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2YNOWH EPI'AAEIQN 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 pye SSH n)
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



ENOIMNMOIHMENH NAATOOPMA AIAXEIPIZHZ
Integrated Management of a Distributed
Internet-based Infrastructure
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OAOKAHPQMENA EPIrAAEIA AIAXEIPIZHZ
Integrated Management Tools
AuTouarotroiouv diadikaaieg diapopewong, Automatic Configuration

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

Opadotrolouv Asitoupyiec 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-quide/users-guide.html
« Ganglia http://ganglia.info/
« Big Data, Hadoop Clusters http://hadoop.apache.org/

Commercial
— HP Openview
— IBM Tivoli
— CiscoWorks....
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EPITAAEIA AOIMNZMIKOY AIAXEIPIZHZ
KATANEMHMENQN AIKTYAKQN YINMHPEZIQN
Network Service Management S/W Tools

NAGIOS MRTG
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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 ...

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



NMAPAAEIIMATA 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=ZEAI=ZH KINHTHZ THAEQPQNIAZ (smravdAnyn)
GSM (2G, 1988) - UMTS (3G, 2000) - LTE (4G, 2010)

* NMT, AMPS

¢ Enhance 2G

* GPRS, EDGE

* 4G, Mobile IP
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* Voice Signals Only
¢ Analogue Cellular Phones

¢ Higher Data Rates

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

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

¢ Enhanced 3G | Interoperability Protocol
¢ High Speed & IP-based

www.rajeshtimane.com

MSC PSTN

MSC: Mobile Switching Center (Kévtpo
Metaywync Kivntric ThAepwviag)

PSTN: Public Switched Telephone Network
(Anuooio TNAepwVIKO AiKTUO)



ENOMOIHMENH APXITEKTONIKH IMS

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

Media Senigg i— - - iAppllcatlon Server

Interpet
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— — - Signaling |
CPE: Customer - Premises Equipment
CSCEF: Call Session Control Function
GGSN: Gateway GPRS Support Node CPE

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" FENIA KINHTQN EMIKOINQNIQN

To Evotroinuévo Internet tou MéAAovtog (2020)

5G Backhaul, Fronthaul network
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Mpodiaypagég 3GPP

(37 Generation Partnership Project)
Radio Access Fronthaul Network (RAN)
Hand-held Devices, I/A & Streaming Video
Antennas (Microcells, Metro Cells, MIMO, Drones)
* Low-Band: 600-850 MHz (30-250 Mbps)
* Mid-Band: 2.5-3.7 GHz (100-900 Mpbs)
* High-Band: 25-39 GHz (> 1 Gbps)

Backhaul Mobile Network
Microwave, VDSL, GPON, p2p Fibers
Cell antennas - Edge Servers

Transport Optical Backbone Network
L3 Router, Aggregation Hub

Core Network
Clouds, CDNs, Data Centers...

Air Latency
Goal: 1 - 4 msec (Edge Servers ditTAa o€ KEpAieQ)
2nuepIvES emiddoelg: 20-30 msec

Epappoyég

Security - Autonomous Vehicles, TnAgiaTpikn...)

+ Enhanced Mobile Broadband, eMBB (Smart Cellphones 4G - 5G, 800-1000 Euros/>uokeun)
» Ultra-Reliable Low-Latency Communications, URLLC (Factory Automation — Industry 4.0, Robotics, Transport

» Massive Machine-Type Communication, mMTC (MeydAog ApiIBudg Tepuatikwy - Sensor Networks, 10T)
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2YITKAHZH ENMIKOINQNIQN
Convergence of Communication Infrastructures & Services

Ytnpeoieg Triple-Play (Internet, Voice, Video) TTavw o€ evoTtroinuéva
Oiktua IP

IP Multimedia System (IMS): 2x£d10 2uykAnong Tng 3G.IP (forum
KOTOOKEUAOTWY KIVNTAG TNAeQwviag, petemeira 3GPP) amo 1o 1999 tmou
uioBetBnke atrd 1ic TELCO (PNO, Public Network Operators) kai Tnv ITU-
T (International Telecommunication Union)

To péAAov Twv Evotroinuevwy EmKoivwviwy: H onuepivr) ammoyn tng
Fixed-Mobile Convergence pe Tnv Apxitektovikn 51 MNevidg (5G) kai 10
eTeEPXOPEVO Toouvaul Twv Sensor Networks =2 Internet of Things (loT)

Alaouvdeon 2nuartodoaoiag - EmmEdwyv EAEyxou o€ OOOTTOVOIAKO
TEPIBAAAOV TTOAAATTAWYV DIAXEIPICTIKWYV TTEPIOXWV (;;;)

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

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




OI NATPIAPXEZ TOY Internet

Paul Baran (1926 —2011): Aiktua YTroAoyiotwyv, Metaywyn MNMakétou
https://en.wikipedia.org/wiki/Paul Baran

Leonard Kleinrock (1934): Aiktua YTtroAoyioTwyv, MeTaywyn
MNakéTou https://en.wikipedia.org/wiki/Leonard Kleinrock

Larry Roberts (1937): Aiktua Ytrohoyiotwyv, Metaywyn MNakéTtou,
ARPAnet https://en.wikipedia.org/wiki/Lawrence_Roberts _(scientist)

Bob Kahn (1938): Metaywyn MNMakétou, ARPAnNet, MNpwTtokoAAa TCP/IP
https://en.wikipedia.org/wiki/Bob_Kahn

Vint Cerf (1943): NpwtdkoAAa TCP/IP, lNaykoouioTroinon Tou
Internet
https://en.wikipedia.org/wiki/Vint_Cerf

Bob Metcalfe (1946): Tommkd Aiktua Ethernet
https://en.wikipedia.org/wiki/Robert Metcalfe

Tim Berners-Lee (1955): MNpwtdékoAAa HTTP, WWW
https://en.wikipedia.org/wiki/Tim Berners-Lee

H Néa MNevia tng ESamAwong Tou Internet

Steve Jobs (1955 -2011): Apple

Bill Gates (1973): Microsoft AT S
https://en.wikipedia.org/wiki/Steve Jobs

https://en.wikipedia.org/wiki/Bill Gates

Larry Page (1973): Google
https://en.wikipedia.org/wiki/Larry Page

Mark Zuckerberg (1984): Facebook
https://en.wikipedia.org/wiki/Mark Zuckerberqg
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SENSOR NETWORKS, IoT - Internet of Things,
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Euogucig MNMoAcig: Yrodouég & E@appuoyég

Tsarchopoulos, P. (2006) Evaluating Scenarios for Digital Cities http://www.smartsantander.eu/

H Eu@ung I'Io)\r] Santander, B.A. lotravia
AikTua MNpoéoBaong pe 12.000 AioBnTrpeg (Wireless

H goyn Tou AiadikTtuou Tou MéAAovtog (Future Internet) £éxel SEKIVI|OEL:

* O1mrTiIkd & Acuppata Aiktua KoppoU o€ Ttaykoouia KAipaka, Content Distribution

* Acuppara Aiktua MNpéoBaong Aiocdntipwyv (Wireless Sensor Networks), 35
dloekaToppUpIa TEAIKOI KOPBOI (TTPORAEWN yia To 2020)

« ZUykAion Aiktuakwv TexvoAoyiwv: EupulwvikEG OTTTIKEG & DOPUPOPIKES CEUEEIG,
aoupuata diktua (GPRS, GSM, LTE, 5G Radio Access Network - RAN), TOTTIKG
dikTua Ethernet & WiFi, emkoivwvieg pikpng eupBEAcIag Bluetooth, IR, RFID...

» TexvoAoyieg Acupuatwyv AIKTUWV AloBnTApwyV XaunAng 1Ioxuog & kdoToug (Zigbee,

Bluetooth, SigFox, LoRa, NB-loT / Narrow Band Internet of Things)

* NpéoBaon oe Eikovikad YtroAoyioTika MepiBaAAovra, private — public clouds
EUQUEIC YNYIOKES EQAPUOYEG, uTTNPETicg triple play, autduaTtn odriynon, Industry 4.0

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

SmartSantander Node

Katavepnuéveg Epappoyég oe YtmoAoyioTikd Népn (Clouds)
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