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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
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cument was prepared by Joint Technical*Committee ISO/IEC JTC 1, Information technology
mittee SC 29, Coding of audio, picture, muiitimedia and hypermedia information.

all parts in the ISO/IEC 15938 seri€sican be found on the ISO and IEC websites.

dback or questions on this document should be directed to the user’s national standard
A\ complete listing of these bodies can be found at www.iso.org/members.html and
c.ch/national-committees.
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Introduction

This document describes conformance testing and the reference software for ISO/IEC 15938-17
Compression of neural networks for multimedia content description and analysis. The reference
software includes both encoder and decoder functionality.

The reference software is useful in aiding users of a standard for coding neural networks to establish
and test conformance and interoperability, and to educate users and demonstrate the capabilities of
the standard For these purpases_the accampanying software is provided as an aid for the study and

mplementation of 15938-17 compression of neural networks for multimedia content descriptiion and
hnalysis.

[he purpose of this document is to provide the following:
— A set of reference bitstreams conforming to ISO/IEC 15938-17.
— Description of procedures to test conformance of bitstreams and decoders.to ISO/IEC 15938-17.

— Reference decoder software capable of decoding bitstreams that coriform to ISO/IEC 1593§-17 in a
manner that conforms to the decoding process specified in ISO/IEC15938-17.

— Reference encoder software capable of producing bitstreams‘that conform to ISO/IEC 1593B-17.

© ISO/IEC 2023 - All rights reserved v
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Information technology — Multimedia content description
interface —

eural networks

Scope

[his document specifies conformance testing procedures for implementationsof 1SO/IEC 15938-17 and
provides conformance bitstreams. It also provides the reference software-for'ISO/IEC 15938-1} which
s an integral part of this document.

P Normative references

['he following documents are referred to in the text in such a“way that some or all of their [content
constitutes requirements of this document. For dated references, only the edition cited applies. For
indated references, the latest edition of the referenced.dscument (including any amendments) applies.

SO/IEC 15938-17:2022, Information technology — Multimedia content description interface — Part 17:
Compression of neural networks for multimedia content description and analysis

SO/IEC 21778, Information technology — The JSON data interchange syntax

B Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 15938-17 and the
following apply.

SO and IEC maintain terminology databases for use in standardization at the following addresges:

— IS0 Online brows§ing platform: available at https://www.iso.org/obp

— [EC Electropedia: available at https://www.electropedia.org/

8.1
array
brderedlist of elements where all elements are of the same type

B2
tictiomary
ordered list of key/value pairs where each key/value pair is an list of two elements with the first element
being denoted ‘key’ and with the second element being denoted ‘value’

4 Conformance testing

4.1 General

Subclauses 4.2 through 4.6 specify tests for verifying the conformance of bitstreams as well as decoders.
These tests make use of test data (bitstreams and related models) provided at https://standards.iso

© ISO/IEC 2023 - All rights reserved 1
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.org/iso-iec/15938/-18/ed-1/en (described in detail in 4.4) and follow the procedure described in
subclause 4.5.

4.2 Conformance testing for decoder

The decoder conformance is specified in ISO/IEC 15938-17:2022, Clause 7.

4.3 Conformance testing for bitstreams

The bitgtream conformance is specified in ISO/IEC 15938-17:2022, Clause 7.

4.4 Models and reference bitstreams

A setofpitstreams and related neural network models is provided for conformance testingcWhen neura
network models are provided, they are the source models used to generate one or mdre compressed
bitstregms. The code defining these models is provided as part of the reference software’distribution af
https://standards.iso.org/iso-iec/15938/-18/ed-1/en. A bitstream can be generated:

— from a commonly used neural network model,
— from synthetic data by encoding it with the reference encoder,
— by ¢reating a conformant synthetic bitstream directly, without using an encoder.

Where ppplicable, the dataset used to train the model is provided/for information only. However, thg
dataset{is not needed for conformance testing and thus not provided.

Table 1|summarizes the provided bitstreams. It also listscthe features tested with the bitstreams, and
the refdrence encoder configuration used to generate the bitstream (where applicable). If decoding thg
bitstregm requires out-of-band parameters (e.g. information that is derived from the network topology
descripfion), those parameters are also provided. Source models and datasets are referred to using the
followipg names:

— ImdggeNet for the dataset described in Reference [5],

— CIHAR-100 for the dataset described-in Reference [6],

— DCase for the dataset described-in Reference [7] and the model described in Reference [8],
— MobileNet V2 for model described in Reference [9],

— UC]2B for the model deScribed in Reference [10] and

— VG116 for the niodeél described in Reference [11].

2 © ISO/IEC 2023 - All rights reserved
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Table 1 — Bitstreams and related models for conformance testing

Bitstream id

Source
model

Data-set

Relevant
technology
ISO/IEC
15938-
17:2022

Features test-
ed

Reference encoder configuration

perf_map_
sparse_
MobhileNetV?2

Mobile-
NetV2

Image
Net

6.3.4.3

sparsification
performance
map

gp_density = 2
scan_order =1
approx_method = "codeboo

nctm

qp =35

gqp_density = 2

opt_qp = False
disable_dq = True
lambda_scale = 0.0
cb_size_ratio\=5000
gq_mse = 0.00001
param_gpt) flag = False
cabae-unary_length_minus1|=9
partial_data_counter = 0

perf_map_prune_
DCase.nctm

DCase

DCase

6.3.4.3

pruning perfor-
mance map

gp_density = 2
scan_order =1
approx_method = "codebooK
qp =35

gqp_density = 2

opt_qp = False
disable_dq = True
lambda_scale = 0.0
cb_size_ratio = 5000
g_mse =0.00001
param_opt_flag = False
cabac_unary_length_minus1|=9
partial_data_counter = 0

perf_map_sparse_
prune_UC12B.
nctm

UC12B

6.3.4.3

Sparsification
and Pruning
Performance
map

gqp_density = 2

scan_order =1
approx_method = "codebookK
qp =35

gp_density = 2

opt_qp = False

disable_dq = True
lambda_scale = 0.0
cb_size_ratio = 5000

g_mse =0.00001
param_opt_flag = False
cabac_unary_length_minus1|=9
partial_data_counter = 0

perf_map.
sparse_VGG1e6.
nctm

VGG16

Image
Net

6.3.4.3

Sparsification
Performance
Map (pruned

gp_density = 2
scan_order =1
approx_method = "codebookK

THOOCT

gp_density = 2

opt_qp = False

disable_dq = True

lambda_scale = 0.0
cb_size_ratio = 5000

g_mse =0.00001
param_opt_flag = False
cabac_unary_length_minusl =9
partial_data_counter = 0

prune_tpl_cont_
sparse_bm_
DCase.nctm

DCase

DCase

6.3.4.5

Prune Topol-
ogy - sparse
bitmask

encode_tpl_only = True
partial_data_counter = 0

© ISO/IEC 2023 - All rights reserved
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Table 1 (continued)
Bitstream id Source Data-set|Relevant Features test- |Reference encoder configuration
model technology |ed

ISO/IEC

15938-

17:2022
prune_tpl_cont_ [VGG16 Image |6.3.4.5 Prune Topology encode_tpl_only = True
prune_bm_ Net - prune bitmask artial data counter = 0
VGG16.nctm partia’_cata- -
prune_{pl_cont_ VGG16 Image 6.3.4.5 Prune Top_olo- encode_tpl_only = True
comb_bm_ Net gy - combined artial_data_counter =0
VGG16.pctm bitmask p - - -
prune_{pl_cont_ DCase DCase 6.3.4.5 Prune Topol- encode_tpl_only = True
prune_dlictionary_ ogy - prune topology_indexed_reférénce_flag =
DCase.fjctm dictionary False

partial_data_coufnter = 0

prune_{pl_cont_ ResNet50 Image 6.3.4.5 Prune Topology |encode_tpl_only = True
prune_ Net - prune diction- |topology_indexed_reference_flag =
dictiongry_idx_ ary (indexed True
ResNetb0.nctm elem id) partial.data_counter = 0
tpl_refljst_DCase. |DCase DCase |[6.3.4.5, Topology Reflist |encode_tpl_only = True
nctm 6.3.3.7 partial_data_counter =0
partial Jdata_ VGG16 Image [6.3.3.1 Partial data
countell VGG16_ Net counter oo
ndu_sige. 65536, max_ndu_nnr_unit_size = 65536
nctm
partial [data_ VGG16 Image 6.3.3.1 Partial data
counten VGG16_ Net counter o
ndu_side.32768. max_ndu_nnr_unit_size = 32768
nctm
partial {data_ VGG16 Image 6.3.3.% Partial data
counten VGG16_ Net counter o
ndu_side. 16384. max_ndu_nnr_unit_size = 16384
nctm
partial Jdata_ DCase DCasen [6.3.3.1 Partial data
counter] DCase_ counter o
ndu_size_2048. max_ndu_nnr_unit_size = 2048
nctm
partial /data_coun- |DCase DCase 6.3.3.1 Partial data
ter_DCqse_ndu_ counter max_ndu_nnr_unit_size = 1024
size_10R4.nctm
deepCABAC_ ResNet50 |Image |10 DeepCABAC see verify_all.sh
ResNetb0_1_ Net 9.1.1/9.2.1 |entropy coding,
qp-38_qp_densi- uniform quanti-
ty2.nctin zation
depend nf'_ ResNet5( ]magn 913 I/ Q22 nnpnnr‘nnf sca seo Unrify_a" sh
quantization_ Net 6.3.3.7 lar quantization
ResNet50_2_
qp-38_qp_densi-
ty2.nctm
deepCABAC_gp_ |Mobile- Image |9.2 QpDensity see verify_all.sh
density_Mobile- NetV2 Net
NetV2_3_qp-38_
gp_density2.nctm
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https://standardsiso.com/api/?name=082e2464a3f876fd888da43f2a74688c

ISO/IEC 15938-18:2023(E)

Table 1 (continued)
Bitstream id Source Data-set|Relevant Features test- |Reference encoder configuration
model technology |ed

ISO/IEC

15938-

17:2022
deepCABAC_ Mobile- Image [9.2 QpDensity see verify_all.sh
gp_density_ NetV2 Net
MobileNetV2 4
qp-76_qp_densi-
ty3.nctm
block_scan_ ResNet50 Image 4.12 / 6.4.3.7 | Block scan see verify_all.sh
order_8x8_cabac_ Net /6.4.3.8/ order / cabac
entry_points_ 7.3.6 entry points
ResNet50_5_
qp-38_qp_densi-
ty2.nctm
block_scan_or- ResNet50 Image 4.12 / 6.4.3.7 |Block scan see-verify_all.sh
der_16x16_cabac_ Net / 6438/ order / cabac
entry_points_ 7.3.6 entry points
ResNet50_6_
qp-38_qp_densi-
ty2.nctm
codebook_sig- Mobile- Image [9.1.3/9.2.2 |Codebopk-based |see verify_all.sh
naling_Mo- NetV2 Net quantization
bileNetV2_7_
qMse0.00001.
nctm
local_scaling_ DCase DCase |8.2.7 /8.3.7 |Localscaling see verify_all.sh
DCase_8_qp-38_
gp_density2.nctm
batchnorm_ Mobile- Image , {8.2.6 / 8.3.6 |BatchNorm see verify_all.sh
folding_Mobile NetV2 Net Folding
NetV2_9_qp-38_
gp_density2.nctm
out_of_band_ ResNet50+-\{Image [6.3.3.7/ Out-of-band see verify_all.sh
signaling_Res Net 6.4.3.7 signaling?
Net50_10_qgp-38_
gp_density2.nctm
deepCABAC_8bit ~[Re€sNet50 |Image [9.1.1/9.2.1 |Uniform quanti-|see verify_all.sh
ResNet50_PYT- Net zation with lim-
zoo_11_qp0_4p- ited precision
density4.ptiretm (8bit)
deepCABAC_8bit_ |MobileNet [Image [9.1.1/9.2.1 |Uniform quanti- |see verify_all.sh
MobileNetV2_PY- [V2 Net zation with lim-
Tzoov12_qp0_qgp_ ited precision
|density4 ptnctm (8hit)
deepCABAC_4bit_ |VGG16 Image 9.1.1 /9.2.1 |Uniform quanti- |see verify_all.sh
VGG16_PYT- Net zation with lim-
zoo_13_qp0_qp_ ited precision
density4.pt.nctm (4bit)
deepCABAC_8bit_ |UC12B CIFAR- ]9.1.1/9.2.1 |Uniform quanti- |see verify_all.sh
UC12B_14_qp0_ 100 zation with lim-
gp_density4.nctm ited precision

(8bit)
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Table 1 (continued)

Bitstream id

Source
model

Data-set

Relevant
technology
ISO/IEC
15938-
17:2022

Features test-
ed

Reference encoder configuration

deepCABAC_4bit_
DCase_15_qp0_
gp_density4.nctm

DCase

DCase

9.1.1/9.2.1

Uniform quanti-
zation with lim-
ited precision

see verify_all.sh

(4bit)

perf_map_
sparse_
MobileNetV2_bws8.
nctm

Mobile-
NetV?2

Image
Net

6.3.4.3

sparsification
performance
map (8bit)

gp_density =2

scan_order =1
approx_method = "uniform”
qp =35

gp_density =2

opt_qp = False

disable_dq = True
lambda_scalé’s 0.0
cb_size_ratio.= 5000
g_mse=0,00001
param.ept_flag = False
cabac unary_length_minusl =9
partial_data_counter =0

perf_map_prune_
DCase_pw8.nctm

DCase

DCase

6.3.4.3

pruning per-
formance niap
(8bit)

gp_density =2

scan_order =1
approx_method = "uniform”
qp =35

gp_density = 2

opt_qp = False

disable_dq = True
lambda_scale = 0.0
cb_size_ratio = 5000

g_mse =0.00001
param_opt_flag = False
cabac_unary_length_minusl =9
partial_data_counter =0

perf_map_sparse_
prune_UC12B_
bw8.ncfm

UC12B

6.3.4.3

Sparsification
and Pruning
Performance
map (8bit)

gp_density =2

scan_order =1
approx_method = "uniform"
qp =35

gp_density = 2

opt_qgp = False

disable_dq = True
lambda_scale = 0.0
cb_size_ratio = 5000

g_mse =0.00001
param_opt_flag = False
cabac_unary_length_minusl =9
pnrfin]_rlnfn_rnnnfnr =0
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Table 1 (continued)
Bitstream id Source Data-set|Relevant Features test- |Reference encoder configuration
model technology |ed
ISO/IEC
15938-
17:2022
perf_map_ VGG16 Image [6.3.4.3 Sparsification |qp_density = 2
sparse_VGG16_ Net Performance scan_order =1
bw8. Map (pruned approx method = "uniform"
nctm model) (8bit) gqp =35
gp_density = 2
opt_qp = False
disable_dq = True
lambda_scale = 0.0
cb_size_ratio.=5000
g_mse = 0.00001
param_ppt) flag = False
cabag-unary_length_minus1|=9
partial_data_counter = 0
partial_data_ DCase DCase [6.3.3.1 Partial data o
counter_DCase_ counter (8bit)~pMax_ndu_nnr_unit_size = 2048
ndu_size_2048_ approx_method = "uniform"
bw8.nctm
partial_data_coun-|DCase DCase 6.3.3.1 Partiahdata o
ter_ DCase_ndu_ counter (8bit) max_ndu_nnr_unit_size = 1024
size_1024_bw8. approx_method = "uniform"
nctm
a As specified in out_of_band_signaling_ResNet50_10~qp-38_gp_density2_oob.json

['he bitstreams and models are provided at https://standards.iso.org/iso-iec/15938/-18/ed-1/e

n/.

[he parameters of the bitstreams, for which no detailed parameters are listed, can be obtaing
the scripts given in column “Reference encoder configuration”, for example, verify_all.sh i
fonformance_bitstreams” of the reference software. Furthermore, it also provides detailed rd
software configurations for each test. If out-of-band parameters are required, they are provid
file conforming to ISO/IEC 21778 (JSON), specified in a footnote.

1.5 Procedure to testtdecoders

4.5.1 General

For testing a‘decoder, all bitstreams that cover mandatory features as specified in ISO/IEC 1]
bhall be tested. If support for optional features is claimed, also the bitstreams covering these f]
bhall betested.

Dnplatforms without floating point support, or limited integer precision support, only those bit

bd from
h “run/
ference
led in a

b938-17
eatures

treams

ndicated as "(8bit)" or "(4bit)" shall be tested. On platforms with floating point support, testir

g these

limited precision bitstreams is optional.

For each bitstream, the procedure includes the following steps:

1) Decode bitstream B with the reference decoder to obtain the decoded model R, according to
subclause 4.5.2 if no out-of-band parameters are specified and according to subclause 4.5.3,
otherwise,

2) Decode bitstream B with the decoder under test to obtain the decoded model R, according to

e 4.5.3,

subclause 4.5.2 if no out-of-band parameters are specified and according to subclaus
otherwise.
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3) Compare every tensor in R, against the corresponding tensor in R,. The test shall be considered as
passed if the following conditions hold for every pair of tensors:

— If an integer tensor has been obtained as a result (decoding method specified in
ISO/IEC 15938-17:2022, 7.3.2), the tensors shall be identical.

— If a floating-point tensor has been obtained as the result of another decoding method, no
corresponding pair of floating point values shall have an absolute difference larger than
0,000001.

4.5.2 |Decoding self-contained NNC bitstreams

For self-contained bitstreams, the decoder shall not use any other inputs than the bitstream/to be
decoded.

4.5.3 [Decoding NNC bitstreams using out-of-band parameters

The tedting of decoding bitstreams using out-of-band parameters is agnostic to, whether those arg
application provided or decoded from a particular third party topology format, The decoder shall usg
only the input bitstream and the parameters provided for this bitstream-as“specified in Table 1 as
inputs.

4.6 Procedure to test bitstreams

In ordef to test bitstreams created with an encoder other that/'the reference encoder, the bitstrean
shall b¢ decoded using the reference decoder. The bitstreamis considered conformant, if no errors
occur during the decoding process.

All bitsfreams that have been created with the script “verify_all.sh” specified in Table 1 can be decoded
with the script “decode_all.sh” in “run/conformance_bitstreams” of the reference software. Thg
bitstregms are considered conformant, if no errors‘occur during the decoding process.

5 Reference software

5.1 General
The purpose of this clause is to(provide the following:

— Reflerence decoder software capable of decoding bitstreams that conform to ISO/IEC 15938-17 in &
mapner that confonms-to the decoding process specified in ISO/IEC 15938-17.

— Reference enco@ér software capable of producing bitstreams that conform to ISO/IEC 15938-17.
Some examples.ofuses that may be appropriate for the reference decoder software are as follows:

— As anillustration of how to perform the decoding process specified in ISO/IEC 15938-17.

— As the starting basis for the implementation of a decoder that conforms to ISO/TEC 15938-17.

— For testing the conformance of a decoder implementation with the decoding process specified in
ISO/IEC 15938-17.

— For testing the conformance of a bitstream to the constraints specified for bitstream conformance
in ISO/IEC 15938-17, as the software can detect and report many bitstream conformance violations.

However, the lack of the detection of any conformance violation by the reference decoder software
should not be considered as definitive proof that the bitstream conforms to all constraints specified for
bitstream conformance in ISO/IEC 15938-17.
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Some examples of uses that may be appropriate for the reference encoder software are as follows:

— Asanillustration of how to perform an encoding process that produces bitstreams that conform to

the constraints specified for bitstream conformance in ISO/IEC 15938-17.

— As the starting basis for the implementation of an encoder that conforms to ISO/IEC 15938-17.

— As ameans of generating bitstreams for testing the conformance of a decoder implementation with

the decoding process specified in ISO/IEC 15938-17.

— AS a means of evaluating and demonstrating examples of the quality that can be achieve
encoding process that conforms to ISO/IEC 15938-17.

.2 Software location and license

[he reference software is available at https://standards.iso.org/iso-iec/15938/-18/ed-1/en/.

['he software license is provided in the file LICENSE included with the software!

5.3 Software installation

nstallation instructions are provided in the file Readme.md includ€d with the software.
b.4 Software architecture

b.4.1 General
Figure 1 gives a general overview of the discussed’modules that are commonly present in the
end neural network compression pipeline. Eachvof the grey boxes specifies a module represg

[ype of compression tools. Therefore, the interfaces that define the input/output of these comj
hre specified in order to increase the interoperability between the different components.
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Figure 1 — Reference software architecture
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The reference software supports out-of-band signalling to allow providing configurations and other
parameters to the decoder for testing purposes. Those configurations and parameters are not part
of the bitstream and expected to be provided by the application. This may ease testing of supported
functionalities. Out-of-band signalling mechanisms are not part of conformance to ISO/IEC 15938-17.

In the following subclauses, float is defined as in 4.4 of ISO/IEC 15938-17:2022, and uint8, uint32, int32
conform to u(8), u(32),(32) as defined in 6.1.3 of ISO/IEC 15938-17:2022. Mappings of the types to the
Python®%Y programming language are defined in Annex A.

5.4.2 [Parameter reduction methods
This mgdule represents the set of technologies that reduce the set of parameters of the network.

Input (##1): neural network (parameters + architecture) as specified by a particular deep‘earning
framework. Examples of these frameworks are Keras®2)/Tensorflow®?3) [2] or PyTorch®%:21.

Output] (#2): neural network (parameters + architecture) as specified by a particular deep learning
framework. Examples of these frameworks are Keras/Tensorflow!2] or PyTorchl(1l,

5.4.3 |Parameter approximation

This mpdule applies parameter approximation techniques on the extracted parameter tensors. Thig
may indlude techniques such as quantization, transformation, prediction; etc.

Input (#3): A dictionary containing all parameter tensors of thie_nhetwork as float tensors and theit
respectfive names as keys. The names of each parameter.ténsor should be consistent with thg
nomenglature specified by the respective model definition provided by the coordinators of the model.

Output| (#4): A dictionary as specified in subclause 5.5.2

5.4.4 |Reconstruction

Each parameter approximation technology provides a method that allows for reconstruction of the
approxijmated parameter tensors resultingA1om the approximation procedure.

Input (#4): A dictionary in the same format as specified in output (#4) of the approximator.

Output| (#6): A dictionary in the saime format as specified in input (#3) of the approximator.

5.4.5 |Encode

This mqdule performs entropy encoding techniques for input data formats specified in ISO/IEC 15938-17
Auxiliary data shallbepassed into the bitstream without entropy encoding in a serialized manner.

Input (f 4): A dictionary in the same format as specified in output (#4) of the approximator. The key
names and thé&dictionary structure shall not be encoded into the bitstream.

utpu : itstream representing the entropy encoded input dictionary as array of uintd values.
o #5): A bi ing th dedi dicti f uint8 val

1) Python is the trademark of a product supplied by the Python Software Foundation. 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) Keras is the trademark of an API by Francgois Chollet. 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) 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.

4) 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.
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This module performs the lossless decoding of given bitstreams.

Input (#5): The bitstreams as specified in output (#5).

Output (#4): A dictionary in the same format as specified in output (#4) of the approximator, however,
with the same keys and their items are bit-exact to each other.

5

vl

Data structur
Dded-StHaetdr :

TOoOTITU TITCC T IO CTY

['his subclause describes data structures and methods that correspond to interfaces described

5.5.1 model_info: Shared model information

nformation about the model architecture and the corresponding deep learningframework that
required by the test model is provided as variable model_info.

['he variable model_info is a dictionary containing the key/value pairs specified in Table 2.

Table 2 — Key/value pairs in model_ info

hbove.

may be

Key

Value

‘parameter._type’

Dictionary containing a key valu€ pair per parameter tensor of the mod
key is a string containing theyname of the parameter tensor as specifie
model architecture and the‘corresponding value is one of the string
weight’, ‘fc.weight’, ‘cony:bias’, ‘fc.bias’, ‘bn.beta’, ‘bn.gamma’, ‘bn.mean’,
or ‘unspecified’.

el. Each
H by the
s ‘conv.
‘bn.var’,

‘block_identifier’

Dictionary containing a key value pair per parameter tensor of the model t
be grouped in ablock. Each key is a string containing the name of the pa
tensor as specified by the model architecture and the corresponding v
string identifying a block in the model architecture the parameter bel

hat shall
rameter
hlue is a
bngs to.

‘parameter._dimensions’

Dictienary containing a key value pair per parameter tensor of the m|
whichithe parameter dimensions are not present in the bitstream. Eag
dstring containing the name of the parameter tensor as specified by th|
architecture and the corresponding value is a list containing the dimen
the corresponding parameter tensor.

pdel for
h key is
e model
sions of

‘parameter._index’

Dictionary containing a key value pair per parameter tensor of the
Each key is a string containing the name of the parameter tensor as s
by the model architecture and the corresponding value is an unsigned
index. Sorting the integer indexes in ascending order defines the ordg
parameter tensors.

model.
becified
integer
r of the

‘topology_storage_format’

Aninteger value representing syntax element topology_storage_format
equal to ‘None’ indicates that no topology unit is contained in the bitst

Avalue
ream.

‘performance_maps’

Dictionary containing a key value pair per included performance map. H

ach key

is either ‘sparsification’ or ‘pruning’ depending on the performance m|

and each corresponding value is a Dictionary containing the performallwe map

Ap type

frrformmation:

‘prune_rep_type’

Integer indicating the type of the prune information. It should match either the

identifier NNR_TPL_BMSK or NNR_TPL_DICT.

‘sparse_bit_mask’

A list of zero/one values indicating parameter weights that should be
when performing sparsification.

zeroed

‘bit_mask_order._flag’

A Boolean specifying the processing order of bit masks. True indicates row-major

order and False indicates column-major order.

‘topology_elem_id_list’

A list of strings representing the labels of each parameters in a model. Gets

written into the topology reflist.

© ISO/IEC 2023 - All rights reserved
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Each performance map included in performance_maps is a dictionary containing the key/value pairs
depending on the performance map type of dictionary model_info[’performance_maps’] specified in

Table 3.

Table 3 — Key/value pairs in model_info[‘performance_maps’].

Values in
model_info
[‘performance_maps’]

Key

Value

TIX

‘sparsification’ ‘count_thresholds’ A uint8 specifying the size of ‘sparsification_threshold’
and ‘non_zero_ratio’.

‘sparsification’ ‘sparsification_threshold’ Alist of float specifying the threshold which@s,applied
to the weights of the decoded neural network in order
to set the weights to zero.

‘sparsification’ ‘non_zero_ratio’ A list of float specifying the non-zero'ratios that are
achieved by applying the sparsification thresholds in
‘sparsification_threshold’ to spdrsify the weights.

‘pruning’ ‘count_pruning_ratios’ A uint8 specifying the size of the ‘pruning_ratio’list.

‘pruning’ ‘pruning_ratio’ Alist of float specifyingtheratios of pruned weights to

the total number of weights.

‘sparsification’ or ‘prun-
ing’

‘nn_accuracy’

Alist of float specifying the overall accuracies of the NN
for different spatSification thresholds or pruning ratios.

‘sparsification’ or ‘prun-
ing’

‘count_classes’

Alist of uint8specifying the number of classes for which
separate acguracies are provided for each sparsification
threshold-or pruning ratio.

‘sparsification’ or ‘prun-
ing’

‘class_bitmask’

A listof uint32 specifying a class bitmask for each
threshold/ratio that defines the classes included in
‘nn_class_accuracy’. A 1-bit represents the presence of]
the class with a matching index.

‘sparsification’ or ‘prun-
ing’

‘nn_class_accuracy’

Alist of float specifying the accuracy for a certain class,
when a certain sparsification threshold or pruning ratio
is applied.

Depending on the values of model_info[‘prune_rep_type’], the dictionary contains one of the key/value

pairs syjecified in Table 4.

Table 4= Key/value pairs in model_info[‘prune_rep_type’]

Value|in model_info
[‘prune_rep_type’] is

Key

Value

NNR_TPL_BMSK

‘prune_bit_mask’

Alist of zero/one values indicating parameter weights that
should be pruned when performing pruning.

NNR_TPL_DICF

‘prune_tpl_elem_ids’

A list of strings identifying the parameters for which new
dimensions are specified. Should be a unique identifier as
long as the topology definition is active

NNR_TPL_DICT

‘prune_tpl_count_dims’

Alist of uint32 values indicating the number of dimensions
for each parameter.

NNR_TPL_DICT

‘prune_tpl_dims’

A list of uint32 values specifying the new dimensions of
each parameter.

5.5.2

approx_data - Data structure for interface #4

Interfaces #3, #4, and #6 use a data structure defined as variable approx_data.

The variable approx_data is a dictionary containing the key/value pairs specified in Table 5.

12
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Table 5 — Key/value pairs in approx_data

Key

Value

‘approx_method’

Dictionary containing a key value pair per approximated parameter
tensor of the model. Each key is a string containing the name of the
parameter tensor and the corresponding value is specifying the
parameter approximation method. Allowed values are ‘uniform’ or

‘codebook’.

‘parameters’

Dictionary containing a key value pair per parameter tensor of the

modelEactrkey Tsa strimg contaiming tire rame of the pa
tensor and the corresponding value is a tensor. In the case @
parameter, it contains float values and in the case of an@ppfo
parameter, it contains int32 values.

ameter
fafloat
kimated

‘compressed_parameter_types’

Dictionary containing a key value pair per block-identifig
model. Each key is a string containing the name'gf the block id
as specified in model_info and the correspending value is i
to syntax element compressed_parameterytypes.

r of the
entifier
lentical

‘decomposition_rank’

Dictionary containing a key valuepair per block identifig
model for which low-rank decofmposition is used. Each
string containing the name of.the block identifier as sped
model_info and the corresponding value is identical to syntax
decomposition_rank.

r of the
Key is a
ified in
element

‘g_number_of rows’

Dictionary containing akey value pair per block identifig
model for which lew:rank decomposition is used. Each
string containing the name of the block identifier as speq

model_info and\the corresponding value is identical to synftax ele-

ment g_numper. of rows.

r of the
Key is a
ified in

‘scan_order’

Dictionary containing a key value pair per weight paramete
of the model. Each key is a string containing the name of]
rameter tensor and the corresponding value is identical td
element scan_order.

I tensor
the pa-
syntax

‘dq_flag’

Dictionary containing a key value pair per approximated pa
tensor of the model. Each key is a string containing the nan

parameter tensor and the corresponding value is a flag inglicating

whether dependent quantization is used.

rameter
e of the

tqpl

Dictionary containing a key value pair per approximated pa
tensor of the model. Each key is a string containing the nan
parameter tensor and the corresponding value is an int3
specifying the quantization parameter.

rameter
e of the
2 value

qp_density’

An int32 value specifying syntax element gp_density.

[he parametek tensors of the model are derived from model_info and from approx_data[‘comf
barameter. types’]. This may result in added or removed parameters relative to model_info depel
the values'in approx_data[‘compressed_parameter_types’].

n addition, the dictionary contains the key/value pairs depending on the values of dictionary
lata[‘approx_method’] specified in Table 6.

ressed_
ndng on

OpProx_

© ISO/IEC 2023 - All rights reserved
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Table 6 — Key/value pairs in approx_data[‘approx_method’]

Values

approx_data[‘approx_method’]
contain (at least once)

in Key Value

‘codebook’ ‘codebooks’ Dictionary containing a key value pair per

codebook-approximated parameter tensor of
the model. Each key is a string containing the
name of the parameter tensor and the corre-
sponding value is an int32 array specifying
the codebook values.

‘codebopk’ ‘codebook_zero_offsets’ Dictionary containing a key value pairper

codebook-approximated parameter tensor of
the model. Each key is a string contdining the
name of the parameter tensor and the corre-
sponding value is a int32 value-specifying the
element of the codebook that)corresponds to
integer index 0.

‘codebo

Dk’ ‘codebooks_egk’ Dictionary containing/a key value pair per
codebook-approximated parameter tensor off
the model. Eachikey is a string containing the
name of the parameter tensor and the corre-
sponding value is an int32 value specifying
syntaxelement codebook_egk.

The me

the latdr reconstruction process. This is to ensure that the subsequent reconstruction method will bg

able to

The mefadata may be shared across parameters (global);8r may also be parameter-specific (local). Fot

the latt

order t¢ ensure flexibility across different approximation methods, the choice of the specific format of
the metadata is up to the particular method. However, the use of a dictionary structure is recommended

in orde

5.5.3

5.5.3.1
This m

5.5.3.2

This m¢dule providesan interface definition for parameter approximation and reconstruction.

nctm.approximabor.approx (approx info, model info, approx data)

The vaifiable model_info is a dictionary according to subclause 5.5.1.

Variabl

Ladata specific to the approximation method shall containall necessary information required foy
entirely reconstruct the int32 parameter tensors of‘the network back to a float representation

b1, a respective mapping between the parameter'name and the metadata should be provided. In

[ to ensure consistency.
nctm - Main module

General

pdule provides the submedules approximator, coder and approx coder.

nctm.approximator - Parameter approximation module

e approx_info 1s a dictionary containing the key/value pairs specified in Table 7.

Table 7 — Key/value pairs in approx_info

Key Value
‘approx_method’ String specifying the parameter approximation method. Allowed values are
‘uniform’ and ‘codebook’.
‘to_approximate’ Alist of strings identifying the parameter types that are approximated.
14 © ISO/IEC 2023 - All rights reserved
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Table 7 (continued)

Key Value

is used.

‘dq_flag’ Dictionary containing a key value pair per parameter tensor of the model that are
approximated. Each key is a string containing the name of the parameter tensor
and the corresponding value is flag indicating whether dependent quantization

‘lambda_scale’ Afloatvalue specifying the lambda scale value to be used in dependent quantization.

‘cabac_unary_length_minus1’ | An int32 value specifying the syntax element cabac_unary_length_minus1.

nfo[‘approx_method’] according to Table 8.

Table 8 — Key/value pairs in approx_info[‘approx_method’]

[he dictionary approx_info shall contain further keys value pairs depending on the vatue’ppprox_

approx_method |Key Value

‘uniform’ ‘ap’ Dictionary containing a key value pair per parameter tensor of th
that are approximated. Each key is a string.containing the name of
rameter tensor and the corresponding valdesis an int32 value specif
quantisation parameter.

b model
the pa-
ying the

‘codebook’ ‘qMse’ A float value specifying the maxinium mean squared error betw
quantized tensors and the original tensors. If the quantization alg
fails to achieve this MSE for & tensor using the maximum quantizat
specified by gMax, then thé€ tensor is not quantized.

een the
rorithm
ion bits

‘codebook’ ‘ch_size_ratio’ | A float value specifying the minimum ratio of tensor to codebook s

['he variable approx_data is a dictionary according to'subclause 5.5.2.

Returns a dictionary according to subclause 5.5.2. The approximation methods are spec
SO/IEC 15938-17:2022, Clause 8.

lctm.approximator.rec (approx data, model info)

['he variable model_info is a dictionary according to subclause 5.5.1.

[he variable approx_data is a dictionary according to subclause 5.5.2.

Quantized values in variable approx_data are replaced with reconstructed versions. The en
reconstruction methods are specified in ISO/IEC 15938-17:2022, subclause 7.3.

Lctm.approximatoxX.£0ld bn (model info, approx data, approx info)
['he variable nodel_info is a dictionary according to subclause 5.5.1.

[he variable®approx_data is a dictionary according to subclause 5.5.2.

Variable approx_info is a dictionary containing the key/value pairs specified in Table 7.

fied in

hployed

['he four batch-norm parameters of each batch-norm layer in approx_data are replaced with o

nly two

parameters, a scaling and a bias parameter. The two parameters are obtained by merging the batch-

norm parameters as specified in ISO/IEC 15938-17:2022, subclause 8.2.6.

nctm.approximator.unfold bn(model info, approx data)
The variable model_info is a dictionary according to subclause 5.5.1.

The variable approx_data is a dictionary according to subclause 5.5.2.

Replaces scaling and bias parameters in approx_data with recreated equivalent batch-norm para
The recreation process is specified in ISO/IEC 15938-17:2022, subclause 8.2.6.

© ISO/IEC 2023 - All rights reserved

meters.

15


https://standardsiso.com/api/?name=082e2464a3f876fd888da43f2a74688c

ISO/IEC 15938-18:2023(E)

nctm.approximator.set lsa(model info, approx data, lsa params)

The variable model_info is a dictionary according to subclause 5.5.1.

The variable approx_data is a dictionary according to subclause 5.5.2.

The variable Isa_params is a dictionary containing a key value pair per parameter tensor of the model

for whi

ch scaling parameters are specified. Each key is a string containing the name of the parameter

tensor the scaling parameters are applied to and the corresponding value is a 1D tensor. In the case of a
float parameter, it contains float values and in the case of an approximated parameter, it contains int32

values.

Adds s

ISO/IE( 15938-17:2022, subclause 8.2.6. The reference software provides an algorithm for,deriving
values for Isa_params, although it is out of scope of the standard.

nctm.approximator.apply lsa(model info, approx data)
The varjiable model_info is a dictionary according to subclause 5.5.1.
The vaifiable approx_data is a dictionary according to subclause 5.5.2.

Applies|the scaling parameters to each tensor specified and replaces the parameter tensors in approx|
data with the scaled versions. Then removes the scaling parameters from approx_data. The process i
specifidd in ISO/IEC 15938-17:2022, subclause 8.2.6.

5.5.3.3
This m

nctm.c

The varjiable model_info is a dictionary according tesubclause 5.5.1.

Variabl

Caling parameters for each tensor specified by Isa_params to approx_data as specified” in

nctm.coder - Entropy coding module

ddule provides access to lossless entropy encoding and decoding functions.

der.encode (enc_info, model info, approx data)

e enc_info is a dictionary containing thékeys/value pairs specified in Table 9.

Table 9(—Key/value pairs in enc_info

Key Value

‘cabac_yinary_length_minus1” An int32 value specifying the syntax element cabac_unary_
length_minus1.

‘param opt_flag’ A flag specifying whether cabac optimization is used.

‘encode] tpl_only’ A Boolean specifying if model data should be written into the
bitstream. If True, only topology data is written and no approx-
imation data etc. is written.

‘partial|data_counter’ Auint8 value specifying the number of partitions for the payload
of each ndu nnr unit. Directly sets the initial value of the syntax
element partial_data_counter.

’max_n 1l_nnr_unif'_ci79’ An int32 valuye cnnr‘lﬁnna the maximum size fln ]'\vh':c\ of andu
nnr unit. The payloads of ndu nnrunits are partltloned to achieve
the desired size. Overrides the value of ‘partial_data_counter’.

‘topology_indexed_reference_flag’ A Boolean value specifying ifindexed references are used. Setting
the flag to True enables element IDs to be coded using indices. If
False, string-based labels are used instead.

‘encode_tpl_only’ A Boolean specifying if model data is written into the bitstream.
If True, only topology data is written and no approximation data
etc. is written.
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Table 9 (continued)

Key

Value

‘out_of band_signaling’

A Boolean specifying if input parameters (i. e. count_tensor_dimen-
sions, tensor_dimensions, cabac_unary_length_minus1, compressed_
parameter._types, decomposition_rank and g_number_of rows) are
signaled out of band. If True, none of these parameters is written
to the bitstream but to a dictionary which is stored as JSON file.
If False, each parameter, if present, is written to the bitstream.

['he variable approx_data is a dictionary according to subclause 5.5.2.

[he return value is a list containing the two elements bs and oob_dictionary, where bs js\the ¢
bitstream according to ISO/IEC 15938-17:2022, Clause 6 as a 1D array containing valuaes 'of tyq
hind oob_dictionary is a dictionary containing key value pairs according to the table specifying
bf-band parameters.

lctm.coder.decode (bitstream, model info, oob dictionary)

['he variable bitstream is a 1D array containing values of type uint8 representing the bitstream f{
been encoded with nctm.coder.encode ().

[he variable model_info is either a dictionary according to subclause 5.5.1 or, in the case wh
bitstream stores the required information in a topology NNR uni, it is ‘None’.

[he variable oob_dictionary is either a dictionary containing‘the out of band parameters accol
Ilable 10 or, in the case where all input parameters are obtained from the bitstream, it is ‘None’.

Table 10 — Key/valuepairs in oob_dictionary

ncoded
e uint8
the out-

hat has

ere the

ding to

is a“string containing the name of the parameter tensor as sped
the model architecture and the corresponding value is a list cor
the dimensions of the corresponding parameter tensor.

Key Value
‘cabac_unary_length_minus1’ An int32%alue specifying the syntax element cabac_unary_length |minus1.
‘tensor_dimensions’ Dictionary containing a key value pair per tensor of the model. Hach key

ified by
taining

thus the number of tensor dimensions.

‘count_tensor_dimensions’ An int32 value specifying the length of the tensor_dimensions list, and

compressed_parameter._types’ Dictionary containing a key value pair per block identifier of thg
Each key is a string containing the name of the block identifier as s
in model_info and the corresponding value is identical to syntax
compressed_parameter_types.

model.
becified
blement

‘decompositiom rank’ Dictionary containing a key value pair per block identifier of th
for which low-rank decomposition is used. Each key is a string ¢
ing the name of the block identifier as specified in model_info

corresponding value is identical to syntax element decompositio

b model
ontain-
and the
h_rank.

‘g_humber_of rows’ Dictionary containing a key value pair per block identifier of th
for which low-rank decomposition is used. Each key is a string cor

b model
taining

sponding value is identical to syntax element g_number_of rows.

the name of the block identifier as specified in model_info and the corre-

Returns a dictionary approx_data that is identical to the corresponding dictionary passed to nctm.

coder.encode () during the encoding of the bitstream.

5.5.4 nctm.nnr_model - Module for handling model related functionalities

nctm.nnr model.NNRModel.add performance map

This function allows adding performance map definitions into the model_info structure. Only o
of performance map is added per function call.

© ISO/IEC 2023 - All rights reserved
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nctm.nnr model.NNRModel.add performance map (sparsification thresholds, non zero ratios,
pruning ratios, nn_accuracy, class bitmasks, nn class accuracy)

nctm.nyr model.NNRModel.set prune topology

This fupction allows adding the prune topology containey definition, as specified in subclause 5.5.1
into th¢ model_info structure. Additionally, the ‘topology storage_format’ in model_info is set to NNR|
TPL_RHFLIST.

nctm.ni)r model.NNRModel.set prune topology(prune bit mask, prune tpl dictionary, sparse
bit magk, bit mask order, pack bit masks)

The variable sparsification_thresholds is a list containing the sparsification thresholds that are
included in the performance map (the list contains entries when a sparsification performance map
is specified, and is empty otherwise).

The variable non_zero_ratios is a list containing the non zero ratios for each sparsification threshold
included in the performance map (the list contains entries when a sparsification performance map
is specified, and is empty otherwise).

The¢ variable pruning_ratios is a list containing the pruning ratios that are included inrthe
perfformance map (the list contains entries when a pruning performance map is specified,and if
empty otherwise).

The¢ variable nn_accuracyis alist containing the overall accuracy of the model for each Sparsificatior
threshold or pruning ratio included in the performance map.

The¢ variable class_bitmasks is a list of integers representing a class bitmask,-The number of 1-bits
shduld match the respective number of class accuracies in nn_class_accuragy:

Th¢ variable nn_class_accuracy is a nested list containing class accurdcies for each sparsificatior
threshold or pruning ratio included in the performance map.

Dog¢s not return anything. Adds the new performance map to the model_info structure of the NN(
Mogel.

The (optional) variable prune_bit_maskis a list of zero/one values indicating parameter weights thaf
shquld be pruned when performing'pruning. If prune_bit_mask is not specified, no prune bit mask is
included in the topology definition: Should not be included if prune_tpl_dictionary is also specified.

The¢ (optional) variable prane’tpl_dictionary is a dictionary containing keys for each parameter
magching their element~id string. The respective values should be lists of integers with the
dinpensions of the respective pruned parameter tensor. If prune_tpl_dictionary is not specified, na
pryne dictionary infermation is included in the topology definition. Should not be included if prune,
tplldictionary is,dlso specified.

The (optional){variable sparse_bit_mask is a list of zero/one values indicating parameter weights
thalt should-bé zeroed when performing sparsification. If sparse_bit_mask is not specified, sparse bif
mapk won't be included in the topology definition.

True indicates row-major order and False indicates column-major order.

The (optional) variable pack_bit_masks is a Boolean specifying whether bitmasks are packed or not.
If the value is True, individual bit mask values are packed into chunks of 8-bit integer values.

Does not return anything. Adds the relevant prune topology related information to model_info.

nctm.nnr model.NNRModel.gen sparse bit mask

This function allows generating and setting a sparse bit mask to the model_info as specified in
subclause 5.5.1. Uses the approx_data (#3) in the NNRModel to generate a sparse bit mask.
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