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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
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Introduction
This document describes conformance testing and the reference software for ISO/IEC 15938-17. 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
ISO/IEC 15938-17.

The purpose of this document is to provide the following:

A t £l on ot ot oo oo fom i o+ A TCN /TR 10020 177
- Set grrererenceotestream s €ontor TS tOToU/ TG T 750 17,

— Description of procedures to test conformance of bitstreams and decoders to ISO/IEC 15938-17.

— Refergnce decoder software capable of decoding bitstreams that conform to ISO/AEC 15938-17 in a
manngr that conforms to the decoding process specified in ISO/IEC 15938-17.

— Refergnce encoder software capable of producing bitstreams that conform t0-ISO/IEC 1593817.

© ISO/IEC 2025 - All rights reserved
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being denoted ‘key’ and with the second element being denoted ‘value’

4 Conformance testing

4.1 Gen

eral

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) available at https://standards.iso.org/iso
-iec/15938/-18/ed-2/en (described in detail in 4.4) and follow the procedure described in 4.5.
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formance testing for decoder

er conformance is specified in ISO/IEC 15938-17:2024, Clause 7.

formance testing for bitstreams

The bitstream conformance is specified in ISO/IEC 15938-17:2024, Clause 7.

4.4 Models and reference bitstreams

A set of bitstreams and related neural network models is provided for conformance testing. When neural
network models are provided, they are the source models used to generate one or more compressed

bitstreams
available 2
"reference

A bitstreamn may be generated:

from 3

— froms

— bycre

Where ap]
dataset is

Table 1 sunmarizes the provided bitstreams for entire modelsyTable 2 summarizes the provided

forincrem
encoder cq
out-of-ban
parameter

— Image
CIFAR
DCase
PASCA
chest |
Mobilg
UC12H

VGG14

xray_v3 for the dataset described in Reference [13],

—Thecode defiming these modets s provided as partof the Teference software, d
t https://standards.iso.org/iso-iec/15938/-18/ed-2/en. Models and bitstreams are’p
| models_bitstreams_ed2_v1.1.zip".

commonly used neural network model,
lynthetic data by encoding it with the reference encoder,
hting a conformant synthetic bitstream directly, without usingafrencoder.

plicable, the dataset used to train the model is mentioned-for information only. Ho
not needed for conformance testing and thus not provided:

bntally coded models. The tables also list the features tested with the bitstreams, and th
nfiguration used to generate the bitstream (where applicable). If decoding the bitstrea
l parameters (e.g. information that is derived from the network topology descript
s are also provided. We refer to source mddels and datasets using the following names

Net for the dataset described in Reference [5],
100 for the dataset described in Reference [6],
for the dataset described in‘Reference [7] and the model described in Reference [8],

L VOC for the dataset described in Reference [12],

Net V2 for model described in Reference [9],
for the m@del described in Reference [10],

for the model described in Reference [11], and

ResNe|

t18for the model described in Reference [14].

stribution
rovided as

wever, the

bitstreams
b reference
M requires

on), those
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Table 1 — Bitstreams and related models for conformance testing of coding entire models

Bitstream id

Source
model

Data-set

Relevant tech-
nology?

Features
tested

Reference encoder configuration

perf_map_
sparse_
MobileNetV2.
nctm

MobileNetV2

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

qse=0-06601

param_opt_flag = False
cabac_unary_length(minugl = 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 £
approx_method = "codebopk”
qp =35

gp.density = 2

opt.dp = False
disable_dq = True
lambda_scale = 0.0
cb_size_ratio = 5000
g_mse =0.00001
param_opt_flag = False
cabac_unary_length_minufl =9
partial_data_counter = 0

perf_map_gparse_
prune_UC12B.nctm

UC12B

CIFAR-
100

6.3.4.3

Sparsification
and Pruning
Performance
map

gp_density = 2
scan_order =1
approx_method = "codebopk"
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_minufl =9
partial_data_counter =0

perf_map_
sparse_VG
nctm

i 16.

VGGi6

Image
Net

6.3.4.3

Sparsification
Performance

Map (pruned

model)

gp_density =2
scan_order =1
approx_method = "codebopk”
qp =35

gp_density =2
opt_qp = False

dicabla do — Thn

disable—de
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

ot

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

prune_tpl_cont_
prune_bm_
VGG16.nctm

VGG16

Image
Net

6.3.4.5

Prune Topol-
ogy - prune
bitmask

encode_tpl_only = True
partial_data_counter =0

© ISO/IEC 2025 - All rights reserved
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Table 1 (continued)
Bitstream id Source Data-set | Relevant tech- Features Reference encoder configuration
model nology? tested

prune_tpl_cont_ VGG16 Image 6.3.4.5 Prune Topology encode_tpl_only = True
comb_bm_ Net - combined artial_data_counter = 0
VGG16.nctm bitmask P - - -
prune_tpl_cont_ DCase DCase 6.3.4.5 Prune Topology [encode_tpl_only = True
prune_dictionary_ - prune diction- |topology_indexed_reference_flag =
DCase.nctm ary False

partial_data_counter = 0
prune_tpl_cont_ ResNet50 Image 6.3.4.5 Prune Topology|encode_tpl_only = True
prune_ Net - prune diction- [topology indexed_reference flag =
dictionary|idx_ ary (indexed True
ResNet50.1ctm elem id) partial_data_counter=\0
tpl_reflist_[DCase. |DCase DCase 6.3.4.5,6.3.3.7 |Topology Re- |encode_tpl_only =.True
nctm flist partial_data_counter = 0
partial_datfa_ VGG16 Image 6.3.3.1 Partial data
counter_VQG16_ Net counter o . A
ndu size 65536 max_ndu-nnr_unit_size = $5536
nctm
partial_data_ VGG16 Image 6.3.3.1 Partial data
counter_V4QG16_ Net counter o
ndu_size 32768, max_ndu_nnr_unit_size = B2768
nctm
partial_datja_ VGG16 Image 6.3.3.1 Partial data
counter_V4G16_ Net counter o
ndu_size 16384, max_ndu_nnr_unit_size = 16384
nctm
partial_datfa_ DCase DCase 6.3.3.1 Partial data
;(c)llllln‘;(ia;_eDZ(z)iZg_ counter max_ndu_nnr_unit_size = 2048
nctm
partial_dafa_coun- |DCase DCase 6:3.3.1 Partial data
ter_DCase_jndu_ counter max_ndu_nnr_unit_size = 1024
size_1024.mctm
deepCABA(_ ResNet50 Image 10 DeepCABAC en- |see verify_all.sh
ResNet50_[_qp-38_ Net 9.2.1/9.3.1 tropy coding,
gp_densityR.nctm uniform quan-

tization

dependent| ResNet50 Image 9.2.3/9.3.3 Dependent see verify_all.sh
quantizatign_ Net 6.3.3.7 scalar quanti-
ResNet50_P_qp-38_ zation
gp_density2.nctm
deepCABAL_qp_ MobileNetV2 |Image 9.3 QpDensity see verify_all.sh
density_Mqhile- Net
NetV2_3_qb-38-
gp_density2.nctm
deepCABAC_ MobileNetV2 |Image 9.3 QpDensity see verify_all.sh
gp_density_ Net
MobileNetV2_4_
qp-76_qgp_density3.
nctm
block_scan_ ResNet50 Image 412 / 6.4.3.7 / |Block scan see verify_all.sh
order_8x8_cabac_ Net 6.4.3.8 /7.3.6 |order / cabac
entry_points_ entry points
ResNet50_5_qp-38_
gp_density2.nctm

© ISO/IEC 2025 - All rights reserved
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Table 1 (continued)
Bitstream id Source Data-set | Relevant tech- Features Reference encoder configuration
model nology? tested

block_scan_or- ResNet50 Image 412 / 6.4.3.7 / |Block scan see verify_all.sh
der_16x16_cabac_ Net 6.4.3.8 /7.3.6 |order / cabac
entry_points_ entry points
ResNet50_6_qp-38_
gp_density2.nctm
codebook_sig- MobileNetV2 |Image 9.2.3/9.3.2 Code- see verify_all.sh
naling_Mo- Net book-based
bileNetV2_7_ quantization
qMse0.00001.nctm
local_scalilllg_ DCase DCase G.1.10 /8.3.9 |Localscaling |see verify_all.sh
DCase_8_qp-38_qp_
density2.n¢tm
batchnorm| MobileNetV2 |Image 8.2.1/8.3.8 BatchNorm see verify_all.sh
folding_Mdbile Net Folding
NetV2_9_qp-38_qp_
density2.n¢tm
out_of _band_ ResNet50 Image 6.3.3.7 / 6.4.3.7 | Out-of-band seeverify_all.sh
signaling_Res Net signalingb
Net50_10_qp-38_
gp_density2.nctm
deepCABAC_8bit_ |ResNet50 Image 9.2.1/9.3.1 Uniform guan- |see verify_all.sh
ResNet50_PYT- Net tizationwith
zoo_11_qp{_qp_ limited preci-
density4.n¢tm sion (8bit)
deepCABAL_8bit_ |MobileNet |Image 9.21/9.3.1 Uniform quan- |see verify_all.sh
MobileNetY2_PY- |V2 Net tization with
Tzoo_12_qp0_qp_ limited preci-
density4.n¢tm sion (8bit)
deepCABAL_4bit_ |VGG16 Image 9.2.1:49.3.1 Uniform quan- |see verify_all.sh
VGG16_PYTzoo0_13_ Net tization with
qp0_gp_depsity4. limited preci-
nctm sion (4bit)
deepCABAC_8bit_ |UC12B CIFAR-" |9.2.1 /9.3.1 Uniform quan- |see verify_all.sh
UC12B_14 {qp0_gp_ 100 tization with
density4.n¢tm limited preci-

sion (8bit)
deepCABAL _4bit_ |DCase DCase 9.21/9.3.1 Uniform quan- |see verify_all.sh
DCase_15_¢p0_qp_ tization with
density4.n¢tm limited preci-

sion (4bit)
perf_map_ MobileNetV2 |Image 6.3.4.3 sparsification |qp_density =2
sparse_ Net performance scan_order =1
MobileNetY2\bw8. map (8bit) approx_method = "uniform”

nctm

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

© ISO/IEC 2025 - All rights reserved
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Table 1 (continued)

Bitstream id

Source
model

Data-set

Relevant tech-
nology?

Features
tested

Reference encoder configuration

perf_map_prune_
DCase_bw8.nctm

DCase

DCase

6.3.4.3

pruning per-
formance map
(8bit)

gp_density =2
scan_order =1

approx_method = "uniform'

gp =35

gp_density =2
opt_qp = False
disable_dq = True
lambda_scale = 0.0
cb_size_ratio = 5000

fAWAYAYAYAY]

|5 RS S N AR VA VAVAVAY B

param_opt_flag = False
cabac_unary_length(minup
partial_data_counter= 0

perf_map_
prune_UC1|
nctm

parse_
2B_bws8.

UC12B

CIFAR-
100

6.3.4.3

Sparsification
and Pruning
Performance
map (8bit)

gqp_density = 2
scan_order X
approx_method = "uniform
qp =35

gp_density = 2

opt_dp = False
disable_dq = True
lambda_scale = 0.0
cb_size_ratio = 5000
g_mse =0.00001
param_opt_flag = False
cabac_unary_length_minup
partial_data_counter = 0

perf_map_
sparse_VG
bws8.
nctm

h16_

VGG16

Image
Net

6.3.4.3

Sparsification
Performance
Map (pruned
model) (8bit)

gp_density = 2
scan_order =1
approx_method = "unifornp
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_minug
partial_data_counter = 0

1=9

partial_dat
counter_D
ndu_size_2
bw8.nctm

a

ase_
048_

DCase

DCase

6.3.3.1

Partial data
counter (8bit)

max_ndu_nnr_unit_size =P
approx_method = "unifornp

048

partial_dat
ter_DCase |

a_coun-
n'd i/

DCase

DCase

6.3.3.1

Partial data
counter (8bit)

max_ndu_nnr_unit_size =1

size_1024_
nctm

DW®O.

approx_method = "uniform

024

a Specifies the applicable subclause in ISO/IEC 15938-17:2024.
b As specified in out_of_band_signaling_ResNet50_10_qp-38_qp_density2_oob.json

The bitstreams in Table 2 are provided for testing the decoding of a sequence of bitstreams representing
incremental updates of models. They shall be processed in the order indicated by the sequence number. The
character '#' in the name of the bitstream indicates the sequence number to be inserted, iterating over all
values in the range specified in column 'Seq.' (including the boundaries).

Bitstreams for the tested features Batchnorm folding (BNF), Row skipping (RS), Temporal context
modelling/adaptation (TCA) and History dependent significance probability (HDSP) use a common set of
parser arguments.

© ISO/IEC 2025 - All rights reserved
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The parser arguments for technologies under test are 'bn_folding": True for enabling BNF, 'row_skip": True
for enabling RS, 'temporal_context": True for enabling TCA and "hdsp": True for enabling HDSP. In a bitstream
set only one of these four parser arguments is True, namely that of the technology under test, all others are
set to False.

Bitstreams for the feature Predictive Residual Coding (PRE) use a common set of tools from the extended
compression tool set in conjunction with PRE: 'row_skip": True, 'temporal_context": True and 'hdsp": True.

Unless otherwise specified in the 'Reference encoder configuration' column of Table 2, all conformance
tests indicated by a 'Bitstream id' starting with 'UC10' share a common set of parser arguments: 'use_case"
'UC10", 'batch_size": 64. Likewise for those starting with 'UC14A’, 'use_case": 'UC14A’, 'qp": -48, 'batch_size"
100, 'model_arch": 'vggl6', 'unidirect_compress": False, 'train_cf": True are used. For PRE and SBT, different
gp values are reported as stated in the table, though the rest of the common parser arguments are the same

as above.'
of NNC [13]

The common set of parser arguments during all BNF, RS, TCA and HDSP conformancg tésts i

finetuning]
2, 'qp_diff]
enabled": (
False, 'may
False, 'oob
'random_r
‘cache_len]

For PRE a;t

'param_o
'‘g_mse": 1¢
'Ir': 1e-05,
'ioq": False
'random_r
'sparse’: F§

All encodg
specified i

: True, 'n_epochs': 4, 'approx_method'": 'uniform’, 'disable_dq": True, ‘param_opt" True, 'q

14, 'running_level": 'model.

p-05, 'nnr_pt_block_enabled": 0, ‘target_sparsity’« 0, filter_sparsity": 0.0, 'filter_spars
'model_path": 'PYT_Z0O', 'max_iterations": Non€,/ 'data_split_ratios": [1.0]

Ise, 'target_sparsity": 0.0.

r-relevant parser arguments that are not listed above or differ from the mentione
h the “Reference encoder configuration” column of Table 2.

[JC10" and 'UC14A' refer to the use cases described in the evaluation framework for.dgvelopment

5: 'disable_
p_density":

offset: 0, 'opt_qp": False, 'lambda_scale": 0.0, 'cb_size_ratio": 5000, 'q_mse’ 1e-05, 'nni_pt_block_
, 'filter_sparsity": 0.0, 'filter_spars_gain" 1.0, 'Ir": 1e-05, 'model_path:“BYT_Z0O', 'ini_lcompress"
_iterations": None, 'data_split_ratios": [1.0], 'iter_opt": False, 'qp_stepl;"bias": 0.125, 'ls3
 signaling”: False, 'ce": 2, 'sbt_quantization_approach’: 'combined),(sbt_quantization_subapproach”
bund’, 'export_model_diffs": False, 'sbt_bn_quant: True, 'sbtimean_quant": False, |

. 0.0, 'ioq":

re": False,

d SBT, the common set of parser arguments during alliconformance tests are: 'disablg_dq": True,
" True, 'n_epochs": 4, 'qp_density": 2, 'qp_diff_offset’: 0, Tambda_scale": 0.0, 'cb_size_ratio": 5000,

| gain”: 1.0,

, 'bias": 0.12%, 'Isa": 0.0,
'oob_signaling': False, 'sbt_quantization_appreach’: 'combined’, 'sbt_quantization_suljapproach’:
bund’, 'sbt_bn_quant": False, 'sbt_mean_quant: False 'cache_len: 14, 'running_leve]l: 'model’,

1 ones are

Table 2|— Bitstreams and related:models for conformance testing of coding incremental models
Bitstregm set Bitstream id Seq. Source Dataset | Relevant | Features Referende encoder
model tech-nol- tested configuration
ogy?
UC10 MobilgNet_v2 |UC10_ntobitenet_v2_ |0..3 MobileNet_ |PAS- 8.3.8 Batchnorm |'model_argh: 'mo-
full model uniform=-qp-34_BNF_ V2 CAL-VOC folding bilenet_v2} 'qp": -34,
epoch #.nctm (BNF) ', 'bn_folding": True,
'sparse": Fdlse, 'target_
sparsity": (.0
UC10 MobilgNet &2y* |UC10_mobilenet_ 0.3 MobileNet_ |PAS- 8.3.8 Batchnorm |'model_argh: 'mo-
full model (yith v2_uniform_qp-34_ V2 CAL-VOC |G.1.5 folding bilenet_v2} 'qp": -34,
sparsificati n) RNF‘_Qpnrcih/_n 9_ s (RNF‘) ' 'bn_foldi 1g'; True,
epoch_#.nctm o 'sparse': True, 'target_
sparsity": 0.9
UC10 ResNet18 full |UC10_resnet18_uni- |0..3 ResNet18 PAS- 10.1.1.2 Row skip- ‘'model_arch"
model form_qp-37_RS_ CAL-vVOC ping (RS) 'resnet18’, 'qp": -37,
epoch_#.nctm ", 'row_skip": True,
'sparse": False, 'target_
sparsity": 0.0
UC10 ResNet18 full |UC10_resnet18_uni- |[0..3 ResNet18 PAS- 10.1.1.2 Row skip- 'model_arch":
model (with sparsifi- |form_qp-37_sparsi- CAL-VOC |G1.5 ping (RS) 'resnet18','qp": -37,
cation) ty_0.9_RS_epoch_#. G.16 ', 'row_skip": True,
nctm o 'sparse': True, 'target_
sparsity': 0.9
a  Specifies the applicable subclause in ISO/IEC 15938-17:2024.

© ISO/IEC 2025 - All rights reserved
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Table 2 (continued)

Bitstream set Bitstream id Seq. Source Dataset | Relevant | Features Reference encoder
model tech-nol- tested configuration
ogy?
UC14A VGG16 clas- UC14A_vggl6_uni- 0.3 VGG16 chest_ 10.1.1.4 Temporal 'temporal_context":
sifier only center to  |form_qp-48_TCA_ xray_v3 context True, 'sparse’: False,
clients classifier_only_ adaptation |'target_sparsity": 0.0
epoch_#_center.nctm (TCA)
UC14A VGG16 clas- |UC14A_vggl6_uni- 0.3 VGG16 chest_ 10.1.1.4 Temporal 'temporal_context":
sifier only client 1 to |form_qp-48_TCA_ xray_v3 context True, 'sparse’: False,
center classifier_only_ adaptation |'target_sparsity": 0.0
epoch_#_clientl. (TCA)
nctm
UC14A VGG16 clas- |UC14A _vggl6_uni- 0.3 VGG16 chest_ 10.1.1.4 Temporal 'temporal context":
sifier only client 2 to |form_qp-48_TCA_ xray_v3 context True, (spatse’: False,
center classifier_only_ adaptation |'target spgrsity": 0.0
epoch_#_client2. (TCA)
nctm
UC14A VGG16 clas- UC14A_vggl6_uni- 0.3 VGG16 chest_ 10.1.1.4 Temporal 'temporal context":
sifier only c¢nter to |form_qp-48_TCA_ xray_v3 |G.1.5 context True, 'sparpse’: True,
clients (witl} sparsifi- | sparsity_0.8_classi- G.16 adaptation |'target_spgrsity": 0.8
cation) fier_only_epoch_#_ o (TGA)
center.nctm
UC14A VGG16 clas- |UC14A _vggl6_uni- 0.3 VGG16 chest_ 10.1.1.4 Temporal 'temporal fcontext":
sifier only client 1 to |form_qp-48_TCA_ xray_v3 |G.1.5 context True, 'spargse’: True,
center (with sparsifi- |sparsity_0.8_classifi- ars adaptation |'target_sparsity': 0.8
cation) er_only_epoch_#_cli- (TCA)
entl.nctm
UC14A VGG16 clas- |UC14A_vggl6_uni- 0.3 VGG16 chestx 10.1.1.4 Temporal 'temporal context":
sifier only client 2 to |form_qp-48_TCA_ xraywv3  |G.1.5 context True, 'sparpe’: True,
center (with sparsifi- | sparsity_0.8_classifi- G16 adaptation |'target_spgrsity": 0.8
cation) er_only_epoch_#_cli- o (TCA)
entZ2.nctm
UC14AVGG16 clas- |UC14A _vggl6_uni- 0.3 VGG16 chest_ 10.2.1.4 / |History 'hdsp": Trug, 'sparse":
sifier only c¢nter to |form_qp-48_HDSP_ xray_v3 |10.3.2.2/ |dependent |False, 'target_sparsi-
clients classifier_only_ 10.3.4.2.2 |significance [ty" 0.0
epoch_#_center.nctm probability
(HDSP)
UC14A VGG16 clas- |UC14A_vggl6_uni- 0-3 VGG16 chest_ 10.2.1.4 / |History 'hdsp': Trug, 'sparse":
sifier only client 1 to |form_qp-48_HDSP.- xray_v3 [10.3.2.2/ |dependent |False, 'target_sparsi-
center classifier_only_ 10.3.4.2.2 |significance [ty": 0.0
epoch_#_client?. probability
nctm (HDSP)
UC14A VGG16 clas- |UC14A vggl6_uni- 0.3 VGG16 chest_ 10.2.1.4/ |History 'hdsp": Trug, 'sparse":
sifier only client 2 to |form.qp-48_HDSP_ xray_v3 |10.3.2.2 / |dependent |False, 'target_sparsi-
center classifier_only_ 10.3.4.2.2 |significance |ty": 0.0
eépoeh_#_client2. probability
nctm (HDSP)
UC14A VGG16 clas- » [UC14A _vggl6_uni- 0.3 VGG16 chest_ 10.2.1.4 / |History 'hdsp': Trug, 'sparse”:
sifier only cgntéerto |form_qp-48_HDSP_ xray_v3 |[10.3.2.2/ |dependent |True, 'targpt_sparsi-
clients (with] sparsifi- | sparsity_0.8_classi- 10.3.4.2.2 |significance |ty": 0.8
cation) fier_only_epoch_#_ G.1.5 probability
center.nctm G.16 (HDSP)
UC14A VGG16 clas- |UC14A _vggl6_uni- 0.3 VGG16 chest_ 10.2.1.4 / |History 'hdsp': True, 'sparse":
sifier only client 1 to |form_qp-48_HDSP_ xray_v3 [10.3.2.2/ |dependent |True, 'target_sparsi-
center (with sparsifi- |sparsity_0.8_classifi- 10.3.4.2.2 |significance [ty" 0.8
cation) er_only_epoch_#_cli- G.1.5 probability
entl.nctm G.16 (HDSP)

a Specifies the applicable subclause in ISO/IEC 15938-17:2024.
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Table 2 (continued)

Bitstream set Bitstream id Seq. Source Dataset | Relevant | Features Reference encoder
model tech-nol- tested configuration
ogy?
UC14A VGG16 clas- |UC14A_vggl6_uni- 0.3 VGG16 chest_ 10.2.1.4 / |History 'hdsp": True, 'sparse’:
sifier only client 2 to |form_qp-48_HDSP_ xray_v3 |[10.3.2.2/ |dependent |True, 'target_sparsi-
center (with sparsifi- | sparsity_0.8_classifi- 10.3.4.2.2 |significance |ty": 0.8
cation) er_only_epoch_#_cli- G.1.5 probability
ent2.nctm G16 (HDSP)
UC10 ResNet18 clas- |UC10_resnet18_uni- |[0..3 ResNet18 PAS- 9.1.5 Stochastic ‘pre’: False, ‘approx_
sifier only form_sbt_qp-34_clas- CAL-VOC Binary Ter- |method’ uniform_sbt,
sifier_only_epoch_#. nary (SBT) |qp:-34, ‘train_cf”: True
nctm Quanti-za-
tion
UC10 VGG1] classifi- |UC10_vggll_uni- 0.3 VGG11 PAS- 9.1.5 Stochastic | ‘pre/~False] ‘approx_
er only form_sbt_qp-36_clas- CAL-vVOC Binary Ter- |méthod: upiform_sbt,
sifier_only_epoch_#. nary (SBT) {gp:-36, ‘train_cf”: True
nctm Quanti-za-
tion
UC14A VGG16 full UC14A_vggl6_uni- 0.3 VGG16 chest_ 9.1.5 StocHastic | ‘pre’: False] ‘approx_
model centef to form_sbt_qp-52_ xray_v3 Bindry Ter- |method’: upiform_sbt,
clients full_model_epoch_#_ nary (SBT) |qp:-52, ‘trpin_cf”
center.nctm Quanti-za- |False
tion
UC14A VGG16 full UC14A_vggl6_uni- 0.3 VGG16 chest_ 9.15 Stochastic  |‘pre’: False] ‘approx_
model clientf 1 to form_sbt_qp-52_ xray_v3 Binary Ter- |method’: upiform_sbt,
center full_model_epoch_#_ nary (SBT) |qp:-52, ‘trpin_cf”
clientl.nctm Quanti-za- |False
tion
UC14A VGG16 full UC14A_vggl6_uni- 0.3 VGG16 chest_ 9.1.5 Stochastic  |‘pre”: False| ‘approx_
model clienf 2 to form_sbt_qp-52_ Xxray_v3 Binary Ter- |method”: upiform_sbt,
center full_model_epoch_#_ nary (SBT) |qp:-52, ‘trpin_cf”
client2.nctm Quanti-za- |False
tion
UC14A VGG16 clas- |UC14A_vggl6_uni- 0.3 VGG16 chest_ 9.1.6 Predictive |‘pre”: True,|'tempo-
sifier only client 1 to |form_qp-48_PRE_ xray_v3 Residual ral_contexf" True,
center classifier_only_ Coding 'row_skip'{ True,
unidir_epoch_#_cli- (PRE) 'hdsp": Truf, ‘approx_
entl.nctm method”: upiform,
'unidirect Jcompress':
True
UC14A VGG16 clas- |UC14A_vggl6uuni- 0.3 VGG16 chest_ 9.1.6 Predictive |‘pre’: True)'tempo-
sifier only client 2 to |form_qp-48:PRE_ xray_v3 Residual ral_contexf" True,
center classifigr‘only_ Coding 'row_skip'{True,
unidir_epoch_#_cli- (PRE) 'hdsp": Truf, ‘approx_
entZ.netm method”: upiform,
'unidirect Jcompress':
True
UC14A VGG16 clas: UC14A_vggl6_uni- 0.3 VGG16 chest_ 9.1.6 Predictive ‘pre”: True|'tempo-
sifier only c¢ntérto’ |form_qp-48_PRE_ xray_v3 Residual ral_contexf" True,
clients classifier_only bidir_ Coding 'row_sKip'| True,
epoch_#_center.nctm (PRE) 'hdsp": True, ‘approx_
method’”: uniform
UC14A VGG16 clas- |UC14A _vggl6_uni- 0.3 VGG16 chest_ 9.1.6 Predictive |‘pre’: True, 'tempo-
sifier only client 1 to |form_qp-48_PRE_ xray_v3 Residual ral_context": True,
center classifier_only_bidir_ Coding 'row_skip": True,
epoch_#_clientl. (PRE) 'hdsp': True, ‘approx_
nctm method’: uniform
UC14A VGG16 clas- |UC14A_vggl6_uni- 0.3 VGG16 chest_ 9.1.6 Predictive |‘pre: True, 'tempo-
sifier only client 2 to |form_qp-48_PRE_ xray_v3 Residual ral_context": True,
center classifier_only_bidir_ Coding ‘row_skip": True,
epoch_#_client2. (PRE) 'hdsp': True, ‘approx_

nctm

method”: uniform

a  Specifies the applicable subclause in ISO/IEC 15938-17:2024.
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Table 2 (continued)

Bitstream set Bitstream id Seq. Source Dataset | Relevant | Features Reference encoder
model tech-nol- tested configuration
ogy?
UC14A VGG16 full UC14A_vggl6_uni- 0.3 VGG16 chest_ 9.1.6 Predictive ‘pre’: True, 'tempo-
model client 1 to form_qp-48_PRE_ xray_v3 Residual ral_context" True,
center full_model_unidir_ Coding ‘row_skip": True,
epoch_# clientl. (PRE) 'hdsp": True, ‘approx_
nctm method”: uniform,
'unidirect_compress":
True
UC14A VGG16 full UC14A_vggl6_uni- 0.3 VGG16 chest_ 9.1.6 Predictive |‘pre: True, 'tempo-
model client 2 to form_qp-48_PRE_ xray_v3 Residual ral_context": True,
center Tull_model_unidir_ Coding TOW_SKIp'] True,
epoch_#_client2. (PRE) 'hdsp~Trug, ‘approx_
nctm methed” upiform,
'uhidirect fcompress":
True
a Specifieq the applicable subclause in ISO/IEC 15938-17:2024.
The bitstr¢ams and models are provided at https://standards.iso.org/iso-iec/15938/-18/ed-2/en|/reference
models bjtstreams ed2 v1.1.zip.
The parameters of the bitstreams, for which no detailed parameters.ate listed, can be obtdined from
the scripty given in column “Reference encoder configuration”, e.gverify_all.sh in “run/conformance_
bitstreamg” of the reference software. Scripts for generating all jhcremental bitstreams, as specified in
Table 2, anid for decoder testing with these bitstreams are provided in the same directory (resp., “verify_
all_incremlental.sh” and “decode_all_incremental.sh”). Furthermore, it also provides detailed| reference
software donfigurations for each test. If out-of-band paraméters are required, they are provid¢d in a file
conforminfg to JSON (as specified in ISO/IEC 21778 [18]), specified in a footnote.
4.5 Progedure to test decoders
4.5.1 Gdneral
For testing a decoder, all bitstreams that ceyer mandatory features as specified in ISO/IEC 15938417 shall be
tested. If sqipport for optional features.is claimed, also the bitstreams covering these features shal| be tested.
On platforins with only integer ordimited integer precision support, only those bitstreams indicdted for the
supported|bit depth ("8bit" or "4bjt") shall be tested.
The proceflure for testing features for decoding complete models and decoding a sequence of ifjcremental
updates ofla model follow\the same principles, but differ in details. The two procedures are descrjibed in the

following {

4.5.2 Camplete:model

For eachb

ubclauses,

tstream, the procedure includes the following steps:

a)

out-of-band parameters are specified and according to 4.5.5, otherwise.

b)

out-of-band parameters are specified and according to 4.5.5, otherwise.

9

passed if the following conditions hold for every pair of tensors:

Decode bitstream B with the reference decoder to obtain the decoded model R, according to 4.5.4 if no

Decode bitstream B with the decoder under test to obtain the decoded model R, according to 4.5.4 if no

Compare every tensor in R, against the corresponding tensor in R,. The test shall be considered as

— Ifanintegertensorhasbeenobtainedasaresult(decodingmethodspecifiedinISO/IEC15938-17:2024,
7.3.2), the tensors shall be identical.

© ISO/IEC 2025 - All rights reserved
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— Ifafloatingpointtensorhasbeen obtained astheresultofanotherdecodingmethod, no corresponding
pair of floating point values shall have an absolute difference larger than 0,000001.

4.5.3

Incremental model

For each set of related bitstreams (as indicated in Table 2), the procedure includes the following steps:

a) Perform decoding of each of the bitstreams in the set with sequence numbers s (repeating this step for

eachs

iy

from 0 to k, where k is the number of bitstreams in the set) in the specified order:

if no out-of-band parameters are specified and according to 4.5.5, otherwise.

Decode bitstream BS with the reference decoder to obtain the decoded model R*, according to 4.5.4

2) D¢

if
If

as
itq

3)

b) Comp3

passed

If
IS

If
P4

4.5.4 De

For self-co

4.5.5 De¢

The testin
provided (
bitstream

4.6 Pro

In order to
decoded u
decoding 1

All bitstre
the script

Fcode bitstream B° with the decoder under test to obtain the decoded model R, accord]
ho out-of-band parameters are specified and according to 4.5.5, otherwise.

5 equals 0, initialize the reconstructed models as R, = R’ and R, = RY,. Otherwjgse dpply
incremental updates to R, and R,, respectively (e.g. adding them to the tenserfrom th
ration).

ire every tensor in R, against the corresponding tensor in R,. The‘test shall be con
| if the following conditions hold for every pair of tensors:

an integer tensor has been obtained as a result (decoding method specified in clay
D/IEC 15938-17), the tensors shall be identical.

h floating pointtensorhasbeen obtained astheresultofaniother decodingmethod, no cory
ir of floating point values shall have an absolute difference larger than 0,000001.

coding self-contained NNC bitstreams

htained bitstreams, the decoder shall not yse any other inputs than the bitstream to be

coding NNC bitstreams using out-of-band parameters

b of decoding bitstreams using out-of-band parameters is agnostic to whether those are :
r decoded from a particular third party topology format. The decoder shall use only
hnd the parameters providéd for this bitstream as specified in Table 1 as inputs.

redure to test bitstreams

test bitstreams created with an encoder other than the reference encoder, the bitstred
bing the reference decoder. The bitstream is considered conformant, if no errors occur
rocess.

hms thathave been created with the script “verify_all.sh” specified in Table 1 can be de
decede_all.sh” in “run/conformance_bitstreams” of the reference software. In the sams

ngto 4.5.4

Rs.and RS,
e previous

sidered as

se 7.3.2 of

esponding

decoded.

ipplication
' the input

m shall be
during the

roded with
directory,
streams in

the scripts

“verify_all_incremental.sh” and “decode_all_incremental.sh” are provided for the bi

Table 2. The bitstreams are considered conformant, if no errors occur during the decoding process.

5 Reference software

5.1 Gen

eral

The purpose of this clause is to provide the following:

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

© ISO/IEC 2025 - All rights reserved
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Some examples of uses that may be appropriate for the reference decoder software are as follows:

As the

1SO/IE

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

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

C15938-17.

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 con

sidered as definitive prnnf that the bitstream conforms to all constraints cpprifipd for bitstream

conformar

Some examples of uses that may be appropriate for the reference encoder software are as follows

As an
constr

As the|

As anj
decod

Asam
proces

5.2 Soft

The refere

The softw

5.3 Soft

Installatio
5.4 Soft

5.4.1 Ge

Figure 1 4
end neura

compressi
in order to|

| networkcompression pipeline. Each of the boxes specifies a module representing

ce in ISO/IEC 15938-17.

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

eans of generating bitstreams for testing the conformance of a‘decoder implementatid
ng process specified in ISO/IEC 15938-17.

eans of evaluating and demonstrating examples of the quality that can be achieved by a
s that conforms to ISO/IEC 15938-17.

ware location and license

hce software is available at https://standarés.iso.org/iso-iec/15938/-18/ed-2/en/NCTN\

starting basis for the implementation of an encoder that conforms to'1SO/IEC 15938-17.

llustration of how to perform an encoding process that produces bitstreams‘that conform to the

4

n with the

h encoding

1-2.0.zip.

ire license is provided in the file LICENSE included with the software.

ware installation

h instructions are provided.in the file Readme.md included with the software.
ware architecture

neral

ives a general overview of the discussed modules that are commonly present in 4

bn toals. Therefore, the interfaces that define the input/output of these components ar
increase the interoperability between the different components.

he end-to-
a type of
e specified
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v
5 5
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Figure 1 — Reference software architecture

bnce software supports out-of-band signallihg to allow providing configurations
s to the decoder for testing purposes. Those configurations and parameters are not
hnd expected to be provided by the application. This may ease testing of supported func
d signalling mechanisms are not partof conformance to ISO/IEC 15938-17.

wing subclauses, float is defined as in 4.4 of I[SO/IEC 15938-17, and uint8, uint32, int3
32), i(32) as defined in 6.1.3of ISO/IEC 15938-17. Mappings of the types to the
ing language are defined.i. Annex A.

542 P

rameter reduction‘methods

This modulle represents the;set of technologies that reduce the set of parameters of the network.

Input (#1): neural metwork (parameters + architecture) as specified by a particular dee
frameworlk. Examples of these frameworks are Keras®2)/Tensorflow®3) [2] or PyTorch®% [,

Output (#2); meural network (parameters + architecture) as specified by a particular dee
frameworkB&amples of these frameworks are Keras/Tensorflow!2] or PyTorchl[1l,

and other
bart of the
tionalities.

2 conform
Python®Y

b learning

b learning

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 Francois Chollet. This information is given for the convenience of users of this

document a

nd 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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5.4.3 Parameter approximation

This module applies parameter approximation techniques on the extracted parameter tensors. This may
include techniques such as quantization, transformation, prediction, etc.

Input (#3): A dictionary containing all parameter tensors of the network as float tensors and their respective
names as keys. The names of each parameter tensor should be consistent with the nomenclature specified
by the respective model definition.

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

5.4.4 Reconstruction

Each pardmeter approximation technology provides a method that allows for reconstruct

approximg
Input (#4)
Output (#

5.4.5 En

This mody
Auxiliary ¢

Input (# 4
and the di

Output (#

5.4.6 De

This modulle performs the lossless decoding of given'bitstreams.

Input (#5)
Output (#

the same Heys and their items are bit-g¢xact to each other.

5.5 Data structures and interfaces

This subcl

551 m

Informatid
required bj

ted parameter tensors resulting from the approximation procedure.
: A dictionary in the same format as specified in output (#4) of the approximator,

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

code

le performs entropy encoding techniques for input data formats-—Specified in ISO/IE(
lata shall be passed into the bitstream without entropy encodinig in a serialized manne

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

code

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

1): A dictionary in the same forimat as specified in output (#4) of the approximator, hov

huse describes ddta structures and methods that correspond to interfaces described alj

bdel_info: Shared model information

n aboutthe model architecture and the corresponding deep learning framework th
y the test model is provided as variable model_info.

on of the

15938-17.
I.

key names

b): A bitstream representing the entropy encoded‘input dictionary as array of uint8 values.

vever, with

ove.

at may be

The variab

1 11 = - 1 — P TR | L1 : I I 11
IS mouci_iryjo 15 d UITLIUIIATy COIIUAdIIIIITE LIIC REY/ VdIuc pPdIlrs SPECIICU I1T TdUlU I
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Table 3 — Key/value pairs in model_info

Key

Value

‘parameter_type’

Dictionary containing a key/value pair per parameter tensor of the model. Each
key is a string containing the name of the parameter tensor as specified by

the model architecture and the corresponding value is one of the strings ‘conv.
weight’, ‘fc.weight’, ‘conv.bias’, ‘fc.bias’, ‘bn.beta’, ‘bn.gamma’, ‘bn.mean’, ‘bn.var’, or
‘unspecified’.

‘block_identifier’

Dictionary containing a key/value pair per parameter tensor of the model that
shall be grouped in a block. Each key is a string containing the name of the
parameter tensor as specified by the model architecture and the corresponding

belongs to.

value is a string identifying a block in the model architecture the parameter

‘parameter]

| dimensions’

the corresponding parameter tensor.

Dictionary containing a key/value pair per parameter tensor of the ftngdel for
which the parameter dimensions are not present in the bitstream. Each key is
a string containing the name of the parameter tensor as specified by the model
architecture and the corresponding value is a list containingthe dimensions of

‘parameter]

| index’

Dictionary containing a key/value pair per parameter.tensor of the mg
key is a string containing the name of the parametel-tensor as specifie|
model architecture and the corresponding value is\ah unsigned intege
Sorting the integer indexes in ascending order(defines the order of the
tensors.

del. Each
d by the

r index.
parameter

‘topology_s

forage_format’

equal to ‘None’ indicates that no topology unit is contained in the bitst

An integer value representing syntax element topology_storage_format. A value

ream.

‘performange_maps’ Dictionary containing a key/value pair per included performance map{ Each key
is either ‘sparsification’ or ‘pruning’ depending on the performance map type
and each corresponding valuée\iga Dictionary containing the performahce map
information.

‘prune_rep|type’ Integer indicating the tizpe of the prune information. It should match ejther the

identifier NNR_TPL_BMSK or NNR_TPL_DICT.

‘sparse_bit ]

mask’

Alist of zero/one values indicating parameter weights that should be 7
when performing sparsification.

eroed

‘bit_mask_qrder_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’ Alistofstrings representing the labels of each parameters in a model. |Gets writ-

ten‘into the topology reflist.

Each perf
depending]

brmance map included in performance_maps is a dictionary containing the key/v
on the performance map type of dictionary model_info[‘performance_maps’] specified i

Table 4 — Key/value pairs in model_info[‘performance_maps’]

alue pairs
n Table 4.

Vajues in
mof{lel_info.
[‘performance-maps’] Key Value
cantain

‘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 is applied
to the weights of the decoded neural network in order to
set the weights to zero.

‘sparsification’ ‘non_zero_ratio’ Alist of float specifying the non-zero ratios that are
achieved by applying the sparsification thresholds in
‘sparsification_threshold’ to sparsify the weights.

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

‘pruning’ ‘pruning_ratio’ Alist of float specifying the ratios of pruned weights to

the total number of weights.
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Table 4 (continued)

Values in
model_info
[‘performance_maps’]
contain

Key

Value

‘sparsification’ or ‘pruning’

‘nn_accuracy’

Alist of float specifying the overall accuracies

of the NN

for different sparsification thresholds or pruning ratios.

‘sparsification’ or ‘pruning’

‘count_classes’

threshold or pruning ratio.

Alist of uint8 specifying the number of classes for which
separate accuracies are provided for each sparsification

‘sparsification’ or ‘pruning’

‘class_bitmask’

threshold /ratio that defines the classesinclu

Alist of uint32 specifying a class bitmask for each

ed in nn_

class with a matching index.

class_accuracy’. A 1-bit represents the presence of the

‘sparsificat]

on’ or ‘pruning’

‘nn_class_accuracy’

when a certain sparsification threghold or pry
is applied.

A list of float specifying the accuracy folva certain class,

ning ratio

Depending on the values of model_info[’prune_rep_type’], the dictionary contains.one of the key/yalue pairs
specified ih Table 5.
Table 5 — Key/value pairs in model_info[‘prune.rep_type’]
Yalue in model_lflff) Key Value
[‘prune_ntep_type’] is
NNR_TPL_BMSK ‘prune_bit_mask’ A list of zef@/one values indicating parameter wejghts that
should be.pruned when performing pruning.
NNR_TPL_PICT ‘prune_tpl_elem_ids’ Alistef strings identifying the parameters for which new
difmensions are specified. Should be a unique idertifier as
long as the topology definition is active.
NNR_TPL_DPICT ‘prune_tpl_count_dims’ Alist of uint32 values indicating the number of dimensions
for each parameter.
NNR_TPL_DPICT ‘prune_tpl_dims’ Alist of uint32 values specifying the new dimensjons of
each parameter.
5.5.2 approx_data - Data structure

Interfaces

The variah

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

le approx_data(isya dictionary containing the key/value pairs specified in Table 6.
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Table 6 — Key/value pairs in approx_data

Key

Value

‘approx_me

thod’

Dictionary containing a key/value pair per approximated parame-

ter tensor of the model. Each key is a string containing the

the parameter tensor and the corresponding value is specifying the
parameter approximation method. Allowed values are ‘uniform’ or

‘codebook’.

name of

‘parameters’

Dictionary containing a key/value pair per parameter tens

model. Each key is a string containing the name of the parameter

tensor and the corresponding value is a tensor. In the case

parameter, it contains float values and in the case of an approximated

parameter, it contains int32 values.

or of the

of a float

‘compresse

l_parameter_types’

Dictionary containing a key/value pair per block identifier|of the
model. Each key is a string containing the name of the.block identifier

as specified in model_info and the corresponding value'is i
syntax element compressed_parameter._types.

entical to

‘decomposi

Lion_rank’

Dictionary containing a key/value pair per btock identifier
model for which low-rank decomposition.is’used. Each key
containing the name of the block identifiet/as specified in
and the corresponding value is identical to syntax element
sition_rank.

of the

is a string
nodel_info
decompo-

‘g_number._

pf rows’

Dictionary containing a key/valuepair per block identifier
model for which low-rank decomposition is used. Each key
containing the name of the block identifier as specified in 1
and the corresponding yalue is identical to syntax element
ber_of_rows.

of the

is a string
nodel_info
g_num-

‘scan_order

Dictionary contaihing a key/value pair per weight parame
of the model. Each key is a string containing the name of th
ter tensor andthe corresponding value is identical to synt
scan_order,

er tensor
e parame-
X element

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

‘ap’ Dictionary containing a key/value pair per approximated parameter
tensor of the model. Each key is a string containing the narhe of the
parameter tensor and the corresponding value is an int32 jralue spec-
ifying the quantization parameter.

‘qp_density An int32 value specifying syntax element gp_density.

The pararheter tensors_of the model are derived from model_info and from approx_data[‘c¢mpressed_
parameter|types’]. ThiSimay result in added or removed parameters relative to model_info depending on the
values in approx_data[‘compressed_parameter._types’].

In additiop, the jdictionary contains the key/value pairs depending on the values of dictionaty approx_
data[‘approxsmethod’] specified in Table 7.
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Table 7 — Key/value pairs in approx_data[‘approx_method’]

approx_
contain (at least once)

Values in Value

data[‘approx_method’]

Key

‘codebook’

‘codebooks’
codebook-approximated parameter

codebook values.

Dictionary containing a key/value pair per

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

tensor of

‘codebook’

‘codebook_zero_offsets’
codebook-approximated parameter

Dictionary containing a key/value pair per

tensor of

the model. Each key is a string cont

sponding value is a int32 value.spec
element of the codebook thdt corres
integer index 0.

1ining the
name of the parameter tensor afid<the corre-

fying the
ponds to

‘codebook’

‘codebooks_egk’ Dictionary containing@key/value p
codebook-approxiimated parameter

the model. Each\Key is a string contd

sponding ¥alire is an int32 value spe
syntax-elenient codebook_egk.

name of the parameter tensor and the corre-

nir per
tensor of
ining the

cifying

The metad
the later r
to entirely

ata specific to the approximation method shall containsall necessary information r¢
bconstruction process. This is to ensure that the subseguent reconstruction method v
reconstruct the int32 parameter tensors of the fetwork back to a float represent

metadata gnay be shared across parameters (global), or mayyalso be parameter-specific (local). Fo

arespectiy
flexibility
to the par
consistend

5.5.3 nn

5.5.3.1 (

e mapping between the parameter name and the'metadata should be provided. In orde
hcross different approximation methods, the.choice of the specific format of the met4
ficular method. However, the use of a dictionary structure is recommended in order

Y.
c_core - Main module

heneral

This modulle provides the submodules approximator, coder and approx coder.

5.5.3.2

This mod

nnc_core.

The variah

]

nc_core.approximator - Parameter approximation module

e providesan'interface definition for parameter approximation and reconstruction.

hpproximator.approx (approx info, model info, approx data)

le,medel_info is a dictionary according to 5.5.1.

quired for
Vill be able
ation. The
" the latter,
 to ensure
idata is up
to ensure

Variable approx_infois a dictionary containing the Key/value pairs specified in Table 8.
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Table 8 — Key/value pairs in approx_info

Key

Value

‘approx_method’

are ‘uniform’and ‘codebook’.

String specifying the parameter approximation method. Allowed values

‘to_approximate’

Alist of strings identifying the parameter types that are approximated.

‘dq_flag’

whether dependent quantization is used.

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

‘lambda_scale’

A float value specifying the lambda scale value to be used in dependent

quantization.
‘cabac_unaly_length_minus1’ An int32 value specifying the syntax element cabac_unary_length_minus1.
‘integer_aligned_bitdepth’ An uint8 value >= 2 and <=32. Specifies a bit depth for limited precision
conformance testing. Typical values: 4 (bit) or 8 (bit).
The dictiopary approx_info shall contain further keys value pairs depending on the value approx_info[‘approx_
method’] agcording to Table 9.
Table 9 — Key/value pairs in approx_info[‘approx_method’]
approx_method Key Value

‘uniform’ ‘ap’ Dictionary containing a key/walue pair per parameter tensof of the
model that is approximated:\Edch key is a string containing fhe name
of the parameter tensor and the corresponding value is an ift32 value
specifying the quantisation parameter.

‘codebook’ ‘qMse’ A float value specifying the maximum mean squared error between
the quantized tensors and the original tensors. If the quantization
algorithm fails.te achieve this MSE for a tensor using the makimum
quantization,bits specified by gMax, then the tensor is not qyantized.

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

‘uniform_sht’ ‘sbt_args’ Dictionary containing parameters if the chosen method is uniform_sbt.

If uniform |

sbt is used, the dictionary shallicontain the values according to Table 10.

Table 10.—~Key/value pairs when uniform_sbt is used

Key Value
‘epoch’ Number of the current epoch.
‘n_epoch’ Total number of epochs.
‘sht_mean_fjuant’ A binary flag to activate mean quantization.

‘sht_subqud

ntizatien_approach’

tion shall be activated.

A binary flag that determines whether or not the batchnornp quantiza-

‘sht_bn_qud

nt

A variable that determines which quantization mode shall j

e applied.

nad  foaitol 1

i) iblaxzalis A : mahinaed. foeunatceh bhatazann i ooy oo
T OSSTOTCVvaratsar C.—CoThomctr

3 fxaz n-lad |
LQ vvIiItUCIT UCULVVO LIl uluouy arnrd

ternary),

quantization is applied).

‘binary’ (only binary quantization is applied), ‘ternary’ (only ternary

‘sht_quantization_approach’

If the quantization mode is combined, this variable determi
binary/ternary switching will happened. Possible values ar
and ‘random_round’.

nes how
« )
e ‘random

The variable approx_data is a dictionary according to 5.5.2.

Returns a dictionary according to 5.5.2. The approximation methods are specified in clause 8 of
ISO/IEC 15938-17.

nnc_core.approximator.rec (approx data, model info)
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The variable model_info is a dictionary according to 5.5.1.

The variable approx_data is a dictionary according to 5.5.2.

Quantized values in variable approx_data are replaced with reconstructed versions. The employed

reconstruction methods are specified in 7.3 of ISO/IEC 15938-17.

nnc_core.approximator.fold bn(model info, approx data, approx info)
The variable model_info is a dictionary according to 5.5.1.
The variable approx_data is a dictionary according to 5.5.2.

Variable approx_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
parameters, a scaling and a bias parameter. The two parameters are obtained by merging\the b

parameters as specified in 8.2.6 of ISO/IEC 15938-17.

nnc_core.ppproximator.unfold bn(model info, approx data)
The variable model_info is a dictionary according to 5.5.1.

The variable approx_data is a dictionary according to 5.5.2.

Replaces dcaling and bias parameters in approx_data with recreated-equivalent batch-norm p

The recredtion process is specified in 8.2.6 of ISO/IEC 15938-17.

nnc_core.ppproximator.set lsa(model info, approx data, 1sd)params)
The variable model_info is a dictionary according to 5.5.1.

The variable approx_data is a dictionary according to 5.5.2.

The variable Isa_params is a dictionary containing-gkey/value pair per parameter tensor of the

which scal

scaling pagameters are applied to and the corresponding value is a 1D tensor. In the case of a float

it contains

Adds scali

ISO/IEC 19938-17. The reference softwdre provides an algorithm for deriving values for Isa_param

itis out of

nnc_core.

The variable model_info,is-a/dictionary according to 5.5.1.

The variable approxidata is a dictionary according to 5.5.2.

Applies th

with the s¢aléd versions. Then removes the scaling parameters from approx_data. The process is g

8.2.6 of IS

ng parameters are specified. Each key.is‘a string containing the name of the parameter

float values and in the case of an-approximated parameter, it contains int32 values.

g parameters for each tensor specified by Isa_params to approx_data as specified

scope of the standard.

bpproximator.applyslsa (model info, approx data)

e scaling parameters to each tensor specified and replaces the parameter tensors in gj

only two
atch-norm

arameters.

model for
tensor the
barameter,

in 8.2.6 of
5, although

bprox_data
pecified in

I/IF‘{‘ 15938-17

5.5.3.3

nnc_core.coder - Entropy coding module

This module provides access to lossless entropy encoding and decoding functions.

nnc_core.coder.encode (enc_info, model info, approx data)

The variable model_info is a dictionary according to 5.5.1.

Variable enc_info is a dictionary containing the key/value pairs specified in Table 11.
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Table 11 — Key/value pairs in enc_info

Key

Value

‘cabac_unary_length_minus1”

An int32 value specifying the syntax element caba
length_minus1.

c_unary_

‘param_opt_flag’

A flag specifying whether cabac optimization is us

ed.

‘nnr_pt_block_enabled_flag’

If equal to 1, decoding method for NNR compressed payloads

of type NNR_PT_BLOCK is enabled.

‘partial_data_counter’

A uint8 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.

‘node_id_present_flag’

Equal to 1 indicates that syntax elements device id, parame-

ter_id, and put_node_depth are present.

‘max_ndu_r

nr_unit_size’

An int32 value specifying the maximum size (invby

rtes) of a

ndu nnr unit. The payloads of ndu nnr unitsjare pajrtitioned

to achieve the desired size. Overrides the value of
data_counter’.

partial_

‘device_id’

Uniquely identifies the device that generated the c
NDU.

urrent

‘mps_topol

gy_indexed_reference_flag’

A Boolean value specifyingif indexed references a
Setting the flag to True ehables element IDs to be g
using indices. If False,.strihg-based labels are used

re used.
oded
instead.

‘temporal_(

ontext_modeling_flag’

A flag specifying whether temporal context model
used.

ling is

‘encode_tpl]

| only’

A Boolean specifying if model data is written into

the bit-

stream. [f'True, only topology data is written and ho approxi-

mationdata etc. is written.

‘row_skip_g

nabled_flag’

A flagspecifying whether row skip is used.

‘out_of ban

d_signaling’

A-Boolean specifying if input parameters (i. e. cou
dimensions, tensor_dimensions, cabac_unary_length
compressed_parameter_types, decomposition_rank
ber_of_rows) are signaled out of band. If True, none
parameters is written to the bitstream but to a dig
which is stored as JSON file. If False, each paramet
ent, is written to the bitstream.

t_tensor.

| minus1,

hnd g_num-
of these
tionary

er, if pres-

‘parent_noq

le_id_present_flag’

Equal to 1 indicates that syntax element parent_n
type is present.

de_id_

‘parent_noq

le_id_type’

Indicates which further syntax elements for uniqu
identifying the parent node are present. Allowed v
ICNN_NDU_ID=0, ICNN_NDU_PL_SHA256=1, ICNN_]
SHA256=1 or 3 (Reserved).

ely
alues are
NDU_PL_

‘parent_dey

ice_id’

Is equal to syntax element device_id of the parent

NDU.

‘general_pn

bfile_idc’

Equal to 1 indicates that bitstream conforms to th
compression tool set. If 0, bitstream conforms to t

b extended
he base
ub-

feature set (as defined in ISO/IEC 15938-17:2024, {

clause 6.4.3.2).

‘bt_signaling’

If equal to 1, improved context modelling for binary and ter-

nary data is enabled (e.g. in conjunction with SBT)

‘mps_paren

t_signalling_enabled_flag’

Specifies whether parent node information (i.e. element par-

ent_node_id_present_flag) is signalled at NDU level

If equal to 0, parent_node_id_present_flag is not present for
any NDU (i.e. the bitstream represents a base neural net-
work). If equal to 1, the bitstream represents a differential

update of a base neural network.

The variable approx_data is a dictionary according to 5.5.2.
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