref_sequence[i] specified in/subclause 7.3.2 where i is equal tp ref_
sequen¢e_ID as specified in subclause 7.4.1;
— the arra refTransfOrigSymbols computed in subclause11.3.2;
— the varjables numberOfRecordSegments and._xumberOfAlignedRecordSegments comput¢d as
specifiedl in subclause 10.4.9.
The output| of the process is the modified arrays mismatchOffsets[][], mismatches[][]| and
numMismatg¢hes[].
Table 95 — Pre-processing process when cr_alg_ID is equal to 1
Processing step Description
for(s = 0;|s < numberOfRegonrdSegments; s++) {
mPos = thappingPos[0] ks) - seq_start
newMism@tchOffsets} = {} empty arrays
newMismgtches [l # {}
i =0, } =@ k=0
while (i|«64ize (refTransfPos) && search for the transformja-
refTransfPos[i] < mPos) i++ TIOIS 1T e lertmostread
range
while (i < Size(refTransfPos) &&
refTransfPos[i] < mPos + readLength[s]) {
if (j 2 numMismatches[s] || one ref transformation found
, before the next mismatch
refTransfPos[i] - mPos < .
position
mismatchOffsets[s][J]) {
newMismatchOffsets[k] =
refTransfPos[i1i] - mPos
newMismatches[k] = refSequencel[refTransfPos[i]] read the base in the ref
sequence
92 © ISO/IEC 2019 - All rights reserved
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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] !'=

refTransfOrigSymbols[i]) {

store it only if different from
the original reference

newMlsmatches[k] = mismatches[s][]]

k++

}

it+, J++

} else {

while (j < numMismatches[s] &&
refTransfPos[i] - mPos >

mismatchOffsets[s][J]) {

€opy all mismatghes until
the next referenge
transformation

newMismatchOffsets[k] =

mismatchOffsets[s] []]

newMismatches[k] = mismatches[s][]]

k++, J++

while (j < numMismatches([s]) {

copy the remainjng
mismatches if anjy

newMismatchOffsets[k] = mismatchOffsets[s][]j]
newMismatches[k] = mismatches[s][]]
k++, j++
}
mfi smatchOffsets[(s]) = newMismatchOffsets
npmMismatches[s¥ = k
mii smatchegfs) = newMismatches

11 Ppprpcpnf;\tinn of reference sequences.

The reference sequence is usually part of an available reference genome (split into chromosomes and
other sequences), but can in principle have any origin. With respect to a bitstream compliant with
ISO/IEC 23092-1, the following types of reference sequences are supported:

— External reference: the reference sequence is coded as an independent resource either locally or
remotely and shall be retrieved to enable the decoding of the bitstream.

— Embedded reference: the reference sequence is coded within the bitstream as dataset.

— Computed reference: the reference sequence can be computed using the information contained in

the sequencing reads coded in the bitstream.

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 Embe

dded reference

The reference is stored in the bitstream as dataset as specified in ISO/IEC 23092-1.

11.3 Comp

uted reference

A computed

to encod

to encod

In case of ali
to the refere

reference is used:

e raw (unmapped) reads.

pned reads, it can be beneficial to support encoding and decoding witheut requiring a
nce sequences used for alignment.

e aligned sequencing reads without using the reference sequences used for alighment

CCesSS

This approa¢h uses the sequencing reads to be encoded to build a local consensus assembly to pefform
reference-bgsed encoding. In this case, all reads shall be encoded using,class U descriptors, byt the
classificatiop in P, N, M, I and HM classes shall be preserved.
When sequgncing reads are encoded using a computed reference, the rtype descriptor curgently
specified in $ubclause 10.4.10 shall be used as specified in Table.96 to:
1. signal the set of descriptors needed to decode the current record,
2. signal the type of reference (embedded reference or computed reference) needed to decode the
current fecord.
11.3.1 Gengral
Table 96 specifies the supported reference computation algorithms. cr_alg_ID is specifigd in
subclause 11.3.
Table 96 —Supported reference computation algorithms
cr_alg_ID Name Description
0 reserved
1 RefTrdunstorm To improve compression efficiency, an available external refergnce
is modified before decoding sequence data. This algorithm applies
only to aligned data as described in subclause 11.3.2.
2 PushlIn The reference is created by simple concatenation of already
dCLUdCd I Cddb, W lt‘ll pdddills. T}lib ib dCbLl l]UCd ill
subclause 11.3.3.
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.
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

symb

ols in the original reference.

Table 97 — Reference transformation process

Transformation step Description
len = Size(refTransfPos][])
refTransfOrigSymbols[] = {} empty array
for (1 = 0; 1 < len; 1i++){
YFLITAaNS{OrI0oymootIsS L1 — savetire b_ylu'uul trtirereferemcepefore
ref sequence[seqld] [refTransfPos[i]] transformation
rpf_sequence[seqId] [refTransfPos[i]] = substitution

refTransSubs[i]

}

When cr_alg_ID is equal to 1, the decoder shall first apply the reference|transformation

Table

97 to the raw reference structure received as input and then use_it for reference-bas

as spegcified in subclause 10.2.
11.3.3 Pushin

11.3.3.1 General

The 1
alrea
the p
each

A de
previ

11.3.
The i

eference is created by pushing into a reference buffer crBuf of size crBufSize, i.e. cd
dy decoded reads. In this subclause, reads are specified as the sequences computed
Focess described in subclause 10.5.2. The@eference is built from crBufNumReads de
romposed by a sequence of symbols fromrone of the alphabets as specified in subclau

oded read is pushed in front of tlié computed reference buffer only if it is differe
ous one. The computed referenee obtained in this way is padded at its beginning and

3.2 Process for the construction of the reference
hputs to this process.are:

he buffer crBuf ef.size crBufSize specified in subclause 11.3.3.1 which contains crBuf]

r_buf_max_size as specified in subclause 7.3.2.3;

r_pad_size as specified in subclause 7.3.2.3;

n dlready decoded non-aligned read.

described in
ed decoding

ncatenating,
as output of
coded reads,
be 9.1.

bnt from the
ts end.

NumReads;

The output of this process is the updated buffer crBuf and the updated variable crBufSize.

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_buf 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

r

ead) 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 crBufin
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
remaining in crBuf.

read

The leftmost position in the buffer shall have position 0; by consequence, the leftmost base of the oldest

read shall have position cr_pad_size.

11.3.4 Locdl assembly

11.3.4.1 General

The referende is created by computing a local sliding consensus reference sequence, This can be s4
equivalent t¢ performing a local assembly. A local assembly is created by collectingiall bases mapp
a unique genjomic position and by deriving the consensus base at that position threugh a majority
In this subclpuse, reads are specified as the sequences computed as output of.the process descril
clause 10.5.1. This algorithm applies only to aligned data as described in subelause 11.3.4.2.

An array crHuf is built during the decoding process. A number of already decoded reads may be ng
and are storled in the array crBuf. The number of decoded reads stored in the array crBuf is s
in the varialple crBufNumReads. The current size in bytes of the array crBuf is stored in the va
crBufSize.

11.3.4.2 Prpcess for adding a decoded aligned read to. the list crBuf
The inputs t¢ this process are:

— an array crBuf which contains crBufNumReads of size in bytes equal to crBufSize,

— an alreafy decoded aligned read.

The output
crBufSize.

f this process is the updated array crBuf and the updated variables crBufNumRead|

This procesq consists of the following steps:

1. If the v3riable crBufSize/plus the length in bases of the already decoded aligned read is g
than cr_puf max_size,the oldest reads are removed from the array crBuf until crBufSize plu
size of the already.decoded aligned read is smaller than or equal to cr_buf max_size.

2. Thelast|decoded read is added to the array crBuf as newest read.

en as
ngto
vote.
ed in

reded
tored
riable

s and

eater
s the

11.3.4.3 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 deriv
follows:

1. Collect all bases mapping to the current position.

2. Count the occurrences of each symbol.

ed as

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.
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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
in subclause 11.3.4.3 by replacing the symbols present in the reference sequence ref at the absolute
position represented by each rftp; descriptor with the symbols conveyed by each corresponding rftt;

descr

11.3.

When cr_alg_ID is equal to 4, the reference sequence is computed as follows foreach AU of

U) or
1. A
[

2
3
4. [
5

=

I
6. (
7. (
8. [
d

0
v

S|

The 1
refBu
tova

12 K

fptoT:

5 Global assembly

of type 5 (class HM):

n array refBuf[] is set equal to the empty array.

ecode one rtype descriptor as specified in subclause 10.4.13.

Fthe value of the decoded rtype descriptor is equal to 6 thengo to step 4 else go to st
ecode one rlen descriptor as specified in subclause 104.8.

ecode the ureads descriptors with decodeUreads(rlen) as specified in subclause ]
len is the value from rlen descriptor decoded at previous step 4.

oncatenate the array refBuf[]with the output of step 4.
o to step 2.

ecode the next sequence as specified in subclause 10.4.13 according to the value
escriptor decoded at step 2.

or each sequence decodedvat the previous step whose reverse_comp|][] flag (as
ubclause 10.4.2 ) is 1, replace the sequence with its reverse-complement sequence as
ubclause 9.3, and set.the reverse_comp(][] flag to 0. Go to step 2.

esult of the deecoding process described above is a reference sequence contained
f[] which shall be used to decode the genomic records contained in the current AU cg
ues of rtypenot equal to 6.

llock payload parsing process

type 6 (Class

ep 7.

0.4.7, where

of the rtype

specified in
specified in

in the array
rresponding

12.1

General

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.

Agra

phical 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
symVal. The decoding process is described in Table 98.

Table 98 — BI decoding process

symVpl = 0
for |(1=0; i<cLength; i++) {

spmval = (symVal<<l) | decode bit()

12.2.2 Truncated Unary (TU)
The ihputs to this process are bits from the block payload.
The qutput of this process is the variable symVal.

The parameter cmax indicates the maximum valge.of symVal. The decoding process is described in
Tableg 99.

Table 99.— TU decoding process

symVR1=0;
whilf (decode bit ()==1 && symvVal\l)< cmax) {

sfymval++

12.2.3 Exponential Golomb (EG)

12.2.3.1 General

The ihputstesthis process are bits from the block payload.

The dqufput 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

12.2.4 Truncated Exponential Golomb (TEG)

The inputs t
The output d

Truncated E
to cmax_teg
process for 4

Input symVal

BIWIN RO

p this process are bits from the block payload.
f this process is the variable symVal.

kponential Golomb is a concatenation of a Trunéateéd Unary binarization (with cmax
signaled in subclause 12.3.3.1) and an Expeonential Golomb binarization. The p3
hese syntax elements is as follows:

the Truncated Unary decoding process with cmax equal to cmax_teg (see 12.2.2).

1. Perform
2.

a.
symVal is eq

12.2.5 Signled Truncated Exponential Golomb (STEG)

The inputs t
The output g

Signed Trun
equal to cm

If the ouftput of step 1 is equal to cmax_teg

Perform the Exponential Golomb, decoding process specified in subclause 12.2.3.

al to the sum of step 1and step 2a.

b this process.are'bits from the block payload.
f this progess is the variable symVal.

cated-Exponential Golomb is a concatenation of a Truncated Unary binarization (with
hx(teg signaled in subclause 12.3.3.1), an Exponential Golomb representation and a

equal
rsing

cmax
1-bit

ization (flag) The r]nr‘r\r]ing process forthese cynfnv elementsis as follows:

Binary binar

1. Perform

2. Iftheou
a.

3. [Iftheou
a.

the Truncated Unary decoding process with cmax equal to cmax_teg (see 12.2.2).

tput of step 1 is equal to cmax_teg:

Perform the Exponential Golomb decoding process specified in subclause 12.2.3.

tput of step 1 is not equal to O:

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.

100
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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 output of this process is the variable symVal.

The CIHITIL iy chring 1o o oot amatinsy Af o TIT bttt e (cobholaiicn 12 2 0 Where n =
PAWED S w UAllul] A2 Y 1“6 lllllllllllllllllllllllllllllllllllllll J \ MMMMMMMMMMMMMMM J -

Ceil(qutput_symbol_size / split_unit_size).

The decoding process for SUTU binarization is described in Table 102.

Table 102 — SUTU decoding process

symVR1=0
for |(i=0; i<output symbol size; i+=split unit size) {

hitval = 0

o

chax = (1 == 0 && (output symbol size % split unit sgizZe) != 0) 2
(1<<(output symbol size % split unit size))-l

(I<<split unit size)-1

while (decode bit()==1 && unitvVal < cmax)
unitVal++
symvVal = (symVal<<split unit size) JMuonitval

12.2.[7 Signed Split Unit-wise Truncated Unary (SSUTU)
The ihputs to this process are bits from the block payload and:

— split_unit_size specified.in subclause 12.3.3.1,

o

utput_symbol_size)specified in subclause 12.3.2,

wherg split_unit_size < (output_symbol_size-1) and output_symbol_size has one bit reserved for the sign.
The qutput ef.this process is the variable symVal.

The §SUTV bin string is extension of the SUTU binarization (subclause 12.2.6) with sign of symVal
coded as+a separate flag. The decoding process for this binarization is as follows:

1. The SUTU binarization produces the absolute value of symVal (of size output_symbol_size-1).
2. Ifthe output of step 1 is not equal to 0, decode a one-bit sign flag.

If the output of step 2 is 1, symVal= -1*symVal

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 o

f 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 — DTU decoding process

i)

symVal = d
if (symval

symVal

}

F cmax dtu)

od cabac TIl(cma

{

decode cabac SUTU(split unit size, output symbol size)

decode_cab4g

decode_cab4g

12.2.9 Sign
The inputs t

cmax_df

output_

where Log?2
size has one

The output g

The SDTU b
obtained as

1. TheDTU
2.

If the output]

12.3 Decoder configuration

This subcla

If the ouftput of step 1 is notiequal to 0, decode a one-bit sign flag.

c_TU() specifies the decoding process specified in subclause 12.2.2.

c_SUTU() specifies the decoding process specified in subclause 12.2.6.

ed Double Truncated Unary (SDTU)
b this process are bits from the block payload and:
u and split_unit_size specified in subclause 12.3.3;

ymbol_size specified in subclause 12.3.2,

bit reserved for the sign.
f this process is the variable symVai:

n string is an extension of theTU binarization with sign of symVal coded as a flag
follows:

| binarization produces'the absolute value of symVal (of size output_symbol_size-1).

of step 2 is equal'to 1 then symVal is set to -1 * symVal.

1se \provides syntax and semantics to convey information related to the de

configuratio

phihvthe parameter set specified in subclause 7.3.

cmax_dtu) < split_unit_size, split_unit_size £ (output_symbol_size-1) and output_syinbol_

Ltis

roder

12.3.1 Sequences and quality values

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)

102
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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 specified in 12.3.4
For—5———6+—3 ErarraFormSteaeatetrrEer——iti

transform ID subsym u(3)

support values () Asspeciffed in 12.3.2

cabac_binarization () As specififed in 12.3.3

}

_

else if (encodingModeID = 1) {

I reserved for future use */

}

num
descr
subse

desc)
confi
minu
subs

trang

specified in subclause 12.3.4.

trang
in sul

supp
subse

cabag
trang

|descriptor_subsequence_cfgs_minus1 plus 1 spetifies the number of subsequences
iptor for which configurations are being signaled in this syntax. The number d
quences for each genomic descriptor are specified in Table 24.

[iptor_subsequence_ID identifies the descriptor subsequence to which the cury
buration is applied. Its value is compriséd-between 0 and the number of descriptor s
5 1 as specified in Table 24. Within the same descriptor_configuration(), no value of
pquence_ID shall be used more thaiwonce.

form_subseq_parameters() sighals the parsing of parameters for transformed subse

form_ID_subsym specifies the subsymbol transform to be applied. Allowed values
pclause 12.3.4.

brt_values() specifies a set of configuration parameters used to parse the
quence. It is §pecified in subclause 12.3.2.

_binarization() specifies information about the binarization used for the CABAC de¢
formed-subsequence. It is specified in subclause 12.3.3.

the genomic
f descriptor

ent decoder
lubsequences
descriptor_

jquences. It is

hire specified

transformed

oding of the

12.3

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(l)

}

output_symbol_size signals the size in bits of each transformed symbol of the transformed
subsequence to be output by the decoding process. For unsigned binarizations, the minium value of
output_symbol_size is 1, while for signed binarizations the minimum value of output_symbol_size is

2. For signed

values, one bit is used for the sign.

coding_subsym_size signals the size in bits of the transformed subsymbol, which serve-afs the
atomic unit pf coding. The value of coding_subsym_size shall be a factor (exact divisor)yef output_

symbol_size.

It yields X = output_symbol_size / coding_subsym_size atomic subsymbol |slots.

These X trarsformed subsymbols shall be independently decoded with CABAC, go throtgh subsymbol
transformatjons (if any) to yield decoded subsymbols, which shall be combined to output a transformed
symbol (of sjze output_symbol_size). If LUTs subsymbol transformation (subclause 12.3.4) is usef, the
maximum allowed value for coding_subsym_size is 8. For signed values, one/bit is used for the sign.

coding_order signals the number of previously decoded symbols internally maintained as [state
variables anfl is used to decode the next subsymbol. The maximum allpwed value is 2.

share_subsym_lut_flag if set to 1 only one look-up-table is signaled (subclause 12.6.2.4) to be shared
among all transformed subsymbols to perform inverse LUT €ubsymbol transformation (subglause
12.6.2.7). Otherwise, for each transformed subsymbol, their @wn look-up-table is signaled and usgd for
inverse LUT|subsymbol transformation. The default value is 1.

share_subsym_prv_flag: if set to 0, a separate copy“of the the previously decoded subsymbols
(prvValues ip subclause 12.6.2.1) is maintained to decode transformed subsymbol for each subsymbol
slot. Otherwise, a single copy of previously decoded subsymbols is circularly shared to decode

transformed

subsymbols at all subsymbol slots.(The default value is 1.

12.3.3 CABHAC binarizations

Table 1062 CABAC binarization data structure

Syntax Type
cabac binarizatgon () {
binarization ID u(5)
bypass flag u(1)
cabzat binarization parameters (binarization ID) 12.3.3.1

if(!bypass_ flag) {

cabacC_context parameters{()

—h
b
b
b
N

}

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.

104
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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

1 Truncated Unary as specified in subclause 12.2.2

2 Exponential Golomb as specified in subclause 12.2.3

3 Signed Exponential Gomb as specified in sub-
clause 12.2.3.2

4 Truncated Exponential Golomb as specified in sub-
clause 12.2.4

5 Signed Truncated Exponential Golomb as specified in
subclause 12.2.5

6 Split Unit-wise Truncated Unary as specified in sub-
clause 12.2.6

7 Signed Split Unit-wise Truncated Unary as specified in
subclause 12.2.7

8 Double Truncated Unary as specified in subglause in
12.2.8

9 Signed Double Truncated Unary as spéecified in sub-
clausein 12.2.9

10..31 Reserved for future use.

12.3.8.1 CABAC binarizations parameters

The

trangformed subsequence. binarization_ID is specified in subclause 12.3.3.

Table 108 — CABAC binarization parameters

rabac_binarization_parameters data structure contains the binarization paramse

ters for the

Syntax Type
cabac binarization parameters (binarization ID) {
if ( binarization.ID'== 1 ) {
cmax u(8)
} else if (Binarization ID== |
binarization, ID==5) {
cmax . teg u(8)
} €¥se if (binarization ID==8 ||
binarfzation ID==9) ({
cmax_dtu u(8)
}
if (binarization ID==6 || binarization ID==7 ||
binarization ID==8 || binarization ID==9) ({
split_unit_size u(4)
}
}

cmax is specified in subclause 12.2.2. 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 cabac_dontext_parameters data structure signals the parameters used for the initializatioh and
adaptation of the ctxTable[] (specified in 12.4) for the transformed subsequence.

Table 109 — Syntax of the cabac_context_parameters data structure

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 s¥ze) {

share_subsym ctx_ flag u(1)

}

adaptive_mpde_flag if set to 1 signals that the'arithmetic decoding engine specified in subclausg 12.5
uses contextladaptation, otherwise contextsadaptation is disabled.

num_contexts signals the size of the table ctxTable[ ] (initialized as defined in 12.4) containing the list
of context vdriables needed for the decoding of the LUTs and the transformed subsequence.

When num_fontexts is signaled-as 0:
— the prodess defined in 1213.6.6 shall be used to calculate the state variable numCtxTotal;

— the progess defided-'in 12.4 initializes the contexts in ctxTable[ ] with initState equal o 64
(equiprdbability).

Otherwise

— the state variable 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) {

transformSubsegCounter += 1

} else if (transform ID subseg == 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 subsgd)‘count

for (i=0; i<merge coding subseqg count; 1i#)

merge coding shift size[i] u(5)

}

—

trangform_ID_subseq signals the applied subsequence transformation according to Table{1

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 > 0.

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
12.6.2.9.4).

The merge sfibsequence transformation shall adhere to the following restrictions:
— For each transformed subsequence, coding_subsym_size shall be equal to output symbal_size|.

— All trangformed subsequences shall have exactly the same number of transformed symbols, Wwhich
shall alsp be equal to the number of symbols encoded in the descriptor subsequence".

— The sumofthe sizes of transformed symbols (output_symbol_size) for all trangfermed subsequgnces
shall not be greater than 32.

12.3.5 Msaf descriptor and read identifiers

The decoder|configuration syntax for the msar descriptor and read:identifiers (decoded as specifjed in
subclause 10.4.19) is specified in Table 112.

Table 112 — Decoder configuration syntax.for msar and read identifiers

Syntax Type

decoder comfiguration tokentype (encodingModeID) {

if (enc¢dingModeID == 0) {

/* c¢nfiguration for RLE specifiedl\in subclause 10.4.19.3.3 */

rle _guard_tokentype 1(8)

/* ce¢nfiguration for CABAC METHOD O specified in subclause 10.4.19.3.4 */

decodler configuration tokemtype cabac(0)

/* c¢nfiguration for LABAC METHOD 1 specified in subclause 10.4.19.3.5 */

decodler configuratioen/ tokentype cabac (1)

} else 1f(encodingMadeID 2= 1) {

/* re¢served 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 values are as
speci[)led in 12.3.4.

suppprt_values() signals a set of configuration parameters used to parse the transforimed qubsequence.
It is specified in subclause 12.3.2.

cabag_binarization() signals information about the binarization used for thie, CABAC de¢oding of the
trangformed subsequence. It is specified in subclause 12.3.3.

12.3.b State variables

This subclause specifies how to calculate state variables used duting the decoding process|

12.3.6.1 Number of alphabet symbols

The number of alphabet symbols for each subsymbokshall be calculated as numAlphaSupsym = 1 <<
codinlg_subsym_size. However, for some descripter ‘subsequences, this calculation profluces larger
alphgbets than needed. Table 114 lists these special cases and the value of numAlphaStibsym when
numAlphaSubsym 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 htumber of subsymbols shall be calculated as numSubsyms = output_symbol_side / coding_
subsym_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) +
((1<<(output symbol size % split unit size)) - 1)
(output symbol size / split unit size) * ((1<< split unit size) 1) +

7 i< toutput combotsize % oplit waie oizoly 3 —
cmax dtu +

8 (output_symbol size / split unit size) * ((1<< split unit size) 1+
((1<<(output symbol size % split unit size)) - 1)
cmax dtu +

9 (output symbol size / split unit size) * ((1<< splitanit size) 1 +
((1<<(output symbol size % split unit size)) - 1) +(1L

coding_subsym_size is specified in subclause 12.3.2.

output_symbol_size is specified in subclause 12.3.2.

cLength is specified as a parameter to Bl binarization (subclause 12:2.1) and it is set to numCtxSu

cmax is spe

cmax_teg is

ified as a parameter to TU (subclause 12.2.2) and(signaled in 12.3.3.1.

binarizationg, and signaled in 12.3.3.1.

bsym.

specified as a parameter to the TEG (subclause 12.2.4) and STEG (subclause 1P.2.4)

split_unit_sjze is specified as a parameter to the SUTU (subclause 12.2.6), SSUTU (subclause 134.2.7),
DTU (subclapise 12.2.8) and SDTU (subclause 12.2.8) binarizations, and signaled in 12.3.3.1.

cmax_dtu i$ specified as a parameter to the DTU (subclause 12.2.8) and SDTU (subclause 1P.2.8)
binarizationp, and signaled in 12.3.3.1.

12.3.6.3 C

ing order context offset

The decoding process of a subymibol can depend on a number of previously decoded subsymbols (at the
same bit posjitions) by signaling coding_order > 0 as specified in subclause 12.3.2.

The process|of contextsselection (subclause 12.6.2.5) requires the context offsets corresponding to the
coding ordef to correctly calculate the starting ctxIdx in the ctxTable[ ], where each subsymbol is|to be

decoded.
Table 116 s

cifies how the list codingOrderCtxOffset[ | containing these offsets for each coding

prder

is calculated:

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 codingSizeCtxOffset

lf(S £ — EEAN vjymin-*— 7-(:7 )

2

Q

bdingSizeCtxOffset = 0

else| if (coding order == 0)

Q

bdingSizeCtxOffset = numCtxSubsym

else

Q

bdingSizeCtxOffset = codingOrderCtxOffset[coding order] * ntmAlphaSubsym

12.3.6.5 Number of contexts for LUTs

The sfate variable numCtxLuts specifies the number of contextsieeded to decode the LUTs jising the the
decodling process for LUTs (specified in subclause 12.6.2.4),“where each LUT symbol shal| be decoded
using the SUTU binarization (binarization_ID equal to 6) with parameters split_unit_sige equal to 2
and qutput_symbol_size = coding_subsym_size. The yalue of numCtxLuts is computed ag specified in
Table 118.

Table 118 — Caleculation of numCtxLuts

numCgxLuts = 0
if (tansform ID subsym == 1)

/* Compute according to TRable 115 for SUTU binarization */

=]

himCtxLuts = (coding subdym size / 2) * ((1<< 2) - 1) +

o)

((1<< (eeding subsym size % 2)) - 1)

12.3.6.6 Total number of contexts

The dtate variable numCtxTotal specifies the total number of contexts needed to decode a fransformed
subs¢quenceexwhich includes all the contexts needed for decoding of LUTs (subclause 13}2.5.2.4) and
symbols (subclause 13.2.5.2.1) and shall be calculated as specified in Table 119.

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 inputs to this process are:

— ctxTablq[] specified in subclause 12.6.2.3;
— the ctxIdlx and initState variables specified in12.6.2.3.
The output df this process is an initialized context variable in the ctxTable array at index ctxIdx.

The state vafiables pStateldx and valMps corresponding to index ctxIdx are initidlized based on g 7-bit
initState as described in Table 120.

Table 120 — Calculation of ctxTable

Syntax
context injtialize state(ctxTable[ ], ctxIdx, initState), {
ctxTabl¢ [ctxIdx].valMps = ( initState £ 63 ) 2?2 0 : &
ctxTabl¢[ctxIdx] .pStateldx = ctxTable[ctxIdx].valMps ? ( initState - 64 ) : ( 63 -
initState)
}
where

ctxTable[ctxlldx].valMps represents the variable valMps associated to the element in ctxTalble at
index ctxId

ctxTable[ctx|dx].pStateldx represents-the variable pStateldx associated to the element in ctxTaple at
index ctxldx|

12.5 Arithmetic decodingengine

12.5.1 Initialization

Outputs of this process are the initialized decoding engine registers ivlCurrRange and ivlOffset bth in
16 bit register précision.

The status kfithe arithmetic dnrnding engine is rnprncpnfnd hy the variables ivlf‘nrrR:lngc and
ivlOffset. In the initialization procedure of the arithmetic decoding process, ivlCurrRange is set equal
to 510 and ivlOffset is set equal to the value returned from read_bits( 9 ) interpreted as a 9 bit binary
representation of an unsigned integer with the most significant bit written first.

The bitstream shall not contain data that result in a value of ivlOffset being equal to 510 or 511.

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.

The output of this process is the value of the bin.

Figune 9 illustrates the whole arithmetic decoding process for a single bin. For decoding|the value of
a bin| the context index table ctxTable and the ctxIdx are passed to the arithmetie\decofling process
DecofleBin( ctxTable, ctxIdx ), which is specified as follows:

]

f bypassFlag is equal to 1, DecodeBypass( ) as specified in subclause 12.5214 is invoked.

— Qtherwise,ifbypassFlagisequalto0,ctxTableisequalto 0,and ctxldxisequalto0,Decodg¢Terminate()
s specified in subclause 12.5.2.5 is invoked.

jo5)

— (therwise (bypassFlag is equal to 0 and ctxTable is not equatto*0), DecodeDecision( ) as specified
 subclause 12.5.2.2 is invoked.

—n

( DecodeBin(ctxTable, ctxIdx, bypass_flag) )

Yes
bypass_flag ==1?
A\ 4
No DecodeBypass
ctxTable ==0 Yes
&& ctxldx ==07?
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 probablllty estlmatlon is performed by means of a f1n1te state machme w1th a table- based transition
process hpetween-64 epre s

wards

higher stpte indices.

The range ivlCurrRange representing the state of the coding engine is quantized to a small set {Qy,...,
pre-set quantization values prior to the calculation of the new interval range. Storing-atable contain
64x4 prefcomputed product values of Q; * p; ps( pStateldx ) allows a multiplication-freeapproximation
product jviICurrRange * p; ps( pStateldx ).

Q,} of
ng all
of the

For synt3 umed

to be giv

x elements or parts thereof for which an approximately uniform probability distribution is as§
1, a separate simplified encoding and decoding bypass process is uged.

12.5.2.2 Ar

12.5.2.2.1 (
The inputs t

The outputs
ivlOffset.

Figure 10 sh

ithmetic decoding process for a binary decision

heneral
b this process are the variables ctxTable, ctxldx, ivlCurrRange, and ivlOffset.

of this process are the decoded value binVal, and the updated variables ivlICurrRang

pws the flowchart for decoding a‘single decision (DecodeDecision):

e of the variable ivlLpsRangé-is derived as follows:

n the current value of ivlCurrRange, the variable qRangeldx is derived as follows:
gRangeldx =( ivlCiirrRange >>6 ) & 3

n qRangeldx.and pStateldx associated with ctxTable and ctxldx, the value of the va
beTabLps-as specified in Table 122 is assigned to ivlLpsRange:

ivlLpsRange = rangeTabLps|[ pStateldx ][ qRangeldx ]

1. The valu
— Give
— Give

rang

2.

The variable ivICurrRange is set equal to ivICurrRange -

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.

e and

riable

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

ivlLpsRange = rangeTabLps[pStateldx][qRangeldx]
ivlCurrRange = iviCurrRange - iviILpsRange

gRangeldx = (ivlCurrRange >> 6) & 3

Yes

ivlOffset > No

v

binVal = 'valMps

ivlCurrRange? v

ivlOffset = ivlOffset — iviCurrRange
ivlCurrRange = ivlLpsRange

binval = valVIpy

pStateldx = transIdxMps[pStateldx]

Yes

pStateldx == 0?

!

valMps = 1 — valMps

A 4

pStateldx = transIdxLps[pStateldx]

12.5.2.2.2 State transition process

The ipputs to this process are the current pStateldx, the decoded value binVal and valMps
xt variablesassociated with ctxTable and ctxIdx.

contg

The (¢

with txIdxs

Figure 10 — Flowchart for decoding a decision

Adngaonthan dn~dnd ol a b NTa] b s Ao A+ A e ""r‘.

RenormD

v

Depe

U S O coc e CotCOvarat oy o, caotapuactcoTracowova

with 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
pStateldx = transIdxLps( pStateldx )
} '\Q
} ‘,,VQ
Table 122 specifies the transition rules transldxMps( ) and transldxLps( ) after decoﬁi/p the value of
valMps and ] - valMps, respectively. &)
Q
Table 122 + Specification of rangeTabLps depending on the values of pS(te)(tﬁl)dx and gRangeldx
pStateldx qRangeldx pStateldx ‘\\{OqRangeIdx
0 1 2 3 o] 1 2 3
0 128 176 208 240 32 21’ | 33 39 45
1 128 167 197 227 33 6 31 37 43
2 128 158 187 216 34/)0 24 30 35 41
3 123 150 178 205 Q‘ 23 28 33 39
4 116 142 169 195 “\% 22 27 32 37
5 111 135 160 185 Q\.\‘O 37 21 26 30 35
6 105 128 152 1750 [ 38 20 24 29 33
7 100 122 144 @? 39 19 23 27 31
8 95 116 137 \0158 40 18 22 26 30
9 90 110 130, ~f- 150 41 17 21 25 18
10 85 104 1@\\ 142 42 16 20 23 27
11 81 99 W 117 135 43 15 19 22 25
12 77 94’(‘ N 111 128 44 14 18 21 24
13 73 %9&.) 105 122 45 14 17 20 23
14 69 oSé‘g 100 116 46 13 16 19 22
15 66 .\ " 80 95 110 47 12 15 18 21
16 ,6@? 76 90 104 48 12 14 17 20
17 69 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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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

Table 123 — State transition table

pStatetdx 6 5 2 3 4 5 6 7 8 9 +—t+t+—12—13— (14 |15
transldxLps |0 0 1 2 2 4 4 5 6 7 8 9 9 11 11 12
transldxMps |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
pStateldx 16 (17 |18 (19 (20 (21 |22 |23 (24 |25 |26 (27 _|28 |29 (|30 (31
transldxLps |13 |13 (15 |15 |16 |16 |18 |18 |19 (19 (21 (247122 (22 [|23 |24
transldxMps (17 (18 (19 (20 |21 |22 |23 |24 |25 |26 |(27.~'|28 |29 |30 |31 32
pStateldx 32 (33 (34 |35 (36 |37 |38 (39 |40 (41 |42, |43 |44 |45 (|46 |47
transldxLps (24 |25 |26 |26 (27 |27 |28 |29 |29 |308430 |30 (31 (32 ||32 (33
transldxMps (33 (34 |35 (36 (37 (38 (39 |40 |41 42 |43 |44 |45 |46 ||47 |48
pStateldx 48 |49 |50 |51 |52 |53 |54 |55 |56 \[57 |58 |59 |60 |61 | |62 |63
transldxLps (33 (33 (34 (34 |35 |35 |35 |36.)|36 (36 |37 37 (37 |38 (|38 |63
transldxMps (49 |50 (51 |52 |53 |54 |55 |56 )57 (58 |59 60 |61 62 62 63
12.5.2.3 Renormalization process in the arithmetic decoding engine
The inputs to this process are bits from blockpayload data and the variables iviCurrRange and ivlOffset.

The g

A floy
comp

[
¢
(
t
u

The |
iviCu

utputs of this process are the updatéd variables ivlCurrRange and ivlOffset.

vchart of the renormalizationis shown in Figure 11. The current value of iviCurrR
ared to 256 and then the following applies:

F ivlCurrRange is greater/than or equal to 256, no renormalization is needed and t
rocess is finished;

therwise (ivlCurrRange is less than 256), the renormalization loop is entered. Wit}
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Figure 11 — Flowchart of renormalization
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