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TPIZAIAZTATO NMPOTYNO ANAD®OPAZ (1)

« ETmimedo Meragpopdg Asdopévwy — Data Plane

[MpowOnon (forwarding) péow KavaAiwv oTaBepou eupouc: MeTaywyn
KUKAwparog - circuit switching 1m.x. TnAepwvia PSTN Public Switched
Telephone Network, ISDN Integrated Services Network 2B+D, 30B+D (yia
METAYwYN KavaAiwv PCM @ 64 Kbps), kivntr} TNAcpwvia GSM

[MpowBNOoN YE NUI-JOVIPA KUKAWUATA cross-connects, 1.X. EUQUEIC
TTOAUTTAEKTEC TDM (64Kbps — 34 Mbps), dakTuAiol SDH/SONET pe e@edpia
(Ewg 10 Gbps) & oTrTiIKoi TTOAUTTAEKTEG XpwHaTtog DWDM (€wg 80 xpwuara,
10 100 Gbps/xpwua)

Alauopewon mAaiciwv TDM: ITU-T SDH/GFP framing (atmé STM-1=155 Mbps 2>
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€ mrakéta/trAaiola Ethernet, WiFi (IEEE 802.11), MPLS,
TCP/IP

[MpowBOnon TTAKETWY OEDOPEVWY BIa JECOU PETAYWYEWV (Switches) &
dpouoAoyntwy (routers): Metaywyn rakéTou — packet switching yia
QUVAMIKA KATAVOWI OIKTUOKWY TTOPWV UE OTATIOTIKY TTOAUTTAECIO

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



2YTXPONEZ ONTIKEZ IEPAPXIEZ TDM:
SONET (ANSI T1.105) & SDH (ITU-T G.707, G.708)
[MepiodikoTnta MNMAaigiou: 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




AYTOMATH ANTIAPAZH ZE BAABEZ OMNTIKQN AAKTYAIQN SDH

1+1 SDH Protection
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TPIZAIAZTATO NMPOTYNO ANA®OPAZ (2)

« Emimedo EAéyxou - Control Plane (1/2)

— Znparodooia KATAVOUNG KAVAAIOU - EAEYXOU METAYWYNG -
OpopuoAdynong povipwy ocuvdECEWYV circuit switching

« 2nuatodocia Channel Associated Signaling - CAS (1T.X. yn®Iakn TNAspwvia +
uttnpeaieg call forwarding, caller ID...)

« 2nuatodocia koivou kavaAlou Common Channel Signaling - CCS, ave¢dptntn
atrd TNV dpopoAdynaon TNG utrd EAeyxo KARONG

— LIJr](plou«] TTpooBaon Integrated Services Digital Network — ISDN

ZUuyXpPOoVIOHOG Xpovikou TTAaigiou (TDM frame synchronization): eTravaAqPelg kade 125
psec

» Basic Rate Interface (BRI) - 2B+D, 144 Kbps FDX: 2 B kavaAia PCM @ 64 Kbps 2B, 1 D
KavaAl onuartodooiag @ 16 Kbps

* Primary Rate Interface (PRI) - 30B+D, 2 Mbps, FDX: 30 B kavaAia PCM @ 64 Kbps 2B, 1
D kavdaAl onuaTtodooiag @ 64 Kbps

— [NpwTtékoAAo Signaling System 7 — SS7, €EAeyx0g 0I00UVOEDTNG TTAPOXWV
WNQIaKNG TNAEQWVIag, TTEPIaYWYN )\&ZITOUpYIwV eu@uouc OiIkTuou (Intelligent
Networks) péow ¢exwploTwy UTTODIKTUWY onuarodociasc: Common
Channel Signaling — CCS Networks (11.X. 01€0vr¢ TTEPIAYyWY — roaming
KIvATAG TNAe@wviac GSM)



TPIZAIAZTATO NMPOTYINO ANA®OPAZ (2)

Emwitredo EAéyxou — Control Plane (2/2)

— Znuparodooia eAéyXou peTaywyng - SpopoAdynong - déouguong Topwv
Méoa atrd ouvdéoeilg data-plane dikTOwyv packet switching (TCP/IP,
Internet)

* 2nuaTtodogia Ye pop®r TTEdiwV ETTIKEPAAIdWYV (TT.X. TTEDIA ETTIKEQPAAIOWV
Ethernet, TCP/IP, MPLS) ota utrd €Acyxo TTakeéTa dedouévwy (TUTTOU associated
in-band signaling)

* Autovoua TTakéTa uAotToinong TTPWTOKOAAwYV (TT.X. DNS, ARP, dpouoAdynong
Méoa o€ auTovouo ouoTnua OSPF, dpouoAdynong HETAEU QUTOVOUWY
ouoTnuatwyv BGP), diakivoupeva padi ue rakeETa dedopevwy (in-band signaling)

« 2nudarodoacia yia video — voice conference over IP: H323 (Multi-Conference Unit,
MCU)

— Znuatodocia yia Eugun lNMpoypapparti{épeva Aiktua Néag Meviag
(Software Defined Networking - SDN)

* ‘EAeyxog ouvutrapOvTwy o€ KOIVEG DIKTUAKEG UTTODOMEG (substrate) aAAd
«ATTOPOVWUEVWVY EIKOVIKWV JIKTUWV VPN ava koivotnteg o€ emireda 2 (VLAN),

3 (IP VPN) n ka1 4 (epapuoyéc — moptec TCP/UDP)

« 2nuaTtodoaia - EAeyxocg - eupuia EEw atTd To diKTUO dIaKivnong 6560psvwv (out-of-
band signaling), m.x. OpenFlow Controllers TrpoypapyaTifopeva ava “ISIokTATN”
€IKOVIKOU OIKTUOU, £6w aTTO TO DiKTUO dedOMEVWV AAAG PE apgidpoun TTpoaaon
O€ TTONITIKEG 6popo)\oyr]or]c; METAYWYEWV OEQOPEVWV TWV EIKOVIKWY OIKTUWV



TPIZAIAZTATO NMPOTYNO ANAD®OPAZ (3)

« Emimedo Alaxeipiong — Management Plane

TnAepwvikd dikTua (0TaBePa & KIVNTA): KAEIOTA DIaXEIPIOTIKA CUCTAPATA avaAoya
ME TOV TTPOMNBEUTH) TNAETTIKOIVWVIAKOU EEOTTAICHOU KEVTPWYV METAYWYNC,
€COTTAIOOU TTOAUTTAEEIOG SDH KATT.

MovTtéAo OS/NE (Operation System / Network Element)

Alaxeipion diktuwyv TCP/IP (Internet — Intranet — Extranet) yéow SNMP (UDP)
MovtéAo Manager/Agent (Network Management System - NMS / Management
Information Base - MIB)

[Alaxeipion SIKTUWV PHEOW TTPWTOKOAAWY OSI: CMIP/CMIS]

AiKTUO EVOTTOINUEVWY TNAETTIKOIVWVIOKWY UTTNPECIWV: 2UcTAPATa dlaxeipiong

TMN (Telecommunications Management Network) Baciopéva o€ TTpWTOKOAAD

oSl

Alaxeipion ommikwy dIkTUwv DWDM: Mg xprjon scripts, Java - JIMX, Web Services,

Q3 -TL1 - Corba..

AlaxalploTlKeg )\alToupylag OSlI, CFAPS (uAotroinon o€ TAat@oppa OS r; NMS)
Configuration (Alaxeipion AidpOpwaong)

Fault (Alaxeipion BAaBwv)
« Accounting (AoyioTIKA Alaxegipion)
Performance (Aiaxeipion ATTodoong)
« Security (Alaxeipion Ac@aAgiag)



NMAPAAOZIAKOZ OPIZMOZ EY®PYOYZ
THAEQQNIKOY AIKTYOY

IN, Intelligent Network

ECaywyn euuiag £€w atrd TO Yn@Iako TNAETTIKOIVWVIOKO OIKTUO
KOPMOU, O€ £CWTEPIKEC PATEIC OEDOPEVWY VIO TTAPOXI UTTNPECIWY
TTPOCTIOEPEVNC aciag:

— [lpoocappoyn o€ avaykeg cuvdpoOuNTWYV
— Avuvarotnra autodlaxeipiong ouvOpouNTwWY

— EKpeTaAAeuon TTOAAATTAWY TTAPOXWYV ATTO OUVOPOPNTEG,
BeATioTOTTOINON dlACUVOEONG DIKTUWV

— BeAmioTotroinon Tapoxng uttnpeciwy (Tr.X. OpouoAdynon eAaxiotou
KOOTOUG — least cost routing yéoa atrd eVOANAKTIKEC AUOEIC TTAPOX WV,
TTEPIAYWYN - roaming)



NMAPAAEITMATA YNHPEZIQN EY®YOYZ
THAEQQNIKOY AIKTYOY

TnAepwvnua xwpeic xpéwon (800 XXX...)
YT1rnpeoieg mAnpo@opnong (900 XXX ...)
XpEwan ME TTIOTWTIKA KAPTA

Universal Personal Telecommunications
TnAe-wpneopopia

ETtaipika Eikovika Aiktua (VPN)

Ppayéc, TTpowdnoEIC, dIAOKEWEIC, XPEWOEIC KaAoupévou, Caller ID
KATT.

Auvapikry dpouoAdynon KANOEwWV EAQXiIOTOU KOOTOUG
®opntéTNTa aPIBoU (Number Portability)



EZEAI=H THAE®QNIAZ:

A1r6 MovoAiBiké MovottwAlo o€ AtreAsuBepwpévn Ayopd
EvaAAakTikKwv Eu@uwy Avoswy

POTS (Plain Old Telephone Service), PSTN (Public Switched Telephone
Network), ISDN (Integrated Services Digital Network), GSM/GPRS (kivnTh
TNAEQWVia 21S yevIAg)

— SPC Stored Program Control — 1960/70

— CCS Common Channel Signaling Network

2nuartodooia — TrpIv TNV eykatdotacn KANRong (call setup)
* 2nuatodoacia ¢exwploTh atrd TNV KANRon

» [lpodiaypapry SS7 (Signaling System 7) 1n¢ CCITT, (Comité Consultatif
International Télephonique et Télegraphique utté Tov OHE, atmé 1o 1993 ITU
— T, International Télécommunications Union — Secteur de
Télécommunications) yia JeTAdo0N CUUPBATAC ONUATOdOCIAC METALU
dlaoUVOEPEVWY TTapOXwV — 1970/80

— IN/1 (Intelligent Network) — 1980/1990

» Service Control Point (SCP) — e€wTtepIkéC Baoelg dedouevwy (TT1.X. yia 800-
XXX..., 900-xXxXX KATT.)

* ITU: IN CS-1 (Capability Set 1)

» Bellcore (USA): AIN (Advanced Intelligent Network)
— 3G, UMTS kivnT TNAEpwvia 3nS yeviag
— 4G, Long Term Evolution - LTE (WiMAX) kivnTr) TnAE@wvia 4" yeviag
— VoIP (Voice over IP), H.323 (ITU - T) i SIP (Internet — IETF) signaling



APXITEKTONIKH IN (Intelligent Network)

Intelligent
Peripheral
Operations (IP)
Systems

(0Ss)

Switching
Point (S5P)



IN - ENNOIEZ

Intelligence => NpdéoPacn o€ didpopeg databases =(epappoyEQ)

MAP -

INAP
CAP

ISUP

Service Switching Point

(emTpETTEl TRV UAOTTOINON Service
triggering o€ €va yn@Iako TNAEPWVIKO
KEVTPO TOU DIKTUOU KOPOU)

SSP

_— Exchange




TYNMNIKH KAHZH ME AIAAIKAZIA IN

SSP

> | Exchange ' >| Exchange I

1. Ymmodoxn kArnon¢ oro Tormko ThnAEQwVIKO
Kévrpo (T/K) — Local Exchange Tumka mapadeiypara triggers:

2. Evepyoroinon Trigger ot kArjon Baoikod  THIKA 1 KaAOUpEVOS apiBuoS
rUmTou 010 SSP Access code 1) wpa kAnong

. ] . Time (hour, day) n TorroBsoia

3. SSP {ntd mAnpogopia arro SCP (database) (GA Aog( nc’rpoxoé/)) (nmobile system)

4. SCP emoTpépel TTAnpo@opia
5. ApouoAoynon kAnong oro emmouevo T/K



®OPHTOTHTA APIOMOY

DN: Directory Number
STP: Signaling Transfer Point
SSP: Service Switching Point (Client-EXC)
SCP: Service Control Point (Data Base)
LNP: Local Number Portability (PopntdétnTta)
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2HMEPINH KATA2TAzH

SS7 & IN o€ repIBAAAOV EVAAAAKTIKWY TTAPOXWYV OTABEPNC Kal KIVATAG
TNAEQWVIOG
[Meplaywyn (roaming), opntotnTa apIiOuwy (number portability)
2G (GSM) - 3G (UMTS) - 3.5G (LTE) = 5G
ISDN Signaling = VolIP SIP (Session Initiation Protocol, IETF)
IP Telephony (Real-time Transport Protocol - RTP over UPD, RTP Control
Protocol — RTCP over TCP)
— 2av utnpeoia Twv ISPs

— 20V «EAeUBepn» uttnpeoia oTo Internet, 1.x. Skype: ApPXITEKTOVIKN peer-to-peer
(p2p) overlay (e¢céAicn Kazaa), proprietary voice/video coding

— 2nuartodogcia: ITU H.323 - IETF SIP (TCP/UDP port 5060), diaA&itoupyikoTnTa
ME SS7, yetagpopd uttnpeoiwyv IN ot repiBaiAov IP

— Ymootpign VoIP péow gupuwv KivnTwy TnAe@wvwy (iPhone, Android): Viber
(ouvdeon TCP tnAépwvou ue Viber servers yia SIP-like signaling, TCP Port 5242
N 4244)

Video Conferencing o€ IP
— H.323 Multi-Conferencing Unit (MCU) - SIP Gateway, Skype p2p
— Real-Time Transport (RTP), fast video coding
IPTV: Set-top Box o€ TnAeomtTikf ) ouokeur | Multimedia PC
— Broadcasting (HD/UHD)TV, Video on Demand, Streaming
Multimedia Streaming Services (YouTube...): HTML5, HTTP over TCP



AIEYOYNZEIX H.323 - SIP

H.323: ApiBuoi tutrou E.164 (péyioTo 15 apiBuoi), IP, email, URI
(Universal Resource Identifier: URL — Universal Resource Locator

n/kar URN Universal Resource Name)
http://en.wikipedia.org/wiki/Uniform resource identifier

— AvTtioToixion IP, H.323 Name (email, maglaris@netmode.ntua.gr) pe
GDS (Global Dialing Scheme, 11.x. 0011892106544721) yéocw
eCUTTNPETNTWYV apIBuodOTNONG - Gatekeepers (11.X. Public Gatekeeper
pgk.vc.dfn.de)

SIP: Movo URI kai xprjon DNS

— TMapadelypa: sip:username:password@host:5860, 1 TLS secure
sips:username:password@host:5061)



http://en.wikipedia.org/wiki/Uniform_resource_identifier
sip:username:password@host:5860
sips:username:password@host:5061

ENOIMOIHMENH APXITEKTONIKH IMS

(IP Multimedia Subsystem)
Atroyn NG ITU-T & TnAemikoivwviakwy Mapoxwyv
(TELCO Operators) yia Converged Networking

e iApplication Server

4
Internet

Media Server

I SIP phone
t,
@ &
'A
UE A //*‘»\
SGSN 3
I PSTN

— — - 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 SIP
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




H 5" FTENIA KINHTQN EMIKOINQNIQN

To Evotroinpévo Internet tou MéAAovrog (2020)

5G Backhaul, Fronthaul network

< fronthaul backhaul

e
7o~ g

Hand-held ' Cell Site Moblle Backhaul Transport Mobie Core
;cs/ac,/sc; -

§+ Cloud Apps
4‘%

E

rce:h .__'_WMQy.gov.m-'Upbad.beerF fles/12.pdf



2YITKAHZH EMIKOINQNIQN

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
ui00etOnke atrd 1Ic TELCO (PNO, Public Network Operators) kal Tnv 1TU-
T (International Telecommunication Union)

To péEANovV Twv Evotroinuévwy Emmkoivwviwy: H onuepivr) atmoywn tng
Fixed-Mobile Convergence pe Tnv ApXITEKTOVIKA 5" MNevidg (5G) kail To
avapevopevo Toouvaul Twy Sensor Networks =2 Internet of Things (loT)

Alaouvdeon ZnuaTtodoaiag - EmTédwyv EAEyXou o€ ONOOTTOVOIAKO
TEPIBAAAOV TTOAAATTAWY SIAXEIPICTIKWY TTEPIOXWV;

ANO TIZ NOAAEZ NPOTAZEIZ IN'A AIAZYNAEZH ZHMATOAOZIAZ
EMNEAQN EAEMXOY NMNOAAAINAQN AYTONOMQN AIKTYQN (Multi-
domain Control Protocols) Ol MONEZ NMOY EXOYN MNETYXEI MEXPI
ZHMEPA (Success Stories) EINAI AYO:

SS7 (51E0vi¢ TnAsQWViQ)
BGP (Internet)




