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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/
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annotation encoding parameters in dataset parameter set (as specified in subclause 6.4.3.7)

Additional data structures such as annotation table (atcn, as specified in subclause 6.4.6),

attribute group (agcn, as specified in subclause 6.4.7), annotation access unit (aauc, as specified
in subclause 6.4.8), AAU block (as specified in subclause 6.4.9), attribute data byte offset (adbo, as

specified in subclause 6.5.2.3) and annotation table index (atix, as specified in subclause 6.5.2.4)

data in subclause 6.7.2
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— Data structure for B-Tree indexing (as specified in subclause 8.1) and selective access strategies for
genomic annotation data (as specified in Annex C)

— Extensions in support of ISO/IEC 23092-3:2022 which include:

— New container boxes for metrics metadata: DT_metrics (dtmt, as specified in subclause 6.4.3.4) and
AU_metrics (aumt, as specified in subclause 6.4.4.5), containing statistical information (with detailed
formats specified in Part 3), which allows for fast and direct extraction of statistics associated with
the dataset and access unit content

— New container boxes for clinical data linkage (CDL) metadata: DG_CDL (dgcd, as specified in
subclause 6.4.2.7), DT_CDL (dtcd, as specified in subclause 6.4.3.5) and AT_CDL (atcd, as specified
in subclause 6.4.6.4), for establishing linkages to external data sources, which enables access to the

l' ool dota o dii A ] coanlac
ClljHEaraata oratvietar STUTHTPTICS

— The ing¢lusion of FM-Index-based entropy coding algorithm (as specified in Clause 7);whi¢h provides
string $earch capabilities in the compressed domain

Alist of all parts in the ISO/IEC 23092 series can be found on the ISO and [EC websités.

Any feedback or questions on this document should be directed to the.user’s national| standards
body. A fomplete listing of these bodies can be found at www.iso.org/memberd.html and
www.iec.cll/national-committees.
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Introduction

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

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

genome sequencing information by:

— Specifyinganabstractrepresentationof the sequencingdataratherthanaspeeifieformatwith its direct
implenjentation.

— Beingdesigned atatime point when technologies and use cases are more mature. This permitsaddressing
one linjitation of the textual SAM format, for which the incremental ad-hoc addition of features followed
along the years, resulting in an overall redundant and suboptimal format which was unpnecessarily
complifated.

— Separating free-field user-defined information with no clear semantics from the gemomic data

repres
differe

Allowi

entation. This allows a fully interoperable and automatic eXehange of informatia
t data producers.

ng multiplexing of relevant metadata information with ‘the data since data and m

partitipned at different conceptual levels.

Follow

ng a strict and supervised development processwhich has proven successful in the 13

in the dlomain of digital media for the transport format;the file format, the compressed rep

and thg

The ISO/IE(
of novel, int|

Consist

application program interfaces.

eroperable, solutions in the field of genomic information processing. In particular it offer

n between

btadata are

st 30 years
resentation

23092 series provides the enabling techniglogy that will allow the community to create aj ecosystem

S:

ent, general and properly designed.format definitions and data structures to store seqiiencing and

alignment information. A robust framework which can be used as a foundation to implemeht different
compreéssion algorithms.

— Speed and flexibility in the selective access to coded data, by means of newly-designed data clustering
and opfimized storage methodologies.

— Low lgtency in data transmission and consequent fast availability at remote locationd, based on
transnlission protocelsinspired by real-time application domains.

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

— Reliability_of the technology and interoperability among tools and systems, owing to the prpvision of a
procedure to assess conformarnce to this document on an exhaustive dataset.

Support to the implementation of a complete ecosystem of compliant devices and applications, through

the availability of a normative reference implementation covering the totality of the ISO/IEC 23092 series.

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

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

© ISO/IEC 2025 - All rights reserved
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The genomic record, although it is an appropriate logic data structure for interaction and manipulation of
coded information, is not a suitable atomic data structure for compression. To achieve high compression
ratios, it is necessary to group genomic records into clusters and to transform the information of the same
type into sets of descriptors structured into homogeneous blocks. Furthermore, when dealing with selective
data access, the genomic record is a too small unit to allow effective and fast information retrieval.

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

The access unit is the smallest data structure that can be decoded by a decoder compliant with
ISO/IEC 23092-2. An access unit is composed of one block for each descriptor used to represent the
information of its genomic records; therefore, a block payload is the coded representation of all the data of
the same type (i.e. a descriptor) in a cluster.

In addition
data classe
sequences;

classificatipn of sequence reads into classes enables the development of powerful spi/
units inherit a specific data characterization (e.g. perfect matches 1§ ss P, subs

fact, accesg
Class M, in
thus consti
many diffet

Access unif

to clusters of genomic records compressed into access units, reads are further
: five classes are defined according to the result of their alignment against one
the sixth class contains either reads that could not be mapped or raw sequ

lels in Class I, half-mapped reads in Class HM) from the genomic re
fute a data structure capable of providing powerful filtering capab'lfﬂy
ent use cases. Q/d)

ms o

s are the fundamental, finest grain data structure in ter

ective dat

S composing
or the efficien

content pI'OtE‘CtiOD al

(o)
cin

bified in six
e reference
b data. The
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titutions in
r them, and
L support of

nd in terms

of metadatj association. In other words, each access unit can be pr ted individually and independently.
Figure 1 shows how access units, blocks and genomic records relate to each other in the ISOJIEC 23092
series data|structure. <<
N
| Access Unit1 QY
| Accpss Unit P ) ‘& E
Access|Unit M N Cluster

s Unit Protection and
Metadata

Acces

Desc. pos value
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Dataset Group
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Descriptor Stream Descriptor Stream

Dataset Protection and Metadata | Descriptor Stream

I . E- Access Unit Protection E Block Block Block
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UoIT e el e s L T
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Protection and
Metadata

Protection and
Metadata

Protection and
Metadata

Block Block Block
(Read Descriptors) (Read Descriptors) (Read Descriptors)

| and Metadata

AN

A dataset

could, for e
contain, foi
groups, as 9

A simplifiedl diagram of the dataset decoding process is shewn in Figure 3.

Figure 2 — High-level data structure: datasets and dataset group
iIs a coded data structure containing headers and one gr-more access units. Typig
kample, contain the complete sequencing of an individual, or a portion of it. Other dat

example, a reference genome or a subset of its chromosomes. Datasets are groupeq
hown in Figure 2.

al datasets
asets could
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Figure 3 — Decoding process

This document defines the syntax and semantics of the data formats for both transport and storage of
genomic information. According to this document, the compressed sequencing data can be multiplexed into
a bitstream suitable for packetization for real-time transport over typical network protocols. In storage use
cases, coded data can be encapsulated into a file format with the possibility to organize blocks per descriptor
stream or per access units, to further optimize the selective access performance to the type of data access
required by the different application scenarios. This document further provides a reference process to
convert a transport stream into a file format and vice versa.
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Information technology — Genomic information
representation —

Part 1:

Transport and storage of genomic information

1 Scope

This docunmpent specifies data formats for both transport and storage of genomic information, in

conversion

2 Norm

The followi
requireme
the latest e

process.

ative references

g documents are referred to in the text in such a way that some‘ot all of their content
ts of this document. For dated references, only the edition ¢ited applies. For undated
lition of the referenced document (including any amendments) applies.

ISO/IEC 10646, Information technology — Universal coded character set (UCS)

[SO/IEC 23D92-2, Information technology — Genomic infornigtion representation — Part 2: Coding
information

ISO/IEC 23092-3, Information technology — Genomi¢sinformation representation — Part 3: Mg
application|programming interfaces (APIs)

ISO/IEC 23092-6, Information technology — Genbmic information representation — Part 6: Coding
annotations

IETF RFC 3P86, Uniform Resource Identifier (URI): Generic Syntax

IETF RFC7

3 Term
For the pur]
ISO and IE(
ISO On

IECEle
3.1

320, URI Design and Ownership

5 and definitions

poses of thijs'document, the following terms and definitions apply.

maintain terminology databases for use in standardization at the following addressgs:

iné browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

access unit
logical data structure containing a coded representation of genomic information to facilitate bit stream

access and

3.2

manipulation

access unit covered region
genomic range comprised between the access unit start position and the access unit end position, inclusive
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access unit start position
position of the left-most mapped base among the first alignments of all genomic records contained in the

access unit,

3.4

irrespective of the strand

access unit end position
position of the right-most mapped base among the first alignments of all genomic records contained in the

access unit,

3.5

irrespective of the strand

access unit range
genomic range comprised between the access unit start position and the right-most genomic record position

among all

3.6
alignment

informatioln)

sequence (

3.7
box
object-oriel

3.8
cluster

cNnomIcC records contdined Iin tne access unit

describing the similarity between a sequence (typically a sequencingread) and
r instance, a reference genome)

ited building unit defined by a unique type identifier and length

aggregation of genomic records

3.9
cluster sig
signature
sequence o

3.10
container
box (3.8) w,

3.11
data strea
set of packe

3.12

extended &
position of
unit, irresp

3.13
extended §

hature

Fnucleotides that is common to most or allgenomic records belonging to a cluster

hox
hose sole purpose is to contain and group a set of related boxes

m
ts (3.20) transporting'the same data type

jccess unit start/position
the left-mostamapped base among all alignments of all genomic records contained i
ective of-the strand

h reference

| the access

jccess unit end position
£ 211 B

position of
unit, irresp

3.14

Lha wiaohs o ool b o axa-aa-g—all P 3 \Eainad
TTCTTEITC IO S T IITap p Tt Oa ST atitoTrgarr TCTCCOTOS COITCarcaT 1

ective of the strand

[=} 1511 IITIICO Ul dll Scllulll

file format
set of data structures for the storage of coded information

3.15

genomic position

position

) the access

integer number representing the zero-based position of a nucleotide within a reference sequence
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genomic region

region

genomic interval between a start nucleotide position and an end nucleotide position, inclusive

3.17

genomic range

range

interval of positions on a reference sequence defined by a start position s and an end position e such that
s < e; the start and the end positions of a genomic range are always included in the range

3.18

mapped base

base of the]
turned into

3.19
packet
transmissi

3.20

atigned Tead that efther matches the CorTeSponding base on the Teference Sequen
the corresponding base on the reference sequence via a substitution

n unit transporting segments of any of the data structures defined in this,document

reference genome

representa
Note 1 to en

3.21
reference
nucleic acid

Note 1 to er]
integer with
coordinate §
to be at posi

3.22
genomic s¢
segment

contiguous
strand of a

3.23
sequence 1
read
readout, by
extracted f

3.24

ive example of the sequences for a species’ genetic material

ry: Genetic material meaning the sequences of the DNA molecules present in a typical cell of

fequence
sequence with biological relevance

try: Each reference sequence is indexed by a oneydimensional integer coordinate system w
in range identifies a single nucleotide. Coordinate values can only be equal to or larger th

[ystem in the context of this standard is zer0:based (i.e. the first nucleotide has coordinate 0
Fion 0) and linearly increasing within the§tring from left to right.

toment

sequence of nucleotides, typically output of the sequencing process and sequence
template

ead

a specifictechnology more or less prone to errors, of a continuous part of a nucleic ac
fom an-organic sample

syntax field

e or can be

rhat species.

hereby each
hn zero. The
and it is said

d from one

id molecule

element of data represented in the data format

3.25
template

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

Note 1 to entry: A template can be made of one or more segments, being called single-end sequencing read when it
only has one segment and paired-end sequencing read when it has two segments.

3.26

transport format
set of data structures for the transport of coded information
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3.27
variable
parameter either inferred from syntax fields or locally defined in a process description

4 Conventions

4.1 Operators and functions

NOTE The operators used in this document are similar to those used in the C programming language. However,
integer division with truncation and rounding are specifically defined. The bitwise operators are defined assuming
two's-complement representation of integers. Numbering and counting loops generally begin from 0.

41.1 Arithmetic operators

+ hddition
- bubtraction (as a binary operator) or negation (as a unary operator)
* multiplication

/ nteger division with truncation of the result toward 0 (for exarple, 7/4 and -7/-4 arg truncated
o 1 and -7/4 and 7/-4 are truncated to -1)

4.1.2 Logical operators

[l ogical OR

&& ogical AND

! ogical NOT

x?y:z fxis TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value of z.

4.1.3 Relational operators

> breater than

> breater than or equalto
< ess than

< ess than orequal to

== bqualto

1= hot'équal to

4.1.4 Bitwise operators

& AND

| OR

>> shift right with sign extension
<< shift left with 0 fill

© ISO/IEC 2025 - All rights reserved
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4.1.5 Assignment operators

The following arithmetic operators are defined as follows:

assignment operator

++ increment, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaluates to the value of
the variable prior to the increment operation.
-- decrement, i.e., x- — is equivalent to x = x - 1; when used in an array index, evaluates to the value
of the variable prior to the decrement operation.
+= increment by amount specified, i.e., x += 3 is equivalent to x = x + 3, and x += (-3) is equivalent
OX =X+ (37
-= lecrement by amount specified, i.e., x —= 3 is equivalent to x = x — 3, and x -=(=3)'id equivalent
ox=x-(-3).
4.1.6 String/Character functions and operator
+ string concatenation, when applied on variables of string or charactertypes
4.1.7 Data structure function and operator
sizeof(N) | size in bytes of N, where N is either a data structure qrya data type
N->m returns the data field m defined within the datastructure N

4.1.8 Mall:hematical functions

The followi

g mathematical functions are defined:

Ceil(x) the smallest integer greater thian or equal to x
Floor(x) the largest integer less than or equal to x
Log(x) the base-e logarithnrof x
Log2(x) the base-2 logarithm of x
Min(x,y) {X Rt

Y x>y

X, X>=y
Max(x,y) {

y o5 X<y

4.1.9 Array operation functions

array_dims[] = Size(ndimensional_array([]...[], dim) returns the dimensional size(s) of variable ndimensional_
array. If dim is not specified, it returns a vector with the ith element corresponding to the size of the ith
dimension. If dim is specified, it returns only the size of the dimension corresponding to dim, with 1 being
the first dimension.

Max(x[]) re

turns the maximum value in a numeric array x[].

Find(x[], v) returns the index of the first element in array x[] that is equal to the value v. It returns -1 if v is

not found.
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4.2 Syntax and semantics

4.2.1 Method of specifying syntax in tabular form

Table 1 lists the constructs that are used to express the conditions when data elements are present.

NOTE

to a condition that is true.

This syntax uses the convention that a variable or expression evaluating to a non-zero value is equivalent

Table 1 — Constructs used to express the conditions when data elements are present

Construct Description
if (conditiaon) {
data ¢lement If the condition is true, then the first group of ‘data
elements occurs next in the bitstream.
}
else {
data ¢lement If the condition is not true, then the gecCond group |of data
elements occurs next in the bitstream!
}
for (1=0;|i<n; i++) { The group of data elements occur$/n times. Conditionfal
constructs within the group of.data elements may depend on
data ¢lement ) . .
- the value of the loop controlk\variable i, which is €qual
to zero for the first occurxémce, incremented to 1 flor the
} second occurrence, and so Xforth.
As noted, the group of data elements may contain nested conditional constructs. For compacthess, the {}

are omittedl when only one data element follows. Collections of data elements are represented

Table 2.

Table 2 — Syntax used to represent collections of data elements

as listed in

Syntax Description
data elemént[] data "element [] is an array of data. The number of fata
— ebements is indicated by the semantics.
data elemg¢nt[n] data_element[n] is the nth element of an array of data.
: th th L
data elemént [m] [n] dgta_e}ement[m][n} is the mt"?, n element of a two
— dimensional array of data.
| data_element[1l] [m] [n] is the 1th, mth, nth element qf a
data element (1] [m][n] three-dimensional array of data.

4.2.2 Bit

The bit ord
proceed to

ordering

er of syntax fields in the syntax tables is specified to start with the most significant bi
the least significant bit (LSB).

L (MSB) and

4.2.3 Specification of syntax functions

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

4.2.4 Prgcesses

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

vl "

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

st(v): null-terminated string encoded as universal coded character set (UCS) transmission format-8 (UTF-
8) characters as specified in ISO/IEC 10646. The parsing process is specified as follows: st(v) reads and
returns a serles of bytes from the bitstream, beglnnlng at the current p051t10n and contlnulng up to but
not incpaeing 00; ringLength
+1)* 8 bit p051t10ns where strlngLength is equal to the number of bytes returned The max{mum value
of strirjgLength is 16384.

c(n): seiquence of n ASCII characters as specified in ISO/IEC 10646.

Processes 4re used to describe the sequence of operations on syntax eleménts (see example in| Table 3). A
process has a separate specification and unique invocation. All syntax elements and variables that pertain
to the currgnt syntax structure and dependent syntax structures are available in the process specification
and at the time of invocation. A process specification may also have alower-case variable explicitly specified
as input. E3ch process specification output is explicitly defined. The output of a process can be pssigned to

one or manjy variables as specified in the return clause of the process.

Table 3 — Example decoding process

Syntax Remarks
process xyz(counter) { A decoding process with one patrameter
num A syntax element
for(i|= 0; i < num * counter; i++).%
value[i] A syntax element

A sub-decoding process within process

a sub|process
- 1 XyZ

5

5.1 Genjmic Sequencing data record

The geno

Structure of coded genomic data

ic\séquencing data record, in this document, is a data structure consisting of either a single

sequence read, or paired sequence reads, and its associated sequencing and alignment information. The
genomic record may contain detailed mapping and alignment data, a single or paired read identifier (read
name) and quality values.

When alignment information is present, the genomic record position is defined as the position of the left-
most mapped base of the genomic record on the reference genome. Genomic record positions are 0-based
in the ISO/IEC 23092 series. In case of multiple alignments, the position of the first alignment in the record
is considered; in such a case, the first alignment shall be the one with the leftmost position among all the
alignments with the best score.

In case of unmapped reads (i.e. no alignment information present) the notion of position does not apply to
the genomic record.

© ISO/IEC 2025 - All rights reserved
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In case of aligned content, bases that are present in the reads of the genomic record and not present in
the reference sequence (insertions) and bases preserved by the alignment process but not mapped on the
reference sequence (soft clips) do not have mapping positions.

Table 4 enumerates all the types of data that a genomic record can contain. ISO/IEC 23092-2 defines
technology that allows coding all and only those types of data into a set of descriptors; data, and consequently
descriptors, which are mandatory or optional, are also specified in ISO/IEC 23092-2, as well as how they are
used to represent multiple alignments.

Table 4 — Genomic sequencing data records

Data Semantics
Record identifier name of the record (e.g. read names)
Sequence rdads sequencing readout, as one or more strings of bases
Quality valyes quality scores of the sequence reads
Strandednefs information about the strandedness of each read of the record
Length length of the sequence reads
Position position on the reference genome of the left-most mapped’genomic recofd base
Pairing position or distance of the mate reads (e.g. in a pair)
Flags technical, additional alignment information (duplicates, proper pairs, fafilures)
Mismatches information about position and type of each’mismatch in mapped recorgs
Clips information about clipped bases (soft and.hard clips) in mapped recordg
Mapping scores mapping scores for an alignment
Multiple alignments information about the number ofalignments and the alternative alignmgent infor-
mation about each segment of the record
Group read group the genomic record belongs to
ISO/IEC 2392-2 defines an output record formatfo¥ all types of data in Table 4. These recoyds shall be
generated by decoders compliant to ISO/IEC 230922 as output of the decoding process.
5.2 Gen¢mic annotation data records
Different types of genomic annotatiop'data records are associated with each annotation table type (AT_

type, as sp¢
(AG_class, §
types and t

pcified in subclause 6.4.6:2). They are encoded and stored in attribute groups of diffe

s specified in subclause™6.4.7.2) in an annotation table. Table 5 summarizes the anno
heir associated dataYecords.

rent classes
tation table
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Table 5 — Genomic annotation data records

Annotation
table type

Attribute
group class

Record type

Record content

Variants

1

Variant site record

Variant site information including

some, position, reference allele, alternative
allele, variant ID, quality value and other

relevant attributes

chromo-

Variant genotype record

Variant genotype values for individual sam-

ples and any associated metrics

Sample record

Sample information such as sampl
graphics and clinical data

e ID, demo-

Functional arie
tations

netional annatation racord

Anynumberofontologicallabelss
tributes associated with a genomi
specified by its genomic range,istr
and ID

nd at-
C feature
and, name

Track property record

Track property contajning display
associated with a block/of functio
tation records referenced by the i
first record in the-block

attributes
al anno-
dex of the

Gene expregsion

Expression record

Expression alues associated with
feature, such as a gene or an exon,
ual samples

a genomic
for individ-

Feature record

Feature information such as gene
chromosome position

hame and

Sample record

Sample information such as sampl
graphics and clinical data

e ID, demo-

Contact mafrices

Contact matrix record

The frequency of contact, measurs
counts or any number of normaliz
in 3D space between any two gend

regions in a pair of the same or diffferent

chromosomes.

d by
ed values,
mic

Tracks

Track data record

Any number of attributes associat|
genomic range and strand

ed with a

Track property record

Track property containing display
associated with a block of functio
tation records referenced by the i
first record in the block

attributes
al anno-
dex of the

ISO/IEC 23|092-6 defines theformats of the above output records. These records shall be g
decoders cgmpliant to ISQ/TEC 23092-6 as output of the decoding process.

5.3 Data classes

Six data classes-are specified to classify genomic records according to the result of the mapping of the
encoded se n@mmad&agmlmmmmmmﬁemm&qu&m—plp

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

nerated by

The data classes and their descriptions are specified in Table 6.
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Table 6 — Data classes

Class ID Class name Record content
1 CLASS_P Only reads perfectly matching to the reference sequence.
2 CLASS_N Reads perfectly matching to the reference sequence or containing mismatches
which are unknown bases only.
3 CLASS_M Reads perfectly matching to the reference sequence or containing substitutions or
unknown bases, but no insertions, no deletions, no splices and no clipped bases.
4 CLASS_I Reads perfectly matching to the reference sequence or containing substitutions,
unknown bases, insertions, deletions, splices or clipped bases.
5 CLASS_HM Paired-end reads with only one mapped read.
6 CLASS U Unmapped reads only
Genomic rgcords of each data class are coded by means of several descriptors; conversely,d deqcriptor is a
coding element needed to represent part of the information. Descriptors for each data class-are ppecified in
[SO/IEC 23992-2.
Descriptorg are coded in blocks. Blocks are defined in subclause 6.4.5. A sequence of-block payloads of a single
descriptor [composes a descriptor stream. All block payloads in a descriptor,stream contain ¢ompressed

descriptors

5.4 Acce

Access uni
Related me
either geno

The access
ISO/IEC 23

Access unif]
of the descj
given data

An access y

SS units

)92-2.

rlass.

Table 7 — Access unit type

of a single type representing reads of the same data class.

s (AUs) are data structures containing a coded representation of genomic seque
tadata may be available to facilitate bitstream access and manipulation. An access unit contains
mic sequencing records belonging to the same data-class or a fragment of a reference

unit is the smallest data organization that.can be decoded by a decoder com

s are orthogonal to descriptor streams:\an access unit is composed of all and only t
iptor streams that are necessary to decode the information contained in a cluster of

nit can be of several types, as specified in Table 7, according to the class of the coded

ncing data.

sequence.

pliant with

hose blocks
records of a

Hata.

Aceess unit type
Sade Value Class of data
P TYPE_AU 1 CLASS_P
N_TYPE_AU 2 CLASS_N
M_TYPE_AU 3 CLASS_M
I_TYPE_AU 4 CLASS_I
HM TYPE Al 5 CLASS HM
U_TYPE_AU 6 CLASS_U

Depending on the type of coded information, an access unit can be decoded either independently of any
other access unit or using information contained in other access units.

5.5 Datasets

A dataset is a data structure containing a header, optional metadata, access units for genomic sequencing
data, and annotation tables for genomic annotation data. The set of access units or annotation tables
composing the dataset constitutes the dataset payload.

One or more datasets are assembled into a dataset group.
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5.6 Annotation data tile

An annotation data tile specifies a rectangular region of descriptor/attribute data corresponding to
contiguous ranges of rows and columns (if data is two-dimensional) of an annotation table. Instructions
on how to divide descriptor/attribute data into tiles are specified in tile configurations. Each data tile per
descriptor/attribute is individually encoded and stored in an annotation access unit payload block. Selective
access to data in specific regions of interest is achieved by identifying and decoding only the data tiles that
overlap with the regions of interest.

5.7 Annotation tables

An annotation table is a contalner for genomic annotatlon data of a designated annotatlon table type and
subtype (thea ader, optional
metadata, tiile conflguratlons (for specifying how data shall be divided into tiles to be individually encoded),
annotation|table index (for supporting random access), and attribute groups. Each attribute group has a
designated|class that indicates the role of the descriptor/attribute data it contains. For example, 4n attribute
group of clgss 0 contains main table data (such as variant genotypes), whereas class 1 contdins auiliary data
associated with the rows of the main data (such as variant site information), and class 2 contains auxiliary
data associpted with the columns of the main data (such as sample information),

Table 8 — Annotation table type

Annotation table type
- Data type
Annotation table type name Value

VARIANTS 1 Genomic varianfs

FUNCTIONAL_ANNOTATIONS 2 Functionalannotations

GENE_EXPRESSION 3 Gene expression values

CONTACT_NMIATRICES 4 Position-to-position contact intensity values

TRACKS 5 Génome browser tracks

Table 9 — Annotation table sub-type
. Annotation table sub-type
Annotation table type name -
Annotation table sub-type name Value

Any UNDEFINED 0

VARIANTS VCF 1

FUNCTIONAL_ANNOTATIONS GTF 2
GFF 3
GENBANK 8

TRACKS BED 4
BEDGRAPH 5
WIG 6
BIGWIG 7

CONTACT_MATRICES HIC 10

GENE_EXPRESSION GENE_EXPRESSION 9

5.8 Annotation access units

An annotation access unit contains individually encoded payload blocks of genomic annotation data. Each
payload block corresponds to a tile of data of a descriptor/attribute from specific ranges of rows and columns
(if data is two-dimensional) in an annotation table. It supports two contiguity modes:

— Attribute contiguity, where each annotation access unit corresponds to a descriptor/attribute and each
payload block within corresponds to a tile location in an annotation table, and
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— Tile contiguity, where each annotation access unit corresponds to a tile location in an annotation table
and each payload block within corresponds to a descriptor/attribute.

The annotation access unit is the smallest data organization handled by a decoder compliant with
ISO/IEC 23092-6.

5.9 Selective access
For genomic sequencing data:

— In the case of selective access to a genomic region comprised between a start genomic position and an
end genomic position, the decoder shall return: a) all the access units whose covered region overlaps the
region defined by start and end with at least one base, and the parameter sets that are needed to decode
them; ) at Teast the reference portion thatis necessary to decode the access units identified]in a).

the decoder
parameter

In the d
shall reg
sets th

ase of selective access to signed content identified by a U_cluster_signature signature
turn all the access units whose signature corresponds to U_cluster_signature,’and the
it are needed to decode them.

Exampl]es of selective access strategies are described in Annex B.

For genomifk annotation data:

In the able region

rase of selective access to specific descriptor and attribute-~data in an annotation t

defined by ranges of indexes and/or genomic positions, the decoder shall identify the dafa tiles that

overlap the region based on the relevant attribute data tile structure(s) as specified in subclause 6.4.6.7

and/or|genomic range index(es) as specified in subclause 6.5.24.4, and return

a) if4ttribute contiguity == 0, annotation access units corresponding to the identified data tiles
angdl containing only the payload blocks of the selécted descriptor(s) and attribute(s)

b) if4qttribute contiguity == 1, annotation aceess units corresponding to the selected descriptor(s)
angl attribute(s) and containing only the payload blocks of the identified data tiles

c) thdannotation parameter set(s) requiréd for decoding the annotation access units identifi¢d in a) or b)

Exampl]es of selective access strategieS.are described in Annex C.

6 Dataf

6.1 Format structure

6.1.1 Gel
Table 10 pr

Boxes that

'ormat

heral

esents-the overall data structures and hierarchical encapsulation levels.

bd to show

mdy occur at the top-level are shown in the left-most column; indentation is us

possible comtaimmentNotathboxes ieed be used i att fites; the mamdatory boxes for genomtic sequencing
data, genomic annotation data or both are marked respectively with a plus sign (+), pound sign (#) or an
asterisk (*) in the Mandatory column: such column refers to the relevant scope (File and/or Transport).
Optional boxes are represented with dashed borders in Figure 4-7. Mandatory boxes are represented
with solid borders. When no entry is present in the Scope column, scope is both File and Transport. See the
specification of each individual box for the assumptions when the optional boxes are not present. If the box
key is represented in italic format in Table 10, the corresponding box is represented either with no Key and
no Length, but only Value in the gen_info format, as specified in subclause 6.2, for all boxes but offset, or as
specified in subclause 6.5.4.1 for the offset box.
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Table 10 — Format structure and encapsulation levels

Box key (with hierarchical level)

Subclause

Scope

Mandatory
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N
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File

o
1
o
o

File
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e
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N
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a5
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Table 10 (continued)
Box key (with hierarchical level) Subclause | Scope | Mandatory
avix 6.5.2.4.5 File
agen 6.4.7 File #
aghd 6.4.7.2 #
aauc 6.4.8 #
aauh 6.4.8.3 #
aaup 6.4.8.4
aau_block 6.4.9 #
aau_block_[6.4.9.2 #
header 1
offget offset 6.5.4 File (\q;')
packet 6.6.5 Traln%t k
padket_header 6.6.5.2 (’[irz'nﬁsport i
N4
Fil¢ Header (flhd) FILE FORMAT ({})Q
7
])Gitj:;t Dataset Group Header (dghd) Reference (rfgn) Refe‘};Q\'{%’Metadata (rfmd)
(dgfn)  Label List (1abl) Label(lbll) Dataset Groug\@\;data (dgmd)

Dataset Group CDL Metadata (dgcd)

Datase"c\ Qohf) Protection (dgpr)

Dataset Header (dthd)
Dataset CDL Metadata (dtcd)

Master Index Table (mitb)

Dﬁ?ptor Stream
. Header (dshd)
()
Descriptor Stream
Protection (dspr)

Descriptor Stream
Header (dshd)

Descriptor Stream
Protection (dspr)

Access Unit
Header
(auhd)

\/
Dataset Metrics Metadata (dt
Dataset Parameter Set (p

Dataset,Protection (dtpr)

AU Protection (aupry))

AU Information (auin)

AU Protection (aupr)
AU Information (auin)

AU Metrics (aumt)

Figure 4 — Data structures hierarchy for storage of genomic sequencing data
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TRANSPORT FORMAT

Packet

Packet Header

File Header (flhd)

Dataset Group

Dataset Mapping Table List (dmtl)

Dataset Group Header (dghd)

Reference (rfgn)

Reference Metadata (rfmd)

Label List (labl) { Label (Ibll)

___________________

Dataset Group Metadata (dgmd)

r
]
]
]
]
1

Dataset Group CDL Metadata (dgcd)

Dataset Group Protection (dgpr)

Dataset
A%
Dataset Mapping Table (dmtb) Dataset Header (dthd) Dataset Parameter Set)(pars)
[ "4
Dataset Metadata (dtmd) | Dataset Metrics Metadata (dtmt) Dataset CDL Metadata (dtad)
. oV
Dataset Protection (dtpr) qibg
— ,
A|cccfss \< AU Protection (aupr)
Pnit | Access Unit N :
(fucn) Header Block Block i AU Information (auin)| |
(auhd) 1 !
i AU Metrics (aumt) | i
& . ]
O\
DN F :
Access ] i AU Protection (aupr) | |
Unit | Access Unit : i
(aucn) | Header Block Block i AU Information (auin)| !
( j ]
(auhd) N 1 !
" i AU Metrics (aumt) | i
RN : :
WO

Figure 5 — Data structureshierarchy for transport of genomic sequencing data
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FILE FORMAT
| File Header (flhd) |

Dataset Group (dgcn)

| Dataset Group Header (dghd) | ' Dataset Group Metadata (dgmd)

____________________________________________________________________________________

| Dataset Parameter Set (pars) |

Annotation Table (atcn)

Annotation Table Header (athd) | Annotation Table Metadata (atmd)

Annotation Table CDL Data (atcd) ' ! Annotation Table Protection (at

Attribute Group Tile Configuration (agtc)

A\
Attribute Data Tile Structure (adts) | | Attribute Data Byti@%et (adbo) |
N\
A3

e sSS [
Annotation Table Index (atix) << ;
: Genomic Range Index (grix) to | A @te Value Index (avix)

_____________________________________________________ \\}\
Attribute Group (agcn) X

Y
| Attribute Group Header (aghd) | \:Q

Annotation Access Unit Head@[aauh) Annotation Access Unit Protection (aaup)
AAU Block AAU Block AAU Block

Annotaticess Unit Header (aauh) Annotation Access Unit Protection (aaup)
/
| AAUBlock ||  AAUBlock AAU Block AAU Block

Figure 6 — Data structures hierarchy for storage of genomic annotation data

© ISO/IEC 2025 - All rights reserved
16



https://iecnorm.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

TRANSPORT FORMAT

Dataset Mapping Table List (dmtl) Dataset Group Header (dghd)
Dataset Group Metadata (dgmd) Dataset Group CDL Data (dgcd)
Dataset Group Protection (dgpr)

I Dataset Mapping Table (dmtb) Dataset Header (dthd) Dataset Metadata %"ﬁl
l Dataset CDL Metadata (dtcd) Dataset Protection (dtpr)
I Dataset Parameter Set (pars)

Annotation Table Header (athd) Annotation Table Meta \m
\/
Annotation Table CDL Data (atcd) Annotation Table Protection (atpr)

Attribute Data Tile Structure (adts)

Attribute Group Header (aghd) ‘

U
Annotation Access Unit Header (aauh) Annotation Access Unit Protection (aaup) l
AAU Block C) AAU Block AAU Block AAU Block I

Annotati on Access Unit Header (aauh) Annotation Access Unit Protection (aaup) l
»
=Y AAU Block AAU Block AAU Block

Figure 7 — Data structures hierarchy for transport of genomic annotation data

In transport format, any box represented in Figure 5 and Figure 7 shall be encapsulated in one or more
packets, as specified in subclause 6.6.5. The depacketization process is illustrated in Annex D. The dataset
group, dataset, annotation table and attribute group are represented in Figure 5 and Figure 7 for clarity, but
the corresponding container boxes (dgcn, dtcn, atcn and agcen) do not exist in transport format.

6.1.2 Boxorder

In order to improve interoperability, the following rules shall be followed for the order of boxes:
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In file format

1y

The container boxes:

dataset group, dataset, access unit and descriptor stream for genomic sequencing data, and

dataset group, dataset, annotation table, attribute group tile configuration, annotation table index,

attribute group and annotation access unit for genomic annotation data shall be ordered according
to the hierarchy specified in Table 10.

2)

The box order inside the containers dgcn, dtcn, dscn, aucn, atcn, agtc, atix, agcn and aauc is specified in

Table 13, Table 25, Table 63, Table 33, Table 40, Table 47, Table 59, Table 49 and Table 52 respectively.

3)

The file header box ‘flhd’ shall occur before any variable-length box.

4) When
boxes,

located

5) Theco

box ext

In transpor

with hierarchical level equal to 2 (third column in Table 10), and the athd, agtc and aghd boxe

1y
and the
2) Itisred
3) Itisred
equal t
before
4) For ger
to diffe]
6.2 Synt
KLV (Key L

header, offs

The KLV sy

The ddtaset_mapping_table_list, dataset_mapping_table and file header boxes shall be de

which, while logically respecting the ordering specified in this subclause, may be
in a different position in the file.

(tiguity of child boxes inside the containers dgcn, dtcn, dscn, and aucn shaltnot be br
ernal to the container box, apart from the offset box, as specified in subelause 6.5.4

t format

n all other boxes according to the hierarchy specified in Table 10.
ommended to transmit the boxes in hierarchical order, as specified in Table 10.

ommended, when possible, within each datasetgroup, to interleave boxes with hierai
0 1 (second column in Table 10), and the dthd and pars boxes belonging to differel
transmitting all other boxes in the corresponding datasets.

omic annotation data, it is recommended, when possible, within each dataset, to inter

rent annotation tables, before transmitting all other boxes in the corresponding annotz:

hx for representation

ength Value) format is(used for all the data structures listed in Table 10 but the b
et, packet and packet_header.

ntax is defined as.follows:

present, the offset box ‘offs’, as specified in subclause 6.5.4, enables an indirect adldressing of

physically

ken by any

roded first,

chical level
nt datasets,

leave boxes
s belonging
ition tables.

ock, block_

struct gej
{

p_info

}

c(4 Key;
u(64) Length;
u (8 aluel];

The Length field specifies the number of bytes composing the entire gen_info structure, including all three
fields Key, Length and Value.

The block, block_header, packet and packet_header data structures have no Key and no Length, but only Value.

The offset data structure is specified in subclause 6.5.4.

All syntax tables specified in subclauses 6.4, 6.5, and 6.6 and related subclauses, for boxes of type gen_info,
represent the internal syntax of the Value[] array field only. In the scope of this document the Value[] array
is referred as just Value.
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6.3 Output data unit

This subclause specifies the output data unit (see Table 11) of the decapsulation processes specified in
subclauses 6.4.2.3, 6.4.3.7, 6.4.4.2, and 6.4.8.2.

Table 11 — Data unit syntax

Syntax Type Remarks
data unit () {
data_unit_type 2(8)
if (data_unit type == 0) {
data unit size 2 (64)

As specified in

ISO/IEC 23092-2 A(\(f/’.)

raw_ freference ()

) R
else if (data_unit type == 1) { X /’
resg¢rved u(10) Al N9
datd unit size u(22) 9’
pargmeter set () ?2&@;?22i2
) Y~
else if (data unit type == 2){ ,_5\\
res¢rved u (EQ ~
data unit_size W;
accéss unit () §‘\ As specified in
Q ISO/IEC 23092-2
} ,?(\U
else if (data unit type == 3){ &V
res¢rved A‘\‘O u(l0)
data unit size \O u(22)
ann tation_parameter_set()‘ (-\‘b As specified in ISO/IEC R3092-6

else if (dataiunititypeAﬁz’ 4 {

reserved (')\\ u(3)
data unit_size “U u(29)
ann tation_a@g_unit() As specified in ISO/IEC R3092-6

\\
} \O
else / (d,aG'aSrlititype > 4)*/{

/*s :L&data unit*/

}

data_unit_type and data_unit_size shall be filled as specified in subclauses 6.4.2.3.6, 6.4.3.7.1, 6.4.4.1, and
6.4.8.1.
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structures common to file format and transport format

6.4.1 File header

64.11 G

eneral

This box (fIhd in Table 12) is mandatory and provides information about the version of this specification and
of the set of other specifications the file or stream complies with.

6.4.1.2 Syntax

Table 12 — File header syntax

Syntax Key Type Remarks

file head¢r { flhd

major|brand c(6)

minor|version c AL

for (4=0; i < num compatible brands; i++) {

copatible brand[i] c(4)

}

}

6.4.13 S
major_bra

minor_ver

document 4
first tw

third b

fourth

num_comy
num_comp

compatiblg
6.4.2 Da

6421 G

pmantics
hd is the major brand identifier. The value is equal to the 6-character code “MPEG-G”.

pion is an informative set of four characters)for the minor version of the major by
nd is specified as follows:

0 bytes: version number, as the last two digits of the year of release of the major bran
yte: amendment number, as integer counter from 0 to 9, 0 if no amendment yet
byte: corrigendum number, as.integer counter from 0 to 9, 0 if no corrigendum yet

atible_brands is inferked from the Length field in the file_header gen_info header
htible_brands = (Length - 22) / 4.

p_brand[i] is a 4-character code representing a compatible brand.

[aset group

The dataset

and of this

as follows:

The relevant container box (dgcn in Table 13) is mandatory in file format, forbidden in transport format.

Child boxes may be present or not, according to the column Mandatory in Table 10. Child boxes marked with
suffix “[]” after their name in the Syntax column of Table 13 may be present in multiple instances.
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Table 13 — Dataset group syntax

Syntax Key Type Remarks
dataset group { dgcn
. As specified in
dataset group header dghd gen_info subclause 6.4.2.2
. As specified in
referencel[] rfgn gen_info subclause 6.4.2.3
. As specified in
reference metadatal] rfmd gen_info subclause 6.4.2.4
. . As specified in
label list labl gen info subclause 6.4.2.5
DG me ; . . . As specified in
- aUadia u\jllLu HCLI_LILLU Subclause 6 j 4 i 2 ) 6
. As specified,ip
DG_CDY dged gen_info subclausg)Ve.4.p.7
. . As specified ip
DG pr¢tection dgpr gen_info subdTatse 6.4.b.8
nam-datasets: gs
for (§=0;i<num datasets;i++) { specified in spbclause
6.6.3.2
. . As specified ip
dataset[1i] dtcn gen_info subclause 6.4.B.1
}
}

6.4.2.2 Dataset group header

6.4.2.2.1 |General

This is a mandatory box (dghd in Table 14) describing the content of a dataset group.
6.4.2.2.2 |Syntax

Table 14-— Dataset group header syntax

Syntax Key Type Remarks

dataset gfoup header { dghd

dataset group_ ID u(8)

versi¢n number u(8)

for (1=0;i<num{datasets;i++) {

dataset \ID[1i] u(lo)

}

}

6.4.2.2.3 Semantics

dataset_group_ID identifies a dataset group. Each value shall be unique among all dataset_group_ID fields
in the file or stream.

version_number is the version number of the dataset group. The version number shall be incremented by
1 whenever the definition of the dataset group identified by dataset_group_ID changes. Upon reaching the
value 255, it wraps around to 0.
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dataset_IDJi] is an integer number identifying the dataset in the dataset group. This field shall not take the
same value more than once within the dataset group.

NOTE
datasets = (Length - 14) / 2.

6.4.2.3 Reference

6.4.2.3.1 General

num_datasets is inferred from the Length field of datasets_group_header gen_info header as follows: num_

This is an optional box (rfgn in Table 15) containing the information needed to retrieve an external or
internal reference, and its description as a set of reference sequences.

It may be present in multiple instances in the same dataset group. If so, any instance shall havg a different

value of reference_ID. Qq/
6.4.2.3.2 |Syntax q;'\ :
Table 15 — Reference box syntax q(bQ
vV
Syntax Key _, @ype Remmarks
referencel { rfgn &(/
dataset|group_ID (4@}
referen¢e ID k\‘tf( 8)
referen¢e name / O‘ st (v)
referen¢e major_ version A<')‘ u(lo)
referen¢e minor version KN - u(lo)
referent¢e patch_version s\ » u(le)
seq_count \{\6 u(lo)
for (seqID=0; seqlID<seq count;seqlID++) { ‘\\\>
N )
sequepce name[seqlD] :\?) st (v)
if (mjnor version != ‘1900") { ~N minor version
\O as specified in
r§L~ subclauge 6.4.1.3
seqTence_length [seqlD] ('}\V u(32)
seqlllence_ID [seqID] - ’v u(le)
>
} S
} @)
reserved . u(7)
external ref f - u(l)
if (extorna}_@%flag) {
ref_uriQ/&)‘ st (v) As speclfied
\ in subclause
0.4.2.3.4
checksum_alg u(8)
reference_type u(8)
if (reference type == MPEGG REF) {
external dataset_group_ ID u(8)
external dataset_ID u(le)
if (minor version == ‘1900") minor version
as specified in
subclause 6.4.1.3
ref checksum u(checksum As specified in
size) 6.4.2.3.7
}
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Table 15 (continued)

Syntax Key Type Remarks
if (minor version != ‘1900’ || reference type != minor version
MPEGG REF) { as specified in
subclause 6.4.1.3
for (seqID=0;seqID<seq count;seqID++) {
ref seq_checksum[seqID] u (checksum As specified
size) in subclause
6.4.2.3.7
}
}
}
else {
interxllal_dataset_group_ID u(8)
interlllal_dataset_ID u(l6)
}
}

6.4.2.3.3

dataset_gi

as the dat

subclause €

Semantics

oup_ID is the identifier of the dataset group including thisybox. It shall have the
hset_group_ID field in the dataset group header of thé-Same dataset group, as
4.2.2.

reference |
reference |
reference |

reference_

reference_
seq_count

sequence_
reference.

sequence_
sequence_

external _n

[ID is the identification number of the reference within the dataset group.
name is a string representing a human readable hame of the reference.
major_version is the reference major version.

minor_version is the reference minoriersion.

patch_version is the reference patch version.

is the number of reference sequences contained in the reference genome.

hame[seqlD] is an unambiguous string identifier for each reference sequence conta

ength[seqlD] is-theé number of nucleotides of each reference sequence contained in th
D[seqlD] iseference sequence integer identifier.

ef_flag.is.a flag specifying whether the reference is either another dataset of the same

as specified in Subclause 6.4.3, with dataset_type equal to 2 (external_ref_flag equal to 0), or

external to

the’bitstream (external_ref_flag equal to 1).

q

same value
pecified in

ined in the

b reference.

bitstream,
A reference

ref_uri as specified in subclause 6.4.2.3.4.

reference_type specifies the type of the external reference and can take any of the values in the first column

of Table 16.
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Table 16 — reference_type values

Value Name Semantics

0 MPEGG_REF Reference encoded as a dataset, as specified in subclause 6.4.3, identified
by fields external_dataset_group_ID and external_dataset_ID when ex-
ternal_ref_flag is equal to 1, or by fields internal_dataset_group_ID and
internal_dataset_ID, when external_ref_flag is equal to 0, in a bitstream
compliant to this document. The dataset shall have dataset_type, as
specified in subclause 6.4.3.2, equal to 2.

1 RAW_REF Raw reference, as specified in ISO/IEC 23092-2.

2 FASTA_REF Reference of type FASTA, as specified in subclause 6.4.2.3.5

3 to OxFF Reserved for future use

external_dataset_group_ID is the identifier of the dataset group containing the external refére

ref_uri points to a reference coded in compliance to the ISO/IEC 23092 series.

external_dataset_ID is the identifier of the dataset containing the external reference, in g
points to a feference coded in compliance to the ISO/IEC 23092 series. The value shalllbe equal t
dataset_ID pelonging to the dataset group identified by external_dataset_group_ID:

ref_checkgum is the checksum computed, according to one of the methods specified in subclau

nce, in case

ase ref_uri
b one of the

se 6.4.2.3.7,

on the payload of the dataset of type 2 (Value field of dtcn box), as specified in subclause 6.4.

B, retrieved

using ref_ufi, external_dataset_group_ID and external_dataset_ID.

ref_seq_chlecksum[seqID] is the checksum computed, according to one of the methods g
subclause 6.4.2.3.7, for each reference sequence contained in the veference genome, on the co
corresponding ref_sequence field of the raw reference, as spécified in ISO/IEC 23092-2, eit
reference_tlype is equal to RAW_REF, or obtained via the conyersion process specified in subclau

)

pecified in
tent of the
er as is, if
5e 6.4.2.3.6,

if referencd_type is equal to FASTA_REF or MPEGG_REF.

internal_dptaset_group_ID is an integer number identifying the dataset group containing f
reference. An internal reference shall be of type MPEGG_REF, as specified in Table 16.

internal_dptaset_ID is an integer number idéntifying the dataset containing the internal re
internal reference shall be of type MPEGG_REF, as specified in Table 16.

6.4.2.3.4 |ref_uri semantics

ref_uri shall be compliant with IETFRFC 3986 and IETF RFC 7320.

The IETF RFC 3986 specificdtipn is partially summarized in Annex A.

6.4.2.3.5 |Supported’FASTA format

The FASTA [formatiélsupported by this document is represented as a series of lines in ASCII text

n_n

The first linedn the FASTA shall start with a ">" (greater-than) symbol.

he internal

ference. An

format.

Ignore lines that only contain non printable characters and any comment line starting with a semi-colon.

n_n

Each sequence of characters following a ">" (greater-than) symbol and up to the first whitespac

e character

shall be interpreted as the identifier (a.k.a. name) of the sequence of nucleotides represented by the following

one or more lines.

Each sequence of characters following a ">
followed by one or more lines of symbols representing nucleotides.

Table 17 is an example of the supported FASTA format.

© ISO/IEC 2025 - All rights reserved
24

(greater-than) symbol and up to an end of line character shall be


https://iecnorm.com/api/?name=31af1e3ececed071e96ea2246e8edec2

ISO/IEC 23092-1:2025(en)

Table 17 — Example of the FASTA format

Line

Content Description

>1 dna:chromosome chromosome:GRCh37:1:1:249250621:1

1 = first sequence identifier

ACGTTGACTATCGATCTATTAGCGGCGATGCA

TGACTATCGATCTATTAGCGGCGATGCTTCCA

senting the entire first sequ

Slw(n|R

ACGTTGACAAACCGATAAGCGGCGATGCAAAC

Sub-sequences of nucleotides repre-

ence

>2 dna:chromosome chromosome:GRCh37:2:1:243199373:1

2 =second sequence identifier

N+1

TGACTATCGATCTATTAGCGGCGATGCTTCCA

N+2

ACGTTGACAAACCGATAAGCGGCGATGCAAAC

senting the entire second se

N+3 TT

FACAAACCGATAAGCGGCGATGCAAACAGT

Sub-sequences of nucleotides repre-

quence

A complian

6.4.2.3.6

The referer
to MPEGG |
flag is equa
into araw 1

If eithd
to MPH

subclayse 6.4.3, and the output data units shall be dé¢oded, according to the decoding proce

f codec will ignore all new line characters and any comment line startingwith a semi

Conversion to raw reference

ce either pointed by ref_uri (when external_ref_flag is equal to.1) and, if reference_ty
REF, identified by external_dataset_group_ID and external._dataset_ID, or (when e
| to 0) identified by internal_dataset_group_ID and internal’ dataset_ID fields, shall b
eference structure, as specified in [SO/IEC 23092-2, according to the process describ

r external_ref_flag is equal to 0, or external_refiflag is equal to 1 and reference_ty

in 1SO/

Else, if
no dec

Else, if
the FAS
eachre

to upp
shall b

structu
FASTA
box, as

In all of the
specified in

[EC 23092-2.

external_ref_flag is equal to 1 and referénce_type is equal to RAW_REF, as specified
psulation is needed.

external_ref flagis equal to 1:ahd reference_type is equal to FASTA_REF, as specified
TA reference, as specified innsubclause 6.4.2.3.6, shall be converted into a raw referen
f_sequence field with the'€erresponding base characters in the FASTA reference, after
brcase letters and ignoring new line characters; seq_start field shall be set to 0, se
b set to the number ‘of characters composing each sequence minus 1, and the sequel
re shall be set either incrementally, starting from 0, for any reference sequence pr¢
reference, if minor_version is equal to ‘1900’ or to the value of sequence_ID field in th
specified inssubclause 6.4.2.3.2.

above.three cases the output raw reference shall be encapsulated as payload of a d
subelalise 6.3, with:

colon.

'pe is equal
(ternal_ref_
b converted
bd below.

pe is equal

GG_REF, as specified in Table 16, the correspending dataset shall be decapsulated, according to

5s specified

in Table 16,

in Table 16,
re, by filling
conversion
g_end field
hce_ID field
bsent in the
e reference

ata unit, as

data_u

nit.type equal to 0,

— data_unit_size equal to the sum of 9 (the number of bytes used for data_unit_type and data_unit_size)
and the number of bytes composing the raw_reference structure.

6.4.2.3.7

Checksum

The identification of the hash function to be used to verify the identity of the related reference (ref_checksum
field) or reference sequences (ref_seq_checksum[i] fields) is performed using checksum_alg, as specified in
subclause 6.4.2.3.2. Two values of checksum_alg are defined in Table 18, while other values are reserved for

future use.
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Table 18 — Checksum values
checksum_alg Checksum checksum_size Rationale
value algorithm

0x00 MD5 128 Supported as checksum algorithm only for backward
compatibility, but it is not recommended for the creation
of new content due to the extensive collision vulnerabil-
ities it suffers.

0x01 SHA-256 256 Currently recommended for all hash function-based

applications and it shall be used for the integrity check
of all new content.

0x02 to OxFF

Reserved for future use.

6.4.2.4 ldeference metadata

6.4.2.4.1

This is an ogptional box (rfind in Table 19) containing metadata associated to a referénce.

6.4.2.4.2

General

Syntax

Table 19 — Reference metadata syntax

reference ID

Syntax Key Type Remarkg
reference|metadata { rfmd
datas¢t group_ ID u(8)
u(8)

refer¢nce metadata value ()

As specified in
ISO/IEC 23092-3

6.4.2.4.3

Semantics

dataset_group_ID is an integer numbet-identifying the dataset group including this reference_metadata.

reference
to. It shall

present in the dataset group(

reference_inetadata_value() contains reference related metadata, as specified in ISO/IEC 23092-B.

6.4.2.5 Lpbel List

6.4.2.5.1

General

D is a unique identification number of the reference to which this reference_metddata refers
e equal to the referénce_id value of one of the reference boxes, as specified in subclause 6.4.2.3,

This box (labl in Table 20) lists the labels, as specified in subclause 6.4.2.5.2, associated to a dataset group.
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6.4.2.5.2 Syntax

Table 20 — Label list syntax

Syntax Key Type Remarks
label list { labl
dataset _group_ ID u(8)
num_labels u(le)
for (h=0; h < num labels; h++) {
} 2
) a2
Qo
6.4.2.5.3 |Semantics ,'\q/
dataset_grjoup_ID is the identifier of the dataset group including this label li§o.bt shall have the same
value as the dataset_group_ID field in the dataset group header of the same q,fg et group, as specified in
subclause §4.4.2.2. C)
num_labelg is the total number of labels in the label list. O\\Q/
6.4.2.5.4 |Label g\\%
O
6.4.2.5.4.1| General QQ
Alabel (Iblljin Table 21) is an identifier associated to one ormore datasets, genomic regions and/pr classes.
6.4.2.5.4.2| Syntax \~'Q®
Tal&&l — Label syntax
Syntax Y Key Type Remarks
label { O 1b11
label|1D Y st (v)
num_datasets : u(16)
for (1=0;1 < num_dg:@\ts; i++) {
dataset ID [1“]\\'} u(le)
nmm_regicl_n\qu\\]‘ u(8)
for (j&u < num_regions([i]; J++) |
seq ID[i] (3] u(16)
Wum classes[i][7] u(4)
for (k=0; k < num classes[i][]];
k++) |
class_ID[i] [j] [k] u(4)
}
start pos[i][]j] u(40)
end pos[i][]] u(40)
}
}
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Table 21 (continued)
Syntax Key Type Remarks
while (!byte aligned()) i’ibii’iiilj%lg
nesting_zero _bit £(1) Equal to 0
}

6.4.2.5.4.3

Semantics

label_ID is a string representing the label identifier in the label list specified in subclause 6.4.2.5. The
variable stringLength for this field, as specified in subclause 4.2.3, concerning the st(v) data type, shall be

0

higher than
num_datas

dataset_ID
listed in th¢

num_regia

seq_ID[i][j
the referen

num_class
class_IDJi]

start_pos|
encoded in

end_posJi]
encoded in

64.2.6 D

6.4.2.6.1

This is an ogptional box (dgmd in Table 22) containing metadata associated to a dataset group.

ets is the number of datasets containing regions labelled by label_ID.

[i] is the identifier of a dataset labelled by label_ID. It shall take one of the walues of
e dataset group header of the same dataset group, as specified in subclause)6.4.2.2.

ns[i] is the number of regions labelled by label_ID in the dataset.

is the sequence identifier. It shall take the value of one of the sequence_ID fields of at
Ce boxes included in the dataset group, as specified in subclause'6.4.2.3.

ps[i][j] is the number of classes labelled by label_ID in the'région.
jl[K] identifies the data class in the region labelled by label_ID, as specified in Table 6

1[j] is the position of the left-most mapped base aimeng the first alignments of all geno
the access units covering the region, irrespective of the strand.

j] is the position of the right-most mapped’base among the first alignments of all geno
the access units covering the region, irrespective of the strand.

ataset group metadata

General

dataset_ID

least one of

mic records

mic records

6.4.2.6.2 |Syntax
Table 22 — Dataset group metadata syntax
Syntax Key Type Remarky
DG metadafa/{ dgmd
L f (mTOT—TeTStoT—t——1500 minor version as|specified
* B - + ’ Pt in subclause 6.4.1.3

dataset group_ID

}

DG metadata value ()

IEC 23092-3

As specified in ISO/

6.4.2.6.3

Semantics

dataset_group_ID is the identifier of the dataset group containing this metadata.

DG_metadata_value() contains the dataset group metadata, as specified in ISO/IEC 23092-3.
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6.4.2.7 Dataset group clinical data linkage metadata

6.4.2.7.1

General

This is an optional box (dgcd in Table 23) containing clinical data linkage metadata associated to a dataset group.

6.4.2.7.2 Syntax
Table 23 — Dataset group clinical data linkage metadata syntax
Syntax Key Type Remarks
DG CDL { dgcd
datas¢t group_ ID u(8)

DG CDl value()

As specified~imI
IEC 23092-8

6.4.2.7.3

dataset_gi

DG_CDL_vallue() contains the dataset group clinical data linkage metadatg, as specified in ISO/IH

Semantics

oup_ID is the identifier of the dataset group containing this clinical data linkage met

hdata.

C 23092-3.

6.4.2.8 Dataset group protection
6.4.2.8.1 |General
This is an gptional box (dgpr in Table 24) containing protéection information associated to a dataget group.
When pres¢nt this box contains information that a deCoder needs to properly handle a protected dataset group.
6.4.2.8.2 |Syntax
Table 24.— Dataset group protection syntax
Syntax Key Type Remarky

DG protecfion { dgpr

. . (. , minor version as [specified

if (mjnor version ="21900") { in subclause 6.411.3

dataset group)\ID u(8)
}
¢ As specified in IBO/

DG pré¢teckien value () TEC 23092-3
}
6.4.2.8.3 Semantics

dataset_group_ID is the identifier of the dataset group containing this protection metadata.

DG_protection_value() contains the dataset group protection information, as specified in ISO/IEC 23092-3.

6.4.3 Dataset

6.4.3.1 General

A dataset is a collection of access units encoding either records or a reference.
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The corresponding container box (dtcn in Table 25) is mandatory in file format, forbidden in transport format.

Child boxes may be present or not, according to the column “Mandatory” in Table 10. Child boxes marked
with suffix “[]” after their name in the Syntax column of Table 25 may be present in multiple instances.

Table 25 — Dataset syntax

Syntax Key Type Remarks
dataset { dtcn
. As specified in
dataset_header dthd |gen_info subclause 6.4.3.2
. As specified in
DT_metadata dtmd  |gen_info subclause 6.4.3.3
DT metfrics dtmt gen info As speclfled%n
- - subclause 6.478.4
DT CDJ dtcd |gen info As specifled iy
Y gen_ subclalse 6.4.3.5
. , As b::ified i
DT pré¢tection dtpr |gen_info st ause 6.4.%.6
L]
| . (@9 specified if
datas¢t parameter set[] pars gen_info . |6ubclause 6.4.3.7
> |as specified in
if (dataset_type < 3){ f'\\\ subclause 6.4.3.2
. o As specified inp
it [MIT_flag == 1) { g‘\% subclause 6.4.}.2
) . . .
master index table mitbQ gen_info fs specified i
— — a\ — subclause 6.5.2.1
: QV
N . .

. AN . As specified 1inf
agcess_unit([] As\\_»aucn gen_info subclause 6.4.4.1
if (block header flag == 0) { QQ‘()

descriptor streaml[] ) dscn en info As specified ip

p — :\Q) gen_ subclause 6.5.83.1

} =

O

} N
else 1f (dataset type == 3),.‘{"\\K)

amnotation tablel] o, atcn gen info As specified 1

— R - subclause 6.4.¢.1
R
) ~O
] U
'\

6.4.3.2 Datase@der
6.4.3.2.1 G@egral

This is a mandatory box (dthd in Table 26) describing the content of a dataset.
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Table 26 — Dataset header syntax

Syntax Key Type Remarks
dataset header { dthd
dataset_group_ ID u(8)
dataset_ ID u(le)
version c(4)
multiple alignment flag u(l)
byte_offset_size_flag u(l)
non_ovey Tapping A —range—fiag Tty —
pos_4 0_1|>its_flag u(l) Aq‘p
block_he¢ader flag u(l) qpv
if (blofk header flag) { N
MIT flag (L)WY
CC_mogle flag u
} ~lV
else { o /\'
ordered blocks_flag n\\- u(l)
) 9D
seq_count ) c’)\ u(le)
if (seg|count > 0) { {\<<
reference_ID X QV u(8)
for ($eq = 0; seq < seqg_count; seqg++) { c\&
seq|ID[seq] o u(16)
) BN
for ($eq = 0; seq < seg_count; seq+:kb§A
seq|blocks([seq] A\v u(32)
) xO
J O
dataset| type » u(4)
if (MIT|flag == 1) { ¢
num_classes _ k\§ u(4)
for (¢i = 0; ci \r&wﬁiclasses; ci++) |
clidifci] AN u(4)
if [iblock(Mpader flag) f
nmm_d(e's‘??iptors [ci] u(5)
£ (@?’: 0; di <
UM OeSCrIptors ey aX ) 1
descriptor_ ID[ci] [di] u(7)
}
}
}
}
parameters_update_ flag u(l)
alphabet ID u(7)
num U_access_units u(32)
if (num U access units > 0) {
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Table 26 (continued)
Syntax Key Type Remarks
For backward
reserved u(62) compatibility
U_signature_ flag u(l)
if (U _signature flag) {
U_signature_constant_ length u(l)
if (U _signature constant length) {
U_signature_length u(8)
}
}
reseryed flag u(l) ‘AQ_)
if (r¢served flag) Qv
t‘nl/backward
resé¢rved u(8) ¢ Y
A 4C mpatifility
7
} e,
reseryed flag @J
) 1Y
if (seqg|count > 0) { O
tflag|o0] 1OV [ra) |Equal t4 1
thres|[0] <'\~ u(31)
for (} = 1; 1 < seqg count; i++) P O\
tfldgli] X u(1)
. : A4
if ($flag[i] == 1) R
thres[i] RN u(31)
. _ ~
els¢ /* tflag[i] == 0 */ U\‘Q)
/* thres[i] = thres[i-1] */ O
} O
) )
£
if (dataget type == 3){ \L\U
. CN
n_ann|tables ‘\\\O u(7)
for (1 = 0; 1 < n_ann_tabl&s’; i++) |
AT ID[i] N\ u(8)
AT index exists [i,lo\ u(l)
} A\V
N\
} ON
N
else 1if (data\&g)_type > 3){
/* es/e@?%‘d for future use */
) X
) . As specified in
|
while (!byte aligned()) subclause 4.2.3
nesting_zero _bit f£(1) Equal to 0
}

6.4.3.2.3 Semantics
dataset_group_ID is the identifier of the dataset group containing the dataset including this dataset_header.

dataset_ID is the identifier of the dataset. Its value shall be one of the dataset_IDs listed in the dataset_
group_header.
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version is the combination of version number, amendment number and corrigendum number of
ISO/IEC 23092-2 to which the Value field of the dataset complies, and is specified as follows:

— first two bytes: version number, as the last two digits of the year of release of the major brand
— third byte: amendment number, as integer counter from 0 to 9, 0 if no amendment yet
— fourth byte: corrigendum number, as integer counter from 0 to 9, 0 if no corrigendum yet

multiple_alignment_flag: if set to 1 it indicates the presence of multiple alignments in the dataset. It shall
never be set to 1 if dataset_type is equal to 2.

byte_offset_size_flag: if equal to 0, the variable byteOffsetSize used in the master index table, as specified
in subclause 6.5.2.1, and representing the number of bits used to encode the master index table fields named

AU_byte_offfset and block_byte_offset, is equal to 32; if set to 1, the variable byteOffsetSize is equ

non_overlapping_AU_range: if set to 1, all access units with the same AU_type in the datase
overlapping ranges.

pos_40_bi

mapping p
6.5.2.4.4.2 1

s_flag is set to 1 when the mapping positions are expressed as 40 bitSintegers. Ot
hsitions are expressed as 32 bits integers. In the scope of subclauses 6.4.4.3.2, 6.

al to 64.

t have non-

herwise all
5.2.1.2 and

he value of the variable posSize is set to 32 when pos_40_bits is equal to 0 and set to 4(

block_heagler_flag: if set, all blocks composing the dataset are preceded.by a block header, as

subclause €

4.5.2. Itis always set to 1 in transport format. See also sub¢lause 6.4.3.2.5.

MIT._flag: i
the master
default whe

CC_mode_{
access unit
start positi

ordered_b
AU_start_p

seq_count
transport fi
box, as spe
equal to 0 v

reference_
take the va
this datase
the referen
box pointe
dataset_ID

f set, the master index table, as specified in subclause 6.5.2.1 is present in the dataset.

n block_header_flag is equal to 0.

lag: if set, two access units of the same type;as specified in Table 7, cannot be se
5 of a different type in the storage device. If'equal to 0, access units are ordered by
bn in the storage device. See also subclause’6.4.3.2.5.

Jocks_flag: if set, blocks are orderediin the descriptor stream by increasing value ¢

otherwise.

bpecified in

Otherwise,

index table is not present in the dataset. It is always equal to 0 in transport format and set to 1 by

parated by
access unit

f the entry
b.4.3.2.5.

psition of the master index table, as'specified in subclause 6.5.2.1. See also subclause

is the number of reference sequences used in this dataset, in case of file format
brmat and if dataset type isdifferent than 0, it shall be equal to the seq_count field in th
fified in subclause 6.4.2(3.1, referenced by this dataset by the reference_id field. It sha
Vhen dataset_type is equal to 0.

ID is a unique identification number of the reference used by the dataset for alignm
ue of the reference_ID field of any of the reference boxes included in the dataset grou
[, as specifiedin subclause 6.4.2.3. If dataset_type is equal to 2, and if the external_ref|
ce box peinted by reference_id, as specified in subclause 6.4.2.3, is equal to 0, then th
1 by reference_id, as specified in subclause 6.4.2.3, shall have either a value of th
field different than the value of the dataset_ID field in this dataset header, or a ¥

in case of
e reference
1 always be

ent. It shall
p including
flag field of
e reference
e internal_
alue of the
hset header.

internal_dg

taset_group_ID field different than the value of the dataset_group_ID field in this dat3

seq_ID[seq] its value shall correspond to any of the values of the sequence_ID variable in the reference box
identified by reference_ID, as specified in subclause 6.4.2.3.

seq_blocks[seq] is the number of access units per reference sequence with a different value of access_unit_
ID, as specified in subclause 6.4.4.3. A value of 0 means “unspecified” (e.g., in transport format).

dataset_type specifies the type of data encoded in the dataset. The possible values are: 0 = non-aligned

content; 1 =

aligned content; 2 = reference; 3 = annotation.

num_classes is the number of classes encoded in the dataset.

clid identifies the class of data carried by the access unit, as specified in Table 6. It shall take any of the
values defined as Class ID in Table 6. clid[ci+1] shall be greater than clid[ci], for ci in the range between 0 and
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(num_classes - 2), inclusive. Variable ci is used as a local identifier for the class in the other syntax tables
included in the same dataset.
num_descriptors|ci] is the maximum number of descriptors per class encoded in the dataset.

descriptor_ID[ci][di] is a descriptor identifier as specified in ISO/IEC 23092-2.

parameters_update_flag: if equal to 1, the fields multiple_alignment_flag, pos_40_bits_flag, U_signature_
flag, U_signature_constant_length and U_signature_length in this dataset header are also present in all the
dataset parameter sets, as specified in subclause 6.4.3.7.2, contained in the same dataset. In such a case

(parameters_update_flag equal to 1), such fields shall have the following values in the dataset header:

datase

I parameter sets, as specified in subclause 6.4.3.7.3, is equal to 1; otherwise it shall be

multiple_alignment_flag shall be equal to 1 if the multiple_alignment_flag field in at least one of the

equal to 0.

pos_40,
specifi

alphab
specifi

U_sign
sets, as

U_sign
When para

when u
have in
param

when U
presen

| bits shall be equal to 1 if the pos_40_bits field in at least one of the dataset parammie
bd in subclause 6.4.3.7.3, is equal to 1; otherwise it shall be equal to 0.

bt_id shall be equal to 1 if the alphabet_id field in at least one of the dataset parame
ed in subclause 6.4.3.7.3, is equal to 1; otherwise it shall be equal to 0.

hture_flag shall be equal to 1 if the U_signature_flag field in at least one of the dataset
specified in subclause 6.4.3.7.3, is equal to 1; otherwise it shallLbe.équal to 0.

hture_constant_length shall be equal to 0.
neters_update_flag is equal to 1:

sed in the access unit header, as specified in subclause 6.4.4.3, such fields will take the
the dataset parameter set, as specified in subclause 6.4.3.7, referenced by the access
pter_set_ID field, as specified in subclause 6.4.4:3

sed in the master index table, as specified, in subclause 6.5.2.1, such fields will take
[ in the dataset header, as specified in this subclause.

alphabet_ID is the identifier of the alphabetused to encode the cluster signatures. Values are d

Table 27 in

subclause 6.4.3.2.4.

num_U_acc
in case of f
semantics &

U_signatui
the dataset]

U_signatul

U_signatui

ess_units is the total number of access units in the dataset containing encoded dat
le format; in case of transport format, it shall always be set to 1 and does not have 3
part from the use as a flag in Table 26.

e_flag: if set to Tit'indicates the presence of cluster signatures in the access units ¢

e_constant.length: if set to 1 all cluster signatures in the dataset have the same leng

e_length is the length of all cluster signatures in the dataset, as number of nucleotids

tflagli]: if s

ter sets, as

ter sets, as

parameter

e value they
unit via the

the values

escribed in

h of class U,
iny specific

pntained in

rth.

LS.

et.fo’l it indicates that it is followed by a threshold thres[i].

thres[i] is a threshold indicating the maximum difference between the access unit covered region and the

access unit

range.

n_ann_tables is the number of annotation tables available in the dataset when dataset type is set to 3.

AT_ID[] shall correspond to the value of the AT_ID variable in one of the annotation tables contained in the

dataset, as

specified in subclause 6.4.6.2.

AT _index_exists[i] is a flag, if set to 1, indicates the presence of index data for the annotation table identified
by AT_ID[i].
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Alphabets

Each Alphabet is identified by an alphabet_ID as shown in Table 27:

Table 27 — alphabet_ID semantics

alphabet_ID Salphabet 1D bits_per_symbol
0 So=1[A,C G, T, N] 3
1 S;=[A,C,GTRY,S,WKM,B,D,H,V,N, -] 5
2..255 reserved

The notation Salphabet ID[mdex] spec1f1es a conversion from a numerlcal 1ndex to an ASCII character

correspon A

So[0]='A’, S

1=
[0]= ’A’ S
51[ 1]=

6.4.3.2.5
The field bl

— descrif
same d
device,

access
unit, ag
enable

When block

units contig

genom
storagg

class c
differe

No other bl

When block_

the blocks
read in the
or master i
for a given|

Sq[LI="C’, So[2]="G", So[3

[1] ='C’, $,[2]='C’, $,[3
$,[12]="H, S,[13]="V,

=T, S,y[4]="N’
] !TJ S [ ] ’Y’
S

1141

£5 S1[6]1='S’, $4[71="W’, S;[8]='K’, Sy{9]="M’,

1=
5]="

='R’,
5 54[1
Block contiguity

pck_header_flag is used to enable two possible modes of block-¢gntiguity in the file:

tor stream contiguity (DSC) mode: blocks, as specified in-subclause 6.4.3.2.5, belon
escriptor stream, as specified in subclause 6.5.3, are stored in contiguous areas of
This mode is enabled by the condition block_header, flag equal to 0.

Lnit contiguity (AUC) mode: blocks, as specifiedinsubclause 6.4.5, belonging to the s
specified in subclause 6.4.4, are stored in cohtiguous areas of the storage device. T
l by the condition block_header_flag equal to 1.

_header_flag is equal to 1, the CC_mode_flag field is used to enable two possible mod
buity in the file, named:

cregion contiguity (AUC-GRC) mode: access units are ordered by access unit start po
device. This mode is enabled by the condition CC_mode_flag equal to 0.

ntiguity (AUC-CC) mode*two access units of one class cannot be separated by acces
ht class in the storage device. This mode is enabled by the condition CC_mode_flag eq;

bck contiguity medes are allowed by this document.

header_flagiis.equal to 0 (DSC mode), the field ordered_blocks_flag is used to indic3
are ordered in the storage device according to the left-most aligned position of t}

S,[10]='B’,

ging to the
the storage

ame access
his mode is

es of access

tition in the

s units of a
hal to 1.

te whether
e left-most

access_(nit (field AU_ref_start_position in access unit header, as specified in subclause 6.4.4.3,

hdex-table, as specified in subclause 6.5.2.1). If ordered_blocks_flag is equal to 1, the
descriptor stream and for each block are sorted in ascending order (disregarding

file offsets
blocks for

which the

lock byte offset in the master index table is equal to ((1 << byteOffsetSize) -1). In

this mode

the first byte not belonging to the block is the first byte of the next available block if any (otherwise the
descriptor_stream_size, which can be inferred from the Length field of the gen_info header of descriptor
stream container box with Key dscn, should be used).

If ordered_blocks_flag is equal to 0, the blocks may be stored in any order in the descriptor stream. In order
to infer the offset of the first byte not belonging to the block, the decoder has to search, among all offsets
provided for the descriptor stream which are not equal to ((1 << byteOffsetSize) -1), the smallest value
greater than the offset of the block, if any (otherwise the descriptor_stream_size should be used as above).
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6.4.3.3 Dataset metadata

6.4.3.3.1 General

This is an optional box (dtmd in Table 28) containing metadata associated to the dataset.
6.4.3.3.2 Syntax

Table 28 — Dataset metadata syntax

Syntax Key Type Remarks
DT metadata { dtmd
. . . I A , minor version as [specified
if (min¢r version ! 19007) { in subclause @v@l1 3
dataset group_ ID u(8)
dataset ID u(lo)

}

As(specified in IFO/

DT_metadlata_value () IEC23092-3

6.4.3.3.3 |Semantics
dataset_grjoup_ID is the identifier of the dataset group containingithe dataset including this metadata.
dataset_ID is the identifier of the dataset containing this metadata.

DT_metadalta_value() contains dataset metadata, as specified in ISO/IEC 23092-3.
6.4.3.4 Dataset metrics metadata

6.4.3.4.1 |General

This is an gptional box (dtmt in Table 29) eontaining metrics metadata associated to the datasef, used only
for genomi¢ sequencing data.

6.4.3.4.2 |Syntax

Table 29 — Dataset metrics metadata syntax

Syntax Key Type Remarky
DT metric$ { dtmt
dataset _group_ ID u(8)
dataset\ID u(l6)

As specified in ISO/

DT _metrics_value () IEC 23092-3

6.4.3.4.3 Semantics

dataset_group_ID is the identifier of the dataset group containing the dataset including this metrics
metadata.

dataset_ID is the identifier of the dataset containing this metrics metadata.

DT_metrics_value() contains dataset metrics metadata, as specified in ISO/IEC 23092-3.
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6.4.3.5 Dataset clinical data linkage metadata

6.4.3.5.1 General

This is an optional box (dtcd in Table 30) containing clinical data linkage metadata associated to the dataset.
6.4.3.5.2 Syntax

Table 30 — Dataset clinical data linkage metadata syntax

Syntax Key Type Remarks
DT CDL { dtcd
datas¢t group_ ID u(8)
dataset ID u(le)

As specifiedrin IO/

DT_CD}_value () IEC 23092-3

6.4.3.5.3 [Semantics

dataset_grioup_ID is the identifier of the dataset group containing the dataset including this dlinical data
linkage metadata.

dataset_ID is the identifier of the dataset containing this clinical data linkage metadata.

DT_CDL_vajue() contains dataset clinical data linkage metadata; as specified in ISO/IEC 23092-3
6.4.3.6 Dataset protection

6.4.3.6.1 |General
This is an optional box (dtpr in Table 31) contaiffing protection information associated to the datpset.

When present this box contains information that a decoder needs to properly handle a protected dataset.
6.4.3.6.2 |Syntax

Table 31 — Dataset protection syntax

Syntax Key Type Remarks
DT protecfion { dtpr
. . = A , minor version as|specified
if (minor_wession ! 19007) { in subclause 6.411.3
dataset group_ID u(8)
dataset_1ID T(I6)

}

As specified in ISO/

DT protection value () TEC 23092-3

6.4.3.6.3 Semantics

dataset_group_ID is the identifier of the dataset group containing the dataset including this protection
metadata.

dataset_ID is the identifier of the dataset containing this protection metadata.
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DT_protection_value() contains dataset protection information, as specified in ISO/IEC 23092-3.

64.3.7 D

6.4.3.7.1

ataset parameter set

General

This is a mandatory box (pars in Table 32) describing any of the parameter sets associated to the dataset

identified b

y dataset_ID in the dataset group identified by dataset_group_ID.

It may be present in multiple instances in the same dataset.

When the dataset_type is smaller than 3, the decapsulation of this box shall result in a data unit, as specified
in subclause 6.4, with:

data_u

data_u
size), ?

subclayise 6.4.3.7.2) and the number of bytes composing the encoding_paranteters() st

specifi

as pay
and en

Such data u

When the
subclause §

hit_type equal to 1,

hit_size equal to the sum of 5 (the number of bytes used for data_unit_type and
(the number of bytes for parent_parameter_set_ID and parameter_set ID, as S

bd in subclause 6.4.3.7.2 and

oad a parameter_set() structure composed of the parent_parameter_set_ID, param
oding_parameters() fields, as specified in subclause 6.4.3.7.2.

nit can be dispatched to a decoder compliant with ISO/IEG-23092-2.

q

dataset_type is 3, the decapsulation of this box shall result in a data unit, as
.3, with:

data_u

data_u

1 (the mumber of bytes for parameter_set_ID, as.specified in subclause 6.4.6.2) and the num]

hit_type equal to 3,

hit_size equal to the sum of 5 (the numberof bytes used for data_unit_type and data

data_unit_
pecified in
ructure, as

eter_set_ID

pecified in

_unit_size),
ber of bytes

composing the annotation_encoding_parameters() structure specified in ISO/IEC 23092-6, 4nd,
— aspaylpad an annotation_parameter_set(y structure composed of the parameter_set_ID and annotation_
encodihg_parameters() fields.
Such data unit can be dispatched to-adecoder compliant with ISO/IEC 23092-6.
6.4.3.7.2 |Syntax
Table 32 — Dataset parameter set syntax
Syntax Key Type Remarks
dataset paramefe® set { pars
dataset|gfoup ID u(8)
dataset_ID TtH67
parameter_ set ID u(8)
parent parameter_ set ID u(8)
if (minor version != ‘1900’ s&s mino1'f_\'7ers?on as
parameters update flag && szcif;ed in subclause
dataset type < 3) { corTe )

- The other fields as
specified in subclause
6.4.3.2

multiple alignment flag u(l)
pos_40_bits_flag u(l)
alphabet ID u(8)
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Table 32 (continued)

Syntax Key Type Remarks

if (num U access units > 0) { As specified in
subclause 6.4.3.2

U_signature_ flag u(l)

if (U _signature flag) {

U_signature_constant_ length u(l)

if (U _signature constant length) {

U_signature_length u(8)
}
}
}
while[!byte aligned()) As specifited in
subclause,4.213
nesting zero bit £(1)

if (datgset type < 3) {

encoding parameters () As specified 4n ISO/
IEC 23092-2
}
else if| (dataset type == 3){
annot@tion encoding parameters () As specified in ISO/

IEC 23092-6

else {

/* regerved for future use*/

6.4.3.7.3 |Semantics

dataset_group_ID is the identifier of the dataset group containing the dataset including this dataset
parameter pet. It shall be equal to.the dataset_group_ID of the containing dataset group.

dataset_ID is the identifieyof the dataset including this dataset parameter set. It shall be egual to the
dataset_id pf the containing dataset.

parameter] set_ID iscthe identifier of this dataset parameter set within the dataset.

parent_parameter.set_ID is the identifier of any of the dataset parameter sets within the dataset.
Referencing an\existing dataset parameter set from another parameter set enables the gengration of a
hierarchy df'dataset parameter sets to be associated to an access unit, as specified in subclause6.5.4. If the
value of parent_parameter_set_ID is equal to the value of parameter_set_ID, then the dataset parameter set
is at the top level in the hierarchy. Set to 0 in case of dataset type 3.

multiple_alignment_flag: if set to 1 it indicates the presence of multiple alignments in the access units
associated to this dataset parameter set. It shall never be set to 1 if dataset_type is equal to 2.

pos_40_bits_flag is set to 1 when the mapping positions in the access units associated to this dataset
parameter set are expressed as 40 bits integers. Otherwise, all mapping positions are expressed as 32 bits
integers. In the scope of subclauses 6.4.4.3.2, 6.5.2.1.2 and 6.5.2.4.4.2, the value of the variable posSize is set
to 32 when pos_40_bits is equal to 0 and set to 40 otherwise.

alphabet_ID is the identifier of the alphabet used to encode the cluster signatures in the access units
associated to this dataset parameter set. Values are described in Table 27 in subclause 6.4.3.2.4.
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U_signature_flag: if set to 1 it indicates the presence of cluster signatures in the access units associated to
this dataset parameter set.

U_signature_constant_length: if set to 1 all cluster signatures in the access units associated to this dataset
parameter set have the same length.

U_signature_length is the length of all cluster signatures in the access units associated to this dataset
parameter set, as number of nucleotides.

encoding_parameters() is an encoding_parameters() structure as specified in ISO/IEC 23092-2.

annotation_encoding_parameters() is an encoding_parameters() structure as specified in ISO/IEC 23092-6.

6.4.4 Acgessunit

6441 G
The access
The decaps
data_u

data_u
and the

as payl

Such data u
sets that an

eneral

hit_type equal to 2,

e needed to decode it.

ulation of this mandatory box shall result in a data unit, as specified in

pad the output access unit structure, as specified in sub¢lause 6.4.4.2.

Table 33 — Access unit syntax

nit can be dispatched to a decoder compliant with\ISO/IEC 23092-2, along with all the

unit (aucn in Table 33) is a collection of one or more blocks representing genomic infojrmation.

siibclause 6.3,|with:

hit_size equal to the sum of 5 (the number of bytes used for-data_unit_type and data_unit_size)
number of bytes composing the output access unit structure; as specified in subclau

be 6.4.4.2,

parameter

Syntax Key Type Remarks
access unft { aucn
acces$ unit_header auhd gen_info iibiﬁiiiiiz%i}ﬁ
AU_information auin gen_info iibiiziiii?zfz .4
AU mefrics aumt gen_info Bt S e
AU_pritection aupr gen_info PR e SR
if (block_headsr flag) ({ iibifiﬁiii?ﬁg.z
for (G50; i < num_blocks; i++) { iibiﬁjiﬁiii?ﬂa
As speci|fied in

Trock T

subclause 6.4.5
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6.4.4.2 Access unit decapsulation

Output to this process is an output access unit structure composed of:

— an access_unit_header structure, as specified in subclause 6.4.4.3, where MIT_flag shall be set to 0, and
which is composed of:

the entire Value field of the access_unit_header child box present in the access unit box, as specified

in Table 33, possibly followed, if MIT_flag in the dataset header, as specified in subclause 6.4.3.2, is
equal to 1, by

the set of fields in the access unit header, as specified in subclause 6.4.4.3, which are enclosed within

the if (MIT_flag==0) condition branch (such as sequence_ID, AU_start_position, AU_end_position,

etc)-and which shall he derived from the corresponding parameters in the master index table, as

Sp¢

the set
equal
if block
shall b

bcified in subclause 6.5.2.1:

The seq index shall be used to infer the sequence_ID field value from the seg-1D 3
dataset header, as specified in subclause 6.4.3.2

AU_start_position shall be set to the corresponding AU_start_position-field in the m
table, as specified in subclause 6.5.2.1

AU_end_position , shall be set to the corresponding AU_end_position field in the m
table, as specified in subclause 6.5.2.1;

of blocks either contained in the access unit box, as specified in Table 33, if block_he

rray in the

aster index

aster index

ader_flag is
hnd 6.5.3.1,

o 1, or to be retrieved from the descriptor streams, as-specified in subclauses 6.5.2

_header_flag is equal to 0; in the second case, a block header, as specified in subclause 6.4.5.2,

b prepended to all the blocks, where the descripfor_ID field shall be equal to the de

scriptor_ID

field of the corresponding descriptor stream header, as specified in subclause 6.5.3.2, and the block_
payloadl_size field shall be equal to the number of bytes composing the block payload as rettieved from
the descriptor stream. For selfindexed descriptorsthe block payload is retrieved from the corfresponding
decompressed string index defined in subclause.7.1.1.
6.4.4.3 Access unit header
6.4.4.3.1 |General
This mandgtory box (auhd in Table\34) contains information associated to the access unit.
6.4.4.3.2 |Syntax
Table 34 — Access unit header syntax
Syntax Key Type Remajrks
access unft hedder { auhd
access_ynit 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(le)
mm_count u(32)
}
if (dataset type == 2) {
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Table 34 (continued)

Syntax

Key

Type

Remarks

ref sequence_id

u(le)

ref start_position

u(posSize)

posSize as specified
in subclause
6.4.3.2.3 or

6.4.3.7, depending on
parameters update
flag field

ref end position

u(posSize)

posSize as specified
in subclause
6.4.3.2.3 or
6.4.3.7, depending on

parameter
flag fie@\%

hpdate

}

A’

if (MIT|flag == 0) {

As @Regifie

if (AJ_type != U_TYPE AU) {

Eﬁtﬁlause 6

se&uence_ID

AU|start position

posSize as
in subclausq
6.4.3.2.3 o]
6.4.3.7, dej
parameters
flag field

pecified

ending on
hpdate

AU|end_position u(posSize)

<
Q

posSize as
in subclausq
6.4.3.2.3 o
6.4.3.7, dej
parameters |
flag field

pecified

ending on
hpdate

N}
o
4\
xO

if [multiple alignment flag) {

As specifie
subclause 6
or 6.4.3.7,
on paramete}
flag field

in
4.3.2.3
depending
rs update

&
extended_AU_staizggqsition

O

3

u(posSize)

posSize as
in subclausq
6.4.3.2.3 o
6.4.3.7, dej
parameters
flag field

pecified

ending on
hpdate

u(posSize)

§\&\\J
extenéé:liU_end_position

posSize as
in subclausq
6.4.3.2.3 o
6.4.3.7, dej
parameters
flag field

pecified

ending on
hpdate

O
\V

else {

if (U _signature flag) {

As specified in

subclause 6.

or 6.4.3.7,

4.3.2.3
depending

on parameters update

flag field

num_signatures u(le)

i<
num_signatures; i++) {

for (i = 0;
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Table 34 (continued)

Syntax

Key

Type

Remarks

if (!U_signature constant length) {

As specified in
subclause 6.4.3.2.3
or 6.4.3.7, depending
on parameters update
flag field

U_signature_ length([i]

U_cluster_signature([i]

u(U_signature
size)

U signature size
inferred as specified
in the U cluster
signature semantics

in subcladsé¢
6.4.4.3.(3

}

while (!

yte aligned())

As specified in
subclause 4(2.3

nestifpg zero bit

6.4.4.3.3

Semantics

access_unit_ID is the identifier of the access unit among allaccess units with same AU_type, and, if AU_type
to U_TYPE_AU, with the same sequence_IDx

isnot equa

num_blocK

(s is the number of blocks, as specified in(stibclause 6.4.5, in the access unit.

parameter] set_ID is a unique identifier, in the;dataset containing this access unit, of the datasef parameter
set at the Iqwest level in the hierarchy of dataset parameter sets, which shall be returned by a decapsulator
compliant o this document along with thie’decapsulated access unit, as specified in subclause| 6.4.4. Such
f dataset parameter sets is enabled by the parent_parameter_set_ID and parameter_get_ID fields
et parameter set, as spec€ified in subclause 6.4.3.7.

hierarchy
of the datas;

AU_type identifies the type of access unit and the type of data (class) carried therein as specified in Table 7

in subclaus

e 5.4,

reads_cou

mm_thres
counted by
reads woul

ht is a counterof the genomic sequence reads encoded in the access unit.

hold specifies the maximum number of substitutions a read (of class N or M) shall cgntain to be
mm_count. If set to 0 the feature of counting substitutions in encoded reads is dispbled as no

1 be'bélow threshold.

mm_coun

Specifies the number of Teads encoded I the access unit containing a number of Substitutions
which is equal to or lower than the threshold specified by mm_threshold. It shall always be set to 0 if the
threshold is set to 0.

ref_sequence_id in case of access unit carrying (part of) a reference sequence (dataset_type, as specified in

subclause 6.4.3.2), is the identifier of such reference sequence.

ref_start_position: in case of an access unit carrying (part of) a reference sequence (dataset_type, as
specified in subclause 6.4.3.2), it specifies the position on the reference sequence of the left-most nucleotide

encoded in

this access unit.
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ref_end_position: in case of an access unit carrying (part of) a reference sequence (dataset_type, as
specified in subclause 6.4.3.2), it specifies the position on the reference sequence of the right-most nucleotide

encoded in

this access unit.

sequence_ID is the identifier of the reference sequence this access unit refers to. It shall be equal to one of
the values of the seq_ID field listed in the dataset header, as described in subclause 6.4.3.2.

AU_start_position is the position of the left-most mapped base among the first alignments of all genomic
records encoded in the access unit irrespective of the strand.

AU_end_position is the position of the right-most mapped base among the first alignments of all genomic
records encoded in the access unit irrespective of the strand.

extended_

Il_start_position specifies the position of the left-most mapped base among all ali

onments of

all genomid

extended_
all genomid

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

AU_end_position specifies the position of the right-most mapped base among)all alignments of

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

num_signdtures is the number of signatures in the access unit.
U_signature_length[i] is the length of one cluster signature as number of nucleotides.
U_cluster_signature[i] is the signature of the cluster this access unit belongs to. The length in|bits of this
field, namef U_signature_size in Table 34, shall be calculated as follows:
U_signature_size = signature_length * bits_per_symbol
with bits_per_symbol as specified in Table 27, and signature_length corresponding either to U_
signature_length as specified in subclause 6.4.3.2 when)U/signature_constant_length (as gpecified in
subclause §.4.3.2.2) is equal to 1 or to the signature-specific U_signature_length[i] as specified|inTable 34,
when U_sighature_constant_length (specified in subclatse 6.4.3.2.2) is equal to 0.
The jth bas¢ in a signature shall be inferred as follows:
Saiphabet_ip[(U_cluster_signature[i] >> ((signature_length - j - 1) * bits_per_symbol)) & ((1 <4< bits_per_
symbol) - 1)]
with alphabet_id as specified in subclau§e 6.4.3.2.2 and S, ppape¢ 1p as specified in subclause 6.4.3.2.4.
6.4.4.4 Access unit information
6.4.4.4.1 |General
This is an ogptional box (a@uin in Table 35) containing accessory information associated to the accg¢ss unit.
6.4.4.4.2 |Syntax
Table 35— Accessunmitimformatiomsynmtax ———————————
Syntax Key Type Remarks

AU information { auin

if (minor version != ‘1900") { minor version as specified

in subclause 6.4.1.3
dataset_group_ID u(8)
dataset_ ID u(le)

}

AU information value ()

IEC 23092-3.

As specified in ISO/
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dataset_group_ID is the identifier of the dataset group containing the dataset including this access unit
information.

dataset_ID is the identifier of the dataset containing this access unit information.

AU_information_value() contains accessory information related to the access unit, as specified in
ISO/IEC 23092-3.

6.4.4.5 Access unit metrics metadata

6.4.4.5.1

General

This is an olptional box (aumt in Table 36) containing metrics metadata associated to the acc€ss-{

6.4.4.5.2

Syntax

Table 36 — Access unit metrics metadata syntax

nit.

Syntax Key Type Remarky
AU metric { aumt
dataset_group_ ID u (8)
dataset ID u'tl®)

AU me

rics value ()

As specified inI
IEC 23092-3.

50/

6.4.4.5.3

dataset_gi
metrics me

dataset_ID

AU_metric{

Semantics

tadata.

6.4.4.6 Access unit protection

6.4.4.6.1

This is an optional bex (aupr in Table 37) containing protection information associated to the acq

When pres

General

oup_ID is the identifier of the dataset group containing the dataset including this

is the identifier of the dataset.€ontaining this access unit metrics metadata.

_value() contains access unit metrics metadata, as specified in ISO/IEC 23092-3.

bnt this.box contains information that a decoder needs to properly handle a protected

access unit

ess unit.

access unit.
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Table 37 — Access unit protection syntax

Syntax Key Type Remarks
AU protection { aupr
if (minor version != ‘1900") { minor version as specified in
subclause 6.4.1.3
dataset_group_ ID u(8)
dataset_ ID u(le)

}

AU protection value ()

As specified in ISO/

IEC 23092-3

6.4.4.6.3

dataset_gi
protection

dataset_ID

AU_protect]
6.4.5 Blg

6.4.5.1 G

A block (se
containing
specified i
subclause 6

Semantics

metadata.

ck

eneral

.5.3.

oup_ID is the identifier of the dataset group containing the datasetincluding this

is the identifier of the dataset containing this access unit protéetion metadata.

ion_value() contains access unit protection information, as.specified in ISO/IEC 2309

Table 38 — Block syntax

access unit

T
o

e Table 38) is composed of a block header (as specified in subclause 6.4.5.2) and a blgck payload,
compressed descriptors of the same type-{(descriptor_ID) and class (class_ID). In DYC mode, as
subclause 6.4.3.2.5, only the block payload is present in the descriptor stream, as

specified in

Syntax Key Type Remarks
block { block
block | header As specified in subdlause
1 6.4.5.2
for (§ = 0; i < block_paylgad_51ze als
) ) specified in subclause
block paylegad size; i++) { 6.4.5.2
block _payload[i] u(8)

}

block_payload][i] is the ith byte of block payload, which contains compressed descriptors of the same type
(descriptor_ID) and class (class_ID).

6.4.5.2 Block header

6.4.5.2.1

General

This box (see Table 39) contains information associated to the block.

This box shall replace the block header provided by the underlying codec and specified in ISO/IEC 23092-2.
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6.4.5.2.2 Syntax
Table 39 — Block header syntax
Syntax Key Type Remarks

block header { block header

reserved u(l)

descriptor_ID u(7)

reserved u(3)

block payload size u(29)
}

6.4.5.2.3
descriptor

block_payl
6.4.6 An

6.4.6.1 G

Annotation
Table 40) i
main attrih
auxiliary af

Semantics

hotation Table

eneral

tribute data.

| ID is the descriptor identifier, as specified in ISO/IEC 23092-2.

oad_size is the number of bytes composing the block payload.

Table 40 — Annotation table syntax

Table is the main container of annotation data. The corresponding container b
mandatory in datasets of type 3 in data format, forbidden in transport format. It i
ute group, and optionally one or multiple auxiliary attribute groups, that contain th

ox (atcn in
ncludes the
e main and

Syntax Key Type Remarkis
annotatioh table { atcn

AT head¢r athd gen_info As specified in
subclause 6.4.6}2

AT metadlata atmd gen_info As specified in
subclause 6.4.6}3

AT CDL atcd gen info As specified in
subclause 6.4.6}4

AT protg¢ction atpr gen_info As specified in
subclause 6.4.6}5

AG tile|configuratien|] agtc gen_info As specified in
subclause 6.4.6}16

if (AT Index.exists) { As specified in
subclause 6.4.3}2

AT indlex atix gen_info As specified in
::ubk,lau < U.S. .4

}

main attribute group agcn gen_info As specified in

subclause 6.4.7

aux_attribute group[] agcn gen_info As specified in

subclause 6.4.7

}
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6.4.6.2 Annotation table header

6.4.6.2.1 General

This is a mandatory box (athd in Table 41) containing the annotation table header.

6.4.6.2.2 Syntax

Table 41 — Annotation table header syntax

Syntax

Key

Type

Remarks

annotation table header {

athd

is_trangport mode

A computedsbd
value, if @
indica r3
mode  is &nabl
spec'}'}\i’ed in
6-815.2.3

olean
als 1,
nsport
ed, as
subclause

if (is_fransport mode) {

Q'J
ON
=

dataset group_ ID

dataset ID u\@}
} (:>
AT ID \c.) u(8)
AT type o |u@
AT_subtype ( u(4)
AT subtype_major_version \<2 u(4)
AT subtype_ minor_ version &\>\\ u(4)
AT name Qb\ st (v) Limited to 460
QS\ characters, gxcluding
the NULL terninator
.
AT versjon %) u(8)
AT_coorf_size «O u(2)
AT_geno&ic_pos_sort_mode N~ u(2)
AT pos 40 bits_flag Y u (1)
parameter set ID “f,‘J u(8)
N
n_aux_attribute_groups (\S u(3)
N
AG_info|exists . () u(l)
if (AGi,nfoiexi§}§§§§.
for (1=0; C):
K—n@_attribute_groups;
,+0 N
AG c&c [1' ] ()
Limited to 260
AG_group_name|[1i] st (v) characters, excluding
the NULL terminator
n_fields AG[i] u(le)
for (3 = 0;
j < n_fields AGI[i];
j++) |
is_attribute[i] []] u(l)
if (is_attribute([i][J]) {
field ID[i][]] u(le)
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Table 41 (continued)
Syntax Key Type Remarks
} else {
field ID[i][]] u(7)
}
}
}
}
while (!byte aligned()) As specified in 4.2.3
nesting_zero bit £(1)
}
6.4.6.2.3 |Semantics
is_transpoit_mode is a computed boolean value, if equals 1, indicates the transport format|is applied.

Otherwise,
specified in

The follow
annotation

datasegt_group_ID is the identifier of the dataset group containing the dataset to which this

table h

dataset_ID is the identifier of the dataset containing this\annotation table header.

AT_ID is th
values in A

the file format is used. It can be evaluated by checking if the dataset_mapping_t:
subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0]

ng trail of upper-level container IDs are only included in thé/ransport format to
table header to be properly assembled after transport:

pader belongs.

e identifier of the annotation table to whichy\this header belongs. Its value shall be
[_ID[] of the dataset header.

hble_list, as

allow each

annotation

one of the

AT type is|the type of the genomic data encoded in the annotation table. Possible values are $pecified in
Table 8.

AT _subtypie is the subtype of the genomic data encoded in the annotation table. Possible values are specified
in Table 9.

AT_subtyple_major_version is thelmajor version of the annotation table subtype. If no subtype |s provided,
the defaultvalue 0 should be used.

AT_subtyple_minor_versien-is the major version of the annotation table subtype. If no subtype |s provided,
the defaultvalue 0 should be used.

AT _name i$ the namef the annotation table. The maximum allowed size is 64 characters.

AT _version is the version of the annotation table for keeping track of data updates.

AT _coord_sizeis avalue thatindicates the number of hits rnqnirpd torepresent the rnv\lllr‘n]nmn toordinates

of the anno

tation table (see Table 42).

Table 42 — Annotation table coordinate size syntax

AT _coord_size Size in bits
0 8
1 16
2 32
3 64
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AT_genomic_pos_sort_mode is a value that indicates whether the annotation data in the ma

in attribute

group (AG_class == 0) and, if two-dimensional, also the data associated with the rows (AG_class == 1) and
columns (AG_class == 2) of the main attribute group are sorted by genomic position. If that is the case, a

genomic range index shall be available for specifying the genomic range(s) of each tile in the d
that are sorted by genomic position (see Table 43).

Table 43 — Annotation table position sort mode syntax

imension(s)

AT_genomic_pos_sort_mode Dimensions of main attribute group data sorted by genomic position
0 None
1 Only rows
2 Only columns
3 Both rows and columns

AT _pos_40| bits_flag is set to 1 when the variant positions are expressed as 40 bits integérs’ Otherwise, all
variant posfitions are expressed as 32 bits integers. In the scope of subclause 6.5.2.4, the’value of the variable

posSize is set to 32 when pos_40_bits_flag is equal to 0 and set to 40 otherwise.

parametern] set_ID is the identifier of the dataset parameter set, specified in.the dataset containing this

annotation|table, required for the decoding of the annotation access units

n_aux_attiiibute_groups specifies the number of auxiliary attribute groups’in the annotation tapble.

AG_info_eXists is a flag, if set to one, indicates that additional informiafion about the attribute grjoup exists.

For each atfribute group i, if AG_info_exists == 1, the associated attributes and descriptors, and
of presentIion are specified with the following fields:

AG_clafss[i] is the class of the attribute group as specified in subclause 6.4.7.2.

AG_name[i] is the name of the attribute group.
n_fields_AG](i] is the number of attributes and descriptors in the attribute group.
For eadh descriptor/attribute j of attribute group i,

is_attribute[i][j] is a flag, and-if set to 1, indicates that field_IDJi][j] is the ID of a
Otherwise, it is the ID of a descriptor.

their order

n attribute.

field_ID[i][j] is the ID of the attribute or descriptor, coded respectively as 16-bit or 7-bjit unsigned

integers.
6.4.6.3 Annotation table metadata

6.4.6.3.1 |General

This is an 0|ptional box (atmd in Table 44) containing metadata associated to the annotation tablg

N4
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Table 44 — Annotation table metadata syntax

Syntax Key Type Remarks
AT metadata f atmd
A computed boolean value, if
is transport mode equals 1, indicates transport
— p — mode is enabled, as specified
in subclause 6.4.6.2.3
if (is_transport mode) {
dataset_group_ ID u(8)
datgset_ID T(10) ,
AT ID u(8) \®)
— als
) >
ATMD géneral exists u(l) A ,'\
if (ATNID general exists) | (@V
ATM]D_general_size u(le) ﬂ(b\)
ATMD general () pgcified in ISO/
| 23092-3
\\\
) @)
ATMD amalytics_exists u (%‘)\(O
if (ATYD analytics exists) { )
p— — "
ATMD analytics_size Ja(16)
. v
ATMP analytics() Q As specified in ISO/
“\\\ IEC 23092-3
) a
ATMD ljnkages exists \\'Q u(l)
— h— A
if (ATHID linkages exists) { ’®
ATMD linkages_size K\ u(16)
ATMP linkages () \Y As specified in ISO/
oF IEC 23092-3
} oY
ATMD history exists \ . u(l)
if (ATMDihistoryiexis®\\{
ATM]I)_history_si\E u(le)
. \E
ATM _hlstoryQ§ As specified in ISO/
0O IEC 23092-3
S
s
reserve Q/\} u(4) Trailing zeros for Pyte
\ alignment
}

6.4.6.3.3 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is applied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset_mapping_table_list, as
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the transport format to allow each
annotation table metadata to be properly assembled after transport:
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dataset_group_ID is the identifier of the dataset group containing the dataset and its child annotation
table to which this metadata belongs.

dataset_ID is the identifier of the dataset containing the annotation table to which this metadata

belong
AT_ID

S.

is the identifier of the annotation table containing this metadata.

ATMD_general_exists is a flag, if set to 1, indicates the inclusion of the following fields:

ATMD_

general_size specifies the size of ATMD_general() in number of bytes.

ATMD_general() contains annotation table general metadata as specified in ISO/IEC 23092-3.

ATMD_ang
ATMD|

ATMD _
ATMD_linK
ATMD,
ATMD _
ATMD_hist
ATMD,
ATMD _

6.4.6.4 Annotation table clinical data linkage metadata

6.4.6.4.1

This is an
annotation

6.4.6.4.2

lytics_exists 1s a [lag, 1I set to 1, indicates the inclusion of the 1ollowing rields:

analytics_size specifies the size of ATMD_analytics() in number of bytes.

fages_exists is a flag, if set to 1, indicates the inclusion of the following fields:

linkages_size specifies the size of ATMD_linkages() in number of byftes.

ory_exists is a flag, if set to 1, indicates the inclusion of thefollowing fields:

history_size specifies the size of ATMD_history() in,number of bytes.

General

optional box (atcd in Table 45)~containing clinical data linkage metadata associ
table.

Syntax

Table 45 = Annotation table clinical data linkage metadata syntax

analytics() contains annotation table analytics metadata as specified in ISO/TEC 230¢

linkages() contains annotation table linkage metadata as specifiéd in ISO/IEC 23092

history() contains annotation table history metadata as specified in ISO/IEC 23092-3.

p2-3.

hted to the

Syntax Key Type Remarky

AT CDL {

atcd

is traj

A computed booled
if equals 1, indij

pspobrt mode transport mode 14

n value,
cates
enabled,

as specified in

gqubclause

6.4.6.2.3

if (is_

transport mode)

{

dataset _group_ID

u(8)

dataset_ ID

u(lo)

AT_ID

u(8)

}

AT CDL value ()

IEC 23092-3

As specified in ISO/
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Semantics
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is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is applied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset_mapping_table_list, as
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the transport format to allow each

annotation table CDL metadata to be properly assembled after transport:

dataset_group_ID is the identifier of the dataset group containing the dataset and its child annotation
table to which this CDL metadata belongs.

dataset_ID is the identifier of the dataset containing the annotation table to which this CDL metadata

belongs
AT_ID {s the identifier of the annotation table containing this CDL metadata.
AT_CDIL_value() contains annotation table clinical datalinkage metadata, as specifiedin1SO/IEC 23092-3.
6.4.6.5 Annotation table protection
6.4.6.5.1 |General
This is an optional box (atpr in Table 46) containing protection information‘associated to the annotation table.
When pregent this box contains information that a decoder meeds to properly handle g protected
annotation|table.
6.4.6.5.2 |Syntax
Table 46 — Annotation table protection syntax (correct condition)
Syntax Key Type Remarks
AT protecfion { atpr
A computed boolean value, if
is trabsoort mode equals 1, indicates|transport
— p — mode is enabled, as|specified
in subclause 6.4.6.3.3
if (is|transport mode) {
dataset group_ ID u(8)
dataset ID u(le)
AT_ID u(8)
}
. As specified in ISO/
AT protectdon value () TEC 23092-3
}
6.4.6.5.3 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is applied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset_mapping_table_list, as
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the transport format to allow each
annotation table protection metadata to be properly assembled after transport:

dataset_group_ID is the identifier of the dataset group containing the dataset and its child annotation
table to which this protection metadata belongs.
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dataset_ID is the identifier of the dataset containing the annotation table to which this protection

metadata belongs.

AT_ID is the identifier of the annotation table containing this protection metadata.

AT protection_value() contains annotation table protection information, as specified in ISO/IEC 23092-3.

6.4.6.6 Attribute group tile configuration

6.4.6.6.1 General

This is a box (agtc in Table 47) that contains the tile configuration associated with an attribute group
referenced by AG_class. It includes the definition of one or multiple tile structures based on their ranges

of row and| column (if two-dimensional) indexes in the annotation table, and the byte-offset

individual annotation access units and their subsidiary payload blocks.

6.4.6.6.2 |Syntax

Table 47 — Attribute group tile configuration syntax

pointers to

Syntax Key Type

Remarks

attribute|group tile configuration { agtc

is_trangport mode

A computed bd
value, 1if eqy
indicates trd
mode is enabl

olean

als 1,
nsport
ed, as

specified in |subclause
6.4.6.2.3
if (is_fransport mode) {
datas¢t group_ ID u(8)
dataset ID u(le6)
AT ID u(8)
}
AG_class u(3)
attribute_ dependent_tiles u(l)
default|tile structure adts |gen_ info As specified]in

subclause 6.4

.6.7

if (attfibute dependenf fdles) {

n_add|tile_structures u(le)

for (1=0;
| <n add(tile structures;
| ++) _§

n_agteibutes[i] u(le)

for—=t7=07
j<n_attributes[i];

J++) {
attribute_ID[i] []] u(le)
}
n_descriptors[i] u(7)
for (3=0;
j<n_descriptors[i];
J++) {
descriptor ID[i] []] u(7)
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Table 47 (continued)
Syntax Key Type Remarks
o . . . As specified in
additional tile structure[i] adts |gen info subclause 6.4.6.7
}
}
. . As specified in
attribute data byte offset adbo |gen info subclause 6.5.2.3
. . As specified in
|
while (!byte aligned()) subclause 4.2.3
nesting zero bit £(1)
}
6.4.6.6.3 |Semantics
is_transpoit_mode is a computed boolean value, if equals 1, indicates the transport format|is applied.

Otherwise,
specified in]

The follow
attribute g1

dataset_group_ID is the identifier of the dataset group containirng the dataset and its child

table tq

dataset_ID is the identifier of the dataset containing the annotation table to which this tile co
belongs

AT_ID

AG_class ip

subclause €

the file format is used. It can be evaluated by checking if the dataset mapplng t:
subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode =

ng trail of upper-level container IDs are only included in the’fransport format to
oup tile configuration to be properly assembled after transport:

which this tile configuration belongs.

P .
s the identifier of the annotation table containing this tile configuration.

the class of the attribute group to\which this tile configuration applies as s
4.7.2.

attribute_glependent_tiles is a flag, and if.set to 1, indicates there exist certain attributes and
tructures different from the ‘default. Otherwise, all attributes and descriptors i the same

with tile s
attribute g
subclause

q

roup share the same defatlt tile structure. Note that if attribute_contiguity (as
.4.7.2) of the attribute group identified by AG_class is 0, attribute_dependent_tiles s

be setto 0.

default_tilg_

attribute g1
If attribute

n_add

structure is the default tile structure of all attributes and descriptors belonging {
oup.

| dependeint_tiles == 1, additional tile structures are specified using the following fielc

tilesstructures is the number of additional tile structures for the attribute group

1ble_1ist, as

allow each

annotation

nfiguration

pecified in
descriptors
pecified in
hall always

o the same

s:

n_attr

butes(i] is the number of attributes sharing the ith additional tile structure

attribute_ID[i][j] is the jth attribute ID associated with the ith additional tile structure

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

descriptor_ID[i][j] is the jth descriptor ID associated with the ith additional tile structure

additio

nal_tile_structure[i] is the ith additional tile structure

attribute_data_byte_offset is a data structure that contains the byte-offset pointers to the annotation
access units and their subsidiary payload blocks.
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6.4.6.7 Attribute data tile structure

6.4.6.7.1 General

This is a box (adts in Table 48) specifying how descriptor/attribute data should be divided into rectangular
tiles defined by ranges of row and column indexes.

6.4.6.7.2 Syntax

Table 48 — Attribute data tile structure syntax

Syntax Key Type Remarks
attribute|data tile structure f{ adts
reserved u(7)
variable size tiles u(l)
v dependent ;on AT coonfd size
n_tiles u (v) as specifiedidn subclguse
6.4.6.2.3
if (varjable size tiles) {
for (4 = 0; 1 < n_tiles; i++) |
£WO dimensional is deflined in
. . . . . the header of the assqciated
= . <= . +
for) (3 07 3 two_dimensional; J++) { attribute group as spqcified in
subclause 6.4.7.2
v dependent on AT coonfd size
start _index[i] []] (V) as specified in subclduse
6.4.6.2.3
v dependent on AT cooxfd size
end_index[i][]] u(v) as specified in subclguse
6.4.6.2.3
}
}
} else
for (jJ = 0; j <= two dimensiondl; j++)
v dependent on AT coofd size
tile size[]] u (v) as specified in subclguse
6.4.6.2.3
}
}
}
6.4.6.7.3 |Semadntics
variable_sjze_ tilesisaflag,ifsetto 1, indicates that the size of each tile is different, and thus the corfresponding

start and end indexes are specified independently. Otherwise, a uniform size applies to all tiles.

n_tiles specifies the total number of tiles defined in this tile structure. The number of bits for n_tiles is the
same as the number of bits for annotation table coordinates, to allow having one tile per row or column in an
annotation table.

(start_index][i][j], end_index]i][j]) is the pair of start and end indexes defining the range of rows (j == 0) or
columns (j == 1) for the ith rectangular tile, only used when variable_size_tiles == 1.

tile_size[j] specifies the number of rows (j == 0) or columns (j == 1) per tile, only used when variable_size_
tiles == 0.
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Attribute group is a container box that allows attributes and descriptors to be grouped by their roles, e.g.
main data, row information, column information, etc., in the annotation table. The container box (agcn in
Table 49) is mandatory in data format, and forbidden in transport format.

There are two ways to organize data payloads in an attribute group:

If attribute contiguity equals 1, payload blocks are grouped into annotation access units by
descriptor/attribute, and ordered by their tile positions within an annotation access unit.

If attr
which

It should bg
depending

rotecontgmryequats—payloadblocksaregrouped-intoanmotatioraccess o
ire then ordered by tile positions within an attribute group.

noted that for two-dimensional tiles, either row-major or column-major orderihg car
bn the value of column_major_tile_order as specified in subclause 6.4.7.2.

Table 49 — Attribute group syntax

nits by tile,

| be applied

Syntax Key Type Remarks
attribute|group f{ agcn
. : As specified ip
attribjyite group header aghd gen“nfo subclause 6.4.h.2
annotation access units|] aauc en info As specified ip
- — geh_ subclause 6.4.]8
}
6.4.7.2 Attribute Group Header
6.4.7.2.1 |General
This is a mandatory box (aghd in Table 50) describing the content of an attribute group.
6.4.7.2.2 |Syntax
Table 50 — Attribute group header syntax
Syntax Key Type Remarks
attribute|group headewr, +f aghd
A computed boolean valug¢, if
is trantoort dad equals 1, indicates trapsport
- b N mode is enabled, as spegified in
subclause 6.4.7.2.3
if (is_fraffsport mode) {
dataset _group_ ID u(8)
dataset_ ID u(le)
AT ID u(8)
}
AG_class u(3)
attribute_contiguity u(l)
two_dimensional u(l)
if (two_dimensional) {
reserved u(6)
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Table 50 (continued)
Syntax Key Type Remarks
column major_tile_ order u(l)
symmetry mode u(3)
symmetry minor diagonal u(l)
} else {
reserved u(3)
}
for (i = 0; 1 <= two dimensional; i++)
dimension size!i] U (v) v dependends on AT coord size as
pron-size SpeCH et SurTTause 6. 4. 6.2
}
}
6.4.7.2.3 |Semantics
is_transpoit_mode is a computed boolean value, if equals 1, indicates the €ransport format|is applied.

Otherwise,
specified in

The follow
attribute g1

dataset_group_ID is the identifier of the dataset group coxtaining the dataset and its child

table tq

dataset_ID is the identifier of the dataset containingithe annotation table to which this attr

header
AT_ID
AG_class sj
0-ma
1 - aux
2 - aux
3 - aux
4 - aux

5-7 - al

the file format is used. It can be evaluated by checking if the(dataset_mapping_t:

ng trail of upper-level container IDs are only included_inythe transport format to
oup header to be properly assembled after transport:

which this attribute group header belongs.

belongs.

s the identifier of the annotation table\containing this attribute group header.
pecifies the functional class of this\attribute group. The possible values are:

n attribute data

iliary attribute data mapped to the rows of the main data

iliary attribute data-mapped to the columns of the main data

iliary linkage attributes mapped to the rows of the main data

iliary linkage attributes mapped to the columns of the main data

1y auxXiliary attributes defined by the user

Within an

hble_list, as
subclause 6.6.3, is present (is_transport_mode == 1) or not (is;transport_mode == 0].

allow each

annotation

bute group

innotation table, there shall be a main attribute group, and no more than one instance of each

class of auxiliary attribute group. For auxiliary attribute group classes 1-4, if the data is two-dimensional,
the mapping is always between the rows of the auxiliary data and the rows (for classes 1 and 3) or columns
(for classes 2 and 4) of the main data. For auxiliary attribute group classes 3 and 4, it can consist of multiple
linkage attributes that specify respectively the URIs to other files, and the dataset group IDs and dataset IDs
that point to specific MPEG-G data objects to which the rows/columns of the main data are linked.

attribute_contiguity is a flag, if set to 1, indicates that the payload blocks are grouped into annotation
access units by descriptor/attribute. Otherwise, payload blocks are grouped into annotation access units by
tile. In both cases, the same syntax of the annotation access unit as defined in subclause 6.4.8 applies.

two_dimensional is a flag, and if set to 1, indicates that all descriptors and attributes in the group are

2-dimensio

nal. Otherwise, all descriptors and attributes in the group are 1-dimensional.
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column_major_tile_order is a flag that is only relevant for a descriptor/attribute when two_dimensional

== 1 and

variable_size_tiles 0 in the corresponding attribute data tile structure as s

pecified in

subclause 6.4.6.7. If set to 1, it indicates the tiles are in column-major order. Otherwise, they are in row-

major order.

symmetry_mode specifies the symmetry mode of the attribute group data and is only effective when two_
dimensional == 1. The possible values are specified in Table 51.

Table 51 — Symmetry mode

symmetry_mode type remarks
0 non symmetric any rectangular matrix
i I =T £ 2% = £ =% V=1 fric anlufor canarad oot ionc
1 SyHretrie onlyforsquared-matrices
2 skew-symmetric symmetric with only zero’s alongthé[diagonal
3-7 reserved for future use.
For symmefry modes 1-3, descriptor/attribute values in the reflected half to the rightof the prin¢ipal/minor
diagonal (inclusive of the diagonal if skew-symmetric) shall be processed as missing values. A suggested

usage of th
provided in

symmetry,
a flag, if se
along the p

dimension
descriptor
two_dimen
attributes,
dimension |
case of tra
generation
process as

6.4.8 An

648.1 G

e symmetry mode and related settings for the efficient handling of syrhmetric annota
Annex E.

| minor_diagonal is only effective when two_dimensional ==[vand symmetry_mod
f to 1, indicates that the symmetry of data is along the minor'diagonal. Otherwise, s
rincipal diagonal.

| size[i] specifies the total number of rows (i 0) or columns (i == 1) in the d
qttribute within the group when two_dimensional == 1, or simply the number of eler
sional == 0. For example, the genotypes of variant calls and their likelihoods are 2-d
with variants in rows and samples in columns. Therefore, the first and second ¢
size should be respectively the total number of variants and the total number of samn
1sport when data generation is ongoing, a value of 0 can be applied. At the complef
and transport, the value(s) of dimension_size[] should be computed and reassigne
specified in subclause 6.7.2.

notation access unit

eneral

tion data is

p == 1. It is
ymmetry is

hta of each
nents when
imensional
tlements of
ples. In the
ion of data
d using the

The annotdtion access unit is-a-collection of one or more blocks representing genomic annotation data. The

decapsulat

data_u

data_u
info -1

on of this box (@auc in Table 52) shall result in a data unit, as specified in subclause 6
hit_type equal to 4,

hit_sizedNs’computed according to the following expression: length in annotation_acces
ength in AAU_protection gen_info,

3, with:

s_unit gen_

VAl

as payl
header

1 .1 4 P —t Lkl h A Talal inFallataVaVatal 4 - - +1 4 P
OdU LT dIITIOLALIOIT dCCESS UL SPELHICU HT TSU/IEU 205U 7470 CUIILAHIIITE LITE A0 LA UOT

and the blocks.

/1

access unit

Such data unit can be dispatched to a decoder compliant with ISO/IEC 23092-6, along with the annotation
parameter set and annotation indexes that are needed to decode it.
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Table 52 — Annotation access unit syntax

Syntax Key Type Remarks
annotation access unit { aauc
. As specified in
AAU header aauh gen_info subclause 6.4.8.3
. . A i fi i
AAU protection aaup gen_info s specified in

subclause 6.4.8.4

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

As specified in
subclause 6.4.8.3

AAU block([i]

As specified in
subclause 6.4.9

6.4.8.2

notation access unit decapsulation

Output of this process is an annotation access unit structure composed of:

— An annptation access unit header structure as specified in subclause 6.4.8.3

— The set of annotation blocks belonging to the annotation access unit, ds’specified in subclaude 6.4.9. The

content of each block should be considered its original, compressed content if the indexed fla
subclalises 6.4.9.2 and 6.4.8.3 is set to 0, and the uncompressed.centent extracted from the 3

if the in

6.4.8.3

6.4.8.3.1 |General

This is a mandatory box (aauh in Table 53) describing the content of an annotation access unit.

6.4.8.3.2 |Syntax

dexed flag it set to to 1. The block shall be decompressed as specified in subclause 1.

Annotation access unit header

Table 53 —Annotation access unit header syntax

b defined in
tring index

Syntax Key Type Remarks
annotatiop access unit header { aauh
A computed boolegdn value,
omas 1 e
as specified in ¢.4.8.3.3
if (is_franspext/mode) {
reseryed u(s)
datas¢tigroup ID u(8)
dataset_ID u(le)
AT ID u(8)
AG_class u(3)
}
if (attribute contiguity) { As specified in subclause
6.4.7.2
is_attribute u(l)
if (is_attribute) {
reserved u(7)
attribute_ ID u(le)
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Table 53 (continued)

Syntax Key Type Remarks
} else {
descriptor_ ID u(7)
}
two dimensional as
specified in subclause
6.4.7.2
if (two_dimensional && variable size tiles as
!variable size tiles) specified in subclause
6.4.6.7 of the tile
structure associated with
the descrlptor/attribute
. . . \®)
if [column major tile order) { r{]/
v dependenﬁ]}ﬁ AT coord
n|tiles per_ col u(v) size as §p@cifiec in
subclaﬂﬁé 6.4.6.4.3
PN Vl
} else { ,nQSD
v(Hependent on AT coord
n|tiles_per_ row u(v) 'size as specified in

ubclause 6.4.6.4.3

n_AAU|blocks

v dependent on AT coord
size as specified in
subclause 6.4.6.7.3

} else \
N NS
tile jindex_1 QS} u(v) v dependent on AT coord
‘Z’ size as specified in
Q(} subclause 6.4.6.4.3
A "J
reseryed \§\ u(7)
tile jndex 2 exists \S&O u(l)
if (t]le_index 2 exists) { \§>
tile index 2 é}r u(v) v dependent on AN coord
\ size as specified in
subclause 6.4.6.4
} §§>
n_AAU|blocks O u(16)
} §S§)
N As specified in dubclause
while (1byte alj 0) iy 1;’ 9
nestimg_zPiéibit £(1)

) \{OV‘

6.4.8.3.3 Semantics

is_transport_mode is a computed boolean value, if equals 1, indicates the transport format is applied.
Otherwise, the file format is used. It can be evaluated by checking if the dataset_mapping_table_list, as
specified in subclause 6.6.3, is present (is_transport_mode == 1) or not (is_transport_mode == 0).

The following trail of upper-level container IDs are only included in the transport format to allow each
annotation access unit to be properly assembled after transport:

dataset_group_ID is the identifier of the dataset group containing the dataset, its child annotation table
and corresponding attribute group to which this annotation access unit belongs.
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dataset_ID is the identifier of the dataset containing the annotation table and corresponding attribute
group to which this annotation access unit belongs.

AT_ID is the identifier of the annotation table containing the attribute group to which this annotation
access unit belongs.

AG_cla

ss is the class of the attribute group containing this annotation access unit.

If attribute_contiguity == 1,

is_attribute is a flag, if set to 1, indicates that this annotation access unit corresponds to an attribute.
Otherwise, it corresponds to a descriptor.

If is_attribute == 1,

att
(IS

Ifis_at

de
(1S

If the a

n_{

n_{

If attribute

tile_in
group i

tile_in
If (tile ]
til
on

n_AAU
in the 4

6.4.8.4 Annotation access unit protection

6.4.8.4.1

ribute_ID is the ID of one of the attributes, defined in the annotation_encoding) p4
0/IEC 23092-6) of dataset parameter set (subclase 6.4.3.7).

ribute == 0,

scriptor_ID is the ID of one of the descriptors, defined in the annotatign)encoding_pa3
0/IEC 23092-6) of dataset parameter set (subclase 6.4.3.7).

ftribute is two dimensional and variable_size_tiles == 0,
iles_per_col is the number of tiles per column, only specified’if column_major_tile_or
iles_per_row is the number of tiles per row, only specified if column_major_tile_orde
| contiguity == 0,

lex_1 is the index of the tile whose data is contained in this annotation access unit. If t]

ex_2_exists is a flag, if set to 1, indicates that a second tile index exists.
index_2_exists == 1),

p_index_2 is the column indexof the tile whose data is contained in this annotation
y specified if the attribute group is two dimensional and with variable_size_tiles ==

| blocks is the number of AAU blocks, as specified in subclause 6.4.9. It can be setto 0
nnotation access unit-consist of empty/missing values.

General

This is an Tptional box (aaup in Table 54) containing protection information associated to the

access unit

rameters()

rameters()

der == 1.

r == U.

e attribute

s two dimensional and with variable_size_tiles == 0, it corresponds to the row index ¢f the tile.

hccess unit,

if all blocks

annotation

When present this box contains information that a decoder needs to properly handle a protected annotation
access unit.
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6.4.8.4.2 Syntax

Table 54 — Annotation access unit protection syntax

Key Remarks

Syntax Type

AAU protection {

aaup

AAU pro

As specified in ISO/

tection_value() IEC 23092-3

6.4.8.4.3 Semantics
AAU_prote¢tion_value() contains annotation access unit protection information, as ,specified in
ISO/IEC 23092-3.
6.4.9 AA[ block
6.4.9.1 General
An AAU blgck (see Table 55) is composed of an AAU block header (as specified in subclause 6.4.9.2) and a
block payload, containing compressed data of an attribute or descriptor in'dspecific tile.
Table 55 — AAU block syntax
Syntax Key Type Remarks
aau block| { aau block
aau block header aau block As specified ih
header subclause 6.4.pP.2
for (3§ = 0; 1 < block payload size; block payload pize as
i++) | specified in spbclause
6.4.9.2
block_payload[i] u(8)
}
}
block_payload][i] is the ith byte of black payload, which contains a compressed tile of data in an attribute or
descriptor.
6.4.9.2 AAU Block header
6.4.9.2.1 |General
This box (s¢e Table 56) contains information associated to the AAU block.
This box shattr cplauc thebltockhreader P ovided ‘u_y theunder }_y iug codecand apct,ificd trr ISG/IIE 23092-6.
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6.4.9.2.2 Syntax
Table 56 — AAU block header syntax
Syntax Key Type Remarks
AAU block header { aau block
header
if (attribute contiguity == 0) ({ iibiﬁiiiiizdlli? 5
descriptor_ID u(8)
if (descriptor ID == 31) {
attribute_ID u(le)
}
}
reserved u(l)
indexed u(l)
encrypted u(l)
block_payload size u (219
}
6.4.9.2.3 |Semantics
descriptor| ID is the descriptor identifier, as specified in ISO/IEC 23092-6.
attribute_]D specifies the attribute identifier if descriptor AD.j5 set to 31, as specified in ISO/IE( 23092-6.
indexed is|set to 1 if the block has been compressed with'a string index, as specified in subclauge 7.1.4, and
0 otherwisg¢
encrypted|is a flag, if set to 1, indicates the block payload is encrypted. Otherwise, it is not encrypted. The
decryption|mechanism is described in ISO/IEC23092-3:2023.
block_payload_size is the number of byte§ composing the block payload. It can be set to 0 if all vplues in the
block paylofad are empty/missing.
6.5 Data structures specific tofile format
6.5.1 General
This subclquse specifies;additional data structures specific to the indexed storage of genomic information.
They complement the'data structures specified in subclause 6.4.
6.5.2 Indexing

6.5.2.1 Master index table

6.5.2.1.1

General

The master index table (mitb in Table 57) provides the indexing information needed to perform selective
access on specific parts of the genomic sequencing dataset.

It is present in the dataset when MIT _flag, as specified in subclause 6.5.3.2, is equal to 1. It is not present

otherwise.
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The first part of the master index table shall be ordered by increasing AU_start_position[seq_ID][ci][au_id]
values; the second part of the master index table shall be ordered by increasing U_cluster_signature[uau_id]
[0] values.

The special value ((1<<byteOffsetSize)-1) assigned to AU_byte_offset[seq_ID][ci][au_id] represents an empty
access unit. It is used to maintain synchronization among access units having different AU_type but covering
the same genomic range.

The special value ((1<<byteOffsetSize)-1) assigned to block_byte_offset[seq_ID][ci][au_id][di] represents an

empty block. It is used to maintain synchronization among blocks belonging to the same access unit.

6.5.2.1.2 Syntax
Table 57 — Master index table syntax (O
0,
D F
Syntax Key Type q Remarks
L4
master indekx table { mith '\‘
q;eqicount s
for (seq # 0; seg < seg_count; seqg++) { Q specified fin
Q subclause p.4.3.2
[ ¢ -
num_classefp as
for (ci|= 0; ci < num _classes; ci++) { ( ) specified fin
‘0/ subclause p.4.3.2
V
\\ CLASS_U vallue
O as specifipd in
if (clidlci] != CLASS_U) { \qp subclause p.3. clid
s\ as specifipd in
O subclause p.4.3.2
for|(au_id = 0; au_id < seq blocks[seq]; Q seqi}lalc?ckslas
- - - <> specified [in
au_id++) { Q subclause f.4.3.2
\ byteOffsetpize
y
AP byte offset[seq][ci][au_id] $\\} u (byteOffsetSize) |as specififd in
subclause p.4.3.2
@
\\'Q' posSize as|specified
AU_start_pogition[seq] [ci][au_id] $ u(posSize) in subclauge
6.4.3.2.3
.\\’. : —
A posSize as| specified
AP end position[seq] [ci][au_id] O u(posSize) in subclauge
B\ 6.4.3.2.3
. L . \b As specifipd in
i1 (dataset type == 2) { ,.\\CJ subclause p.4.3.2
ref_sequencq id[seq] [ci](au id]  , u(16)
§ i posSize as|specified
ref start p¢sition[seqg][ci] [a@ | u(posSize) in subclauge
C 6.4.3.2.3
y posSize as| specified
ref end posjtion[seq][cd u_idl] u(posSize) in subclaupe
Q* 6.4.3.2.3
P\
RN
D As s ifi i
. . pecifipd in
b R ple_alignment flag) { subclause p.4.3.2
v
AN R i asl specified
extended AU_start position[seq] [ci][au_id] u(posSize) in subclause
6.4.3.2.3
posSize as specified
extended AU_end_position[seq] [ci] [au_id] u(posSize) in subclause
6.4.3.2.3
}
. As specified in
|
if (tblock header flag) { subclause 6.4.3.2
for (di = 0; di < num descriptors[ci]; numﬁdes?r}ptoFs
. - as specified in
di++) { subclause 6.4.3.2
byteOffsetSize
block_byte offset[seq][ci][au_id][di] u(byteOffsetSize) [as specified in
subclause 6.4.3.2
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Table 57 (continued)

Syntax

Key

Type

Remarks

}

for (uau_id = 0; uau_id <
num_U_access_units; uau_id++) {

num U access_units
as specified in
subclause 6.4.3.2

byteOffsetSize

AU_bytenugxbeLLudu7¢uJ

TtoyteoffserSTzeT

s bpcuL;L_d in

subcla’g\%o.4.3.2

if (datgset type == 2) {

Pd in
.4.3.2

As s ‘t/f

i
su se

U_ref|sequence_id[uau_id]

u(l6)

Vi

L 4
\o
2

U_ref|start_position[uau_id]

|
u (posSize) QQ
o

specified
Fe

lposSize as
in subclau
6.4.3.2.3

U_ref|end _position[uau_id]

posSize as
in subclau

specified
Fe

&, 6.4.3.2.3
} else (‘\\
. . As specifipd in
if (U]signature flag != 0) { &\C,D subcliau;el5 413 )
nym_signatures O\ u(l6)
f¢r (i = 0; i < num signatures; i++) { (‘\
N . .
. . As specifipd in
if (!U_signature_constant_ length) { Q o
‘\\ subclause p.4.3.2
U_signature|length[uau_id] [i] $\\) u(8)
) Y
N U_signaturp size
$ inferred af specified
U _cluster_ signature(uau_ id] [1] ‘\Q zi([ZJg)s_lgnaturei ;I;gﬁ}(;iuggc i:;;iiics
O in subclaupe
‘\, 6.4.4.3.3
} . C
AN
) (@)

} N

while (!Byte aligned(

&

As specifi
subclause f£.2.3

Qo

nestipg zero_ bi

block_byte_offset[uau_id] [di]

u (byteOffsetSize)

)
. As specifipd in
|
if (!blo k—heideSQag) { subclause [.4.3.2.2
for (1M ‘di B num_descriptors
. ) as specifipd in
njm scriptors[num classes - 1]; di++) { nbhelanse b.4.3.2.2
byteOffsetSize

as specified in
subclause 6.4.3.2

6.5.2.1.3 Semantics

AU_byte_offset[seq][ci][au_id] is the byte offset of the first byte in the access unit, with respect to the first
byte of the Value field of the dataset (dtcn) gen_info structure (0-based). It is equal to ((1<<byteOffsetSize)-1)
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if the access unit is empty: in such a case the fields AU_start_position[seq][ci][au_id], AU_end_position[seq]
[ci][au_id], extended_AU_start_position[seq][ci][au_id], extended_AU_end_position[seq][ci][au_id], ref_
sequence_id[seq][ci][au_id], ref_start_position[seq][ci][au_id] and ref_end_position[seq][ci][au_id] shall be
ignored.

AU_start_position[seq][ci][au_id] is the position of the left-most mapped base among the first alignments
of all genomic records encoded in the access unit irrespective of the strand. AU_start_position[seq][ci][i+1]
shall always be greater than or equal to AU_start_position[seq][ci][i].

AU_end_position[seq]|[ci][au_id] is the position of the right-most mapped base among the first alignments
of all genomic records encoded in the access unit irrespective of the strand.

ref_sequence_id[seq][ci][au_id]: in case of an access unit carrying (part of) a reference sequence, it specifies

the ID Ofs ehrafaranca caciianon
T erer Cnee-Stautntes

ref_start_position[seq][ci][au_id]: in case of an access unit carrying (part of) a reference

specifies t

ref_end_pd

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

extended_
alignments

extended_
alignments

block_byte
first byte d
block_hea
block_hea
descriptor

the first blg

NOTE T
field of the d

AU_byte_of
byte of the
access unit i
position[uay

num_U_acq
is encoded

U_ref_seqy
of such refd

U_ref_star

&

q

e position on the reference sequence of the first nucleotide encoded in this access uni

sition[seq][ci][au_id]: in case of an access unit carrying (part of) a.Teference g

AU_start_position[seq][ci][au_id] specifies the position of the left-most mapped bas
of all genomic records contained in the access unit, irrespectivé,ofthe strand.

AU_end_position[seq][ci][au_id] specifies the position of the right-most mapped bas
of all genomic records contained in the access unit, irrespective of the strand.

_offset[seq][ci][au_id][di] is the byte offset of thelfirst byte in the block, with res
f the Value field of the dataset (dtcn) gen_info Stoucture (0-based). If the block is
r_flag is equal to 1, it shall be equal to ((1 <<<byteOffsetSize) — 1). If the block is
r_flag is equal to 0, it shall be equal either to'the block_byte_offset value of the next
stream or, for the last block in the descripter'stream, to the sum of the block_byte_off
ck in the descriptor stream and the desgriptor stream payload size.

he descriptor stream payload size canche inferred as the L field of the dscn gen_info header,
shd gen_info header, minus the L fieldof the dspr gen_info header.

set[uau_id] is the byte offset.of the first byte in the unmapped access unit, with respect
Value field of the dataset (dtcn) gen_info structure (0-based). It is equal to ((1<<byteOffsetS
5 empty: in such a case the fields U_ref_sequence_id[uau_id], U_ref_start_position[uau_id] an
_id] shall be ignored and num_signatures shall be set to 0.

ess_units is the total number of access units in the dataset containing encoded data
n the dataset header, as specified in subclause 6.4.3.2.

ence_id[Gau_id], in case of an access unit carrying (part of) a reference sequence, is th
rence_sequence.

L_position[uau_id], in case of an access unit carrying (part of) a reference sequence, s

equence, it
-
equence, it
e among all

e among all

pect to the
empty and
empty and
block in the
set value of

minus the L

to the first
ize)-1) if the
H U_ref end_

bf class U. It

e identifier

pecifies the

position on

the reference sequence of the left-mostnucleotide encoded in this accessunit

U_ref_end_position[uau_id], in case of an access unit carrying (part of) a reference sequence, specifies the

position on

the reference sequence of the right-most nucleotide encoded in this access unit.

num_signatures is the number of signatures.

U_signature_length[uau_id][i] is the length of cluster signatures as number of nucleotides.

U_cluster_signature[uau_id][i] is the ith signature of the cluster the access unit belongs to. U_cluster_
signature[uau_id][i+1] shall always be greater than or equal to U_cluster_signature[uau_id][i]. The length in
bits of this field, named U_signature_size in Table 34, shall be calculated as follows:

U_signature_size = signature_length * bits_per_symbol
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with bits_per_symbol as specified in Table 27, and with signature_length corresponding either to U_
signature_length as specified in subclause 6.4.4.3.3 when U_signature_constant_length (as specified in
subclause 6.4.4.3.3) is equal to 1 or to the signature-specific U_signature_length[uau_id][i] as specified in

Table 57 when U_signature_constant_length (as specified in subclause 6.4.4.3.3) is equal to 0.

The jth nucleotide in a signature shall be inferred as follows:

Saiphabet_p[(U_cluster_signature[i] >> ((signature_length - j - 1) * bits_per_symbol)) & ((1 << bits_per_

symbol) - 1)]

with alphabet_id as specified in subclause 6.4.3.2 and S, ,pe¢_1p as specified in subclause 6.4.3.2.4.

block_byte_offset[uau_id][di]: same semantics as block_byte_offset[seq][ci][au_id][di] above

6.5.2.2 String index

Whenever $tring information coming from annotation data has been indexed in the file,‘alstring index will
be present.|[The index at the same time stores the text and makes it searchable. Thus, one'will ne¢d to access

the index bpth in case of a string search and to decode the original string information.

How to query and decode the string index is specified in Clause 0.
6.5.2.3 Attribute data byte offset

6.5.2.3.1 |General

This is a bgx (adbo in Table 58) that contains the byte-offset pginters to the annotation access ynits within

the associafed attribute group and their subsidiary payload-blocks.

6.5.2.3.2 |Syntax

Table 58 — Attribute data byte offset syntax

Syntax Key Type Remarks
attribute|data byte offset { adbo
for (i=§; i<n fields AG; i++) n_fields AG ps
- - specified in
{ subclause 6.§.6.2
is_attribute[i] u(l)

if (ig attribute[i])

attr desc_ID[1i] u(lo)
else
attyr desc\ID{1i] u(7)

n AAUs is the number

for (i=0; i<n AAUs; i++) {

of annotation

access units in the
associated attribute
group.

AAU offset[i] u(byteOffsetSize)

byteOffsetSize
as specified in
subclause 6.4.3.2

for (3=0; Jj<n AAU blocks[i]; J++)

n AAU blocks,

as specified in
subclause 6.4.8.3, is
the number of blocks
in the AAU pointed by
AAU offset[i]
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Table 58 (continued)

Syntax Key Type

Remarks

AAU block_offset[i][]]

u(byteOffsetSize) as specified

byteOffsetSize

subclause 6.4.3.2

in

}

while

(!byte aligned())

As specified

subclause 4.2.3

in

nesting_zero _bit

6.5.2.3.3

The follow
annotation
attribute g1

is_attn
it is the

attr_dg
integer

AAU_offsef

Semantics

ng fields are for specifying the ordering of the attributes or descrioptons’for the
access units (attribute_contiguity == 1) or payload blocks (attribute_contiguity == 0]
oup:

ibute[i] is a flag, and if set to 1, indicates that attr_desc_ID[i] is the 1D-of an attribute.
ID of a descriptor.

bsc_IDJi] is the ID of the ith attribute or descriptor, coded re§pectively as 16-bit or 7-b
S

[i] is the byte offset, counting from the beginning of the associated attribute group d

the ith ann
payloads af

AAU block

tation accesss unit. Its value should be 0 if the annetation access unit does not exis
e all empty.

_offset[i][j] is the byte offset, counting fi‘dmi the beginning of the ith annotation

container, o the jth payload block within that contaifier. Note that even for empty payloads, pay

shall be in¢

luded and set to 0.

6.5.2.4 Annotation table index

6.5.2.4.1
Annotation)|

query on t
attributes.

6.5.2.4.2

General

Table Index (atix in Table 59) consists of one or multiple indexing data structures t
he annotation data.by row and column indexes, genomic ranges and string values

Syntax

Table 59 — Annotation table index syntax

storage of
within the

Otherwise,

it unsigned

ontainer to
t when the

Access unit
rload_offset

hat support
of specific

Syntax Key Type Remarks
annotation table index { atix

for (i = 0; i <= As specified

. . in subclause
n_aux attribute groups; i++) | 6.4.6.2

As specified

AG class([i] u(3) in subclause
6.4.7.2

As specified

if (AT genomic pos sort mode > 0) { in subclause
6.4.6.2

As specified

default genomic range index[i] grix gen_info in subclause

6.5.2.4.4
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Table 59 (continued)

Syntax Key

Type

Remarks

if

(attribute dependent tiles[i]) {

As specified
in subclause
6.4.6.6

for (j = 0; j <

n add tile structures[i];

As specified
in subclause

Jj++) | 6.4.6.6
As specified
additional genomic range index[i][]] grix gen_info in subclause

6.5.2.4.4

n_atty value_indexes|[i] u(8)
for () = 0; J < n_attr value indexes[i]; J++) {
As spe¢ified
attfibute value index[i][]] avix gen gntb in sub¢lause
6.5.2.4.5
}
}
while (|byte aligned()) iibiﬁi‘igijéz%g
nesting zero bit £(1)

6.5.2.4.3

The follow
annotation

AG_clafss[i] is the functional class of attribute group i as defined in subclause 6.4.7.2.

defaul
(defing]

Semantics

d in subclause 6.4.6.6) of attribute group i.

table (i = O for the main attribute group and i > 0 for the auxiliary attribute groups):

ng indexing data is specified for each™attribute group i (as defined in subclause 6.4.7) in the

[_genomic_range_index[i]is the genomic range index corresponding to default_tile_structure

additignal_genomic_range.index[i][j] is the genomic range index corresponding to add|tional_tile_

structy

n_attr|

re[j] (defined in subclause 6.4.6.6) of attribute group i.

value_indexes(i] is the number of attribute value indexes for attribute group i.

attribufte_valug_index[i][j] is the jth attribute value index for attribute group i.

6.5.2.4.4

Genomic range index

6.5.2.4.4.1

General

This is a box (grix in Table 60) that contains the genomic range index associated with an attribute data tile
structure (subclause 6.4.6.7). It specifies the genomic range(s) of each tile in the dimension(s) that are sorted

by genomic

coordinate (chromosome and position).
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6.5.2.4.4.2 Syntax

Table 60 — Genomic range_index syntax

Syntax Key Type Remarks
genomic range index { grix
index_2d u(l)
for (1 = 0; 1 <= index 2d; i++) {
n_chr[i] u(le)
for (j = 0; j < n chr[i]; j++) |
chr ID[i][]] st (v)
) <
( 4
) %
vari aﬁoheisi re tiles
if (!vafiable size tiles) { as }}Sécifiej in
lause 6}4.6.7
for (§ = 0; i <= index 2d; i++) (bQ)J
{ YV
U v dependent|on
. . \Q/ AT coord sifge
tile countl[i] u(v)O\ as specifiefl in
N subclause 614.6.2
for| (3 = 0; § < tile count[i]; j++) { }\\\'
start chr idx([j] [i] & [ae)
sfaz_pos (i) 1] QY [owossizer  [possize 2e frec e
\§‘ = . . .
end_chr_idx[j] [i] QOO u(16)
efdpos (31 (4] ¥ atpossize) [P0 e, O e e 62
) =
) B
} else \U
al
.\\(}“ v dependent|on
. AT coord sife
tile ¢ount .Q u(v) as_specifiej in
: subclause 614.6.2
for (1 = 0; 1 < tilé) \unt; i++)
{ \
for| (5 = 0; é,}é‘index_m; J+4) (
sfart_chf_jdx[i][j] u(16)
; . . ) posSize as ppecified
s'f&gws[l] (3] u(posSize) in subclausg 6.4.6.2
) L7
for (3 = 0; j <= index 2d; j++) {

end_chr_idx[i][j]

u(le)

end pos[i] []]

u(posSize)

posSize as specified
in subclause 6.4.6.2
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Semantics

index_2dis aflag, if set to 1, indicates this genomic range index applies to both the rows and columns of the
associated annotation data. Otherwise, it only applies to one dimension. It shall be set to 1 if the following
conditions hold:

two_dimensional == 1,

AT _gen

omic_pos_sort_mode == 3, and

(symmetry_mode > 0 && !variable_size_tiles && tile_size[0] == tile_size[1]).

Note that two dimensional and symmetry mode are specified in subclause 6.4.7.2, AT genomic pos sort mode
in subclause 6.4.6.2, and variable size tiles and tile size in subclause 6.4.6.7. The third condition is to
case where the data is symmetric and split into square tiles of a uniform size, thus resulting in

exclude theg
identical ge

n_chr(i] if
which the g
row dimen

chr ID[i] |
annotation

tile_count

for which the genomic ranges are being specified; whereas in the case©f variable size tiles

total numb
tile count]

nomic ranges in both dimensions.

the number of chromosomes defined in the annotation data in the row/column dimension for
enomic ranges of the tiles are being specified. If index 2d == 1,1 == 0 6hall correspond to the

bion, and i == 1 shall correspond to the column dimension.

31 is the jth chromosome IDs in the row/column dimension, in the order as they appear in the

data.

[i] is,inthe case of variable size tiles == 0,the number(ofitiles in the row/columr dimension

- 1, itis the

br of tiles, n_tiles, as specified in subclause 6.4.6.7. The'process for the assignment of value(s) to

[] is specified in Table 61.

Table 61 — Process for assigning value(s) to tile_count

Syntax Remarks
variable size tiles as specified
if (varialple size tiles == [ in subclause 6.4.6.7; twp
two dlmensional == 0) { dimensional as specified| in
a subclause 6.4.7.2
tile colnt = n tiles n tiles as specified in pubclause
- - 6.4.6.7
} else {
) . . . attribute contiguity as ppecified
if (attpibute contiguity) in subclause 6.4.7.2
. . ) column major tile order ps
it (cplumn major tf{lgorder) { specified in subclause 6|.4.7.2
_ : n tiles per col as speciffied in
n tlles 1 = §) tiles per col sUbclause 6.4.8.3
n AAU blocks as specifief in
. . bcl 6.4.8.3
n tllgs™2 = Ceil(n AAU blocks / n tiles 1) sulc aus§ )
- 7 - - - - Ceil(x) is a function thpt
e e ettt iut,ger 2 x
} else {
. _ . n tiles per row as specified in
n tiles 2 = n tiles per row sibclause 6.4.8.3

n tiles 1 = Ceil(n_AAU blocks / n_tiles 2)

}

else {

n tiles 1 = max tile idx 1()

max tile idx 1() returns the
maximum value of tile index 1, as
specified in subclause 6.4.8.3,
among all annotation access
units.
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Table 61 (continued)
Syntax Remarks
max tile idx 2() returns the
maximum value of tile index 2, as
n tiles 2 = max tile idx 2() specified in subclause 6.4.8.3,

among all annotation access
units.

}

if (AT genomic pos sort mode == 1) { AT_genomic_pos_sort_mode as

specified in subclause 6.4.6.2

tile count = n tiles 1

} else if (AT genomic pos sort mode == 2) {

tile ¢ount = n tiles 2

} else 1f (AT genomic pos sort mode == 3) {

if (ipdex 2d == 0) {

tile¢ count = n tiles 1

} els¢ |
til¢ count[0] = n tiles 1
til¢ count[l] = n tiles 2

}

(start_chr]idx[i][j], start_pos[i][j]) specifies the start (top/leftmost) genomic coordinate, i.e. chromosome
and position, of a tile. For variable_size_tiles == 0, i corresponds to the row/column tile index; Wwhereas for
variable_size_tiles == 1, i corresponds to the overall tileyindex. For index_2d == 1, j == 0 refers| to the row

dimension aind j == 1 refers to the column dimension,

(end_chr_idx[i][j], end_pos]i][j]) specifies the end (bottom/rightmost) genomic coordinate, i.e. chromosome
and position, of a tile. For variable_size_tiles-=2/0, i corresponds to the row/column tile index; whereas for
variable_size_tiles == 1, i corresponds to the‘overall tile index. For index_2d == 1, j == 0 refers| to the row

dimension aind j == 1 refers to the columndimension.

6.5.2.4.5 |Attribute value index

6.5.2.4.5.1| General

This is an ¢ptional box (avix in Table 62) containing information and data of a supplementary index that

supports qiyiery by desgriptor/attribute values.

6.5.2.4.5.2| Syntax
Table 62— Attribute value inmdexsyntax
Syntax Key Type Remarks
attribute value index { avix
n_index descriptors u(8)
for (i = 0; 1 < n_index descriptors;
i++)
index descriptor ID[i] u(8)
n_index_attributes u(8)
for (1 = 0; 1 < n_index attributes;
it+)
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Table 62 (continued)

attributes

Syntax Key Type Remarks
index_attribute ID[i] u(le)
compress u(l)
if (compress)
compress_algorithm ID u(8)
index type u(7)
Set to n_index
if (index type == 0) { descriptors + n_index

num strings
+

n_index descriptors
n_index attributes

As specifged i

0) subclause )7

mastef string index (num_ strings,

else 1f (index type == 1) {

As(3pécified i

b_tre¢ index() stubclause 8.1
} else 1f (index type == 2) {
mastef string index (num_strings, 1)
}
}
6.5.2.4.5.3| Semantics
n_index_descriptors is the number of descriptors associatéd with this attribute value index.

index_des¢riptor_ID[i] is the ID of a descriptor whose data values can be queried using this attj
index. It shpll be one of the descriptor IDs in anngtation_encoding_parameters() of the dataset
set (subclayse 6.4.3.7) referenced by parameter_set_ID in the annotation table header (subclausg

ibute value
parameter
6.4.6.2).

n_index_atftributes is the number of attributes associated with this attribute value index.

index_attrjibute_ID[i] is the ID of an attribute whose data values can be queried using this atty
index. It shall be one of the attributeJDs in annotation_encoding_parameters() of the dataset pa
(subclause p.4.3.7) referenced by parameter_set_ID in the annotation table header (subclause 6.4

ibute value
rameter set
.6.2).

compress s a flag, if set to 1,dndicates the index data following index_type is compressed by th
referenced by compress_algorithm_ID. Otherwise, the index data is uncompressed.

compress
compress 3= 1. Its yalue shall be one of the values of encoding_mode_ID defined in ISO/IEC 2304
for the value 0 which corresponds to the CABAC algorithm.

b algorithm

Igorithm.ID specifies the ID of the compression algorithm being applied on the index data if

)2-2, except

index_type specifies the type of this attribute value index. Possible values include 0 for string
B-Tree ind g1 it

6.5.3 Descriptor stream

6.5.3.1 General

index, 1 for

A descriptor stream is a stream of data of a certain class and descriptor, encoded as described in

ISO/IEC 23092-2.

This is a mandatory box (dscn in Table 63) when the syntax element block_header_flag in the dataset header,

as specified in subclause 6.5.3.2, is equal to 0; it is forbidden otherwise.

Child boxes may be present or not, according to the column “Mandatory” in Table 10.
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Table 63 — Descriptor stream syntax

Syntax Key Type Remarks
descriptor stream f{ dscn
descriptor stream header dshd gen_info 2ib2§2§i£i2§5%2.2
DS protection dspr gen_info 2ibi§§§iiizé5%g.3
num blocks as
for (i = 0; 1 < num blocks; i++) { specified in
subclause 6.5.3.2
for (j = 0; j < block payload size[i];
J++) | - B
blo¢k payload[i][]] u(8) As spaViried in
ISO/LEe $£3092-2
}
}
}

block_payl
subclause

size, as desgribed in subclause 6.4.3.2.5, and block_byte_offset[i].

block_payload[i][j] is the jth byte of the block payload.

6.5.3.2 Descriptor stream header

Iad_size[i] is inferred from the master index table field block_byte_offset, as gpecified in
6.5.2.1, as difference between either block_byte_offset[i+1] or/the variable descripfor_stream_

6.5.3.2.1 |General
This is a bpx (dshd in Table 64) describing a descriptor stream. It is mandatory whenever thg descriptor
stream, as $pecified in subclause 6.5.3, is present, forbidden otherwise.
6.5.3.2.2 |Syntax
Table 64 ~— Descriptor stream header syntax
Syntax Key Type Remarks

descriptof stream header dshd

reseryed u(l)

descriptor_ ID ul(7)

class|ID u(4)

num_blocks u(32)

while|1fgre aligned()) isZSgecified in spbclause

nesting_ zero_bit £(1) Equal to O

6.5.3.2.3

Semantics

descriptor_ID identifies the type of compressed descriptors carried by the descriptor stream. It shall have
one of the values specified as descriptor_ID[ci][di] in subclause 6.5.3.2.

class_ID identifies the class of data carried by the block, as specified in Table 6.

num_blocks is the number of blocks composing the descriptor stream.
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escriptor stream protection

General

Thisis an optional box (dsprin Table 65) containing protection information associated to a descriptor stream.

When present this box contains information that a decoder needs to properly handle a protected
descriptor stream.

6.5.3.3.2 Syntax
Table 65 — Descriptor stream protection syntax
Syntax Key Type Remarks

DS protecfion { dspr

DS pr¢tection value () As specified Mn-ISO/IEC 23092-3
}
6.5.3.3.3 |Semantics
DS_protectjon_value(): descriptor stream protection information, as specified in ISO/IEC 230923.
6.5.4 Offset
This box allows an indirect addressing of boxes in a different physical position in the file, while|preserving
their logicdl position as described in this document. It shall )be placed in the mandatory posjtion of the
addressed box, as specified in subclause 6.1.2, so that the logical position of the addressed box wopuld still be
respecting such mandatory ordering.
In case of hoxes not marked with suffix “[]” afterstheir name in the Syntax column of any of the tables in
subclauses|6.4 and 6.5, and which can be presentiirr only one instance, if an associated offset bok is present

then multiple instances of the same original box may be physically present in the File, but o
by the offset box shall be considered as valid, while the other instances of the same Iox shall be

addressed
ignored.

In case of
subclauses

boxes marked with suffix.“[]” after their name in the Syntax column of any of th
6.4 and 6.5, and which may be present in multiple instances, if the associated offset bo

it shall be present in as many instances as the addressed boxes.

In case one
box which
(1<<64)-1Y

6541 S

instance of theoffset box is not referring to any box yet but just present as placeholds
may potentidlly be added, then the Offset field, as specified in subclause 6.5.4.1, sh
ralue, which.shall be ignored.

yntax

hly the box

e tables in
X Is present

br for a new
hll take the

struct of

{

Lset

c(4) Key;
c(4) SubKey;
u(64) Offset;
}
6.5.4.1.1 Semantics

Key is the key of the offset box, being equal to offs.
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SubKey is the key of the box being addressed by the offset box. Its usage is restricted to the following boxes,
as specified in Table 10: dghd, rfgn, rfmd, labl, Ibll, dgmd, dgcd, dgpr, dtcn, dtmd, dtmt, dtcd, dtpr, atcn, atmd,
atcd, atpr, atix, avix.

Offset is the byte offset of the first byte in the referenced box, with respect to the first byte of the file
(0-based). If equal to (1<<64)-1 then the offset box is not addressing any box and shall be ignored. The value

of Offset shall be larger than the offset of the last byte of any dgcn box in the file.

6.6 Data

structures specific to transport format

6.6.1 General

This subcl

use snecifies the data structures snecifictothe transnort of cenomicinformationin
r r r o 4

addition to

the data sty

6.6.2 Da

A data stre
subclause €

uctures specified in subclause 6.4.

[a streams

am is identified by a unique Stream_ID, equal to the SID field of packet\header as
.6.5.2, and it can transport any of the following data structures:

file_he
more p

data s

der, as specified in subclause 6.4.5.1: this data stream shall be, inique and compose
Ackets with Stream ID (SID in packet header, as specified in subclause 6.6.5.2) equal t

tructures containing transport information (dataset dmapping table list as s

tpecified in

d by one or
o1,

pecified in

subclayise 6.6.3, dataset mapping table as specified in subclause 6.6.4),

datasef group header, as specified in subclause 6.4.2.2,

referer]ce, as specified in subclause 6.4.2.3,

label list, as specified in subclause 6.4.2.5,

datasef header, as specified in subclause 6.4.3.2;

datasef parameter set, as specified in subclause 6.4.3.7,

access Jnit, as specified in subclause 6:4.4,

annotaltion table header, as speCified in subclause 6.4.6.2,

attribulte group tile configuration, as specified in subclause 6.4.6.6,

attribufte group headet, as specified in subclause 6.4.7.2,

annotation accessunit, as specified in subclause 6.4.8, and

ta apd-protection information, as specified in subclauses 6.4.2.4, 6.4.2.6, 6.4.2.7, 6.4.2.8, 6.4.3.3,

6.4.8.5,6.4.3.6,6.4.6.3, 6.4.6.4 and 6.4.6.5.

metada
6.4.3.4

6.6.3 Dataset mapping table list

6.6.3.1 General

This is a mandatory box (dmtl in Table 66) containing a list of all Stream_IDs of data streams transporting
the dataset mapping tables, as specified in subclause 6.6.4, available in the datasets of a dataset group. Each
of the listed data streams is identified by a unique dataset_mapping_table_SID.

The dataset mapping table list contains, along with the dataset mapping table described in subclause 6.6.4,
the necessary and sufficient information to de-packetize and de-capsulate the transport format for a specific
dataset in a dataset group.
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Each dataset mapping table list is transported within one or more packets with Stream ID (SID in packet

header, as sp

ecified in subclause 6.6.5.2) equal to 0.

6.6.3.2 Syntax

Table 66 — Dataset mapping table list syntax

Key

Syntax Type

Remarks

dataset mapping table list {

dmt1

dataset _group_ ID

for (i=0;i<num datasets;i++)

{

dataset—mapping—table—SID{
— — =1

ol 5

6.6.3.3 S
dataset_gi

num_datas
(Length - 1

dataset_m
mapping_te
in subclaus

pmantics

se 6.4.2.2.

oup_ID is the dataset group ID, as in the dataset group header, as specified in subclauy

pts is inferred from the Length field in dataset_mapping_table: list gen_info header

3) /2.

hpping_table_SIDJi] is the stream ID associated to the.data stream containing t
ble. Values 0 and 1 cannot be used as reserved for the'dataset mapping table list, {
e 6.6.3, and the file header, as specified in subclause’ 6.4.1. The same value of datase

table_SID ¢
6.6.4 Da

6.6.4.1 G

Thisisam
identified h

The datase
Stream IDs

Table 68 p

table contaIl

informatio

The datase

6.64.2 S

hnnot be contained in dataset_mapping_tables with/different dataset_group_ID.
faset mapping table

eneral

hindatory box (dmtb in Table 67) listing all data streams transporting data related to
y dataset_ID.

[ mapping table associates.data types (access units, metadata boxes, protection boxe
(SID) found in packet header, as specified in subclause 6.6.5.2.

rovides the assogiation between data type values and data structures. The datas
ns, along with/the/dataset mapping table list specified in Table 66, the necessary an

's mapping+table can be periodically re-transmitted, either updated or identical.

yntax

as follows:

he dataset_
1s specified
t_mapping_

the dataset

s, etc.) and

et mapping
d sufficient

to de-packetize’and de-capsulate the transport format for a dataset in a dataset groiip.

Table 67 — Dataset mapping table syntax

Syntax Key Type Remarks
dataset mapping table { dmtb
dataset_ ID u(le)
for (i=0;i<num data streams;i++) {
data_type[i] u(8)
reserved u(3)
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Table 67 (continued)

Syntax Key Type Remarks
data_SID[i] u(13)

6.6.4.3 Semantics
dataset_ID is the dataset_ID as specified in subclause 6.4.3.2.

data_type[i] identifies the type of data carried by packets identified by subsequent data_SID[i] field,

according tp—Fable-68-

Note num_data_streams is inferred using the Length field in dataset_mapping_table gen_infe;as fgllows: num_

data_streanis = (Length - 14) / 3.

Table 68 — data_type field semantics
data_fype Data structure Subclause
0 Dataset group header (dghd) 6.4.2(2
1 Reference (rfgn) 6.4.23
2 Label list (labl) 6.4.2.5
3 Dataset header (dthd) 6.4.3.2
4 Dataset parameter set (pars) 6.4.3.7
5 Dataset group metadata (dgmd) 6.4.2.6
6 Reference metadata (rfmd) 6.4.2.4
7 Dataset metadata (dtmd) 6.4.3.3
8 Dataset group protection (dgpr) 6.4.2.8
9 Dataset protection (dtpr) 6.4.3.6
10 to 15 Access unit (aacn) with AU\ type equal to data_type - 9 6.4.4
14 Dataset metrics metadata (dtmt) 6.4.3.4
17 Dataset_group clirical data linkage metadata (dgcd) 6.4.2.7
19 Dataset clinical.data linkage metadata (dtcd) 6.4.315
19 Annotation'table clinical data linkage metadata (atcd) 6.4.6.4
2( Annotation table header (athd) 6.4.6.2
21 Annotation table metadata (atmd) 6.4.6.3
22 Amnotation table protection (atpr) 6.4.6.5
23 Attribute group tile configuration (agtc) 6.4.6.6
24 Attribute group header (aghd) 6.4.712
2] Annotation access unit (aauc) 6.4.8
26 to 255 Reserved for future use

data_SID[i] is the ith stream ID (SID) in the packet header, as specified in subclause 6.6.5.2, of packets
transporting the corresponding data_type, as specified in Table 68. Its value shall be different than 0, as 0 is
reserved for the dataset mapping table list as specified in subclause 6.6.3, and 1, as 1 is reserved for the file
header, as specified in subclause 6.4.1. The same value of data_SID for data_type equal to either 3, 4, 7,9, 10
- 15, 16, 18, or 19 - 25 cannot be contained in different dataset_mapping_tables with different dataset_ID or
pointed, via the dataset_mapping_table_SID, by dataset_mapping_table_lists with different dataset_group_
ID. The same value of data_SID for data_type equal to either 0, 1, 2, 5, 6, 8 or 17 cannot be contained in
different dataset_mapping_tables pointed, via the dataset_mapping_table_SID, by dataset_mapping_table_
lists with different dataset_group_ID.
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A packet (see Table 69) is a transmission unit transporting in its payload segments of any of the data
structures listed in Table 68.

The packet payload contains bytes from any of the data structures specified in Table 10, with the
corresponding entry in the Scope column either being equal to Transport or empty.

Table 69 — Packet syntax

Syntax Key Type Remarks
packet {
packet header packet header 2ibi§§iiiizd6ig >
for(i =|0; 1 < packet size - packgtTSng as
) - ) specified in
siz¢of (packet header); i++) { subclause 6.6.5.2
packet payload[i] u(8)
}
}
Where:
packet_payload][i] is the i-th byte composing the packet paylodd.
6.6.5.2 Ppcket header
6.6.5.2.1 |General
This is a mandatory box (see Table 70) describingthe packet.
6.6.5.2.2 |Syntax
Table 70 — Packet header syntax
Syntax Key Type Remarks
packet heqder {
SID u(13)
reseryed u(3)
markef bit u(l)
sequeTce_number u(8)
packet size u(l5)

6.6.5.2.3

Semantics

SID is the Stream ID of the data stream containing this packet. It unambiguously identifies data carried by
this packet, according to the dataset_mapping_table, as specified in subclause 6.6.4. It shall be unique for
each data stream.

marker_bit is equal to 1 in the last packet containing data of a certain box, it is equal to 0 in all other packets.
It allows identifying the end of a box when split in multiple packets. In case of box carried in a single packet

it shall always be set to 1. A packet shall never contain data of two different boxes.
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sequence_number is a packet counter linearly increasing by 1. It is needed to identify packet losses as gaps
in sequence_numbers for each individual data stream. It wraps around at 255.

packet_size is the number of bytes composing the packet, including header and payload. If packet_size is
equal to 5, then this is the last packet containing data of the dataset associated to SID; it shall be different
than 5 in all other cases.

6.7 Refe

rence procedures to convert transport format to file format

The conversion procedures in this subclause shall be considered as reference procedures in order to
guarantee that:

— the resulting file is compliant to the file format specification, and

— the regulting file retains exactly the same information as the original stream complialllt with the
transpprt format.

Any other |process producing the same output from the same conformant bitstream can

considered

expected td

NOTE
session, so t

6.7.1 Pr
This subcl

T

compliant to the ISO/IEC 23092 series. At the same time, complying implementati
follow the exact algorithm used by these reference procedures.

hat the resulting file is compliant to the file format, as specified in subclause 6.3.

cedure for genomic sequencing data

se describes a reference procedure to update the parameters seq_count and seq_bld
the datasef| header, as specified in subclause 6.4.3.2, and to<ompile the master index table, wh

as specified in subclause 6.5.2.1, from the syntax elements‘present in the access unit header, as
subclause §.4.4.3. The procedure is the following:

1.
specifi

seq_co
as speq

seq_bld
ID) vegq
(sequel

The co
during

a.

b.

se(

ci
in

The dafaset header field block_header_flag is determined by the contiguity mode of the ou

bd in subclause 6.4.3.2.5.

ified in subclause 6.4.4.3, is different than any previously received sequence_ID.

cks[seq_count] is initialized;to 0 and incremented by 1 every time the (sequence_ID,

ce_ID, access_unit_LD) vector.

the process:

| = seq_comrt

subclduse 6.4.4.3, is received; the array clid, as specified in subclause 6.4.3.2, is fill

AU

hese conversion procedures are needed to save in a storage device the data received via

int is initialized to 0 and is incremented by 1 every time sequence_ID in the access_u

prdinates of the master index table, as specified in subclause 6.5.2.1, are calculatec

s ineremented by 1 every time a new value of AU_type in the access unit header, ¢

be equally
bns are not

a transport

cks[seq] in
en present,
specified in

[put file, as

nit_header,

cess_unit_

C
tor in the access_unit_header, as specified in subclause 6.4.4.3, is different than ajly previous

| as follows

1s specified
bd with the

au_

tvne value accordingly:
== 57

id = seq_blocks[seq];

If block_header_flag is equal to 0, di is incremented by 1 every time a new value of the descriptor_ID

field in the block header, as specified in subclause 6.4.5.2, is received; the array descriptor_id, as
specified in subclause 6.4.3.2, is filled with the descriptor_id value accordingly.

a.

If class_

ID is different than CLASS_U:

The master index table entry named AU_start_position[seq][ci][au_id] is calculated as follows:

AU_start_position[seq][ci][au_id] = AU_start_position in the access unit header, as specified in
subclause 6.4.4.3.
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The master index table entry named AU_end_position[seq][ci][au_id] is calculated as follows:

AU_end_position[seq][ci][au_id] = AU_end_position in the access unit header, as specified in
subclause 6.4.4.3.

If multiple_alignment_flag is equal to 1:

The master index table entry named extended_AU_start_position[seq][ci][au_id] is calculated

as follows:

extended_AU_start_position[seq][ci][au_id] =
header, as specified in subclause 6.4.4.3.

extended_AU_start_position in the access unit

The master index table entry named extended_AU_end_position[seq][ci][au_id] is calculated as

follows:

extended_AU_end_position[seq][ci][au_id] = extended_AU_end_position in~the 3

header, as specified in subclause 6.4.4.3.

flass_ID == CLASS_U and the dataset header field U_signature_flag is equia]'to 1

he dataset header field U_signature_constant_length is equal to 0, the'master index t
med U_cluster_signature_length[uau_id][i] are calculated as folloWws:

fluster_signature_length[uau_id][i] = U_cluster_signature][i] in\the access unit header,
bubclause 6.4.4.3.

sulbpclause 6.4.4.3.

ere uau_id = au_id.
e master index table entries named U_cluster_signature[uau_id][i] are calculated as f¢

fluster_signature [uau_id][i] = U_cluster_signature[i] in the access unit header, as s

ere uau_id = au_id.
_header_flag is equal to 0:

ery time a block with a ceptain descriptor_ID contained in the access unit carry
ss class_ID is received, where the (class_ID, descriptor_ID) vector has not been rec
v descriptor stream container box dscn, named DSCN|ci][di], is created and a vari
ckPtr[ci][di] is defined and initialized to O.

Value field of the dataset (dtcn) gen_info structure (0-based) and preceding the f]
CN[ci][di].

ckPtrfci]fdi] is incremented by header_size + Length of any child gen_info box of DSC

iccess unit

hble entries

hs specified

llows:

pecified in

ing data of
bived yet, a
hble named

rariable named headerSize is created and set as the number of bytes following the flirst byte of

irst byte of

N[ci][di].

copied into

p.pdyload of all blocks identified by class_ID and descriptor_ID in the block header is

A 1 1l L£DCONT -1 11
thevVatuefretdof BSENfcitidit:

For each of the above blocks, a new variable named blockPtr[ci][di][au_id] is defined and assigned
the current value of blockPtr[ci][di].

For each block, blockPtr[ci][di] is incremented by block_payload_size.

Once the session is terminated and before writing the resulting data into the output file, a variable
named dsOffset is defined, initialized to 0.

b.

C.
i.
ii.

Else if

a. Ift
na
U_
in
wh

b. Th
U_
wh

If blocK

a. Ev
cla
nej
bld

b. A
the
DS

c. blg

d. Th

e.

f.

g.

h.

After writing each DSCN][ci][di] in the output file, dsOffset is incremented by sizeof(gen_
info header) + Length(DSCN|ci][di]).
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offset[seq][ci][au_id][di] is updated as follows:

block_byte_offset[seq][ci][au_id][di] = dsOffset + blockPtr[ci][di][au_id]

Else if block_header_flag is equal to 1:

I

ii.

A buffer named datasetPayload is created.

For each access unit:

The access unit header is written into datasetPayload.

Each block composing the access unit is written into the datasetPayload.

For each DSCN|ci][di] written in the output file, the master index table entry named block_byte_

Fo
acq

At
Sp¢
At the

the ma

or uau
signatuy

6.7.2 Prgcedure for genomic annotation data

This subclg
in subclaug

- each access unit, AU_byte_offset[seq][ci][au_id] is equal to the offset of the first
ess unit with regards to the first byte of the datasetPayload.

the end of the session, datasetPayload is written into the output file as, dataset
cified in subclause 5.4.

end of the process, typically when the end user stops the execution-of the transpc
ster index table shall be re-ordered, per each combination of either seq and class
|id index, by increasing value of, respectively, AU_start_position[seq][ci][au_id] or
re[uau_id][0].

use describes a reference procedure to update selected fields in dataset headers (
e 6.4.3.2), attribute group headers (as specified in subclause 6.4.7.2), annotation

byte of the

payload, as

rt process,
|ID indexes
U_cluster_

1s specified
Access unit

headers (ag specified in 6.4.8.3) and attribute data tile.structures (as specified in 6.4.6.7), and generate
data structjures of annotation table index (as specified in'6.5.2.4) and attribute data byte offset (as specified
in 6.5.2.3),|as needed, using information in the transported containers individually identified by a trail of
container [Ps that also indicate their organization in the file. The procedure is the following:
1. Build 4 tree structure of container IDs as*shown in Figure 8 by adding a node to the tree ywhenever a
new coptainer box is received based aofithe list of IDs that uniquely identify the box in transport format.
In FiggEe 8, child nodes belonging t6-the same parent are indexed by integers 1 to n, and th¢ number of
child npdes n can be different in*¢ach container.
Datpset Group ID Yo DG 1 DG n
(datjset_group_ID) @ o
0:1\ I . 1 I . 1
Dataset ID
aR\ — —
Anngtation Tab@<~
IR 3 E0 B0
“hgt= Do - e
(. ass)
[—— 1
Annotation Access Unit ID
" - B0
Figure 8 — Tree structure of container IDs
2. For each dataset header (as specified in subclause 6.4.3.2) identified by dataset_group_ID and dataset_

ID, if n_

a.

b. AT_

ann_tables == 0, update the fields values as follows:

ID[i] is set to the ID of the ith annotation table associated with the dataset node.
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c. AT_index_exists[i] is set to 1 if the ith annotation table associated with the dataset node is
accompanied by an annotation table index (atix). Otherwise, it is set to 0.

For each annotation table identified by dataset_group_ID, dataset_ID and AT_ID, generate an annotation
table index (atix, as specified in subclause 6.5.2.4) if one of the following is true:

a. AT_genomic_pos_sort_mode > 0, in which case one or multiple genomic range indexes (grix, as
specified in subclause 6.5.2.4.4) shall be provided, or

b. One or multiple attribute value indexes (avix, as specified in 6.5.2.4.5) are available for the

annotation table.

For each annotation access unit header (as specified in 6.4.8.3) identified by dataset_group_ID, dataset_

ID, AT_

D, AG_class and an annotation access ID, which can be a descriptor/attribute ID (when attribute

contigyity == 1) or tile index(es) (when attribute_contiguity == 0), if n_AAU_blocks equal$-(], update its

value tp the number of blocks contained in the annotation access unit.

For eath attribute group header (as specified in subclause 6.4.7.2) identified by datasef_group_ID,

datase
with tHe process specified in Table 71.

Table 71 — Process to compute dimension_size

_ID, AT_ID and AG_class, if dimension_size[0] equals 0, update the value(s) in dimension_size[]

Syntax

Remarks

if

(varialple size tiles == 0) {

vefiable size tiles (in sphbclause

6v4.6.7) of default tile ptructure
(in subclause 6.4.6.6) aspociated

with the attribute group
identified by AG class

if (atfribute contiguity == 0) {

attribute contiguity as specified
in subclause 6.4.7.2 assofiated
with the attribute group
identified by AG class

dimgnsion size[0] = max tile idx 1()

tile size[0] +n¥ows btm tile()

*

max_tile idx 1() returns [he
maximum value of tile indpx 1
based), as specified in spbclause
6.4.8.3, among all annotajion
access units associated wlith the
attribute group identifiefl by AG

(0-

class
tile size[] (in subclause| 6.4.6.7)
of default tile structure| (in

subclause 6.4.6.6) associpted with
the attribute group identfified by
AG_class
nrows btm tile() returns [he
number of rows in a decodpd bottom
tile with tile index 1 ==|max
tile idx 1()

two dimensional as speciffied in

if (two_dimensional) {

STbctause 647 gssoctated with

the attribute group identified by
AG_class

if (tile index 2 exists) {

tile index 2 exists as specified
in subclause 6.4.8.3 of any of
the annotation access units
associated with the attribute
group identified by AG class
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Table 71 (continued)

Syntax

Remarks

dimension size[l] =
tile size[l] +

max tile idx 2()
ncols right tile()

max_ tile idx 2() returns the
maximum value of tile index 2
based), as specified in subclause
6.4.8.3, among all annotation
access units associated with the
attribute group identified by AG
class

(0-

ncols right tile() returns the
number of columns in a decoded
rightmost tile with tile index 2
== max_tile idx 2()

TISE {

dimension size[l] =

ncols right tile()

} els

e

{

if

two dimensional == 0) {

imension size[0] = (n_AAU blocks - 1)
tile size[0] + len last block()

<

L
&

N

n AAU blo Ks as specified| in

subc 6.4.8.3
ti ze (in subclause 6[.4.6.7)
fault tile structure| (in
gssklause 6.4.6.6) associpted with
the attribute group identfified by
AG class
len last block() returns
number of elements in the| decoded
vector of the last block pf a

descriptor/attribute assofpiated
with default tile structufe

the

e

\r\‘
 se | s;<>

L £ (column major tile order) i&gb

column major tile order ap
specified in subclause 6.4.7.2

n tiles 2 {:y_tiles_per row

n tiles 1 = n tiles p SSQL n tiles per col as speciffied in
- - - - Qi; subclause 6.4.8.3
— Vad
n tiles 2 = Ceil(nEfSQiblocks / n_AAU blocks as specified| in
n tiles 1) . subclause 6.4.8.3
else { /\@
n tiles per row as speciffied in

subclause 6.4.8.3

-
n_tile€§$§: Ceil (n_AAU blocks /
\(:}itile572)

>

{O\)

returng the
ded tile

nrows last block()
in the dec

number of rows

dimension sizelU] = (n tiles I - 1) *

tile size[0] + nrows last block()

of the last block of a descriptor/
attribute associated with default
tile structure

dimension size[l] = (n_tiles 2 - 1) *
tile size[l] + ncols last block()

ncols last block() returns the
number of columns in the decoded
tile of the last block of a
descriptor/attribute associated
with default tile structure

} else {
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Table 71 (continued)
Syntax Remarks

end index[][] (O-based, in
subclause 6.4.6.7) of default

dimension size[0] = Max(end index[][0]) + 1 tile_structure (in subclause

— — 6.4.6.6) associated with the

attribute group identified by AG
class

if (two_dimensional) {

dimension size[l] = Max(end index[][1]) + 1

6. For ea¢h attribute group tile configuration (as specified in subclause 6.4.6.6) identified"by dataset_
group_|D, dataset_ID, AT_ID and AG_class, if n_tiles == 0 in any of the associated attribufe data tile
structyres (as specified in subclause 6.4.6.7), update its value with the process spécified in|Table 72. If
variable_size_tiles == 1, n_tiles shall always be set when an attribute data tile structure is ggnerated.

Table 72 — Process to compute n_tiles
Syntax Remarks
. . . . L vapfable size tiles as sppcified
if (varialple size tiles == 0) { 1 stbclause 6.4.6.7
attribute contiguity as specified
. . . . - in subclause 6.4.7.2 assofpiated
if (attribute contiguity == 0) { with the attribute group
identified by AG class
max tile idx 1() returns [he
maximum value of tile indpx 1 (0-
based), as specified in spbclause
n tlles = max tile idx 1() + 1 6.4.8.3, among all annotafion
access units associated wfith the
attribute group identifiefl by AG
class
tile index 2 exists as sppcified
in subclause 6.4.8.3 of ahy of
if [tile index 2 exists) ({ the annotation access unifs
associated with the attripute
group identified by AG clpss
max tile idx 2() returns [he
maximum value of tile indpx 2 (0-
based), as specified in spbclause
n tiles =\n, tiles * (max tile idx 2() 6.4.8.3, among all annotafion
access units associated wfith the
attribute group identifief by AG
class
}
} elsel{
O tiles = n AAU blocks n AAU blocks as specified in
- — - subclause 6.4.8.3
}

}

7. Generate an attribute data byte offset (adbo, as specified in subclause 6.5.2.3) data structure for each
attribute group tile configuration (as specified in subclause 6.4.6.6).

8. Remove from the beginning of each received container any trail of IDs of the upper-level containers

required only for the transport format, before ouputting all data structures into the hierarchy of

containers required for the file format.
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7 String indexing technologies

7.1 Master string index

7.1.1 General

When used for the string compression of genomic annotation data with dataset_type == 3 as specified in
subclause 6.4.3.2, the master string index (MSI, see Table 73) self-indexes a subset of the string fields within

records, for all the records within annotation access units and for all the annotation access units within a
dataset. The list of string fields encoded in a MSl is specified by fields n_index_descriptors, index_descriptor_
ID[], n_index_attributes and index_attribute_ID[] specified in subclause 6.5.2.4.5. All the associated
descriptors and attributes shall share the same tile structure in the attribute group tile configuration as
specified iff subclause 6.4.6.6.

When the MISI is used, the corresponding subset of string fields shall be encoded only in thé MSI,

string field
text and m
access unit
decoding p

When used
subclause €

access unit

5 shall not be encoded also in the annotation access units. The index at the samé tim
hkes it searchable. Therefore, when one or more MSIs are present in a dataset, the
decoding processes shall decode the corresponding string fields from-gach MSI. The
Focesses for the string index are specified in subclause 7.2.

i.e. the said
b stores the
annotation

query and

for the string compression of genomic sequencing data with dataset_type < 3 as $pecified in
4.3.2, a compressed string index shall be generated for the datd.of an indexed descriptor in each
and stored in the corresponding block payload.

7.1.2 Syntax
Table 73 — Syntax of master’string index
Syntax Key Type Remarks
master stying index (numStrings, useTiles) | msix
master ¢$tring index header () mshd ?slsgec1fled in pubclause
N PO C Lo num_indices as specified
for(j|= 0; Jj < num_indices; j++) [ in subclause 7.1).3.1
string indexencofdes
. . . . . a list of stringps as
string index[]] (numStringsys useTiles) ssix specified in subflause
7.1.4
}
}

7.1.3 Maister String Index Header

7131 S

yntaxand semantics

Table 74 — Syntax of master_string_index_header

Syntax Key Type Remarks
master string index header { mshd
string_index_ id u(lo)
num_indices u(8)
for (i=0; i < num indices; i++){
is_attribute[i] u(l)
if (is_attribute[i]) {
attribute_ID[1] u(lo)
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nesting zero bit

Table 74 (continued)
Syntax Key Type Remarks
} else {
descriptor ID[i] u(7)

}
}
while (!byte aligned()) iibziiiggljéz%g

£(1) One bit set to O

}

string_indpx_id is a unique identifier of the master string index

num_indices is the number of sub-indexes in which this MSI is split. It shall be greater than-0.

is_attribute[i] is a flag set to 1 if the corresponding descriptor or attribute is an attribute, 0 oth¢rwise.

attribute_lDJi] is the identifier of the string attribute payload which is stored imthe master string index as

a self index

descriptor] ID[i] is the identifier of the string descriptor payload which is'stored in the master dtring index

as a self index.
7.1.4 String index

7.1.4.1 (General

A string index block (see Table 75) is a portion of a master string index that encodes one or morg strings for
each record, for a variable number of annotation datagtiles each containing a variable number of fecords.

The list of §trings encoded within a string index is referred to in the following as “compressed string index”.

The list of §trings obtained by decoding a compressed string index from a String Index is referrgd to in the
following ap “uncompressed string index*or “string index payload”.

7.1.4.2 Syntax

Table 75 — Syntax of string_index

Syntax Key Type Remarks
string indlex (numSt&ings, useTiles) | SSix
if (useTiles ==_0) {
num_AWs u(24)
for (4 s¥0; i < num AAUs; i++) {
au_id[i] u(32)
if(i > 0) {
au_offset[i] u(32)
}
}
} else if (useTiles == 1) {
v dependent on AT coord size
n_tiles u (v) as specified in subclause

6.4.6.2.3

for (1 = 0; 1 < n _tiles; i++) {
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Table 75 (continued)

Syntax Key Type Remarks

v dependent on AT coord size
tile _index 1[i] u (v) as specified in subclause
6.4.6.2.3

two dimensional as specified
in subclause 6.4.7.2
variable size tiles as
if (two_dimensional && specified in subclause
!variable size tiles) { 6.4.6.6.4 of the tile
structure associated with
the indexed descriptors and
attributes

v dependent on AT c¢ord size
tlle index 2[i] u(v) as specified in @ubdlause
6.4.6.2.3

if(} > 0) {

tlle offset[i] u(32)

String Index coding|mode
(i.e. compression profiles,
coding mode u(8) to enable controlling the
trade-off between c¢mpression
and querying speed)

A compressed binary|list
of strings, as specilfied
in subclause 7.1.5 4gnd in
Figure 4

compresf$ed string index C8ix gen_info

7.1.4.3 Spmantics
num_AUs is the number of (annotation)access units encoded in this string index.
au_id[i] is fhe (annotation) access umit ID of the ith annotation access unit encoded in this string Index.

au_offset[if is the byte posifign in the uncompressed string index (i.e. uncompressed payload)|encoded in
compressedl_string_index (ofithe first string of the first record of the ith annotation access unit|encoded in
this string Index.

n_tiles is the numbepof data tiles encoded in this string index.

tile_index [1[i] is’the index of the ith tile encoded in this string index. If the associated attribute group is two
dimensiondl and with variable_size tiles == 0, it corresponds to the row index of the tile.

tile_index_2[i] is the column index of the ith tile encoded in this string index, only specified if the associated
attribute group is two dimensional and with variable_size_tiles == 0.

tile_offset[i] is a non-negative integer number representing the byte position, within the uncompressed
string index (i.e. string index payload, as specified in subclause 7.1.4) encoded in compressed_string_index,
of the first string of the first record of the ith tile encoded in this string index. It is specified for 0 <i < n_tiles.
For i == 0, the offset is always 0. tile_offset[i + 1] is never smaller than tile_offset[i].

coding_mode is the string index coding mode, which identifies the compression profile required to decode
this string index, with specific settings for controlling the trade-off between compression and querying
speed. At the moment only value 0 is allowed - it represents the current implementation of the compressed
FM-index. Other values are reserved for future extensions.
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compressed_string_index is a compressed list of strings, as specified in subclause 7.1.5 and in Figure 9.

7.1.5 Compressed string index

The compressed string index is the binary representation of an implementation of a compressed Ferragina-
Manzini full-text index. It supports a number of operations (such as text decoding and backward searches)
in the compressed space. It is used as the underlying engine for all the data structures requiring string

indexing.

The index is implemented on the top of a number of auxiliary data structures (mainly a wavelet tree, a
compressed bitmap and compressed counters) that are detailed in the following subclauses.

7.1.5.1

elper functions

This subcl

huse defines the CompactCountersSize() helper function (see Table 76) used” throughout

subclause 7.1.5. This function computes the size in bytes of the 64-bit aligned compressed-stripg compact

counters data structure specified in subclause 7.1.5.5. The inputs are:

— n,ofty

— bits_ny

pe u(32), the number of counter values in the data structure

m, of type u(32), the size in number of bits of each counter value

Table 76 — Function CompactCountersSize

Decoding H

rocess Remarks

CompactCo

ntersSize(n, bits num) {

return

* sizeof(sa_t) + 8 * Ceil((bits num*n)/64)

7152 C

In this subq

pmpressed string index

lause we describe the main data structure for the compressed string index.

Table 77 — Syntax of compressed string index

Syntax Key Type |Remarks
compressefl string index { csix

Length of the
uncompressed [payload

n u(32) encoded in thlis string
index
Alphabet size. It must

alpha u(32) be greater thlan 0
Interval betwleen two

sampling rate 'sa u(32) |explicitly stlored SA
values
Interval between two

sampling rate_1f u(32) |explicitly stored LF
values

for(i = 0; 1 < 256; i++) {
Encoded symbol

. corresponding to
encode [1] u(le) numerical ASCII value

i

}

for(i = 0; 1 < 256; i++) {
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Table 77 (continued)

Syntax

Key Type |Remarks

decode[i]

Alphabet symb

encoded symbo
encode[1] ret
numerical ASC

c (1)

corresponding to

corresponding to i

ol

11, i.e.
urns the
IT value

}

sa bytes
rate sa),Ceil (Log2(n)))

Size
data

= CompactCountersSize (Ceil (n / sampling in bytes

structur

of the
e sa

rate_lf),

1f bytes

Size
data

CompactCountersSize (Ceil(n / sampling
eil(Tog2 (n)))

in bytes
structur

of the
e 1f

sa

compressed s
compact_eount
size sd )oytes
specilfied in
7.1345.5

ring

ers of

, as
subclause

1f

compressed sy
compact count
size sa bytes
specified in
7.1.5.5

ring

ers of

, as
subclause

wt ()

compressed wal
tree, as sped
subclause 7.1

[velet
ified in
.5.3

}

nis the len

alpha is thg

bth in bytes of the uncompressed payload encodéd'in this string index.

e number of symbols (i.e. byte values) used by:this string index. It must be greater tha

a string index encodes at the very least the uncompressed payload terminator ‘\0".

sampling_
sampling_

sais the co
from 0, exp

If is the con
from 0, exp

wt is the d
encoded in

encode([i] d

decode(i] ¢

Fate_sa is the interval between two suffix array (SA) values explicitly stored in the st
rate_If is the interval between two last-to-first (LF) values explicitly stored in the str

mpressed string compact coulnters of SA values, sampled at intervals of sampling_rate
licitly stored in this stringindex.

hpressed string compact counters of LF values, sampled at intervals of sampling_rate
licitly stored in this'String index.

ompressed wavelet tree storing the Burrows-Wheeler Transform (BWT) of the o
this stringiindex.

ontainsithe symbol by which byte value i is encoded in this string index.

oftains the byte value of the ith symbol encoded in this string index. Symbol \0’

n 0 because

ring index.
ing index.

| sa starting

_If starting

riginal text

(byte value

0) is reserv

ed intermally to mmark theend of the whote uncompressed paytoad-Symbot 5t {byte value 1) is

reserved as string terminator, as specified in subclause 7.2.1 All other symbols are valid symbols for the
encoded payload.

7153 C

ompressed string wavelet tree

This subclause described the data structure (see Table 77) specifying the compressed wavelet tree storing
the Burrows-Wheeler Transform (BWT) of the original text encoded in the string index.
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Table 78 — Syntax of compressed string wavelet tree

Syntax Type Remarks

compressed string wavelet tree {

Length of the uncompressed

n u(32) payload encoded in the string
index
alpha 1 (32) Alphabet size. It must be

greater than 0

for(i = 0; 1 < 257; i++) {

Cumulative number of the
occurrences of the encoded

ei] u(32) symbol corresponding to
numerical ASCII value i
) V3
ISA[0] i.e. the £ in 0 of
the Inverse Suffi¥ Afrray for
red isa 0 u(32) the original @t? ng,| before the
lexicographis. erminptor is
removed Az
The la Lﬁaracter ip the
char red ksa 0 u(32) original strlng( whl:h.replacgs
— =] bl t Xicographic tefminator in
}he educed BWT
num_nodes u(32) <{/4&Amber of wavelet trpe nodes
for(i = Of i < num_nodes; i++){ /\\\\’
com@%&e?ed_
. st . As specified in
nodesfii] O éﬁy let subclause 7.1.5.4
p: de
\< Lengths in bytes of fkhe
bitmap bytes[i] () <:> u(32) compressed bitmaps apsociated
\Q with each wavelet trpe node
\\
) )
. N
i=20 Qb
N
while (i num nodes) { \\
nodes[i] - N QSSR cimpressed7 R ied .
N . string s specified in sub-
comprpssed _string wavelet node \g\ wavelet clause 7.1.5.4
(i,| bitmap bytes) node -
. xQ
++
- &
J fad\
_ . NI The root node of the|wavelet
root = nofes[0] . tree
O
for (1 = PpP; 1 < numﬁnodes;(?SN {
bitmap[fi] = S~) zi@gﬁzﬁSEd, As specified in subcflause
compressedistringibit@tmapibytes [i]) bitmap 7.1.5.6

} O
<

7.1.5.4 Co@ssed string wavelet node

In this subclause we describe the data structure specifying one node of the compressed wavelet tree storing
the Burrows-Wheeler Transform (BWT) of the original text encoded in the string index.
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Table 79 — Syntax of compressed string wavelet node

Syntax Type Remarks
compressed string wavelet node (
curr node, bitmap bytes) {
Minimum encoded
min_char u(le) character for this
node
Maximum encoded
max_char u(le) character for this
node
bitmap bytes array
off bitmap bytes[] offset by curr_
Troce—posHtions
curr nodlet++
Flag o ipdicate
is termlnal = (max char == min char) ? 1 0 if "the node has
any childfren
if (!is|terminal) {
left § complrgssed
stin .
compressed string wavelet node wavelgg Left chilpd node
(¢urr node, off bitmap bytes) nbde -
right|= compressed_
. string . .
compressed string wavelet node wavelet Right chifld node
(¢urr node, off bitmap bytes) node -
}
}

min_char is the minimum encoded character inthe interval defining the node.

max_char |s the maximum encoded charaeter in the interval defining the node.

bitmap_byiftes is the length in bytes of'the payload encoded in this node.

left is the l¢af node at the left side ofthis node.

right is thelleaf node at the right side of this node.

7.1.5.5 Cpmpressedsstring compact counters

This data qtructure-(see Table 80) specifies compact vectors of integer counters whereby eac

representefl as@ bitfield of fixed width.

h integer is

I'able 60 — Syntax ol compressed_string_compact_counters

Syntax Type Remarks
compressed string compact
counters |

n u(32)

bits_number u(32)

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

bitmap[i]

u(bits number)

The counters
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Table 80 (continued)

bits number * n

Syntax Type Remarks
padding bits = 64 *
Ceil ((bits number * n) / 64) - [u(32)

padding

u(padding bits)

Padding to the next 64-bit
boundary with bits of 0

}

n is the number of counters stored in the vector.

bits_number is the dimension in bits of each counter stored in the vector.

bitmapl[i] is a bitfield containing the ith counter value. It is padded to the next 64-bit boundary,
7.1.5.6 Cpmpressed string bitmap
This data sfructure (see Table 81) implements compressed bitmaps. The input variable,size_in_byftes, of type
u(32), is the size in bytes of the data structure.
Table 81 — Syntax of compressed string bitmap
Syntax Type Remarks
compressefl string bitmap (size in bytes) {
n u(32)
superbleck_size u(24)
block_sjze u (8)
superbleck bytes u (32)
classes|bits u(32)
compressed
string e . |
superbldck ranks sampled As specified in subclguse
— - 7.1.5.7
bounded
counters
compressed
string e . |
superbléck offsets sampled As specified in subclguse
- — 7.1.5.7
bounded
counters
block bjlts = Ceil (LogdZ((block size))
num _blo¢ks = classes‘bits / block bits
for (i ¥ 0; i ¢~tum blocks; i++) {
classeés[i] u(block bits)
}
bitmap sTzZe =
8* size in bytes - 128 - Size in bits of the bitmap
8 * superblock bytes - classes bits
. Compressed bitmap. The sequence
bitmap z;:;?mapi of classes and bitmap is padded
to the next 64-bit boundary
padding bits = 64 * Ceil(
(classes bits + bitmap bits) / 64)
- (classes bits + bitmap bits)
. u(padding Padding to the next 64-bit
padding bits) boundary with bits of 0
}
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n is the length of the uncompressed bitmap.

superblock_size is the number of bitmap blocks that form a superblock.

block_size is the number of bits in the uncompressed bitmap that form a bitmap block.

superblock_bytes is the combined size in bytes of superblock_ranks and superblock_offsets.

classes_bits is the combined size in bits of all elements in classes[].

superblock_ranks is the ranks of individual superblocks. The rank of a superblock is the number of ones in

the uncompressed bitmap up to and including the superblock.

superblock_offsets is the byte offsets, each counting from the beginning of the compressed bitmap to

individual s
classes|i] i
bitmap is {

in the samg
defined bit

7.1.5.7 C

This data 3
regular intg

uperblocKs 1n the compressed bitmap.

5 the number of ones in the ith bitmap block.

pmpressed string sampled bounded counters

brvals.

he compressed bitmap consisting of a sequence of index values, one for each bitma
order, that together with block_size and the corresponding block classesjcan point
patterns, which give the uncompressed bitmap blocks.

tructure (see Table 82) implements bounded counters (i.e{, such that counter(i)<i)

Table 82 — Syntax of compressed string sampled bounded counters

b block and
to the pre-

sampled at

Syntax Type Remarks
compressefl string sampled bounded counters {
n u(32)
sampling rate u(32)
| = 1 * 1 *
major rate sampling rate Ceil(le. Log (n) / Superblock samgling rate
Log (samplling rate))
size mior = CompactCountersSize (Cedl (n / sampling . .
= . . - Size of minor dounters
rate),Cel_(Log2(major_rate)))
size major = CompactCountersgige (Ceil (n / major . .
= . - Size of major dounters
rate),Ceil (Log2(n)))
compressed
. string
major _
compact
counters
compressed
. string
minor -
compact
counters

}

n is the length of the unsampled counters.

sampling_rate is the interval at which the counters are sampled.

major consists of counter values that correspond to major intervals, each containing multiple superblocks.
The ith major counter value major_count[i] gives the cumulative number of 1 bits up to but excluding the ith
major interval, counting from the beginning of the uncompressed bitmap, with major_count[0] = 0.

minor consists of counter values that correspond to the superblocks specified in subclause 7.1.5.6 7.1.5.6.
The ith minor counter value minor_count[i] gives the cumulative number of 1 bits up to and including the ith
superblock, counting from 0 at the beginning of each major interval.
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7.2 Decoding and querying processes

The following subclauses specify how uncompressed string index payloads shall be structured, queried,
and decoded. In turn, such processes are defined in terms of a number of additional processes, each one
operating on one or more of the data structures that make up the string index.

7.2.1 String index payload

7.2.1.1 General

The string index payload is the uncompressed string index (see Table 83) encoded within compressed_
string_ 1ndex If useTlles is 0, it contalns a llst of strings and the assoc1ated optlonal record indexes, ordered
Adne e—'5) and, for
each annotlon access unlt, per record (followmg the same order of the records w1th1n the|annotation
access unit). The total number of strings in the uncompressed index is totNumRecords*numStrings, where
totNumRedords is the total number of records of all annotation access units identified by aau_id[]|. If useTiles
is 1, it contains a list of strings and the associated optional record indexes, ordered per annotatiEn data tile

(following the same order of data tile index(es) in Table 74) and, for each annotation@ata tile, per fecord. The
total numbgr of strings in the uncompressed index is totNumRecords * numStrings, where totNumRecords
is the totalnumber of records of all annotation data tiles identified by tile_index 1[] and, if applicable, also
tile_index_2[]. The variables numStrings, tile_index_1[] and tile_index_2[} aré specified in subg¢lause 7.1.4.
The uncompressed payload terminator ‘\0’ shall be appended to the string‘index payload beforel generating
the comprelssed string index.

7.2.1.2 Syntax and semantics

Table 83 — Syntax of uncompressed string index encoded'in the compressed string index element of
a string indexelement.

Syntax Type Remarks

uncompresfed string index(si) { si is a string index as spgqcified in
subclause 7.1.4.

uncompressed index (si) is fthe result
of decoding si.compressed jndex

totNumRecords is the total |number of
records of all annotation data tiles
identified by tile index 1[] and, if
applicable, also tile indey 2[].

for(i =|0; i < totNumRecords \¥d+) {

record index[i] [] u(8) []

for(jl= 0; J < si.gumStrings; j++) {
string[i][7][] u(8) [1]
string_ terminator u(8)

}

Figure 4 summarizes an example of the uncompressed index specified in this subclause with numStrings
equal to 3.

record_index[i] is an optional element (not present when its length is zero), whose presence is signaled
by setting the most significant bit on all the bytes of record_index[i]. Setting the most significant bit also
prevents from obtaining false-positive results when searching for substrings, since all bytes in the string[i]
[i] field have the most significant bit unset as specified in this subclause for string[i][j] element. The number
of bytes is comprised between 0 (i.e. record_index][i] is not present) and 6. All bytes in record_index[i][] shall
have the two most significant bits set to 0b10. If n > 1, record_index[i][0] shall not be equal to 0x80.
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When record_index|[i] is present and it is N bytes long, it represents a non-negative integer value as specified
in the following expression:

N-1
recordIndexValue[i]= 2 (record _index[i][n]& 0x7F) < ((N—-1-n)*7)
n=0

where recordIndexValue[i] corresponds to the 0-based index, within the corresponding Annotation Access
Unit, of the Record corresponding to string[i][] strings.

string][i][j] is the jth encoded descriptor/attribute of the ith record. All bytes in string[i][j][] shall encode
a valid UTF-8 string, as specified in ISO/IEC 10646, that does not contain any occurrence of bytes 0x00 or
0x01. If useTiles is 0, the strings shall be ordered per annotation access Unit (following the same order of
the annotati its i i i ing the same
order of the Records within the annotation access unit). If useTiles is 1, the strings shall bé-grdered per
annotation|data tile, following the same order of the data tile index(es) in Table 75 and, for each data tile, per
record). If the data tile is two dimensional, a record shall correspond to a cell in the til¢ arranged in row-
major orde}. For each record, the strings of the indexed descriptors and attributes shall*‘be concatenated in
the same ofder as their IDs listed in the attribute value index as specified in subclausel6.5.2.4.5.

string_terminator is a single byte equal to 0x01 (i.e. ‘\1).

recidx[1] | [ stringfojfo] N&| stringoji1] [\ stringf0][2] \1
=_=1 rec_idx[1] string[1][0] \1 string‘[lr]fli]i \1 string[1][2] \1
Strins rec;lfzm string[2][0] \1 string[z][1j "\l string[2][2] \1
for] string[3][0] \1 string[3][1] ’\\1 string[3][2] \1
AUD rec_idx[4] string[4][0] \1( 7]str7ing[4-][1] \1 string[4][2] \1
rec_idx[n+2] string[n][0] '\1 sitrrirrlg[n][l] \1 string[n][2] \1
Strings == string[n+1][91 \1 string[n+1][1] '\1 string[n+1][2] \1
for rec_idx[n+2] string[n+2][0] \1 string[n+2][1] \1 string[n+2][2] \1
AU 1 )

Figure 9 — Example of uncompressed index of string index, in the case of numStrings equal to 3

7.2.2 Helper functions

This subclause defines helper functions which are used throughout subclause 7.2 to describe th¢ rest of the
decoding progesses.

7.2.2.1 CompactCountersGet

The helper function CompactCountersGet shall return the counter at a specified index from the data
structure of type compressed_string_compact_counters.

The inputs of this helper function are:

— ccis adata structure of type compressed_string_compact_counters as specified subclause 7.1.5.5.

— i, of type u(32), the index to the counter to be returned .

The output of this function is the counter at position i of the compact counters cc of type compressed_string_
compact_counters.
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7.2.2.2 SampledBoundedCountersGet

The helper function SampledBoundedCountersGet shall return the counter at a specified index from the
data structure of type compressed_string_sampled_bounded_counters.

The inputs of this helper function are:

— sbcis a data structure of type compressed_string_bounded_counters as specified in subclause 0

— iisaninteger denoting the index into the counters stored by the data structure sbc of type compressed_

string_

bounded_counters.

The output of this helper function is the counter at index i*sbc->sampling_rate into the data structure sbc of
type compressed_string_bounded_counters, and has type u(32).

7.2.2.3 BitmapDecodeBlock

The helper
under the b

The inputs
— block_3
ones, o
encode

The output
contained ¥

function BitmapDecodeBlock shall return the decoded bitmap block of a particular b

lock stored
b.6.

itmap field of the data structure compressed_string_bitmap defined in subgclause 7.1.
pf this helper function are:

ize, of type u(8), denoting the length of the bitmap block containedin the input varial
f type u(8) is the number of non-zero bits in the input variable)encoded.

d, of type u(64), contains a bitmap block.

of this function is the variable res of type u(64); which is the decoded contents ¢
vithin the variable encoded.

7.2.2.4 BitmapGetRankAndBit

The helper
uncompres

The inputs
— bitmap
— pos, off
The output
rank, o

bit, of t

function BitmapGetRankAndBit shall return the rank and the bit at a particular posit
5ed bitmap field of the data structure compressed_string_bitmap defined in subclaus

le encoded.

f the block

ion into the
b 7.1.5.6.

pf this helper function are:

stored under compressed(string_bitmap->bitmap as defined in subclause 7.1.5.6.

ype u(32), the position'for which the rank and the bit shall be computed in the uncompre
5 of this helper funcétion are:
Ftype u(32),4£henumber of non-zero bits up until to the position specified by pos, excludi

ype u(1), the bit at position pos

bsed bitmap

hg pos itself

7.2.3 SuTstring decoding process

This process specifies in Table 84 how to decode a range of characters (i.e., a substring of the original
uncompressed string) from a compressed string index.

Inputs are:

— csi, a compressed string index, as specified in subclause 7.1.5, from which to extract a substring.

— start, the u(32) position in the uncompressed string index of the first byte to decode (inclusive)

— end, the u(32) position in the uncompressed string index of the last byte to decode (inclusive)

start shall not be greater than end.

end shall be smaller than csi->len.
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The output is the variable res, containing the substring specified by the inputs start and end, which has
type st(v).

Table 84 — Decoding process to extract a substring from a compressed string index

Decoding process Description
compressed string index decode (csi, start, end) {

pos = compressed string index inverse (
csi, end + 1 >= ¢csi.n ? 0 : end + 1)

V74

As specified in sub-clause 7.2.4

res = It has type st(v). Empty string

len = end - start + 1

for(i = _0: 1 len:; i+44) {
ch = ¢ompressed string index decode char ( Type c(l). As specified in sub-
csi, pos) clause 7.2.5
res =|ch + res
pos =|compressed string index LF(csi, pos) As specified'in sub-clajuse 7.2.6

7.2.4 Sulffix array lookup process

This proceps specifies in Table 85 how to compute the suffix array-of a given position in a gompressed
string indek.

The inputs pre:

— csiis thhe compressed string index, as specified in subelause 7.1.5.2

— pos, the u(32) position in the uncompressed strifig index for which the suffix array of the pgsition shall
be computed.

pos shall b¢ smaller than csi.n.

The output|is the variable res, which contains the suffix array element at position pos and has type u(32).

Table 85 — Decoding process to compute the suffix array of a position of the compressed s{ring index

Decoding Hrocess Remarks
compressefl string index  leokup (csi, pos) {
dist =
while (pos % csaxsampling rate sa > 0) {
pos =|compressed string index LF(csi, pos) As specified in sub-clayse 7.2.6
dist+t
}
res = ( CompactCountersGet ( As specified in sub-

. . . clause 7.2.1.1
csi.sa, pos / csi.sampling rate sa)

+ dist ) % csi.n

7.2.5 Inverse suffix array process

This process specifies in Table 86 how to compute the inverse suffix array (ISA) element i for a given position
pos in a compressed string index such that SA[i]=pos.
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— csiis the Compressed String Index, as specified in subclause 7.1.5.2

— pos is the u(32) position for which the ISA shall be computed.

pos shall always be smaller than csi->len.

The output is the variable i, which contains the inverse suffix array element at position pos and has type u(32).

Table 86 — Decoding process to compute the inverse suffix array of a position of the Compressed

String Index

Decoding Process

Remarks

compressefl string index inverse(csi, pos) {
pos = c$i.n - pos
dist = pos % csi.sampling rate 1f
i = CompactCountersGet ( As specified~iny sub-clagse 7.2.1
c$i.lf, pos / csi.sampling rate 1f)
while (qiist > 0) {
1 = cf¢mpressed_string_ index LF(csi, 1) As spgedified in sub-clagse 7.2.6
dist-t
}
}
7.2.6 Character decoding process
This process specifies in Table 87 reconstructing the character which used to be at a specified|position in
the original, uncompressed string given a compressedstring index and a position within it.
The inputs pre:
— csiis thhe compressed string index, as specified in subclause 7.1.5.2
— posis the u(32) position of the character to decode
The outputfis res, which contains thejcharacter decoded, and has type u(8).
Tahle 87 — Decoding process to extract one character from a compressed string index
Decoding Hrocess Remarks
compressefl string {adex decode char (csi, pos) {
where =|pos
node = ¢si.wtl.root
while (|node->is terminal) {
{ rank, bit } = As specified in sub-
BitmapGetRankAndBit (node.bitmap, where) clause 7.2.1
if (bit) {
where = rank
node = node.right
} else {
where -= rank
node = node.left
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Table 87 (continued)

Decoding Process

Remarks

}

res = no

de.min char

7.2.7 LF-mapping process

This process specifies in Table 88 how to compute the last-to-first mapping (LF-mapping) for a position
given a compressed string index and a position within it,

AR EALA. A Ctein g Taday oo caoaoifiad

loca 71.CD
oo

csiis th

The output|is res, which contains the LF-mapping for the position pos, and has type u(32).

al g Tadas 1£3 i ol
CCUTIPT CSSCU Ot T g Ot A aS SpPpCtImIC U T sUoCTat ST 7 - O

pos is the u(32) position of the LF-mapping to compute

Table $8 — Process to compute the LF-mapping for a position of the compréssed string index

Decoding H

rocess

Remarks

compresse

| string index LF(csi, pos) {

where =

pos

node = ¢si.wt.root

while (

node.is terminal) {

{ ran
Bity

k, bit } =
hapGetRankAndBit (node.bitmap, where)

As specified in subclauge 7.2.1.4

if (bit) {
whefe = rank
nod¢ = node.right
} els¢ {
whefe -= rank
nod¢ = node.left
}
}
if ( pog == csi.wt.reddsa 0 ) {

returf csi.wt.c[nodejymin char]

< csdwt.red isa 0) {

e.min_¢har == csi.wt.char red isa 0 &&

returfp gsi<wt.c[node.min char]

+ where + 1

}

res = cC

si.wt.c[node.min char] + where

7.2.8 Extended LF-mapping process

This process specifies in Table 89 how to compute the LF-mapping of the last occurrence of encoded
character ch in the compressed string index with position < pos. If ch does not exist in position < pos or
pos == 0, it returns the total number of occurrences of all characters in the alphabet with lexicographic
order smaller than that of ch. If pos == n, it returns the total number of occurrences of all characters in the

alphabet with lexicographic order < that of ch. The inputs are:

— csi, a compressed string index, as specified in subclause 7.1.5.2
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— ch, acharacter
— pos,au(32) position of the extended LF-mapping to compute

The output is res, which contains the extended LF-mapping for the position pos, and has type u(32).

Table 89 — Process to compute the extended LF-mapping for a position of the compressed string index

Decoding Process Remarks

compressed string index ELF(csi, ch, pos) f{

if (pos == 0) {

res = csi.wt.c[ch]

} else T (pos==csi.wt.ni) [

res =|csi.wt.c[ch + 1]

res =|pos

node F csi.wt.root

while| (!node.is terminal) {

{ rénk, bit } =
BltmapGetRankAndBit (node.bitmap, res)

As specified in subclause [.2.1.4

if [node.min char == ch) {

r¢s —-= rank

npde = node.left

} else {

r¢s = rank

n¢de = node.right

res +F wt.c[ch]

7.2.9 Substring position search process

This procegs specifies in Table’90 how to find all the occurrences of a pattern in the original, un¢gompressed
string given a compressed'string index and a substring. The inputs are:

— csi, a cpmpressed(string index, as specified in subclause 7.1.5.2, in which the positions of the selected
substring are searched.

— text, the searched substring. It shall be a valid UTF-8 string, as specified in ISO/IEC 10646

The output is the variable res, which contains the starting positions of the text in the uncompressed string
index, which has type array of u(32), and can be empty.

Table 90 — Decoding process to search for substring positions within a compressed string index

Decoding Process Remarks

compressed string index search(csi, text) |

lo =0
hi = csi.n
len = Size (text) Number of bytes in text

while (len > 0) {
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Table 90 (continued)
Decoding Process Remarks
len = len - 1
ch = text[len] len-th byte in text, with type u(8)
code = csi.encode([ch]
if ((0x80 & code) > 0) { lerilEerpret the first bit as the sign
code = - (0x7F & code) i:tszt?de to negative if the sign bit
}
if (code < 0 || lo == hi) { No result found
len|= 0
. U2
lo ¥ hi (\l/
——
} els¢ { ¢ l/
LN
lo § compressed string index ELF( As specified in é‘,lause 2 b 4
si, ch, 1lo) o
‘ N4
hi ¥ compressed string index ELEF( As specified(ﬂy subclause 7.p.7
si, ch, hi) L)
| N
) O
_ En‘g&'}array of u(32) with type u(32)
res = [ [@ ~ 1ol
for (i =[lo; 1 < hi; i++) { ~F
. - N
res(1 lo]l o o \Q As specified in 7.2.3
compressed string index lookup(csi, 1) \\
LY
}
7.
) o
7.2.10 Searching for substring positions w@% the string index
)
This procegs specifies in Table 91 howq‘uﬁ)ositions within the uncompressed index of a given substring are
searched with the string index. C)\\C)
— si, a stifing index as specified in subclause 7.1.4
— text, thle searched sub&t)fﬁ%which shall be a valid UTF-8 string, as specified in ISO/IEC 106#6
The output is the Vari@e’ res, which contains the starting locations of the text, which has type array of
u(32), and ¢an be e )
NS
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Table 91 — Searching substring positions with the string index

Decoding Process

Remarks

SI search substrings (si,

text) |

positions([] =

compressed string index search(

si.compressed string index,

text)

operation, as specified in
7.2.8

positions.
be empty.

positions have tvpe u(32)1[

Compressed String Index search

This operation returns an array of
The returned array may

The positions in the returned
array are byte positions within
the uncompressed string index.

subclause

The

res = p

sitions/[]

7.2.11 De

This procedure specifies in Table 92 how to decode the string index between a given start and e

inclusive.

The inputs
— si, asty
— start, t

— end, th

coding a subset of the string index

Are:

start shall not be greater than end.

The output

ing index as specified in subclause 7.1.4

he u(32) starting position of the substring in the ungompressed string index

b u(32) ending position of the substring in the uicompressed string index

is the variable decodedPayload, which €entains the decoded payload, and has type st

Table 92 — Decoding a substring at a given position with the string index

hd position,

(V).

si.c

mpressed string ihdex, start, end)

Decoding Hrocess Remarks

SI decode|si, start, end) {
decodedbayload = Compressed String Index decodle
compregsed string index. decode ( operation as specified in sul-

clause 7.2.2.

7.2.12 De

This proces

in a string index.

roding dll)the strings of a specific annotation data tile

s specifies in Table 93 how to decode all the strings for one specific annotation data f

ile encoded

The inputs

— si, astring index as specified in subclause 7.1.4.

are:

— auld, corresponds to one of the ID of one of the annotation access units encoded in si.

— tileIndex1 and, optionally, tileIndex2, both of type u(64), corresponding to respectively the first and
second indexes of the annotation data tile encoded in string index si.

The output is the variable res, which contains, the bi-dimensional array of strings, with the index for first
dimension identifying a record within the data tile, and the index for the second dimension identifying a

string with

in that record.
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Table 93 — Decoding all the strings of one specific annotation data tile from the string index

Decoding Process Remarks

SI decode tile(si, auld, tilelIndexl, tilelIndex2) {

end = si.compressed string index->len u(32)

searching = 1

if (useTiles == 0) {

i = si.num AAUs - 1

} else if (useTiles == 1) {

i =si.n tiles -1

Check if there exists a second tile

index .
tile Index 2 exists = two dimensional as specifiqﬁ?}q
- L L4.7.
(tw¢ dimensional && subclause 6.4 2 Q

variable size tiles a *gldecified
in subclause 6.4.6.6.4,0f the file

structure associat ith the [indexed
descriptors and a butes

lvdriable size tiles)

} n,°

while (s¢arching) { Look for th: notation Access|Unit

with ID e to auld
if (ufeTiles == 0) f OY
seafch condition = aau id[i] != auld &\\O
} els¢ if (useTiles == 1) ( yo O\
search condition = si.tile index 1[i] != <D‘
tileIndex Q
|| (tile index 2 exists && 0\\
Sf.tile index 2[1i] != tileIndex2) ni\
) R
if (s¢arch condition) { n$
end|= si.tile offset[i] RN u(32)
i-- \O
} els¢ { ‘x(-\)b
seafching = 0 O\\
if(d > 0) | K
start = si.tileiq’fﬁet[i] u(32)
} else { “U'
sfart = 0 AN u(32)
} O
) ~

) R

3

Concatenation of all the strings,
record indexes and string separators
decodedPayload = for the matching data tile, according
SI decode (si, start, end - 1) to the string index payload specified
- in sub-clause 1.1.1. SI decode is
specified in 7.2.10. Has type st (v)

recordCount = 0

stringCount = 0

currString = “” Empty string, has type st (v)
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Table 93 (continued)

Decoding Process

Remarks

res = {}

Empty bi-dimensional array of strings,
with the index for first dimension
identifying a record within the data
tile, and the index for the second
dimension identifying a string within
that record. Has type st(v)[]I[]

len = Size (decodedPayload)

Number of bytes in decodedPayload has
type u(32)

for(i = 0; i < len;

i++) |

ch = decodedPayload[i]

Has type c (1)

chVal|= Ord(ch)

Hrere—ordty tte—ommerTral ASCIIT

value of ¢ has type u(8)

LICSLULIIS

if (chyal == 1) {

Check for string terminat@n

urrString

res|recordCount] [stringCount] =

74

cur¥String =

Empty string

if ($tringCount < si.numStrings - 1) {

stringCount++

} else {
stringCount = 0
r¢cordCount++
}
At the beginning of a string, pkip the
} els¢ if (currString != W7 bytes containing the optional [ecord
|| (chval & 0xCO != 0x80)) { index, otherwise concatenate the
current byte to the current stfing.
cur¥String = currString + ch

7.2.13 Refrieving whole strings with the string index

This process specifies in Table 94 how to decode a whole string and its start position, corresp
position within the uncomptessed index, e.g. one position from the list of positions returned by
substrings() as specified insubclause 7.2.10, with the String Index.

The inputs pre:

— si,is a §tring'idex as specified in subclause 7.1.4

— pos, the poSition in the uncompressed index of type u(64)

pnding to a
SI_search_

The outputs are the variables string and start; string has type st(v) and contains the uncompressed string, and
start has type u(32) and contains the position of the uncompressed string within the uncompressed index.
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Table 94 — Retrieving whole strings with the String Index

Decoding Process Remarks

SI decode string(si, pos) {

string = SI decode(si, pos, pos) iigifziii(;_zflzpeCified in
searching = 1 Has type u(l)
recIndexBytes = 0 Has type u(32)
for(i = pos - 1;
i >= 0 && searching; i--) {
SI decode() as specified in

ch = SI decode(si, 1, 1) subclause 7.2.10. Has type c(1).

— Where Ord () returns the numerical
chVal|= Ord(ch) ASCII value of ch, has u(8)
if (chyal == 1) { (@) -

seafching = 0 r\.V
} els¢ { d\b
- - A\ )
strlng ch + string ‘,-\0)
if (¢hval & 0xCO == 0x80) { A record j,ndel}{ may be encod¢d here
L - A
r¢cIndexBytes = recIndexBytes + 1 \\\Q/
} else { O\
r¢cIndexBytes = 0 e\\
} 1O
) °
\"4
) X
. ) ; N\
string ¥ strslice(string, recIndexBytes) g\\}
start =|i1 + 1 + recIndexBytes (%) ) Has type u(32)
searchifg = 1 \Q‘ Has type u(l)
for(i =|pos + 1; searching; i++) { o >N
3¢ SI decode() as s ified i
_ . . . L pecified in
ch I_decode(si, 1, 1) \O subclause 7.2.10. Has type ¢(1).

B . Where Ord() returns the numg¢rical
chvalj= Ord(ch) ,.\\CJ ASCII value of ch,has type $(8).
if (chfal = 1) { N Check for string terminator

string = string + i’l’_‘)@
} els¢ { C)
seafching = 0 .
.@
i X
\ 4
} =
) R,
\V

strslice(string, recindexBytes) is a function that removes the first recIndexBytes characters at the beginning
of the string.

7.2.14 Retrieving data tile index(es) associated with a position and record indexes

This process is specified in Table 95. Given a position within the uncompressed index of a byte that belongs
to a string encoded in the compressed index, e.g. one position from the list of positions returned by SI_
search_substrings() as specified in subclause 7.2.10, the annotation access unit ID of the annotation access
unit that contains the said string, the index of the record that contains the said string if useTiles is 0, or the
data tile index(es) of the annotation data tile containing the said string if useTiles is 1, the index of the record
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containing the said string, and the index of the said string within the said record are decoded with the string
index as described in the following points:

1.

uncompressed index.

against the values of aau_offset[] as specified in

aau_id[] as specified in Table 75:

If pos < aau_offset[1], then the resulting Annotation Access Unit ID is aau_id[0]

The input byte position pos identifies the string str that contains the byte at position pos within the

If useTiles is 0, the ID of the annotation access unit that contains str is determined by comparing pos
Table 75, and retrieving the corresponding value au

If pos >= aau_offset[num_AAUs-1], then the resulting Annotation Access Unit ID is aau_id[num_AAUs-1],

with n

m_AAUs as specified in Table 75

Otherw
Access

If useT
pos agg
tile_ina

If pos < tile_offset[1], then the resulting tile indexes are the tileindex_1[0] and, if av3

tilg

If pos >= tile_offset[n_tiles-1], then the resulting tile indexesZare tile_index_1 and, if av

tilg
Ot
ind

Decodgq
index 1
of the

set to 0. While decoding backward, count-the number of string terminators recordIndex

termin

If a dat
column

reg

where
order i

Given {
Annot3
Record

Fise, for all the values of i such that aau_offset[i] <= pos < aau_offset[i+i], the resulfing
Unit ID is aau_id[i].

les is 1, the tile index(es) of the annotation data tile containing str is determined by
inst the values of tile_offset[] as specified in Table 75, and retrieving the:correspondi
ex_1[] and, if available, also in tile_index_2[] au aau_id[] as specifiedin Table 75:

_index_2[0].

_index_2[n_tiles-1], with n_tiles specified in Table 75.

nerwise, for all the values of i such that tile_offset|i] <= pos < tile_offset[i+i], the re
exes are tile_index_1[i] and, if available, also tile/index_2[i].

ecordIndex (with record index as specified in subclause 7.1.4) or until reaching thg
ompressed index. If the beginning of the compressed index is reached, then the rec

htors as specified in subclause 7.1.4)

a tile is two dimensional, recordIndex corresponds to a cell at (i, j), which are 0-bas
indexes counting from the\top-left corner of the tile such that

ordIndex =i * n_cols_in_tile +j

h_cols_in_tile is theinumber of columns in the data tile, since cells are concatenated in
h the uncompressed string index.

he numbér-of indexed strings per record numStrings as specified in subclause 7.

Annotation

comparing
hg values in

rilable, also

hilable, also

sulting tile

the compressed string index backward fromposition pos - 1 either until decoding a wihole record

b beginning
ordIndex is
with string

ed row and

row- major

1.4 and the

tion Access Unit determined at point 2, the index within the said Annotation Access
thatcontains str is equal to recordIndex + stringIndex / numStrings if useTiles is 0.

Unit of the

Given

hée number of indexed strings per record nanh‘ingc as cpm‘ifipd in subclause 7
[=]

4 and the

annotation data tile determined at point 2, the index within the said data tile of the record that contains
stris equal to recordIndex + stringIndex / numStrings if useTiles is 1.

Given the number of indexed strings per record numStrings as specified in subclause 7.1.4 and the
record determined at point 3, the index within the said Record of the string str is equal to stringlndex %
numStrings.

The inputs are:

— si, astring index as specified in subclause 7.1.4

— pos, a position within the uncompressed index of type u(64)
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