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Profile (brief)

i Institution, department, laboratory

Past and ongoing research activities
i Emerging assets d Ongoing research activities
i Legacy assets d Completed research activities

Future interests regarding research activities
i Evolution of ICT infrastructures and services

u ICT and energy, transportation, environment management, sustainable growth,
Internet -connected social vehicles

Concluding remarks
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Profile [1]|8]: Institution, Department

x The University of Piraeus comprises nine
academic departments

x  The University of Piraeus Research Center
(UPRC) provides administrative assistance
to basic and applied research activities,
conducted by the personnel of the
University of Piraeus

x The Department of Digital Systems was
founded in 1999
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Profile [2|8]: Laboratory

x Telecommunication Networks and integrated Services (TNS) Laboratory
x Objective - Short Description

i The Laboratory of Telecommunication Networks and integrated Services (TNS) is
framed within the Department of Digital Systems, of the University of Piraeus.

i The main objective of the TNS Laboratory is to conduct research and development
in all areas related to telecommunication networks and services. Through its
research, development and educational activities, the Laboratory will contribute to
the realization and sustainable development of a human-centric Information and
Communication Society .

x Personnel
i 3 members of faculty
i 4 Senior Research Engineers (PhD)
i 5 Research Engineers & PhD students

i 25 Research/Software Engineers 0 Thesis at postgraduate or undergraduate level
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Telecommunication Networks

x The TNS Laboratory conducts applied and basic research on:

i Wireless and mobile broadband communications
A 2G, 3G, 4G, B4G, 5G, IEEE standards
A Heterogeneous networks, small cell networks, cloud -based radio access networks
A Spectrum management (licensed, shared, unlicensed), radio resource management
A Device-to-device networks, opportunistic networks, cognitive radio networks

i High-speed, fixed -access and core networks

i Internet and Web technologies

i Internet of Things, Future Internet

i Cloud platforms

i Energy- efficient infrastructures

i Network management (platforms, algorithms), design, performance evaluation

A Autonomics, cognitive networks

A Software -defined networking (SDN), network function virtualization (NFV)
i Smart grids, smart cities, environment, critical infrastructures, transportation
i Optimisation, algorithms and complexity, queuing theory, machine learning
i Standards
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Profile [4|8]: Emerging and legacy assets ”O\j<

Telecommunication Networks

x Services for a sustainable, inclusive, prosperous Society

Smart cities, environment management, digital enterprise
i Legacy: IMPULSE, WIN - HPN, MONTAGE, SCREEN, Moebius

x Big data platforms, Machine learning mechanisms
U Emerging: UniverSelf
U Legacy: E3

x  Management of ICT Infrastructures

u  Emerging: UniverSelf, Auto - Flow
i Legacy: ENISA, E3, STORMS, SHUFFLE, CREDO, MONASIDRE

x  Cloud - loT Platforms
u  Emerging: iCore

x  Smart Wireless Access
i Emerging: Auto - SDN, ARTEMIS
i Legacy: MCAPs, OneFIT , E2R | & Il, ACROPOLIS, COST Action IC0902, ACE,
ARIADNE

x  Device Management
i Legacy: INTEL Collaboration
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Profile [5]|8]: Emerging assets { ”E/\'J'<

Contributions to EU - funded projects and initiatives

x FP7/ICT UniverSelf (  Self - managementinthe FI ) 6 IP 8 WP
leadership

x FP7/ICT iCore (Internet Connected Objects for Reconfigurable Eco
systems) 0 IP

x Greece 0 China bilateral collaboration project ARTEMIS (Cognitive
ecosystem for energy efficiency)

x  AutoSDN (Autonomics and Software Defined Networking:
Instantiation to LTE SON)

x AutoFlow (Geant) (Autonomic OpenFlow)

x FP7/ICT ACROPOLIS (Advanced coexistence technologies for Radio
Optimisation in Licensed and Unlicensed Spectrum) - NoE

x COST ICT Action 1C0902 on Cognitive radio and networking for
cooperative coexistence of heterogeneous wireless networks o
National representative
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Profile [6|8]: Legacy assets { *’E/\'}SL\
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Telecommunication Networks
& integrated Services Lab

TNS Research, Standardization Activities: Infrastructure

x  FP7/ICT OneFIT (Opportunistic networks and Cognitive Management Systems for
Efficient Application Provision in the Future Internet)
i Networking schemes for wireless access to the Future Internet (Project coordination)
x  MCAPs
u Strategies for Creating Networks of Moving Cognitive Access Points
x  FP7/ICT E ® (End- to- End Efficiency)
i Cognitive networks and systems (Technical Management)

x  ENISA
i Ontology for modelling resilience stakeholders and associated concepts
x  Experimentation platform for the assessment of an IEEE 1900.4 - based management

architecture
x  FP6/IST E 2R (End- to- End Reconfigurability)
i B3G Infrastructures, Reconfigurable, Software Adaptable, SDR
x  FP6/IST ACE (Antenna Centre of Excellence)
u 4G systems
x FP5/IST MONASIDRE, CREDO, SHUFFLE
i B3G Infrastructures, Cooperative
x  FP4/IST STORMS
i Design of 3G Infrastructures
x  ARIADNE (Ministry of Development, General Secretariat for Research and Technology):
Dynamic Spectrum Management and Planning of 4G Wireless Access Networks and Terminals.
x  Consultancy (Ministry of Finance, Ministry of Education, Private sector related to 4G
systems and WiMAX)
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Profile [7]|8]: Legacy assets

Telecommunication Networks
& integrated Services Lab

TNS Research, Standardization Activities: Services

x  INTEL Collaboration
u Platform development: Quality of Experience enhancement, lower costs and green decisions
x  EUREKA/CELTIC IMPULSE (Integrated Multimodal Platform for Ubiquitous

Multimedia Service Execution)
u IMS platforms

x  EUREKA/CELTIC WIN - HPN (Wireless Intelligent Hospital Premises Network)
u Digital Health

x FP5/IST

i Moebius

i E-Business and Digital Health over 2.5G and 3G Infrastructures
x FP4/IST

u Screen, Montage
i Service Engineering, Accounting, Personal Mobility

x  DIOSKOUROI

i Training and consultancy on modern telecommunication infrastructures and services for Military
personnel
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Profile [8]8]: Activities d Memberships O\[>ﬁ

v

Telecommunication Networks
& integrated Services Lab

Active participation to standardization bodies, research fora and
organisations

x ETSI - RRS (Reconfigurable Radio Systems)

x  AFI (Autonomic network engineering for the self - managing Future Internet)

x |EEE SCC41 (Dynamic Spectrum Access Networks)/ 1900.4 WG on Architectural
Building Blocks Enabling Network - Device Distributed Decision Making for Optimized
Radio Resource Usage in Heterogeneous Wireless Access Networks

x  Future Internet Initiatives

x  Wireless World Research Forum i lz"Z-?.TE;.'{;:';E’if..,,: .
(WWRF) (2004 0 today)
x  European Networks of Living Labs ngmn pnss
(ENoLL) (2011 o today) yirsless innovatan
x  Cognitive Communications WUN (2010 0 today) ’ | —U\J S&‘ European
x  TM Forum (2012 0 today) Eﬁ:‘%o&b;;

x GreenTouch (2012 & today)
x  Next Generation Mobile Networks
(NGMN) (2012 0 today)

%!59\\

COGNITIV
COMMUNICATIONS
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Research Achievements/ Portfolio ”O\j<

Telecommunication Networks

Smart Wireless Access

AutoSDN : Autonomic Software Defined A
Networks (collaboration with Orange); 2013 -2014
ARTEMIS: A cognitive ecosystem for smART A
Energy Management of wireless technologieS and

mobile applications (Greece -China collaboration); A
2013-2015

OneFIT: Opportunistic networks and cognitive A

management systems for the Future Internet
(project management); 2010 -2012,

Management of ICT Infrastructures &integrated Services Lab
AutoFlow : Autonomic OpenFlow (funded
by GEANT); 2013 -2015

UniverSelf: Autonomics for the Future Senvi ¢ inabl
Internet: 2010 -2013 ervices for a sustainable,

inclusive, prosperous Society

ENISA: Ontology and taxonomies for
resilience; 2011

E3: End-to-End Efficiency, cognitive
management in the wireless world
(technical management); 2008 -2009

Big data platforms, Machine
learning mechanisms

Acropolis: Advanced coexistence technologies for
Radio Optimization in Licensed and Unlicensed
Spectrum; 2010 -2013

COST: ICT Action IC0902 (national
representative) ; 2010 -2013

MCAPs: Moving Cognitive Access Points (U.S.
Office Naval Research); 2012 -2013

B .

HetNets

Opportunistic
Networking -
D2D/M2M

AUniverSelf
A3

Cloud 0 loT Platforms
A iCore: Internet Connected
Objects for Reconfigurable
Ecosystems; 2011-2014

A International point

Intel: 2010-today

Device Management:

point collaborations with

-to- Specialties:
Broadband Networks; Future Internet; 5G
Wireless;

Smart Grids, Smart Cities, Environment and
Critical Infrastructures Management;
Virtualization, SDN;

Standards

> > D




Emerging assets: Management of ICT Infrastructures:
UniverSelf: Autonomic management of Fl infrastructure

X

X

X

X

TNS -

Rationale A Network Transformation:

i
i
i

Ultimate Goal: Realize carrier

Operational complexity is growing.
Cost structure is not sustainable.
Legacy management architecture is no longer adapted.

- grade autonomic

management
Means:

i

Design a Unified Management Framework  for the
federation/unification of self = -management approaches,
principles and architectures

Design algorithms/functions  with self -x and cognitive
capabilities and empower the network by embedding this
intelligence right into the management systems and network
equipment

Impact the industry by demonstrating the possibility to deploy
autonomic solutions in carrier grade networks, assess impacts
and develop strategies for operators to adopt autonomic
solutions

To bring confidence to autonomics- empowered products by
developing standard processes for certification and testing

UPRC Role:

i
i

WP2 oUni fied

Use Case Manager

Management
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Telecommunication Networks
& integrated Services Lab

Fr amew

At A Glance: UniverSelf

Project website:
project.eu

Project Coordinator:

www.univerself -

ALBLF

Project Partners: 17 Partners in
Europe + NTT Japan

SURREY ¥ VIT
7> UNIVERSITY OF TWENTE.
THALES M
Bl Z Fraunhofer
&ﬂum:*v W NEC
Alcatel-Lucent ) A { i -
A
S
Duration: September 2010 J
November 2013
Funding scheme: IP
Total Cost: & 16,5m
Lead

orko. Depu tn¥
EC Contribution :d 10,5
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Emerging assets: Management of ICT Infrastructures: "/O\F

UniverSelf: Use Case Lifecycle s
Telecommunication Networks
o g . . & integrated Services Lab
x  Starting point: a set of daily, operator big :
problems (use cases) Unification/Federation, Governance, Network
. ) ) ) Embodiment, Information & Knowledge
u  Variable types of segments/application domains Management, Service orientation
(service/network, wireless/wired etc) — ],u
. ¢ Usecase 1 . —
x  Problem statements => Design of Network e e EMI:”’E’SS [ng‘ UMF } T
. o . . g
Empowerment Mechanisms (NEMSs) : Unification Engine S m
_* Use case x S 35S
. . . . . o o
i autonomic solutions i.e. a set of self -x, learning, - Problem statements ? Solution description = % 2.
policy-based methods/algorithms to solve those e g as
2 NETWORK EMPOWERMENT 58 g
problems. g Algorithms Development/Modeling 5 S 3
: . . > |1 If-x, L ing, Policy- ® 9 9
x  Requirements (functional, non - functional, : (Selfx. Learning, Policy-based) g
. . . . = o
high |l evel) => oUnific . _ <
| Mf.’tncs, :
i highly reusable, generic Functional Blocks (FBS) | Requirements @%AUDATDN <
and Interfaces to embody the autonomic :_Re_fin_errlen_t _ Simulations, Testbed, e KConfidence
solutions in the management framework Prototyping, Analytical Metrics

x  Unification achieved; ensuring the maximum overlap with past and simultaneous use -cases
embodiments and generalizing what has been designed specifically.

x  Validation; through analytical methods, simulations, and experiments in  testbeds and/or prototypes,
while also evaluating business impact and certification by considering trust and confidence metrics.

- K. Tsagkaris, P. Viacheas, A. Bantouna, P. Demestichas, G. Nguengang M. Bouet, L. Ciavaglia P. Pelosqg . Grida Ben Yahia, C. Des t r'@erator -driven Framework for
Establishing and Unifying Autonomic Network and Service Management Solutions”, In Proceedings of the 3rd IEEE International W ork shop on Management of
Emerging Networks and Services (MENS 2011) at the IEEE Global Communications Conference (GLOBECOM 2011), December 2011, Houst  on, USA



Emerging assets: Management of ICT Infrastructures: a-r\.
UniverSelf: UMF Core J J'

Telecommunication Networks
& integrated Services Lab

x Network Empowerment Mechanisms (NEMS)

i Solve a specific problem in a specific, autonomic way

How to control
knowledge derivation/
exchange

How to govern

i NEM = method + objective +context e

i Target: a seamless deployment and trustworthy

interworking of a large number of NEMs A weneed ~ \ | UMFCORE [
more: :/ “\:
A Tools to deploy, drive and track progress of NEMs i I ] E
A Tools to avoid conflicts, ensure stability and performance when ; SOVERNATICE FOORDINATION KHOWLERGEE E
several NEMs are concurrently working E. E
A Tools to make NEMs find, formulate and share relevant O, | 4
information to enable or improve their functioning How to coordinate
A Tools to allow NEMs getting monitoring data and enforcing inter-NEM
configuration actions at equipment level interactions
i 3 challenging research topics: Governance, Coordination ——
and Knowledge. (ea| [re]
A The need to focus on these challenges led us to define the | method
UME Core. L2 | Fe NEM: Network Empowerment Mechanism ::;121‘1‘
x Unified Management Framework (UMF) |
u  Offers/ensures
A Plug ndé play defquloonprhe ratnt @f NEWMF
A Governance of NEM behavior
A Exchange of always up-to -date Knowledge
A Coordination of autonomic NEMs/NEMs interactions (incl. Orchestration, conflict avoidance, joint optimization) among NEM acti ons

in a unified manner for all NEMs, independently of their method/scope/domain

- Kostas Tsagkaris, Panagiotis Demestichas, Gerard Nguengang, Imen Grida Ben Yahia, Samir -Ghamri Doudane, Laurent Ciavaglia, °ldentifying standardization
opportunities for an autonomi c network and service management (dIEEEGenmmumcations Bagé&ing o



Emerging assets: Management of ICT Infrastructures:

UniverSelf: Case study

x UPRC

net wor k and
x  Context: provide a unified, goal

ser vi

deployment and/or new traffic accommodation

U operators can express their goals and
govern (control) their self -x capable
network achieve end -to-end integration,
federation of wireless/wired access and
core/backhaul network segments and
their associated management systems

i maintain and exploit always -up-to date
inventories and knowledge in all the
situations above

i provide an optimized resource
provisioning for RAN and Core (backhaul)
segments, based on policies and
knowledge

x  UPRC design and specification of
NEMs/UMF solutions for autonomic
service deployment and resource

Increasing level of
technology dependence

c e

aut hor s/ man a goresned)ddg -€a- and, autonomic, joint

management O
- based, autonomic management system for the service

Providing always up-to-
date information and
derive knowledge on

resources and decisions

khowledge

Customer/Service Resource
fventories & Knowledge Bases
() a
(=

DA

Network Resource Inventories &
-Knowledge Boses
]

S~

Element Resource Inventones &
Knowledge Boses

@

Telecommunication Networks
& integrated Services Lab

“Serve 100 Gold/Silver
Video users in Piraeus
conference centre @16:00-
ﬂ 18:00pm
& l Policies
& - Goals (Business level
0SS/Human to Network for Governance policies)
NMS e WD
R
Northbound management
interfoce
Lower leve!
policies
i —— ok g
{ =
i o Al
TS TWirefess/Wieed €0 (Corermacitt |
Access technologies &N, | M
technologies & vendars)
. vendory) &3 - - 2
> - Lowest level policies -
, Southbound management _ I Device Commonds
interfoce

=

.ccess elements (possibly.
$ self-x copable) @ @

Access (3

WiIMAX, xOSL, FTTH)

-0

Core/Backhoul elements -
(possibly self-x capable)
Q & Policy/Knowledge-based,
GPP LTE/SON, Core/Backhaul (IP/MPLS, optimized resource

Optical) provisioning in Access and

Core/Backhaul elements

End-to-End Integration,
Federation, wireless/wired
access and core/backhaul
network

- K. Tsagkaris, P.Demestichas, G. Nguengang, I. Grida Ben Yahia, P. Pelosq "Unveiling technical challenges for the governance of end  -to-end service delivery and

autonomic infrastructures”,

accepted for presentation in the IEEE Global Communications Conference (GLOBECOM 2012), December 2012, Anaheim, California, U

SA



Emerging assets: Management of ICT Infrastructures: { {r,\?
UniverSelf: NEM Skin J I

Telecommunication Networks
& integrated Services Lab

NEM skin objective in the UMF

x Derives from the need for a common base for all network empowering
mechanisms (NEMSs)

i The management layer must somehow be able to control and coordinate NEMs as
well as supply them with required inputs

i Technological heterogeneity is abstracted at the NEM level while the required
info/commands are propagated into the framework in a UMF  -compliant way,
therefore, Basic NEM

Management
Interface

x The NEM Skin consists of

Generic sub-component

- i i (Handling of Messages/Policies, Controlling other
i the specifications a NEM must meet or-generic sub-components e1.) knowlecge
(i.e. the interfaces and info exposed exchange
Generic sub- Interface
to UMF) component
(Knowledse Handling,
i and the means to accomplish this Storing efe)
(i.,e. a REST-based API targeted for
developers) PN

Interface
From/To eguipment
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Emerging assets: Management of ICT Infrastructures: e
UniverSelf: Governance of autonomic wireless access and core U\j\

=,

network segments Nttt

Telecommunication Networks
& integrated Services Lab

x Easy to use Human - to- Network interface
x  UMF compliant communication

x Specification of models for services, users, infrastructure and the
environment

Definition of high level policies and business goals

[Model examples]

x Translation to service and network level policies
x  Start/ end time

I GOVERNANCE EBEX
—: MODELS | [ ASSOCIATIONS ’ h_“ LOAD | ~ . RULES ’ Of a tl m e Z O n e
: r NEW POLICY RULE
{ gJ /{[’ TRIGGER EVENTS | CONDITIONS ong
| TYPE video streaming TYPE All network X M 0 b I | Ity typ es Of
VIEW RULES LOAD oica Lﬂﬁm" | city center
svce NETWORK
: |lnernel . : _ : u S e rs
l N oE | N oE | |
NEW RULE WHEN SERVICE IS video streaming IF LOCATION IS City center
y x| ®

[Policy examples]

1B GOVERNANCE

s 3 Vireea
B | < =+ MODELS ’ 1=+ ASSOCIATIONS l h“ LOAD l I RULES ]

- Select values from below and then set the # of Users - SOLUTION
*Application ...  *User Classes: *Location : *Timezone i *Mobility Patt...

o tacatin iy [ P | x |F load is HIGH

EEt “T E o e e AND Location IS
= = ‘4— | — e City Center THEN

R 2 o maximize throughput

percentage (%) of active users: lﬁitlil @ ‘

|l
EH-H
2a
= =
s « [l
@ =z
3
| I
[”d
B
&

e ..

- A. Galanj N.Koutsouris, K. Tsagkaris, P. Demestichas, B. Fuentes, C. Garcla Vazquez, G. Nguengang 0A Pol i cy based Framework for
accepted for presentation in the 4th IEEE International Workshop on Management of Emerging Networks and Services (MENS 2012) at the IEEE Global
Communications Conference (GLOBECOM 2012), December 2012, Anaheim, California, USA



Emerging assets: Management of ICT Infrastructures: e
UniverSelf: Knowledge Building with the Self Organizing Map E/\}'\
(SOM) [1]2] ~—_—

x Unsupervised machine learning technique based on neural networks

x  Projection of high - volume, multidimensional data in 2D maps
i maps consist of rectangular or hexagonal cells on a regular grid

i similar data are presented on adjacent cells

x Representation of similarity and o ® * .

classification of the inserted data
x Flexible: minor limitations as to the field
of application °
i easy to try different sets of input 4
parameters _ -~
x  Different approaches attempting to ®- "
enhance the basic algorithm

i selected a hybrid (Growing + Parameter -Less) | @
to be used online for continuous adjustment e e e
to the changes in data
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Emerging assets: Management of ICT Infrastructures: e

UniverSelf: Knowledge Building with the Self Organizing Map ’(:/\J'S\‘
(SOM) [2]2] ~——

Telecommunication Networks
& integrated Services Lab

Targeted Network Segment and Objective

x Load Level Estimation (LLE NEM)
i Wireless Access : learn the patterns of offered load based on observations of
implicit factors such as the area and time of day, day of week etc.
Past measurements (i.e. tuples of load per location and time) are fed as input

" [ .g =r
i [ g 1 Clustered 0 ixel-.'T,'
i BS3, P |i.>-:q;
b 1 rl il =
b Thursday depicting the load level 1 ':;i
' per area, day of week, or time g I -
Tuesday \| Of day’ =.l=
LTn
a h .-‘.. F-
. U '

capable to estimate the load in the area in question.

-A. Bantouna, G. Poulios, K. Tsagkari s, P. Demestichas, -Qgiezingvda (ks ¢ .0 asiu Pmietdti ed i oa
IEEE ICDM Workshop on Data Mining in Networks, 10 -12 December 2012, Brussels, Belgium

-Bantouna, G. Poul i os, K. Tsagkari s, P. Demes t-Orgahizing Mape +Applicatios $ bon Webaba kDL vwands Pt »
submitted to the IEEE International Conference on Computer Communications (INFOCOM) 2013, 14 -19 April 2013, Torino, ltaly

-A. Bantouna, G. Poulios, K. Tsagkari s, P. Demestichas, ONef-WoghknlaadgPMagsot i Ot
JINSM Special Issue 2013 : Springer Journal of Network and Systems Management dSpeci al | ssue on oDat a Mhanaging 8ysténesand Mo n i t

Net wor ks o



Emerging assets: Management of ICT Infrastructures: { »/T-]j,\

: Ny
UniverSelf: Core Networks [1]|3] M=
- W
x Problem Statement: find the Vg
T ik Operator

most suitable routing

configuration to accommodate %

traffic demands, satisfying

operatorodos policie
q C utati
x Proposed Solution : b i"iﬁu%n;.ﬁ." ~ g
configuration

i CORE Routing Optimization NEM
(for MPLS core networks)

i CORE- Multilayer Traffic

) ) LSPs requests
Engineering: IP/MPLS over DWDM @
X V4

(for optical core networks) AV
Video : C
Servers E 2< ‘3( @yl Etgf:iiens
==

Egress

Ingress LSRs
LSRs
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Emerging assets: Management of ICT Infrastructures: { »/T-jF
UniverSelf: Core Networks [2|3] Sl

Telecommunication Networks
& integrated Services Lab

Single- layer Traffic Engineering (SLTE): IP/MPLS Core Networks
x  Problem Statement: find the most suitable LSP
or LSPs to accommodate the new traffic demand
according to the operatordos objectives, whi
respecting the capacity of links.

x  Proposed Solution (CORE Routing Optimization
NEM ):
i (Re-)Computation of MPLS paths
i Load Balancing
u Energy Efficiency

x  Evaluation: comparisons between the two
objectives, comparisons with various routing
schemes
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