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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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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 purposes, the accompanying software is provided as an aid for the study and
implementation of 15938-17 compression of neural networks for multimedia content description and
analysts:

The purpose of this document is to provide the following:
— Asetof reference bitstreams conforming to ISO/IEC 15938-17.
— Description of procedures to test conformance of bitstreams and decodens‘to ISO/IEC 1{5938-17.

— Reference decoder software capable of decoding bitstreams that conform to ISO/IEC 1$5938-17 in a
manner that conforms to the decoding process specified in ISO/IEC,15938-17.

— Reference encoder software capable of producing bitstreams-that conform to ISO/IEC 15938-17.
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Information technology — Multimedia content description
interface —

Part 18:

Conformance and reference software for compression of

ne ol notrworlrc
1 Al IICLVYVUI IND

1 Bdcope

This|document specifies conformance testing procedures for implementations-of ISO/IEC 1$938-17 and
provfides conformance bitstreams. It also provides the reference software forISO/IEC 15938-17 which
is anfintegral part of this document.

2 Normative references

The [following documents are referred to in the text in suchna’way that some or all of their content
consftitutes requirements of this document. For dated references, only the edition cited ppplies. For
unddted references, the latest edition of the referenced-document (including any amendments) applies.

ISO/JEC 15938-17:2022, Information technology — Multimedia content description interfacd — Part 17:
Compression of neural networks for multimedia centent description and analysis

ISO/IEC 21778, Information technology — Thé JSON data interchange syntax

3 Terms and definitions

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

[SO and IEC maintain terininology databases for use in standardization at the following addresses:

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

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

3.1
array
ordered’list of elements where all elements are of the same type

3.2

dictionary

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

4.4 Modg

A set of bitstf
network m
bitstreams.
https://stan

s and reference bitstreams

reams and related neural network models is provided for conformance testing-When ng

dpdels are provided, they are the source models used to generate one or more-compre

The code defining these models is provided as part of the reference softwaié distributi
dards.iso.org/iso-iec/15938/-18/ed-1/en. A bitstream can be generated:

— froma

— from sy

— bycrea

rommonly used neural network model,
nthetic data by encoding it with the reference encoder,

Fing a conformant synthetic bitstream directly, without usifig an encoder.

Where appliicable, the dataset used to train the model is providedfor information only. Howevel

datasetisn

Table 1 sum
the referenc
bitstream r
description]
following nj

— ImageN
CIFAR-1
DCase f
Mobile]
UC12B

VGG16

bt needed for conformance testing and thus not provided.

marizes the provided bitstreams. It also lists.the features tested with the bitstreams
e encoder configuration used to generate the-bitstream (where applicable). If decodin
bquires out-of-band parameters (e.g. information that is derived from the network topd
, those parameters are also provided. Seurce models and datasets are referred to usin
himes:

et for the dataset described in Reference [5],

00 for the dataset described,in Reference [6],

pr the dataset describedin Reference [7] and the model described in Reference [8],
et V2 for model degcribed in Reference [9],

for the model'described in Reference [10] and

for the niodel described in Reference [11].

bural
ssed
bn at

' the

and
b the

logy
b the
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Table 1 — Bitstreams and related models for conformance testing

Source
model

Bitstream id

Data-set

Relevant
technology
ISO/IEC
15938-
17:2022

Features test-
ed

Reference encoder configuration

Mobile-
NetV2

perf_map_
sparse_
MobileNetV2.
nctm

Image
Net

6.3.4.3

sparsification
performance
map

gp_density = 2
scan_order =1
approx_method = "codebook"

qp =35

gp—density=2

opt_qp = False
disable_dq = True
lambda_scale =0)0
cb_size_ratio 5000
gq_mse =0.00001
param_opt/flag = False
cabac‘dyary_length_mipusl =9
partial_data_counter =

perfl map_prune_ |DCase

DCage.nctm

DCase

6.3.4.3

pruning perfor-
mance map

qp_density =2
scan_order =1
approx_method = "codepook”
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_mipusl =9
partial_data_counter =

perfl map_sparse_ |UC12B
prune_UC12B.

nct

6.3.4.3

Sparsification
and Pruning
Performance
map

gqp_density = 2
scan_order =1
approx_method = "codepook”
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_mihusl =9
partial_data_counter = p

perfl map- VGG16

sparQP_VG(Hﬁ

Image
Net

6.3.4.3

Sparsification
Performance

gp_density = 2

scan order=1

nctm

Map (pruned
model)

approx_method = "codebook”
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

prune_tpl_cont_ |DCase
sparse_bm_

DCase.nctm

DCase

6.3.4.5

Prune Topol-
ogy - sparse
bitmask

encode_tpl_only = True
partial_data_counter = 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
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 partial_cata -
prune_tpl_cont_ VGG16 Image 6.3.4.5 Prune T(‘)p_olo‘- encode tol onlv = True
comb_bm_ net 5y - COLUIDIIEd artial_data_counter =0
VGG16.nctm bitmask P - - -
prune_tpl_cént_ DCase DCase 6.3.4.5 Prune Topol- encode_tpl_only = True
prune_dictignary_ ogy - prune topology_indexed_refererice_flqg =
DCase.nctm dictionary False

partial_data_couhter = 0

prune_tpl_cént_ ResNet50 Image 6.3.4.5 Prune Topology |encode_tpl_only= True
prune_ Net - prune diction- |topology_indexed_reference_flqg =
dictionary_iflx_ ary (indexed True
ResNet50.ndtm elem id) partidlzdata_counter = 0
tpl_reflist_[JCase. |DCase DCase |[6.3.4.5, Topology Reflist |encode_tpl_only = True
nctm 6.3.3.7 partial_data_counter =0
partial_data_ VGG16 Image [6.3.3.1 Partial data
counter VG(16_ Net counter max_ndu_nnr_unit_size = 6553¢
ndu_size_65536. == - B
nctm
partial_datd_ VGG16 Image 6.3.3.1 Partial data
counter VG(16_ Net counter o
ndu_size 32768. max_ndu_nnr_unit_size = 32768
nctm
partial_datd_ VGG16 Image 6.3.3.1 Partial data
counter VG(16_ Net counter o )
ndu_size. 16384. max_ndu_nnr_unit_size = 16384
nctm
partial_data_ DCase DCase,~ [6.3.3.1 Partial data
counter_DCgse_ counter o
ndu_size_2048. max_ndu_nnr_unit_size = 2048
nctm
partial_datal coun-|DCase DCase 6.3.3.1 Partial data
ter_DCase_nidu_ counter max_ndu_nnr_unit_size = 1024
size_1024.n¢tm
deepCABAC| ResNet50 |Image |10 DeepCABAC see verify_all.sh
ResNet50_1] Net 9.1.1/9.2.1 |entropy coding,
qp-38_qp_dé¢nsi- uniform quanti-
ty2.nctm zation
dependent_ ResNet50 |Image [9.1.3/9.2.3 |Dependentsca- |see verify_all.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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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
orddr_8x8_cabac_ Net /6.4.3.8/ order / cabac
entrfy_points_ 7.3.6 entry points
ResNet50_5_
qp-38_qp_densi-
tyZ2.nctm
block_scan_or- ResNet50 Image 4.12 / 6.4.3.7 |Block scan see verity_all.sh
der_[16x16_cabac_ Net / 6438/ order / cabac
entrfy_points_ 7.3.6 entry points
ResNet50_6_
qp-38_qp_densi-
ty2.nctm
codgbook_sig- Mobile- Image [9.1.3/9.2.2 |Codehook-based |see verify_all.sh
nalipg_Mo- NetV2 Net quantization
bileNetV2_7_
qMsg0.00001.
nct
local_scaling_ DCase DCase [8.2.7 /8.3.7 |Local scaling see verify_all.sh
DCage_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
Net{2_9_qp-38_
gp_densityZ2.nctm
out_pf_band_ ResNet50(_)|Tmage [6.3.3.7/ Out-of-band see verify_all.sh
signpling_Res Net 6.4.3.7 signaling?
Net30_10_qp-38_
gp_densityZ2.nctm
deepCABAC_8bit_*\ResNet50 |Image [9.1.1/9.2.1 |Uniform quanti-|see verify_all.sh
ResNet50_PYT: Net zation with lim-
zooJ11_qp0_gpy ited precision
dengity4.ptactm (8bit)
deepCABAC_8bit_ |MobileNet [Image |9.1.1/9.2.1 |Uniform quanti- |see verify_all.sh
MobjleNéetV2 PY- |[V2 Net zation with lim-
Tzoo_12_qp0_qgp_ ited precision
density4.pt.nctm (8bit)
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)

Source
model

Bitstream id

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
(4bit)

see verify_all.sh

Mobite-
NetV?2

perf_map_
sparse_
MobileNetV
nctm

p_bw8.

frmage
Net

0.5.4.5

Sparsification
performance
map (8bit)

qp_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_ratie= 5000
g_mse,£ 000001
paramn{opt_flag = False
cabac_unary_length_minusl = 9
partial_data_counter =0

perf_map_pfune_ |DCase

DCase_bw8.hctm

DCase

6.3.4.3

pruning per-
formance map
(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_ |UC12B
prune_UC12B_

bw8.nctm

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
partial_data_counter = 0
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https://iecnorm.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
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
nlp_dpn sity =2
opt_qp = False
disable_dq = True,
lambda_scale = 0)0
cb_size_ratio€5000
g_mse =0,00001
param_ppt)flag = False
cabacQumary_length_mipusl =9
partial_data_counter =
partjial_data_ DCase DCase [6.3.3.1 Partial data o
counjter_DCase_ counter (8bit).{{1ax_ndu_nnr_unit_size(= 2048
ndu]size_2048_ approx_method = "unifgrm"
bw8{nctm
partfial_data_coun-|DCase DCase 6.3.3.1 Partialidata o
ter_IPCase_ndu_ counter (8bit) max_ndu_nnr_unit_size|= 1024
size}1024_bws. approx_method = "unifqrm"
nctm
a Asfpecified in out_of_band_signaling_ResNet50_10_¢gp-38_qp_density2_oob.json
The pitstreams and models are provided at https://standards.iso.org/iso-iec/15938/-18/ed1/en/.

The
the

conff
softy
file g

4.5

4.5.1

For {

shal
shal

Onp

parameters of the bitstreams, for which no detailed parameters are listed, can be ob
scripts given in column “Refererice encoder configuration”, for example, verify_all.
brmance_bitstreams” of the reference software. Furthermore, it also provides detaile
vare configurations for eachi-test. If out-of-band parameters are required, they are pi
onforming to ISO/IEC 21778 (JSON), specified in a footnote.

Procedure to test\decoders

General

esting a~decoder, all bitstreams that cover mandatory features as specified in ISO/IH
be tested. If support for optional features is claimed, also the bitstreams covering th
be tested.

]

tained from
sh in “run/
d reference
rovided in a

C 15938-17
bse features

atforms withiout fioating point SUppoTt, Or HIMIted IMtEZET Precision SUpport, onty thos

bitstreams

indicated as "(8bit)" or "(4bit)" shall be tested. On platforms with floating point support, testing these
limited precision bitstreams is optional.

For each bitstream, the procedure includes the following steps:

1y

2)

Decode bitstream B with the reference decoder to obtain the decoded model R, a

ccording to
lause 4.5.3,

subclause 4.5.2 if no out-of-band parameters are specified and according to subc
otherwise,

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

subclause 4.5.2 if no out-of-band parameters are specified and according to subc

lause 4.5.3,

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:

ISO/IEC 15938-17:2022, 7.3.2), the tensors shall be identical.

If an integer tensor has been obtained as a result (decoding method specified in

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-con
decoded.

4.5.3 Dec

The testing
application
only the inj
inputs.

4.6 Procq

In order to
shall be de

occur during the decoding process.

All bitstrea
with the s
bitstreams

5 Refer¢nce software

5.1 General

The purpos

Referen
mannel

Referen

Some exam

tained bitstreams, the decoder shall not use any other inputs than the bitstream-{

oding NNC bitstreams using out-of-band parameters

of decoding bitstreams using out-of-band parameters is agnostic to6’whether those
provided or decoded from a particular third party topology format: Fhe decoder shal
put bitstream and the parameters provided for this bitstream @s, specified in Table

bdure to test bitstreams

test bitstreams created with an encoder other than the reference encoder, the bitsti
foded using the reference decoder. The bitstreafn )is considered conformant, if no el

ms that have been created with the script “verify_all.sh” specified in Table 1 can be dec
Cript “decode_all.sh” in “run/conformance_bitstreams” of the reference software.
hre considered conformant, if no errors occur during the decoding process.

e of this clause is ta.provide the following:

ce decoder software capable of decoding bitstreams that conform to ISO/IEC 15938-17
that conforms to the decoding process specified in ISO/IEC 15938-17.

ce encoder software capable of producing bitstreams that conform to ISO/IEC 15938-1

bles ‘of'uses that may be appropriate for the reference decoder software are as follows:

0 be

are
| use
11 as

eam
rors

bded
The

ina

~

Asanil

ustration of how to periorm the decoding process speciiled In ISU/IEC 15Y506-17.

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

ISO/IEC 15938-17.

For testing the conformance of a decoder implementation with the decoding process specified in

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 achieved by an

encoding process that conforms to ISO/IEC 15938-17.

5.2
The
The

5.3

Instg

5.4

5.4.1

Figu
end
type
are g

Software location and license

reference software is available at https://standards.iso.org/iso-iec/15938/-187/ed-1/en/.

software license is provided in the file LICENSE included with the software:

Software installation

\llation instructions are provided in the file Readme.md included'with the software.
Software architecture

General

e 1 gives a general overview of the discussedimodules that are commonly present in
heural network compression pipeline. Each of the grey boxes specifies a module ref
of compression tools. Therefore, the interfaces that define the input/output of these
pecified in order to increase the inter@perability between the different components.
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Figure 1 — Reference software architecture

© ISO/IEC 2023 - All rights reserved

2.2 22 22

2.2 -1.4


https://standards.iso.org/iso-iec/15938/-18/ed-1/en/
https://iecnorm.com/api/?name=082e2464a3f876fd888da43f2a74688c

ISO/IEC 15938-18:2023(E)

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 modulg¢ 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_l€arning
framework|Examples of these frameworks are Keras®2)/Tensorflow®?3) [2] or PyTorch®#11¥.

Output (#2)): neural network (parameters + architecture) as specified by a particular deep learning
framework|Examples of these frameworks are Keras/Tensorflow!2] or PyTorchl1l,

5.4.3 Parpmeter approximation

This module applies parameter approximation techniques on the extracted parameter tensors.|This
may includq techniques such as quantization, transformation, predictioh; etc.

Input (#3):|A dictionary containing all parameter tensors of the nietwork as float tensors and their
respective jnames as keys. The names of each parameter-ténsor should be consistent with the

nomenclatufre specified by the respective model definition ppovided by the coordinators of the mo

Output (#4

5.4.4 Red

Each paran
approximat

Input (#4):
Output (#6

5.4.5 End

This modulg
Auxiliary d§

Input (# 4)
names and 1

: A dictionary as specified in subclause 5.5.2.

onstruction

eter approximation technology prévides a method that allows for reconstruction o
bd parameter tensors resultingfrom the approximation procedure.

A dictionary in the same forinat as specified in output (#4) of the approximator.

: A dictionary in the same format as specified in input (#3) of the approximator.

ode

performs entropy encoding techniques for input data formats specified in ISO/IEC 1593
ita shall bepassed into the bitstream without entropy encoding in a serialized manner

A dictionary in the same format as specified in output (#4) of the approximator. The
hédictionary structure shall not be encoded into the bitstream.

Hel.

[ the

8-17.

key

Output (#5): A bitstream representing the entropy encoded input dictionary as array of uint8 values.

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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5.4.6 Decode
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.

5.5 Data structures and interfaces

. 1.1 1 1 3. - - 1 +1 i R R R I £ 1 :
Thlb SUDLIAUSC UCSLITDES Udld STTUCLUTCS AU HTICLITIOUS LIdU COTTESPUIIU LU HILETI4dLES UCSLUITT )ed abOVE.

5.5.1 model_info: Shared model information

Information about the model architecture and the corresponding deep learning frameworkjthat may be

requlired by the test model is provided as variable model_info.

The yariable model_info is a dictionary containing the key/value pairs specified in Table 2.

Table 2 — Key/value pairs in modelsinfo

Key Value

‘

pargmeter_type’ Dictionary containing a key value pair per parameter tensor of the

or ‘unspecified’.

key is a string containing the name of the parameter tensor as specified by the
model architecture andthé corresponding value is one of the strings ‘conv.
weight’, ‘fc.weight’, ‘conybias’, ‘fc.bias’, ‘bn.beta’, ‘bn.gamma’, ‘bn.mean’, ‘bn.var’,

model. Each

‘blogk_identifier’ Dictionary containinga key value pair per parameter tensor of the mag
be grouped inabléck. Each key is a string containing the name of th
tensor as specified by the model architecture and the correspond

string identifying a block in the model architecture the parametef belongs to.

del that shall
e parameter
ngvalueisa

‘

architecture and the corresponding value is a list containing the d
the corresponding parameter tensor.

pargmeter_dimensions’ Dictionary containing a key value pair per parameter tensor of the model for
whichithe parameter dimensions are not present in the bitstreant.
astring containing the name of the parameter tensor as specified by the model

Each key is

mensions of

‘

Each key is a string containing the name of the parameter tensor

index. Sorting the integer indexes in ascending order defines the
parameter tensors.

pargmeter_index’ Dictionary containing a key value pair per parameter tensor of the model.

by the model architecture and the corresponding value is an unsigned integer

as specified

order of the

‘topglogy._storage_format’ Aninteger value representing syntax element topology_storage_forrmat. A value
equal to ‘None’ indicates that no topology unit is contained in thebitstream.
‘perforniance_maps’ chtlonary Contalnlng a key value palr per included performance njap. Each key
AN 2 d = H AN £,
IS CILIITT JIJMI Oljlbul—lull Ul IJI Mlllllg ucyCuuAus UIT LIIC lJCl TUT 1uaus,e map type

and each corresponding value is a Dictionary containing the performance map

written into the topology reflist.

information.

‘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 zeroed
when performing sparsification.

‘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

© 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 RalLe
contain

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

‘sparsificatiqn’ ‘sparsification_threshold’ Alist of float specifying the threshold which-isapplied
to the weights of the decoded neural network'in order
to set the weights to zero.

‘sparsificatign’ ‘non_zero_ratio’ A list of float specifying the non-zerg ratios that are
achieved by applying the sparsification thresholdls in
‘sparsification_threshold’ to sparsify the weights.

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

‘pruning’ ‘pruning_ratio’ Alist of float specifyingthie ratios of pruned weighits to
the total number of weights.

‘sparsificatiqn’ or ‘prun- |‘nn_accuracy’ Alist of float specifying the overall accuracies of the NN

ing’ for different sparsification thresholds or pruning rdtios.

‘sparsificatign’ or ‘prun- | ‘count_classes’ Alist of uint8specifying the number of classes for which

ing’ separateaccuracies are provided for each sparsificdtion
threshold or pruning ratio.

‘sparsificatign’ or ‘prun- | ‘class_bitmask’ A listrof uint32 specifying a class bitmask for gach

ing’ threshold/ratio that defines the classes includgd in
‘nn_class_accuracy’. A 1-bit represents the presenge of
the class with a matching index.

‘sparsificatiqn’ or ‘prun- |‘nn_class_accuracy’ Alist of float specifying the accuracy for a certain dlass,

ing’ when a certain sparsification threshold or pruning ratio
is applied.

Depending pn the values of model info['prune_rep_type’], the dictionary contains one of the key/value
pairs speciffed in Table 4.
Table 4--=/Key/value pairs in model_info[‘prune_rep_type’]
Yalue in m odel_lfxff) Key Value
[‘prune_rep_type’] is

NNR_TPL_BMSK ‘prune_bit_mask’ Alist of zero/one values indicating parameter weights|that

should be pruned when performing pruning.

NNR_TPL_D[CT. ‘prune_tpl_elem_ids’ A list of strings identifying the parameters for whichlnew

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 dimens
for each parameter.

ions

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
model. Each key is a string containing the name of the parameter
tensor and the corresponding value is a tensor. In the case of a float

parameter, It contains float values and In the case ofana
parameter, it contains int32 values.

bproximated

‘compressed_parameter_types’

Dictionary containing a key value pair per block’identifier of the

model. Each key is a string containing the name-ofthe bl
as specified in model_info and the corresponding valu
to syntax element compressed_parameteiotypes.

ckidentifier
b is identical

‘decemposition_rank’

Dictionary containing a key valuespair per block identifier of the

model for which low-rank decomposition is used. E
string containing the name of the block identifier as
model_info and the corresponding value is identical to sy
decomposition_rank.

ach key is a
specified in
htax element

‘g_nymber_of rows’

Dictionary containing-a)key value pair per block identifier of the

model for which low-rank decomposition is used. E
string containing the name of the block identifier as
model_info and~the corresponding value is identical tq
ment g_nuniber’ of rows.

ach key is a
specified in
syntax ele-

‘scan_order’

Dictionary.containing a key value pair per weight paraulneter tensor

of the model. Each key is a string containing the na
rametér tensor and the corresponding value is identig
element scan_order.

e of the pa-
al to syntax

‘dq_jlag

Dictionary containing a key value pair per approximatej
tensor of the model. Each key is a string containing the
parameter tensor and the corresponding value is a fl3
whether dependent quantization is used.

d parameter
name of the
g indicating

tqpl

Dictionary containing a key value pair per approximate
tensor of the model. Each key is a string containing the
parameter tensor and the corresponding value is an|
specifying the quantization parameter.

d parameter
name of the
int32 value

qp_density’

An int32 value specifying syntax element gp_density.

The [parameteftensors of the model are derived from model_info and from approx_data["
parajmeter_types’]. This may result in added or removed parameters relative to model_info d
the values in approx_data[‘compressed_parameter._types’].

fompressed_
ependng on

In addition, the dirfinnnry contains the l(pyl/vn]np pairs dpppnding on the values of dictio

data[‘approx_method’] specified in Table 6.
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Table 6 — Key/value pairs in approx_data[‘approx_method’]

Values in

contain (at

approx_data[‘approx_method’]

Key

least once)

Value

‘codebook’

‘codebooks’

Dictionary containing a key value pair per

codebook-approximated parameter tens

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.

or of

‘codebook’

codebook_zero_ojjsets

Dictionary containing a kKey value paif
codebook-approximated parameter tens
the model. Each key is a string containin
name of the parameter tensor,andthe cd
sponding value is a int32 value Specifyin

element of the codebook that correspondls to

integer index 0.

per
pr of
b the
rre-
b the

‘codebook’

‘codebooks_egk’

Dictionary containinga key value paiy
codebook-approximated parameter tens
the model. Eacli key is a string containin
name of the pardmeter tensor and the cd
sponding.value is an int32 value specif]
syntax element codebook_egk.

per
pr of
b the
rre-

ying

The metadafta specific to the approximation method shall contain all necessary information require
fonstruction process. This is to ensure that the sGbsequent reconstruction method w
rely reconstruct the int32 parameter tensors of the network back to a float representation.
The metadata may be shared across parameters (global),"or may also be parameter-specific (local]
respective mapping between the parameter name and the metadata should be provide
ure flexibility across different approximation methods, the choice of the specific form
ais up to the particular method. However, the use of a dictionary structure is recomme

the later re
able to entil

the latter, a
order to eng
the metadat
in order to ¢

5.5.3 nct

5531 G
This modul

5.5.3.2 n¢
This modul

nctm.appro

nsure consistency.
m - Main module

bneral

e provides the submiodules approximator, coder and approx coder.

‘tm.approximator - Parameter approximation module

e provides)an interface definition for parameter approximation and reconstruction.

kKimator.approx (approx _info, model info, approx data)

d for
1l be

. For
d.In
at of
nded

The variabl

€ Model_info 15 a dictionary according to subciause 5.5.1.

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

Table 7 — Key/value pairs in approx_info

Key

Value

‘approx_method’

‘uniform’ and ‘codebook’.

String specifying the parameter approximation method. Allowed values are

‘to_approximate’

Alist of strings identifying the parameter types that are approximated.

14
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Table 7 (continued)

Key Value

‘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
is used.

‘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.

The dictionary approx_info shall contain further keys value pairs depending on the value approx_
info[fapprox_method’] according to Table 8.

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

approx_method |Key Value

‘

‘unifprm’ qv’ Dictionary containing a key value pair per parameter tensor pf the model
that are approximated. Each key is a string,containing the narpe of the pa-
rameter tensor and the corresponding value is an int32 value specifying the
quantisation parameter.

‘cod¢book’ ‘qMse’ A float value specifying the maximum mean squared error lpetween the
quantized tensors and the original tensors. If the quantizatidn algorithm
fails to achieve this MSE for a‘tensor using the maximum quantization bits
specified by gMax, then the-tensor is not quantized.

‘

codebook’ ‘ch_size_ratio’ | A float value specifying.the minimum ratio of tensor to codebdok size.

The yariable approx_data is a dictionary accordingto'subclause 5.5.2.

Returns a dictionary according to subclause 5.5.2. The approximation methods are $pecified in
ISO/JEC 15938-17:2022, Clause 8.

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

The yariable model_info is a dictionany according to subclause 5.5.1.

The yariable approx_data is a dictionary according to subclause 5.5.2.

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

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

The yariable:approx_data is a dictionary according to subclause 5.5.2.

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

The four batch-norm parameters of each batch-norm layer in approx_data are replaced with only 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 parameters.
The recreation process is specified in ISO/IEC 15938-17:2022, subclause 8.2.6.
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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 which 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 scalin
ISO/IEC 15
values for I

nctm.appro
The variabl
The variabl

g parameters for each tensor specified by Isa_params to approx_data as specifig
D38-17:2022, subclause 8.2.6. The reference software provides an algorithm for‘der
a_params, although it is out of scope of the standard.

kimator.apply lsa(model info, approx data)

e model_info is a dictionary according to subclause 5.5.1.

e approx_data is a dictionary according to subclause 5.5.2.

d in
ving

Applies thescaling 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 procgss is
specified in|ISO/IEC 15938-17:2022, subclause 8.2.6.
5.5.3.3 n¢tm.coder - Entropy coding module
This modul¢ provides access to lossless entropy encoding-and decoding functions.
nctm.coder}encode (enc_info, model info, approx data)
The variablg model_info is a dictionary according to'subclause 5.5.1.
Variable enq_info is a dictionary containing the-keys/value pairs specified in Table 9.
Table 9'= Key/value pairs in enc_info
Key Value
‘cabac_unary_length_minus1” An int32 value specifying the syntax element cabac_unfary_
length_minus1.
‘param_opt_flag’ A flag specifying whether cabac optimization is used.
‘encode_tpl_pnly’ A Boolean specifying if model data should be written int¢ the
bitstream. If True, only topology data is written and no approx-
imation data etc. is written.
‘partial_datq_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_ndu_nnr_unit_size’

An int32 value specifying the maximum size (in bytes) of a ndu
nnr unit. The payloads of ndu nnr units are partitioned to achieve
the desired size. Overrides the value of ‘partial_data_counter’.

‘topology_indexed_reference_flag’

False, string-based labels are used instead.

A Boolean value specifying ifindexed references are used. Setting
the flag to True enables element IDs to be coded using indices. If

‘encode_tpl_only’

If True, only topology data is written and no approximation
etc. is written.

A Boolean specifying if model data is written into the bitstream.

data
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© ISO/IEC 2023 - All rights reserved


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

ISO/IEC 15938-18:2023(E)

Table 9 (continued)

Key

Value

‘out_of band_signaling’

sions, tensor_dimensions, cabac_unary_length_minus1,

to the bitstream but to a dictionary which is stored

A Boolean specifying if input parameters (i. e. count_tensor_dimen-

parameter._types, decomposition_rank and g_number_of rows) are
signaled out of band. If True, none of these parameters is written

If False, each parameter, if present, is written to the bitstream.

compressed._

as JSON file.

The variable approx_data is a dictionary according to subclause 5.5.2.

The
bitst
and
of-b4

nctm

The
been

The
bitst]

The
Tabl

nd parameters.

return value is a list containing the two elements bs and oob_dictionary, where bs is-{
ream according to ISO/IEC 15938-17:2022, Clause 6 as a 1D array containing values o
bob_dictionary is a dictionary containing key value pairs according to the table specify

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

yariable bitstream is a 1D array containing values of type uint8 representing the bitstre
encoded with nctm.coder.encode ().

variable model_info is either a dictionary according to subclauSe 5.5.1 or, in the casg
ream stores the required information in a topology NNR unit/it is ‘None’.

variable oob_dictionary is either a dictionary containing the out of band parameters &
e 10 or, in the case where all input parameters are gbtained from the bitstream, it is ‘N

Table 10 — Key/value'pairs in oob_dictionary

he encoded
[ type uint8
ing the out-

am that has

b where the

ccording to

)

ne.

Key

Value

‘cab

ic_unary_length_minus1’

Anint32walue specifying the syntax element cabac_unary_le

ngth_minus1.

‘tens

or_dimensions’

Dictiphary containing a key value pair per tensor of the model. Each key

is\a'string containing the name of the parameter tensor as
the model architecture and the corresponding value is a lig
the dimensions of the corresponding parameter tensor.

specified by
t containing

‘cou

1t_tensor_dimensions’

An int32 value specifying the length of the tensor_dimensi
thus the number of tensor dimensions.

ons list, and

,com

pressed_parameter_types’

Dictionary containing a key value pair per block identifier
Each key is a string containing the name of the block identifier

in model_info and the corresponding value is identical to syntax element

compressed_parameter_types.

f the model.
as specified

‘decq

mpositignsFank’

Dictionary containing a key value pair per block identifier

for which low-rank decomposition is used. Each key is a str
ing the name of the block identifier as specified in model |
corresponding value is identical to syntax element decompd

bf the model
ing contain-
info and the
sition_rank.

‘g_number_of_rows”

Dictionary containing a key value pair per block identifier of the model

for which low-rank decomposition is used. Each key is a strin

the name of the block identifier as specified in model_info and the corre-
sponding value is identical to syntax element g_number_of rows.

g containing

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 one type
of performance map is added per function call.
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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)

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 speci

fied, 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 speci

fied, and is empty otherwise).

The variable pruning_ratios is a list containing the pruning ratios that are included in the

perforTance map (the list contains entries when a pruning performance map is specifiedma

empty

The varfiable nn_accuracy is alist containing the overall accuracy of the model for eachspafsific
threshqgld or pruning ratio included in the performance map.

The vaifiable class_bitmasks is a list of integers representing a class bitmask, The number of 1

should

The vatfiable nn_class_accuracy is a nested list containing class accurdcies for each sparsificy
threshdld or pruning ratio included in the performance map.

Does nqt return anything. Adds the new performance map to the model_info structure of the

Model.

nctm.nnr m

This functign allows adding the prune topology container definition, as specified in subclause |
into the mogdel_info structure. Additionally, the ‘topology-storage_format’ in model_info is set to |
TPL_REFLI$T.

nctm.nnr m
bit mask,

The (op
should
include

The (optional) variable prine_tpl_dictionary is a dictionary containing keys for each param
matching their element id* string. The respective values should be lists of integers with

dimens

prune dictionary information is included in the topology definition. Should not be included if p|

tpl_dict]

The (ofdtional).variable sparse_bit_mask is a list of zero/one values indicating parameter we
that shquld bé zeroed when performing sparsification. If sparse_bit_mask is not specified, spar¢

mask w

therwise).

match the respective number of class accuracies in nn_class_accuragy:

del.NNRModel.set prune topology

hd is

ition

-bits

ition

NNC

5.1,

del.NNRModel.set prune topology«{prune bit mask, prune tpl dictionary, spars
bit mask order, pack bit masks)

tional) variable prune_bit_mask:is alist of zero/one values indicating parameter weightd

be pruned when performing pruning. If prune_bit_mask is not specified, no prune bit m3
1 in the topology definition: Should not be included if prune_tpl_dictionary is also specif

ons of the respective pruned parameter tensor. If prune_tpl_dictionary is not specifie

fonary is.dlso specified.

INR_

that
skis
ied.

eter,

the
1, no
une_

ghts
e bit

ntbeincluded.in the fnpn]ngy definition

The (optional) variable bit_mask_order is a Boolean specifying the processing order of bit masks.
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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