4 f?'a';'i:f
'1\"‘ FH\
Ul

S' |

Avpgopol

SUIRT
5G Network Softwarization and Intelligent Resource  *°"

Orchestration

APOMHEEY

p:

\‘E f
‘f

i 3 7

s

Data Science Technologies for Tracking Sustainable
Development Goals’ Indicators

Anastasios Zafeiropoulos, Eleni Fotopoulou, Athina Thanou
School of Electrical and Computer Engineering, National Technical University of Athens

NETwork Management & Optimal DEsign Laboratory (Netmode)

Contact: tzafeir@cn.ntua.gr

29 June 2022 33 |rish Signals and Systems Conference (ISCC)



Trends in 5G networks

Networks evolution to support three basic types of communication

Applications and services for various vertical industries
Support of set of KPIs (rt.x. Latency < 1ms, 10-100x higher data rates)

* Need for convergence between network and cloud computing domains

. Peak . him@rtan User experienced
Enhanced mobile broadband Enhanced mobile data rate e & data rate

broadband
Gigabytes in a second _I_ a ________

I— 3D video, UHD screens

@ I— Work and play in the cloud
@ Augmented reality
| Industry automation

Voice @ @ J Mission critical application
Smart city = ‘%° ‘%—P Self driving car Network
energy efficiency
® @ B ) Future IMT
" & - P Massive machine

type communications

Area traffic
capacity
Smart home/building

Massive machine type Ultra-reliable and low latency
communications communications
Recommendation ITU-R M.2083-0

Connection density Latency

M.2083.02 Recommendation ITU-R M.2083-0
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Statistics and forecasting O

EDU

Mobile data traffic Y Mobile traffic by application category v
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Statistics and forecasting

Mobile subscriptions v

Unit: Million Source: Ericsson (November 2821)
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Statistics and forecasting O

EDU

Population coverage W Connected devices v

Unit: % Source: Ericsson (November 2621) Unit: Million Source: Ericsson (November 2821)
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SUART O

EDU

Network softwarization

e Network Function Virtualization NFV Management & Orchestration

(NFV) (MANO)

* Development of Virtual Network L, 0S5/BSS —— @ FV Orchestrator (NFVO)
Functions (VNFs) and Network ; Or_Ma'_nfvo : , : :
Services (NSs) , S ey

[ ) Development Of NFV § lfgtak’g Catalog Instances | | resources
OrCheStrat|On MEChar“SmS Element Management o,vnfm

* Software Defined Networking (SDN) o | | yevotmem
: - ' VNF Manager(s) Vi—

* Development of network/traffic o Ve-Vnfm-vnf (VNFM)
management mechanisms based VNE(s) ' 7]
on software (e.g., OpenFlow) \—‘lﬁ"’

* Advanced role of the Operations s TSP
Support System (OSS) of a telco NFV Infrastructure NF-Vi e
provider (NFVI) (VM)
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Virtual Network Functions 1O

E2E service “Home Internet”

Typical / Hardware Network Network Function Virtualization
Appliance Approach (NFV)

l Virtual Machines
AN 7a
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WAN Accelerator

Web Application Firewall
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Hardware Load Balancer Router

Software Load Balancer
Data Center
I
CDN VPN / e D
I

Switches

General Purpose Servers

O0—0C &

Indicative Network Services

https://www.etsi.org/deliver/etsi gr/NFV- D PNF
7

IFA/001 099/012/03.01.01 60/gr NFV-IFA012v030101p.pdf

End Point
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Cloud native technologies )

Application development based on microservices
Need for specification of open APIs slerosaTviEs
Deployment in the form of containers
Orchestration mechanisms

Elasticity efficiency — Horizontal scaling

/oo

Devops

Containers

App 1 App 2 App 3

Bins/Lib

Bins/Lib

Bins/Lib

App 1 App 2 App 3

Bins/Lib Bins/Lib Bins/Lib

Container Engine

Hypervisor Operating System

Infrastructure

Infrastructure

Machine Virtualization Containers
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Network Softwarization

Classical Network Appliance NFV Cloud Native

Stateful Stateless

Message Session Border ~ WAN — Monolithic Microservices
Router Controller  Acceleration . .
Intelligent

(. | " w llu? VNEF — Orchestration * CNE Orchestration

Firewall Carrler Grade Tester/QoE .
Monitor ‘ NFVI | Efficient NFVI
(1111 oo 0]
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Router Network Node —
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VM VM VM Container | Container | Container | Container | Container
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Container | Container = Container | Container = Container

Guest 0S Guest 0S Guest 0S % [ |

Container Engine

Hypervisor
Host 0S Host 0S
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VNF: Virtualized Network Function CNF: Cloud Native Network Function

PNF: Physical Network Function
VM: Virtual Machine
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Network Slice Specification i O

Network Slicing

gg))

URLLC e

eMBB e \@/ ,}"""\. — ? (Jﬂ'f

mMTC e é @_E_HXH*‘) h-]-n =
5G Edge Front, Mid Virtualized
RAN Compute & Backhaul Core

https://www.blueplanet.com/resources/what-is-network-slicing.html

https://www.viavisolutions.com/en-us/5g-network-slicing
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Network S|

ice Specification

5G Enabling Function Network Infrastructure

{’/ Enhanced Mobile Bro
e (eMBB)
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Mission Critical Slice
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Massive loT Slice

——

mmunications ™

~
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Use Cases

Internet Access
Mobile Data
Video Streaming

Automotive
Medical
Public Safety

Retail
Shipping
Manufacturing

Other Applications

Source: Industry reports

https://insidetowers.com/cell-tower-news-do-you-want-that-network-slice-to-go/
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Private 5G networks

Provision of priorities to end users in specific frequency zones
Definition of list of terminals that can be connected to a 5G network
Routing and network access policies

Quality of service assurance

Search & rescue (‘ I I ))
Drone as UE
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https://www.ericsson.com/en/blog/2020/5/how-5g-for-public-safety-could-save-lives
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Mobile Virtual Network Operator

* Hybrid model for usage of the
infrastructure based on leasing of
resources from telco providers

* Network services and applications
orchestration mechanisms

* Service provision to end users

29 June 2022

Access Core Billing

i Sales
Branding § Channels

Reseller

I
Light MVNO

1 |
Hybrid MVNO

1 1 |
Full MVNO

https://www.utilitycons.com/mobile-virtual-network-operator-for-utilities/

RAN Switching
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5G, Cloud and Edge Computing 4 O
Technologies Convergence

* Need for exploitation of 5G functionalities by cloud computing
applications

* Need for specification of open APlIs
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SUART O

Network Services Orchestration Mechanisms EDU

0SS/BSS

Kupiot NFV Orchestrators

* Open Source MANO
(OSM) NFVO

%y OpenSouce  EDE Network Service
e MANO Orchestrator

Config. & — — — — - I Oor-Vi Or-Wi
Mom'tor‘" (1aas API) (Taas API) ° SO N ATA
VIM(s)
NFs p—— - ONAP
WN:EFPSTFS' i sto:;ge Intr:—DC i i Inter-DC
H servers backend fabric E E CE Transport Layer

e Openbaton

OSM in Service Platform view

https://osm.etsi.org/images/OSM EUAG White
Paper OSM Scope and Functionality.pdf
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Elasticity Efficiency

Application
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N

N
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Figure 7-1 VNF Resource Efficiency Measurements
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Application
Capacity
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\ Y J a'I:.‘a|':m|z|t:it3,r
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P

Figure 7-3 Dynamic Operational Efficiency of Cloud-Based Applications

NFV Workload Efficiency Whitepaper,
https://t19000.org/resources/documents/NFV%20Workload%20Efficiency%20Whitepaper.pdf
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Automated scaling based on ML

Reinforcement Learning
techniques

* Q-learning, DynaQ+, DQN
Federated learning

Automated thresholds
specification for horizontal scaling

Optimal usage of resources under
a given SLA

Microservices-based apps,
serverless computing

29 June 2022
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Intelligent orchestration based on data analytics [ ©

Machine Learning (ML) Pipelines
| Al Plugln
: - - ) Data
Service § i ""‘o":"“ _Adepters et | Managem. ML Pipeline __ ML Pipeline
Interoparebity Current State Outcome Execution
m« \. M :Jrar itor :;: 5 2
Data Managem. w
& Orchestr. ; 7 ML Pipeline ﬁ
AwmR & () Parameterizati ‘3‘
on
Policies
Telecom & Updates '
Cloud InputData ML Pipeline
Infrastructu Management Selection
Provider
!
aw s \ Aw? \Aw!
\
Secure | ’ Secure link \
Local Model (1 P [:_:] .E—_—] Local Model
Local 0ata [ i Secme uk Local Data
UE, UE, UE,
Indicative UEs: 1t 7 £ & {} &
Sensors, wearable, Sensors, wearable, Sensors, wearable,
Cameras... Cameras... Cameras..
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Data fusion techniques DU

Third Party Distributed
Tracing Tools

Traces
(request-scoped
information)

CPU Usage

Memory Usage Third Party/Integrated

measured by Logging Tools

In/Out Traffic Metrics

(aggregated time . .
Served requests series data) aggregated information

per second related to an event

{Cloud/Edge Computing} l ‘L l

(textual structured
infromation)

Orchestration Platforms [Counter] [ Gauge ] [Histogram]
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Data fusion techniques

@® Metric
® Log
Trace
@® Exemplar
Alert
U Examination
Alerting Phase Resources Root Cause
Phase Usage Analysis
: Examination
I
1
1
|
®
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. R S

id causing the errors
based on the log
and the timestamp?

%
What is the request é
¢
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Who is the initiator of the
request? Where is exactly the
triggering point of the error?
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Data fusion techniques
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MDGs Results

'3 The number of people that live on less than $1.25 per day has dropped more than
half!
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Still there are lots to do.....
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Over 800.000.000 people live with less than $1.25 per day
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MDGs to SDGs

UNITED NATIONS
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Collective Environmental Intelligence Knowledge Graph T 'O

Tracking Sustainable Development Goals (SDGs) indicators at national and regional level

- Sustainable Development Goals (SDGs) Taxonomy
and Ontology

- EU SDG Indicators

- European Green Deal (EGD) (Ambition and Policy
Areas)

- SDSN Six Transformations (Transformation,
Intervention and Outputs)

- Country Specific Recommendations (CSRs)

- Nationally Determined Contributions (NDCs) -
linkage between SDG targets and national targets,
key hazards considered per country

- Smart Sustainable Cities (UN4SCC)

-
JOsseHqns

skos:
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Collective Environmental Intelligence Knowledge Graph

Next steps in conceptualization

Case Study #1 Athens Metropolitan Area
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- Interlinking with case studies — =
- Main monitoring metrics T e e | ' m
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- Hazards indices
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Natural Language Processing for SDGs

How do social media (e.g., Twitter) reflect the emphasis given to Sustainable Development Goals?
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Natural Language Processing for SDGs

How do social media (e.g., Twitter) reflect the emphasis given to Sustainable Development Goals?
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