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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
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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, potentially to a
larger number of devices, which may have limitations in terms of processing power and memory (e.g. mobile
devices or smart cameras), and also in terms of communication bandwidth. Any use case, in which a trained
neural network (or its updates) needs to be deployed to a number of devices thus benefits from a standard

for the co

pressed representation of neural networks
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g the fact that compression of neural networks is likely to have a hardware, deps
ndependent component, this document is designed as a toolbox of compression technold
chnologies require specific representations in an exchange format (i.e. sparse‘repre

thers do not at all materialize in a serialized representation (e.g. pruning); however, 3
required metadata is specified. This document is independent of a-particular neur
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requirements and constraints of compressed neural network representations; as defi
and how they are applied.

1)), defining the use of NNEF to represent nétwork topologies in a compressed neur
am.

| B provides recommendations for the“implementation of this document with the Of
rk Exchange Format (ONNX®)2), defitting the use of ONNX to represent network topd
essed neural network bitstream.

| C provides recommendations-for the implementation of this document with the H
[, defining the reference to PyTorch elements in the network topology description of a c
network bitstream.

Annex D provides recommendations for the implementation of this document with the Tens
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1) NNEF is the trademark of a product 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 is 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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— Annex G provides recommendations for implementing the encoding side of some of the compression
tools.

The compression tools described in this document have been selected and evaluated for neural networks
used in applications for multimedia description, analysis and processing. However, they may be useful for
the compression of neural networks used in other applications and applied to other types of data.

© ISO/IEC 2024 - All rights reserved
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Information technology — Multimedia content description
interface —

Part 17:
Compression of neural networks for multimedia content

descriptionandanalysis——————————————

1 Scop

This docu
weights
compleme

It establisH
compressg

some of th
to a base
fine-tunin
ratios.

This docuiment does not specify a complete protocol for the'transmission of neural networks,
on compr§
requireme
entropy cq

other mat

processing

steps perf
externally

2 Normative references

The follow|
requireme
the latest ¢

ISO/IEC 1Q
ISO/IEC 6(
IETF RFC 1

¥

0

\9%

ent specifies Neural Network Coding (NNC) as a compressed representdtion of the p4g
a trained neural network and a decoding process for the compressed repr
hting the description of the network topology in existing (exchange)Mformats for neural

d bitstream. Most of these tools can be applied to the compression of entire neural net
bm can also be applied to the compression of differential updates of neural networks w
hetwork. Such differential updates are for example usefdlswhen models are redistrik

ssion of network parameters. Only the syntax format, semantics, associated decodi
nts, parameter sparsification, parameter<transformation methods, parameter qu
ding method and integration/signalling.within existing exchange formats are speci
fers such as pre-processing, system sighalling and multiplexing, data loss recovery
are considered to be outside the stope of this document. Additionally, the internal

observable output behaviour ishequired to conform to the specifications of this docu

ing documents are¥eferred to in the text in such a way that some or all of their content ¢
nts of this document. For dated references, only the edition cited applies. For undated
dition of the vreferenced document (including any amendments) applies.

646, Inforimation technology — Universal coded character set (UCS)

559/ Information technology — Microprocessor Systems — Floating-Point arithmetic

rameters/
bsentation,
networks.

les a toolbox of compression methods, specifying (where applicable) the resulting elements of the

works, and
th respect
uted after

b or transfer learning, or when providing versions of a neural network with different cqmpression

ut focuses
hg process
antization,
fied, while
and post-
processing

brmed within a decoder are also.considered to be outside the scope of this documellz[t; only the

ent.

onstitutes
references,

NNEF-v1.0.3%), Neural Network Exchange Format, The Khronos NNEF Working Group, Version 1.0.3, 2020

FIPS PUB 180-4:2015, Secure Hash Standard (SHS)

3 Terms and definitions

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

5) Available from: https://www.khronos.org/registry/NNEF /specs/1.0/nnef-1.0.3.pdf
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

31
aggregate

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

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

NNR unit

NNR unit which carries multiple NNR units in its payload

3.2
base neur

al network

neural network serving as reference for a differential update

3.3
compress
NNR
representg

3.4
decomposg
transform

3.5

hyperparameter

parameter;

3.6
layer
collection

3.7
model pay
coefficient

3.8
NNR unit
data struc

3.9
paramete
value that

Note 1 to €
different in

3.10
pruning
reduction

pd neural network representation

tion of a neural network with model parameters encoded using compression tools

ition
htion to express a tensor as product of two tensors

whose value is used to control the learning process

bf nodes operating together at a specific depth within a neural network

ameter
s of the neural network model such as weights and biases

fure for carrying (compressed or uncompressed) neural network data and related met:

I identifier
uniquely identifiessa'parameter throughout different incremental updates

ntry: Parameters.having the same parameter identifier are at the same position in the san
rremental updates. This means they are co-located.

bfparameters in (a part of) the neural network

\data

e tensor in

3.11
sparsifica

tion

increase of the number of zero-valued entries of a tensor

3.12
tensor

multidimensional structure grouping related model parameters
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updated neural network
neural network resulting from modifying the base neural network

Note 1 to entry: The updated neural network is reconstructed by applying the differential update to the base neural

network.

4 Abbreviated terms, conventions and symbols

4.1 Gen

eral

This subclause contains the definition of operators, notations, functions, textual conventions and processes

used throy

The mathe
However,

and addit
and count
equivalent]

4.2 Abbjreviated terms

ghout this document.

matical operators used in this document are similar to those used in the C programiming
the results of integer division and arithmetic shift operations are specified ‘more
onal operations are specified, such as exponentiation and real-valued division. ]
ng conventions generally begin from 0, e.g. "the first" is equivalent torthe 0-th, "the
to the 1-th, etc.

r language.

precisely,
Numbering
second" is

DeepCABAC Context-adaptive binary arithmetic coding for-deep neural networks
LDR Low displacement rank

LPS Layer parameter set

LR Low-rank

LSA Local scaling adaptation

LSB Least significant bit

MPS Model parametef set

MSB Most significant bit

MSE Meanssquare error

NN Newral network

NNC Neural network coding

NDU NNR compressed data unit

NNEF Neural network exchange format

QP Quantization parameter

PRE Predictive residual encoding

SBT Stochastic binary-ternary quantization
SVD Singular value decomposition

4.3 List of symbols

This document defines the following symbols:

© ISO/IEC 2024 - All rights reserved
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Input tensor
Output tensor

Block in superblock j of layer k.

Bias parameter
Number of input channels of a convolutional layer
Number of output channels of a convolutional layer

Number of channels in dimension j of tensor in layer k

Derived number of channels in dimension j of tensor in layer k
Depth dimension of tensor at layer k

Parameter of f-circulant matrix Z,

Parameter tensor of a convolutional layer

Parameter of f-circulant matrix Zf

Left-hand side matrix of Low Rank decomposed réprésentation of matrix W
Right-hand side matrix of Low Rank decomposed representation of matrix W,

Height dimension of tensor for layer k

Dimension of a convolutional kernel
Loss function

Compressibility loss

Diversity loss

Task loss

Training loss

Featuné matrix

Pruning mask for layer k

Sparsification hyperparameter

i-th row of feature matrix M

Kernel size of tensor at layer k.

Dimension resulting from a product over n;‘
Stochastic transition matrix

Pruning ratio hyperparameter

Elements of transition matrix P

Sparsification ratio hyperparameter

© ISO/IEC 2024 - All rights reserved
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Binary quantization
Ternary quantization
Importance of parameters for pruning

Superblockj in layer k

Local scaling factors

Size of superblockj in layer k

Topology element

Quantizable topology element
Unification ratio hyperparameter
Parameter tensor

Difference of parameter tensor
Weight tensor of I-th layer
Parameter tensor of layer k

Low Rank approximation of W,
Parameter vector

Vector of weights for the i-th filter in the /-th layer

Vector of normalized weights forthe i-th filter in the /-th layer

Coding performance, refereice coding performance
Coding performance difference

Input to a batch-ndrmalization layer

f-circulant matrix

f-circulantmatrix

Folded batch normalization parameter

Gombined value for folded batch normalization parameter and local scaling fad

Batch normalization parameter

Updated batch normalization parameter
Compressibility loss multiplier

Batch normalization parameter
Updated batch normalization parameter
Folded batch normalization parameter

Sparsification threshold (mean of filter means)

© ISO/IEC 2024 - All rights reserved
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Scaling factor for sparsification

Scalar close to zero to avoid division by zero in batch normalization
Eigenvector

Compressibility loss weight

Diversity loss weight

Batch normalization parameter

Width dimension of tensor for layer k.

)

4

4.4 Nu

IIb
This documnent defines the following number formats:

integer

unsigned i
float

If not spec
Whenever

4.5 Arit

The follow

Equilibrium probability of P

Probability of applying ternary quantization
Parameter

Batch normalization parameter

Threshold (sparsification, ternary-binary quantization)
Weight magnitude threshold

Smoothing factor

er formats and computation conventions

Integer number which may be arbitrarily small or large. Intege
referred to as sighed integers.

hteger Unsigned integer that may be zero or arbitrarily large.
Floatingpoint number according to ISO/IEC 60559.

ified otherwise, outcomes of all operators and mathematical functions are mathemati
an outcome shall be'a float, it is explicitly specified.

hmetic operators

ing arithmetic operators are defined:

Addition

s are also

ally exact.

Xy

Subtraction (as a two-argument operator) or negation (as a unary pretix op

Multiplication, including matrix multiplication

erator)

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 ma
identical dimensions

trices with

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

for superscripting not intended for interpretation as exponentiation.

© ISO/IEC 2024 - All rights reserved
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4.6 Log

The followjing logical operators are defined:

x &&

x| )

x?yl:

4.7 Rels
The follow

When a re
(not applig

cal operators

y

itional operators

ing relational operators are defined as follows:
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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.

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.

Modulus. Remainder of x divided by y, defined only for integers x and y with X 2|0 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, evaluptes to the
value of z.

Greater than

Greater than or,equal to
Less than

Less than or equal to
Egual to

Not equal to

ational operator is applied to a syntax element or variable that has been assigned the|value "na"
able), the value "na" is treated as a distinct value for the syntax element or variable{The value

"na" is considered not to be equal to any other value.

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 2024 - 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 a two's com-
plement 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.

Arithmetic right shift of a two's complement integer representation of x by y binary

digits. This function is defined only for non-negative integer values of y. Bits shifted
]

X<<y

4.9 Assignment operators

The followjing arithmetic operators are defined as follows:

4.10 Ranjge notation

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

xX=0}z

array[xy]

dta o NICD- oo o wncaale o0l g il Sl oo n o ol n o o1 2o b o NICD i t
TITCOTIIC VIO DS a5 o T CSUTC OT tITC T IgITC SIIITC rav Cd v aratttar tOtIirCIvioD O] X prlor (0]

the shift operation.

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

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

Assignment operator

Increment, i.e. x++ is equivalent to x&x4 1; when used in an array index, eyaluates to
the value of the variable prior to the increment operation.

Decrement, i.e. x—— is equivalenit to x = x — 1; when used in an array index, eyaluates to
the value of the variable priorto the decrement operation.

Increment by amount spécified, i.e. x += 3 is equivalent to x = x + 3, and ¥ += (-3) is
equivalent to x = x +4{=3).

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

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

a sub-array containing the elements of array comprised between position |x and 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 2024 - All rights reserved
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X ; X<y
Min(x,y)=

y x>y

X ; X2
Max(x,y):{ Y

y ;s x<y

4.12 Array functions

Size( arrayName[] ) returns the number of elements contained in the array or tensor named arrayName. If
arrayName([] is a tensor this corresponds to the product of all dimensions of the tensor.

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

TensorReshape( arrayName[], tensorDimension[]) returns the reshaped tensor array namef] with the
specified tensorDimension[], without changing its data.

IndexToXY|(w, h, i, bs) returns an array with two elements. The first element is an x coordinate and the second
element isja y coordinate pointing into a 2D array of width w and height h. x and y point to the pgsition that
correspon(ls to scan index i when the block is scanned in blocks of size bs times-bsi x and y are|derived as
follows:

variable fullRowOfBlocks is set to w * bs

variable blockY is set to i / fullRowOfBlocks

variable iOffis set to i % fullRowOfBlocks

variable currBlockH is set to Min( bs, h — blockY * bs)

variable fullBlocks is set to bs * currBlockH

A

A

A

A

A

Alvariable blockX is set to iOff / fullBlocks
Alvariable blockOffis set to iOff % fullBlocks

Alvariable currBlockW is set to Min(\bs, w — blockX * bs)
Alvariable posX is set to blockQff % currBlockW
Alvariable posY is set to blockOff / currBlockW

The variable x is set to\blockX * bs + posX

T

ne variable y is(set to blockY * bs + posY

Tensorind¢x( tensorDimensions[], i, scan ) returns an array with the same number of dimg¢nsions as
tensorDimé¢nsions[] where the elements of the array are set to integer values so that the array can|be used as
an index ppintingto an element of a tensor with dimensions tensorDimensions|[] as follows:

If varigble’scan is equal to 0:

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

[f 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.

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.

© ISO/IEC 2024 - All rights reserved
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The returned array is Tensorlndex(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].

A variable epldxissettoi/ (w* (4 << scan)) - 1.

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

entry

hoint index is equal to epldx

Other

ShiftArray
inputArray

A vari

If shift

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

Index( inputArray[], shiftindexPosition ) returns an array outputArray[] hich is
[] but with the element at postion 0 of the inputArray shifted to shiftindexPosition as fol

hble outputArray(] is initialized with a copy of inputArray|].

[ndexPosition is greater than 0:

T

T
sh

Dimension
which is
rearrange
position fi

q

A vari
firstDi

The el

}

AxisSwap
which is

|

for(i=0;i< Prod( tensorDimensions ); i++ ){

e first element of outputArray|[] is erased from outputArray|[]:

e first element of inputArray|] is inserted into outputAtray|[] before the element wif
iftIndexPosition and after element with position shiftIndéxPosition-1.

Shift( inputTensor[], tensorDimensions[], firstDimensionShift ) returns a tensor reorder|

copy of inputTensor[] with the same numbet/of dimensions, but where the dime
1 such that the first dimension of inputTensar[] specified by tensorDimensions[] is
'stDimensionsShift as follows:

hble reorderedTensor is initialized with-dimensions equal to ShiftArrayIndex( tensorl
InensionShift ).

bments of variable reorderedTensor are set as follows:

idxA = TensorIndex( tensorDimensions, i, 0 )
idxB = ShiftArraylndex( idxA, firstDimensionShift )

reorderedTensor[idxB] = inputTensor[idxA]

inputTensor[], tensorDimensions[], numberOfDimensions, axis0, axisl ) returns
lerived from inputTensor (with dimensions tensorDimensions and number of dim

a copy of
lows:

h position

edTensor|[]
nsions are
shifted to

imensions,

a tensor
bnsions as

numberOfUzmenszons) and where values In the axis indexes axisU and axisl ot the inputiensor are SWélppEd.

TensorSplit( inputTensor|], splitindices, splitAxis ) returns an array 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 splitindices before the first element and an element 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 subTensorDims is set to inputDims.
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Element subTensorDims|[splitAxis] is replaced with value splitindices[x + 1] - splitIndices|x].

The elements of subTensors[x] are set as follows:

4.13 Ord

When the ¢rder of precedence in an expression is not indicated explicitly by use of parenthéses, th

for(i=0;i<Prod(subTensorDims); i++ ) {

subldx = TensorIndex( subTensorDims, i, 0 )

inputldx = TensorIndex( inputDims, i, 0 )
inputldx[splitAxis] += splitindices[x]

subTensors[subldx] = inputTensor[inputldx|

er of operation precedence

rules apply:

— Operations of a higher precedence are evaluated before any operation of a lowerprecedence.
— Operations of the same precedence are evaluated sequentially from left toright.

Table 1 spécifies the precedence of operations from highest to lowest; a highet position in the tabl

a higher pgecedence.

NOTE
document i

Tabl¢

For those operators that are also used in the C programming langtage, the order of precedence

b the same as used in the C programming language.

1 — Operation precedence from highest (at£op’of table) to lowest (at bottom of

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

x++", "x

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

"Xy

i u’ IIX % yll’ "

"X*y""x [y X TS

EIOME TS

"x +y", "x -ly") (as a two-argument operator), " 2 iy:xf(i) "

"X<<_y, X>>y"

"X <yll’ le Sy", "X >yn' "X Zyll

x==y" "x!=y

"X &yn

| y"

"X &&y"

"y
T

e following

e indicates

used in this

able)

llx?y . Zn

"X.._y"

X=yhx+=y X =y

4.14 Variables, syntax elements and tables

Syntax elements in the bitstream are represented in bold type. Each syntax element is described by
its name (all lower-case letters with underscore characters), and one data type for its method of coded
representation. The decoding process behaves according to the value of the syntax element and to the values
of previously decoded syntax elements. When a value of a syntax element is used in the syntax tables or the
text, it appears in regular (i.e. not bold) type.
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In some cases the syntax tables may use the values of other variables derived from syntax elements values.
Such variables appear in the syntax tables, or text, named by a mixture of lower-case and upper-case letter
and without any underscore characters (camel case notation). Variables starting with an upper-case letter
are derived for the decoding of the current syntax structure and all depending syntax structures. Variables
starting with an upper-case letter may be used in the decoding process for later syntax structures without
mentioning the originating syntax structure of the variable. Variables starting with a lower-case letter are
only used within the (sub)clause in which they are derived.

In some cases, "mnemonic” names for syntax element values or variable values are used interchangeably
with their numerical 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 c

ntain more upper-case letters

NOTE

Functions
These fun
indication
functions
and right
separated

Functions
array fund
letter, cont
and right
by comma

A one-dim
can either
arrays. In
and the se
square paf
x and vert
referred td
position x

A multi-di
array is e
variable th
a one-dim
tensors.

A specifica
each inner
the rows a

[he syntax is described in a manner that closely follows the C-language syntactic constructs,

Fhat specify properties of the current position in the bitstream are referred to.4s syntax
Ctions are specified in subclause 6.3 and assume the existence of a bitstream point
of the position of the next bit to be read by the decoding process fromithe bitstre3
hre described by their names, which are constructed as syntax elemehtynames and en
found parentheses including zero or more variable names (for definition) or values (
by commas (if more than one variable).

that are not syntax functions (including mathematical functighs specified in subclaus
tions specified in subclause 4.12) are described by their @iames, which start with an
ain a mixture of lower and upper-case letters without any‘underscore character, and eq
arentheses including zero or more variable names (for.definition) or values (for usage)
5 (if more than one variable).

ensional array is referred to as a list. A two-dimensional array is referred to as a mat
be syntax elements or variables. Subscripts or square parentheses are used for the i
reference to a visual depiction of a matrix, the first subscript is used as a row (vert
cond subscript is used as a column (haorizontal) index. The indexing order is reversed v
entheses rather than subscripts for.indexing. Thus, an element of a matrix s at horizont
cal position y may be denoted either as s[ x ][ y ] or as s,,. A single column of a mat
as a list and denoted by omission of the row index. Thus, the column of a matrix s at
may be referred to as the listis[ X ].

mensional array is a vatiable with a number of dimensions. An element of the multi-d
ther indexed by specifying all required indexes like e.g. variable[x][y][z] or by a si
at itself is a one-dimensional array specifying the indexes. For example variable[ i | W
bnsional array with elements [, y, z]. Multi-dimensional arrays are, for example, used

tion of values of the entries in rows and columns of an array may be denoted by { {...} {
pair efbrackets specifies the values of the elements within a row in increasing column
e ordered in increasing row order. Thus, setting a matrixsequalto{{16}{49}}sp

s[0][0]1id

sétequalto1,s[1][ 0] issetequalto6,s[0][1]issetequalto4,ands[1][1]isset ¢

functions.
br with an
m. Syntax
d with left
for usage),

e 4.11 and
ipper-case
d with left
separated

rix. Arrays
ndexing of
ical) index
vhen using
al position
Fix may be
horizontal

mensional
ngle index
ith i being
to specify

..} }, where
order and

bcifies that

bqual to 9.

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

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of binary
notation when the number of bits is an integer multiple of 4. For example, 0x41 represents an eight-bit string
having only its second and its last bits (counted from the most to the least significant bit) equal to 1.

Numerical values not enclosed in single quotes and not prefixed by "0x" are decimal values.
A value equal to 0 represents a FALSE condition in a test statement. The value TRUE is represented by any
value different from zero.
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5 Overview

5.1 General

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

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

Parameter reductlon methods process a model to obtam a compact representatlon Examples of such
methods iy 1 i n methods.

Sparsificatfon processes parameters or groups of parameters to produce a sparse represgntation 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 fpr unstructured sparsification with compressibility loss (information abpit encoding provided
in subclause G.1.2), structured sparsification using micro-structured sparsification (informafion about
encoding provided in subclause G.1.3), unstructured statistics-adaptive sparsification (information about
encoding grovided in subclause G.1.5), and structured sparsification (information about encoding provided
in subclauge G.1.6).

Unification processes the parameters to produce group of similar parameters. Unification does nof eliminate
or constrajn the weights to be zero, but it lowers the entropy of model parameters by making thepm similar
to each other. This document includes a method for parameterunification (information abouf encoding
provided ih subclause G.1.7).

Pruning re¢duces the number of parameters by eliminating parameters or groups of paramleters. The
procedure|results in a dense representation which hasless parameters in comparison to the original model,
e.g. by remjoving some redundant convolution filtersfrom the layers. This document includes a a jnethod for
combined pruning and sparsification (information‘about encoding provided in subclause G.1.4)

Decomposition performs a matrix decomposition operation to change the structure of the weights jof a model.
This docutnent includes a method for low rank/low displacement rank for convolutional and fully|connected
layers (infprmation about encoding provided in subclause G.1.8).

Along with the reduction methods-mentioned above, this document includes decomposition methods that
are introdjiced and tested as part-of a parameter quantization technique. Examples of such mgthods are
batchnornj folding (subclause 8.2.1 and information about encoding provided in subclause G.1.9) and local
scaling adgptation (informdtion about encoding provided in subclause G.1.10).

The paranjeter reduction. methods can be combined or applied in sequence to produce a compactmodel.

Parametefp quantization methods reduce the precision of the representation of parameters. If[supported
by the inflerence-engine, the quantized representation can be used for more efficient inference. This
document|includes methods for uniform quantization (subclause 9.2.1), codebook-based qyantization
(subclause] 9:272), dependent scalar quantization (subclause 9.2.3), iterative QP optimization (imformation
about encoding provided in subclause G.2.2) and stochastic binary-ternary quantization (information about
encoding provided in subclause G.2.3).

Predictive residual encoding (PRE, subclause 9.2.4) enables to code residuals based on a previously decoded
update of the model rather than the complete weight update.

Entropy coding methods encode the results of parameter quantization methods. This document includes
DeepCABAC (subclause 10.1.1) as entropy encoding method. Supported extensions for DeepCABAC include
Row Skipping and Temporal Context Modeling.

Row Skipping reduces the number of bins to be decoded and also the bitstream size by skipping decoding
of matrix rows that are entirely zero. The method is described in subclause 10.1.1.2. Temporal Context
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Modeling uses information from previously decoded incremental updates to improve the context modeling
of DeepCABAC and thus increases the coding efficiency. The method is described in subclause 10.1.1.4.

5.3 Creating encoding pipelines

The compression 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
other tools are designed to work in sequence.

Figure 1 shows an overview of encoding pipelines that can be assembled using the compression tools in this
document. From the group of parameter transformation tools, multiple tools can be applied in sequence.
Parameter quantization can be applied to source models as well as to the outputs of transformation with
parameterreductionmethods-Entropycodingisusuallyapplied-to-the output-of guantization—Raw outputs
of earlier gteps without applying entropy coding can be serialized if needed.

X
Q)
—l .
Br

Parameter Quantization
Entropy Cod,fhg

Uniform -' (b
Quantization q
L Parameter Reduction J Deep CABAC
Codebook
—— Quantization \
Origin »‘ -' ‘
D

Sparsification g Dependent "\
Quantization

Neur:
Net|

Decomposition g

Stochastic

-' Binary- l err.lary
Quantization

Batchnorm
Folding

Local Scaling
Adaptation
O
Figure 1 — NNR encoding pipelines
N
The followling encoding pipeli&% are considered typical examples of using this document:

Predictive
Residual Enc.

e

1. Depenfdent scalar qua&x)ﬁbation (subclause 9.2.3) - DeepCABAC (subclause 10.1.1)

2. Sparsiffication (in ation about encoding provided in subclause G.1.2)- Dependent scalar qyantization
(subclpuse 9.2.3}=DeepCABAC (subclause 10.1.1)

3. Low-rfink mposition (information about encoding provided in subclause G.1.8) - Depenglent scalar
quant,z\' (subclause 9.2.3)- DeepCABAC (subclause 10.1.1)

4. Codebook-based quantization (subclause 9.2.2) - DeepCABAC (subclause 10.1.1)

5. Unification (information about encoding provided in subclause G.1.7) - DeepCABAC (subclause 10.1.1)

6. Stochastic binary-ternary quantization (information about encoding provided in subclause G.2.3) -
Predictive residual encoding (subclause 9.2.4) - DeepCABAC (subclause 10.1.1)

This list is non-exhaustive.
The following coding tools are only applicable to updates of neural network parameters:

— Predictive residual encoding (subclause 9.2.4);
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— Temporal Context Modeling (subclause 10.1.1.4).

6 Syntax and semantics
6.1 Specification of syntax and semantics

6.1.1 Method of specifying syntax in tabular form

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on the

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

Table 2 lis
a syntax e
beyond th¢ syntax element in the bitstream parsing process.

Table 2 — Examples of the syntax specification format

ement is parsed from the bitstream and the bitstream pointer is advanced to the ne

rcifies that
Kt position

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

to specify qonditions for the existence, type and quantity of syntax elements, as in/the following

two examplles */

syntax_el¢ment st(v)

conditioning statement

/*A group
tionally as

f statements enclosed in curly brackets is a compound statement and is treated func-
h single statement. */

{

statement

statement

}

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

while( conglition )

statement

/*A"do ...
condition i
longer trug

while" structure specifies evaluation of a statement once, followed by a test of whether a
5 true, and ifittue, specifies repeated evaluation of the statement until the condition is no

Y/

do

statement

while( conditiorm)

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

true, specifies evaluation of a primary statement, otherwise, specifies evaluation of an alternative
statement. The "else" part of the structure and the associated alternative statement is omitted if no
alternative statement evaluation is needed */

if( condition )

primary statement

else

alternative statement
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Table 2 (continued)

Syntax

Type/Clause

/* A "for" structure specifies evaluation of an initial statement, followed by a test of a condition,
and if the condition is true, specifies repeated evaluation of a primary statement followed by a sub-
sequent statement until the condition is no longer true. */

for( initial statement; condition; subsequent statement )

primary

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 proced

6.1.3 ST
The functjons presented here are used in the syntactical description. These functiohs are ex

terms of th

process fr¢m the bitstream.

byte_align|

If the
bit in 4

Other}

read_bits(
When n is
pointer.

get_bit_po
unit as un
get_bit_po
indicates t

set_bit_po
The follow]

ae(v):
is speq

at(v) :
in sub

d to the LSb.

cification of syntax functions and data types

e value of a bitstream pointer that indicates the position of the next bit to.beé read by th

ed( ) is specified as follows:

urrent position in the bitstream is on a byte boundary, i.e. the\next bit in the bitstream
byte, the return value of byte_aligned( ) is equal to TRUE:

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

n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bi
pqual to 0, read_bits( n ) is specified to return.a Value equal to 0 and to not advance the

nter( ) returns the position of the bitstream pointer relative to the beginning of the cu
kigned integer value. get_bit_pointer() >> 3 points to the current byte of the bitstrea
nter() & 7 points to the current bitin the current byte of the bitstream pointer where :
he most significant bit.

nter( pos ) sets the positionéf the bitstream pointer such that get_bit_pointer() equals
ing data types specify the parsing process of each syntax element:

Context-adaptive afithmetic entropy-coded syntax element. The parsing process for thi
ified in subclause-10.3.4.3.2.

arithmetic-8ntropy-coded termination syntax. The parsing process for this data type i
Clause 10-3'4.3.5.

iae(n):
specif

eddn subclause 10.3.4.3.4. The read bypass bins are interpreted as a two’s complem

pressed in
e decoding

is the first

positions.

bitstream

rrent NNR
m pointer.
1 value of 0

pos.

b data type

s specified

signed integer using n arithmetic entropy-coded bits using the bypass mode of DeepCABAC as

bnt integer

L P L | " > L el LY Lo "
represemtationr WItT IITOS U STZIITITCAITC OTC WTTCEIT HIT St

uae(n): unsigned 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 binary representation of an
unsigned integer with most significant bit written first. When n=0, uae(n) does not decode any bins and
returns 0.

process for this data type is specified by the return value of the function read_bits(n ).

i(n): signed integer using n bits. When n is

«__n

\'%

f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing

in the syntax table, the number of bits varies in a manner

dependent on the value of other syntax elements. The parsing process for this data type is specified by
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the return value of the function read_bits( n ) interpreted as a two’s complement integer representation

with most significant bit written first.

u(n): unsigned integer using n bits. When nis “v” in the syntax table, the number of bits varies in a manner

dependent on the value of other syntax elements. The parsing process for this data type is specified by
the return value of the function read_bits( n ) interpreted as a binary representation of an unsigned

integer with most significant bit written first.

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

x=0

bit=1

WhilTLDlt){
bjt=1-u(1)
x|+=bit << k
kl+=1

}

k-=1

if(k$0)
x[+=u(k)

— ie(k):gigned integer k-th order Exp-Golomb-coded syntax element. Theparsing process for this
is accqrding to the following pseudo-code with x as result:

val =[ue( k)

if((vpl & 1) 1=0)
x|= ((val+1)>>1)
else
x|= - (val>>1)

— flt(n): [Floating point value using n bits where ymay be 32, 64, or 128 in little-endian byt
specified in ISO/IEC 60559 as binary32, binary64, or binary128, respectively.

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

descriptor

e order as

— st(v): |null-terminated string, which sh@all be encoded as UTF-8 characters in accordpnce with

ISO/IHC 10646. The parsing process is.specified as follows: st(v) begins at a byte-aligned pos

tion in the

bitstr¢am and reads and returns a séries of bytes from the bitstream, beginning at the currept position
and cantinuing up to but not includinig the next byte-aligned byte that is equal to 0x00, and advances the

bitstr¢am pointer by ( stringl@&ngth + 1 ) * 8 bit positions, where stringLength is equal to the
bytes returned.

NOTE The st(v) and flt(n) syntax descriptors are only used in this document when the current po
bitstrepm is a byte-aligned position.

— bs(v): Byte-sequéhce specifies a sequence of bytes of variable length, starting at byte-aligne
The lepgth of.the sequence is determined from the size of the NNR unit containing the byte s¢

6.1.4 Semantics

number of

sition in the

d position.
quence.

Semantics associated with the syntax structures and with the syntax elements within each structure are

specified in a subclause following the subclause containing the syntax structures.

The following definitions apply to the semantics specification.

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

zero_0bit.

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. Other values for nnr_reserved_zero_3bits are reserved for future use by ISO/IEC. Decoders shall

ignore the

nnr_reser
document,

ignore the

nnr_reser,
document,

ignore the

6.2 Gen

6.2.1 NNR unit

NNR unit i
or represe

NNR units
informatia

An NNR ur

NNRu
NNRu

NNR ¢
netwopk.

value oI nnr_reserved_zero_sDItS.

ved_zero_5bits, when present, shall be equal to 0 in bitstreams conforming to thisyer
Other values for nnr_reserved_zero_5bits are reserved for future use by ISOAEC: Dec
value of nnr_reserved_zero_5bits.

ved_zero_7bits, when present, shall be equal to 0 in bitstreams conforming to this ver
Other values for nnr_reserved_zero_7bits are reserved for future useby ISO/IEC. Dec
value of nnr_reserved_zero_7bits.

eral bitstream syntax elements

5 the data structure for carrying neural network data and related metadata which is c
hted using this document.

carry compressed or uncompressed information about neural network metadatd
n, complete or partial layer data, filters, kernels, biases, quantized weights, tensors or

it consists of the following data elemeénts (shown in Figure 2):
nit size: This data element signalsthe total byte size of the NNR unit, including the NN
nit header: This data elementcontains information about the NNR unit type and related

nit payload: This data element contains compressed or uncompressed data related to

s5ion of this
bders shall

sion of this
bders shall

bmpressed

, topology
nlike.

R unit size.
metadata.

the neural

NNR

unit

NNR unit header

NNR.unit size 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
e J |
|
NNR unit NNR unit NNR unit
NNR NNR unit NNR NNR | NNR unit NNR NNR | NNR unit NNR
ung header HHE T header i HHE header it
siZe payload size payload size P?{ bad
(@
Figure 3 — Aggregate NNR unit data structure
6.2.3 Cgmposition of NNR bitstream

NNR bitstjeam is composed of a sequence of NNR units (shown in Figure 4).
NNR|bitstream
NNR unit NNR unit NNRunit NNR unit
Figure 4 — NNR bitstream data structure
In an NNR pitstream; the following constraints-apply unless otherwise stated in this document or

NNR profi]

(NNR_STR
Table 3 of

eS:

, NNR_MPS, NNR_NDU, NNR_LPS, NNR_TPL and NNR_QNT are NNR unit types as s
ubclause 6.4.3)

An NN

There
which

NNR 1
bitstrg

R bitstream shall start with an NNR start unit (NNR_STR) (subclause 6.4.3)

shall be a single) NNR model parameter set (NNR_MPS) (subclause 6.4.3) in an NNR]
shall precede;lany NNR_NDU (subclause 6.4.3) in the NNR bitstream

hyer parameter sets (NNR_LPS) shall be active until the next NNR layer parameter set
am prntil the boundary of an Aggregate NNR unit is reached.

topology-elem_id and topology_elem_id_index (subclause 6.4.3.7) values shall be unique j

defined by

becified in

bitstream

n the NNR

n the NNR

bitstream.

their data structures (e.g. topology_elem_id).
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6.3 NNR bitstream syntax

6.3.1 NNR unit syntax

nnr_unit( ) { Descriptor
nnr_unit_size( )
nnr_unit_header()
nnr_unit_payload( )

}

6.3.2 NNR-unitsizesyntax

nnr_unit_size( ) { Descriptor]
nnr_unit_size_flag u(1)

nnr_urlit_size

u(15 + nor_unit_size flag*16)

}

6.3.3 NNR unit header syntax

6.3.3.1 eneral

nnr_unit_‘leader( )1{ Descriptor]
nnr_ullit_type u(6)
indepgndently_decodable_flag 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))

nnr

|model_parameter_set_unit_header()

if( nnrunit_type == NNR_LPS)
nnrflayer_parameter_set_uhit header()
if( nnrunit_type == NNR_TRL")

nnr|

[topology_unit_header( )

if( nnr|

unit_type ==tNNR_QNT )

nnr|

|quantization_unit_header()

if( nnr

unit_type'==NNR_NDU)

nnr|

| compressed_data_unit_header( )

1f( nnr_nnif_fypn == T\”\TD_QTD )

nnr_start_unit_header( )

if( nnr_unit_type == NNR_AGG )

nnr_aggregate_unit_header( )
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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
nnr_reserved_zero_0bit 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_zero_7_bits u(7)
}
6.3.3.5 NNR topology unit header syntax
nnr_topolpgy_unit_header( ) { Descriptor
topology_storage_format u(8)
topololgy_compression_format u(8)
}
6.3.3.6 NNR quantization unit header syntax
nnr_quanfization_unit_header() { Descriptor
quantization_storage_format u(8)
quantization_compression_format u(8)
}
6.3.3.7 NNR compressed data unit header syntax
nnr_compfessed_data unit_header() { Descriptoy
nnr_cdgmpressed_data_unit_payload_type u(5)
nnr_myultiple: topology_elements_present_flag u(1)
nnr_dgcompressed_data_format_present_flag u(1)
input_parameters_present_flag u(1)
if( nnr_multiple_topology_elements_present_flag ==1)
topology_elements_ids_list( mps_topology_indexed_reference_flag )
else {
if( !mps_topology_indexed_reference_flag )
topology_elem_id st(v)
else
topology_elem_id_index ue(7)
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if( general_profile_idc==1) {

node_id_present_flag u(1)
if( node_id_present_flag) {
device_id ue(1)
parameter_id ue(5)
put_node_depth ue(4)
}
if( mps_parent_signalling_enabled_flag==1) {
parent_node_id_present_flag u(1)
iffparentode—id—present—ttagi{ -
parent_node_id_type uLZ)P‘
temporal_context_modeling_flag . ﬁ]}ﬂ
if( parent_node_id_type == ICNN_NDU_ID ) { r{\
parent_device_id 0\%, ue(1)
if( Inode_id_present_flag ) { . (n%d
parameter_id la "\ ue(5)
put_node_depth \\Q/\ ue(4)
} O
} else if( parent_node_id_type == ICNN_NDU_PL_SHA@T;E))
parent_node_payload_sha256 P o) u(256)
else if( parent_node_id_type == ICNN_NDU_P%@XSlZ )
parent_node_payload_sha512 \\\‘( u(512)
) 0
} R
} o0
if( nnr| compressed_data_unit_payload_t&\(?é == NNR_PT_FLOAT ||
1inr_compressed_data_unit_payload_type == NNR_PT_BLOCK) {
codebook_present_flag ‘.\(\}‘ u(1)
if( codebook_present_flag )C)\\
integer_codebook( Q\&ie‘roOffset, Codebook, CbSize )
} O
if( nnrjcompressed ¢ z}tja_unit_payload_type == NNR_PT_INT ||
1 nr_compn% d_data_un%t_payload_type == NNR_PT_FLOAT ||
finr_compressed_data_unit_payload_type == NNR_PT_BLOCK))
dq_flag - u(l)
if( nnr} dé(a‘;npressed_data_format_present_flag ==1)
nnr_decompressed_data_format u(7)
if( input_parameters_present_flag==1) {
tensor_dimensions_flag u(1)
cabac_unary_length_flag u(1)
compressed_parameter_types u(4)
if( ( compressed_parameter_types & NNR_CPT_DC)!=0){
decomposition_rank ue(3)
g_number_of rows ue(3)
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if( tensor_dimensions_flag==1)

tensor_dimension_list( )

if (nnr_compressed_data_unit_payload_type != NNR_PT_BLOCK)

if( nnr_multiple_topology_elements_present_flag ==1)

topology_tensor_dimension_mapping( )

if( cabac_unary_length_flag==1)

cabac_unary_length_minus1 u(8)
}
if( nnr_compressed_data_unit_payload_type == NNR_PT_BLOCK &&
(compressed_parameter types & NNR_CPT _DC) =0 &&
dodebook_present_flag) N
intejger_codebook( CbZeroOffsetDC, CodebookDC, CbSizeDC ) nQ‘l’
if( coumpt_tensor_dimensions > 1) { A v
if(general_profile_idc==1) Q_\/'\
first_tensor_dimension_shift logbv ue(1)
scah_order \‘O' u(4)
if( scan_order > 0) { Z
fpr(j=0; j < NumBlockRowsMinus1; j++ ) { f-\\\v
cabac_offset_list[j | K >~ u(8)
if( dq_flag) Q-
dq_state_list[j ] ~ u(3)
if(j==0){ LY
bit_offset_deltal Q‘Q\\ ue(11)
BitOffsetList[ j | = bit_offset_deltal @ )
} A\)
else { ’\\Q\\
bit_offset_delta2 O ie(7)
BitOffsetList[j] = B{tpgfs\étList[ j—1] + bit_offset_delta2
} o
) \
} o
) RS
byte_a ignment(@F\\
} O
N
integer_co ie@gf(() is defined as follows:
N\
integer_codebook( cbZeroOffset, integerCodebook, cbSize ) { Descriptor
codebook_egk u(4)
codebook_size ue(2)
cbSize = codebook_size
codebook_centre_offset ie(2)
cbZeroOffset = ( codebook_size >> 1) + codebook_centre_offset
codebook_zero_value ie(7)

integerCodebook[ cbZeroOffset | = codebook_zero_value

previousValue = integerCodebook[ cbZeroOffset |
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for(j=

cbZeroOffset - 1; j>=0; j—- ) {

codebook_delta_left

ue(codebook_egk)

integerCodebook] j | = previousValue - codebook_delta_left - 1

previousValue = integerCodebookK] j |

}

previousValue = integerCodebook[ cbZeroOffset ]

for(j=

cbZeroOffset + 1; j < codebook_size; j++ ) {

codebook_delta_right

ue(codebook_egk)

integerCodebook] j | = previousValue + codebook_delta_right + 1

preyiousYatue=integerCodebookii1
}
}
tensor_dinpension_list() is defined as follows:
tensor_dimnension_list( ){ Descriptor]
count_tensor_dimensions ue(1)
for(j =|0; j < count_tensor_dimensions; j++ )
tensor_dimensions| j | ue(7)
}
topology_dlements_ids_list(topologyIndexedFlag) is defined aSfollows:
topology_¢lements_ids_list( topologyIlndexedFlag ) { Descriptor
count_jtopology_elements_minus2 ue(7)
if( topalogylndexedFlag == 0)
byte_alignment( )
for(j =|0; j < count_topology_elements_minus2 + 2; j++) {
if (YopologylndexedFlag==0) {
topology_elem_id_list[j ] st(v)
}
elsel{
topology_elemid-index_list[ j ] ue(7)
}
}
if (topplogylndexedFlag ==1)
byte¢_adlignment( )
}
topology_tensor_dimension_mapping() is defined as follows:
topology_tensor_dimension_mapping () { Descriptor
concatentation_axis_index u(8)
for(j = 0;j < count_topology_elements_minus2 + 1; j++) {
split_index| j | ue(7)

}

for( k = 0; k < count_topology_elements_minus2 + 2 ; k++ ) {
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number_of_shifts[ k | ue(1)
for(i=0;i<number_of_shifts[k];i++){
shift_index[ k][ i] ue(7)
shift_value[ k][ i] ue(1)
}
}
}
6.3.3.8 NNR aggregate unit header syntax
nnr_aggreggate_unit_header( ) { Descript\qﬁ
nnr_aggregate_unit_type %@il/v
entry_points_present_flag /\1‘1@)
nnr_reserved_zero_7bits 0‘,'\ \u(7)
num_df_nnr_units_minus2 O\(bv u(16)
4
if( entrly_points_present_flag) y\(O
for(|i = 0; i < num_of_nnr_units_minus2 + 2; i++) { /’C_)
njnr_unit_type[i|] A\\‘V u(6)
ﬂnr_unit_entry_point[ i] \G)U u(34)
N
) S
for(i=|0;i<num_of nnr_units_minus2 + 2; i++) { A{(
quant_bitdepth[i ] QY u(5)
if( mps_unification_flag || Ips_unification_flag ){\\}\
: S
dtu_scan_order| i | ) u(1)
nnr_reserved_zero_2bits ‘\\\\ u(2)
} \\\Q\\
else e
nnr_reserved_zero_3bits ,_\l,\ u(3)
} N
N
} 8
S\
6.3.4 NNR unit payloa{%tax
6.3.4.1 (}eneraIOQ‘
nnr_unit_])ayl@( ) { Descriptor|
if(nnr u\\{}(_type == NNR_MPS)

nnr_model_parameter_set_unit_payload( )

if( nnr_unit_type == NNR_LPS)

nnr_layer_parameter_set_unit_payload( )

if( nnr_unit_type == NNR_TPL)

nnr_topology_unit_payload( )

if( nnr_unit_type == NNR_QNT)

nnr_quantization_unit_payload( )

if( nnr_unit_type == NNR_NDU )

nnr_compressed_data_unit_payload( )
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if( nnr_unit_type == NNR_STR)

nnr_start_unit_payload( )

if( nnr_unit_type == NNR_AGG)

nnr_aggregate_unit_payload( )

}

6.3.4.2 NNR start unit payload syntax

nnr_start_unit_payload( ) { Descriptor
nnr_reserved_zero_0bit u(0)
}
6.3.4.3 NNR model parameter set unit payload syntax
nnr_mode|_parameter_set_unit_payload( ) { Descriptor]
topology_carriage_flag u(1)
mps_sparsification_flag u(1)
mps_pruning_flag u(1)
mps_upification_flag u(1)
mps_decomposition_performance_map_flag u(1)
mps_quantization_method_flags u(3)
mps_topology_indexed_reference_flag u(1)
if( gengral_profile_idc==1) {
basp_model_id_present_flag u(1)
validation_set_performance_present_flag u(1)
mefric_type_performance_map_valid_flag u(1)
mps$_parent_signalling_enabled_flag u(1)
if( mps_parent_signalling_enabled flag==1)
nnr_pre_flag u(1)
else
nnr_reserved_zero_1bit u(1)
nnr| reserved_zero 2bits u(2)
if( Hase_model_id.present_flag==1)
bhase_model-id st(v)
if( vlalidation-set_performance_present_flag==1 ||
metric_type_performance_map_valid_flag==1)
performance metric_type st(v)
}
else
nnr_reserved_zero_7bits u(7)
if( (mps_quantization_method_flags & NNR_QSU) == NNR_QSU ||
(mps_quantization_method_flags & NNR_QCB) == NNR_QCB ) {
mps_gp_density u(3)
mps_quantization_parameter i(13)

}

if( mps_sparsification_flag==1)
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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( )

if( general_profile_idc == 1 &&
validation_set_performance_present_flag ==1)

validation_set _performance flt(32)
byte_alignment( )
}
sparsification_performance_map() is defined as follows:
sparsificafion_performance_map( ) { Descriptor
spm_cpunt_thresholds u(8)
for(i=|0; i< ( spm_count_thresholds-1); i++) {
spafsification_threshold| i | flt(32)
non_zero_ratio[ i | flt(32)
spm_nn_accuracy]| i ] f1t(32)
sancount_classes[ i] u(8)
spnl_class_bitmask[ i] ue(7)
for {j = 0; j < spm_count_classes[1i]; j++)
§pm_nn_class_accuracy[i][ j] flt(32)
}
}
pruning_performance_map() is defined as follows:
pruning_gerformance_map( ) { Descriptor
ppm_cpunt_pruning_ratios u(8)
for(i=|0;i< ( ppm_count_pruning_ratios-1); i++ ) {
pruning_ratio[i] f1t(32)
ppm_nn_decuracy| i | flt(32)
ppm_count_classes[ i | u(8)
ppm_elass_bitmaskK] i | ue(7)
forfi="0+j<ppm—eount—elassesti}5+
ppm_nn_class_accuracy[i][ j] flt(32)
}
}

unification_performance_map() is defined as follows:
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unification_performance_map( ) { Descriptor
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)
for(j=0;j < ( count_super_block_dimension-1 ); j++)
super-bloek_dimensionstii ut8)
couht_block_dimension u(8j
for(lj = 0; j < ( count_block_dimension-1 ); j++)
block_dimensions] j | u(8)
unification_threshold| i ] flt(32)
upm_nn_accuracy| i | flt(32)
uplil_count_classes[ i] u(8)
upﬂl_class_bitmask[ i] ue(7)
for(]j = 0; j < upm_count_classes[i]; j++)
uypm_nn_class_accuracy[i][]j] flt(32)
}
}
Decomposjtion_performance_map() is defined as follows:
decomposdjition_performance_map( ) { Descriptor
dpm_cpunt_thresholds u(8)
for(i=|0; i< ( dpm_count_thresholds-1 \i++ ) {
ms¢_threshold[ i ] f1t(32)
dpm_nn_accuracy| i ] flt(32)
nn_geduction_ratio[ i | flt(32)
dpm_count_classes] i u(16)
for(|j = 0; j < dpm_count_classes[i]; j++ )
dpm_nn_classiaccuracy[i][]j] flt(32)
}
}
6.3.4.4 NNRlayer parameter setunitpayload syntax
nnr_layer_parameter_set_unit_payload( ) { Descriptor
nnr_reserved_zero_1_bit 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( (lps_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( lps_sparsification_flag==1)
sparsification_performance_map( )
if( lps_pruning_flag==1)
pruning_performance_map( )
if( lps_pmification flag==11
uniflication_performance_map( ) ,f],b‘
byte_alignment( ) ) (]})V
j NS
/
6.3.4.5 NNR topology unit payload syntax 035%
N
nnr_topolpgy_unit_payload() { e ) Descriptor
if( topqlogy_storage_format == NNR_TPL_PRUN ) A\QC'
nnr|pruning_topology_container( ) ‘O’U‘
else if(Jtopology_storage_format == NNR_TPL_REFLIST ) r‘\\\v
topology_elements_ids_list( 0 ) A{( -
else Q\)
topplogy_data X \\\\ ) bs(v)
} O)\v
\\
nnr_prunihg_topology_container( ) is specifie%&s’}bllows:
nnr_pruning_topology_container( ) { r\A\ Descriptor
nnr_rep_type \L\'V u(2)
prune|flag r.:\\U‘ u(1)
order_flag .’ V u(1)
sparse_flag f-\$\ u(1)
nnr_reserved_zero‘_:@ S u(3)
if (prupe_flag ==/N¥’
if (finr_rep €ype == NNR_TPL_BMSK )
Hit_mask()
else i\ﬁ(nvnr_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 {

for (j = 0;j < count_ids; j++ ) {
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element_id_index| j | ue(7)
}
}
for (j=0;j < count_ids; j++) {
count_dimsJ j | ue(1)
for(k = 0; k < count_dims[j]; k++ )}{
dim[j][ k] ue(7)
}
}
hyte—atighmentS -
} Ka)s
) Q°
if (sparse_flag==1){ r{\ ’
bit_fnask() e
) Rl
} 2
bit_mask( | is specified as follows: O\\@
Vo
bit_mask(]) { g‘\\:) Descriptor
count_|bits <l o u(32)
for(j =|0; j < count_bits; j++ ) { AQ\
bit_mask_value] j ] Q u(l)
} >
byte_alignment( ) s{(\‘o
} oD
I
6.3.4.6 NNR quantization unit paylos\d)syntax
nnr_quantization_unit_payload( ){{‘\\\) Descriptor
quantization_data . ,V bs(v)
} I
6.3.4.7 NNR com&@gg data unit payload syntax
2N
nnr_comp resse‘@a{a_unit_payload( ){ Descriptor
if( nnr| cqgf«pﬁ:ssed_data_unit_payload_type == NNR_PT_RAW_FLOAT)
for( i\\ﬁ; i< Prod{ TensorDimensions}-i++)
raw_float32_parameter| TensorIndex( TensorDimensions, i, 0) ] flt(32)
decode_compressed_data_unit_payload( )
}

decode_compressed_data_unit_payload( ) invokes the decoding process as specified in subclause 7.3.
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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
a]ignrr pnf_hif_pqnnl_fn_nnp /* pqnn] tal */ f(1)
while( [byte_aligned())
alignment_bit_equal_to_zero /* equal to 0 */ {08
}
6.4 Semantics
6.4.1 Gdneral
Semantics|associated with the syntax structures and elements within/these structures are specified in this
subclause.|When the semantics of a syntax element are specified using a table or a set of tables, pny values
that are ngt specified in the table(s) shall not be present in the bifstream unless otherwise specified in this
document,

6.4.2 NNR unit size semantics

nnr_unit_
then nnr_u

nnr_unit_
header( ) 4

6.4.3 NNR unit header semantics

bize_flag specifies the number of bits used,as the data type of the nnr_unit_size. If this
nit_size is a 15 bits unsigned integer val(e, otherwise it is 31 bits unsigned integer valy

bize specifies the size of the NNR ungit; which is the sum of byte sizes of nnr_unit_size()
nd nnr_unit_payload( ).

value is 0,
he.

, nnr_unit_

6.4.3.1 General
nnr_unit_fype specifies thetype of the NNR unit, as specified in Table 3.
Table 3 — NNR unit Types
nnr_unit_type_{ldentifier |NNR unit Type Description
0 NNR_STR NNR start unit Compressed neural network bitstream st3rtindicator
1 NNR—MPS NMNRmodelparametersetdataunitNeuralnetworkglobalmetadataandinformation
2 NNR_LPS NNR layer parameter set data unit|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
32..63 NNR_UNSP |Unspecified Unspecified range
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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 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.

independently_decodable_flag specifies whether this compressed data unit is independently decodable.
A value of 1 indicates an independently decodable NNR unit. A value of 0 indicates that this NNR unit is
not independently decodable and its payload should be combined with other NNR units for successful
decodability/decompressibility. The value of independently_decodable_flag shall be the same for all NNR
units which refer to the same topology_elem_id or topology_elem_id_index value or the same topology_elem_

id_list.

partial_data_counter_present_flag equal to 1 specifies that the syntax element partial_data]
present in|NNR unit header. partial_data_counter_present_flag equal to O specifies that the-synt
partial_data_counter is not present in NNR unit header.

partial_data_counter specifies the index of the partial data carried in the payload of.this NNJ
with respdct to the whole data for a certain topology element. A value of 0 indicatesto partial i

(i.e. the d
than 0 ind

a in this NNR unit is all data associated to a topology element and it.is’'complete), a v§
cates the index of the partial information (i.e. data in this NNR unit'should be concate

the data in accompanying NNR units until partial_data_counter of an NNR;unit reaches 1). Th

counts bag
data_coun
value of p4
greater th{
present_fl

NOTE
data_count
multiple ing

kwards to indicate initially the total number of partitions. If\iet present, the value
Ler is inferred to be equal to 0. If the value of independently_decodable_flag is equs
rtial_data_counter_present_flag shall be equal to 1 and thie"value of partial_data_count
in 0. If the value of independently_decodable_flag is equal to 1, the values of partial_dat
g and partial_data_counter are undefined, in this version of this document.

n future versions of this document, if the value of indep&ndently_decodable_flag is equal to 1 an
er_present_flag is equal to 1, partial_data_counter:¢an have non-zero values, based on the assu
lependently decodable NNR units are combined*to-construct a model.

counter is
hx element

X data unit
iformation
ilue bigger
hated with
is counter
of partial_
I to 0, the
er shall be
a_counter_

dif partial_
mption that

6.4.3.2 NR start unit header semantics

general_pT'ofile_idc indicates a profile to which NNR bitstream conforms as specified in this document.
Value Semantics

0 Bitstream conforpring to the base feature set (as defined below).

1 Bitstream conforming to the extended feature set (as defined below).

The base fgature set contains)the following compression tools:

— unstryctured sparsification with compressibility loss

— structpred sparsification using micro-structured sparsification

— paramjetérwhification

low ra

local s

unifor

combined pruning and sparsification

nk/low displacement rank for convolutional and fully connected layers

batchnorm folding

caling adaptation

m quantization

codebook-based quantization

dependent scalar quantization
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DeepCABAC
The syntax of the base feature set excludes all syntax elements gated with general_profile_idc > 0

NOTE The base feature set corresponds to the now obsolete first edition.

In addition, the extended feature set contains the following compression tools (i.e. all compression tools

specified in this document):
— unstructured statistics-adaptive sparsification
structured sparsification

iterative QP optimization

stochgstic binary-ternary quantization

predigtive residual encoding

row sk

ipping and temporal context modeling for DeepCABAC

Some comppression tools of the base feature set have been adapted for the «ompression of g
updates.

The syntaj
syntax ele

k of the extended feature set includes the complete syntax definéd in this document, in
ments to reference components of base neural networks to which updates shall be appl

6.4.3.3 NR model parameter set unit header semantics

Header elegments of the model parameter set (reserved for fiiture use).

6.4.3.4 NR layer parameter set unit header semantics

Ips_self_contained_flag equal to 1 specifies that:NNR units that refer to the layer parameter se
or partial NN model and shall be successfully reconstructable with the NNR units. A value of 0 ind
the NNR uhpits that refer to the layer parameteér set should be combined with NNR units that ref]
layer parafneter sets for successful reconstruction of a full or partial NN model.

6.4.3.5 NR topology unit header'semantics

topology_
specified i

storage_format specifies the format of the stored neural network topology infor
h Table 4.

Table 4 — Topology storage format identifiers

lifferential

particular,
ied.

t are a full
icates that
br to other

mation, as

topology storage(format value |Identifier Description

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 list information

7.127 NNR_TPL_RSVD ISO/IEC-reserved range
128..255 NNR_TPL_UNSP Unspecified range

The value NNR_TPL_UNREC indicates that the topology format is unknown. Encoders may use
if the topology format used is not among the set of formats for which identifiers are specified

this value
. Decoders

conforming to this version of the specification may ignore NNR units using this value or may attempt to

recognize the format by parsing the start of the topology payload.
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The values in the range NNR_TPL_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_TPL_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.

topology_compression_format specifies that one of the compression formats defined in Table 5 is applied
on the stored topology data in topology_data.

Table 5 — Topology compression format identifiers

topology_compression_format Identifier Description
OO0 NMNDR _DT D AXAL 1L A A
0906 NNR—PFRAW Yreempressed 1
0x01 NNR_DFL Deflate method, sha]|1 be imple-
mented according to] IETF RFC
1950
0x02-0xFF Reserved

6.4.3.6

quantizat
as specifie

INNR quantization unit header semantics

d in Table 6.

Table 6 — Quantization storage format-identifiers

jon_storage_format specifies the format of the stored neural network quantization infformation,

quantization_storage_format value |Identifier Description
0 NNR_QNT_UNREC |Unrsecognized quantization format.
1 Topology 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
if the quan
conformin
recognize

The value
specificati
may ignor
use is outs
ignore NN

quantizat

[he format by parsing the start of the topology payload.

5 in the range. NNR_QNT_RSVD are reserved for use in future versions of this

ide the seope of this specification. Decoders conforming to this version of the specifi
R unitsiusing these values.

jon_ compression_format specifies that one of the compression formats defined in

NNR_QNT_UNREC indicates thatthe quantization format is unknown. Encoders may use
tization format used is not@mong the set of formats for which identifiers are specified
g to this version of the(specification may ignore NNR units using this value or may

bns. Encoders shall not use these values. Decoders conforming to this version of the sp
b NNR unitswusing these values. The values in the range NNR_QNT_UNSP are not spec

this value
. Decoders
attempt to

or related
ecification
ified, their
ration may

Table 7 is

applied on

+la + pa | 3 3 daota 3 3 £3 dot
LIICT StUICTU Liuauubatluu udid 111 HuallLquLlUll_uan-

Table 7 — Quantization compression format identifiers

quantization_compression_format Identifier Description
0x00 NNR_PT _RAW Uncompressed
0x01 NNR_DFL Deflate method, shall be imple-
mented according to [ETF RFC
1950
0x02-0xFF Reserved
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6.4.3.7 NNR compressed data unit header semantics

nnr_compressed_data_unit_payload_type is as defined in Table 16 of subclause 7.3.1.

nnr_multiple_topology_elements_present_flag specifies whether multiple topology units are 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 setto NNR_PT_BLOCK, this flag shall be set to 1 and topology_elements_ids_list( ) in the
NNR compressed data unit header shall list the topology elements or topology element indexes of RecWeight,
RecWeightG, RecWeightH, RecLS, RecBeta, RecGamma, RecMean, RecVar and RecBias, in the given order and
based on their presence as indicated by the value of compressed_parameter_type in the NNR compressed
data unit header.

nnr_decompressed_data_format_present_flag specifies whether the data format to be obtained after

decompref

input_par]
DeepCABA

topology_
unit refers|

topology_
informatig

node_id_p
depth are

device_id
identifier i

paramete
to. If pare
associated

put_node|]
ICNN_NDU

parent_nd

network. It

indicates t|
itis inferrg

parent_ng
uniquely id
Table 8.

sion 1s present in the bitstream.

ameters_present_flag specifies whether the group of elements including tensor d
C unary length and compressed parameter types is present in the bitstream.

plem_id specifies a unique identifier for the topology element to which amNNR compr
The semantic interpretation of this field is context dependent.

imensions,

essed data

plem_id_index specifies a unique index value of a topology element Which is signalled in topology

n of payload type NNR_TPL_REFLIST. The first index shall be 0 (i‘e/0-indexed).

resent_flag equal to 1 indicates that syntax elements detice_id, parameter_id, and
bresent.

uniquely identifies the context in which the current"NDU has been generated. The
5 defined by the application, and multiple such idefitifiers may be used on the same dev

I_id uniquely identifies the parameter of the miodel to which the tensors stored in the

nt_node_id_type is equal to ICNN_NDU_ID; parameter_id shall equal the parametef_

parent NDU.

depth determines the order of increinental updates of NDUs. If parent_node_id_type
_ID, put_node_depth - 1 shall equalthe put_node_depth of the associated parent NDU.

de_id_present_flag indicates'whether the NDU represents a differential update of a
shall be set to 1 for NDUs representing differential updates, and to 0 otherwise. A val
hat syntax element parent>hode_id_type is present. If parent_node_id_present_flag is
d to be 0.

de_id_type specifies the parent node id type. It indicates which further syntax el
lentifying the parent node are present. The allowed values for parent_node_id_type are

Table 8 — Parent node id type identifiers

put_node_

ise of this
ice.

NDU relate
id of the

is equal to

ase neural
e of 1 also
t present,

bments for
defined in

parent_node<id_type Identifier Description

0 ICNN_NDU_ID Indicates that syntax elements parent_device_id, parameter_id,
and put_node_depth are present

1 ICNN_NDU_PL_SHA256 |Indicates that syntax element parent_node_payload_sha256 is
present

2 ICNN_NDU_PL_SHA512 |Indicates that syntax element parent_node_payload_sha512 is
present

3 ICNN_NDU_EXT Indicates that the parent node is not part of an NNC bitstream.

topology_elem_id or topology_elem_id_index are used to identify
the corresponding tensor in the base neural network.
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temporal_context_modeling_flag specifies whether temporal context modeling is enabled. A temporal_
context_modeling_flag equal to 1 indicates that temporal context modeling is enabled. If temporal_context_
modeling_flag is not present, it is inferred to be 0.

parent_de

vice_id is equal to syntax element device_id of the parent NDU.

parent_node_payload_sha256 shall conform to a SHA* hash as specified in FIPS PUB 180-4, of the nnr_

compresse

d_data_unit_payload of the parent NDU.

parent_node_payload_sha512 shall conform to a SHA* hash as specified in FIPS PUB 180-4, of the nnr_

compresse

d_data_unit_payload of the parent NDU.

count_topology_elements_minus2 + 2 specifies the number of topology elements for which this NNR

compress

codebook
is inferred

dq_flag s
subclause

d daot 14 H dato £l 1 |
U Udtltd UIlit CAI11I1ToS Udtidad 111 LIIT lJCly Uudu.

| present_flag specifies whether codebooks are used. If codebook_present_flag is\not
to be 0.

becifies whether the quantization method is dependent scalar quantization ace
P.2.3 or uniform quantization according to subclause 9.2.1. A dq_flag eqalto 0 indicat

uniform qiantization method is used. A dq_flag equal to 1 indicates that the depenrdent scalar qy

method is

nnr_decompressed_data_format is defined in Table 15 of subclause 7.2:1f general_profile_idc ha

0, nnr_dec

type is equal to NNR_PT_INT, nnr_decompressed_data_format shall be set to a format with

TENSORL_I

tensor_dimensions_flag specifies whether the tensor dimensions are defined in the bitstream.

not includsg

cabac_una:
included ix

used. If dg_flag is not present, it is inferred to be 0.

bmpressed_data_format may only take the value 0 and 1. If nnr_compressed_data_un

NT, otherwise to a format with data type TENSOR_FLOAT.

d in the bitstream, they shall be obtained from the’model topology description.

iry_length_flag specifies whether the length-of the unary part in the DeepCABAC binz
the bitstream.

present, it

ording to
es that the
antization

s the value
it_payload
data type

If they are

rization is

compressed_parameter_types specifies the compressed parameter types present in the current topology
element tojwhich an NNR compressed data unitrefers. If multiple compressed parameter types ar¢ specified,
they are cqmbined by OR. The compressed-parameter types are defined in Table 9.

Table 9. = Compressed parameter type identifiers
Compressed parameter type Compressed parameter type |Bitin

ID compressed_parameter_fypes

Decomposition present NNR_CPT_DC 0x01
Local scaling present NNR_CPT_LS 0x02
Batch nornp parameters present NNR_CPT_BN 0x04
Bias preselllt NNR_CPT_BI 0x08

When dec

DhipOsition is present, the tensors G and H represent the result of decomposing the original

tensor. If (compressed_parameter_types & NNR_CPT_DC) != 0 the variables TensorDimensionsG and
TensorDimensionsH are derived as follows:

— Variable TensorDimensionsG is set to [g_number_of_rows, decomposition_rank].

Variable

TensorDimensionsH is set to [decomposition_rank, hNumberOfColumn

hNumberOfColumns is defined as

hNum

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

berOfColumns =
g_number_of _rows
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If (compressed_parameter_types & NNR_CPT_DC) != 0 and if nnr_compressed_data_unit_payload_type
!= NNR_PT_BLOCK, the NNR unit contains a decomposed tensor G and the next NNR unit in the bitstream

contains the corresponding decomposed tensor H.

A variable

PT_BL

TensorDimensions is derived as follows:

OCK, TensorDimensions is set to TensorDimensionsG.

type != NNR_PT_BLOCK, TensorDimensions is set to TensorDimensionsH.

Otherwise, TensorDimensions is set to tensor_dimensions.

If an NNR unit contains a decomposed tensor G and nnr_compressed_data_unit_payload_type != NNR_

Otherwise, if an NNR unit contains a decomposed tensor H and nnr_compressed_data_unit_payload_

A variable

If scan

Other}

types
-1) >3

Other
order)

decomposg

tensor_dinpensions.

NumBlockRowsMinusl1 is defined as follows:
_order is equal to 0, NumBlockRowsMinus1 is set to 0.

vise,if nnr_compressed_data_unit_payload_type==NNR_PT_BLOCKand (compressed_j
Kk NNR_CPT_DC) != 0, NumBlockRowsMinusl is set to ((TensorDimensionsG]0] + (4 << s
(2 + scan_order)) + ((TensorDimensionsH[0] + (4 << scan_order) — 1)>3(2 + scan_ord

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

ition_rank specifies the rank of the low-rank decomposed.weight tensor components

arameter_
tan_order)
b)) - 2.

(2 +scan_

relative to

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.

first_tenspr_dimension_shift specifies the shift of the first tensor dimension for tensor [dimension
reordering and shall be smaller than the valug,of count_tensor_dimensions. If first_tensor_dimefpsion_shift
is not present, it is inferred to be 0.

scan_orddr specifies the block scannitig order for parameters with more than one dimension adcording to
the followlng table:

— 0: No block scanning

— 1: 8x8|blocks

— 2:16x]6 blocks

— 3:32xB2 blocks

—  4: 64xp4blocks

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

points.

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

bit_offset_

deltal specifies the first element of list BitOffsetList.

bit_offset_delta2 specifies elements of list BitOffsetList except for the first element, as difference to the
previous element of list BitOffsetList.

Variable BitOffsetList is a list of bit offsets to be used to set the bitstream pointer position at the beginning
of entry points.
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codebook_egk specifies the Exp-Golomb parameter k for decoding of syntax elements codebook_delta_left
and codebook_delta_right.

codebook_size specifies the number of elements in the codebook. It is used for setting variable CbSize.

codebook_centre_offset specifies an offset for accessing elements in the codebook relative to the centre of
the codebook. It is used for calculating variable CbZeroOffset.

codebook_zero_value specifies the value of the codebook at position CbZeroOffset. It is involved in creating
variable Codebook (the array representing the codebook).

codebook_delta_left specifies the difference between a codebook value and its right neighbour minus 1
for values left to the centre position. It is involved in creating variable Codebook (the array representing the

codebook)

codebook

values right to the centre position. It is involved in creating variable Codebook (the array repres

codebook)

count_tenjsor_dimensions specifies a counter of how many dimensions are specified. For exa

4-dimensi

| delta_right specifies the difference between a codebook value and its left neighbeur 1

from the

tensor_di

tensor_dinjensions is an array or list of length 4. For NNR units carrying elements G or H of a dg

tensor, ten
and H for {
of_rows. If

topology_
NNR com

r
element tﬂp

semantic i

topology_

topology information with payload type NNR TPL_REFLIST. The first element in the topology sh4

index valu

concatent

split_indejx[] indicates the tensor splitting index along the concatenation axis indicated by concg

axis_index

number_of_shifts[ ] indicates how many left-shifting operations are to be performed.

shift_inde

bnal tensor, count_tensor_dimensions is 4. If it is not included in the bitstream, it shall b
odel topology description.

ensions specifies an array or list of dimension values. For:€xample, for a convolutj

sor_dimensions is set to the dimensions of the original tenSor. The actual tensor dime
he decoding methods are derived from tensor_dimensions, decomposition_rank, and
itis notincluded in the bitstream, it shall be obtainéd from the model topology descrip

blem_id_list specifies a list of unique identifiérs Telated to the topology element ta
essed data unit refers. Elements of topologyselem_id_list are semantically equivalen
ology_elem_id or the index of it when listed-in topology payload of type NNR_TPL_RE
hterpretation of this field is context dependent.

blem_id_index_list specifies a list of unique indexes related to the topology elemen{

b of 0.

ation_axis_index indicateS the 0-based concatenation axis.

in order to generate‘¢ach individual tensor which is concatenated.

X[ k ][ i lindicates the axis index of the kth topology element to be left-shifted.

shift_val

6.4.3.8

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

ninus 1 for
enting the

mple, for a
e obtained

onal layer,
composed
hsions of G
b_number_
tion.

which an
[ to syntax
FLIST. The

s listed in
11 have the

tentation_

nnr_aggregate_unit_type specifies the type of the aggregate NNR unit.

The NNR a

ggregate unit types are specified in Table 10.
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Table 10 — NNR aggregate unit types

nnr_aggregate_unit_type |Identifier NNR Aggregate Unit|Description
Type
0 NNR_AGG_GEN Generic NNR aggregate | A set of NNR units
unit
1 NNR_AGG_SLF Self-contained NNR ag-|When extracted and then concatenat-
gregate unit ed with an NNR_STR and NNR_MPS, an
NNR_AGG_SLF shall be decodable without
any need of additional information and a full
or partial NN model shall be successfully
reconstructable with it.
2. 127 ]\TNQ_QQ\/n Reserved ]Qﬂ/lpf‘-rncnrvnﬂ range
128..255 NNR_UNSP Unspecified Unspecified range
The valuep in the range NNR_ NNR_RSVD are reserved for uses in future versions, of/this |or related

specificati
may ignor
outside th
NNR units

entry_poi

num_of n
payload.

nnr_unit_{
the NNR u

nnr_unit_
the NNR u
the total b
access to N

quant_bit
unit.

ctu_scan_
indicates t|
CTU-wise

bns. Encoders shall not use these values. Decoders conforming to this version of the sp
e NNR units using these values. The values in the range NNR_UNSP are not/specified, t

using these values.
hts_present_flag specifies whether individual NNR unit entry points are present.

hr_units_minus2 + 2 specifies the number of NNR units (ppesent in the NNR aggre

ype| i ] specifies the NNR unit type of the NNR unit,with index i. This value shall be t
hit type of the NNR unit at index i.

entry_point| i ] specifies the byte offset fromthe start of the NNR aggregate unit to t
it in NNR aggregate unit’s payload and at‘index i. This value shall not be equal or g7
te size of the NNR aggregate unit. nnr.uiit_entry_point values can be used for fast a

NR units inside the NNR aggregate unit'payload.

epth|[ i ] specify the max bit depthof quantized coefficients for each tensor in the NNR

prder|[ i ] specify the CTUswise scan order for each tensor in the NNR aggregate un
hat the CTU-wise scan arder is raster scan order at horizontal direction, value 1 indicaf]
bcan order is raster scan order at vertical direction.

644 N

6.4.4.1
The follo

6.4.4.2

R unit payload semantics

eneral

ing clauses define the semantics of NNR units.

ecification
heir use is

e scope of this specification. Decoders conforming to this version of the,specification may ignore

cate unit’s

e same as

he start of
eater than
hd random

aggregate

it. Value 0
es that the

NRstartumnit paytoad senrartics

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 internally or externally.
When set to 1, it specifies that topology is carried within one or more NNR units of type “NNR_TPL". If 0, it
specifies that topology is provided externally (i.e. out-of-band with respect 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.
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mps_pruning_flag specifies whether pruning is applied to the model in the NNR compressed data units
that utilize this model parameter set.

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

mps_decomposition_performance_map_flag equal to 1 specifies that tensor decomposition was 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 parameter set. If multiple models are specified, they are

combined by OR. The methods are defined in Table 11.

Table 11 — Quantization method identifiers

Quantizatjon method Quantization method ID Value

Scalar unifprm NNR_QSU 0x01

Codebook NNR_QCB 0x02

Reserved 0x04-0x07%
mps_topology_indexed_reference_flag specifies whether topology elements are referenced |by unique
index. Wh¢n set to 1, topology elements are represented by their indexes ify 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 conta

base_model_id_present_flag specifies whether a base_model_idyis provided. base_model_id_pi

shall be se

base_model_id provides an identifier for referencing the base model to which a bitstream is relg

which a wg¢

validation

When set to 1, the validation_set_performance is\present.

metric_ty
performar
correspon

performa
updates. It]

mps_pare,
node_id_pi
node_id_p
mps_parel|
neural net

nnr_pre_f

in the topology information.

F to 1, if nnr_pre_flag is 1.

bight update is applied. It is up to the application how to use the id.

_set_performance_present_flag specifieés whether the validation_set_performance

pe_performance_map_valid_flag™ specifies that the performance_metric_type
ce metric for performance maps. When set to 1, the values reported in perform
] to the definition provided iy performance_metric_type.

hce_metric_type specifies which metric has been used to represent the performance
is a null terminatedistring that can be defined by the application (see Annex F).

nt_signalling_enabled_flag specifies whether parent node information (i.e. eleme
resent_flag) is signalled at NDU level. If mps_parent_signalling_enabled_flag is equal to
'esent_flagsistnot present for any NDU (i.e. the bitstream represents a base neural n
t_signalling_enabled_flag is equal to 1, the bitstream represents a differential updat
work,

agispecifies whether the bitstream contains encoded residuals of weight updates with

esent_flag

ted, e.g, to

is present.

is wvalid
hnce_maps

b of weight

nt parent_
0, parent_
etwork). If
b of a base

respect to

previous weight updates or contains the encoded weight updates. It Set to 1, the bitstream contains encoded
residuals of weight updates. If set to 0, the bitstream contains encoded weight updates. The nnr_pre_flag can
be 1 only after the decoder has processed at least one update of the same model. Compressed data units of
type NNR_PT_BLOCK are always represented as weight updates. Residuals of weights shall not be used in
combination with dependent scalar quantization. If nnr_pre_flag is not present, it is inferred to be 0.

mps_gp_density specifies density information of syntax element mps_quantization_parameter in the 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.
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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.

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 sparsily the weignts.

spm_nn_alccuracy specifies a list of accuracy values where each value is the overall accura¢yyof the NN (e.g.

classificatjon accuracy by considering all classes) when sparsification using the corresponding t}
sparsificatiion_threshold is applied.

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

spm_clasg_bitmask specifies a subset of classes for which the accuracies are signalled, wher
sparsificatlion threshold is applied. The order of bits indicates the indexes\af¢lasses, with the most
bit represgnting the presence of the smallest indexed class.

spm_nn_class_accuracy specifies a list of lists of class accuracies, where each value is accuracy fq
class, when a certain sparsification threshold is applied.

pruning_performance_map() specifies a mapping betweéen different pruning ratios and re;
inference gccuracies. The resulting accuracies are provided separately for different aspects or char

ireshold in

of classes

| a certain
significant

r acertain

ulting NN
acteristics

bs for each
the neural

of the output of the NN. For a classifier NN, each pruhing ratio is mapped to separate accuraci
class, in addition to an overall accuracy which considers all classes. Classes are ordered based on
network ofitput order, i.e. the order specified during training.

ppm_count_pruning_ratios specifies the number of pruning ratios. This number shall be non-z¢
pruning_patio specifies the pruning ratio.

ppm_nn_J
classificat
ratio is ap

ccuracy specifies a list(ofaccuracy values where each value is the overall accuracy of t
on accuracy by considering all classes) when pruning using the corresponding ratio i
lied.

he NN (e.g.
W pruning_

ppm_class
certain pri
bit repress

ed, when a
significant

_bitmask specifies a subset of classes for which corresponding accuracies are signall
ining ratio.js-applied. The order of bits indicates the indexes of classes, with the most
nting the-présence of the smallest indexed class.

t_classes specifies a list of number of classes where each such number is the number of classes

epdrate accuracies are provided for each pruning ratio.

ppm_cour
for which s

ppm_nn_class_accuracy specifies a list of lists of class accuracies, where each value is accuracy for a certain
class, when a certain pruning ratio is applied.

unification_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.
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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.

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].

" |
Nn_UIIIICIISIVIIS DPCLI

nal block, count_block_dimensions is 3.

count_blo, mple, for a

3-dimensi

c: " £ 1. 13 : i o d
TICS—a COUIItCT OT 1TOW - IITdITy COHITCIISTOIIS dT C-SPCLTITCU 10T CAd

block_dimensions specifies an array or list of dimension values. For example, for a 3-dimensipnal block,

dim is an grray or list of length 3, i.e.[2, 2, 2].

unificatiop_threshold specifies the threshold which is applied to tensor block in order to unify the absolute

value of weights in this tensor block.

upm_nn_gccuracy specifies the overall accuracy of the NN (e.g. classification accuracy by congidering all
classes).

upm_count_classes specifies number of classes for which separate” accuracies are providedl for each
unification] thresholds.

upm_class_bitmask specifies a subset of classes for which-cérresponding accuracies are signalled, when
a certain ynification threshold is applied. The order of bits indicates the indexes of classes, with the most

significant

upm_nn_dlass_accuracy specifies the accuracy for@,certain class, when a certain unification t}

applied.

decomposg
thresholds
accuracies
output of
addition td

output order, i.e. the order specified during training.

dpm_cour
Zero.

mse_thres
tensors of

dpm_nn_g

bit representing the presence of the smallestindexed class.

ition_performance_map() specifies a mapping between different mean square er
between the decomposed tensors and their original version and resulting NN
The resulting accuracies are*provided separately for different aspects or characteris
he NN. For a classifier NN, each MSE threshold is mapped to separate accuracies for ea
an overall accuracy whichconsiders all classes. Classes are ordered based on the neur

t_thresholds specifies the number of decomposition MSE thresholds. This number sh|

weights:

ceuracy specifies the overall accuracy of the NN (e.g. classification accuracy by cons

rreshold is

ror (MSE)

inference
tics of the
ch class, in
hl network

hll be non-

hold spe¢ifies an array of MSE thresholds which are applied to derive the ranks of the different

idering all

classes).

nn_reduction_ratio[ i ] specifies the ratio between the total number of parameters after tensor
decomposition 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.

validation_set_performance specifies a performance indicator obtained on a local validation set to
communicate the performance of a weight update after it is dequantized and employed into the base model.
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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.

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

FaVNallisal] 4] | o - ol Elal
Dy U\ TIHT IICLITIUUS dI'T UTTIHICU TIT 1dUIC 14.

Table 12 — Quantization method identifiers

Quantizatjon method Quantization method ID Value

Scalar unifprm NNR_QSU 0x01

Codebook NNR_QCB 0x02

Reserved 0x04-0x07

Ips_qp_depsity specifies density information of syntax element Ips_quaritization_parameter in the NNR

compresss

Ips_quant

d data units that utilize this model parameter set.

jzation_parameter specifies the quantization paramieter for scalar uniform quan

tization of

parameters of each layer of the neural network for arithmetic€oding in the NNR compressed datg units that

utilize thig model parameter set.

The variable QpDensity is derived as follows:

— Ifan aftive NNR layer parameter set is present,the variable QpDensity is set to lps_qp_densitjy.

— Otheryise, the variable QpDensity is set to-iitps_qp_density.

The variahle QuantizationParameter is derived as follows:

— If an |active NNR layer parameter set is present, the variable QuantizationParameter] is set to
Ips_quiantization_parameter.

— Otherwise, the variable QuantizationParameter is set to mps_quantization_parameter.

sparsification_performance_map() is as defined in subclause 6.4.4.3.

When lIps_pparsification. flag of a certain layer is equal to 1 and mps_sparsification_flag is equal to 0, then

the informjation in(sparsification_performance_map() of the layer parameter set is valid when performing

sparsificatjion only on that layer. More than one layer can have lps_sparsification_flag equal tg 1 in their

layer parameterset.

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

perfor

mance_map() of the model parameter set is valid.

If sparsification is applied on the whole model (i.e. all layers), then the information in sparsification_

If sparsification is applied on only one layer, and for that layer lps_sparsification_flag is 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 Ips_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 pruningis applied on only onelayer, and for thatlayerlps_pruning_flagisequalto 1,thenthe 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 lps_unification_flag of a certain layer is equal to 1 and mps_unification_flag is equal to 0, then the
information in unification_performance_map() of the layer parameter set is valid when performing
unification only on that layer. More than one layer can have lps_unification_flag equal to 1 in their layer

paramete
When bot}

If uni
perfor]

If unif]

information in unification_performance_map() of the layer parameter setofthat layer is vali

6.4.4.5

topology_S
NNR unit ¢

topology_
topology, i

If topology

INNR topology unit payload semantics

+
OCL.

mps_unification_flag and lps_unification_flag are equal to 1, the following shall apply

mance_map() of the model parameter set is valid.

ication is applied on only one layer, and for that layer Ips_unification ‘flag is equal to

ftype NNR_TPL.

lata is a byte sequence of length determined by thie' NNR unit size describing the neur
h the format specified by topology_storage_format.

_storage_format is set to NNR_TPL_UNREC;:definition and identification of the storag

ication is applied on the whole model (i.e. all layers), then the information in unification_

1, then the
i

torage_format value is as signalled in the corresponding-NNR topology unit header of the same

h] network

b format of

topology_data is out of scope of this document.

NOTE
to identify t

f topology_storage_format is set to NNRSFPL_UNREC, the (header) structure of topology_data fan be used

he format.

nnr_rep_t
references

ype specifies whether prunirig-information is represented as a bitmask or as a dic
of topology elements. The pérmitted values are specified in Table 13.

tionary of

Table 13 — Pruning information representation types

nnr_rep_type‘value Identifier Description
0x00 NNR_TPL_BMSK Topology related information
signalled as bitmask
0x01 NNR_TPL_DICT Topology related infoffmation sig-
nalled as dictionary pf topology
elements
0x02-0v03 Resorved

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.

bit_mask_value when set to 1 indicates that this specific neuron’s weight is pruned if pruning_flag is set to
1 or is sparisfied (the weight value is 0) if sparse_flag is set to 1.

count_bits cpprifipc the number of bits presentin the bit mask information When present its value shall be

greater than zero.

6.4.4.6 NR quantization unit payload semantics

quantizatjon_data is a byte sequence of length determined by the NNR unit size-describing [the neural

network gpantization information, in the format specified by quantization_storage “format.

If quantizdtion_storage_formatis set to NNR_QNT_UNREC, definition and identification of the storpge format

of quantization_data is out of scope of this document.

NOTE f quantization_storage_format is set to NNR_QNT_UNREC, the (héader) structure of quantizatipn_data can

be used to ifentify the format.

6.4.4.7 NNR compressed data unit payload semantics

raw_float32_parameter is a float parameter tensor.

6.4.4.8 NNR aggregate unit payload semantics

NNR aggré¢gate 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.

7 Decofding process

7.1 Gengral

A decoder|that complies with/ this document shall take an NNR bitstream, as specified in subclause 6.3, as

input and

— generdte decompressed data which complies with an NNR decompressed data format (as |defined in
Table 15) or.

— generdte€ ASCII or compressed data outputs as indicated by using the NNR_TPL and NNR_QNT NNR unit
paylodds-{as-deseribed-insubelause-6-3-3}

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 signalled 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 signalled 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 bitstream. The
presence and cardinality of preceding NNR units shall be as specified in the relevant clauses and annexes

of this

document.
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neural network model parameters.

For example, a decoder can be further initialized via an NNR unit of type NNR_MPS in order set global

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 scope 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 decoder is expected
to output different decompressed data formats as a result of decoding an NNR data unit. Table 15 specifies

the data types for NNR decompressed data formats, and Table 15 specifies the bit depth of the|supported
data formats that result after decompressing NNR compressed data units. If general_prefile_idc has the
value 0, nnr_decompressed_data_format shall only take the value 0 or 1.

Table 14 — Data types for NNR decompressed data formats

Parameter identifier

Parameter description

TENSOR_INT

Tensor of integer values used for representing tengsor-shaped signed integger parame-
ters of the model

TENSOR_FLOAT

Tensor of float values used for representing tensor-shaped float parametefs of the
model

Table 15 — NNR decompressed data formats

nnr_de Data type Format description Bit depth

compressed_

data_formlat

0 TENSOR_INT Tensor of integerwalues used for representing ten- 32
sor-shaped signed integer parameters of the model

1 TENSOR_FLOAT Tensor of flgat values used for representing ten- 32
sor-shapédfloat parameters of the model

2 TENSOR_INT Tenspref integer values used for representing ten- 2
sor-shaped signed integer parameters of the model

3 TENSOR_INT Tensor of integer values used for representing ten- 3
sor-shaped signed integer parameters of the model

4 TENSOR_INT Tensor of integer values used for representing ten- 4
sor-shaped signed integer parameters of the model

5 TENSORVINT Tensor of integer values used for representing ten- 8
sor-shaped signed integer parameters of the model

6 TENSOR_INT Tensor of integer values used for representing ten- 16
sor-shaped signed integer parameters of the model

7 TENSOR_INT Tensor of integer values used for representing ten- 64
sor-shaped signed integer parameters of the model

8 TENSOR_FLOAT Tensor of float values used for representing ten- 16
sor-shaped float parameters of the model

9 TENSOR_FLOAT Tensor of float values used for representing ten- 64

sor-shaped float parameters of the model

The value range for TENSOR_INT with bit depth n is determined as -27-1., 2n-1-1,
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7.3 Decoding methods

7.3.1 General

This subclause specifies the decoding methods of this document. Depending on the value of nnr_compressed_

data_unit_payload_type, one of the subclauses as specified in Table 16 is invoked.
Table 16 — NNR compressed data payload types
Payload identifier Description nnr_compressed_ Sub-
data_unit_payload_ |clause
type
NNR_PT_INT INteger parameter tensor 0 7.3.2
NNR_PT_FLOAT float parameter tensor 1 7.3.3
NNR_PT RAW_FLOAT uncompressed float parameter tensor 2 7.3.4
NNR_PT_BLOCK float parameter tensors including a (optionally de- |3 7.3.5
composed) weight tensor and, optionally, local scal-
ing parameters, biases, and batch norm parameters
that form a block in the model architecture
If the paylpad identifier is NNR_PT_INT, NNR_PT_FLOAT, or NNR_PT_FLOATJRAW and if multiple topology
elements 4re combined (as signalled in the NNR compressed data unit'header via nnr_multiplg topology_
elements_present_flag), then NNR decompressed tensors shall be futther split into multiple tepsors after
the decoding process as follows:
— Tensoy RecParam is split into multiple tensors by invoking TensorSplit( RecParam, gplit_index,

concafienation_axis_index ).

The ot
specif

Outpu
mappi

7.3.2 D¢

tput of function TensorSplit is the list of split output tensors associated with topology €
ed by array topology_elem_id_list.

tensors are further processed by swapping their axis as signalled in topology_tensor_c
g() by invoking AxisSwap().

coding method for NNR compressed payloads of type NNR_PT_INT

Input to thfis process are:

One o
data_d

Output of {
of RecPari
of a bitstr]
representg

— if gend

' more NNR compressed data units which are marked to be decompressed together
ounter and nnr_cempressed_data_unit_payload_type fields are set as NNR_PT_INT.

his process is avariable RecParam of type TENSOR_INT as specified in Table 14. The d
im are equal*to ShiftArraylndex( TensorDimensions, first_tensor_dimension_shift )
cam conforming to method NNR_PT_INT shall only produce values for RecParam t
d in two’s complement representation:

ral_profile_idc equals 0, as 32bit integer value,

lements as

imension_

by partial_

imensions
Decoding
hat can be

integer value,

if general_profile_idc equals 1, and nnr_decompressed_data_format_present_flag equals 0, as 32bit

if general_profile_idc equals 1, and nnr_decompressed_data_format_present_flag equals 1, as integer

with the bit depth defined in Table 15 according to the value of nnr_decompressed_data_format.

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

A syntax structure shift_parameter_ids( cabac_unary_length_minus1, -1 ) according to subclause 10.2.1.6 is
decoded from the bitstream and the initialization process for probability estimation parameters as specified
in subclause 10.3.2.2 is invoked.
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A syntax structure quant_tensor( TensorDimensions, cabac_unary_length_minus1, 0, -1 ) according to
subclause 10.2.1.4 is decoded from the bitstream and RecParam is set equal to QuantParam.

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

The return value of DimensionShift( RecParam, TensorDimensions, first_tensor_dimension_shift ) is
assigned to RecParam.

If nnr_pre_flag equals 1, RecParam contains residuals of weight updates with respect to the previous weight
update. To retrieve the current weight update, the previous weight update is fetched from a local cache
WeightUpdateCache which always contains the previous update and is added to the RecParam. The return
value is assigned to RecParam and is stored locally into WeightUpdateCache. WeightUpdateCache is a list of
TENSOR_INT objects with length 1. If nnr_pre_flag equals 0, RecParam already contains weight updates and
is stored l¢cally into WeightUpdateCache.

7.3.3 D¢coding method for NNR compressed payloads of type NNR_PT_FLOAT
Input to thfis process are:

— One dr more NNR compressed data units which are marked to be décompressed tqgether by
partial_data_counter and their nnr_compressed_data_unit_payload_type. fields are set ay NNR_PT_
FLOAT.

Output of ghis process is a variable RecParam of type TENSOR_FLOAT as\specified in Table 14:
— if gendral_profile_idc equals 0, as 32bit floating point value,

— if gengral_profile_idc equals 1, and nnr_decompressed data_format_present_flag equals (), as 32bit
floating point value,

— if gengral_profile_idc equals 1, and nnr_decompressed_data_format_present_flag equals 1, ps floating
point yalue with the bit depth defined in Table 15-according to the value of nnr_decomprepsed_data_
formaf.

The dimensions of RecParam are equal to, ShiftArraylndex( TensorDimensions, first_tensor_dimension_
shift).

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

Subclause [7.3.6 is invoked with TefisorDimensions, 0, and (codebook_present_flag ? 0 : =1) as inputs, and the
output is ajssigned to RecParam.

A syntax sfructure terminate) cabac() according to subclause 10.2.1.2 is decoded from the bitstrepm.

Decoding ¢f a bitstream\conforming to method NNR_PT_FLOAT shall only produce values for RecParam that
can be repfesented.as float value without loss of precision.

The return value® of DimensionShift( RecParam, TensorDimensions, first_tensor_dimension|shift ) is
assigned tp RecParam.

If nnr_pre_flag equals 1, RecParam contains residuals of weight updates with respect to the previous weight
update. To retrieve the current weight update, the previous weight update is fetched from a local cache
WeightUpdateCache which always contains the previous update and is added to the RecParam. The return
value is assigned to RecParam and is stored locally into WeightUpdateCache. WeightUpdateCache is a list of
TENSOR_FLOAT objects with length 1. If nnr_pre_flag equals 0, RecParam already contains weight updates
and is stored locally into WeightUpdateCache.

7.3.4 Decoding method for NNR compressed payloads of type NNR_PT_RAW_FLOAT

Output of this process is a variable RecParam of type TENSOR_FLOAT as specified in Table 14 The dimensions
of RecParam are equal to ShiftArraylndex( TensorDimensions, first_tensor_dimension_shift ).
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RecParam is set equal to raw_float32_parameter.

The return value of DimensionShift( RecParam, TensorDimensions, first_tensor_dimension_shift ) is
assigned to RecParam.

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.

Output of this process are one or more variables of type TENSOR_FLOAT as specified in Table 14 depending
on the valje of compressed_parameter_types as [ollows:

If (comppressed_parameter_types & NNR_CPT_DC) == 0: RecWeight
If (compressed_parameter_types & NNR_CPT_DC) != 0: RecWeightG, RecWeightH
If (comppressed_parameter_types & NNR_CPT_LS) != 0: RecLS

—

If (compressed_parameter_types & NNR_CPT_BN) != 0: RecBeta, RecGamma,"RecMean, RecV3

If (compressed_parameter_types & NNR_CPT_BI) != 0: RecBias
The result]ng variables are represented with following bit depth:
— if gendral_profile_idc equals 0, as 32bit floating point value,

— if gengral_profile_idc equals 1, and nnr_decompressed_data_format_present_flag equals (), as 32bit
floatinjg point value,

— if gengral_profile_idc equals 1, and nnr_decompressed_data_format_present_flag equals 1, ps floating
point yalue with the bit depth defined in Table15 according to the value of nnr_decomprepsed_data_
format.

If present| the dimensions of RecWeight ate equal to ShiftArraylndex( TensorDimensions, fifst_tensor_
dimension]| shift ).

If present, [the dimensions of RecWeightG are equal to TensorDimensionsG.
If present, [the dimensions of RecWeightH are equal to TensorDimensionsH.

If present, [the variables Re€LS, RecBeta, RecGamma, RecMean, RecVar, and RecBias are 1D and their length
is equal to|the first dimension of TensorDimensions.

The arithmetic codifigrengine and context models are initialized as specified in subclause 10.3.2.

If (compressed-parameter_types & NNR_CPT_LS) != 0, subclause 7.3.6 is invoked with the dinlensions of
RecLS, -1, pnd =1 as inputs, and the output is assigned to RecLS.

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

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

RecVar, -1,

and -1 as inputs, and the output is assigned to RecVar.

If (compressed_parameter_types & 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:

Subclause 7.3.6 is invoked with TensorDimensionsG, 0, and (codebook_present_flag ? 0 : 1) as inputs,

and th

e output is assigned to RecWeightG.

Subclause 7.3.6 is invoked with TensorDimensionsH, (TensorDimensionsG[0] + (4 << scan_order) - 1)

>> (2 + scan_order)) - 1, and (codebook_present_flag ? 1 : -1) as inputs, and the output is assigned to

WS:

assigned to

am.

RecWeight,

ied, which
e 14 with
bitstream.
ording to

pstimation

Hebookld )

RecWeightH:
NOTE ‘rom the decoded RecWeightG and RecWeightH, the variable RecWeight can be derived as-folo
RecWejght = TensorReshape (RecWeightG * RecWeightH, TensorDimensions)
The return value of DimensionShift( RecWeight, TensorDimensions, first_tensor_dimension_shift ) is
RecWejght.
A syntax sfructure terminate_cabac() according to subclause 10.2.1.2 is deceded from the bitstre
If ( comprgssed_parameter_types & NNR_CPT_DC ) == 0, the return valué of DimensionShift( I
TensorDinjensions, first_tensor_dimension_shift ) is assigned to RecWeight.
7.3.6 De¢coding process for an integer weight tensor
Inputs to this process are:
— Avaripble tensorDims specifying the dimensions of the tensor to be decoded.
— Avariable entryPointOffset indicating whethexentry points are present for decoding and, if eptry points
are prgsent, an entry point offset.
— A varipble codebookld indicating whether a codebook is applied and, if a codebook is appl
codebgpok shall be used.
Output of|this process is a variable’recParam of type TENSOR_FLOAT as specified in Tabl
dimensionf equal to tensorDims.
A syntax sfructure quant_param( QpDensity ) according to subclause 10.2.1.3 is decoded from the
A syntax| structure shift_parameter_ids( cabac_unary length_minusl, codebookld ) acc
subclause [10.2.1.6 is-decoded from the bitstream and the initialization process for probability
parameters as specified in subclause 10.3.2.2 is invoked.
A syntax skructure quant_tensor( tensorDims, cabac_unary_length_minus1, entryPointOffset, co
according te;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 ==

recParam[idx] = Codebook|[ QuantParam[idx] + CbZeroOffset ]

else

recParam[idx] = CodebookDC[ QuantParam[idx] + CbZeroOffsetDC ]
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stepSize is derived as follows:

mul = (1 << QpDensity) + ( (qp_value + QuantizationParameter) & ( (1 << QpDensity ) -1))
shift = (gp_value + QuantizationParameter) >> QpDensity

stepSiz

e=mul * Zshift - QpDensity

Variable recParam is updated as follows:

recParam = recParam * stepSize

NOTE

8 Parameterredue

Following from the above calculations, recParam can always be represented as binary fraction.

+1an

8.1 Gengral
This clausg specifies the reconstruction of parameters for specific parameter reduction tools.
informatign about the parameter reduction tools not essential for decoding is provided in Annex
8.2 Methods
8.2.1 Batchnorm folding
If batchnofm folding is applied, the batchnorm function is represented as

BN(X|=0oW*X +8

1 _(b—p)oy RN . .

where o = and where § =————+f8 . X isthe input, BN(X) is the output, W isawe

of the cony

the remaining parameters are batch-normalization parameters. Note that b, u, o2, y, and [

same shap

Parameter

L

CIVIX

\/62+6 V02+6

rolutional or fully-connected layer (represented as 2D matrix), b is a bias parameter,

e as X and that X is shaped as atransposed vector. Parameter ¢ is a scalar close to ze

a can be present in NNR cempressed payloads of type NNR_PT_BLOCK as output vari

IAdditional
.1

ght tensor

and where
have the
ro.

able RecLS

bated from

and it is qyantized using either uniferm quantization or dependent scalar quantization.

Parameter] 6 can be presentyin-NNR compressed payloads of type NNR_PT BLOCK as outpyt variable
RecBias arld it is quantized using either uniform quantization or dependent scalar quantization.

Note that fhe four batchnorm parameters RecBeta, RecGamma, RecMean, and RecVar can be recr

RecLS and|RecBias ae¢ording to the following equations:

RecBeta = RecBias

RecGammg =RecLS

RecMean =0

RecVar = 1—¢ , where parameter ¢ is a scalar close to zero.

In case the four batchnorm parameters have been recreated, RecBias is set to 0 and RecLS is set to 1. If
RecBias and RecLsS are not required, they can simply be ignored.

In the context of incremental compression for (federated) training of neural networks, 6 (RecBias), o
(RecLS), RecMean and RecVar are required to continue the training process. In order to implement
batchnorm folding in an incremental scenario, first a local copy of the batchnorm folded network shall be
stored, including the calculated &, and ¢ parameters per batchnorm module. Then, one round of training
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is executed with the unfolded model. After training, the updated model is batchnorm folded to create the

respective

0, and o parameters of the updated model.

For compressing the model update, only A6 =0; -9, and Ao =0y —0 are included in the quantization and

coding process whereas p and o? are skipped. To continue training with the model update,

Bu=B+Ad

Yu=YtAc.

The mean and variance parameters g and o2 areresetto 0 and 1. Note that during training, the batchnorm

module usjually keeps running estimates of ¢ and 0% with a momentum. This information is, |ost due to
incrementfl batchnorm folding.
8.3 Syntax and semantics
8.3.1 Sparsification using compressibility loss
The presence and semantics of syntax elements are specified in Table 17.
Table 17 — Syntax and semantics for sparsification using compressibility loss
Syntax element condition semantics
tensor_dimensions present Dimension and shape of original tepsors
8.3.2 Sparsification using micro-structured pruning

The preseince and semantics of syntax elements are specified in Table 18.

Tlable 18 — Syntax and semantics for sparsification using miro-structured pruning

Syntax element condition semantics

count_tenspr_dimension present counter of how many dimensions ¢f reshaped
weight tensor

reshaped_ensor_dimensions|] present dimensions of reshaped weight tensor

count_supgr_block_dimension present counter of how many dimensions ofjsuperblock

super_block_dimensions|[] present dimensions of superblock

count_block_dimension. present counter of how many dimensions of block

block_dimgnsions|] present dimensions of block

8.3.3 Combinéd pruning and sparsification

The presence and semantics of syntax elements are specified 1n l1able 19Y.
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Table 19 — Syntax and semantics for combined pruning and sparsification

Syntax element and functions |condition semantics
nnr_rep_type present The flag to indicate what type of output is
produced
prune_flag 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_ids (prune_flag==1) && (nnr_rep_ | The number of elements that are pruned
type == NNR_TPL_DICT)
element_idH tprure—flag==1-&&{rnr—rep—Theibseftheelementsthatareprjined
type == NNR_TPL_DICT)
count_dim$[] (prune_flag ==1) && (nnr_rep_ | The number of dimensions of edch pruped element
type == NNR_TPL_DICT)
dim[][] (prune_flag==1) && (nnr_rep_ | The new dimensions of the pruned|elements
type == NNR_TPL_DICT)
bit_mask() sparse_flag == Abitmask to indicate which matrix elements are
preserved during sparsification. A pit value of
1 shall indi¢ate that the correspond{ng element
is preserved and a bit value of 0 shpll indicate
that the corresponding element is gparsified
(prune_flag ==1) && (nnr_rep_  |A bitihask to indicate which matrix ¢lements or
type == NNR_TPL_BMSK) output channels are preserved duripg pruning.
A bit value of 1 shall indicate thaf| the corre-
sponding element is preserved and 4 bit value of
0 shall indicate that the corresponding element
is pruned
8.3.4 Unstructured statistics-adaptive sparsification
The semarjtics of syntax elements are specified;in Table 20.
Table 20 — Syntax'and semantics for structured sparsification
Syntax element condition semantics
qp_value present integer
QpDensity present integer
8.3.5 Structured sparsification (global and local approach)
The semarjtics of syynitax elements are specified in Table 21.
Table 21 — Syntax and semantics for structured sparsification
Syntax element condition semantics
row_skip_enabled_flag present indicates whether row skipping is used for

the sparsified element

row_skip_list

flag==1

present, if row_skip_enabled_

8.3.6 Weight unification

The presence and semantics of syntax elements are specified in Table 22.
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Table 22 — Syntax and semantics for weight unification

Syntax element condition semantics
count_tensor_dimension present counter of how many dimensions of reshaped
weight tensor
reshaped_tensor_dimensions[] present dimensions of reshaped weight tensor
count_super_block_dimension present counter of how many dimensions of superblock
super_block_dimensions|] present dimensions of superblock
count_block_dimension present counter of how many dimensions of block
block_dimensions|] present dimensions of block

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

The preseince and semantics of syntax elements are specified in Table 23.

Table 23 — Syntax and semantics for low rank/low displacement rank

Syntax elegment

condition

semantics

compressefl_parameter_types

(compressed_parameter_types &&
NNR_CPT_DC) =0

One bit indicating whether decom
present

position is

decomposifion_rank present rank
g_number_pf_rows present rows-of G
tensor_dimensions present dimensions of original tensor

8.3.8 Batchnorm folding

The preseice and semantics of syntax elements are specified in Table 24.

Table 24 — Syntax and seémantics for batchnorm folding

Syntax element/Variable

condition

semantics

compressefl_parameter_types

(compressed_parameter_types &&
NNR_CPT-BN) =0

One bit indicating whether batchng
eters are present

rm param-

QpDensity presént unsigned integer
QuantizatipnParameter preSent integer

qp_value present integer

dq_flag present flag

8.3.9 Lgcal scaling’adaptation (LSA)

The presence andsemantics of syntax elements are specified in Table 25.

Syntax element/Variable

condition

semantics

compressed_parameter_types

(compressed_parameter_types &&
NNR_CPT_LS) !=0

One bit indicating whether a local
rameter is present

scaling pa-

QpDensity present unsigned integer
QuantizationParameter present integer

qp_value present integer

dg_flag present flag
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9 Parameter quantization

9.1 Gen

eral

This clause specifies the reconstruction of parameters for specific parameter quantization tools. Additional
information about the parameter quantization tools not essential for decoding is provided in Annex G.2.

9.2 Met

hods

9.2.1 Uniform quantization method

Uniform q

mps_qp_dé¢

and a flag
multiples

9.22 C

The para
shape as t|
metadata
composed

The recon
the recons
is derived

9.2.3 D¢

Dependent
parameter]
subclause

reconstrug

9.2.4 Pr

PRE aims
minimizat
signal inst
as the sub
adopts its
and the we
which one

When PRH
parameter]

Jdebook-based method

1antization is applied to the parameter tensors using a fixed step size represented by p

arameters

nsity (or Ips_qp_density, if present) and qp_value according to the specification in subg
denoted as dq_flag, equal to zero. The reconstructed values in the decoded tensor :
f the step size.

eter tensors are represented as a codebook and tensors of indicesjthe latter having
he original tensors. The size of the codebook is chosen at the encoder and is transn
parameter. The indices have integer values, they will be furthet entropy coded. The ¢
of integer values that are strictly monotonically increasing.

tructed integer tensors are the values of codebook elements referred to by their index
tructed tensors are derived by multiplying the reconstructed integer tensors with a ste
from parameters mps_qp_density (or lps_qp_densityyif present) and qp_value.

pendent scalar quantization method

scalar quantization is applied to the parameter tensors using a fixed stepsize repr
s mps_qp_density (or lps_gp_density, if present) and gp_value according to the spec
/.3.3 and a state transition table of size' 8, whenever a flag, denoted as dq_flag, is equal
ted values in the decoded tensor are’integer multiples of the step size.

edictive residual encoding.(PRE)

at minimizing the ameunt of data transferred between subsequent upates. PRE ol
on goal by encodingiand communicating the residual of the weight updates with respe
bad of the actual weight updates whenever using the residual is beneficial. Residuals are
traction of theactual weight updates and the base signal on MPS level. Each decodg
pwn previousweight update as the base signal for computing the current residual. Th
ight updatesare then entropy coded separately and encoder decides based on the bitst
is to be communicated

is activated, residual calculation is done for all quantized parameters except for
si’NNR_PT _BLOCK.

lause 7.3.3
ire integer

r the same
hitted as a
bdebook is

value and
p size that

psented by
fication in
o one. The

btains this
't to a base
computed
r instance
b residuals
ream sizes

quantized

9.3 Syntax and semantics

9.3.1 Uniform quantization method

The presence and semantics of syntax elements are specified in Table 26.
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Table 26 — 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 dq_flag == flag

9.3.2 Codebook-based method

The presence and semantics of syntax elements are specified in Table 27.

Table 27 — Syntax and semantics for codebook-based method

Syntax element/Variable condition semantics

QpDensity present unsigned integer

QuantizatipnParameter present integer

qp_value present integer

codebook_ggk present unsigned integer

codebook_gize present unsigned.nteger

codebook_fentre_offset present integér

codebook_fero_value present integer

codebook_(lelta_left present unsigned integer, multiple instancgs thereof
codebook_flelta_right present unsigned integer, multiple instancqs thereof

9.3.3 Ddpendent scalar quantization method

The presence and semantics of syntax elements are’specified in Table 28.

Table 28 — Syntax and semanti¢s for dependent scalar quantization method

Syntax element condition semantics
QpDensity present unsigned integer
QuantizatipnParameter present integer

qp_value present integer

dq_flag dq_flag == flag

10 Entrgpy 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 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:
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A variable k is initialized with zero and X is 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 is increased
by 1. Afterwards, 1 << k is 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 takes one of the values ( x, x -
1,..X-(1<<k)+1).Acode of length k is encoded, which points to the values in the list which is absolute
quantized parameter level.

10.1.1.2 Row skipping

If enabled by flag row_skip_flag_enabled_flag, the row skipping technique signals one flag row_skip_list[ i ]
for each value i along the first axis of the parameter tensor. If the flag row_skip_list[i] is 1, all elements of the

paramete
all elemen

10.1.1.3 (

Context m
greater_x
with the s3
underlying

The contes

Twenty-foyir context models are distinguished for the sig_flag, depending on the state value and w

neighbour
If dg_flag i

Three oth
quantized

For the

a
maxNumﬂ)oRemMinusl, two context models~are distinguished depending on the sign_flg

maxNum

10.1.1.4

If enabled
and abs_le
co-located
identified
If the co-l
subclause
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s of the parameter tensor for which the index for the first axis equals i are encoded-ind

lontext modeling

odeling corresponds to associating the three type of flags sig_flag, sign_flag, and

k2 with context models. In this way, flags with similar statistical behavior should be

ime context model so that the probability estimator (inside of the context model) can a
statistics.

t modeling is as follows:

ng quantized parameter level to the left is zero, smalleryor larger than zero.
5 0, only the first three context models are used.

br context models are distinguished for the-sign_flag depending on whether the nei
parameter level to the left is zero, smaller, orlarger than zero.

s_level_greater_x/x2 flags, each x uses either one or two separate context mode

oRemMinus1, only one context model is used.

[emporal context modeling

by flag temporal_context“modeling_flag, additional context model sets for flags sig_flag
vel_greater_x are ayaildble. The derivation of ctxldx is then also based on the value of a
parameter level in* the previously encoded parameter update tensor, which can b

ist[i]is O,
ividually.

abs_level
associated
dapt to the

hether the

ghbouring

Is. If x <=
g, If x >

v, sign_flag
quantized
e uniquely
se 6.3.3.7.

using the device_id, parameter_id and put_node_depth elements defined in subclad
pcated parameter level is not available or equal to zero, the context modeling ac
10.1.1.3 is‘applied. Otherwise, if the co-located parameter level is not equal to zero, th

context m

Sixteen coptéxt“models are distinguished for the sig_flag, depending on the state value and w
absolute value of the r}nqnfimﬂd co-located parameter level is greater than one ornot

:

eling-of-the presented approach is as follows:

cording to
b temporal

hether the

If dq_flagi

s 0, only the first two additional context models are used.

Two more context models are distinguished for the sign_flag depending on whether the quantized co-located
parameter level is smaller or greater than zero.

For the abs_level_greater_x flags, each x uses two separate context models. These two context models are
distinguished depending on whether the absolute value of the quantized co-located parameter level is

greater or

equal to x-1 or not.
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10.2 Syntax and semantics

10.2.1 DeepCABAC syntax

10.2.1.1 General

This subclause specifies the entropy coding syntax as used by the decoding process of Clause 7.

10.2.1.2 DeepCABAC termination syntax

terminate_cabac( ) {

Descriptor

termir

[atimg_ome_bit

at(v)

while(

byte_aligned() )

nesting_zero_bit

f{1)

}

terminati

nesting_z

ng_one_bit specifies a terminating bit equal to 1.

bro_bit is one bit set to 0.

10.2.1.3 Quantization parameter syntax

quant_patfam( gpDensity ) {

Descriptor

gp_val

ue

iae(6 + gpDensity)

}

gp_value is the quantization parameter.

10.2.1.4 Quantized tensor syntax

quant_tenisor( dimensions, maxNumNoRemMinus1, entryPointOffset, codebookld ) {

Descriptor

if( gengral_profile_idc == 1 && codebeekld > -1 ){

if( co

lebookld ==0) {

cod

bbookSize = CbSize

cbZ

broOffset = CbZeroOffset

}

else {

cod

bbookSize = CbSizeDC

cbZ

broOffset= CbZeroOffsetDC

}

}

else {

codebookSize =0

cbZeroOffset =0

}

tensor2DHeight = dimensions|[ 0 ]

tensor2DWidth = Prod( dimensions ) / tensor2DHeight

&

if( general_profile_idc == 1 && tensor2DWidth > 1&& !( codebookld > -1

& codebookSize == 1)) {

if( parent_node_id_present_flag==1){
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hist_dep_sig_prob_enabled_flag uae(1)

}
row_skip_enabled_flag uae(1)

if( row_skip_enabled_flag)
for(i=0;i<tensor2DHeight; i++)
row_skip_list[ i ] ae(v)

}

stateld =0

bitPointer = get_bit_pointer( )

lastOffget="0 -

for(i=|0;i<Prod( dimensions ); i++ ) { W
idx # TensorIndex( dimensions, i, scan_order ) q/

if( entryPointOffset I= -1 && r\\
GetEntryPointldx( dimensions, i, scan_order ) != -1 && %o}
scan_order > 0){ ,Os(b

ylCurrRange = 256 '\\Ov
= entryPointOffset + Q/C)

AN

U\

ol

—-

GetEntryPointldx( dimensions, i, scan_order )

ol

ylOffset = cabac_offset_list[j ] A
iff( dq_flag) N
stateld = dq_state_list[j ] & -
bt_bit_pointer( bitPointer + lastOffset + BitOffse@ﬁ\s)c[j 1)
4stOffset += BitOffsetList][ j ] N
nit_prob_est_param() O;\V
} S
QuantParam[idx] =0 .\@Q‘
if( general_profile_idc =1 || tensor@ﬁ\\/idth <=1]|
Irow_skip_enabled_flag || , *

Irow_skip_list[ idx[ O ] }x\}‘
int_param( idx, maxNum@\emMinusl, stateld, codebookSize, cbZeroOffset ) 10.P.
if( dq_flag) { N\
nextSt = StateTr}x@a\b[ stateld ][ QuantParam[idx] & 1]
iﬂ( QuantParq\lﬂ\de] =0){

Quantﬁ@%ﬁ[ idx ] = QuantParam[idx ] << 1

if( QuantParam[idx]<0)
‘(/SQﬁantParam[ idx ] +=stateld & 1

v

(%)

—

—n

1N
—
U1

ca
T

QuantParam[idx ] += - (stateld & 1)

}

stateld = nextSt

}

hist_dep_sig_prob_enabled_flag specifies whether history dependent significance probability modeling
is enabled. A hist_dep_sig_prob_enabled_flag equal to 1 specifies that history dependent significance
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probability modeling is enabled. When not present, the value of hist_dep_sig_prob_enabled_flag is inferred

to be zero.

row_skip_enabled_flag specifies whether row skipping is enabled. A row_skip_enabled_flag equal to 1
indicates that row skipping is enabled. If row_skip_enabled_flag is not present in the bitstream, it is inferred

to be zero.

row_skip_list specifies a list of flags where the i-th flag row_skip_list[ i ] indicates whether all tensor
elements of QuantParam for which the index for the first dimension equals i are zero. If row_skip_list[i] is
equal to 1, all tensor elements of QuantParam for which the index for the first dimension equals i are zero.
QuantParam is an array holding the decoded integer values of the tensor.

init_prob_est_param/() invokes the initialization process specified in subclause 10.3.2.2.

The 2D intpger array StateTransTab[][] specifies the state transition table for dependent scalax gyantization
and is as fgllows:
StateTrandlab[][] = { {0, 2}, {7, 5}, {1, 3}, {6, 4}, {2, 0}, {5, 7}, {3, 1}, {4, 6} }
10.2.1.5 Quantized parameter syntax
int_paran]( i, maxNumNoRemMinus1, stateld, codebookSize, cbZeroOffset ) { Descriptor
if( cod¢bookSize !=1 || general_profile_idc !=1) {
sig [flag ag(v)
if( sig_flag){
QuantParam[ i J++
if ( general_profile_idc == 1 && codebookSize >0&8&/( cbZeroOffset
== 0 || cbZeroOffset == codebookSize-1)J.{
signVal = cbZeroOffset!=0?71:0
)
dlse {
sign_flag ag(v)
signVal = sign_flag
)
jl=-1
if( general_profile_id¢==1 && codebookSize > 0)
maxAbsVal =rsignVal ? cbZeroOffset : ( codebookSize -
cbZeroQOffset - 1)
dlse
maxAbsVal = -1
if(maxAbsVal > 1 || maxAbsVal ==-1) {
dof
j++
abs_level_greater_x[j | ae(v)
QuantParam][ i ] += abs_level_greater_x][j ]
} while( abs_level_greater_x[j] ==1 &&j <
maxNumNoRemMinus1 && (maxAbsVal > QuantParam[i] ||
maxAbsVal=-1))
if(abs_level_greater_x[j] == 1 && (maxAbsVal >
QuantParam[i] || maxAbsVal = -1)) {
RemBits = 0
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j=-1
do {
j++
abs_level_greater_x2[j ] ae(v)
if(abs_level_greater_x2[ j | && (maxAbsVal >
QuantParam[i] || maxAbsVal=-1)){
QuantParam|[i] += 1 << RemBits
RemBits++
}
L whilel ghs lovel oreater v2111 2821 <30 8,
PRkt Ukt i = Lk il N 7
( maxAbsVal = (QuantParam[i] + (1 << RemBits ) ) ||
maxAbsVal==-1))
abs_remainder tae(RemBits)

QuantParam[ i ] += abs_remainder

}
}
QuantParam[i] = signVal ? -QuantParam[i]:
QuantParam][i ]
}
}
}
sig_flag specifies whether the quantized weight QuantParam|[ i ] is nonzero. A sig_flag equal to ) indicates

that QuantParam|[i] is zero.

sign_flag specifies whether the quantized weight\Q@rantParam| i ] is positive or negative. A sign
to 1 indicakes that QuantParam|i] is negative.

abs_level Jgreater_x[ j | indicates whether the absolute level of QuantParam|[i]is greaterj + 1.

abs_level
abs_rema

The varia
QuantParg
the variab
modified 4

AnySigBefi

greater_x2[ j | comprises the unary part of the exponential Golomb remainder.
inder indicates a fixed length remainder.

ble curParald is set equal to the parameter identifier of the currently decoded
m[i]. Whenno parameter with a parameter indentifier equal to curParald has been deco
e AnySigBeforeFlag[ curParald ] is set equal to 0. The variable AnySigBeforeFlag| cur
s follows:

breFlag[\curParald | = AnySigBeforeFlag[ curParald] || (QuantParam[i] != 0)

| flag equal

barameter.
Hed before,
Parald ] is

10.2.1.6 S

hift’/parameter indices syntax

shift_parameter_ids( maxNumNoRemMinus1, codebooklId ) {

Descriptor

if( general_profile_idc == 1 && codebookld > -1) {

if(c

odebookld ==0){

codebookSize = CbSize

cbZeroOffset = CbZeroOffset

}

else

{

codebookSize = CbSizeDC
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cbZeroOffset = CbZeroOffsetDC

}

else {

codebookSize =0

cbZeroOffset =0

}

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

if( codebookSize =1 ) {

Losfe .. CL: D) i I1daeCialtl AY
LITT L_IUAL I, JIIIItL A1 AIIICTLTT 1uoalsx las J

elsel{

§hiftParameterldsSigFlag[i] =0

} ‘(f\%

if( temporal_context_modeling_flag ){ C.

for(|li = 24;1i < (dq_flag 7 40 : 26); i++ ) { R\

if( codebookSize I=1) { ,O\‘

shift_idx( i, ShiftParameterldsSignFlag) g‘\J

Ise { AQ\

[a»)

ShiftParameterldsSigFlag[i] =0 ‘\\‘(
N

} &

} X

if( hist| dep_sig_prob_enabled_flag) { A\v

for(|i = 40; i < (dq_flag ? 48 : 41); }-NQ {

if( codebookSize != 1) { ‘&\0\@

shift_idx( i, ShiftParaméterldsSigFlag )

) ~N
dlse { P )
ShiftParamieterldsSigFlag[i] = 0
) X
bl
I R%

for(i =071z {temporat_context_modeting_flag 7?53 ;7 1F+ )<

if(!(codebookSize > 0 && (cbZeroOffset == 0 || cbZeroOffset ==
codebookSize -1) ) && codebookSize =1 ) {

shift_idx( i, ShiftParameterldsSignFlag)

}

else {

ShiftParameterldsSignFlag[i] =0
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maxAbsVal = codebookSize > 0 ? max( cbZeroOffset, codebookSize -1 -
cbZeroOffset) : -1

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

if( maxAbsVal == -1 || i < (maxAbsVal-1)*2 ) {

shift_idx( i, ShiftParameterldsAbsGrX)

}
else {
ShiftParameterldsAbsGrX[i] =0
}
}
if( temporal_context_modeling_flag ) { ﬂb‘
for(]i = 2*(maxNumNoRemMinus1+1); i < q/QV
4*(maxNumNoRemMinus1+1); i++ ) { A
if( maxAbsVal == -1 || i < ( (maxAbsVal-1)*2 + ( Cb"\
2*(maxNumNoRemMinus1+1) ) ) ) { O(\b
shift_idx( i, ShiftParameterldsAbsGrX ) N~
) O
dlse { N\
ShiftParameterldsAbsGrX[i] =0 \G)U
) &
} RG
} RoNd
currX2|Level= maxNumNoRemMinus1 9\\}\
for(i=|0;i<31;i++){ o

curtX2Level = currX2Level + (1 << i) .‘\\\"

if( maxAbsVal == -1 || currX2Level < Ip\&bsVal) {
ghift_idx( i, ShiftParameterIds@ﬁﬁr‘XZ )

} N

elsel{ (_’}\U
EhiftParameterldsAl}éGrRIZ[ i]=0

} O

10.2.1.7 $hif meter syntax
<&

Shlft_ldX( AYA’ chif{-qunmnfanHS } { Dncnvi btor

TATCL Ot orotrrreceror A=A = g

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 ] += shift_idx_minus_1 + 1

}

shift_idx_minus_1_present_flag specifies whether the shift parameter index shiftParameterlds[ ctxId ] is
present. A shift_idx_minus_1_present_flag equal to zero indicates that shiftParameterlds| ctxId ] is zero.
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shift_idx_minus_1 specifies the absolute value of the shift parameter index shiftParametelds| ctxId ] minus
one. The shift parameter index is shiftParamelds[ ctxId ] = shift_idx_minus_1 + 1

10.3 Entropy decoding process

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 parsi

afcuntav alamantc nracande Ao fallavarce
\>2 are o protttoas oo ToTovv ot

For each rg

The binari
flow as des

10.3.2 In

10.3.2.1 (
Outputs off
The conte
The initial

The decod
invoking tl

10.3.2.2 Initialization process for probability\estimation parameters

Outputs of
pStateldx1

greater_x2.

The 2D art

CtxParamé
{2,6,95,1

When hist
(dg_flag ? 1

The cd

o
[=) ¥ HIcOA CTETIICTTT

bquested value of a syntax element a binarization is derived as specified in subclause 1

.3.3.

zation for the syntax element and the sequence of parsed bins determines the decodi
cribed in subclause 10.3.4.

tialization process

heneral
this process are initialized DeepCABAC internal variables:
t variables of the arithmetic decoding engine are initialized as follows:

zation process for context variables is invoked as(specified in subclause 10.3.2.3.

he initialization process for the arithmetic decoding engine as specified in subclause 10

g process

ng engine registers IvlCurrRange and IvlOffset:both in 16 bit register precision are initialized by

3.2.4.

this process are the initialized probability estimation parameters shift0, shift1, pStat
for each context model of syntax elements sig_flag, sign_flag, abs_level _greater_x, and

ay CtxParameterList [][{4s initialized as follows:

terList[][] = { {1,420, 0}, {1, 4, -41, -654}, {1, 4, 95, 1519}, {0, 5, 0, 0}, {2, 6, 30, 482},
519}, {2, 6, 21,2337}, {3, 5, 0, 0}, {3, 5, 30, 482}}

| dep_sig_pnob' enabled_flag is equal to 1, the following applies for i in the range of 40 t
17 : 40),dnclusive:

ntextparameters associcated with the i-th context model of the sig_flag are set as fo

setld ¢

eldx0, and
abs_level

llows with

quat to ShiftParameterldsSigFlag[ I ]:

shiftl is set to CtxParameterList[ setld ][

shift0 is set to CtxParameterList[ setld ][ 0 ]

1],

pStateldx0 is set to CtxParameterList[ setld ][ 2 ]

pStateldx1 is set to CtxParameterList[ setld ][ 3 ]

The list idcsSig is derived as follows:

— When hist_dep_sig_prob_enabled_flag is equal to 1, the values of the range 40..(dq_flag ? 47 : 40) are

added

to idcsSig.
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to idcsSig.

are added to idcsSig.

When dqg_flag is equal to 1, the values of the range 0..(temporal_context_modeling_flag ? 39 : 23) are

When dq_flag is equal to 0 and temporal_context_modeling_flag is equal to 1, the values {0, 1, 2, 24, 25}

The initialization process for a probability estimation parameter range as specified in subclause 10.3.2.2
is invoked with idcs equal to idcsSig, elementName equal to sig_flag, and shiftParameterlds equal to
ShiftParameterldsSigFlag.

The initialization process for a probability estimation parameter range as specified in subclause 10.3.2.2
is invoked with idcs including the values of the range of 0..(temporal_context_modeling_flag ? 4 : 2),
elementName equal to sign_flag, and shiftParameterlds equal to ShiftParameterldsSignFlag.

The initial
invoked w
unary_leng
ShiftParan

The initial
invoked w
abs_level_
estimation
shift parai

The follow]

The cdg
setas

sh
sh
p9
P9

zation process for a probability estimation parameter range as specified in subclause
th idcs including the values of the range of 0..( (temporal_context_modeling_flag@?4”: 2
rth_minusl + 1) - 1), elementName equal to abs_level_greater_x, and shiftParameterl
neterldsAbsGrX.

zation process for a probability estimation parameter range as specified’in subclause !
th idcs including the values of the range of 0..30, elementName equal‘tg

preater_x2, and shiftParameterlds equal to ShiftParameterldsAbsGrX2. To initialize a
parameter range, the input are the list idcs, the syntax element’name elementName, a
heters shiftParameterlds.

ing applies for each entry i of the list idcs:

ntext parameters associcated with the i-th context mhodel of the syntax element elemen
follows with setld equal to shiftParameterlds]i ]:

ift0 is set to CtxParameterList[ setld ][ 0 ]
iftl is set to CtxParameterList[ setld ][ 1.5
tateldxO is set to CtxParameterList[-setld ][ 2 ]

tateldx1 is set to CtxParameterList[ setld ][ 3 ]

10.3.2.3 Initialization process for context variables

Outputs o
syntax ele

For each c
setto1lan

this process are the-initialized DeepCABAC context variables distinguished by the
ment and by ctxIdx:

bntext variable)the two variables pStateldx0 and pStateldx1 are both set to 0, a variab
1 a variableshift1 is set to 4.

10.3.2.4 Initialization process for the arithmetic decoding engine

10.3.2.2 is
) * (cabac_
s equal to

10.3.2.2 is

obability
d the

tName are

associated

le shift0 is

The status

ofthe arithmetic decoding engine is represented by the variables IvlCurrRange angl IvlOffset.

In the initialization procedure of the arithmetic decoding process, IvICurrRange is set equal to 510 and
IvlOffset is set equal to the value returned from read_bits( 9 ) interpreted as a 9 bit binary representation of
an unsigned integer with the most significant bit written first.

The bitstream shall not contain data that result in a value of IvlOffset being equal to 510 or 511.

10.3.3 Binarization process

10.3.3.1 General

Input to th

is process is a request for a syntax element.
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Output of this process is the binarization of the syntax element.

All syntax

elements use fixed-length (FL) binarization process.

The specification of the fixed-length (FL) binarization process is given in subclause 10.3.3.2.

10.3.3.2 Fixed-length binarization process

Input to th

is process is a request for a fixed-length (FL) binarization.

Output of this process is the FL binarization associating each value symbolVal with a corresponding bin

string.

FL binariz
symbolVal
that the b

significant
10.3.4 De

10.3.4.1 (

Inputs to 4
subclause

rtiomrisconstructed by using the fiAchcusth-]uit uuaigucd integer bitrstt g ofthe Sy
where fixedLength = Ceil( Log2( cMax + 1) ). The indexing of bins for the FL binarizat
nldx = 0 relates to the most significant bit with increasing values of binldx tgward
bit.

coding process flow

heneral

his process are all bin strings of the binarization of the requested syntax element as s
10.3.3.

Output of {

This proce
bin, the re
following 4

If the

Other}

While pars
the first bi

The parsin

1. Thed

binldx

The a
bypas

10.3.4.2 1

his process is the value of the syntax element.

ss specifies how each bin of a bin string is parsedfor each syntax element. After pa
bulting bin string is compared to all bin strings<f the binarization of the syntax eleme

pplies:

vise (the bin string is not equal to\ene of the bin strings), the next bit is parsed.

ing each bin, the variable binldx'is incremented by 1 starting with binldx being set eq
n.

g of each bin is specified-by the following two ordered steps:

brivation process—for ctxldx and bypassFlag as specified in subclause 10.3.4.2 is iny
as input and ctxldx and bypassFlag as outputs.

Fithmetic .decoding process as specified in subclause 10.3.4.3.2 is invoked with ¢
5Flag as(inputs and the value of the bin as output.

nbol value
ion is such
s the least

pecified in

rsing each
nt and the

bin string is equal to one of the bin strings; the corresponding value of the syntax element is the
outpuft.

hal to O for

oked with

txIdx and

Detivation process for ctxldx and bypassFlag

10.3.4.2.1

Input to th

General

is process is the position of the current bin within the bin string, binldx.

Outputs of this process ctxldx and bypassFlag.
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The values of ctxldx and bypassFlag are derived as follows based on the entries for binldx of the
corresponding syntax element in Table 29:

— Ifthe entry in Table 29 is not equal to "bypass" or "na", the values of binldx are decoded by invoking the
DecodeDecision process as specified in subclause 10.3.4.3.2 and the following applies:

— The variable ctxInc is specified by the corresponding entry in Table 29 and when more than one
value is listed in Table 29 for a binldx, the assignment process for ctxInc for that binldx is further
specified in the subclauses given in parenthesis.

— bypassFlagis set equal to 0.

— Otherwise, if the entry in Table 29 is equal to "bypass", the values of binldx are decoded by invoking the

D dn s I Lal 102 4.2 A d 4+l o €11 3 N
eCO U_y lJClDD lJl Uuttoo dos DPC\,AIICU III oUuvtliduotl 1VU.J.7T.J.T dllu LIIT TUIIUVV 1115 GIPPIICD-

— ctkldxis set equal to 0.
— bypassFlagis set equal to 1.

— Otheryise (the entry in Table 29 is equal to "na"), the values of binldx do not oceufor the coresponding
syntay element.

Table 29 — Assignment of ctxInc to syntax elements with context coded bins

binldx
Syntlax element
0 1 2 3 4 >=5
row_skip_list[j] 0 na na na na na
sig_flag 0.47 nd na na na na
(subclause 10.3.4.2.2)
sign_flag 0.4 na na na na na
(subclause 10.3.4.2.3)
abs_level_greater_x[j] 4*%j+(0..1) na na na na na
(subclause 10.3.4.2.4)
abs_level_greater_x2[j] j na na na na na
shift_idx_npinus_1_pres-
ent_flag 0 na na na na na

10.3.4.2.2| Derivation process of‘etxInc for the syntax element sig_flag

Inputs to this process are thesig_flag decoded before the current sig_flag, if present, the state value stateld,
the associpted sign_flag,(if present, and, if present, the co-located parameter level (coLocPafam) from
an incrempntal update ‘contained in a reference NDU decoded before the current incremental update. A
reference NDU is idéntified as follows: Syntax elements parameter_id and device_id of the reference NDU
are equal [to the syntax elements parameter_id and device_id (of the current NDU), respectively. Syntax
element pyt_nede. depth of the reference NDU is equal to the syntax element put_node_depth minpis 1 (of the
current NIEU) Whenever the put_node_depth (of the current NDU) is smaller or equal to one, th¢ reference
incrementbl-apdate-isnotavailable-

If nnr_pre_flag equals 1 and if nnr_compressed_data_unit_payload_type!=NNR_PT_BLOCK, coLocParam
is obtained from the residuals of the incremental updates contained in the reference NDU. Otherwise,
coLocParam is obtained from the weight updates of the incremental updates contained in the reference NDU.

If no sig_flag was decoded before the current sig_flag, or if the current sig_flag is the first sig_flag after
an invocation of the initialization process for probability estimation parameters of subclause 10.3.2.2, the
sig_flag decoded before the current sig_flag is inferred to be 0. If no sign_flag associated with the previously
decoded sig_flag was decoded, or if the current sig_flag is the first sig_flag after an invocation of the
initialization process for probability estimation parameters of subclause 10.3.2.2, the sign_flag associated
with the previously decoded sig_flag is inferred to be 0. If no co-located parameter level from an incremental
update decoded before the current incremental update is available or if temporal_context_modeling_flag is
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equal to zero, it is inferred to be 0. A co-located parameter level means the parameter level in the same
tensor at the same position in the reference incremental update.

Output of this process is the variable ctxInc.

The variable curParald is set equal to parameter identifier of the currently decoded parameter.

The variable ctxInc is derived as follows:

applies:

ctxInc is set to stateld + 40

If AnySigBeforeFlag[ curParald ] is equal 1 and hist_dep_sig_prob_enabled_flagis equal to 1, the following

Other
the fo

If

10.3.4.2.3

Inputs to t
flag, if pre
contained
as follows
elements

fo

ise (AnySigBeforeFlag[ curParald | is equal to O or hist_dep_sig_prob_enabled_flag is
wing applies:

roLocParam is equal to O the following applies:
If the previously decoded sig_flag is equal to 0, ctxInc is set to stateld*3¢

Otherwise, if sign_flag associated with the previously decoded sig, flag'is equal to 0, c
to stateld*3+1.

Otherwise, ctxInc is set to stateld*3+2.
roLocParam is not equal to 0 the following applies:
If coLocParam is greater than 1 or less than -1, ctxIne'is set to stateld*2+24.

Otherwise, ctxInc is set to stateld*2+25.

Derivation process of ctxInc for the syntax element sign_flag

his process are the sig_flag decoded before the current sig_flag, if present, the assoc
sent, and, if present, the co-located:parameter level (coLocParam) from an incremen
in a reference NDU decoded before'the current incremental update. A reference NDU is

Syntax elements parameter.id and device_id of the reference NDU are equal to {
arameter_id and device_id {of the current NDU), respectively. Syntax element put_nod

the referemce NDU is equal to the syntax element put_node_depth minus 1 (of the current NDU).

the put_no
available.

If nnr_pre
is obtaine
coLocPara

If no sig_f
an invocat

de_depth (of the current-NDU) is smaller or equal to one, the reference incremental up

| flag equals 1(and if nnr_compressed_data_unit_payload_type!=NNR_PT_BLOCK, cq
1 from the residuals of the incremental updates contained in the reference NDU.
In is obtained from the weight updates of the incremental updates contained in the refel

ag was~decoded before the current sig_flag, or if the current sig_flag is the first sig
ion,‘of the initialization process for probability estimation parameters of subclaus

bqual to 0),

txIncis set

ated sign_
tal update
identified
he syntax
e_depth of
Whenever
date is not

LocParam
Dtherwise,
rence NDU.

_flag after
e 10.3.2.2,

the sig_flag d€coded before the current sig flag is inferred to be 0. If no sign_flag associate

]l with the

previously decoded sig_flag was decoded or if the current sign_flag is the first sign_flag after an invocation
of the initialization process for probability estimation parameters of subclause 10.3.2.2, the sign_flag
associated with the previously decoded sig_flag, it is inferred to be 0. If no co-located parameter level from
an incremental update decoded before the current incremental update is available or if temporal_context_
modeling_flag is equal to zero, it is inferred to be 0. A co-located parameter level means the parameter level
in the same tensor at the same position in the reference incremental update.

Output of this process is the variable ctxInc.
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The variable ctxInc is derived as follows:

If coLocParam is equal to 0 the following applies:

— Ifthe previously decoded sig_flag is equal to 0, ctxInc is set to 0.

— Otherwise, if sign_flag associated with the previously decoded sig_flag is equal to 0, ctxInc is set to

1.

Otherwise, ctxInc is set to 2.
If coLocParam is not equal to 0 the following applies:

If coLocParam is less than 0, ctxInc is set to 3.

Ot

10.3.4.2.4

Inputs to {
] and, if py
reference
Syntax elg
parameter]
reference
put_node_
available.

If nnr_pre
is obtaine
coLocPara

If no co-log
is availablg
level mean

Output of {

The variab

If coLd

If

Of

If coLg

If
m

herwise, ctxInc is set to 4.

Derivation process of ctxInc for the syntax element abs_level_greater_x|j]

his process are the sign_flag decoded before the current syntax element abs_level
esent, the co-located parameter level (coLocParam) from an incremental update con
NDU decoded before the current incremental update. A reference NDU is identified

ments parameter_id and device_id of the reference NDU are{ equal to the syntax

| id and device_id (of the current NDU), respectively. Syntax{element put_node_de

breater_x|j
fained in a
hs follows:
elements
pth of the

NDU is equal to the syntax element put_node_depth minus @ (of the current NDU). Whienever the

lepth (of the current NDU) is smaller or equal to one, the reference incremental up

| flag equals 1 and if nnr_compressed_data_unit-payload_type!=NNR_PT_BLOCK, cq
1 from the residuals of the incremental updates”contained in the reference NDU.
In is obtained from the weight updates of the incremental updates contained in the refes

ated parameter level from an incrementalaipdate decoded before the current incremer
or iftemporal_context_modeling_flagis-equal to zero, itis inferred to be 0. A co-located

Hate is not

LocParam
Dtherwise,
Ffence NDU.

ital update
parameter

s the parameter level in the same tensor at the same position in the reference incremenital update.

his process is the variable ctxlne.

le ctxInc is derived as follows:

cParam is equal to zero the following applies:
cign_flag is equal®e'0, ctxInc is set to 2%j.
herwise, ctxIngis set to 2*j+1.

cParam(is not equal to zero the following applies:

collogParam is greater or equal to j or is lower or equal to —j, ctxInc is set
hxNumNoRemMinus1

to 2%j+2*

— Otherwise, ctxInc is set to 2*j + 2* macNumNoRemMinus1 +1.

10.3.4.3 Arithmetic decoding process

10.3.4.3.1

General

Inputs to this process are ctxldx and bypassFlag, as derived in subclause 10.3.4.2.

Output of this process is the value of the bin.
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For decoding the value of a bin, the ctxldx and the bypassFlag are passed to the arithmetic decoding process
DecodeBin( ctxldx, bypassFlag ), which is specified as follows:

— If bypassFlag is equal to 1, DecodeBypass( ) as specified in subclause 10.3.4.3.4 is invoked.

Otherwise, DecodeDecision( ctxIdx ) as specified in subclause 10.3.4.3.2 is invoked.

NOTE Arithmetic coding is based on the principle of recursive interval subdivision. Given a probability estimation
p(0)andp(1)=1-p(0)ofabinarydecision (0, 1), an initially given code sub-interval with the range IvlCurrRange
would be subdivided into two sub-intervals having range p( 0 ) * IvlCurrRange and IviCurrRange — p( 0 ) * IvlCurrRange,
respectively. Depending on the decision, which has been observed, the corresponding sub-interval will be chosen as
the new code interval, and a binary code string pointing into that interval would represent the sequence of observed
binary decisions. It is useful to distinguish between the most probable symbol (MPSym) and the least probable symbol
(LPSym), so that binary decisions are identified as either MPSym or LPSym, rather than 0 or 1. Given this terminology,
each conteyt is specified by the probability p; pg,,, of the LPSym and the value of MPSym (valMps), which,i$ either 0 or
1. The arithimetic core engine in this document has three distinct properties:

The pr

probah

Thera
quanti
compu

bbability estimation is performed by means of two exponential decay estimators, where'the av|
ility estimates is used for determining sub-intervals.

nge IvlCurrRange representing the state of the coding engine is quantized to asmall set {Qy,...,Q
vation values prior to the calculation of the new interval range. Storing adtable containing a
fed product values of Q; * p;psy,( pStateldx ) allows a multiplication-freesapproximation of

erage of the

L} of pre-set
1 32x8 pre-
the product

IviCurqRange * py pgym ( pStateldx ).

For symtax elements or parts thereof for which an approximately uniformmprobability distribution isfassumed to

be given a separate simplified encoding and decoding bypass process is-ised.

10.3.4.3.2| Arithmetic decoding process for a binary decision

10.3.4.3.2|1 General

Input to thfis process is the variables ctxIdx.

Output of this process is the decoded value binVal.

For decoding a single decision (DecodeDecision), the following applies:

1. The vdlue of the variable ivlLpsRange"is derived as follows:

Given the current value of IviCurrRange, the variable qRangeldx is derived as follows:

gRangeldx = IvlCurrRahge & 0xe0

Given qRangeldx,pStateldx0 and pStateldx1 associated with ctxIldx and the current syntgx element,

vdIMps and iviLpsRange are derived as follows:

vdIMps =16)* pStateldx0 + pStateldx1 >=0

rlpsTable=[128, 112, 97, 84, 74, 65, 57, 50, 45, 39, 34, 30, 27, 23, 20, 18, 15, 14,12,11,10,9, 7,7,

515:4, 4, 3, 3, 2,2,142,125,108, 93,82, 72, 63, 56, 50, 43, 38, 33, 30, 26, 22, 20,

17,16,13,12,11,10,8,8,6, 6, 5, 5, 3, 3, 2, 2,156,137, 119, 103, 90, 79, 70, 61,
55,48,42,37, 33, 28, 24,22,19,17,15,13,12,11,9, 9,6, 6, 5, 5, 4, 4, 2,2,

171,150, 130, 112, 99, 87, 76, 67, 60, 52, 46, 40, 36, 31, 27, 24, 21, 19, 16, 15, 13, 12, 10, 10,
7,7 6,6, 4,4, 3,3,185,162, 141, 121, 107,94, 82, 73, 65, 56, 50, 43, 39, 34, 29, 26,
22,21,17,16, 14,13,11,11,8, 8, 6, 6, 4, 4, 3, 3,199,175,152,131, 115, 101, 89, 78,
70,61, 54, 47,42, 36, 31, 28, 24,22,19,17,15,14,12,12,8, 8, 7, 7, 5, 5, 3,3,

213,187,163, 140, 123, 108, 95, 84, 75, 65, 58, 50, 45, 39, 33, 30, 26, 24, 20, 18, 16, 15, 13, 13,
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97 75,5, 3,3,228, 200, 174, 150, 132, 116, 102, 90, 80, 70, 62, 54, 48, 42, 36, 32,

,26,22,20,18, 16, 14, 14, 10, 10, 8, 8, 6, 6, 4, 4]
LpsRange = rlpsTable[(abs((16 * pStateldx0 + pStateldx1) >> 7)) + qRangeldx]

The variable IvlCurrRange is set equal to IvlCurrRange - iviLpsRange and the following applies:

— If IvlOffset is greater than or equal to IvlCurrRange, the variable binVal is set equal to 1 - valMps,

Ivl

Offset is decremented by IvlCurrRange, and IvlCurrRange is set equal to ivlLpsRange.

— Otherwise, the variable binVal is set equal to valMps.

Given the value of binVal, pStateldx0, pStateldx1, shift0, and shift 1 associated with ctxIdx and the current

syntax ele
current va

10.3.4.3.2

Inputs to {
decoded v

Outputs of
ctxIdx.

Depending
with ctxId

transition]
64, 64, 64,

sign =2 * |
pStateldx(
pStateldx]]

10.3.4.3.3

The curre

If IvliC

Other
value
read_H

The bitstr
IvlCurrRat

hlue binVal.

k and with the syntax element is derived as follows:

-

It
rrRange is greater thanor equal to 256, no renormalization is needed and the process

vise (IvlCurrRange'is less than 256), the renormalization loop is entered. Within thi
bf [vlCurrRange_is doubled, i.e. left-shifted by 1 and a single bit is shifted into IvlOffs¢

ue of [vlCurrRange, renormalization is performed as specified in subclause 10.3.4.3.8.

2 State transition process

his process are the current pStateldx0 and pStateldx1, the variables shift0 and shif]
this process are the updated pStateldx0 and pStateldx1 of the context variable assod
on the decoded value binVal, the update of the two variables(pStateldx0 and pStateldx1

able = [2512, 2288, 2064, 1840, 1616, 1392, 1168, 944;/720, 560, 464, 368, 272, 208, 1
64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 0]

inVal - 1
+=sign * (transitionTable[16 + (sign * pStateldx0 >> 3)] >> (4 + shift0))

+=sign * (transitionTable[16 + (sign ®pStateldx1 >> 7)] >> shift1)

Renormalization process in the arithmetic decoding engine

value of IvlCurrRange is first compared to 256 and further steps are specified as folld

its(1).

eam shall) not contain data that result in a value of IvlOffset being greater than o

1ge upon completion of this process.

ing on the

t1l and the

iated with

associated

44, 80, 64,

ws:
s finished;
s loop, the
bt by using

r equal to

10.3.4.3.4

Output of t

n 2 3= £ Jas 3 ]
DypPdSS UTLUUIIIE PIUttoss 1UT Ulldl y UTLISIUID

his process is the decoded value binVal.

First, the value of IvlOffset is doubled, i.e. left-shifted by 1 and a single bit is shifted into IvlOffset by using
read_bits( 1 ). Then, the value of IvlOffset is compared to the value of IviCurrRange and further steps are

specified a

s follows:

decremented by IvlCurrRange.

Otherwise (IvlOffset is less than IvlCurrRange), the variable binVal is set equal to 0.
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The bitstream shall not contain data that result in a value of IvlOffset being greater than or equal to
IvlCurrRange upon completion of this process.

10.3.4.3.5 Decoding process for binary decisions before termination
Output of this process is the decoded value binVal.
The decoding process is specified as follows:

First, the value of IviCurrRange is decremented by 2. Then, the value of IvlOffset is compared to the value of
IvlCurrRange and further steps are specified as follows:

— IfIvlOffsetis greater than or equal to IvlCurrRange, the variable binVal is setequal to 1, no renormalization
is carified out, and DeepCABAC decoding is terminated. The [ast bit inserted in register [vIOff§et is equal
to 1.

— Otheryise (IvlOffset is less than IvlCurrRange), the variable binVal is set equal to 0 and renormalization
is performed as specified in subclause 10.3.4.3.3.
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Annex A
(normative)

Implementation for NNEF

A.1 General

Neural Ne

work F‘thangp Format is a data format for Ps(rh;mging information about (train

ed) neural

networks
networks,

NNEF as s
bitstream

A.2 Idel
The identi

as specified in NNEF-v1.0.3. This annex specifies how compressed representation
as specified in this document, are utilized in NNEF context.

pecified in NNEF-v1.0.3 is taken as reference for Neural Network Exchange Farmat (N
plements in NNEF format shall be implemented in accordance with NNEF-v1.0.3.

ntifiers

iers defined in Table A.1 shall be used to indicate NNEF informatijon included in the bit

Table A.1 — Identifiers for NNEF

of neural

NEF). Any

stream.

element value Identifier Deseription

topolog

y_storage_format 1 NNR_TPL_NNEF Neural network topology information is sto

ds specified in NNEF-v1.0.3

ed in NNEF

quantizat

on_storage_format NNR_QNT_NNEE- )| Neural network (optional) quantization inf

stored in NNEF as specified in NNEF-v1.0.

brmation is
B

A.3 Def

NNEF top
syntax as §
specified f

Other NNH

A.4 Car

If NNEF to
apply:

NNEF

initions for use in NNR bitstream
blogy is a textual information‘describing the structure of the neural network accorg

pecified in subclause 3.2 of NNEF-v1.0.3. This information is stored as a textual file un
le directory tree structure.

F specific data structures and acronyms are used as specified in NNEF-v1.0.3.

riage of NNEF data in NNR bitstream

pology information is provided in-band of the NNR bitstream, then the following constt

topoelogy information shall be carried in the NNR topology unit’s topology_data synt3

ling to the
der NNEF-

aints shall

x element,

represented as null-terminated string, which shall be encoded as UTF-8 characters 1n accordance with
ISO/IEC 10646.

Additionally, NNEF topology elements may be carried as a reference list in a consecutive NNR topology

unit where topology_storage_format is equal to NNR_TPL_REFLIST. Listed topology elements shall
be NNEF variable labels as specified in NNEF-v1.0.3 and as null-terminated strings encoded as UTF-8
characters. All topology elements in the list shall also be present in the NNEF topology information.

storag

NNR topology units shall precede any NNR compressed data unit.

e_format value of NNR topology unit header shall be set to NNR_TPL_NNEF.
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If NNEF optional quantization information as specified in subclause 5.1 of NNEF-v1.0.3 is provided in-band
of the NNR bitstream, then the following constraints shall apply:

— Optional NNEF quantization information shall be carried in the NNR quantization unit’s quantization_
data syntax element, represented as null-terminated string, which shall be encoded as UTF-8 characters
in accordance with ISO/IEC 10646.

— NNR quantization unit shall precede any NNR compressed data unit.
— quantization_storage_format value of NNR quantization unit header shall be set to NNR_QNT_NNEF.

The following constraints shall apply to NNR compressed data units:

topology_P]pm_id in NNR rnmprpqqu data unit header and tnpn]ngv_n]pm_id_liqf values inside the topo]ogy_
elements_jds_list() of NNR topology unit payload shall contain the related NNEF variable label\as specified
in NNEF-v1.0.3. This enables mapping of a uniquely identifiable NNEF data structure to an NNR copmpressed
data unit.
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Annex B
(informative)

Implementation for ONNX®

eral

al Network F'X(‘h;mgp[l] is a data format for erhnnging information abhout (train

ed) neural

networks.
document,

In this ver

B.2 Idel

The identi

fion of specification,l] is taken as reference for Open Neural Network Exchange (ONNX|

ntifiers

This annex specifies how compressed representation of neural networks, as specif]
are utilized in ONNX context.

iers defined in Table B.1 are used to indicate ONNX information included in the bitstre

Table B.1 — Identifiers for ONNX

ied in this

AIT.

element value |Identifier Description

topolog

y_storage_format

2 NNR_TPL_ONNX |Neural network topology information is stor

formatas specified in Reference [1].

bd in ONNX

quantizat

NNR_QNT_ONNX |Neural network (optional) quantization infq

stored in ONNX format as specified in Refere

on_storage_format

rmation is
nce [1].

B.3 Defi

ONNX top
about the §
model.graj

ONNX we
initializer.

B.4 Car

If ONNX t¢pologydnformation is provided in-band of the NNR bitstream, then the following ¢

should app
ONNX

plogy is described in a GraphProto using NodeProto protobuf messages that contain ix

nitions for use in NNR bitstream

1formation

tructure of the neural network:-This information is stored a under ONNX-specified GraphProto at

bh.node.

ghts are optionally stered in TensorProtos as specified in Reference [1] under m

Fiage of ONNX data in NNR bitstream

ly:

topelogy information should be carried in the NNR topology unit’s topology_data synt4

del.graph.

onstraints

x element,

repres

ented as null-terminated string encoded as UTF-o characters as speciiied 1n [5O/IEC 1

646.

Topology_storage_format value of NNR topology unit header should be set to NNR_TPL_ONNX.

If ONNX topology information is not carried as part of NNR bitstream, then an NNR topology unit with

topology_storage_format equal to NNR_TPL_ONNX should carry a zero-sized and null-terminated string
encoded as UTF-8 characters in its topology_data.

Additionally, ONNX topology elements may be carried as a reference list in a consecutive NNR topology

unit where topology_storage_format is equal to NNR_TPL_REFLIST. All topology elements in the list
should be present in the ONNX topology information, if ONNX topology information is carried as part of
the NNR bitstream (i.e. inside the topology_data as a non-zero sized and null terminated string encoded
as UTF-8 characters).
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