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Recommendation ITU-T Y.3179

Architectural framework for machine learning model serving in future
networks including IMT-2020

Summary

Recommendation ITU-T Y.3179 provides an architectural framework for machine learning (ML)
model serving in future networks including IMT-2020, i.e., preparing and deploying ML models in
different deployment environments to enable the application of ML model inference to ML underlay
networks. The framework includes high-level requirements, and a high-level architecture description
covering the definition of architectural components and reference points.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with 1SO and IEC.

NOTE

In this Recommendation, the expression "Administration™ is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall” or some
other obligatory language such as "must” and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents/software copyrights, which may be required to implement this Recommendation.
However, implementers are cautioned that this may not represent the latest information and are therefore
strongly urged to consult the appropriate ITU-T databases available via the ITU-T website at
http://www.itu.int/ITU-T/ipr/.

© ITU 2021

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Recommendation ITU-T Y.3179

Architectural framework for machine learning model serving in future
networks including IMT-2020

1 Scope

This Recommendation provides an architectural framework for machine learning (ML) models
serving in future networks including IMT-2020, i.e., preparing and deploying ML models in
different deployment environments to enable the application of ML model inference to ML
underlay networks.

The scope of this Recommendation includes:

— Background and motivations;

- High level requirements;

— High-level architecture description including the definition of architectural components,
reference points and sequence diagrams.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T Y.3172] Recommendation ITU-T Y.3172 (2019), Architectural framework for machine
learning in future networks including IMT-2020.

[ITU-T Y.3174] Recommendation ITU-T Y.3174 (2020), Framework for data handling to
enable machine learning in future networks including IMT-2020.

[ITU-T Y.3176] Recommendation ITU-T Y.3176 (2020), Machine learning marketplace
integration in future networks including IMT-2020.

3 Definitions

3.1 Terms defined elsewhere

This Recommendation uses the following terms defined elsewhere:

3.1.1 machine learning model [ITU-T Y.3172]: Model created by applying machine learning
techniques to data to learn from.

NOTE 1 — A machine learning model is used to generate predictions (e.g., regression, classification,
clustering) on new (untrained) data.

NOTE 2 — A machine learning model may be encapsulated in a deployable fashion in the form of a software
(e.g., virtual machine, container) or hardware component (e.g., 0T device).

NOTE 3 — Machine learning techniques include learning algorithms (e.g., learning the function that maps
input data attributes to output data).

3.1.2 machine learning function orchestrator (MLFO) [ITU-T Y.3176]: A logical node with
functionalities that manage and orchestrate the nodes in a machine learning pipeline.
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3.1.3 machine learning sandbox [ITU-T Y.3172]: An environment in which machine learning
models can be trained, tested and their effects on the network evaluated.

3.1.4 machine learning marketplace [ITU-T Y.3176]: A component which provides
capabilities facilitating the exchange and delivery of machine learning models among multiple
parties.

NOTE 1 — Examples of parties include suppliers and users of ML models. Capabilities provided to users of
ML models include functionalities to find, learn about, deploy (or download) and use ML models.
Capabilities provided to suppliers of ML models (e.g., data scientist) include functionalities to share (on-
board, upload), describe (learn about) and market their ML models.

NOTE 2 — A network operator may use a machine learning marketplace deployed internally and/or
externally to the network operator's administrative domains. Internal and external marketplaces differ only in
the deployment perspective. A marketplace which is internal to a network operator may act as an external
marketplace to another network operator and vice versa.

3.1.5 machine learning pipeline [ITU-T Y.3172]: A set of logical nodes, each with specific
functionalities, that can be combined to form a machine learning application in a telecommunication
network.

NOTE - The nodes of a machine learning pipeline are entities that are managed in a standard manner and
can be hosted in a variety of network functions [b-ITU-T Y.3100].

3.1.6  machine learning underlay network [ITU-T Y.3172]: A telecommunication network and
its related network functions which interfaces with corresponding machine learning overlays.

NOTE — An IMT-2020 network is an example of a machine learning underlay network.

3.2 Terms defined in this Recommendation
This Recommendation defines the following terms:

3.2.1 model inference: Process by which a deployed machine learning model generates a result.
NOTE — Examples of generated result from machine learning model are prediction or classification.

3.2.2 inference optimization: Optimization performed on a trained machine learning model for
better performance during inference.

NOTE - Examples of better performance are improved latency and computing efficiency.

3.2.3 inference engine: Functionality that provides runtime environment for a machine learning
model and exposes corresponding machine learning model inference capability.

3.24 ML model serving: A process of preparing and deploying machine learning models in
different deployment environments to enable the application of model inference to machine learning
underlay networks.

3.2.5 serving ML model: A machine learning model, obtained as a result of a machine learning
model serving process, which is ready for performing inference in machine learning underlay
networks.

4 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:

AN Access Network
API Application Programming Interface
AUC Area Under Curve
CN Core Network
CPU Central Processing Unit
Documents
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FPGA
GPU
loT
MEC
ML
MLDB
MLFO
MSE
NF
QoS
RAN
src
UPF
VNF

5

Field Programmable Gate Arrays
Graphics Processing Unit
Internet of Things

Mobile Edge Computing
Machine Learning

Machine Learning Database
Machine Learning Function Orchestrator
Mean Squared Error

Network Function

Quality of Service

Radio Access Network

source (ML pipeline)

User Plane Function

Virtual Network Function

Conventions

In this Recommendation, requirements are classified as follows:

The keywords "is required to™ indicate a requirement which must be strictly followed and
from which no deviation is permitted if conformance to this document is to be claimed.

The keywords "is recommended” indicate a requirement which is recommended but which
is not absolutely required. Thus, such requirements need not be present to claim
conformance.

The keywords "can optionally” and "may" indicate an optional requirement which is
permissible, without implying any sense of being recommended. These terms are not
intended to imply that the vendor's implementation must provide the option and the feature
can be optionally enabled by the NOP/service provider. Rather, it means the vendor may
optionally provide the feature and still claim conformance with the specification.

ML pipeline — In this Recommendation, in alignment with the conventions of [ITU-T Y.3172]
when the symbol shown in Figure 1 is used, this denotes a subset (including proper subset) of nodes
in an ML pipeline. When this symbol is used in a figure, the symbol stands for the subset of an ML
pipeline's nodes not explicitly shown in that figure.

6

: Y¥.3179(21)_F01

Figure 1 — Symbol used to denote a subset of nodes in an ML pipeline

Introduction

This Recommendation aims at addressing challenges for ML models serving in future networks
including IMT-2020, i.e., application of ML model inference to ML underlay networks. The
challenges include the following:

Full document details: ITU-T Y.3179 2021

Enabling efficient ML models optimization mechanisms for heterogeneous deployment
environments.
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The existing ML marketplaces [ITU-T Y.3176], such as the ones available in open-source
[b-LF Acumos], provide built-in packaging solutions which wrap the trained models using
packaging mechanisms, like containers, without optimization considerations regarding the
deployment environment. This may result in lack of efficiency, e.g., due to a high
computational complexity and redundant parameters, while performing inference.
Furthermore, diverse inputs and constraints from varied ML underlay networks may require
specific optimization considerations.

— Ensuring flexible deployment of ML models for different use case scenarios.

Deployment requirements of ML models in network operators' networks may be specific to
the use case requirements and deployment environment. The existing containerized
deployment environments may not provide enough flexibility and portability to address the
considerations of network operators' deployment preferences.

NOTE 1 — For example, a network operator may prefer deployment of ML models from internal
ML marketplace implemented using Acumos or external ML marketplaces of third party players.
Each marketplace supports specific deployment environments, e.g., Kubernetes cluster
[b-Kubernetes]. However, the network operator may need to deploy ML models optimized for less
resource consumption or quicker execution in the access network (AN) while ML models optimized
for higher throughput may be implemented in the core network (CN). Flexible solutions are needed
to help with deploying ML models into various hardware environments, e.g., into environments
with limitations in terms of computing power and support of strict latency requirements.

— Providing effective interfaces in a ML pipeline when a ML model is deployed.

For some ML pipelines where the ML model is embedded in a ML application, e.g., a ML
pipeline for an access network, the interaction between the ML model and other nodes in
the ML pipeline is implementation-specific. While in other cases, model inference is
exposed to the network as web services and a standardized mechanism for serving these
ML models is needed to ensure the workflow of the ML pipeline.

To address the above listed challenges, this Recommendation specifies an architectural framework
for ML models serving in future networks including IMT-2020 by considering three fundamental
stages, which are inference optimization, model deployment and model inference.

The inference optimization stage is the process by which the trained ML models are modified for
better performance when executing inference in a certain deployment environment according to the
requirements of the use case and the current state of the network. This is essential to achieve better
performances, e.g., improved latency, throughput, power efficiency and memory consumption.
Inference optimization may be achieved by both model-targeted optimization techniques, e.g.,
pruning, quantization, structural compression, graph conversion and layer fusion, as well as
hardware specific ones, e.g., compiler acceleration and parallel computing acceleration.

NOTE 2 — Metadata generated from the training and usage of ML models in the network operators' networks
may be used for inference optimization of the ML models.

The model deployment stage is aimed at getting the ML model ready to run in a specific
deployment environment, which is followed by the inference stage where the model inference
output result is applied to ML pipelines.

Based on the high-level requirements in clause 7, clause 8 of this Recommendation provides a high-
level architecture, including reference points and sequence diagrams, aiming to provide
mechanisms for ML model serving in future networks including IMT-2020.
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7 High-level requirements

7.1 Inference optimization

This clause describes high-level requirements related to inference optimization of ML models
before the ML models are deployed in ML pipeline subsystem.

REQ-ML-OPT-001: It is required that inference optimization of a ML model be determined based
on the deployment environment in the ML underlay network.

NOTE 1 — Examples of deployment environment include real time deployment environment in the AN and
cloud computing environment in the CN.

REQ-ML-OPT-002: It is required that inference optimization of a ML model be determined based
on the up-to-date characteristics and status of the ML model.

NOTE 2 — Examples of ML model characteristics are the type of learning and structure of the ML models.
NOTE 3 — Examples of ML model status are observed performance values and optimization status.

NOTE 4 — Monitored performance reports of a ML model may be correlated with the type of data that the
ML model has handled in order to decide what type of optimization to perform (e.g., pruning of decision
trees).

REQ-ML-OPT-003: It is required that inference optimization of a ML model be determined based
on changes in input data patterns.

NOTE 5 — Example of changes in data patterns are frequency of outliers' appearance, like frequency of call-
drops or packet drops in the network, and change in number of network users in a location.
REQ-ML-OPT-004: It is recommended to update ML models in the ML model repository along
with their corresponding optimization information after inference optimization.

NOTE 6 — Updated ML models can be reused in other ML pipelines deployed on similar hardware
environment. Optimization information helps in the matching to similar runtime environments.

NOTE 7 — Examples of optimization information include the target environment, changes to the original
model and effects of the optimization.

7.2 Model deployment
This clause describes high-level requirements for deploying ML models in ML pipeline subsystems.

REQ-ML-DEP-001: It is required that model testing and evaluation be done in the ML sandbox
subsystem before model deployment in a ML pipeline to make sure the ML model meets the
requirements of the ML pipeline.

NOTE 1 - For example, the ML model may be evaluated with respect to specific performance requirements
as laid out in the ML pipeline requirements.

REQ-ML-DEP-002: It is required to select model runtime environments based on the resource
requirements of the ML models and the resources' status of the ML underlay network.

NOTE 2 — For example, some ML models may require graphics processing unit (GPU) capabilities to
achieve the desired performance while some may be optimized for other specific capabilities, e.g., in terms
of central processing unit (CPU) and field programmable gate arrays (FPGA) characteristics.

NOTE 3 — An example of ML underlay network resources' status is the size of memory available for use in
the ML underlay network. The deployment should prepare a ML model with a size less than the memory
available for use in the ML underlay network.

REQ-ML-DEP-003: It is required to select a model deployment option based on the use case
specification as indicated in the ML Intent [ITU-T Y.3172].

NOTE 4 — A use case specification may include latency and throughput requirements, performance
requirements and location requirements. Model performance metrics may include precision, recall, area
under curve (AUC) [b-AUC in classification] for classification models and mean squared error (MSE) for
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