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1. Market

< Atrtificial Intelligence In Telecommunication Market (0ll)

Report Attribute Details

Market size value (2020) = USD 962.2 million e joats
sia Pacific cial Intelligence (Al) in telecommunication market size, L
l by application, 2016 - 2027 (USD Million)
o a1t ["— 1
Revenue forecast (2027) = USD 9,350.3 million { Network Security, Network Optimization, |
1 Customer Analytics and others 1 l ]
Growth Rate * CAGR of 38.4% from 2020 to 2027 '=-=====ceeaecica—c g g
‘ L
. . m
Base year for estimation * 2019 \ - ” ]
468 698 \ — - ‘ I —
= - —
Historical data « 2016 -2018 T S oL e g a znlzs o
| Network Security * Network Optimization Customer Analytics I
 Virtual Assistance ® Self-Diagnostics = Others
Forecast period * 2020 - 2027 s weepmermerns s ’
Quantitative units * Revenue in USD million and CAGR from 2020 to 2027
Segments covered * Application, region
Regional scope * North America; Europe; Asia Pacific; South America; MEA
Country scope * U.S.; Canada; Mexico; Germany; U.K.; France; China; Japan; India; Brazil
* IBM Corporation; Microsoft; Intel Corporation; Google; AT&T Intellectual Property;
Key companies Cisco Systems; Nuance Communications, Inc.; Evolv Technology Solutions, Inc.; H20.ai;
Infosys Limited; Salesforce.com, Inc.; and NVIDIA Corporation

JS Lab

https://www.grandviewresearch.com/industry-analysis/artificial-intelligence-telecommunication-market
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1. Market

* IDC indicates that 63.5% of operators are investing in Al systems

to improve their infrastructure. Some popular Al use cases in
telecom include

« ZeroStack’s ZBrain Cloud Management

* Aria Networks, an Al-based network
» Sedona Systems’ NetFusion

* Nokia launched its own machine learning-based AVA platform

ZeroStack’s ZBrain Cloud Management

Aria Networks, an Al-based network

N , — JS Lab
https://techsee.me/blog/artificial-intelligence-in-telecommunications-industry/
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(IENP: intelligence-based Edge Networking Platform)
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1. Market

< S4A}L: SK open API A{H|A

BB Al Lab for Network Infrastructu. X [EERRE IS Qe

ra

c

@ openapisk.com/content/API/Al?pageNo=18&itemsPerPage=_&srchKeyword=&dpType=thumb&filterType=category

SKopen AP

HH&]

API

+ Category®
Mobility (3)
Network (1)

Data (1)

Al(3)

Commerce (1)
Communication (1)

Security (2)

* BlAbE
#1197 (1)
#ADTZ2 (0)
#SK broadband (2)
#SK C&C (2)
#SK planet (1)
#5K telecom (6)
#Urbanbase (1)

SK telecom

Technology

Tmap

Resources

Community

Aiden

HHelA=E 3 Y2 00X 7
=5 API

SK Cac

Tech Gallery

FQW
L *'.J

My Project

HAfshMls.

Z H- =

AIBRIL

Brifliant intelligence
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1. Market

< S AL NTT Docomo?| Edge Al Platform A{H| A
' Al Transforming the Way We Do X [JES

O @ &  https://www.ntt.com/en/services/ai.html 1% o & @
mations . @
\' Go the Distance. @ earc! Q
Services Al

Communication
Engine
"COTOHA® API"

Natural Language
Processing API service for
text analytics, dialogue,
and voice recognition
based on the technology
of NTT R&D over 40 years

Semantic Search
Engine "COTOHA
Chat & FAQ™"

Itis a service that
supports customer's
problem self-solution by
chat conversation and
FAQ search.

wsln

Al Translation
Platform Service
COTOHA®
Translator

Our state-of-the-art
Artificial Information
technology enables the
translation service with
accuracy, speed, and

usability.

&l

News

NTT Communications
Exhibits Advanced
Technology Powered
Sports Meetup App,
Spolive, at SXSW
2019

Communication
Engine
"COTOHA®
Virtual Assistant"

COTOHA provides
business solutions for
labor shortages and
diversification of contact
points.

CONTACT OUR EXPERTS

https://www.ntt.com/en/services/ai.html

JS Lab
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2. 2l= 2}

** NRF for NF service access
«» Cloud Native Framework

HPLMN (Home Public Land Mobile Network)

Q

VPLMN (Visited Public Land Mobile Network)

g

1Ef 4

r

4 = (Backhaul)

< 5G T 0{(Core)

I 2 E 2 (Fronthaul) GNE

> < NG-RAN —»

JS Lab
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+»» Cloud Native 5G Core

Samsung Cloud Orchestration (SCO)

Orchestration

& Automation Centralized Orchestration | ’ Network Slicing Manager ‘ 7 Centralized Operation l \ Centralized Analytics

Cloud Native NF UpsF - uor R
(5G Core NF) | - sl
Dynamic State Data Master DB Manager
Stateless Camr | [sme | [ uers | | 11 | [ | pers | | uomy | |
& Microservices ‘ MME | | Gwc | | gwu | | NRF | | NSSF || AUSF |1 pepe | | hss || NEF |

Platform Service g &@ ‘\ 0 . @ Hgm

o
Prometheus Envoy Istio Kiali mongoDB Grafana Helm

. |." L

Cloud Native y @ 0 (! ; )

Open Sources s > y -
Fluentd Jaeger CoreDNS Jenkins Harbor Spinnaker

Cloud
Infrastructure @‘
Containers Kubernetes Docker

Samsung Cloud Platform (SCP)

Samsung 5G Core’s Cloud Native Enabled Architecture

JS Lab
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2. 2l= 2}

< NRF2| Management Architecture

Y OIE

215 (Authentication framework), 72 X} Z2}0|H{ A| (Subscriber privacy)
- SBA(Service based architecture) 2 £2F ¢
- User Planel| ¢ E 9t 1n&{
« NWDAF: Network Data Analytics Function

uE
» 4

o R
[

NMS

3GPP Access

. e
() Il () | |
g
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2. 2l= 2}

“ From ETL to ELT

* Extraction

* Transformation (Data Cleaning)

* Loading and Refreshing

N
e ——

Source 1
S —

S

Source 2

o

Source 3

T~
s

Extract I:> Transform [> Load

E->T->L

T
e
Source 1 /T_P.r_;aeﬁ
— \
- ~r
Source 2 —— go ‘ ]
h.h‘————-—"‘a .
/V Staging Final
tables tables
Source 3
Extract&Load [y  Transform
E->L->T

https://aws.amazon.com/blogs/big-data/etl-and-elt-design-patterns-for-lake-house-architecture-using-amazon-redshift-part-1/

JS Lab
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2. 2l= 2}

«» Data Lake vs. Data Warehouse

* Extraction

* Transformation (Data Cleaning)
* Loading and Refreshing

DWH

®0e0..
@ 00e- .
1 I LA

ETL

Transform

[l
™
>

Transform

2 PR
200 3

H-’%(nl 3]
Data Lake

ELT

Replicate
~J

Fe )

https://big2smart.com/data-lake-vs-data-warehouse-whats-the-difference-and-which-is-the-best-data-architecture/

JS Lab
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< CNF HE|3 o{+H A 7 (Globe)
< AlLOps 7|4t ZHojf ol = 22| (& LIALCH)
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AArH
M ofn @ X

ol pcd & ML 7|8 X2 ADLE AE| loT Z2E(VzW)
- =°, 2 Telco B 0| E{2 0] L (S AIA} T}

& D7 A [a| = 9|3 xH(HT A o7&
2 2|- DHE 7|g| + D70 A |2 9|8 HlO|E| ME (T2 ofF|HH)

< DI E 2|5t SageMaker E-E(T-Mobile)

< ARZ| ZE|(VF), ZFY X} 0| 0f| % (Telenor)

% Using ML To Assess Service Quality (Verizon)

< Using Al To Connect The Unconnected (Telefonica)

A= Q ALEAL A E @ Ato|H] A7 2|E|
A o g Eaf= x|}
&eto|d Selec

RAN 22|
(SDN H|0{7])
/ I17] 7|51 (Edge) 4H(CO) Mol Aol )
-]
EE =
IR N
& LS A edd
£0EE loT/4IA
Cell AIO|E
g%xlg-’k N
AR/VR

HD/3D1360 BiC| 2
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*» Lustre Storage for Al
. E2 FZl0| HE 8 B IS

« Data Lake 7+ 7|4t 11/
» https://www.lustre.org/

Management Cluster
Halg | E}EH[ O] E{ &
—

H|EfCl O] B =t

rza] M

2EE|X| E|Y AEZ|X| MH
ol cHe| 0] 5%
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1
1
1
1
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Cloud Native X} Cluster
HCI (Hyper Converged Infrastructure

2t2|Y (Provisioning /

Replication / Fault Tolerant) _%E|ﬁ
| l | | | | |

=2y @
MH| A2 (Overlay) oA
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o
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I
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3. QEAA ZEHE

)

L)

Network
Devices

Appliances

Containers

Endpoints

Agent (Telegraf)

DB (InfluxDB)
Ul (Chronograf or Grafana or Dev.)
ML/AI (Kapacitor)

Telegraf

Agent for Collecting and Reporting
Metrics and Events

SNMP

& SNMP Trap i

Cisco GNMI & DTM JTI
(gRCP. TCP) OpenConfig

200+ Plugins

Community

ibreNM ntop
LibreNMS NetFlow / sFlow
Nagios ’ Metamako

» Software Stack for Network Management and Al

100 VMs @ HPC Innovation Hub

InfluxDB

Purpose-Built Time Series Database
Visualization, Query & Task Engine

[ wetrics | Custom KPis

Includes pre-canned dashboards

Flux

(query and scripting language)

e

Service Client Anomaly Machine User
: : . . ; Defined
Discovery Libraries Detection Learning :
Functions
Azure / AWS

Kubernetes

Telegraf

Alerting
Frameworks

Grafana

Ul
Frameworks

https://www.influxdata.com/solutions/network-monitoring/

JS Lab
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3. LEAA TZRHNE

+»* NVMe-oF SSD based EBOF

* NVMe-oF (NVMe over Fabrics)
 EBOF (Ethernet Bunch of Flash)

JBOF (just a bunch of flash) EBOF (Ethernet Bunch of Flash)
Conventional NVMe JBOF NVMe-oF EBOF

Storage Head Nodes storage 1 3
Or Application Servers Controllers | =,

Server  App. Server App. Server
leb Database Analytics

Hypervisor, Container

Q Pros Pros
v" Enables disaggregation of NVMe High Bandwidth
SSDs

Scaled Linearly (Ethernet)
Sharable via NVMe-oF
Less power

Lower latency

v" Management & Storage Services

v Utilizing existing storage & server
architectures

PCle

Ethernet ernet
Switch Q Cons |5wltch | E

» Non-scalable Storage Controller -
PCle single root constraint

a0

Cons

New platform architecture
Management of Storage
Services & Network Devices

v v QD

Ethernet

PCle > Bandwidth Limitation

NVMe NVMe - CPU, PCle, Networking NVMe-oF NVMe-oF
SSD SSD Constraints SSD ees SSD

NVMe JBOF » Powerand Thermals NVMe-oF EBOF

JS Lab
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< 2|52 T (Linux Foundation)
o St SHEH H=AS2 LYot LELAA Z2HENM &S

« LF Al Foundation (2! &X|5)

 LF Edge Foundation (0| X|)

 LF Networking Fund (2E 42 H EZ)
« Hyperledger (E2X4¢!)

CILF A
LILFEDGE

LILFNETWORKING

S
(7 HYPERLEDGER

JS Lab



3. QEAA ZRHE

s ONAP(Open Network Automation Platform)
“» DCAE(Data Collection Analytics and Events Project)

DCAE Analytic Applications

Opengg
Omp
"lterfa CMP Real-time Analytic Applications Other Applications
&S I Scaling ][ Anomalies ][ Other I ICapacity ” Signatures ]I Testing ]l Other I
\
Customized Analytics Reusable Analytic Applications / Library
|agglets[funcﬂons(gueries | I Cross-domain, domain-specific applets/functions/queries ... |

5

w £
$is
= ‘éi § Analytic Framework Unstructured & Structured
T g ¥ Data Persistence
-; £ @ [ Stream Operators, DAG Operators, DAGs, ... ]
€ 9 9o Baseline, Inventory,

9, — Trends Policies, Topolo,

5 Data Movement | Calls " Logs ” Sessinnsl
I Event, Message & Data Routing I | Edge/Core || Events || Other |

Stream Data Collection Batch Data Collection
[ Events II Flows ” Usage ” Other ] lCounters ” Files ” Logs ” Other I

I Cloud Infrastructure/VM/VF Instrumentation I

ST —

JS Lab




< LF Al Foundation (2! &X|5)

. MAIZHB|0|E Xz
. BB

@ rcumos| [[F Angel

Acumos % 11

€ ONNX

ONNX

<@> EGERIA

Egeria

Angel-ML *

~n
~
e §

X 9.356

LF Al & Data Foundation

LF Al & Data Foundation

LF Al & Data Foundation

LF Al & Data Foundation

LF Al & Data Foundation

=ADLIR

Adlik i 210
LF 41 & Dats Foundation

®

Adversarial
Robustness
Toolbox

Adversarial Robustness 4 1 834
Toolkit

LF Al & Data Foundation

®

Al Explainability 360

Al Explainability 360 Toolkit + 717

LF Al & Data Foundation

@

Al Fairness 360

Al Faimess 360 Toolkit
LF Al & Data Foundation

w1138

[\ Amundsen

Amundsen #1521
LF Al & Data Foundation

DATAPRACTICES.ORG

DataPractices.org

LF Al & Data Foundation

DELTA

oy g weengy e

N

DELTA * 1336

LF Al & Data Foundation

e

EDL

Exstc Deep Learming

Elastic Deep Learning (EDL) + 107

LF Al & Data Foundation

@@ FEAST

Feast # 1,196

LF Al & Data Foundation

1ﬁrestﬂow

ForestFlow w39

LF Al £ Data Foundation

IMDLIG

Ludwig % 7.271

LF Al & Data Foundation

*.* MARQUEZ
L] e

Marquez w396
LF Al & Data Foundation

@ | = 7
<o (J_, OpenDS4AI SOAIJS

Milvus NNStreamer Pyro
Milvus * 43500 NNStreamer k303 OpenDS4All * 138 Pyro ¥ 6,600 S0AJS a1

LF Al & Data Foundation

LF Al & Data Foundation

LF Al & Data Foundation

LF Al & Data Foundation

LF Al & Data Foundation

sparklyr k758

LF Al & Data Foundation

=X: https://landscape.lfai.foundation/

JS Lab




< ACUMOS

« An Open Source Al Machine Learning Platform
By AT&T and The Linux Foundation

S atar [ ]Linux

FOUNDATION

Acumos

Platform :

=X: https://www.acumos.org/wp-content/uploads/sites/61/2018/03/acumos _open source ai platform 032518.pdf




3. QEAA ZRHE

s ACUMOS Marketplace

A | +

(23} @\ 7:5

& @ &  https://marketplace.acumos.org/#/marketPlace#marketplace Template =2

Marketplace |

Home / Marketplace

BROWSE BY Show Al showing- 1
Search here Q

Filter By Category e

®
P
© ©
[ Classification
[ DataSources @ @
[J Data Transformer

O Prediction Customer Segmentation User Review Prediction Via CLS... sentiment for online user gene... cancer classify TechM-CrossSell
[C] Regression Acumos Admin | 08/17/2019 | New Jinhe Shi | 06/1172019 | » Chen Chen | 06/11/2019 | Nev Rhutvij Savant | 06/11/2019 | new Acumos Admin | 11/15/2018 | 1
@ = IS @ 3 @ @A @8
Tags %
Classification i acumes + L 2 & & & 4 Classification + ik iy Cross Sell
CNN  LSTM  entertainment ao ©249 298 < ao @129 447 Q 0o ©223 21 < ao @103 240 L7 ao @371 $356 Q

ATT-Image Classification-New

Sentiment Analysis  Image Topic modelling

acumos  deep learning

- ]
tensorfiow  RNN o4

Topic Modelling  review

R TechM - Topic Modelling Model ATT-Face Privacy filter ATT-Image Mood Classifier ATT-Image Classification-New
randomforest  Classification
techm | 11/15/2018 | ATT Admin | 117152018 | N ATT Admin | 11/15/2018 | Nev ATT Admin | 11152018 | New
Keras Cross Sell  Face
@I § s 1 | e 1
residual et e Topic Modeling prarereree 7 T e ATTimage Clss
=} ©@420 345 v} 00 ©®39%6 %230 ) (=] @304 $273 v =] @322 &322 @

showing 10 ™ Models

JS Lab




s Angel: distributed ML

« Data parallelism

 Model parallelism
* Hybrid parallelism

Global model parameter

Global model parameter

agasen

ananen

Model Model
partition 2 partition 3

Training II

data

(a) Data parallelism (b) Model parallelism (c) Hybrid parallelism |

JS Lab




3. QEAA TZHNHE

% Acumos and Angel @ RAN

Ry FOYESE 1 THELINUX FOUNDATION
Organization L.
Tier
LF Networking Deep Learning
Project Umbrella/ Fund (LFN) Foundation
Funding Tier

Linux Foundation Open Source Profects” """

Near-RT
Adaptatlon
m Laver (AAL} y

BIRECTY srrreghim st traderraryy and meiice markz <! ATAT

((©

AT&T

mllectunl P WEI‘I]' q.fcl »\'ATiTlﬂ'imad compani r.LAI ther rrallu. Li! e e p=n:)' l thmr =p=|:l:m owners

JS Lab



ii AL A I AN E
*+ Disaggregate RAN
- Ex.) M H< ZHH| DDoS 24 BHX| & ZA| K}t
€% Acumos LFaEY z2uE
:’:DNAP Orchestration & Automation
0.5 sec
Non-RT
LA AKRAINO : RAN Intelligent Controller :
i XApps Mg:at:er RNI DB :
L : 10 - 500 ms
: | 1/ NearRT
: Central Unit |
ORAN ! |
| :
|
' :
: Distributed Unit |
' l
1 Open Front Haul | <1lms
| 1/ RT
I : =
i —————— L S ATET

JS Lab
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ﬂ |
Monitoring
e ) ) l IManagement
- ML Services o5 = 8
% ”| training, roll-out, > g n > _;' ® | vGPU/GUI With
(L) serving) § % S £ (Template) Gt
a <
N J e A
=
.g Monitoring
g N\ 2 | /Management
High Level
Services Argo
Pipelines CR
% Kubeflow . @ P
> = MP1Job
> Notebooks & o
d;, T 2 Spark Job Infra
© _ Pipelines o< | o . ra.
o > g " % TFJob With
o - *5 3 GPU
Z KFServing £ g Seldon CR
. o \
Katib 2 2 Study Job
|
Kubebench Jupyter CR
TEX PyTorchJob
NS ) N

JS Lab
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Catalog
Categaories
an

Sata Sc

hcare

afact:

narketing

Retail

My AppS

My Apps

My Instances

Alternative Credit
Scoring with Graphs
Credit scoring application using
alternative datasets and the
concepts of graph / network

.50

Financial Services

DriveriessAl
Pe: rmance
Driverlessal Performance Analysis

oro

Drivertessal

My Instances

Alternative Credit
Scoring with Graphs

Credit scoring application using
alternative datasets and the
concepts of graph / network

5.0

Financial Services

DriveriessAl
Performance

DriverlessAl Performance Analysis

oo

DrivertessAl

Data Labeling

Semi-Supervised Data Labaeling
using classification or Named
Entity Recogmtion(NER)

o.7.0

Data Science

Advwversarial Analysis

Adversarial Attacks on Tabular data

on DAl Models
0.7.0-20207002790718

Data Science

Data Labeling

Semi-Supervised Data Labeling
using classification or Named
Entity Recognition(MER)

o.1.0

Data Science

Adversarial Analysis

Adhersarial Attacks on Tabular data
on DAl Models

0.7.0-202071002190718

Data Science

Real time drift
detection

Raal

me drift detection app

oz1

Other

OCR

Optical Character

Recognitio

Demonstrates extracting text

information from document types

like receipts, inedical prescriplions,
oo

Other

Real time drift
detection

Real time drift detection app

oz

Other

Optical Character

Recognition

Demonstrates extracting text

information from document types

like receipts, medical prescriptions,
ooz

Other

=

Leads Pipeline
Intelligence

Lead Scoring Application allows

the business dewvelopment,

marketing, and sales team to give
o3

Adarketineg

CUSIOMER CHURN

Telecom Churn
Analytics

Analysis and meodeling of customer
churn

ora

Telecommunications

Leads Pipeline
Intelligence

Lead Scoring Application allows

the business development,

marketing, and sales team to give
o3

Marketing

CLSTOMER CHLUIRN

Telecom Churn
Analytics

Analysis and maodaling of customaear
churn

o1

Telecommunications

-

- -

H20 Auto Insights
Self-service ALML-driven
automated insights.

os2

Data Science

Market Basket Analysis

Recommendations from Market
Basket algorithms
10

Retail

Logout
L -
0 -
H20 Auto Insights
Self-service Al/ML-driven
automated insights.

o5z

Data Science

- _ =%
o - o5 T
‘ -
== :
= =
Market Basket Analysis
b e e Wi
et e e

o.1.0

Retail

JS Lab
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4. T2 BeIQc

< Amazon AWS Outpost Wavelength

5G U E{{3 o X|0llM AWS HFE X 2EE[X|F AFE510], 5G 7|8 HH}Y
7171 3 Ao A =X X|H MH[AE X Sot= o S2lFo] ¥ HE 7S
AWS 2| H 1t S4AL5G YS XEYAE

EZ AFT, 2E°X|, Hlo|E{H]|0] £ 3L 7|Ef MH|AK|S

5G 7|8t M2=2 ZHIY A XS

Z=X: AWS re:Invent 2019

S4AL 56 Y 2te| AWS 2|7 0f
G| Of & Al E

(AWS Outpost & X|)

A.l PNPS|

1=

|
OHZ2[#[0]3 Bl =




4. T 87 2at9C

% Microsoft Azure Edge Zones: 5G S M At HZSI0] 7| 2lof
AX|5t= AT g

VMware SD-WAN
Orchestrator Azure Edge Zones with

Carriers
,
VMware SD-WAN d
~ Gateway

.

\‘ S5 -
SD-WAN Fabric \ . 5G
- l‘ \

A

' \

4 S VMware SD-WAN \
¥Mware SD-wAN Gateway 3
Edge VNF

8@

ISPs/5G Carriers !'VMware SD-WAN
' Edge VNF

BB Microsoft
B Azure

e
7 FC N
|_. L T T
A ~

Kubernetes VM 10T Edge \ -~ ,' ’
\ - ] [}
\ -~ ] ’
\ - i ‘ _
b T ' S Azure Private
\ i ' ’ Edge Zones
\ -~ ’ /
\ s ’
. ~ ’
3 e s ~a
~
Ss ~o s P SG
-~ - ’ - -
=7 VMware SD-WAN
Edge VNF

=X https://blogs.vmware.com/velocloud/2020/03/31/vmware- to deliver-networking-solutions-with-azure-edge-zones/

JS Lab
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4. H=8 ScIFE

% Comparison shopping of vision API providers

Comparison shopping of vision API providers (as of Aug. 2019)

Mi ft Cogniti - IBM Wat Visual
icroso . ognitive Google Cloud Vision a so.n‘ isua
Services Recognition

Algorithmia Amazon Rekognition Clarifai

Image classification v v v v v v
Image detection v v v v
OCR v v v v
Face recognition v v v
Emotion v v v v
Logo recognition v v v
Landmark recognition v v v v
Celebrity v v v v v v
Multilingual tagging v
Image description v
Handwriting v v
Thumbnail generation v v v
Content moderation v v v v v
Custom classification training v v v v
Custom detector training v v
Mobile custom models v v v
omoras | somrmens | sooenens [ sioqwns | i |
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5. Use Case

< Al Service Platform T3 (0]

. Al Platform: R &3 sk&0) 71Eb 2 1 M%&
- Al Catalog: Al AM{H| A X%t

- Al Device: Edge 7|7| (for SMB)
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