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Foreword

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

A |
VOTI\T

[he procedures used to develop this document and those intended for its further aain
hire described in the ISO/IEC Directives, Part 1. In particular, the different approval

fenance
criteria

heeded for the different types of document should be noted. This document was drafted in

Lives or

hccordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.isg@.org/direc
www.iec.ch/members_experts/refdocs).

Attention is drawn to the possibility that some of the elements of this document may be the
bf patent rights. ISO and IEC shall not be held responsible for identifying any or all such
Fights. Details of any patent rights identified during the development\0f'the document will b
ntroduction and/or on the ISO list of patent declarations received (sée www.iso.org/patents) or
ist of patent declarations received (see https://patents.iec.ch).

Any trade name used in this document is information given/for-the convenience of users and d
ronstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific ter
bxpressions related to conformity assessment, as\well as information about ISO's adher
the World Trade Organization (WTO) principles’ in the Technical Barriers to Trade (TH
wvww.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

['his document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information tec
bubcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

A list of all parts in the ISO/IEC 15938 series can be found on the ISO website and IEC websites.

Any feedback or questions on this document should be directed to the user’s national stg
pbody. A complete listings-of these bodies can be found at www.iso.org/members.htj
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patent
b in the
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oes not
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lwww.iec.ch/national-conlmittees.
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Introduction

Artificial neural networks have been adopted for a broad range of tasks in multimedia analysis and
processing, media coding, data analytics and many other fields. Their recent success is based on the
feasibility of processing much larger and complex neural networks (deep neural networks, DNNs)
than in the past, and the availability of large-scale training data sets. As a consequence, trained neural
networks contain a large number of parameters and weights, resulting in a quite large size (e.g. several
hundred MBs). Many applications require the deployment of a particular trained network instance,
potentipHyto-atargernumberof-devieeswhich-may-have imitationsinterms-oef processing power-ang
memory (e.g. mobile devices or smart cameras), and also in terms of communication bandwidth. Any
use casg, in which a trained neural network (or its updates) needs to be deployed to a number of devices
thus bepefits from a standard for the compressed representation of neural networks.

Considgring the fact that compression of neural networks is likely to have a hardware dependent ang
hardwdre independent component, this document is designed as a toolbox of compressientechnologies
Some of these technologies require specific representations in an exchange formrat (i.e. sparse
repres¢gntations, adaptive quantization), and thus a normative specification forrepresenting outputg
of thes¢ technologies is defined. Others do not at all materialize in a serialized“representation (e.g
pruning), however, also for the latter ones required metadata is specified. This‘document is independen{
of a parficular neural network exchange format, and interoperability with egmmon formats is described
in the ahnexes.

This document thus defines a high-level syntax that specifies requived metadata elements and related
semantjcs. In cases where the structure of binary data is to be specified (e.g. decomposed matrices) this
documgnt also specifies the actual bitstream syntax of the respective block. Annexes to the documen({
specifyfthe requirements and constraints of compressed neural network representations; as defined iy
this dogument; and how they are applied.

— Anhex A specifies the implementation of this docuiment with the Neural Network Exchange Formaf
(NNEFY), defining the use of NNEF to represent@etwork topologies in a compressed neural network
bittream.

— Anpex B provides recommendations forthe implementation of this document with the Open Neura
Nefwork Exchange Format (ONNX®)2);defining the use of ONNX to represent network topologies in
a compressed neural network bitstream.

— Annex C provides recommendations for the implementation of this document with the PyTorch®3
format, defining the reference to PyTorch elements in the network topology description of 2
compressed neural network bitstream.

— AnpexD provides reCemmendations for the implementation of this document with the Tensorflow®#*
format, defining.the reference to Tensorflow elements in the network topology description of ¢
compressed neutal network bitstream.

— Anfpex E provides recommendations for the carriage of tensors compressed according to this
doqumentin third party container formats.

The compression tools described in this document have been selected and evaluated for neura

networks used in applications for multimedia description, analysis and processing. However, they may

1) NNEFisthetrademark ofaproduct owned by The Khronos® Group. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO/IEC of the product named.

2) ONNX s the trademark of a product owned by LF PROJECTS, LLC. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO/IEC of the product named.

3) PyTorch is the trademark of a product supplied by Facebook, Inc.. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO/IEC of the product named.

4) TensorFlow is the trademark of a product supplied by Google LLC. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO/IEC of the product named.
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be useful for the compression of neural networks used in other applications and applied to other types
of data.

The International Organization for Standardization (ISO) and International Electrotechnical

Commission (IEC) draw attention to the fact that it is claimed that compliance with this document may
involve the use of patents.

[SO and IEC take no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured ISO and IEC that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with ISO and IEC. Informatjon may
be obtained from the patent database available at www.iso.org/patents.

Attention is drawn to the possibility that some of the elements of this document may be the|subject
pf patent rights other than those in the patent database. ISO and IEC shall not be held respongible for
dentifying any or all such patent rights.
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Information technology — Multimedia content description

interface —

description and analysis

Scope

[his document specifies Neural Network Coding (NNC) as a compressed)representation
barameters/weights of a trained neural network and a decoding process for the com
Fepresentation, complementing the description of the network topology/in-existing (exchange)

for neural networks. It establishes a toolbox of compression methods,-specifying (where applica
resulting elements of the compressed bitstream.

[his document does not specify a complete protocol for the~ransmission of neural netwol
focuses on compression of network parameters. Only the syntax format, semantics, associated d
brocess requirements, parameter sparsification, paramneter transformation methods, pai

specified, while other matters such as pre-processing; system signalling and multiplexing, d
Fecovery and post-processing are considered to be@utside the scope of this document. Addition
nternal processing steps performed within a decoder are also considered to be outside the scop
Hocument; only the externally observable output behaviour is required to conform to the specif
bf this document.

P Normative references

[he following documents are reférred to in the text in such a way that some or all of their

indated references, the ldtest edition of the referenced document (including any amendments)
SO/IEC 10646, Inforination technology — Universal coded character set (UCS)

SO/IEC 60559, Information technology — Microprocessor Systems — Floating-Point arithmetic
ETF RFC 1950; ZLIB Compressed Data Format Specification version 3.3, 1996

NNEF-v10:3, Neural Network Exchange Format, The Khronos NNEF Working Group, Versio
020306-12 (https://www.khronos.org/registry/NNEF/specs/1.0/nnef-1.0.3.pdf)

of the
bressed

formats
ble) the

'ks, but
bcoding
ameter

juantization, entropy coding method and integration/signalling within existing exchange fornpats are

hta loss
hlly, the
b of this
cations

content

constitutes requirements of this document. For dated references, only the edition cited applies. For

hpplies.

n 1.0.3,

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

© ISO/IEC 2022 - All rights reserved
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31
aggregate NNR unit
NNR unit which carries multiple NNR units in its payload

3.2
compressed neural network representation
representation of a neural network with model parameters encoded using compression tools

3.3
decomposition
transfofmation to express a tensor as product of two tensors

34
hyperpgarameter
paramdter whose value is used to control the learning process

3.5
layer
collectipn of nodes operating together at a specific depth within a neural network

3.6
model parameter
coefficipnts of the neural network model such as weights and biases

3.7
NNR unit
data stifucture for carrying (compressed or uncompressed) netiral network data and related metadata

3.8

pruning
reductipn of parameters in (a part of) the neural network

3.9
sparsiffication
increasg of the number of zero-valued entries of a tensor

3.10
tensor
multidimensional structure grouping related model parameters

4 Abbreviated terms,conventions and symbols

4.1 eneral

This sybclause\contains the definition of operators, notations, functions, textual conventions ang
procesges used'throughout this document.

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

4.2 Abbreviated terms

DeepCABAC Context-adaptive binary arithmetic coding for deep neural networks

LDR Low displacement rank

2 © ISO/IEC 2022 - All rights reserved
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LPS Layer parameter set
LR Low-rank
LSB Least significant bit
MPS Model parameter set
MSB Most significant bit
NN Neural network
NNEF Neural network exchange format
NNC Neural network coding
NNR Compressed neural network representation
5VD Singular value decomposition
1.3 List of symbols
['his document defines the following symbols:
A Input tensor
B Output tensor
B}(l Block in superblock j of layer k
b Bias parameter
C; Number of input channels.of a convolutional layer
Co Number of output chiannels of a convolutional layer
C;f Number of channels of tensor in dimension j and in layer k
c;-(' Derived number of channels of tensor in dimension j and in layer k
dj-( Deptirdimension of tensor at layer k
g Parameter of f-circulant matrix Z,
F Parameter tensor of a convolutional layer
f Parameter of f-circulant matrix Zf
Gy Left-hand side matrix of Low Rank decomposed representation of matrix W)
Hj, Right-hand side matrix of Low Rank decomposed representation of matrix W,
h}‘ Height dimension of tensor for layer k
K Dimension of a convolutional kernel
Loss function
L. Compressibility loss

© ISO/IEC 2022 - All rights reserved 3
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Ly Diversity loss

L Task loss

Ly Training loss

M Feature matrix

M, Pruning mask for layer k

m Sparsification hyperparameter

m; i-th row of feature matrix M

ni? Kernel size of tensor at layer k

nk Dimension resulting a product of njf

p Stochastic transition matrix

p Pruning ratio hyperparameter

Pij Elements of transition matrix P

q Sparsification ratio hyperparameter

S Importance of parameters for pruning
55_{ Superblock in layer k

S Local scaling factors

s? Size of superblock in layer k

u Unification ratio hyperparameter

w Parameter tensor

w, Weight tensor of [th-layer

W, Parameter tenser of layer k

Wk Low Rankyapproximation of W),

w Parameter vector

V? Width dimension of tensor for layer k.
Wy Yeetor-of-weightsfor-thei-th-filter-inthe-thiayer
w' Vector of normalized weights for the i-th filter in the [-th layer
X Input to a batch-normalization layer
Z, f-circulant matrix

Zs f-circulant matrix

o Folded batch normalization parameter

4 © ISO/IEC 2022 - All rights reserved
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Combined value for folded batch normalization parameter and local scaling factors

Batch normalization parameter

Ye Compressibility loss multiplier

Y Batch normalization parameter

) Folded batch normalization parameter
: Scalar close to zero to avoid division by zero in batch normalization
7 Eigenvector

A Compressibility loss weight

Nq Diversity loss weight

i Batch normalization parameter

T Equilibrium probability of P

4 Sparsification pruning threshold

p Smoothing factor

nteger

Float

1.4 Number formats and computation conventions

['his document defines the following number formats:

Integer number which maysbe arbitrarily small or large. Integers are also ref

as signed integers.

insigned integer Unsigned integer that' may be zero or arbitrarily large.

Floating pointlnumber according to ISO/IEC 60559.

f not specified otherwise, @utcomes of all operators and mathematical functions are mathem
bxact. Whenever an outecome shall be a float, it is explicitly specified.

1.5 Arithmetic @perators

['he following arithmetic operators are defined:

Addition

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

rred to

atically

rator)

xy

© ISO/IEC 2022
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Element-wise multiplication of two transposed vectors or element-wise multiplication
of a transposed vector with rows of a matrix or Hadamard product of two matrices

with identical dimensions

Exponentiation. Specifies x to the power of y. In other contexts, such notation is used

for superscripting not intended for interpretation as exponentiation.

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

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

- All rights reserved
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< |

a0

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

Used to denote division in mathematical equations where no truncation or rounding is
intended, including element-wise division of two transposed vectors or element-wise
division of a transposed vector with rows of a matrix.

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

y

i=x

x%y

46 L
The foll

x&&y

x|y

!

x?y:z

4.7 Relational operators

The foll

When 4

(1)

Hnall (n(

pgical operators

owing logical operators are defined:

owing relational operators are defined as-follows:

relational/operator is applied to a syntax element or variable that has been assigned the valug
t apptlicable), the value "na" is treated as a distinct value for the syntax element or variable. Theg
value "Ira" is.considered not to be equal to any other value.

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

Modulus. Remainder of x divided by y, defined only for integers x and y withyx 20 and
y>0.

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

If x is TRUE or not equal to 0, evaluates to the'value of y; otherwise, evaluates to thd
value of z.

Greater than

Greater than or equal‘te
Less than

Less than pr.equal to
Equalto

Not-equal to

4.8 Bit-wise operators

The following bit-wise operators are defined as follows:

&

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

© ISO/IEC 2022 - All rights reserved
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Bit-wise "or". When operating on integer arguments, operates on a two's complement
representation of the integer value. When operating on a binary argument that contains
fewer bits than another argument, the shorter argument is extended by adding more

significant bits equal to 0.

Bit-wise "exclusive or". When operating on integer arguments, operates on
complement representation of the integer value. When operating on a binary ar

a two's
gument

that contains fewer bits than another argument, the shorter argument is extended by

adding more significant bits equal to 0.

K >> Y

K<<y

K =)..Z

prtay|[x, v

1.9 Assignment operators

['he following arithmetic operators are defined as follows:

1.10 Range notation

['he following;hotation is used to specify a range of values:

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

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

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

Assignment operator

Increment, i.e., x++ is equivalentto x = x + 1; when used in an array index, eval
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, ey
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
equivalent to x=x + (-3).

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

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

binary
shifted
prior to

y digits.
nto the

1ates to

aluates

(-3) is

£ (-3) is

integer

a sub-array containing the elements of array comprised between position x ajnd y in-

cluded. If x is greater than y, the resulting sub-array is empty.

4.11 Mathematical functions

The following mathematical functions are defined:

Ceil(x)
Floor( x)

Log2(x)

the smallest integer greater than or equal to x
the largest integer less than or equal to x

the base-2 logarithm of x

© ISO/IEC 2022 - All rights reserved
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X;X <y
Min(x,y)=

y;x>y

X;X 2
Max(x,y):{ Y

yiX<y

4.12 Array functions

Size( arfrayName]] ) returns the number of elements contained in the array or tensor named arrayName

If arra

Prod( ayrayName|] ) returns the product of all elements of array arrayName[].

Tensor
specifig

IndexTq
second

position that corresponds to scan index i when the block is scanned in blocks of.size bs times bs. x and )

are der
AV
AV
AV
Av|
Av
AV
AV
AV
AV
Av
Th¢
The

amel] is a tensor this corresponds to the product of all dimensions of the tensor.

eshape( arrayNamel], tensorDimension[]) returns the reshaped tensor array_name[] with the
d tensorDimension[], without changing its data.

XY(w, h, i, bs) returns an array with two elements. The first element is an.x coordinate and the
element is a y coordinate pointing into a 2D array of width w and height 'h/x and y point to the

ved as follows:

ariable fullRowOfBlocks is set to w * bs

hriable blockY is set to i / fullRowOfBlocks

hriable iOff is set to i % fullRowOfBlocks

nriable currBlockH is set to Min( bs, h — blockY * bs)
ariable fullBlocks is set to bs * currBlockH

hriable blockX is set to iOff / fullBlocks

ariable blockOff is set to iOff % fullBloeks

hriable currBlockW is set to Min(\bs, w — blockX * bs)
hriable posX is set to block@ff% currBlockW
priable posY is set to bloekOff / currBlockW
 variable x is sette blockX * bs + posX

b variable y is'set to blockY * bs + posY

Tensor

tensorDimengions[] where the elements of the array are set to integer values so that the array can bg
used as|andndex pointing to an element of a tensor with dimensions tensorDimensions|[] as follows:

dex( teisorDimensions[], i, scan ) returns an array with the same number of dimensions aj

If vartabtescomrisequattot:

The returned array points to the i-th element in row-major scan order of a tensor with
dimensions tensorDimensions[].

If variable scan is greater than 0:

A variable bs is set to 4 << scan_order.
A variable h is set to tensorDimensions[0].

A variable w is set to Prod(tensorDimensions) / h.
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Two variables x and y are set to the first and second element of the array that is returned by
calling IndexToXY(w, h, i, bs), respectively.

The returned array is TensorIndex(tensorDimensions, y * w + x, 0 ).
NOTE Variable scan usually corresponds to syntax element scan_order.

GetEntryPointldx( tensorDimensions[], i, scan ) returns -1 if index i doesn’t point to the first position of
an entry point. If index i points to the first position of an entry point, it returns the entry point index
within the tensor. To determine the positions and indexes of entry points, the following applies:

A variable w is set to Prod(tensorDimensions) / tensorDimensions[0].
Avariable epldxissettoi / (w* (4 << scan)) - 1.

Ifi>0andi% (w* (4 << scan)) is equal to 0, index i points to the first position ofan entry pgint and
the entry point index is equal to epldx.

Otherwise, index i doesn’t point to the first position of an entry point.

AxisSwap( inputTensor[], tensorDimensions[], numberOfDimensions, aXisO, axisl ) returns a| tensor
which is derived from inputTensor (with dimensions tensorDimensions and number of dimgnsions
hs numberOfDimensions) and where values in the axis indexes axis0 and axisI of the inputTensor are
swapped.

[ensorSplit( inputTensor(], splitindices, splitAxis ) returns amarray of tensors subTensors that is derived
by splitting tensor inputTensor into N = Size(splitindices) % 1 tensors using the provided array of|indices
splitindices along the provided axis splitAxis as follows:

An array inputDims is set to the dimensions of tensor inputTensor.

An element with value 0 is inserted into-$plitindices before the first element and an elemgnt with
value inputDims[splitAxis] is inserted into'splitindices after the last element.

Tensor subTensors[x] (with x being an integer from 0 to N) is derived as follows:
An array subTensorDimszsset to inputDims.
Element subTensorDims[splitAxis] is replaced with value splitindices[x + 1] - splitindices[K].
The elements of subTensors[x] are set as follows:
for( i =0;+'< Prod( subTensorDims ); i++ ) {
subldx = TensorIndex( subTensorDims, i, 0 )
inputldx = TensorIndex( inputDims, i, 0 )

inputldx[splitAxis] += splitindices[x|

subTensors[subldx] = inputTensor[inputldx]

4.13 Order of operation precedence

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

— Operations of a higher precedence are evaluated before any operation of a lower precedence.

— Operations of the same precedence are evaluated sequentially from left to right.
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Table 1 specifies the precedence of operations from highest to lowest; a higher position in the table
indicates a higher precedence.

NOTE For those operators that are also used in the C programming language, the order of precedence used
in this document is the same as used in the C programming language.

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

operations (with operands x, y, and z)

PRI CE

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

ey

n mon n ll n ll n ll non y . non n

X*YL X[y Xy x%y "] S X ey
y =X

"x+y","x —y" (as a two-argument operator), " z j;xf(i) !

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

X<_y X<y, x>y, X>_y

"x==y" "x1=y"
"X &y"

[y

"X &&y"

"X | |yll

"X ?y : le

"

x=y" x4=y =y

4.14 Vpriables, syntax elements and tables

Syntax |elements in the bitstream are represented in bold type. Each syntax element is described by
its namg (all lower-case letters with underscore characters), and one data type for its method of coded
represgntation. The decoding process behaves according to the value of the syntax element and to thg
values ¢f previously decoded syntax elements. When a value of a syntax element is used in the syntaj
tables gr the text, it appears integular (i.e., not bold) type.

In somg cases, the syntax(tables may use the values of other variables derived from syntax elements
values. Such variables appéar in the syntax tables, or text, named by a mixture of lower case and upper
case lefter and without any underscore characters (camel case notation). Variables starting with ar
upper-dase letter agé.derived for the decoding of the current syntax structure and all depending synta3
structures. Variables starting with an upper-case letter may be used in the decoding process for latet

with their numerlcal values. Sometimes "mnemonic” names are used without any associated numerical
values. The association of values and names is specified in the text. The names are constructed from
one or more groups of letters separated by an underscore character. Each group starts with an upper-
case letter and may contain more upper case letters.

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

Functions that specify properties of the current position in the bitstream are referred to as syntax
functions. These functions are specified in subclause 6.3 and assume the existence of a bitstream
pointer with an indication of the position of the next bit to be read by the decoding process from the
bitstream. Syntax functions are described by their names, which are constructed as syntax element
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names and end with left and right round parentheses including zero or more variable names (for
definition) or values (for usage), separated by commas (if more than one variable).

Functions that are not syntax functions (including mathematical functions specified in subclause 4.11
and array functions specified in subclause 4.12) are described by their names, which start with an
upper case letter, contain a mixture of lower and upper case letters without any underscore character,
and end with left and right parentheses including zero or more variable names (for definition) or values
(for usage) separated by commas (if more than one variable).

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

A multi-dimensional array is a variable with a number of dimensions.”An element of thd multi-
limensional array is either indexed by specifying all required indexes’like e.g. variable[x][y][z] or
by a single index variable that itself is a one-dimensional array specifying the indexes. For ekample,
pariable[i] with i being a one-dimensional array with elements, [X,, z]. Multi-dimensional arrpys are,
for example, used to specify tensors.

A specification of values of the entries in rows and columns'of an array may be denoted by {|{...} {...}
, where each inner pair of brackets specifies the values of the elements within a row in indreasing
Column order and the rows are ordered in increasing row order. Thus, setting a matrixsequal tp {{1 6

{49} }specifiesthats[0][0]issetequalto1,s[1][0]issetequalto6,s[0][1]issetequal tp 4, and
5[ 1][ 1] is set equal to 9.

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

Hexadecimal notation, indicated by.prefixing the hexadecimal number by "0x", may be used in$tead of
binary notation when the number of bits is an integer multiple of 4. For example, 0x41 repregents an
pight-bit string having only_its second and its last bits (counted from the most to the least sighificant
hit) equal to 1.

Numerical values notenclosed in single quotes and not prefixed by "0x" are decimal values.

A value equal to-réepresents a FALSE condition in a test statement. The value TRUE is represented by
hny value diffetent from zero.

b Overview

b(1H General

This clause provides an overview of the compression tools defined in this document and describes how
they can be combined to encoding.

5.2 Compression tools
This document contains the following groups of compression tools.

Parameter reduction methods process a model to obtain a compact representation. Examples of such
methods include, parameter sparsification, parameter pruning, weight unification, and decomposition
methods.
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Sparsification processes parameters or group of parameters to produce a sparse representation of the
model (e.g. by replacing some weight values with zeros). The sparsification can generate additional
metadata (e.g. masks). The sparsification can be structured or unstructured. This document includes
methods for unstructured sparsification with compressibility loss (subclause 8.2.1), and structured
sparsification using micro-structured sparsification (subclause 8.2.2).

Unification processes the parameters to produce group of similar parameters. Unification does not
eliminate or constrain the weights to be zero, but it lowers the entropy of model parameters by making
them similar to each other. This document includes a method for weight unification (subclause 8.2.4).

Pruning reduces the number of parameters by eliminating parameters or group of parameters. Thg
procediire results in a dense representation which has less parameters in comparison to the origina
model, ¢.g., by removing some redundant convolution filters from the layers. This document includes a 3
method for combined pruning and sparsification (subclause 8.2.3)

Decomposition performs a matrix decomposition operation to change the structure of’the weights of
a mode|. This document includes a method for low rank/low displacement rank for ¢gnvolutional and
fully cohnected layers (subclause 8.2.5).

Along with the reduction methods mentioned above, this document includessdecomposition methods;
that arp introduced and tested as part of a parameter quantization te¢hnique. Examples of such
methods are batchnorm folding (subclause 8.2.6) and local scaling adaptation (subclause 8.2.7).

The parjlameter reduction methods can be combined or applied in sequence to produce a compact model

Parameter quantization methods reduce the precision of¢the representation of parameters. If
supported by the inference engine, the quantized representation can be used for more efficien
inferenge. This document includes methods for uniform quattization (subclause 9.1.1), codebook-based
quantization (subclause 9.1.2) and dependent scalar quantization (subclause 9.1.3).

Entroply coding methods encode the results of parameter quantization methods. This documen{
includep DeepCABAC (subclause 10.1.1) as entropy €ncoding method.

5.3 Creating encoding pipelines

The corhpression tools in this document.can be combined to form different encoding pipelines. Some of
the tools are alternatives for addressing neural network models with different types of characteristics
while ofher tools are designed to/wiork in sequence.

in sequlence. Parameter guantization can be applied to source models as well as to the outputs of
transformation with parameter reduction methods. Entropy coding is usually applied to the output of
quantization. Raw.outputs of earlier steps without applying entropy coding can be serialized if needed
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Figure 1 — NNR encoding pi[&l}les.

['he following encoding pipelines are considered typicalQ@nples of using this document:

|. Dependent scalar quantization (subclause 9.1.3)@epCABAC (subclause 10.1.1)

P, Sparsification (subclause 8.2.1) - Depende@géalar quantization (subclause 9.1.3) - DeefCABAC
(subclause 10.1.1)

%)
B.  Low-rank decomposition (sgbglausgﬁ\lﬁ) - Dependent scalar quantization (subclause|9.1.3)-
DeepCABAC (subclause 10.1.1) \Q

. Codebook-based quantization- \tclause 9.1.2) - DeepCABAC (subclause 10.1.1)
b.  Unification (. 1 2.4) - DeepCABAC (subclause 10.1.1)

[his list is non-exhausttso
b Syntax an‘do@mantics
6.1 Spec&tion of syntax and semantics

5.1.1®ethod of specifying syntax in tabular form

\.

Dependent -
— S
J \\2! i

F@syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constrgints on

the syntax may be specified, either directly or indirectly, in other clauses.

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

Table 2 — Examples of the syntax specification format

Syntax Type/Clause
/* A statement can be a syntax element with an associated data type or can be an expression

used to specify conditions for the existence, type and quantity of syntax elements, as in the

following two examples */
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Table 2 (continued)

Syntax

Type/Clause

syntax_element

st(v)

conditioning statement

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

{

statement

statement

}

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

"/

while( ¢ondition )

statement

/* A"dq ... while" structure specifies evaluation of a statement once, followedby a test of
whethef a condition is true, and if true, specifies repeated evaluation of the statement until the
conditi¢n is no longer true */

do

statement

while( ¢ondition )

/* An "if ... else" structure specifies a test of whether a‘condition is true and, if the condition is
true, spcifies evaluation of a primary statement,’atherwise, specifies evaluation of an alter-
native gtatement. The "else" part of the structure-and the associated alternative statement is
omitted if no alternative statement evaluation\s needed */

if( condjition )

primpry statement

else

alterpative statement

/* A "fop" structure spécifies evaluation of an initial statement, followed by a test of a condi-
tion, anf if the conditioni is true, specifies repeated evaluation of a primary statement followed
by a sulsequent statement until the condition is no longer true. */

for( initlial statement; condition; subsequent statement )

primpry statement

6.1.2 Bitordering

For bit-oriented delivery, the bit order of syntax fields in the syntax tables is specified to start with the

MSB and proceed to the LSB.

6.1.3 Specification of syntax functions and data types

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

decoding process from the bitstream.
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byte_aligned( ) is specified as follows:

[f the current position in the bitstream is on a byte boundary, i.e. the next bit in the bitstream is the

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

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

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.

pet_bit_pointer( ) returns the position of the bitstream pointer relative to the beginning ofthe
NNR unit as unsigned integer value. get_bit_pointer() >> 3 points to the current byte of-the bitstream
bointer. get_bit_pointer() & 7 points to the current bit in the current byte of the bitstfeam
where a value of 0 indicates the most significant bit.

['he following data types specify the parsing process of each syntax element:

ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for t
type is specified in subclause 10.3.4.3.2.

at(v) : arithmetic entropy-coded termination syntax. The-parsing process for this data
specified in subclause 10.3.4.3.5.

current

pointer

bet_bit_pointer( pos ) sets the position of the bitstream pointer such that get_bitxpointer() equdls pos.

his data

type is

iae(n): signed integer using n arithmetic entropy-coded bits using the bypass mode of DeepCABAC
as specified in subclause 10.3.4.3.4. The read bypass bins are interpreted as a two’s complement

integer representation with most significant bit written first.

uae(n): unsigned integer using n arithmeticentropy-coded bits using the bypass mode of Deej
as specified in subclause 10.3.4.3.4. The read bypass bins are interpreted as a binary represe
of an unsigned integer with most significant bit written first. When n=0, uae(n) does not dec
bins and returns 0.

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

i(n): signed integer usifigsn bits. When n is “v” in the syntax table, the number of bits var
manner dependent on-the value of other syntax elements. The parsing process for this d3
is specified by the return value of the function read_bits( n ) interpreted as a two’s comj
integer representation with most significant bit written first.

u(n): unsigned integer using n bits. When n is “v” in the syntax table, the number of bits va
manner<dependent on the value of other syntax elements. The parsing process for this datg
specified by the return value of the function read_bits( n ) interpreted as a binary represent
anansigned integer with most significant bit written first.

ue(k): unsigned integer k-th order Exp-Golomb-coded syntax element. The parsing process

CABAC
ntation
pde any

parsing

ies in a
ta type
blement

fiesin a
type is
ation of

for this

descriptor is according to the following pseudo-code with x as result:

x=0

bit=1

while( bit ) {
bit=1-u(1)

x +=bit << k

k+=1
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}

k -=
if(k>0)
x+=u(k)

— ie(k): signed integer k-th order Exp-Golomb-coded syntax element. The parsing process for this
descriptor is according to the following pseudo-code with x as result:

vhl =ue( k)
if( (val&1)!=0)
x = ((val+1)>>1)

else
x = — (val>>1)

— flt(h): Floating point value using n bits where n may be 32, 64, or 128 in ittle-endian byte order a3
spdcified in ISO/IEC 60559 as binary32, binary64, or binary128, respectively.

— st(¥): null-terminated string, which shall be encoded as UTF-8ccharacters in accordance with
ISQ/IEC 10646. The parsing process is specified as follows: st(v}\begins at a byte-aligned position i1
thelbitstream and reads and returns a series of bytes from thebitstream, beginning at the current
podition and continuing up to but not including the next byte-aligned byte that is equal to 0x00, ang
advances the bitstream pointer by ( stringLength + 1 ) %8.bit positions, where stringLength is equa
to fhe number of bytes returned.

NOTE The st(v) syntax descriptors is only useduin this document when the current position in thg
bitdtream is a byte-aligned position.

— bs(): Byte-sequence specifies a sequeneg’of bytes of variable length, starting at byte-aligned
podition. The length of the sequence is determined from the size of the NNR unit containing the byte
sequence.

more_dpta_in_nnr_unit( ) is specified as follows:

— Ifnpore data follow in the current nnr_unit, i.e. the decoded data up to now in the current nnr_unit is
les$ than numBytesInNNRUnit, the return value of more_data_in_nnr_unit( ) is equal to TRUE.

— Otlerwise, the returnwalue of more_data_in_nnr_unit( ) is equal to FALSE.

6.1.4 |Semantics

Semantfics assecidated with the syntax structures and with the syntax elements within each structursg
are sperified\in a subclause following the subclause containing the syntax structures.

The foll wina dafinitione ananlug o thn cnynantioc o fiaads A
e g 6o RSapPpry o te-Seahte 5 SpeeHication:

unspecified is used to specify some values of a particular syntax element to indicate that the values
have no specified meaning in this document and will not have a specified meaning in the future as an
integral part of future versions of this document.

reserved is used to specify that some values of a particular syntax element are for future use by ISO/
IEC and shall not be used in bitstreams conforming to this version of this document, but may be used in
bitstreams conforming to future extensions of this document by ISO/IEC.

nnr_reserved_zero_0bit shall be an element of length 0. Decoders shall ignore the value of nnr_
reserved_zero_0bit.

16 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=5e12cca17539a267dcc27a65798e3131

ISO/IEC 15938-17:2022(E)

nnr_reserved_zero_1bit, when present, shall be equal to 0 in bitstreams conforming to this version
of this document. Other values for nnr_reserved_zero_1bit are reserved for future use by ISO/IEC.
Decoders shall ignore the value of nnr_reserved_zero_1bit.

nnr_reserved_zero_2bits, when present, shall be equal to 0 in bitstreams conforming to this version
of this document. Other values for nnr_reserved_zero_2bits are reserved for future use by ISO/IEC.
Decoders shall ignore the value of nnr_reserved_zero_2bits.

nnr_reserved_zero_3bits, when present, shall be equal to 0 in bitstreams conforming to this version
of this document Qther values for nnr reserved zero 3bits are reserved for future use hy 1 O/IEC,

Decoders shall ignore the value of nnr_reserved_zero_3bits.

hnr_reserved_zero_5bits, when present, shall be equal to 0 in bitstreams conforming € this [version
bf this document. Other values for nnr_reserved_zero_5bits are reserved for futur€e use by ISO/IEC.
Decoders shall ignore the value of nnr_reserved_zero_5bits.

nnr_reserved_zero_7bits, when present, shall be equal to 0 in bitstreams conforming to this|version
bf this document. Other values for nnr_reserved_zero_7bits are reserved for-future use by ISO/IEC.
Decoders shall ignore the value of nnr_reserved_zero_7bits.

6.2 General bitstream syntax elements

b.2.1 NNR unit

NNR unit is the data structure for carrying neural network data and related metadata which is
compressed or represented using this document.

NNR units carry compressed or uncompressed information about neural network metadata, tppology
nformation, complete or partial layer data, filters, kernels, biases, quantized weights, tensors of alike.

An NNR unit consists of the following dataeléments (shown in Figure 2):

— NNR unit size: This data element signals the total byte size of the NNR unit, including the N]NR unit
size.

— NNR unit header: This dataelement contains information about the NNR unit type and|related
metadata.

— NNR unit payloadyThis data element contains compressed or uncompressed data relateql to the
neural network.

NNR unit

NNR unit size NNR unit header NNR unit payload

Figure 2 — NNR Unit data structure

6.2.2 Aggregate NNR unit
An aggregate NNR unit is an NNR unit which carries multiple NNR units in its payload. Aggregate NNR

units provide a grouping mechanism for several NNR units which are related to each other and benefit
from aggregation under a single NNR unit (shown in Figure 3).
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Aggregate NNR unit
NNR unit size NNR unit header NNR unit payload
| |
[T T T T B !
NNR unit NNR unit NNR unit
NNR | NNR unit NNR NNR | NNR unit NNR NNR | NNR unit NNR
unif header unit unit header unit unit header unit
siz¢ payload size payload size payload
Figure 3 — Aggregate NNR unit data structure
6.2.3 [Composition of NNR bitstream
NNR bitstream is composed of a sequence of NNR units (shown in Figure 4).
NNR pitstream
NNR unit NNR unit NNR unit NNR unit

In an N
defined

(NNR_S
Table 3

Figure 4 — NNR bitstream data structure
NR bitstream; the following censtraints apply unless otherwise stated in this document of
by NNR profiles:

TR, NNR_MPS, NNR_NDU, NNR_LPS, NNR_TPL and NNR_QNT are NNR unit types as specified ir
of subclause 6.4.3)

— An

—  Thg
wh

— NN
NN

NNR bitstream shallstart with an NNR start unit (NNR_STR) (subclause 6.4.3).

bre shall be asingle NNR model parameter set (NNR_MPS) (subclause 6.4.3) in an NNR bitstrean
ch shall precede any NNR_NDU (subclause 6.4.3) in the NNR bitstream.

R layer;parameter sets (NNR_LPS) shall be active until the next NNR layer parameter set in thd
R bitstream or until the boundary of an Aggregate NNR unit is reached.
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R bitstream.

R_TPL or NNR_QNT units; if present in the NNR bitstream; shall precede any NNR_NDUs that

reference their data structures (e.g. topology_elem_id).

6.3 NNR bitstream syntax

6.3.1 NNR unit syntax
|nnr_unit( )1 Descriptor
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nnr_unit_size( )

nnr_unit_header( )

nnr_unit_payload( )

}

6.3.2 NNR unit size syntax

Descriptor

nar unit sizel ) [
- e CJ U

nnr_unit_size_flag

u() |

nnr_unit_size

u(15 + nnr_un‘igqﬁg_f]ag*16)
7\

)

N\

6.3.3 NNR unit header syntax

6.3.3.1 General

%/
$e)
%)
2

nnr_unit_header( ) {

O\ Descriptor

nnr_unit_type

u(6)

independently_decodable_flag

o © u(1)

partial_data_counter_present_flag

u(1)

if( partial_data_counter_present_flag)

partial_data_counter

u(8)

if( nnr_unit_type == NNR_MPS) \‘(\U

nnr_model_parameter_set_unit_headel;Q\

if( nnr_unit_type == NNR_LPS) A\v

nnr_layer_parameter_set_unit‘}}é&%?er( )

if( nnr_unit_type == NNR_TP[;{\C)V“

nnr_topology_unit_headerﬁ)‘

if( nnr_unit_type == Nl\l\l@NT )

nnr_quantization _pl‘;-i?_}leader()

if( nnr_unit_typg@ﬁT\IR_NDU )

nnr_comprpﬁ{’eﬁ_data_unit_header( )

if( nnr_unjt(type == NNR_STR )

nnr_‘ﬁt‘_ unit_header()

if( nit_type == NNR_AGG )

,(?nr_aggregate_unit_header( )

5

6.3.3.2 NNR start unit header syntax

nnr_start_unit_header( ) {

Descriptor

general_profile_idc

u(8)

}

6.3.3.3 NNR model parameter set unit header syntax

|nnr_model_parameter_set_unit_header( ){

Descriptor

© ISO/IEC 2022 - All rights reserved

19


https://standardsiso.com/api/?name=5e12cca17539a267dcc27a65798e3131

ISO/IEC 15938-17:2022(E)

nnr_reserved_zero_O0bit u(0)
}
6.3.3.4 NNRlayer parameter set unit header syntax
nnr_layer_parameter_set_unit_header() { Descriptor
Ips_self_contained_flag u(1)
nnr reserved_zerg_7 bits u{7)
}
6.3.3.5| NNR topology unit header syntax
nnr_topology_unit_header( ) { Descriptor
topglogy_storage_format a(8)
topglogy_compression_format u(8)
}
6.3.3.6| NNR quantization unit header syntax
nnr_qupntization_unit_header() { Descriptor
quantization_storage_format u(8)
quantization_compression_format u(8)
}
6.3.3.7 NNR compressed data unit header syntax
nnr_compressed_data_unit_header( ) { Descriptor
nnr|compressed_data_unit_payload.type u(5)
nnr |multiple_topology_elements_present_flag u(1)
nnr|decompressed_data_format. present_flag u(1)
inpyt_parameters_present: flag u(1)
if( nhr_multiple_topology elements_present_flag==1)
ology_elements_ids-list( mps_topology_indexed_reference_flag)
elsef
Imps_topalogy_indexed_reference_flag )
topology/elem_id st(v)
ke
topology_elem_id_index ue(7)
}
if( nnr_compressed_data_unit_payload_type == NNR_PT_FLOAT ||
nnr_compressed_data_unit_payload_type == NNR_PT_BLOCK ) {
codebook_present_flag u(1)

if( codebook_present_flag )

integer_codebook( CbZeroOffset, Codebook )

20
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if( nnr_compressed_data_unit_payload_type == NNR_PT_INT ||
nnr_compressed_data_unit_payload_type == NNR_PT_FLOAT ||
nnr_compressed_data_unit_payload_type == NNR_PT_BLOCK)

dq_flag u(1)
if( nnr_decompressed_data_format_present_flag ==1)
nnr_decompressed_data_format u(7)
if(input_parameters_present_flag==1) {
tensor—dimrensions_flag uth) —
cabac_unary_length_flag u(1) r\q‘}’
compressed_parameter_types g(éf)])"
if( ( compressed_parameter_types & NNR_CPT_DC) !=0 ){ '{\ )
decomposition_rank An\cb'ue(3)

g_number_of_rows

}

2 ue(d)
N

if( tensor_dimensions_flag==1) \

<o

\
tensor_dimension_list( ) O\

if (nnr_compressed_data_unit_payload_type != NNR_PT_BJJ)H()

if( nnr_multiple_topology_elements_present_flag ==4 )O‘

topology_tensor_dimension_mapping() AQ\
if( cabac_unary_length_flag==1) \\\‘
cabac_unary_length_minus1 . N4 u(8)
} il
if( nnr_compressed_data_unit_payloaéii‘ﬁ == NNR_PT_BLOCK &&
( compressed_parameter_types _CPT_DC)!=0&&
codebook_present_flag) O
integer_codebook( CbZeroOffsté*D‘é, CodebookDC)
if( count_tensor_dimensions (‘3‘}\{/
scan_order N\ u(4)
if( scan_order > 0 ),O\\‘
for(j=0;j< N)J{ﬁ«BlockRowsMinusl; j++){
cabac_offset _list[|] u(8)
if( da flag)
_{dq/state_list[j | u(3)
LifG==0)¢
o~ bit_offset_deltal ue(11)
N\ BitOffsetList[ j | = bit_offset_deltal
—3
else {
bit_offset_delta2 ie(7)

BitOffsetList[ j | = BitOffsetList[ j-1 | + bit_offset_delta2

}

byte_alignment( )

© ISO/IEC 2022 - All rights reserved
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integer_codebook() is defined as follows:

integer_codebook( cbZeroOffset, integerCodebook ) { Descriptor
codebook_egk u(4)
codebook_size ue(2)
cod¢book_centre_offset ie(2) ({1/
cbZgroOffset = ( codebook_size >> 1) + codebook_centre_offset qpv

cod¢book_zero_value

ie(7) N\

integerCodebook[ cbZeroOffset | = codebook_zero_value

tensor_Himension_list() is defined as follows:

foX
prevliousValue = integerCodebook[ cbZeroOffset | (AQJ
for( | = cbZeroOffset-1;j>=0;j-—-){ ~ N~
cqddebook_delta_left _e(codebook_egk)
integerCodebook[ j | = previousValue - codebook_delta_left - 1 ,.O\V
pfeviousValue = integerCodebook] j ] c\cO
} PR
prevliousValue = integerCodebook[ cbZeroOffset | AO\(
for( | = cbZeroOffset + 1; j < codebook_size; j++ ) { \\Y i
cqdebook_delta_right N ue(codebook_egk)
integerCodebook[ j ] = previousValue + Codebookét&a_right +1
pteviousValue = integerCodebooK] j | A$ -
} N
) O
.\(\}‘

.\
tensor|dimension_list( ){ (')\)

Descriptor
count_tensor_dimensi,o@ : ue(1)
for(j=0;j< count_t@}‘a_dimensions; j++)

te nsor_dimeg,s@fs’[j ] ue(7)
} A
é\)
topologyé%z:ents_ids_list(topologylndexedFlag) is defined as follows:
topology_elements_ids_list( topologylndexedFlag ) { Descriptor
count_topology_elements_minus2 ue(7)
if( topologylndexedFlag == 0 )
byte_alignment( )
for(j = 0;j < count_topology_elements_minus2 + 2; j++ ) {
if (topologylndexedFlag==0) {
topology_elem_id_list[j | st(v)

22
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else {

topology_elem_id_index_list[j |

ue(7)

}

if (topologylndexedFlag==1)

byte_alignment( )

fopology_tensor_dimension_mapping() is defined as follows:

.@‘ﬂ
'\/\ .

topology_tensor_dimension_mapping( ) {

Descriptor

concatentation_axis_index 09‘) u(8)
for(j = 0; j < count_topology_elements_minus2 + 1 ; j++ ) { ~ N~
split_index[ j ] R ue(7)
) ,O\\v
for( k = 0; k < count_topology_elements_minus2 + 2 ; k++ ) { c\cO
number of shifts[ k] , O ue(1)
for(i=0; i < number_of shifts[ k] ;i++) { R
shift_index[ k][ i] R ue(7)
shift_value[ k][ i] N ue(1)

} &

} A\

} N

O
6.3.3.8 NNR aggregate unit hea yntax
PN

nnr_aggregate_unit_header() {U Descriptor
nnr_aggregate_unit_t)cgé\ u(8)
entry_points_prese@\fiag u(1)
nnr_reserved_;e@ﬂbits u(7)
num_of_nnr _@I;r't)s_minusz u(16)
if( entry_p@-sl_present_flag )

for‘(,i\@; i < num_of_nnr_units_minus2 + 2; i++) {

A@(r_unit_type[ i] u(6)
A/\\?\‘nnr_unit_entry_point[ i] u(34)
2

for(i=0;i<num_of nnr_units_minus2 + 2; i++) {
quant_bitdepth|[i] u(5)
if( mps_unification_flag || Ips_unification_flag ){
ctu_scan_order| i u(1)
nnr_reserved_zero_2bits u(2)
}
else
nnr_reserved_zero_3bits u(3)

© ISO/IEC 2022 - All rights reserved



https://standardsiso.com/api/?name=5e12cca17539a267dcc27a65798e3131

ISO/IEC 15938-17:2022(E)

}

6.3.4 NNR unit payload syntax

6.3.4.1 General

nnr_unit_payload() { Descriptor
if( npr_unit_type == NNR_MPS)) A
npr_model_parameter_set_unit_payload( ) (\Q v
if( nhr_unit_type == NNR_LPS) k’\' v
nipr_layer_parameter_set_unit_payload( ) oY -
if( nhr_unit_type == NNR_TPL) /Q‘Dv
nnr_topology_unit_payload( ) B NG
if( nhr_unit_type == NNR_QNT) (/S-)
nnr_quantization_unit_payload( ) (-\\\v
if( nhr_unit_type == NNR_NDU ) \%V
npr_compressed_data_unit_payload( ) o )
if( npr_unit_type == NNR_STR) <\<(
npr_start_unit_payload( ) ‘\Q -
if( nphr_unit_type == NNR_AGG ) s\Q\\
npr_aggregate_unit_payload( ) N\Q) )
} N
| ¥
6.3.4.2| NNR start unit payload syntax \O
|
nnr_start_unit_payload() { ‘x\()"‘~ Descriptor
nnr|reserved_zero_0bit X ) u(0)
} RN
ON
6.3.4.3] NNR model parax@t(;f' set unit payload syntax
nnr_mgdel_parameter ¢ é&fﬁnit_payload() { Descriptor
topglogy_carri lag u(1)
mps_sparsiﬁc&fon_ﬂag u(1)
mps_ pru&iegvflag u(1)
mps yjﬁf\’catlon flag u(1)
mps-— ﬁccmpcs:t:cn performance—map-flag v
mps_quantization_method_flags u(3)
mps_topology_indexed_reference_flag u(1)
nnr_reserved_zero_7bits u(7)
if( (mps_quantization_method_flags & NNR_QSU) == NNR_QSU ||
(mps_quantization_method_flags & NNR_QCB) == NNR_QCB ) {
mps_qp_density u(3)
mps_quantization_parameter i(13)
}
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if( mps_sparsification_flag==1)

sparsification_performance_map( )

if( mps_pruning_flag==1)

pruning_performance_map( )

if( mps_unification_flag==1)

unification_performance_map( )

if( mps_decomposition_performance_map_flag==1)

decomposition_performance_map( ) N,
byte_alignment( ) A \V
) A
JAD
0P
bparsification_performance_map() is defined as follows: ,\@q
P
sparsification_performance_map( ) { \<'(>J Descriptor
spm_count_thresholds AO\V u(8)
for(i=0;i< ( spm_count_thresholds-1); i++ ) { c\cO
sparsification_threshold[ i ] , o f1t(32)
non_zero_ratio[ i ] AQK f1t(32)
spm_nn_accuracy][ i ] A\ i f1t(32)
spm_count_classes|i ] ‘\Q\ u(8)
spm_class_bitmask]i ] s?(\Q’ ue(7)
for (j = 0;j <spm_count_classes[ i ]; j+t\\§ -
spm_nn_class_accuracy[i][ j] Q’\‘O f1t(32)
} O
} O
<
Jruning_performance_n(l_ is defined as follows:
)
pruning_performa}l@map( ){ Descriptor
ppm_count_ ing_ratios u(8)
for(i= O;h@f)’pm_count_pruning_ratios—l); i++){
Br\q:‘ﬁng_ratio[ i] flt(32)
_nn_accuracy|i|] f1t(32)
‘&?\‘ppm_count_classes[ i] u(8)
ppm_class bitmask[i] ue(7)
for(j=0;j < ppm_count_classes[i]; j++)
ppm_nn_class_accuracy[i][ j] f1t(32)
}
}
unification_performance_map() is defined as follows:
unification_performance_map( ) { Descriptor
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upm_count_thresholds u(8)
for(i=0;i< (upm_count_thresholds-1);i++){
count_reshaped_tensor_dimension ue(1)
for(j=0;j < ( count_reshaped_tensor_dimension-1 ); j++)
reshaped_tensor_dimensions| j | ue(7)
byte_alignment( )
count_super_block_dimension u(8)
fo|r(j =0;j < ( count_super_block_dimension-1 ); j++ ) 0,
super_block_dimensions| j | u(8) nQ‘ v
count_block_dimension u(8) A v

for(j = 0;j < ( count_block_dimension-1 ); j++)

block_dimensions] j |

o_\/
uff)

unification_threshold| i ]

£1(32)

upm_nn_accuracy|i|]

O f1(32)

upm_count_classes| i | r\\\v u(8)
upm_class_bitmask{ i ] \%V ue(7)
for(j = 0;j <upm_count_classes[i]; j++) (§\ )
upm_nn_class_accuracy[i][j] (\<( f1t(32)
} LY
} g\\}\\
\‘ﬁ\@
Decomposition_performance_map() is defined asi@vs:
decomposition_performance_map( ) { \O Descriptor
dpnj_count_thresholds \.\(\}‘ u(8)
for(J=0;i< (dpm_count_threshold@\j; i++){
mise_threshold] i ] N\ flt(32)
dpm_nn_accuracy/[ i ] ,.Q\ f1t(32)
nf_reduction_ratio[ i}, =~ flt(32)
d])m_count_classgsﬁDT u(16)
for(j=0;j< dplq:;w’o)unt_classes[ i];j++)
dpm_nn_Q&'s\:accuracy[ illijl] f1t(32)
} RS
} X
%\
6.3.4.4 —NNRlayer parameter setunit paytoad synmtax
nnr_layer_parameter_set_unit_payload( ) { Descriptor
nnr_reserved_zero_1bit u(1)
Ips_sparsification_flag u(1)
Ips_pruning_flag u(1)
Ips_unification_flag u(1)
Ips_quantization_method_flags u(3)
nnr_reserved_zero_1bit u(1)
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if( (Ips_quantization_method_flags & NNR_QCB ) == NNR_QCB ||
(lps_quantization_method_flags & NNR_QSU ) == NNR_QSU ) {

Ips_qp_density u(3)
Ips_quantization_parameter i(13)
}
if( Ips_sparsification_flag==1)
sparsification_performance_map( )
if( Ips_pruning_flag==1) a
pruning_performance_map( ) (\Q/
if( Ips_unification_flag==1) ,\f.l/v
unification_performance_map( ) L :
byte_alignment() ({b‘o
} N2~
h.3.4.5 NNR topology unit payload syntax \\Q/C)
(@)
nnr_topology_unit_payload( ) { i \%V Descriptor
if( topology_storage_format == NNR_TPL_PRUN ) B O\ )
nnr_pruning_topology_container() (§(
else if( topology_storage_format == NNR_TPL_REFIZ{Q Y
topology_elements_ids_list( 0) s\Q\\
else 9
topology_data \Q\'\ bs(v)
} R
O
&
mr_pruning_topology_containe@g’ specified as follows:
nnr_pruning_topology_cog@e’r[ ){ Descriptor
nnr_rep_type Y . u(2)
prune_flag _OY u(1)
order_flag ,.‘\(O u(1)
sparse_fl/a@v'} u(1)
nnr_res@ffed_zero_Bbits u(3)
if ( pruwe_flag==1) {
,(W nnr_rep_type == NNR_TPL_BMSK)
<" bit_mask()
else if (nnr_rep_type == NNR_TPL_DICT ) {
count_ids ue(7)
if (!mps_topology_indexed_reference_flag ) {
byte_alignment()
for (j = 0;j < count_ids; j++ ) {
element_id|[ j ] st(v)
}
}
else {
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for (j=0;j < count_ids; j++) {
element_id_index| j | ue(7)
}
}
for (j = 0;j < count_ids; j++ ) {
count_dimsJj ] ue(1)
for( k= 0; k < count_dims[j]; k++ ){
dim[j][k] ue(7) A
} QY
} A v
byte_alignment( ) A
(@ N\ "4
} . o)b
} NE
if (sparse_flag==1){ (/C)
bit_mask( ) AW
%
} )
} 3
bit_magk() is specified as follows: S\Q\\
bit_magk( ) { st(\((’ Descriptor
count_bits K\ - u(32)
for(} = 0;j < count_bits; j++ ) { A‘\‘O
bit_mask_value[j ] O u(1)
} WO
byte alignment( ) C)\
} *
N\
6.3.4.6] NNR quantizatioxtsgit payload syntax
A
nnr_qugantization_unit oad(){ Descriptor
quantization_d - bs(v)
AN
} e
%
6.3.4.7 %@)mpressed data unit payload syntax
(o2
nnr_co ﬁ?essed_data_unit_payioad( JE Descriptor
if( nnr_compressed_data_unit_payload_type == NNR_PT_RAW_FLOAT)
for(i=0;i<Prod( TensorDimensions ); i++)
raw_float32_parameter| TensorIndex( TensorDimensions,i, 0) ] f1t(32)
decode_compressed_data_unit_payload( )
}

decode_compressed_data_unit_payload() invokes the decoding process as specified in subclause 7.3.

28
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6.3.4.8 NNR aggregate unit payload syntax

nnr_aggregate_unit_payload( ) { Descriptor
for(i=0;i<num_of nnr_units_minus2 + 2; i++)
nnr_unit( )
}
6.3.5 Byte alignment syntax
byte_alignment( ) { Descriptor
alignment_bit_equal_to_one /* equal to 1 */ £(1)
while( 'byte_aligned( ) )
alignment_bit_equal_to_zero /* equal to 0 */ f(1)
)

6.4 Semantics

b.4.1 General

n this subclause. When the semantics of a syntax element.are specified using a table or a set o

specified in this document.

6.4.2 NNR unit size semantics

hnr_unit_size_flag specifies the number ofbits used as the data type of the nnr_unit_size. If th

init_header() and nnr_unit_payload().
6.4.3 NNR unit header semantics

6.4.3.1 General

hnr_unit_type specifies the type of the NNR unit, as specified in Table 3.

Table 3 — NNR unit Types

bemantics associated with the syntax structures and eleménts within these structures are specified

[ tables,

hny values that are not specified in the table(s) shall notbe present in the bitstream unless otherwise

iis value

s 0, then nnr_unit_size is a 15 bits unsigned integer value, otherwise it is 31 bits unsigned integgr value.

hnr_unit_size specifies the size of the NNR unit, which is the sum of byte sizes of nnr_unit_sizg(), nnr_

nnr unit_ |Identifier [NNR unit Type Description

type
0 NNR_STR |NNR start unit Compressed neural network bitstream startihdicator
1 NNR_MPS |NNR model parameter set data|Neural network global metadata and information

unit
2 NNR_LPS [NNRlayerparameter setdataunit| Metadata related to a partial representation of
neural network

3 NNR_TPL |NNR topology data unit Neural network topology information
4 NNR_QNT |[NNR quantization data unit Neural network quantization information
5 NNR_NDU [NNR compressed data unit Compressed neural network data
6 NNR_AGG [NNR aggregate unit NNR unit with payload containing multiple NNR units

7..31 NNR_RSVD [Reserved ISO/IEC-reserved range
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Table 3 (continued)

nnr_unit_ |Identifier |[NNR unit Type Description
type
32..63 NNR_UNSP |Unspecified Unspecified range

The values in the range NNR_RSVD are reserved for used in future versions of this or related
specifications. Encoders shall not use these values. Decoders conforming to this version of the
specification may ignore NNR units using these values. The values in the range NNR_UNSP are not

S ECIfl d thoirncaic ontaidatha conna afthic cnacificatinn Nacadare confoarminagta thic uarcinn ~f+h
pecifigd-theiruse-is-outside the scope-of thisspecification-Decodersconforming to-this version-of the

specifiqation may ignore NNR units using these values.

indepepdently_decodable_flag specifies whether this compressed data unit is independently
decodaple. A value of 1 indicates an independently decodable NNR unit. A value of 0 indicates'that this
NNR upit is not independently decodable and its payload should be combined with otherrNNR units
for suc¢essful decodability/decompressibility. The value of independently_decodable_flagshall be thg
same fqr all NNR units which refer to the same topology_elem_id or topology_elemdid-index value o1
the sanje topology_elem_id_list.

partiall data_counter_present_flag equal to 1 specifies that the syntax element partial_data_countej
is pres¢gnt in NNR unit header. partial_data_counter_present_flag equal to(0)specifies that the syntay
element partial_data_counter is not present in NNR unit header.

partiall data_counter specifies the index of the partial data carried in the payload of this NNR dat4
unit with respect to the whole data for a certain topology elemént: A value of 0 indicates no partia
informdtion (i.e., the data in this NNR unit is all data associated te/a topology element and it is complete)
a value|bigger than 0 indicates the index of the partial information (i.e., data in this NNR unit should
be condatenated with the data in accompanying NNR units until partial_data_counter of an NNR unit
reacheqd 1). This counter counts backwards to indicatednitially the total number of partitions. If no
present, the value of partial_data_counter is inferred\to be equal to 0. If the value of independently]
decodable_flag is equal to 0, the value of partial_daa_counter_present_flag shall be equal to 1 and ths
value of partial_data_counter shall be greater than 0. If the value of independently_decodable_flag is
equal t¢ 1, the values of partial_data_counter*present_flag and partial_data_counter are undefined, ir
this verfsion of this document.

NOTE In future versions of this document, if the value of independently_decodable_flag is equal to 1 and

if partial_data_counter_present_flag is ‘'equal to 1, partial_data_counter can have non-zero values, based on thg
assumption that multiple independently decodable NNR units are combined to construct a model.

6.4.3.2| NNR start unit headér semantics

general_profile_idc indicates a profile to which NNR bitstream conforms as specified in this document
Reserved for futureuse:

6.4.3.3| NNR model parameter set unit header semantics

Header[elements of the model parameter set (reserved for future use).

6.4.3.4 NNR layer parameter set unit header semantics

Ips_self_contained_flag equal to 1 specifies that NNR units that refer to the layer parameter set are
a full or partial NN model and shall be successfully reconstructable with the NNR units. A value of 0
indicates that the NNR units that refer to the layer parameter set should be combined with NNR units
that refer to other layer parameter sets for successful reconstruction of a full or partial NN model.

6.4.3.5 NNR topology unit header semantics

topology_storage_format specifies the format of the stored neural network topology information, as
specified in Figure 4 and Table 4.
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Table 4 — Topology storage format identifiers

topology_storage_format |Identifier Description

value
0 NNR_TPL_UNREC |Unrecognized topology format
1 Topology format shall be represented as specified in Annex A.

2.4 See Annexes B to D for further information.

5 NNR_TPL_PRUN  |Topology pruning information
6 NNR_TPL_REFLIST|Topology element reference 1ist information

7.127 NNR_TPL_RSVD ISO/IEC-reserved range

128..255 NNR_TPL_UNSP Unspecified range

Ualue if the topology format used is not among the set of formats for which idéntifiers are sg
Decoders conforming to this version of the specification may ignore NNR units-using this value
httempt to recognize the format by parsing the start of the topology payload.

[he values in the range NNR_TPL_RSVD are reserved for used in future versions of this or
bpecifications. Encoders shall not use these values. Decoders conforming to this version|
bpecification may ignore NNR units using these values. The values'‘ifhthe range NNR_TPL_UNSP

bpecification may ignore NNR units using these values.

fopology_compression_format specifies that one of theé compression formats defined in Tal
hpplied on the stored topology data in topology_data.

Table 5 — Topology compression format identifiers

[he value NNR_TPL_UNREC indicates that the topology format is unknown. Encoders may yise this

ecified.
or may

related
of the
are not

specified, their use is outside the scope of this specification. Decoders conforming to this version of the

ble 5 is

topology_compression_format Identifier Description
0x00 NNR_PT_RAW Uncompressed
0x01 NNR_DFL Deflate method, shall ble im-
plemented according t¢ IETF
RFC 1950
0x02-0xFF: Reserved

b.4.3.6 NNR quantization unit header semantics

quantization_storage_format specifies the format of the stored neural network quan
nformation, as specified in Table 6.

Table 6 — Quantization storage format identifiers

tization

quantization_storage_format Identifier Description

value
0 NNR QNT UNREC [Unrecognized quantization format.
1 Quantisation format shall be represented as specified in

Annex A.
2.4 See Annexes B to D for further information.
5.127 NNR_QNT_RSVD |ISO/IEC-reserved range
128..255 NNR_QNT_UNSP |Unspecified range

The value NNR_QNT_UNREC indicates that the quantization format is unknown. Encoders may use this

value if the quantization format used is not among the set of formats for which identifiers are sp
Decoders conforming to this version of the specification may ignore NNR units using this value
attempt to recognize the format by parsing the start of the topology payload.
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The values in the range NNR_QNT_RSVD are reserved for used in future versions of this or related
specifications. Encoders shall not use these values. Decoders conforming to this version of the
specification may ignore NNR units using these values. The values in the range NNR_QNT_UNSP are not
specified, their use is outside the scope of this specification. Decoders conforming to this version of the
specification may ignore NNR units using these values.

quantization_compression_format specifies that one of the compression formats defined in Table 7 is
applied on the stored quantization data in quantization_data.

I'able 7 — Quantization compression iormat identiiiers

quantization_compression_format Identifier Description
0x00 NNR_PT_RAW Uncompressed
0x01 NNR_DFL Deflate method, shall be im-
plemented according to IETF
RFC 1950
0x02-0xFF Reserved

6.4.3.7| NNR compressed data unit header semantics

nnr_compressed_data_unit_payload_type is as defined in Table 14 of stubc¢lause 7.3.

nnr_multiple_topology_elements_present_flag specifies whetler multiple topology units arsg
present in the bitstream. In case there are multiple units, the list of their IDs is included. When nnr|
compressed_data_unit_payload_type is set to NNR_PT_BLOCK, this flag shall be set to 1 and topology,
elements_ids_list() in the NNR compressed data unit headershall list the topology elements or topology
element indexes of RecWeight, RecWeightG, RecWeightH, RecLS, RecBeta, RecGamma, RecMean, RecVai
and Re¢Bias, in the given order and based on their presence as indicated by the value of compressed|
paramgdter_type in the NNR compressed data unit header.

nnr_decompressed_data_format_present_flag-specifies whether the data format to be obtained
after dgcompression is present in the bitstrean:

input_parameters_present_flag specifieswhether the group of elements including tensor dimensions
DeepCABAC unary length and compressed parameter types is present in the bitstream.

topology_elem_id specifies a uniqnie identifier for the topology element to which an NNR compressed
data unjit refers. The semantic interpretation of this field is context dependent.

topology_elem_id_index Specifies a unique index value of a topology element which is signaled ir
topology information ofpayload type NNR_TPL_REFLIST. The first index shall be 0 (i.e. 0-indexed).

count_fopology_elements_minus2 + 2 specifies the number of topology elements for which this NNR
compressed data-unit carries data in the payload.

codebdok_present_flag specifies whether codebooks are used. If codebook_present_flag is nof
present, itissinferred to be 0.

dq_flag specifies whether the quantization method is dependent scalar quantization according to
subclause 9.1.3 or uniform quantization according to subclause 9.1.1. A dq_flag equal to 0 indicates
that the uniform quantization method is used. A dq_flag equal to 1 indicates that the dependent scalar
quantization method is used. If dq_flag is not present, it is inferred to be 0.

nnr_decompressed_data_format is defined in Table 13 of subclause 7.2.

tensor_dimensions_flag specifies whether the tensor dimensions are defined in the bitstream. If they
are not included in the bitstream, they shall be obtained from the model topology description.

cabac_unary_length_flag specifies whether the length of the unary partin the DeepCABAC binarization
is included in the bitstream.
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compressed_parameter_types specifies the compressed parameter types present in the current
topology element to which an NNR compressed data unit refers. If multiple compressed parameter
types are specified, they are combined by OR. The compressed parameter types are defined in Table 8.

Table 8 — Compressed parameter type identifiers

Compressed parameter type Compressed parameter type |Bitin compressed_parameter_types
ID

Decomposition present NNR_CPT_DC 0x01

Local scaling present NNR_CPT_LS 0x02

Batch norm parameters present NNR_CPT_BN 0x04

Bias present NNR_CPT_BI 0x08

[ensorDimensionsH are derived as follows:
— Variable TensorDimensionsG is set to [g_number_of_rows, decompositien_rank].

— Variable TensorDimensionsH is set to [decomposition_rank, hNumberOfColumns]
hNumberOfColumns is defined as

count _tensor _dimensions—1 - . .
o tensor{ dimensions|[i]
1=l

hNumberOfColumns =
g_number _of “rows

f (compressed_parameter_types & NNR_CPT_DC) '= 0 and if nnr_compressed_data_unit_p

bitstream contains the corresponding decompased tensor H.
A\ variable TensorDimensions is derived as-follows:

— If an NNR unit contains a decomposed tensor G and nnr_compressed_data_unit_payload |
NNR_PT_BLOCK, TensorDimensidns is set to TensorDimensionsG.

— Otherwise, ifan NNR unit contains a decomposed tensor Hand nnr_compressed_data_unit_p|
type != NNR_PT_BLOCK;:TensorDimensions is set to TensorDimensionsH.

— Otherwise, TensorDimensions is set to tensor_dimensions.
A\ variable NumBlockRowsMinusl1 is defined as follows:

— If scan_order is equal to 0, NumBlockRowsMinus1 is set to 0.

parameter_types & NNR_CPT_DC) != 0, NumBlockRowsMinusl1 is set to ((TensorDimensior
(4'<< scan_order) - 1) >> (2 + scan_order)) + ((TensorDimensionsH[0] + (4 << scan_order) -

When decomposition is present, the tensors G and H represent the result of decomposing the priginal
fensor. If (compressed_parameter_types & NNR_CPT_DC) != 0 the variables TensorDimensionsG and

where

ayload_

[ype = NNR_PT_BLOCK, the NNR unit contains)a~decomposed tensor G and the next NNR unit in the

type !=

ayload_

— Otherwise, if nnr_compressed_data_unit_payload_type == NNR_PT BLOCK and (compjressed_

sG[0] +
1) >> (2

+ scan_order)) - 2.

— Otherwise, NumBlockRowsMinusl is set to ((TensorDimensions[0] + (4 << scan_order) - 1)
scan_order)) - 1.

>> (2 +

decomposition_rank specifies the rank of the low-rank decomposed weight tensor components

relative to tensor_dimensions.

g_number_of_rows specifies the number of rows of matrix G in the case where the reconstruction is

performed for decomposed tensors in an NNR unit of type NNR_PT_BLOCK

cabac_unary_length_minus1 specifies the length of the unary part in the DeepCABAC binarization

minus 1.
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scan_order specifies the block scanning order for parameters with more than one dimension according
to the following table:

— 0: No block scanning
— 1: 8x8 blocks

— 2:16x16 blocks

— 3:32x32 blocks

— 4: 44x64 blocks

cabac_offset_list specifies a list of values to be used to initialize variable IvlOffset at the beginning of
entry ppints.

dq_state_list specifies a list of values to be used to initialize variable stateld at the beginnhing of entry
points.

bit_offget_deltal specifies the first element of list BitOffsetList.

bit_offget_delta2 specifies elements of list BitOffsetList except for the first\element, as difference tq
the preyious element of list BitOffsetList.

Variablg BitOffsetList is a list of bit offsets to be used to set the, bitstream pointer position at thd
beginning of entry points.

codebdok_egk specifies the Exp-Golomb parameter k for decoding of syntax elements codebook]
delta_lgft and codebook_delta_right.

codebdok_size specifies the number of elements in the:€odebook.

codebdok_centre_offset specifies an offset for acgessing elements in the codebook relative to the
centre ¢f the codebook. It is used for calculating variable CbZeroOffset.

codebdok_zero_value specifies the value of-the codebook at position CbZeroOffset. It is involved ir
creating variable Codebook (the array representing the codebook).

codebdok_delta_left specifies thevwdifference between a codebook value and its right neighboui
minus ] for values left to the centre position. It is involved in creating variable Codebook (the array
represgnting the codebook).

codebdok_delta_right specifies the difference between a codebook value and its left neighboui
minus ] for values right'tothe centre position. It is involved in creating variable Codebook (the array
represgnting the codebook).

count_tensor_dimensions specifies a counter of how many dimensions are specified. For example, fo1
a 4-dinjensional.tensor, count_tensor_dimensions is 4. If it is not included in the bitstream, it shall beg
obtaingd fromrthe model topology description.

tensor ldimensions cpp(‘ifipc an arrav or list of dimension values For mmmp]p for a convolutiona
layer, tensor_dimensions is an array or list of length 4. For NNR units carrying elements G or H of a
decomposed tensor, tensor_dimensions is set to the dimensions of the original tensor. The actual tensor
dimensions of G and H for the decoding methods are derived from tensor_dimensions, decomposition_
rank, and g_number_of_rows. If it is not included in the bitstream, it shall be obtained from the model
topology description.

topology_elem_id_list specifies a list of unique identifiers related to the topology element to which
an NNR compressed data unit refers. Elements of topology_elem_id_list are semantically equivalent to
syntax element topology_elem_id or the index of it when listed in topology payload of type NNR_TPL_
REFLIST. The semantic interpretation of this field is context dependent.
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topology_elem_id_index_list specifies a list of unique indexes related to the topology elements listed
in topology information with payload type NNR_TPL_REFLIST. The first element in the topology shall
have the index value of 0.

concatentation_axis_index indicates the 0-based concatenation axis.

split_index[] indicates the tensor splitting index along the concatenation axis indicated by
concatentation_axis_index in order to generate each individual tensor which is concatenated.

number of shifts[] indicates how many left-shifting operations are to be performed.

shift_index[Kk][i] indicates the axis index of the kth topology element to be left-shifted.

shift_value[K][i] indicates the amount of left-shift on the axis with index index[K][i].

b.4.3.8 NNR aggregate unit header semantics
hnr_aggregate_unit_type specifies the type of the aggregate NNR unit.

[he NNR aggregate unit types are specified in Table 9.

Table 9 — NNR aggregate unit types

nnr_aggregate_unit_type |Identifier NNR Aggregate Unit|Description
Type
0 NNR_AGG_GEN Generic NNR dggregate | A set of NNR units
unit
1 NNR_AGG_SLF Self-contained NNR|When extracted and then concaftenated
aggregate unit withan NNR_STR and NNR_MPS, an NNR_

AGG_SLF shall be decodable witHout any
need of additional information apd a full
or partial NN model shall be succpssfully
reconstructable with it.

2.127 NNR_RSVD Reserved ISO/IEC-reserved range
128..255 NNR_UNSP Unspecified Unspecified range

[he values in the range NNRx NNR_RSVD are reserved for uses in future versions of this or|related
specifications. Encoders (shall not use these values. Decoders conforming to this version| of the
bpecification may ignore/NNR units using these values. The values in the range NNR_UNSP jare not
specified, their use is.outside the scope of this specification. Decoders conforming to this version of the
specification may ignore NNR units using these values.

entry_points)present_flag specifies whether individual NNR unit entry points are present.

hum_of ihr_units_minus2 + 2 specifies the number of NNR units present in the NNR aggregate unit’s
payload;

11111111

Jstire NNRumit Lype of the NNRumitatimdexT:

nnr_unit_entry_point[ i ] specifies the byte offset from the start of the NNR aggregate unit to the start
of the NNR unit in NNR aggregate unit’s payload and at index i. This value shall not be equal or greater
than the total byte size of the NNR aggregate unit. nnr_unit_entry_point values can be used for fast and
random access to NNR units inside the NNR aggregate unit payload.

quant_bitdepth| i ] specify the max bit depth of quantized coefficients for each tensor in the NNR
aggregate unit.

ctu_scan_order( i ] specify the CTU-wise scan order for each tensor in the NNR aggregate unit. Value
0 indicates that the CTU-wise scan order is raster scan order at horizontal direction, value 1 indicates
that the CTU-wise scan order is raster scan order at vertical direction.
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6.4.4 NNR unit payload semantics

6.4.4.1 General

The following NNR unit payload types are specified:

6.4.4.2 NNR start unit payload semantics

Start unit payload (reserved for future use).

6.4.4.3| NNR model parameter set unit payload semantics

topology_carriage_flag specifies whether the NNR bitstream carries the topology intérnally o1
externdlly. When set to 1, it specifies that topology is carried within one or more NNR units of typse
“NNR_TIPL". If 0, it specifies that topology is provided externally (i.e., out-of-band with'réspect to the
NNR bitstream).

mps_sparsification_flag specifies whether sparsification is applied to the model in the NNR
compressed data units that utilize this model parameter set.

mps_pruning_flag specifies whether pruning is applied to the model ifisthe NNR compressed dat4
units thHat utilize this model parameter set.

mps_unification_flag specifies whether unification is applied to-the model in the NNR compressed
data unfits that utilize this model parameter set.

mps_dé¢composition_performance_map_flag equal to 1¢specifies that tensor decomposition wag
applied|to at least one layer of the model and a corresponding performance map is transmitted.

mps_quantization_method_flags specifies the quantization method(s) used for the model in the NNR
compressed data units that utilize this model parafieter set. If multiple models are specified, they are
combined by OR. The methods are defined in Table 10.

Table 10 — Quantization method identifiers

Quantigation method Quantization method ID Value
Scalar Uniform NNR_QSU 0x01
Codebopk NNR_QCB 0x02
Reserve¢d 0x04-0x07

mps_tagpology_indexed reference_flag specifies whether topology elements are referenced by uniqus
index. When set to I)tepology elements are represented by their indexes in the topology data defined
by the topology payload of type NNR_TPL_REFLIST. If this flag is set to 0, then topology_data of NNR
topology unit shall contain the topology information.

mps_qp_density specifies density information of syntax element mps_quantization_parameter in thg
NNR compressed data units that utilize this model parameter sets.

mps_quantization_parameter specifies the quantization parameter for scalar uniform quantization
of parameters of each layer of the neural network for arithmetic coding in the NNR compressed data
units that utilize this model parameter set.

sparsification_performance_map() specifies a mapping between different sparsification thresholds
and resulting NN inference accuracies. The resulting accuracies are provided separately for different
aspects or characteristics of the output of the NN. For a classifier NN, each sparsification threshold is
mapped to separate accuracies for each class, in addition to an overall accuracy which considers all
classes. Classes are ordered based on the neural network output order, i.e., the order specified during
training.
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spm_count_thresholds specifies the number of sparsification thresholds. This number shall be non-
Zero.

sparsification_threshold specifies a list of thresholds where each threshold is applied to the weights
of the decoded neural network in order to set the weights to zero. l.e., the weights whose values are less
than the threshold are set to zero.

non_zero_ratio specifies a list of non-zero ratio values where each value is the non-zero ratio that is
achieved by applying the sparsification_threshold to sparsify the weights.

spm_nn_accuracy specifies a list of accuracy values where each value is the overall accuracy of the
NN (e.g. classification accuracy by considering all classes) when sparsification using the cotresponding
'hreshold in sparsification_threshold is applied.

spm_count_classes specifies a list of number of classes where each such number is the number of
Classes for which separate accuracies are provided for each sparsification thresholds.

spm_class_bitmask specifies a subset of classes for which the accuracies are Signalled, when a|certain
bparsification threshold is applied. The order of bits indicates the indexes of classes, with the most
bignificant bit representing the presence of the smallest indexed class.

spm_nn_class_accuracy specifies a list of lists of class accuracies; where each value is accuragy for a
Certain class, when a certain sparsification threshold is applied.

pruning_performance_map() specifies a mapping between different pruning ratios and r¢sulting
NN inference accuracies. The resulting accuracies are provided separately for different asgects or
characteristics of the output of the NN. For a classifier NN, each pruning ratio is mapped to sgparate
hccuracies for each class, in addition to an overall<aceuracy which considers all classes. Clagses are
brdered based on the neural network output ordergi;e., the order specified during training.

ppm_count_pruning_ratios specifies the number of pruning ratios. This number shall be non-zero.
pruning_ratio specifies the pruning ratio:

ppm_nn_accuracy specifies a list of'dccuracy values where each value is the overall accuracy of the NN
e.g. classification accuracy by considering all classes) when pruning using the corresponding [ratio in
bruning_ratio is applied.

ppm_class_bitmask: spegifies a subset of classes for which corresponding accuracies are signalled,
(vhen a certain pruningatio is applied. The order of bits indicates the indexes of classes, with the most
bignificant bit representing the presence of the smallest indexed class.

ppm_count_classes specifies a list of number of classes where each such number is the nupnber of
rlasses for which Separate accuracies are provided for each pruning ratio.

ppm_nn_elass_accuracy specifies a list of lists of class accuracies, where each value is accuralcy for a
Certain.class, when a certain pruning ratio is applied.

hnification_performance_map() specifies a mapping between different unification thresholds and
resulting NN inference accuracies. The resulting accuracies are provided separately for different
aspects or characteristics of the output of the NN. For a classifier NN, each unification threshold is
mapped to separate accuracies for each class, in addition to an overall accuracy which considers all
classes. Classes are ordered based on the neural network output order, i.e., the order specified during
training.

upm_count_thresholds specifies the number of unification thresholds. This number shall be non-zero.

count_reshaped_tensor_dimensions specifies a counter of how many dimensions are specified for
reshaped tensor. For example, for a weight tensor reshaped to 3-dimensional tensor, count_reshaped_
tensor_dimensions is 3.
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reshaped_tensor_dimensions specifies an array or list of dimension values. For example, for a
convolutional layer reshaped to 3-dimensional tensor, dim is an array or list of length 3.

count_super_block_dimensions specifies a counter of how many dimensions are specified. For
example, for a 3-dimensional superblock, count_super_block_dimensions is 3.

super_block_dimensions specifies an array or list of dimension values. For example, for a
3-dimensional superblock, dim is an array or list of length 3, i.e. [64, 64, kernel_size].

count_block _dimensions specifies a counter of how many dimensions are specified. For example, for a
3-dimensional block, count_block_dimensions is 3.

block_dlimensions specifies an array or list of dimension values. For example, for a 3-dimensiona
block, dim is an array or list of length 3, i.e. [2, 2, 2].

unification_threshold specifies the threshold which is applied to tensor block in ordef/to unify the
absolutp value of weights in this tensor block.

upm_nh_accuracy specifies the overall accuracy of the NN (e.g. classification aceuracy by considering
all clasges).

upm_count_classes specifies number of classes for which separate accuracies are provided for each
unificafion thresholds.

upm_class_bitmask specifies a subset of classes for which corre§ponding accuracies are signalled
when a|certain unification threshold is applied. The order of bitsfindicates the indexes of classes, with
the mogt significant bit representing the presence of the smallestindexed class.

upm_nh_class_accuracy specifies the accuracy for a certainclass, when a certain unification threshold
is appligd.

decomposition_performance_map() specifies a mapping between different mean square error (MSE]
threshdlds between the decomposed tensors and“their original version and resulting NN inference
accuradies. The resulting accuracies are provided separately for different aspects or characteristics of
the output of the NN. For a classifier NN, each-MSE threshold is mapped to separate accuracies for each
class, inp addition to an overall accuracy-which considers all classes. Classes are ordered based on the
neural petwork output order, i.e., the order specified during training.

dpm_count_thresholds specifies-the number of decomposition MSE thresholds. This number shall be
non-zero.

mse_threshold specifies @n-array of MSE thresholds which are applied to derive the ranks of thg
different tensors of weights:

dpm_np_accuracy<specifies the overall accuracy of the NN (e.g. classification accuracy by considering
all clasges).

nn_reductiop_ratio[ i ] specifies the ratio between the total number of parameters after tensof
decomplosition of the whole model and the number of parameters in the original model.

dpm_count_classes specifies number of classes for which separate accuracies are provided for each
decomposition thresholds.

dpm_nn_class_accuracy specifies an array of accuracies for a certain class, when a certain
decomposition threshold is applied.

6.4.4.4 NNR layer parameter set unit payload semantics

Ips_sparsification_flag specifies whether sparsification was applied to the model in the NNR
compressed data units that utilizes this layer parameter set.
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Ips_pruning_flag specifies whether pruning was applied to the model in the NNR compressed data
units that utilizes this layer parameter set.

Ips_unification_flag specifies whether unification was applied to the model in the NNR compressed
data units that utilizes this layer parameter set.

Ips_quantization_method_flags specifies the quantization method used for the data contained in the
NNR compressed data units to which this layer parameter set refers. If multiple models are specified,
they are combined by OR. The methods are defined in Table 11.

Table 11 — Quantization method identifiers

Quantization method Quantization method ID Value
Scalar uniform NNR_QSU 0x01
Codebook NNR_QCB 0x02
Reserved 0x04-0x0Q%

ps_gp_density specifies density information of syntax element lps_quantization_parameter in the
NNR compressed data units that utilize this model parameter set.

ps_quantization_parameter specifies the quantization parametéryfor scalar uniform quantizgtion of
parameters of each layer of the neural network for arithmetic coding in the NNR compressed dafa units
that utilize this model parameter set.

['he variable QpDensity is derived as follows:
— Ifan active NNR layer parameter set is present, the'variable QpDensity is set to Ips_gqp_den{ity.
— Otherwise, the variable QpDensity is set to nips_qp_density.
['he variable QuantizationParameter is derived as follows:

— If an active NNR layer parameter sébis present, the variable QuantizationParameter is sef to Ips_
quantization_parameter.

— Otherwise, the variable QuantizationParameter is set to mps_quantization_parameter.

sparsification_performancésmap() is as defined in subclause 6.4.4.3.

When lps_sparsification-flag of a certain layer is equal to 1 and mps_sparsification_flag is eqyal to 0,
then the informatien.in sparsification_performance_map() of the layer parameter set is valid when
performing sparsifieation only on that layer. More than one layer can have lps_sparsification_fl4g equal
[0 1 in their layerparameter set.

When both\mps_sparsification_flag and Ips_sparsification_flag are equal to 1, the following shall apply:

— Ifsparsification is applied on the whole model (i.e., all layers), then the information in sparsifjcation_
performance_map() of the model parameter set is valid.

— [T sparsiiication 1s applied on only one layer, and for that layer Ips_sparsiiication_ilag 1s equal to 1,
then the information in sparsification_performance_map() of the layer parameter set of that layer
is valid.

pruning_performance_map() is as defined in subclause 6.4.4.3.

When lps_pruning_flag of a certain layer is equal to 1 and mps_pruning_flag is equal to 0, then the
information in pruning_performance_map() of the layer parameter set is valid when performing
pruning only on that layer. More than one layer can have lps_pruning_flag equal to 1 in their layer
parameter set.
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When both mps_pruning_flag and Ips_pruning_flag are equal to 1, the following shall apply:

— If pruning is applied on the whole model (i.e., all layers), then the information in pruning_
performance_map() of the model parameter set is valid.

— If pruning is applied on only one layer, and for that layer Ips_pruning_flag is equal to 1, then the
information in pruning_performance_map() of the layer parameter set of that layer is valid.

unification_performance_map() is as defined in subclause 6.4.4.3.

When 1ps_unification_flag of a certain [ayer is equal to I and mps_unification_flag is equal to U, ther
the infdrmation in unification_performance_map() of the layer parameter set is valid when performing
unificafion only on that layer. More than one layer can have Ips_unification_flag equal to 1 in theirlayet
paramgdter set.

When Hoth mps_unification_flag and Ips_unification_flag are equal to 1, the following shall-apply:

— If ynification is applied on the whole model (i.e., all layers), then the information~in unification|
perfformance_map() of the model parameter set is valid.

— If unification is applied on only one layer, and for that layer Ips_unification*flag is equal to 1, ther
the|information in unification_performance_map() of the layer parameter set of that layer is valid.

6.4.4.5| NNR topology unit payload semantics

topologly_storage_format value is as signaled in the corresponding NNR topology unit header of thg
same NNR unit of type NNR_TPL.

topology_data is a byte sequence of length determined /by the NNR unit size describing the neura
network topology, in the format specified by topology_storage_format.

If topology_storage_format is set to NNR_TPL_UNREC, definition and identification of the storagsg
format pf topology_data is out of scope of this document.

NOTE If topology_storage_format is set to NNR_TPL_UNREC, the (header) structure of topology_data can beg
used to |dentify the format.

nnr_rep_type specifies whether pruning information is represented as a bitmask or as a dictionary of
referenges of topology elements. Fhe'permitted values are specified in Table 12.

Table12 — Pruning information representation types

nnr_rep_type value Identifier Description
0x00 NNR_TPL_BMSK Topology related information
signaled as bitmask
0x01 NNR_TPL_DICT Topology related information

signaled as dictionary of topol-
ogy elements

0x02-0x03 Reserved

prune_flag when set to 1 indicates that pruning step is used during parameter reduction and pruning
related topology information is present in the payload.

order_flag when set to 1 indicates that the bitmask should be processed row-major order; and column-
major otherwise.

sparse_flag when set to 1 indicates that sparsification step is used during parameter reduction and
related topology information is present in the payload.

count_ids specifies the number of element ids that are updated. When present, its value shall be greater
than zero.
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element_id specifies the unique id that is used to reference a topology element

element_id_index specifies the unique index of the topology element which is present in the nnr_
topology_unit_payload( ) where topology_storage_format is equal to NNR_TPL_REFLIST.

count_dims specifies the number of dimensions. When present, its value shall be greater than zero.

dim specifies array of dimensions that contain the new dimensions for the specified element. When
present, its value shall be greater than zero.

pit_masK_value when set to T indicates that this specific neuron’s weight is pruned if pruning_flag is
bet to 1 or is sparisfied (the weight value is 0) if sparse_flag is set to 1.

count_bits specifies the number of bits present in the bit mask information. When pregsént, its value
thall be greater than zero.

b.4.4.6 NNR quantization unit payload semantics

juantization_data is a byte sequence of length determined by the NNR ufiit size describing th¢ neural
hetwork quantization information, in the format specified by quantizatieh._storage_format.

f quantization_storage_format is set to NNR_QNT_UNREC, definition“and identification of the [storage
format of quantization_data is out of scope of this document.

NOTE If quantization_storage_format is set to NNR_QNT_UNREC, the (header) structure of quantization_
lata can be used to identify the format.

b.4.4.7 NNR compressed data unit payload semantics

raw_float32_parameter is a float parameter tensor.

b.4.4.8 NNR aggregate unit payload senantics

NNR aggregate unit payload carries multiple NNR units. num_of_nnr_units_minus2 + 2 parameter in
NNR aggregate unit header shall specify how many NNR units are present in the NNR aggregate unit’s
payload.

/ Decoding process

7.1 General

A decoder thaf\complies with this document shall take an NNR bitstream, as specified in subclause 6.3,
hs input and

— generate decompressed data which complies with an NNR decompressed data format (as defined in
Table 13) or

ganarata ASCIl ar camnraccad data auidnnitc ac indie
5o rate o oI O ComprEootatara buarpuatoToo ot

unit payloads (as described in subclause 6.3.3)

usingthe NNR-TPLand NNR-QNT NNR

fal 1
TCTr Y StoTIT

For the decoding process, the following conditions shall apply:

— Any information that is required for decoding an NNR unit of the NNR bitstream should be signaled
as part of the NNR bitstream. If such information is not part of the NNR bitstream, then it shall
be provided to the decoding process by other means (e.g. out-of-band topology information or
parameters required for decoding but not signaled or carried in the NNR bitstream)

— The decoding process shall be initiated with an NNR unit of type NNR_STR. With the reception
of the NNR_STR unit, the decoder shall reset its internal states and get ready to receive an NNR
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bitstream. The presence and cardinality of preceding NNR units shall be as specified in the relevant
clauses and annexes of this document.

NOTE For example, a decoder can be further initialized via an NNR unit of type NNR_MPS in order set
global neural network model parameters.

A decoder that complies with this document shall output data structures which comply with the
decompressed NNR data formats as soon as it decompresses them. This allows low delay between
inputting NNR compressed data units and accessing decompressed data structures from its output.
How to establish the relationship between the input NNR units and NNR decompressed output data is
out of sgope of this document and left to implementation.

7.2 NNR decompressed data formats

Depending on the compression methods used to create a particular bitstream, the NNR decodet
is expected to output different decompressed data formats as a result of decodipg-an NNR dat3
unit. Tgble 13 specifies these NNR decompressed data formats that result after deeompressing NNR
compressed data units.

Table 13 — NNR decompressed data formats

Parameter identifier | Parameter description nnr_decompressed_
data_format

TENSOR_INT Tensor of integer values used for representing tensor-shaped |0
signed integer parameters of the model

TENSOR_FLOAT Tensor of float values used for representingtensor-shaped 1
float parameters of the model

7.3 Decoding methods

7.3.1 |General

This sybclause specifies the decoding méthods of this document. Depending on the value of nnr]
compressed_data_unit_payload_type, otigyof the subclauses as specified in Table 14 is invoked.

Table 14— NNR compressed data payload types

Payloadl identifier Desecription nnr_compressed_data_ |Sub-
unit_payload_type clause

NNR_PT_INT integer parameter tensor 0 7.3.2
NNR_PT_FLOAT float parameter tensor 1 3.3
NNR_PT_RAW_FLOAT uncompressed float parameter tensor 2 7.3.4
NNR_PT_BLOCK float parameter tensors including a (optionally |3 7.3.

decomposed) weight tensor and, optionally,

local scaling parameters, biases, and batch norm

nnnnnn torcthat Formn o Wlooly s dha s Al oo 1

parameters-thatformablockinthe-modelarehi

tecture

If the payload identifier is NNR_PT_INT, NNR_PT_FLOAT, or NNR_PT_FLOAT_RAW and if multiple
topology elements are combined (as signaled in the NNR compressed data unit header via nnr_multiple_
topology_elements_present_flag), then NNR decompressed tensors shall be further split into multiple
tensors after the decoding process as follows:

— Tensor RecParam is split into multiple tensors by invoking TensorSplit( RecParam, split_index,
concatenation_axis_index).

— The output of function TensorSplit is the list of split output tensors associated with topology
elements as specified by array topology_elem_id_list.
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— Output tensors are further processed by swapping their axis as signaled in topology_tensor_
dimension_mapping() by invoking AxisSwap().

7.3.2 Decoding method for NNR compressed payloads of type NNR_PT_INT
Input to this process are:

— One or more NNR compressed data units which are marked to be decompressed together by partial_
data_counter and nnr_compressed_data_unit_payload_type fields are setas NNR_PT_INT.

Dutput of this process is a variable RecParam of type TENSOR_INT as specified in Table [I13. The
limensions of RecParam are equal to TensorDimensions. Decoding of a bitstream cenferming to
method NNR_PT_INT shall only produce values for RecParam that can be represented as 32 bit|integer
alue in two’s complement representation.

[he arithmetic coding engine and context models are initialized as specified in stibclause 10.3.2.

A syntax structure shift_parameter_ids( cabac_unary_length_minus1 ) according to subclause [10.2.1.6
s decoded from the bitstream and the initialization process for probability estimation parameters as
specified in subclause 10.3.2.2 is invoked.

A syntax structure quant_tensor( TensorDimensions, cabac_una®y length_minusl, 0 ) accornding to
bubclause 10.2.1.4 is decoded from the bitstream and RecParamSis set equal to QuantParam.

A syntax structure terminate_cabac() according to subclausé{10.2.1.2 is decoded from the bitstfeam.

7.3.3 Decoding method for NNR compressed payloads of type NNR_PT_FLOAT
nput to this process are:

— One or more NNR compressed data units which are marked to be decompressed together by partial_
data_counter and their nnr_compressed:data_unit_payload_type fields are set as NNR_PT_FLOAT

Dutput of this process is a variable ReeParam of type TENSOR_FLOAT as specified in Table [13. The
limensions of RecParam are equal to,TensorDimensions.

['he arithmetic coding engine and context models are initialized as specified in subclause 10.3.74.

Pubclause 7.3.6 is invoked(with TensorDimensions, 0, and (codebook_present_flag ? 0 : -1) as inpfits, and
'he output is assigned to_RecParam.

A syntax structure‘terminate_cabac() according to subclause 10.2.1.2 is decoded from the bitstfeam.

Decoding of a bitstream conforming to method NNR_PT_FLOAT shall only produce values for RecParam
rhat can berepresented as float value without loss of precision.

7.3.4. “Decoding method for NNR compressed payloads of type NNR_PT_RAW_FLOAT

Dutput of this process is a variable RecParam of type TENSOR_FLOAT as specified in Table [I3. The
dimensions of RecParam are equal to TensorDimensions.

RecParam is set equal to raw_float32_parameter.

7.3.5 Decoding method for NNR compressed payloads of type NNR_PT_BLOCK
Inputs to this process are:

— One or more NNR compressed data units which are marked to be decompressed together by partial_
data_counter and their nnr_compressed_data_unit_payload_type fields are set as NNR_PT_BLOCK.
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Output of this process are one or more variables of type TENSOR_FLOAT as specified in Table 13
depending on the value of compressed_parameter_types as follows:

If (compressed_parameter_types & NNR_CPT_DC) == 0: RecWeight

If (compressed_parameter_types & NNR_CPT_DC) != 0: RecWeightG, RecWeightH

If (compressed_parameter_types & NNR_CPT_LS) != 0: RecLS

If (compressed_parameter_types & NNR_CPT_BN) != 0: RecBeta, RecGamma, RecMean, RecVar

If ((ompressed_parameter_types & NNR_CPT_BI) != 0: RecBias
If present, the dimensions of RecWeight are equal to TensorDimensions.
If present, the dimensions of RecWeightG are equal to TensorDimensionsG.
If present, the dimensions of RecWeightH are equal to TensorDimensionsH.

If presgnt, the variables RecLS, RecBeta, RecGamma, RecMean, RecVar, and RegBias are 1D and theil
length is equal to the first dimension of TensorDimensions.

The arithmetic coding engine and context models are initialized as specified-in subclause 10.3.2.

If (compressed_parameter_types & NNR_CPT_LS) != 0, subclause 7.3.6718 invoked with the dimensions
of RecLf, -1, and -1 as inputs, and the output is assigned to RecLS.

If (compressed_parameter_types & NNR_CPT_BI) =0, subclause7.3.6 is invoked with the dimensions of
RecBiag,, -1, and -1 as inputs, and the output is assigned to Re¢Bias.

If (compressed_parameter_types & NNR_CPT_BN) != 0, .subclause 7.3.6 is invoked with the dimensions
of RecBEta, -1, and -1 as inputs, and the output is assigned to RecBeta.

If (compressed_parameter_types & NNR_CPT_BNJ\!= 0, subclause 7.3.6 is invoked with the dimensions
of RecGamma, -1, and -1 as inputs, and the output is assigned to RecGamma.

If (compressed_parameter_types & NNR.CGRT_BN) != 0, subclause 7.3.6 is invoked with the dimensions
of RecMean, -1, and -1 as inputs, and the.ouitput is assigned to RecMean.

If (compressed_parameter_types,&NNR_CPT_BN) != 0, subclause 7.3.6 is invoked with the dimensions
of RecVhpr, -1, and -1 as inputs, and-the output is assigned to RecVar.

If (compressed_parametertypes & NNR_CPT_DC) == 0, subclause 7.3.6 is invoked with the dimensions
of RecWeight, 0, and (codebook_present_flag ? 0 : -1) as inputs, and the output is assigned to RecWeight

If (compressed_parameter_types & NNR_CPT_DC) != 0, the following applies:

Subiclause Z3)6 is invoked with TensorDimensionsG, 0, and (codebook_present_flag ? 0 : -1) as
inputs, and the output is assigned to RecWeightG.

Subjdlause 7.3.6 is invoked with TensorDimensionsH, (TensorDimensionsG[0] + (4 << scan_order) -
1) >>{Z +scan_order]J - I, and (codebooK_present_ilag 7 I : -1) as Inputs, and the output Is assigned
to RecWeightH.

NOTE From the decoded RecWeightG and RecWeightH, the variable RecWeight can be derived as follows:

RecWeight = TensorReshape (RecWeightG * RecWeightH, TensorDimensions)

A syntax structure terminate_cabac() according to subclause 10.2.1.2 is decoded from the bitstream.
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7.3.6 Decoding process for an integer weight tensor
Inputs to this process are:
— Avariable tensorDims specifying the dimensions of the tensor to be decoded.

— Avariable entryPointOffset indicating whether entry points are present for decoding and,
points are present, an entry point offset.

022(E)

if entry

— Avariable codebookld indicating whether a codebook is applied and, if a codebook is applied, which

codebook shall be used.

Himensions equal to tensorDims.

bitstream.

A syntax structure shift_parameter_ids( cabac_unary_length_minus1 ) according to subclause

Dutput of this process is a variable recParam of type TENSOR_FLOAT as specified in Table 13 with

A syntax structure quant_param( QpDensity ) according to subclause 10.2.1.3 isydecoded fijom the

10.2.1.6

s decoded from the bitstream and the initialization process for probability estimation param
specified in subclause 10.3.2.2 is invoked.

hccording to subclause 10.2.1.4 is decoded from the bitstream and recParam is set as follows:

if( codebookld == -1)
recParam = QuantParam
else {
for(i=0;i<Prod(tensorDims ); i++) {
idx = TensorIndex( tensorDims, i )
if( codebookld == 0)
recParam[idx] = Codebook[ QuantParam[idx] + CbZeroOffset ]
else

recParam[idx}= CodebookDC[ QuantParam[idx] + CbZeroOffsetDC ]

}

A variablestepSize is derived as follows:

mul’=(1 << QpDensity) + ( (qp_value + QuantizationParameter) & ( (1 << QpDensity ) -1))

chift = (an value + QuantizationParameterl >> OnDongity
PV i pHeRsiy

bters as

A syntax structure quant_tensor( tensorDims, cabac_unary.length_minusl, entryPointQffset )

hift QuantizationParam
stepSize = mul * 2shift - QpDensity

Variable recParam is updated as follows:
recParam = recParam * stepSize

NOTE Following from the above calculations, recParam can always be represented as binary fractio
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8 Parameter reduction

8.1 General
This includes methods and techniques that process a model to obtain a compact representation.

Examples of such methods include, parameter sparsification, parameter pruning, weight unification, and
decomposition methods.

8.2 Methods

8.2.1 |Sparsification using compressibility loss

The mefhod starts from a pretrained neural network (input to the method) and calculates the task losg
(categorical cross-entropy for image classification, MSE for image compression, ét¢.) and the
compressibility loss on validation set and arranges the weight A. on the compressibilityJoss such thaf
the conmppressibility loss is m times the task loss. This A, is fixed during the entite training and thgq

following loss is minimized during neural network training:

L §Ls +A L,

m is a hyperparameter of the method. Note that 4, is directly inferredfrom m so it is not an additiona
hyperpparameter.

The corppressibility loss is defined as follows

i w?
¢t TVe7 1
wo T (w]

where |w| and w are L; and L, norms of the vector w, respectively, and the vector w is obtained by
flattening all the tensors representing the learnable parameters of the neural network.

2

. . . . . w® 1w
During this data-dependent transformatién 7, is arranged accordingly such that ﬁ :§u
w w
After the data-dependent transformation is completed, the neural network parameters are flattened td
a singlg vector, and pruned singply by setting the parameters that have smaller absolute values than 4

threshdld 7, to zero.

8.2.2 (Sparsification-uSing micro-structured pruning

The mdthod starts,from a pretrained neural network (input to the method) and aims at changing
(pruning) the pfetrained parameters in a structured way.

For ea¢h setwork layer (e.g. the k-th layer) the parameters W, are represented as a genera

5-dimenhsianal (';n) tensor of size r‘lf szlf an Xné( Xné( The input of the l;lypr is a 4-dimensional (4]'):

tensor A of size hf va xdf xcf, and the output of the layer is a 4D tensor B of size hé( ><v§ xdf ><c§.

When any of the sizes cf ,cé‘ ,n{( ,né‘ ,né‘ ,h{‘ ,vf ,df ,hé( ,vé‘ ,dé‘ takes the value 1, the corresponding tensor

reduces to a lower dimension. hf,vf,d{( (hé(,vé(,df) are the height, weight and depth of the input

tensor A (output tensor B). cf (cé‘) is the number of input (output) channel. nf, né‘, and né‘ are the size

of the convolution kernel corresponding to the height, weight and depth axes, respectively. The 5D

parametertensorisreshapedintoaSDtensorofsize(cf , cg ,nk),where c{( ><c§ xnk :cf xcé( xnf ><n§ ><n§

. The size of the 3D tensor is defined as cf = cf, cé‘ :cé‘ ,nk :n{‘ xné‘ xné‘ :
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The reshaped 3D parameter tensor is partitioned into super-blocks of size sf xsé( xn¥. Let S;-( denote a
super-block. Each super-block Sj-‘ is further partitioned into blocks of size bf xbé‘ xbé‘ . Let Bj-‘, denote
a block in S;( , parameters are pruned block-wise inside S;( . For each block B}(I ,a prune distortion loss
L(B;-‘I) can be computed (e.g. as the Ly norm of the absolute value of the parameters in B;‘I ). The prune
distortion loss L (S;-‘ ) of the entire super-block S}( is computed by averaging L(Bj-(l) across all blocks in

Sf i.e., L(Sj,-‘ ]:averaaeﬁz, L(ij,]. When selected to be pruned, all parameters in Bff, will be set to
jl

v.€T0.

When cf cannot be fully divided by sf, or cé‘ cannot be fully divided by 55 , the super-blocks along the

boundary of the corresponding dimension will be smaller. When n* can not be fullyydivided by bé( , sf
Cannot be fully divided by bf ,or 55 cannot be fully divided by bé( , the blocks dlong the boundar]y of the

rorresponding dimension will be smaller. That is, bf Xbé‘ xbé‘ is the maximum size of the blogks, and

sf xsé" xn* is the maximum size of the super-blocks.

iven the original task loss L;.,;, (categorical cross-entropy for‘ithage classification, MSE fof image
fompression, etc.), this method iteratively takes the following two steps:

|. The blocks are ranked based on their loss L( Bﬁ-‘,) inascending order. Given a pruning ratiq p as a

hyperparameter, the top p blocks are selected to be.pruned. And the parameters in selected blocks
are set to be 0. A parameter pruning mask M, iSmaintained throughout the training prog¢ess. M,
has the same shape as W), which records whether a corresponding weight coefficient is prpned or
not.

T~

The parameters which are marked in#; as being pruned are fixed, the remaining unfixed weight
coefficients of W) are updated through a neural network training process.

[he method will output an updated_model with the same model structure as the input model, where
part or all of the parameters being structurally removed (pruned). The output model can be directly
1sed in the same way as the input model.

B.2.3 Combined pruning and sparsification

B8.2.3.1 General

'he methodconsists of three steps. Starting from a pre-trained neural network, pruning ratip p and
sparsification'ratio g, this method takes the following steps:

|. Analyse the network to identify the parameters suitable for pruning.

D C~Remove the neurons with respect to the pruning ratio p.

3. Apply data dependent-based sparsification with regard to the sparsification ratio q. The
sparsification method can be any sparsification method which is defined as a parameter reductions
method in this document or a similar method.

Given a configuration setup, the steps 1 to 3 can be performed progressively or in one-shot until a
target compression ratio is achieved. In step 2, a sparsification operation may also be applied rather
than pruning. In step 3, only task loss may also be applied in order to improve the neural network
performance.
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8.2.3.2 Estimating the importance of parameters for pruning

The neural network parameters are estimated based on a diffusion process over the layers. Example of
pruning of convolution filters is provided below, similar formulation applies to other type of layers and
to group of layers.

Each convolution layer consists of a parameter tensor Fe R Cout KHKXC;

, also denoted filter, where C, is
the number of output channels, K is the dimension of the convolution kernel, and C; is the number of

input channels

Under ¢onstant input the redundancy in a layer output can be modelled by the internal redundan
informdtion inside the filter. Thus, by considering an ergodic Markov process between thecputpuf
channels, a graph diffusion is employed to find the redundancy. To this end, given a convolution filter F

RCO xm

, a featyre matrix Me is obtained where m=KxK xC;, via tensor reshape.

Following the ergodic Markov chain with each output channel as one state, the probability of reaching

particu]ar state at the equilibrium is nT =nTP where P is the stochastic transition matrix and 7 i
the equilibrium probability of P, corresponding to the left eigenvector A =1 ¢Under equilibrium, thg
importance can be defined as

S =exp(—i),
on

where ¢ is a smoothing factor, that can be equal to the number of‘output channels. The elements pjj © i

the tranpsition matrix P are determined as

¢~ Dmi.m;)
p.. = B
v Ecoute—D(mi my)
z=1

where [n; is the i-th row of M and D(:,-) is any-distance function of preference. The higher value of S

will indlicate more dissimilarity, importance.and salience for output channel in comparison to the othet
output thannels. To prune the filters, afterneémputing S, less salient channels are removed.

8.2.3.3| Data dependent-based sparsification

While any data dependent sparsification from this document can be used, the following data dependen
sparsigcation is employed. A data-dependent approach which consists of the task loss (e.g. categorica
cross-eptropy for image classification, MSE for image compression, etc.), the compressibility loss and
diversifly loss. The loss“terms are arranged with the weight A, on the compressibility loss and thg

weight [A; on the digersity loss, respectively. The 4. and A, are fixed during the entire training and thgq
following loss isiminimized during neural network training:

Lt +F LS +;LCLC —/lde

The compressibility loss is defined as follows

2
wi, w
Le=—+Yc1~
wo T w
where |w| and w are L; and L, norms of the vector w, respectively, and the vector w is obtained by
flattening all the tensors representing the learnable parameters of the neural network.
w2 1|w|

The y, is chosen such that —=——.
w 3w
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The diversity loss term encourages the diversity between filters at each layer [/ for all the layers of a
network, L, that is

Ly =Y Div(W,)
leL

where W, is a tensor representing the learnable parameters of the I-th layer. The learnable parameters
of each i-th filter in the I-th layer are represented as a weight vector wy;. The diversity for the I-th layer
is then computed as

Div(W;) =Y (1=|(w' w'y )]),
ij
where (-,-) is the dot product of vectors, w'; and w'j are the normalized wy; and jwy, respettively .

[he diversity term is bounded, 0 < 1 —|<W',,- W >| < 1. The value close to 0 indicates highly correlated

veight vectors and a value near 1 means uncorrelated filters. The total diversity over all the lpyers is
1sed as the diversity loss.

B.2.4 Parameter unification

[he method starts from a pretrained neural network (input tosthe method) and aims at changing
[unifying) the pretrained parameters in a structured way.

For each network layer (e.g. the k-th layer), its parameters\#, is a general 5-dmensional (5D) t¢nsor of
bize cf ><c§ xnf xné xné‘ . The input of the layer is a 4-dimensional (4D) tensor A of size hf xv{( X df xcf
and the output of the layer is a 4D tensor B;of size hé( ><v§ de ><c§. When any of tHe sizes
cf ,cé‘ ,nf ,n§ ,né‘ ,hf ,vlf ,df ,hé‘ ,vé‘ ,dé‘ takes the value 1, the corresponding tensor reduces to  lower
limension. hf ,wf ,df (hé( ,v§ ,dg) are the hieight, parameter and depth of the input tensor A |(output

fensor B). c{‘ (cé‘) is the number of input(output) channel. n{‘, né‘, and né‘ are the size of the conyolution

kernel corresponding to the height, parameter and depth axes, respectively. The 5D parameter tensor is

reshaped into a 3D tensor of siZe (cf ) cé‘ , n¥), where c{‘ xcé‘ xnk =c{‘ xcé‘ xnf ><n§ ><n§. Thg size of

the 3D tensor is defined as c{( = cf, cé( =c§ ,nk =nf xné‘ xn:’{ :

['he reshaped 3D paranieter tensor is partitioned into super-blocks of size sf ><s§ xn¥. Let S;-‘ denote a
super-block. Each super-block S}( is further partitioned into blocks of size bf xbé‘ xbé‘. Let Bj-(l denote
h block in Sj-‘ <parameter unification happens inside Sj-‘ blocks, there can be different ways o unify
barametercoefficients in Bj-(l . Given a parameter unifying method, the parameter unifier can unify
parameters in B}‘I using the method with an associated unification distortion loss L(B}). The

inification distortion loss L(S}( ) of the entire super-block S}‘ is computed by averaging L(B;-(, across

e same

absolute value, while keeping the original signs. In such a case, the L, norm of the absolute of parameters
in B}(I can be used to measure L( Bj-(l ).

When cf cannot be fully divided by sf, or c§ cannot be fully divided by sé( , the super-blocks along the

k k

boundary of the corresponding dimension will be smaller. When n" can not be fully divided by bé‘ , S1

cannot be fully divided by bf , Or s§ cannot be fully divided by bé( , the blocks along the boundary of the

corresponding dimension will be smaller. That is, bf xbé‘ xbé‘ is the maximum size of the blocks, and

sf ><s§ xn* is the maximum size of the super-blocks.
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Given the original task loss L¢ (categorical cross-entropy for image classification, MSE for image
compression, etc.), this method iteratively takes the following two steps:

1. The super-blocks are ranked based on their unification loss L(Sj-() in ascending order. Given a

unification ratio u as a hyperparameter, the top u super-blocks are selected to be unified. And the
parameter unifier unifies the blocks in the selected super-blocks. A parameter unifying mask M, is

ma

intained throughout the training process. M, has the same shape as W,, which records whether

a corresponding parameter coefficient is unified or not.

2. Th¢ parameter coefficients which are marked in M, as being unified are fixed, the remaining
unflixed parameters of W, are updated through a neural network training process.

The mgthod will output an updated model with the same model structure as the input model,"wherg

part or
used in

8.2.5

This m¢thod aims at reducing the size of parameter tensors, while keeping the'accuracy high. It enableg
using r¢duced tensors at inference, involving less multiplication and memory load.

The parjameter matrices of some fully connected and convolutional layers.of pretrained neural networks
are app,

Z, and

bitstregm using the value of ¢, f; as the structure of Zyg is kniown by the decoder. Finally, the rank ang
paramdters e and fhave to be transmitted in the bitstréam.

In thes

A~

W

where

retaining the first r, singular valueés‘and vectors.

8.2.6

When 4§
following re-parametrization (denoted batchnorm folding) of the parameters can be applied. It requires
that the
be expr

BN

all of the parameters being structurally changed (unified). The output model can.be directly
the same way as the input model.

Low rank/low displacement rank for convolutional and fully connected layers

froximated as low rank or low displacement rank form. G, Hy are transmitted in the bitstream

., are chosen to be f-circulant operators, expressed as Zf =[ f]. They are coded in thg

I n-1

hme way, low rank approximations represént’an original matrix of parameters as a product:

=Gk*Hk

[, isa m X r;, matrixand Hy is 7 X n matrix that can be derived from an SVD Wk = UzV" ang

Batchnorm folding

batch-normalization layer follows either a convolutional or fully-connected layer, then thg

combinatiemiof a convolutional or fully-connected layer with the batch-normalization layer car
essed as

W*X+b—
BTy

\!ﬂz-l-ﬁ

where X istheinput, BN(X) is the output, W is a weight tensor of the convolutional or fully-connected

layer (represented as 2D matrix), b is a bias parameter, and where the remaining parameters are batch-
normalization parameters. Note that b, u, o2, y,and B have the same shape as X and that X is

shaped

50

as a transposed vector. Parameter € is a scalar close to zero.
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If batchnorm folding is applied, the above equation is expressed as

BN(X)=aoW*X+§

— ¥ and where § :M+ﬂ .

Vo?+e Vo?+e

Parameter o can be present in NNR compressed payloads of type NNR_PT_BLOCK as output variable
RecLS and it is quantized using either uniform quantization or dependent scalar quantization.

where o =

Parameter 6 can be present in NNR compressed payloads of type NNR_PT_BLOCK as output yariable
RecBias and it is quantized using either uniform quantization or dependent scalar quantjzation

Note that the four batchnorm parameters RecBeta, RecGamma, RecMean, and RecVar can be recreated
'rom RecLS and RecBias according to the following equations:

RecBeta = RecBias
RecGamma = RecLS
RecMean = 0
RecVar = 1-€e

n case the four batchnorm parameters have been recreatedsRRecBias is set to 0 and RecLS is sef to 1. If
RecBias and RecLS are not required, they can simply be iginored.

B.2.7 Local scaling adaptation

[his method aims at increasing the capacity 6f‘the neural network by introducing a multiglicative
scaling factor to each output element of the lin€ar component of a convolutional or fully-connectg¢d layer.
[hat is, in the case of fully-connected layers;a unique scaling factor is multiplied to each output{neuron
pefore the bias is added. Analogously, at convolutional layers each output feature map is assiigned a
inique scaling factor which is multiplied to all elements of the feature map, before the bias if added
respectively.

[his method allows to increase the capacity of the network and thus, compensate for the quantization
brror induced by quantizingithe weight tensors of the convolutional and fully-connected layers.

[he scaling factors s_can be present in NNR compressed payloads of type NNR_PT_BLOCK aq output
yariable RecLS and\they are quantized using either uniform quantization or dependent scalar
juantization.

When batchderm folding is applied together with local scaling adaptation, the scaling factorf s are
merged with-parameter « of the batchnorm folding operation as follows:

O =0los

L N NND A | 1 A | £ & NAND DT DT OCK
Cdll DT PITOTIIU I INININ CUTTIIPITSSTU PdyludUus Ul Ty pUTINININ_ T _DL as
output variable RecLS and it is quantized using either uniform quantization or dependent scalar
quantization.

1N T4 ialal
AT TTSUIIT g vdl TdUTC™ ™

Note that the decoder needs not to be aware of whether RecLS contains only folded batchnorm
parameters or only scaling factors or both.

The recommended usage of the scaling factors is to derive and add them after quantization of the weight
tensors has been performed. The scaling factors are initialized with the value of 1, and then adapted
by means of backpropagation so that the prediction performance of the quantized neural network is
increased. Notably, this particular manner of introducing and calculating the scaling factors requires
access to data. However, having access to only a small dataset usually suffices for attaining good results
with this method, comparable to the size of a typical validation set (approx. 5 % of the training set size).
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8.3 Syntax and semantics

8.3.1 Sparsification using compressibility loss

The presence and semantics of syntax elements are specified in Table 15.

Table 15 — Syntax and semantics for sparsification using compressibility loss.

Syntax element condition semantics

tensor_flimensions present Dimension and shape of original tensors
8.3.2 [Sparsification using micro-structured pruning

The prgsence and semantics of syntax elements are specified in Table 16.

Table 16 — Syntax and semantics for sparsification using miro-structunedpruning.

Syntax|element condition semantics
count_tpnsor_dimension present counter of howmniany dimensions of reshaped
weight tensor,
reshapgd_tensor_dimensions]] present dimensions of reshaped weight tensor
count_guper_block_dimension present counter of how many dimensions of superblock
super_block_dimensions|[] present dimensions of superblock
count_Hlock_dimension present counter of how many dimensions of block
block_diimensions|] present dimensions of block

8.3.3 [Combined pruning and sparsification
The prdsence and semantics of syntax elements.are specified in Table 17.
Table 17 — Syntax and semantics for combined pruning and sparsification.
Syntax|element and functions |condition semantics
nnr_ref_type present The flag to indicate what type of output is
produced
prune_{lag present The flag to indicate pruning is applied
order_flag present The flag to indicate the order of processing
of information in row-major or column-major
sparse_flag present The flag to indicate sparsification is applied
count_ifls (prune_flag==1) && (nnr_rep_type | The number of elements that are pruned
== NNR_TPL_ DICT)
element_idf] (prune_flag==1) && (nnr_rep_type | The IDs of the elements that are pruned
== NNR_TPL_ DICT)
count_dims[] (prune_flag==1) && (nnr_rep_type | The number of dimensions of each pruned
== NNR_TPL_DICT) element
dim[][] (prune_flag==1) && (nnr_rep_type | The new dimensions of the pruned elements
== NNR_TPL_ DICT)
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Syntax element and functions

condition

semantics

bit_mask()

sparse_flag ==

A bitmask to indicate which matrix elements

are preserved during sparsificatio

n. A bit

value of 1 shall indicate that the correspond-
ing element is preserved and a bit value of 0

shall indicate that the corresponding
is sparsified

element

A lis | PPN 4 Licl o
ITT UTCIITAS N TU TITUTC AatC VWITICIT TITAtT TAT

ements

L £1 1N\ Q0O 4.
(PTUITC TTd g == XX _TCpP_ Ty pT

== NNR_TPL_BMSK)

or output channels are preserved
pruning. A bit value of 1 shallindic
the corresponding element is preser
a bit value of 0 shall indicate that th
sponding element is pruned

during
hte that
ved and
b corre-

B.3.4 Weight unification

[he presence and semantics of syntax elements are specified in Table 18:

Table 18 — Syntax and semantics for weightunification.

Syntax element condition semantics

count_tensor_dimension present counter of how many dimensions of re-
shaped weight tensor

reshaped_tensor_dimensions[] present dimensions of reshaped weight tgnsor

count_super_block_dimension present counter of how many dimensions of su-
perblock

super_block_dimensions][] present dimensions of superblock

count_block_dimension present counter of how many dimensions pf block

block_dimensions|] present dimensions of block

B.3.5 Low rank/low displacement rank for convolutional and fully connected layers

[he presence and semantics.gf syntax elements are specified in Table 19.

Table 19— Syntax and semantics for low rank/low displacement rank.

Syntax element

condition

semantics

compressed_patramnieter_types

NNR_CPT_DC)!=0

(compressed_parameter_types &&

One bitindicating whether decom
is present

bosition

decomposition_rank present rank
||g_number_of_rows present rows of G
||tensor_dimensions present dimensions of original tensor

8.3.6 Batchnorm folding

The presence and semantics of syntax elements are specified in Table 20.

Table 20 — Syntax and semantics for batchnorm folding.

Syntax element/Variable

condition

semantics

compressed_parameter_types

NNR_CPT_BN) !=0

(compressed_parameter_types &&

parameters are present

One bit indicating whether batchnorm

QpDensity

present

unsigned integer
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Table 20 (continued)
Syntax element/Variable condition semantics
QuantizationParameter present integer
gp_value present integer
dq_flag present flag

8.3.7 Local scaling

The prdsence and semantics of syntax elements are specified in Table 21.

Table 21 — Syntax and semantics for local scaling.

Syntax|element/Variable condition semantics

comprefgsed_parameter_types (compressed_parameter_types &&|One bit indicating whethera local scaling
NNR_CPT_LS) =0 parameter is present

QpDendity present unsigned integer

QuantigationParameter present integer

qp_value present integer

dg_flag present flag

9 Parameter quantization
9.1 Methods

9.1.1 (Uniform quantization method

Uniform quantization is applied to the paraméter tensors using a fixed step size represented by
paramgdters mps_qp_density (or Ips_qp_density;-if present) and qp_value according to the specificatior
in subclause 7.3.3 and a flag, denoted as dq(flag, equal to zero. The reconstructed values in the decoded
tensor gre integer multiples of the step size.

9.1.2 |[Codebook-based method

The paffameter tensors are represented as a codebook and tensors of indices, the latter having the sams
shape afs the original tensers-The size of the codebook is chosen at the encoder and is transmitted as 3
metadafta parameter. Theindices have integer values, they will be further entropy coded. The codebooK
is complosed of integet vialues that are strictly monotonically increasing.

The redonstructed\integer tensors are the values of codebook elements referred to by their index valug
and thejreconstructed tensors are derived by multiplying the reconstructed integer tensors with a stef
size that is derived from parameters mps_qp_density (or Ips_qp_density, if present) and qp_value.

3 - 1 ] o 1 3
9.1.3 DCpClluClll SldidI QUAITUZ4UUIT IIICUIOU

Dependent scalar quantization is applied to the parameter tensors using a fixed stepsize represented by
parameters mps_qp_density (or Ips_qp_density, if present) and qp_value according to the specification
in subclause 7.3.3 and a state transition table of size 8, whenever a flag, denoted as dq_flag, is equal to
one. The reconstructed values in the decoded tensor are integer multiples of the step size.

9.2 Syntax and semantics

9.2.1 Uniform quantization method

The presence and semantics of syntax elements are specified in Table 22.
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Table 22 — Syntax and semantics for uniform quantization method.

Syntax element/Variable condition semantics
QpDensity present unsigned integer
QuantizationParameter present integer

qp_value present integer

dq_flag dg_flag==0 flag

b.2.2 (Codebook-based method

[he presence and semantics of syntax elements are specified in Table 23.

Table 23 — Syntax and semantics for codebook-based method,

Syntax element/Variable condition semantics

QpDensity present unsigned integer
||QuantizationParameter present integer

qp_value present integer

codebook_egk present unsigned integer

codebook_size present uynsigned integer

codebook_centre_offset present integer

codebook_zero_value present integer

codebook_delta_left present unsigned integer, multiple instances|thereof
codebook_delta_right present unsigned integer, multiple instances|thereof

D.2.3 Dependent scalar quantization method

[he presence and semantics of syntax elements are specified in Table 24.

Table 24 — Syntax and:semantics for dependent scalar quantization method.

Syntax element condition semantics
QpDensity present unsigned integer
QuantizationParameter present integer

qp_value present integer

dq_flag dg_flag == flag

L0 Entrepy coding

|10.1 Methods

10.1.1 DeepCABAC

10.1.1.1 Binarization

The encoding method scans the parameter tensor in a manner as defined by function TensorIndex().
Each quantized parameter level is encoded according to the following procedure employing an integer
parameter ‘maxNumNoRemMinus1”:

In the first step, a binary syntax element sig_flag is encoded for the quantized parameter level, which
specifies whether the corresponding level is equal to zero. If the sig_flag is equal to one, a further
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binary syntax element sign_flag is encoded. The bin indicates if the current parameter level is positive
or negative. Next, a unary sequence of bins is encoded, followed by a fixed length sequence as follows:

Avariable kis initialized with zero and Xis initialized with 1 << k. A syntax element abs_level_greater_x/
x2 is encoded, which indicates, that the absolute value of the quantized parameter level is greater than
x. If abs_level_greater_x/x2 is equal to 1 and if x is greater than maxNumNoRemMinus1, the variable k
isincreased by 1. Afterwards, 1 << kis added to x and a further abs_level_greater_x/x2 is encoded. This
procedure is continued until an abs_level_greater_x/x2 is equal to 0. Now, it is clear that X must be one

of the v

alues (x,x-1,..X-(1<<k)+1).Acode oflength k is encoded, which points to the values in

the list

10.1.1.

Context
level _g1
associa

can adapt to the underlying statistics.

The corf

Twenty
whethe

If dg_fl:
Three d

) - 1. 1t 43 | 4 1 ]
VIITUIT TS AU SUTUTT YU AT ZTU Ud T dTITCTITT TOVTT.

P Context modelling

modelling corresponds to associating the three type of flags sig_flag, sign_flag)and abs]
eater_x/x2 with context models. In this way, flags with similar statistical behavior should bg
fed with the same context model so that the probability estimator (inside of thécentext model]

text modelling of the presented approach is as follows:

Hfour context models are distinguished for the sig_flag, dependihg on the state value and
r the neighbouring quantized parameter level to the left is zero, smaller, or larger than zero.

g is 0, only the first three context models are used.

ther context models are distinguished for the sign_flag depénding on whether the neighbouring

quantized parameter level to the left is zero, smaller, or largerithan zero.
For the|abs_level_greater_x/x2 flags, each x uses eitherohe or two separate context models. If x <3
maxNumNoRemMinus1, two context models are distinguished depending on the sign_flag. If x 3
maxNumNoRemMinus1, only one context model is used.
10.2 Syntax and semantics
10.2.1 |DeepCABAC syntax
10.2.1.§ General
This supclause specifies the entropy coding syntax as used by the decoding process of clause 7.
10.2.1.2 DeepCABAC-termination syntax
terminpte_cabac({ Descriptor
terminating,one_bit at(v)
while( Wbyte_aligned() )
nesting_zero_bit f(1)
}
terminating_one_bit specifies a terminating bit equal to 1.

nesting_zero_bit is one bit set to 0.

10.2.1.3 Quantization parameter syntax

quant_param( gqpDensity ) { Descriptor
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qp_value

iae(6 + gpDensity)

gp_value is the quantization parameter.

10.2.1.4 Quantized tensor syntax

quant_tensor( dimensions, maxNumNoRemMinus1, entryPointOffset )

Descript
{ ,,(\?{L
stateld =0 /\",l/v
bitPointer = get_bit_pointer( ) o )
lastOffset =0 ({bv
for(i=0;1i<Prod(dimensions ); i++) { \%J
idx = TensorIndex( dimensions, i, scan_order ) R C)
if( entryPointOffset != -1 && \\‘LV
GetEntryPointldx( dimensions, i, scan_order ) != -1 && O
scan_order >0 ) { ¢
IviCurrRange = 256 L, o
j = entryPointOffset + ¥
GetEntryPointldx( dimensions, i, scan_orde&)Q
IvlOffset = cabac_offset_list[j ] KQ\\
if( dq_flag ) 0
stateld = dq_state_list[j ] \Q\'\
set_bit_pointer( bitPointer + lastQ(@? + BitOffsetList[j])
lastOffset = BitOffsetList[j] O -
init_prob_est_param() (-\‘J: i
} N
int_param( idx, maXNEglNoRemMinusl, stateld ) 10.2.1.5

if(dg_flag){ ()"

nextSt = Stat,eﬂlﬁa-ﬁsTab[ stateld ][ QuantParam[idx] & 1]

if( QuantParam[idx ] !=0) {

Qua@@\ram[ idx ] = QuantParam[idx] << 1

m@(antParam[ idx]1<0)

\O\PQuantParam[ idx ] +=stateld & 1

. V?\ else

A)

o’,\ QuantParam[idx ] += - (stateld & 1)

h

stateld = nextSt

init_prob_est_param() invokes the initialization process specified in subclause 10.3.2.2.
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The 2D integer array StateTransTab[][] specifies the state transition table for dependent scalar
quantization and is as follows:

StateTransTab[][] = {{0, 2}, {7, 5}, {1, 3}, {6, 4}, {2, 0}, {5, 7}, {3, 1}, {4, 6} }

10.2.1.5 Quantized parameter syntax

int_param( i, maxNumNoRemMinus1, stateld ) { Descriptor

QuantParam[i]=0
sig_flag ae(v)
if(sig_flag) {

QtiantParam[ i J++

sign_flag ae(v)
jF-1
do {

j++

abs_level_greater_x[j | ae(v)

QuantParam][ i | += abs_level_greater_x[ j |

} while( abs_level_greater_x[j] ==1 &&j <

maxNumNoRemMinus1 )

if( abs_level_greater x[j]==1){

RemBits =0
j=-1
do {
j++
abs_level_greater_x2[j | ae(v)

if( abs_level_greater_x2[j]){

QuantParam[i] += 1 << RemBits
RemBits++
}
} while( abs_level_greater_x2[j] &&j<30)
abs_remainder uae(RemBits)

QuantParamfd} = abs_remainder

o

QpantParam] i ] = sign_flag ? ~QuantParam[ i | : QuantParam][ i |

sig_flag specifies whether the quantized weight QuantParam][i] is nonzero. A sig_flag equal to 0
indicates that QuantParam[i] is zero.

sign_flag specifies whether the quantized weight QuantParam[i] is positive or negative. A sign_flag
equal to 1 indicates that QuantParam[i] is negative.

abs_level_greater_x[j] indicates whether the absolute level of QuantParam([i] is greater j + 1.

abs_level_greater_x2[j] comprises the unary part of the exponential Golomb remainder.
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shift_parameter_ids( maxNumNoRemMinus1 ) {

Descriptor

for(i=0;i< (dq_flag? 24:3); i++) {

shift_idx( i, ShiftParameterldsSigFlag )

}

for(i=0;i<3;i++){

shift_idx( i, ShiftParameterldsSignFlag )

}

for(i=0;i<2*maxNumNoRemMinus1+1); i++) {

shift_idx( i, ShiftParameterldsAbsGrX )

}

for(i=0;i<31;i++){

shift_idx( i, ShiftParameterldsAbsGrX2 )

}

10.2.1.7 Shift parameter syntax

shift_idx( ctxId, shiftParameterlds ) {

Descriptor

shiftParameterlds| ctxld ] =0

shift_idx_minus_1_present_flag

ae(v)

if( shift_idx_minus_1_present_flag) {

shift_idx_minus_1

uae(3)

shiftParameterlds[ ctxId ] +=.$hift_idx_minus_1 + 1

r.€T0.

10.3 Entropy decoding process

shift_idx_minus_I-present_flag specifies whether the shift parameter index shiftParameterld
is present. A shift_idx_minus_1_present_flag equal to zero indicates that shiftParameterlds| c

shift_idx_minus_1 specifies the absolute value of the shift parameter index shiftParametelds
minugs one. The shift parameter index is shiftParamelds][ ctxld ] = shift_idx_minus_1 + 1

s[ ctxId
txId | is

ctxId |

10.3.1 General

Inputs to this process are a request for a value of a syntax element and values of prior parsed syntax

elements.

Output of this process is the value of the syntax element.

The parsing of syntax elements proceeds as follows:

For each requested value of a syntax element a binarization is derived as specified in subclause 10.3.3.
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The binarization for the syntax element and the sequence of parsed bins determines the decoding
process flow as described in subclause 10.3.4.

10.3.2 Initialization process

10.3.2.1 General

Outputs of this process are initialized DeepCABAC internal variables.

The corftext variables of the arithmetic decoding engine are initialized as follows:

The initialization process for context variables is invoked as specified in subclause 10.3.2.3.

The decoding engine registers IviCurrRange and IvlOffset both in 16 bit register precision arg
initialied by invoking the initialization process for the arithmetic decoding engine as)specified iy
subclause 10.3.2.4.

10.3.2.2 Initialization process for probability estimation parameters

Outputs of this process are the initialized probability estimation parametersshift0, shift1, pStateldx0
and pStateldx1 for each context model of syntax elements sig_flag, sign_flag, abs_level_greater_x, and
abs_levEl_greater_x2.

The 2Dfarray CtxParameterList [][] is initialized as follows:

CtxPardmeterList[][] = { {1, 4, 0, 0}, {1, 4, -41, -654}, {1, 4, 95, 1519}, {0, 5, 0, 0}, {2, 6, 30, 482}, {2, 6, 95
1519}, {2, 6, -21, -337}, {3, 5, 0, 0}, {3, 5, 30, 482}}

If dq_flhg is equal to 1, for each of the 24 context models of syntax element sig_flag, the associated
context] parameter shift0 is set to CtxParameterList[setld][0], shift] is set to CtxParameterList[setld]
[1], pStateldx0 is set to CtxParameterList[setld][2],@nd pStateldx1 is set to CtxParameterList[setld][3]
where ilis the index of the context model and where setld is equal to ShiftParameterldsSigFlag]i].

Otherwlise, (dq_flag == 0), for each of the firsti2 context models of syntax element sig_flag, the associated
context] parameter shift0 is set to CtxPatrameterList[setld][0], shift] is set to CtxParameterList[setld]
[1], pStateldxO is set to CtxParameterList{setld][2], and pStateldx1 is set to CtxParameterList[setld][3]
where ilis the index of the context model and where setld is equal to ShiftParameterldsSigFlag]i].

For each of the 3 context modéls,of syntax element sign_flag, the associated context parameter shift(
is set tp CtxParameterList[setld][0], shiftl is set to CtxParameterList[setld][1], pStateldx0 is set tq
CtxPargmeterList[setld][2}, and pStateldx1 is set to CtxParameterList[setld][3], where i is the index of
the confext model and where setld is equal to ShiftParameterldsSignFlag[i].

For eadh of the 2.*((¢cabac_unary_length_minusl + 1) context models of syntax element abs_level]
greater] X, the associated context parameter shiftO is set to CtxParameterList[setld][0], shiftl is se
to CtxParameterList[setld][1], pStateldx0 is set to CtxParameterList[setld][2], and pStateldx1 is sef
to CtxParameéterList[setld][3], where i is the index of the context model and where setld is equal td
ShiftPafameterldsAbsGrX[i].

For each of the 31 context models of syntax element abs_level_greater_x2, the associated context
parameter shift0 is set to CtxParameterList[setld][0], shiftl is set to CtxParameterList[setld][1],
pStateldx0 is set to CtxParameterList[setld][2], and pStateldx1 is set to CtxParameterList[setld][3],
where i is the index of the context model and where setld is equal to ShiftParameterldsAbsGrX2[i].

10.3.2.3 Initialization process for context variables

Outputs of this process are the initialized DeepCABAC context variables distinguished by the associated
syntax element and by ctxIdx.
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