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EMIMNEAO METAAOZHZ AEAOMENQN - Data Plane (1/5)
Mé&Bodor MeTaywyng — Switching Methods

— Mpow6non (forwarding) péow kKavaAlwy oTaBepou eupous: MeTaywyn
KUKAwparog - circuit switching 1r.x. Napadoaiakny TnAepwyvia POTS (Plain
Old Telephone Service) n PSTN (Public Switched Telephone Network), kivnth
TNAEQwvia GSM

— [powBnon Pe NUI-POVIUA KUKAWPATO cross-connects, TT.X. EUQUEIC
TTOAUTTAEKTEC TDM (64Kbps — 34 Mbps), dakTuAiol SDH/SONET pe e@edpia
(Ewg 10 Gbps) & oTrTikoi TTOAUTTAEKTEG XpwuaTtoc DWDM (Ewg 80 xpwpuarta, 10
- 100 Gbps/xpwpua)

* Alguopewon mAaigiwv TDM: ITU-T SDH/GFP framing (amé STM-1=155 Mbps -

STM-, e@edpeia ring protection, VC-4 (150 Mbps) virtual concatenation (11.X. VC-4-
7v=7xVC-4 = 1 Gbps)

« Optical Digital Wrapper (ITU-T G.709: 2.5, 10, 40, 100 Gbps + Forward Error
Correction - FEC)

— Kwdikotroinon o rakEéra/mrAaiola Ethernet, WiFi (IEEE 802.11), MPLS, TCP/IP

— [Mpowbnaon TTakETwy dedouEvwy dla JEOoOU PETaYWYEWYV (switches) &
dpouoAoyntwy (routers): Metaywyn rakéTou — packet switching yia
QUVAMIKA KATAVOWI) OIKTUOKWYV TTOPWYV UE OTATIOTIKY TTOAUTTAECIO

« Meraywyn emimrédou 3 (TCP/IP, Internet)
*  Metaywyn emmredou 2 (Ethernet)
»  Metaywyn etmritredou 2 Y2 (MPLS)



EMNINEAO METAAOZHZ AEAOMENQN - Data Plane (2/5)

Omrnika Aiktua Kopuou - Zuyxpoveg lepapyxieg AakTuAiwv TDM:
SONET (ANSI T1.105) & SDH (ITU-T G.707, G.708)
[epiodikoTnta [NMAaigiou: 125 pysec ammo ewv PCM 64 Kbps

SONET SDH SONET LINE RATE
Frame Format | (Synchronous Optical (Mbps)
(Synchronous Digital Carrier Level

Optical Hierarchy)

Networking)

STS-1 - OC-1 51.85

STS-3 STM-1 OC-3 155.52

STS-12 STM-4 OC-12 622.08

STS-48 STM-16 OC-18 2488.32

STS-192 STM-64 0OC-192 9953.28




EMNINEAO METAAOZHZ AEAOMENQN - Data Plane (3/5)

Autopatn AvTidpaon o€ BAaBeg OrTikwyv AakTuAiwyv
SDH Protection

1+1 SDH Protection

working

ADM: Add-Drop Multiplexer
working
/ wﬁ / WB

k'hj -~
II ! Fiber fault

MPIN TH BAABH META TH BAABH (FIBER CUT)

Xpoévog Avtidpaong
og BAaBn: 50 msec

1:1 SDH Protection

working working

..........
......
.......
e

‘4

Fiber fault



EMINEAO METAAOZHZ AEAOMENQN - Data Plane (4/5)
Wneiakn Evaoupuarn MNpéopacon — Wired Digital Local Access

ISDN (Integrated Services Digital Network): lNpoopaon yneiakwyv kavaAiwv PCM @ 64
Kbps pe ouyxpovn TToAuTtTAEgia xpovou (TDM)

« Basic Rate 2B+D

* Primary Rate 30B+D

ADSL, VDSL, VDSL2 Vectoring (Asymmetric Digital Subscriber Line, Very high bit
rate Digital Subscriber Line): Baoikr) Wnoiakn MNpoécBaon (Basic Broadband) mavw
atrd AvaAloyikoug 2uvopounTikoug Bpdyouc MNMapadoaiaknc TnAepwviag (POTS)
https://en.wikipedia.org/wiki/VDSL

POTS | UPSTREAM | DOWNSTREAM | UPSTREAM & DOWNSTREAM
: ' ———— Yt —————> VDSL2
l ,[ ]“[ ]‘“ ..... l ' ' ! ' ﬂ lI L BB
014 MHz 11MH: LZMH: 12 MHz’
Version Standard name | Common name Downstream rate ¢ Upstream rate ¢ Approved on ¢
VDSL ITU G.993.1 VDSL 55 Mbit/s 3 Mbit/s 2001-11-29
VDSL2 ITU G.993.2 VDSL2 200 Mbit/s 100 Mbit/s 2006-02-17
ITU G.993.2 VDSL2 Annex Q _ _
VDSL2-Vplus 300 Mbit/s 100 Mbit/s 2015-11-06

Amendment 1 (11/135) | VPIus/33b


https://en.wikipedia.org/wiki/VDSL
https://en.wikipedia.org/wiki/VDSL

EMNINEAO METAAOZHZ AEAOMENQN - Data Plane (5/5)

Evoupparn MNpéoBaon — Wired Digital Local Access Technologies

Next Generation Access (NGA)

Omrnika Aiktua Eupulwvikig MNpoéopaong
FTTX (Fiber To The X):

> 24 Mbps (1 Gbps) amé TELCO Central
Office oe X (Node, Curb, Building, Home)

Digital Agenda Tng Eupwtraikng ‘Evwong
KaBoAikny Baoikr) eupulwvikn TTpocaon
(basic broadband) o 2013 kai TTpoofaon
oTo Internet oe >30 Mbit/s To 2020.

To 2020 mavw atrd 10 50% TWV OTTITIWV
TTPETTEI VA £XouV TTPOCRacn oTo Internet o€
TaxutnTteg >100 Mbit/s yéow NGA.

Optical fibers Metallic cables

[ —

*>1oooft. (300m)

FTTN

JFTTC

| pppe— |
<1000ft. (300m)

IFTTB

JFTTH
https://en.wikipedia.org/wiki/Fiber to the x

EvaAAakTikil Eupulwvikn MNpdécoBaon: Méow acuppatwy dIKTUWY WiFi , 4G (LTE) = 5G


https://en.wikipedia.org/wiki/Fiber_to_the_x

EMINEAO EAEIMXOY - Control Plane (1/2)

Znuarodocia Karavoung KavaAiou - EAéyxou MeTaywyng -
ApopoAdynong Movipwyv Zuvdéoswyv Circuit Switching

« 2nuarodooia Channel Associated Signaling - CAS (T1.X. wn@Iakn
TNAe@wvia + uttnpeoieg call forwarding, caller ID...)

« 2nuatodoaia koivou kavaAiou Commeon Channel Signaling - CCS,
avecapTnTn A1rd TNV OPONOAOYNON TNG UTTO £AEYXO KANONG

Wnoeiakn TpéoBacon Integrated Services Digital Network — ISDN
« ZUYXPOVIOHOGS XpoVvikou TTAaigiou (TDM frame synchronization): eTravaARWeIg
KG0e 125 psec

* MoAutrAedia kavaAiwv B auyxpovng petadoaons ewvng (PCM @ 64 Kbps FDX)
Kail KavaAiou D agnuartodoaciag (FDX) - utropei va yuetadidel Kal aguyxpova TTakeETa
dedopévwv

« 2B+D, Basic Rate Interface (BRI) @ 144 Kbps FDX: 2B kavaAia PCM @ 64
Kbps, 1D koivo kavaAl onuatodooiac @ 16 Kbps

« 30B+D, Primary Rate Interface (PRI) @ 2 Mbps FDX: 30B kavaihia PCM @ 64
Kbps, 1D koivo kavaAl onuatodociac @ 64 Kbps

NMpwtokoAAo Signaling System 7 - SS7

» ‘EAegyxoc diaocuvdeonc TTapOXwV YnPIoKNRS TNAEQWVIAC, TTEPIaYWYT AEITOUPYIWV
eupuoug OIkTuou (Intelligent Networks) pEow CeEXWPIOTWY UTTODIKTUWY
onuatodooiag

« Common Channel Signaling — CCS Netwaorks (11.x. 01€BVAG TTEPIAYWYN —
roaming Kivntig TnAepwviag GSM)



EMINEAO EAEIMXOY - Control Plane (2/2)

Znuarodoaia eAfyXou peTaywyng - dpopoAdynaong - déopsuang
TopWV péca amd cuvdéosig data-plane dikTuwv packet switching
(TCP/IP, Internet)

e 2nMatodoacia he Hop@r) TTEQIWV ETTIKEQAANIDWY (TT.X. TTEdIa ETTIKEQAAIdWYV
Ethernet, TCP/IP, MPLS) o1a utro €Aeyxo TTakeTa OedouEVWY (TUTTOU
associated in-band signaling)

* Autévopa TTakéTa UAOTToIiNOoNG TTPWTOKOAAWYV (11.X. DNS, ARP, dpouoAdynong
IGP/BGP) diakivoupeva padi pe rakéra dedopevwy (in-band signaling)

« 2nuatodoaia yia video - voice conference over IP: ITU/T H323 (Multi-
Conference Unit, MCU), SIP (Session Initiation Protocol, IETF RFC 4579...)

Znuarodocia yia Eueun MNpoypapparn{épeva Aiktua Néag Meviag
(Software Defined Networking - SDN)

* '/EAEYXOC OUVUTTAPXOVTWY O€ KOIVEC DIKTUOKEC UTTOOOMEC (Substrate)
«OATTOPNOVWHEVWV» €IKOVIKWYV OIKTUWV VPN ot emritreda 2 (VLAN), 3 (IP VPN) n)
Kal 4 (epapuoyég — mopTeg TCP/UDP)

* 2nuaTodocia - EAeyX0C - eu@uia £¢w aTTd To OiKTUO dlakivnong dedouévwy (out-
of-band signaling), 11.x. OpenFlow Controllers TTpoypaupati{Oopeva ava
1I010KTATN (tenant) €IkoviKoU OIKTUOU, £¢w ATTO TO DiKTUO OEDOPEVWY AAAG [E
au@idpoun TTPOcBaon o€ TTONITIKEC OPOUOAOYNONG EIKOVIKWY DIKTUWV

* Euoung ApopoAdynon oe Aiktua Koppou (Core, Carrier Networks) pe
mTpodiaypageg etmidoong (Traffic Engineering-TE) yia dlaxwpIopd powv PeTagy
UTTOOUVOAWYV (EUYWV TTYWYV — TTPOOPICHWY OIGOUVOEONEVWY DIKTUWV

 Source Routing, Segment Routing (SR): MPLS-TE - SR-MPLS, IPv6->SRv6

https://www.juniper. net/us/en/products services/what-is/segment-

routing/#:~:text=Contact%20Us-
\What%20is%20segment%20routing%3F,headers%20at%20an%20ingress%20node



https://www.juniper.net/us/en/products-services/what-is/segment-routing/#:~:text=Contact%20Us-,What%20is%20segment%20routing%3F,headers%20at%20an%20ingress%20node
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https://www.juniper.net/us/en/products-services/what-is/segment-routing/#:~:text=Contact%20Us-,What%20is%20segment%20routing%3F,headers%20at%20an%20ingress%20node
https://www.juniper.net/us/en/products-services/what-is/segment-routing/#:~:text=Contact%20Us-,What%20is%20segment%20routing%3F,headers%20at%20an%20ingress%20node

EMINEAO AIAXEIPIZHZ - Management Plane

¢  TNAETTIKOIVWVIOKEG UTTOOOUEG TTAPOX WV OIKTUAKWY UTTNPETIWV: KAEIOTA
OIAXEIPIOTIKA OUCTHAMATA AVAAOYQ PE TOV TTPOUNOEUTH TAAETTIKOIVWVIAKOU
ECOTTANIOHOU KEVTPWY METAYWYNG, ECOTTAIONOU TTOAUTTAECIaC SDH KATT.
v Movtého OS/NE (Operation System / Network Element)

v' Alaxeipion oTrmikwy OIKTUwV DWDM (eTT€KTOON KAEIOTWY proprietary cuoTtnudTwyv
dlaxeipiong SDH, xprion scripts, Java - IMX, Web Services, Q3 - TL1 - Corba...)

v' Evormroinpéva cuaTtiuata diaxeipionc TMN (Telecommunications Management
Network)

« Alaxeipion dikTowv TCP/IP (Internet — Intranet — Extranet) yéow SNMP
v" SNMP transactions using UDP over IP, SMI Data Model, BER for MIB syntax

« Alaxeipion dikTOowv TCP/IP péow NETCONF

v YANG Data Model, rpwtékoAAa RPC over TCP/TCL, XML format, Datastore
CRUD (Create, Read, Update, Delete) operations

v" RESTCONF: https/REST Web API as a front-end to NETCONF RPCs

— AlaxeipioTiIKES AsiToupyieg OSI, CFAPS (uAotroinon o€ TAat@opua OS 3 NMS)
v Configuration (Alaxeipion AiapBpwaong)

Fault (Alaxeipion BAaBwv)

Accounting (AoyioTikr) Alaxeipion)

Performance (Aiaxeipion Atrédooncg)

v
v
v
v Security (Alaxeipion Aogaheiag)



2YNOWH EPIrAAEIQN AIAXEIPIZHZ
Integrated Management Tools

Diagnhostics
— ICMP: ping, traceroute
— tcpdump, Wireshark (Ethereal)

net-snmp (NMS - Agent/MIB, SMI, BER yia UDP PDUSs)
— snmp-get

— snmp-walk

— snmp-trap

— snmp-set

NETCONF (NMS - YANG Core Modules, YANG, XML pe SSH i
TLS/SOAP/https)

Monitoring protocols & tools (per-flow statistics, sampling)
— Netflow

— sFlow

— Visualization tools (e.g. open source NTOP)

— MRTG (RRDtool)

Transmission (DWDM, SDH tools): CMIP, TMN, Proprietary
— TL1, Q3, Corba



ENOMOIHMENH NAATO®OPMA AIAXEIPIZHZ
Integrated Management of a Distributed Internet-based
Infrastructure

NETWORK OPERATION CENTER

(NOC) ?
a"@

CORE - TRANSIT - PROVIDER
WIDE AREA NETWORK

SERWICES

-"*SN P MANAGER WO RKFLOW ENGINE

LOVIER: L&¥ ER MaNaGER  ALARM BROKER

IGP ROUTING
MPLS, MPLS/TE

DATA CENTER

CUSTOMER - EDGE LOCAL NETWORK

LOCAL NETWORK



OAOKAHPQMENA EPIrAAEIA AIAXEIPIZHZ
Integrated Management Tools

AuTopartoTtrolouv diadikaagieg dilauopewaong, Automatic Configuration
Templates: Ansible https://www.ansible.com/overview/it-automation (Open
Source, Linux - based...)

OpadoTroiouv Acitoupyiec FCAPS

Open Source
— Nagios — Service Monitoring http://www.nagios.org/
— OpenNMS — Network Monitoring
http://www.opennms.org/index.php/Main_Page

— Cluster Management
 Linux Heartbeat http://www.linux-ha.org/doc/users-guide/users-guide.html
« Ganglia http://ganglia.info/
« Big Data, Hadoop Clusters http://hadoop.apache.org/

Commercial
— HP Openview
— IBM Tivoli
— CiscoWorks....


https://www.ansible.com/overview/it-automation
https://www.ansible.com/overview/it-automation
https://www.ansible.com/overview/it-automation
http://www.nagios.org/
http://www.opennms.org/index.php/Main_Page
http://www.linux-ha.org/doc/users-guide/users-guide.html
http://www.linux-ha.org/doc/users-guide/users-guide.html
http://www.linux-ha.org/doc/users-guide/users-guide.html
http://www.linux-ha.org/doc/users-guide/users-guide.html
http://www.linux-ha.org/doc/users-guide/users-guide.html
http://www.linux-ha.org/doc/users-guide/users-guide.html
http://www.linux-ha.org/doc/users-guide/users-guide.html
http://www.linux-ha.org/doc/users-guide/users-guide.html
http://ganglia.info/
http://hadoop.apache.org/
http://hadoop.apache.org/

WEB INTERFACE

EPIAAEIA AOTZMIKOY AIAXEIPIZHZ
KATANEMHMENQN AIKTYAKQN YMNMHPEZIQN
Network Service Management S/W Tools

NAGIOS

PLUGINS

A 3 4 4
) check_printer_
check_ping check_ftp ink_level check_smtp

|

I

!

!

PlanetLab Traffic - NETMODE@NTUA

s
E:L 4 MMW—'«W] _mupw.'_uw,,q’h.
abitE thernet

Traffic analysis for vicky_Gigabit
s2n
2
g sent
G AL i 1 § :
FRRELE
“ oonm
4 6 B8 1012 14 16 18 X » o 2 4 6 & 40 i3

v
ey, e ol

NETWORK MANAGEMENT PROTOCOLS
(ICMP, SNMP, Q3, TL1, Remote Access - SSH)



NAGIOS PLUGINS

Plugin Return Code Service State Host State
0 OK UP
UP or
1 WARNING DOWN/UNREACHABLE
CRITICAL DOWN/UNREACHABLE
UNKNOWN DOWN/UNREACHABLE

RETURN CODE | TEXT OUTPUT |
OPTIONAL PERFDATA | LONG TEXT LINE ... | PERFDATA ...

O | PING OK - Packet loss = 0%, RTA=0.15ms
O | DISK OK - free space: / 3326 MB (56%); | /=2643MB;5948;5958;0;5968



NMNAPAAEIIMATA NAGIOS PLUGINS

neck http
neck_snmp

neck _icmp
neck_ntp

neck ifoperstatus
neck_mrtg

O O O O O O

check ssh
check_Ifstatus
check ntp time

C
C
C

nec
nec

nec

K_Imap
K_ups

K_ftp

check ping -H <host> -w <wrta>,<wpl>% -c

<crta>,<cpl>%



E=EAI=H KINHTHZ THAEPQNIAZ
GSM (2G, 1988) - UMTS (3G, 2000) - LTE (4G, 2010)

* Voice Signals Only
* Analogue Cellular Phones
* NMT, AMPS

* Voice & Data Signals
* Digital Fidelity Cellular Phones
* GSM, CDMA, TDMA

¢ Enhance 2G
¢ Higher Data Rates
* GPRS, EDGE

* Voice, Data & Video Signals MSC PSTN
* Video Telephony [ Internet Surfing
* 3G, W-CDMA, UMTS

* Enhanced 3G [ Interoperability Protocol MSC MObIIe SWItChlng Center (KéVTpO
. Hég*;dspsfdli‘w-based Metaywync Kivntic TnAepwviag)

* 4G, Mobile
B s as covrivhy: Db/ iww ralachtimina com PSTN: Public Switched Telephone Network
(Anudaoio ThAe@wviko AikTuo)




ENOMOIHMENH APXITEKTONIKH IMS

(IP Multimedia Subsystem)
Atroyn ™n¢ ITU-T & TnAsmkoivwviakwy Mapéxwv (TELCO
Operators) yia Converged Networking

1
@ avw
'A
UE A
SGSN
— — - Signaling

CPE: Customer - Premises Equipment
CSCEF: Call Session Control Function
GGSN: Gateway GPRS Support Node
HSS: Home Subscriber Server

IMS: IP Multimedia Subsystem
IMS-MGW: IMS-Media Gateway
ISUP: ISDN (Integrated Services Digital Network) User Part
MGCF: Media Gateway Control Function

MRF: Media Resource Function

P-CSCF: Proxy - Call Session Support Function

PS: Packet Switching domain

PSTN: Public Switched Telephone Network

SIP: Session Initiation Protocol

SGSN: Serving GPRS Support Node

UE: User Equipment

SIP

Media Server

4
Internet

iApplication Server

SIP phone



—at H 5" FENIA KINHTQN ENMIKOINQNIQN

=
5G ZuykAion Emikoivwvitwyv: Fixed-mobile Convergence (FMC)

Evotroinuévo Internet tou 2020++
https://5g-ppp.eu/white-papers/

MNpodiaypapég 3GPP
d . . :
5G BaCkhaUL Fronthaul hetwork (3¢ Generation Partnership Project)
https://www.3gpp.org/technologies/5g-system-
fronthaul backhaul overview
Handheld = Cell Ste | Mobile Backhaul Transport Mobie Core Radio Access Fronthaul Network (RAN)
- 1G/4G/5G % Hand-held Devices, I/A & Streaming Video
E 3 - %‘ Antennas (Microcells, Metro Cells, MIMO, Drones)
= L e S NP Cloud Apps «  Low-Band: 600-850 MHz (30-250 Mbps)
Bl |l S % +  Mid-Band: 2.5-3.7 GHz (100-900 Mpbs)
- soner B3 "‘;__ EPC High-Band: 25-39 GHz (> 1 Gbps)
raies @) ¥ e W( _ Backhaul Mobile Network
D ) & v Optical ~ (29 Core  packet Microwave, VDSL, GPON, p2p Fibers
—p ety Newsk - Cell antennas - Edge Servers
Metro ceit o e u w . -
B4 Mecrs > . Z B Transport Optical Backbone Network
. B . l\ll Outs Comter Srvens & i
"R o Jtecihod : ek Sorage L3 Router, Aggregation Hub
- ® EMS/uats Suliding tegrated Mobie Data
RS ¥ Core Network
=3 CHECM Timing Syptem Center ore Networ
M S Clouds, CDNs, Data Centers...
Source http://www.bost.ey.gov.tw/Upload/UserFiles/12.pdf Air Latency

Goal: 1 - 4 msec (Edge Servers ditTrAa o€ Kepaieg)
2NPepPIvEC €MOO0EIC: 20-30 msec

Epappoyég
« Enhanced Mobile Broadband, eMBB (Smart Cellphones 4G - 5G, 800-1000 Euros/Zuckeun)
 Ultra-Reliable Low-Latency Communications, URLLC (Factory Automation - Industry 4.0, Robotics,
Transport Security - Autonomous Vehicles, TnA€iatpikn...)
» Massive Machine-Type Communication, mMTC (Mey&Aog Ap1Buocg TeppaTikwy - Sensor Networks, 1oT)
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SENSOR NETWORKS, loT - Internet of ThlngS SMART CITIES

e-Texvoloyisg

& REGIONS

* AOBjIEG Yooy

* O8ryot afwonoinong
e-TIAnpopopnoy * AEoASynon Tegvohoyiag e-Kevor 0‘|.11.C[
*TIéAg / Arjpog
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)
SmartSantander Node

= H Eugung )\n Santander, B.A. lomravia
Aiktua MNpdoBaong pe 12.000 AioBnTApeg (Wireless

Sensors)
Euq@uceig MNMoAcig: YTodopuég & Epapupoyég Kataveunuéveg EQapuoyéc ae YTrohoyioTika Négn (Clouds)
Tsarchopoulos, P. (2006) Evaluating Scenarios for Digital Cities http://www.smartsantander.eu/

H gmoyn Tou A1adikToou Tou MéAAovTog (Future Internet) £éxel SeKIviloEl:

« OmrTika & Acuppata Aiktua Koppou o Taykoouia KAipaka, Content Delivery
Networks (CDN)

* AoUpuara Aiktua MNMpdéoBaong AioBntApwyv (Wireless Sensor Networks), 35
dloeKaTOPMUpPIa TEAIKOI KOOI (eKTiNoN yia 2020+)

* 2ZUYKAIon AIKTUaKWV TeXxvoAoyiwv: EupulwVvikEG OTITIKEC & DOPUYOPIKES CEUEEIC,
aouppata diktua (GPRS, GSM, LTE, 5G Radio Access Network - RAN), ToTTIKa dikTua
Ethernet & WiFi, emkoivwvieg pIkpng epupéAeiag Bluetooth, IR, RFID...

» TexvoAoyieg AcUpuatwy AIKTUWV AlIocONTApWY XaunAng 1Ioxuog & k6oToug (Zighee,
Bluetooth, SigFox, LoRa, NB-1oT / Narrow Band Internet of Things)

* Mpoéopaon oe Eikovikd YtroAoyioTika MepiBdaAAovra, private — public clouds
EUQUEIC WNOIOKES EQAPUOYEC, UTTNPETIEC triple play, autéparn odriynon, Industry 4.0

« Smart Data, Control & Management Plane, Network Softwarization, Segment
Routing (SR-MPLS, SRv6), Programmable Data Planes (P4, XDP), Machine Learning
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OAOKAHPQMENEZ EYQ®YEIZ YNOAOMEZ & YIMNHPEZIEZ

Converged Programmmable Communication Infrastructures & Services

Ytnpeoieg Triple-Play (Internet, Voice, Video) Tdvw o€ evoTtroinuéva
diktua IP

IP Multimedia System (IMS): 2x£010 2uykAnong Tng 3G.IP (forum
KOTOOKEUOOTWYV KIVNTAG TNAeQwviag, petemeita 3GPP) atro 1o 1999 mou
ui00etBnke atrd 1Ic TELCO (PNO, Public Network Operators) kal Tnv 1TU-
T (International Telecommunication Union)

To péEANovV Twv Evotroinuévwy Emmkoivwviwy: H onuepivr) amoywn tng
Fixed-mobile Convergence pe Tnv ApXITEKTOVIKE 51 M'evidg (5G) kal 10
eTTEPXOMEVO TOOUVAUI TwV Sensor Networks =2 Internet of Things (loT)

AuTopaTOTTOINON OIAUOPPWAONG, EAEYXOU KAl DIOXEIPIONG UTTOOOUWY Kal
UTTNPECIWV O€ EUPUEG, TTPOYPaUaTICopEvo (software-defined) kal
AZOAAEZ oikoouoTnua he eyyunoeig (;) dlac@alions TTPOCWITTIKWV
OedOMEVWY - privacy

Alaouvdeon ZnuaTtodoaiag - EmTédwyv EAEyXou o€ OMOOTTOVOIAKO
TEPIBAAAOV TTOAAATTAWY SIAXEIPICTIKWYV TTEPIOXWV (;;;)

Stitching of CONTROL PLANE PROTOCOLS across
Autonomous Domains (Multi-domain Signaling Protocols)

ONLY TWO SUCCESS STORIES
« SS7 (International Telephony)
« BGP (Global Internet)




ENOIMNMOIHMENH APXITEKTONIKH Software-Defined Network
SDN Software Stack - Peterson et.al. Ch. 3

https://sdn.systemsapproach.org/arch.html
[ Contrl " conira " Control ] Contra ] SDN End-to-End' Perspegtive
end-host/VM - virtual Switch (vS) -2
[ Network 05 ) transit Switches - vS - end-host/VM
Confiquration & Control Software

wa| . [ = = * Network OS (e.g. ONOS)

™,
.,

» Switch OS (e.g. Stratum)

- | iwitch os | | s;witchcs | | S:Mitch os | ‘EW « Control App (e.g. Trellis)

End Host Trellis Control Apps
Software-Defined (SD) Fabric suite in
m....... distributed leaf-spine data-center topologies:
* VLANS & L2 bridging

* IPv4 & IPv6 routing

« DHCP L3 relay

« Dual-homing of Servers/Routers

* QIinQ forwarding/termination

« MPLS-based pseudowires

i = ONOS Functionality
¥ Central .=

Office | vetro/core | © TOpology Management
E Router « Configuration Management
« Control of Switches

Statn::lns
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