AIAXEIPIZH AIKTYQN - NETWORK MANAGEMENT

Etocaywyn - Introduction
H Ap)ttektovikn tov Internet - Internet Architecture

Mpotuno tpwwv Awtactacewv Asttovpyiacg - Network Operation Planes
Movtélo Awaxeipiong FCAPS - ISO/0SI FCAPS Model
To Aiktuo tou E.M.IN. - NTUA LAN
NepBailov Epyaotnplakwv Acknoswv - Laboratory Setup
To Naykoopio Internet - The Global Internet
AwevuOuvolodotnon oto Internet - Internet Addressing
Avutovopec NMeploxéc - Autonomous Systems, BGP
Nponyuéva Epsuvntikd - Ekmadsvutikd Aiktua: NTUA, GRNET, GEANT

B. MaykAapng
maglaris@netmode.ntua.gr
www.netmode.ntua.gr

Néa Ktipta ZHMMY - AiBouoa 013
23/10/2023


mailto:maglaris@netmode.ntua.gr
http://www.netmode.ntua.gr/

ITOIBA MPQTOKOAAQN TCP/IP ZTO INTERNET

End System Intermediabe System End System Roptication Layes T
(SMTP Telnat, FTF, gtc.) Dala
Transpart [ W Tra s port -
Febwock [ B blebyork | Nebwok [ W ebwork | | | |
" - N N - - Transport Layer
Data!.wk > 7 L Data!_lrk Data!_lrk 7 L Data!_lrk (0P DR 1A coater bata
Pheesical [™ P Phresical Phesical [ — = Physical i -
L L T lnterneftaper """""""
Pack et (e Header  Header | .
isrorked 4 S L 5
— _ Network Access Layer ) N
Source Paerto-Pesr INTERNET I:,E&HD_F,EwDestmatlon {Ethernet, FDD), ATM, etc. ) Header  Header | Header | Dala
Carmunicakion Cormrnunication
http://www.erg.abdn.ac.uk/users/gorry/eg3567/inet-pages/transport.html http://docstore.mik.ua/orelly/networking/firewall/ch06_03.htm

Ze €va 6lKTUO UTIOAOYLOTWVY APXLTEKTOVLKNG Internet:

. Ta SUo akpa (source - destination) uhomoloUv epoappoyEg (applications) pe cuvepyatiko tpomno (n.x. Simple Mail Transfer Protocol - SMTP yia e-
mail) péow avraAlayng kwdikomolnuévwy PndLakwy HNVURATWY, TEQOXLOUEVA O TIAKETO TToU TipowBolvtal autovopa oto Internet

. Ma tnv tadavn kat aflomniotn uAomoinon g entkowvwviag, ta Vo dkpa uAomoLoLV Sladlkacileg MTPWTOKOAAWYV peer-to-peer o€ TOAAATIAG
otpwpata (layers) mou kaBLotoUV GUPBATEG TIC EMLUEPOUC EPAPUOYEG, AVEEAPTNTA OO AEITOUPYLKA GUOTAOTO, KATAOKEVOOTH KOl
Aentouépeleg ulomoinong (m.x. Transport Layer, TCP/UDP/ICMP)

. H uAomoinon yivetat pe tnv dStadoxikr evBUAdkwon Twv makétwv oe dpakeéAoug (onion skin model) pe emikedpaAibeg mouv enttpenouvv TNV
oupBatn mpowBnon ota SiKTua EMLKOLVWVLWY, XWPLE YVwaon Tou mepLexOUeVoL Touc (TL.Y. Internet Layer, ohyoplBuog SpopoAdynong - routing e
Baon tig SteuBuvoelg IP twv Suo akpwv)

*  Ita XOUNAOTEpPQ OTpWHATA YiveTal n aflomiotn Kot amodotiki mpocsfacn oto ¢pucikd pEco (PHY) Twv eVOLOUESWY SIKTUWVY,
oupneplthapBavopevng tng dtapopdwaonc Tou Pndlakol LNVUUOTOC 0 oriata (NAEKTPLKA, OTTIKA, NAEKTPOUOYVNTIKA) avaAoya e To
XOPOKTNPLOTIKA Tou péoou (T.x. Network Access Layer = Data Link & Physical Layers: A\yoplBpoL mpooBaong Ethernet, Stauoppwon -
modulation, moAuntAeéia — multiplexing)

. ATO Ta enineda MpwTokOAAWV Ta tpia mpwta (Physical, Data Link & Network) adpopoUv otig evOLapeoes SIKTUAKEG UTIOSOWEC (switches, routers)
TIOU UITOPEL vaL TPOTIOTIOLOUV TG ETUKEDOALSEC avaAoya e TG ipodilaypadEg Twv Siktuwy. O entkepalidsg Transport (TCP/UDP/ICMP) kot to
OPXLKO TIEPLEXOUEVO TwV TTAKETWV (payload) adopouv HOVO TIG TEAKEG EGAPHOYEC Kal SLaTEPVOUV SLoPavwG TLC EVOLAUETEG SIKTUAKEG
S100UVOEDELG
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S100UVOEDELG

Avaloyia pe mpwtokoAAa cuvevwonong Hetafl Suo oTEAEXWY EVOG OPYAVLOUOU, TOTIODETNUEVWY OE OTTOLLOKPUOUEVEG EYKATAOTAOELG:

*  JtouPnAdtepo eninedo ta oteAéxn evSlodEpovTal yia To TTEPLEXOUEVO TOU UNVUHATOC Kal OXL Th popdormoinon f tn dtadikaoia petadopdg tou
*  To uAvupa KwdLkoTmoleital amo tn ypapuoteio os popdn cuppotr) He TO TPWTOKOANO TOU OpyovIGHoU

. H unnpeoia Stakivnong eyypadwv to tonobetel os appaylopévo pakelo pe tn StevBuvon mPoopLopoy

e Jt0o xapnAdtepo (puowko) eminedo to prAvupo StapLBaletal LEcw TOu SIKTUOU TAXUSPOULKWY UTINPECLWV
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2XHMATIKH NAPAZTAZH TPIZAIAZTATQN AEITOYPIIQN AIKTYOY
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NMPOTYNO TPIQN AIAZTAZEQN (1/6)

Awdotaon Metadoong Aedopevwy - Data (forwarding) Plane

— MoAvurmAetiao (multiplexing) oto dpuoiko emninedo:

* Alapopdwon mAatciwv TDM: ITU-T SDH/GFP framing (a6 STM-1=155 Mbps =
STM-n, edebpela ring protection, virtual concatenation (150 Mbps VC-4, 1 Gbps
VC-4-7v =7 x VC-4)

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

— Kwdikomoinon os makéta Ethernet, WiFi (IEEE 802.11), MPLS, IP...

— MpowBnon (forwarding) 6ebopévwy os petaywyeic (switches) &
SdpopoAoyntec (routers)



MPOTYNO TPIQN AIAZTAZEQN (2/6)
Awactaon EAEyyov - Control Plane

— In-band Signaling: >npatodoocia PEow £EELOIKEVEVWV TIAKETWY OTO SIKTUO
pnetadoonc dedopEvwy N evowpatwpevn oe sritkepaAidec (headers)
naketwv: IP headers, MPLS labels, VLAN tags...

ZEXWPLOTA pnvopata / TakETa eEAEyXoU yla ouvTagn mvakwyv SpoloAoynong
(Interior Gateway Protocol — IGP, Exterior/Border Gateway Protocol — EGP/BGP)

Maketa eAEyxou «uyelag» tou diktuou — ICMP/ping/traceroute

Mnvupata cnupatodootiag yla anokataotaon povornatiol — path (RSVP, LDP) &
avtiotolxnon enikepaiidwv (labels) os ypapuec MPLS

2nuatodooia avtiotoixynong time slots (A xpwpatog) o ypappeg SDH (4 WDM)
MpwtokoAa ARP & DNS, avtiotoixnon VLAN tags...

— Out-of band Signaling: E¢oywyn Twv AeLToupyLwV EAEYXOU EKTOC SLIKTUOU
netadoonc, eEWTEPLKEC Baoelc SEOOUEVWV KAl EQAPUOYEC EUPUOUC
SlKTUOUV:

Wndlakn tnAepwvia: Znpatodoosio Common Channel Signalling CCS7, Intelligent
Networks

Mpoypappatilopeva evdpun diktua veéag yevidg (user programmable networks):

Software Defined Networks — SDN

MNpwtokoAAo OpenFlow onpoatodooiog petaywyea (switch) kat e€wtepLkov
e\eyktn (controller)



NMPOTYNO TPIQN AIAZTAZEQN (3/6)

Awaotaon EAéyyou (Control Plane) pue Evdueic Awadikaoieg Data-Plane

Amo out-of-band signaling (rt.x. onpatodooia OpenFlow) KaVOTOUEG
NPOTAO0ELC/UAOTIOLNOELC OPXLTEKTOVIKWY Programmable Data-Plane o€ Software

Defined Networks (SDN)

Eudunc avayvwon/eneepyacio MAKETWY EVTOC TwV SPOUOAOYNTWV/UETAYWYEWV N

Sdtenadwv (Interface Cards) tou Aiktvouv Metadoong Aedopévwy (in-network

processing) o€ MPAYUATIKO XPOVO UETAOOONC TTAKETWV YLAL:

» Aueoec petpnoelg (in-network telemetry - INT)

* Mpowbnon naketwv (forwarding) cuudwva pe SUVAULKOUG KAVOVEC EUPUOUC
dpopoAoynoncg (m.x. source routing, segment routing...)

* [pnyopn aviyvevon/avtipetwriton kuPepvosmniBéoswv (detection/mitigation of
attack vectors)

Mpotaoelg el6KOU AOYLOHLLKOU yLoL UAOTTOLNGN aPXLTEKTOVIKWY Programmable
Data-Plane:

*  Tlwooa Npoypappatiopou Ewdikou Zkomou (Domain Specific Language - DSL): P4
(Programming Protocol-Independent Packet Processors) oe cUpBATOUG HETAYWYELG g
software emulated routers i pe xpnon npoypappatilopevou hardware — FPGA boards

* Tlwooa oe Aterageg (Smart Network Interface Cards - NIC): XDP (eXpress Data Path)
yla Linux servers (restricted C, dnuodtAng oe peyala Data Centers)



NMPOTYNO TPIQN AIAZTAZEQN (4/6)

Awaotaon Awaxeipiong - Management Plane

* YMlornoinon moAttikwv draxeiplong: Odnyieg npog Data Plane peow
onupatooooiac Control Plane

e Apapatikd avéavopevn ToOAUTTAOKOTNTA SLoXELPLONG UTTOSOUWV:

— Toruka Aiktua (LAN), MntporoAttika Aiktua (MAN), Aiktua Kopuou
Evpeiag MNeploxng (WAN), Sensor Networks - Internet of Things (/oT), Data
Centers, Clouds, Content Delivery Networks (CDN)

— XtaBepnc (Fixed Optical/Copper/Microwave) kot Kivntr ¢ Tonoloylac (4G,
5G Mobile Networks)

— AvVAyKn EVOTIOLNUEVWV KOl EVEAKTWVY TAXTPOPUWY SLOXELPLONG, PLAKWVY
T(POG TO ALOXELPLOTN



NMPOTYNO TPIQN AIAZTAZEQN (5/6)

Napadoociako Alaxeiptotikd Movtédo Avadopac FCAPS (ISO — OSI)

* Fault Management (Alaxeipion BAapwv)

Configuration Management (Awaxeipion AtapBpwaong)

Accounting Management (Aoylotikn Awaxeiplon)

Performance Management (Alaxeipion Emidooswv)

Security Management (Alaxeiplon Aodaleiac)



MPOTYNO TPIQN AIAZTAZEQN (6/6)
Napadooiakn Apyttektovikn Ataxeiptong Awktvowv TCP/IP (Internet)
SNMP (Simple Network Management Protocol)
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EYOYEZ NPOrPAMMATIZOMENO NMEPIBAAAON AEITOYPIIAZ
NetDevOps

* Avadopa oe Data Models (YANG...), xprion KataAAnAwv epyaleiwv
dlaxeilplong peyalou oykou dedopevwy (NoSQL, Elasticsearch Logstash
Kibana — ELK...)

* Ano epyaheia Command-Line Interface (CLI) = Application Programming
Interfaces (API) oe e€umtnpetntég Linux

* Ano SNMP/SMI > NETCONF/YANG
* Automation - Templates (Ansible...)
* Vendor Independence (Network Function Virtualization - NFV)

* Network Programmability (Network Operating Systems, Software Defined
Networks - SDN)

* Xpron agomotwy aAyopibuwv Mnyavikig Madnaong (Machine Learning)
KOLL GUVEPYOTLKWVY TIOALTIKWYV YLl yPNYOPN OVILUETWTILON KUPBEPVO-EMIBETEWV

* Avowta {ntnuata: Sharing attack datasets, cuvepyalOHEVO KATAVEUNEVA -
federated - cuothpata intrusion detection/mitigation pe eyyunoeLg -
Blockchain smart contracts - koL TTEPLOPLOOUC AOYW privacy...

Turnomoinon 6LapBpwong e€omMALOHOU Kol AELTOUPYLWY, TILOTOTIOLNCN
epyaleilwv AoylopLkou Kal e€eldikevon kataAAnAwv data models
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EPTAZTHPIAKO NEPIBAAAON MAOHMATO2
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Ol NPQTAINQNIZTEZ TOY INTERNET
O Natépec Ttov Internet
Paul Baran (1926 —2011): Aiktua YmoAoylotwyv, Metaywyn MNakétou
https://en.wikipedia.org/wiki/Paul Baran
Leonard Kleinrock (1934): Aiktua YroAoylotwy, Metaywyn MNaketou
https://en.wikipedia.org/wiki/Leonard Kleinrock

Larry Roberts (1937): Aiktua YtoAoylotwy, Metaywyn MNoakEtou, ARPAnet
https://en.wikipedia.org/wiki/Lawrence Roberts (scientist)

Bob Kahn (1938): Metaywyn Nakétou, ARPAnet, MpwtokoAAa TCP/IP
https://en.wikipedia.org/wiki/Bob Kahn

Vint Cerf (1943): MpwtokoAAa TCP/IP, Naykooutonoinon tou Internet
https://en.wikipedia.org/wiki/Vint Cerf

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

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

H Néa Mlevia tng E€amAwonc tov Internet
Bill Gates (1973): Microsoft Steve Jobs (1955 -2011): Apple

https://en.wikipedia.org/wiki/Bill Gates B | https://en.wikipedia.org/wiki/Steve Jobs
Larry Page (1973): Google x Mark Zuckerberg (1984): Facebook
https://en.wikipedia.org/wiki/Larry Page https://en.wikipedia.org/wiki/Mark
Zuckerberg
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ARPAnet — O NMPOITONOzZ TOY INTERNET

ARPANET GEOGRAPHIC MAP, OCTOBER 1980

MI Td4

LIHOOI..H ,.' IIITG

] Mu
mnnnn
ABERDEEN
s 0 \1
] NBS

o NORSAR

X -

! PENTAGON
] WSMR [] COLLINS GUNTER J. BRAGG
0 LN 1 Rosing

. LONDON
TEXAS \
“AAN SATELLITE CIRCUIT

O IMP
o TP
A PLURIBUS IMP
¢ PLURIBUS TIP
@ C30

(NOTE: THIS MAP DOES NOT SHOW ARPA’S EXPERIMENTAL SATELLITE CONNECTIONS)
NAMES SHOWN ARE IMP NAMES, NOT (NECESSARILY) HOST NAMES

https://personalpages.manchester.ac.uk/staff/m.dodge/cybergeography/atlas/arpanet4.gif



https://personalpages.manchester.ac.uk/staff/m.dodge/cybergeography/atlas/arpanet4.gif

TO NATKOZMIO Internet - 2023

@ INFRAPEDIA Home  About v

Arctic Ocean

Sea

= ’\5’ g Greenland ‘¥

Indian
Ocean

South
Pacific
Ocean

Atlantic
Ocean

https://www.infrapedia.com/



https://www.infrapedia.com/

KATANOMH XPHZHZ TOY INTERNET ANA HMNEIPO (1)

WORLD INTERNET USAGE AND POPULATION STATISTICS

2023 Year Estimates
World Regions Population uFopuIation Internet Users Pene:fraticn Growth Internent
(2022 Est.) % of World 31 Dec 2021 Rate (% Pop.) | 2000-2023 | World %
Africa 1,394,588,547 176 % 601,940,784 432 % 13,233 % 11.2%
Asia 4,352,169,960 549 % 2,916,890,209 67.0 % 2452 % 54 2 %
Europe 837,472,045 106 % 747,214,734 892 % 611 % 139 %
Latin America [ Carib. 664,099,841 8.4 % 534,526,057 805 % 2,858 % 99 %
North America 372,655,685 47 % 347,916,694 934 % 222 % 65 %
Middle East 268,302,801 34% 206,760,743 771 % 6,194 % 38%
Oceania / Australia 43,602,955 0.5 % 30,549,185 701 % 301 % 06 %
WORLD TOTAL 7,932,791,734 100.0 % 5,385,798,406 67.9 % 1,392 % | 100.0 %

NOTES: (1) Internet Usage and World Population Statistics estimates are for June 30, 2022. (2) CLICK on each world region
name for detailed regional usage information. (3) Demographic (Population) numbers are based on data from the United Nations

Population Division. (4) Internet usage information comes from data published by Nielsen Cnling, by the International

Telecommunications Unicn, by GIK, by local ICT Regulators and other reliable sources. (5) For definitions, navigation help and

disclaimers, please refer to the Website Surfing_Guide. (6) The information from this website may be cited, giving the due credit
to www internetworldstats com. Copyright © 2022, Miniwatts Marketing Group. All rights reserved worldwide.

http://www.internetworldstats.com/stats.htm
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KATANOMH XPHZHZ TOY INTERNET ANA HNEIPO (2)

Internet Users in the World
by Geographic Regions - 2022
asia |, 217
Europe | 147
africa [ 602
it —
North America - 348
Middie East [ 206

Oceania |
Australia I i

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
Millions of Users - June 2022
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AIEYOYNZIOAOTHZH ZTO INTERNET (1)

To Internet amoteAel Eva peydAo cUVoAo amo
Staouvdedepeva aveéaptnta SKTVa PECW ATTAWVY
LETAYWYEWV TIKETOU - APOMOAOIHTQN (routers)

O xprnotng UMopEeL va £xeL mpoofaon o€ MOPOUG O€
omolodnmoTE Ao autd ta dikTtua

Ta IP datagrams dtaoyiCouv mAnBo¢ diktuwv yla va taoouv
oTo OLKTUO TIPoOoPLOUO e SLadavr) TPOTO Lo TO XPROoTN

ApopoAoynon:

— Evtog Autovoung Alaxelplotikng Ovtotntag (m.x. ISP): Interior
Gateway Protocols, IGP mt.x. OSPF, IS-IS

— Metaév Alaxelplotikwyv Ovtotitwy: Exterior Gateway Protocols, EGP
— Border Gateway Protocol, BGP



AIEYOYNZIOAOTHZH ITO INTERNET (2)

To HOVO ToU TMIPETEL VAL YVWPLIEL 0 TEALKOC XPNOTNC Elval N
SdtevBuvon IP tou mpooplopou (Aoyikn dtevBuvon) N to ovoua
av urtapxeL avtotoiynon peéow DNS (Domain Name System)

IPv4 Address: 147.102.13.10 (32 bits - 4,200,000,000
SdlevuBuvoeLcg)

IPv6 Address: 2001:648:2000:d::a (128 bits)

H IP Address meplExel mAnpodoplec OMWC:
— 147.102.0.0/16, 2001:648:2000::/48 (5iktuo)
— 147.102.13.0/24, 2001:648:2000:d::/64 (utodiktuo)

— 147.102.13.10/32, 2001:648:2000:d::a (nepovwpuévo interface
SdpopoAoyntni N otaBuou epyaociag)



AIKTYA ME INQZTA IP & AYTONOMEZ MNEPIOXEZ

Announced Networks, Autonomous Systems, Border Gateway Protocol - BGP

To Internet onuepa (extl ?or] 2023 tn¢ ITU https://www.itu.int/en/ITU-

D/Statistics/Pages/stat/default.aspx)

— Mavw amno 5.4 billion teAkol xproteg (cuvdeoelg) oe cuvoAlko AnBuouod ~8 billion,
Sdietobuon 67%

— TUpw ota 1.200.000 avakowwolpa diktua — yvwotol mpooplopot (announced public IPv4 &
IPv6 networks via BGP announcements)

— lepapykd tafvounueva o ~112.000 Autovopeg AlaxelpLoTikeG Meploxeg AS’s (Autonomous

Systems) pe povadiko aptbud ASN (Autonomous System Number, 16 bits 1} 32 bits)
Kataxwpnon IP & ASN oe blocks twv 1024 AS’s pe d1eBvr) ouvtoviopo armno ICAAN
(Internet Corporation for Assi,gned Names & Numbers) - IANA (Internet Assigned
Number Authority) péow RIR’s (Regional Internet Registries): ARIN (American
Registry for Internet Numbers), RIPE NCC (Réseaux IP Européens Network
Coordination Centre), APNIC (Asia Pacific Network Information Centre), AFRINIC
(African Network Information Center), LATNIC (Latin America and Caribbean
Network Information Centre)

10/10/2023: AplOpOC KATAXWPNUEVWY & OVOLKOWVWO LWV éadvertised) AS’s pEow
BGP announcements: 73.806 kat pn avokowvwolpwyv (unadvertised) 38.278
(oUvoAo 112.3084 kataxwpnueva ASN amo ta RIRs kat 2.174 dtaBeopa yia
kataxwpnon) http://bgp.potaroo.net/

RIR RIR Pool Unadv Adv 16-bit Unadv Adv 32-bit Unadv Adv
AFRINIC 1077 527 1722 378 224 676 699 303 1046
APNIC 1939 14047 13348 601 3093 4848 1338 10954 8500
ARIN 1973 12413 19211 1325 9663 14516 648 2750 4695
RIPE NCC 4654 947928408 3341 499517407 1313 4484 11001
LACNIC 2174 1812 11117 493 577 2356 1681 1235 8761

TOTAL 11817 3827873806 6138 1855239803 5679 19726 34003


https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
http://bgp.potaroo.net/

Growth of the BGP Table - 1994 to Present

BGP TABLES: APIOMOZ 'NQZTQN (PUBLIC) AIKTYQN - MPOOPIZMQN

1.249™(E}

1107{6Y

EGF RIE Entries

Q00000

http://bgp.potaroo.net/

BGP Table Data

IPv4 BGP Reports

AS5131072 APNIC RE&D

AS6447

IPv4 Route-Views

IPv6 BGP Reports

Report last updated at Tue, 10 Oct 2023 13:06:
937905

Route-Views.Oregon-ix.net 983196
196607

AS5131072 APNIC RE&D

ASB447

Route-Views.Oregon-ix.net 203392
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A3 Count

Lo

NAHOOZ APIOMQN AYTONOMAQN 2ZY2THMATQN

(ASN/RIR: Autonomous System Numbers avd Regional Internet Registry &

2uvoAwka ano ICAAN - IANA)
http://bgp.potaroo.net/

(Regional Internet Registry)

Time Zeries of RIR AS Allocations

Xpovikn E€EAEN Katavounig ASN ava RIR
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Figure 5 - Cumulative RIR AS assignments per RIR
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Xpovikn EEEALEN ZuvoAikou AplBuou
Arapnuilopevwy AS’'s péow BGP &
2UVOALKOU AplOpol un Awadpnuilopevwy AS’s

Advertised / Unadvertised
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Figure 8 - Advertised / Unadvertised AS Count
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NMAPAAEITMA ANAKOINQzH2

AIKTYOY 135.207.0.0/16 MEZQ BGP
(amo mapouvoiaon tou Timothy G. Griffin, AT&T Research, Paris 2002)
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Building
Complex A

TO AIKTYO TOY E.M.N. (2016 - Collapsed Backbone)
ntua.gr (147.102.0.0/16, 2001:648:2000::/48, AS# 3323)

COGENT
AS# 174

LEVEL 3
AS# 3356

GEANT
AS# 20965

GR-IX
AS# 199399

EAET-GRNET
AS# 5408

NTUA

NTUA
Zografou Campus

@ Router

Patission 62.217.96.178 62.217.96.176 ““};kb“"" ch
28:8A1CE2DTC0 28 8BA1CEDE4AC Ethernet Switc
VLAN D2 700 VLAN ID: 702
() EE—— Access
L J 16bps 1Ghps 10 Ghps EEE——  Ethernet Switch
Primar
Backup v — 10 Gbps Ethernet - Fiber
62.217.96.179 ——  1Gbps Ethernet - Fiber
62.217.96.177
00:08:7C:63:E4:00 — 1 Gbps Ethernet - UTP
Uon VLAN . 700 OABTCASERDD i
0. UoA - NTUA subnet
147.102.224.32/30 NTUA NOC
ASH 8643 147.102.224.33 g 34 warp.core.ntua.gr
147.102.224.34 AN T ﬂ AS #3323
VLAN (0: 224 1Gbps ~ 147.102.0.0/16
00:08:7C:63:E4:00
warp sub-interface
147.102.13.200
1Gbps 00:08:7C:63:£4:00
VLAN ID: 13
1Gbp
1Gbps
NETMODE Lab
subnet:147.102.13.0/24
- — VLAN ID: 13
......... 10 Backbone Switches ........
1Gbps 1Gbps 1Gbps
wene ~350 Access Switches ..... {
E— TR maria.netmode.ntua.gr
Building ECE . 147.102.13.19
Complex B New Building 00:0C:29 EE:9D:12

Apxwko Ztadio (1994): Distributed
Topology pe 50+ IP Routers, kovtd ota
urtodiktua. H ecwteplkn Kot eEWTEPLKA
SpopoAloynon ywortav o eninedo 3 (IP).
lettovikol teAkol xprioteg tou Loiou
unodiktuou Ethernet pmopouoav va
EMKoVwvnoouv o€ eninedo 2 (Medium
Access Control - MAC)

Evéiapeoo Ztado: Collapsed Backbone
Topology, aotépag pe devdpikn
Slaouvdeon TeAlkwV UTTOSIKTUWV LECW
evélapeowv Slapavwyv PETOYWYEWV
(Ethernet Switches) kat 6popoAoynon
€VTOG untoSiktuou oe eninedo 2 oav Virtual
LANs (VLAN), xwpic teplopLlopous PUOLKNAG
yewtviaonc. Exouv StapopdpwOel amod to
Kévtpo Alaxeiptong (KEA) — Network
Operation Center (NOC) navw armno 200
VLANSs. H 6popoAoynon og emntinedo 3 (IP)
ylvetal oto Keviplkd cuoTnua yLa Kivnon
petafy VLANSs kal pe to Internet
Zoyxpovn Taon: Texvoloyia Data Center
ue Extended VLANs (VXLAN) erunédou 2
Stapopdpwpéva oav Ethernet VPNs (EVPN)
overlays mdvw amo €lkovikad umodiktua IP
(IP Virtual Private Network — VPN)
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TO AIKTYO KOPMOY TOY EAYTE - GRNET (2023)

EOvko Aiktuo Epesuvag & Texvoloyiag — Greek Research & Technology Network
www.grnet.gr

To Onttiko Aiktuo (Layerl Topology)
Managed Dark Fibers
DWDM - Dense Wavelength Division Multiplexing

EvuéAktot MoAumAéxtec - ROADM)

To Yniepkeipevo Aiktuo IP/MPLS
(Layer 2.5, Layer 3 Overlay Topology)

e Drama

Flg . e e
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Pigas
Stavros __. Kavala e i Kavala | Alexandroupoli

Xanthi Komotini

= IThssalmilu' K J . Limenaria,
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loannina § i L Mrme
. L] Limnos "

Carrier
Network

: @ 151 Qopeic (AEI, TEI, Epeuvntikéd KEvtpa, IXoAKS
Alktuo)

400.000 TeAwkol XproTteg

50 MoAeLg, 340 Inueia Napouoiag (PoP’s)

. 1, 10 (100) Gbps/A (DWDM 1-10 A/fiber)

T B AtacVvSeon pe GEANT & Epmopiko Internet


http://www.grnet.gr/

EAYTE - GRNET: TO AIKTYO KOPMOY - IP Overlay (10/ 10/ 2023)
https://netmon.grnet.gr/networkmap/

I

— 16 B
o | PRI
o oo
- P
el 40-T0%%
M xc Woss
PRI

IxAuata StabEopa amno to
Kévtpo Ataxeiptong Atktuwv - KEA tou GRNET
(GRNET Network Operations Center - NOC)


https://netmon.grnet.gr/networkmap/

EAYTE - GRNET: TO AIKTYO KOPMOY - IP Overlay (10/ 10/ 2023)
https://netmon.grnet.gr/networkmap/
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Kivnon o€ Npaypatiko Xpovo (MRTG):
Yuvbeon KopBwv koletti < eie


https://netmon.grnet.gr/networkmap/

EAYTE - GRNET: IP Peering Traffic MRTG (10/10/2023)
https://mon.grnet.gr/rg/

GRNET graphs home

Maijor Peerings Inbound
@ eier.grnet.gr / aggregate / day

Major Peerings Inbound
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8
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0 - ' ' ' .
00: 00 06: 00 12: 00
Max Average Current
0 .geant-10 16.71G 6.80G 5.99G
[ .geant-2 1.40G 600.17M 503.38M
@ .geant-5 180, 75M 29, 28M 63,53M
O .geant-9 14,84G 7.07G 6.97G
B .grix@eie-1l: 5.59G 2.06G 1.92G
O .grix@snc-1: 239,93M 86.51M 114.89M
B .grix@tis-2: 2.93G 1.15G 1.03G
M Total ¢ 39,78G 17.79G 16.59G
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Major Peerings Outbound
@ eier.grnet.gr / aggregate / day

Major Peerings Outbound
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.geant-10 3.63G 2.08G 1.83G
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.geant-9 4,94G 2,726 3,05G
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Total 19.28G 13.33G 14.12G

sRNET

Mpadrpata kivnong 10-10-2023, dtaB<oipa anod to

Kévtpo Alaxeiplong Atktowv - KEA tou GRNET
(GRNET Network Operations Center - NOC)
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TO NANEYPQMNAIKO AKAAHMAIKO AIKTYO GEANT - 2023

GEANT
research and education network

the pan-European
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http://www.geant.org/

NATKOZMIOZ POAOZ TOY GEANT (8/2017)

GEANT At the Heart of Global Research and Education Networking
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SHMEPINH NATKOZMIA SYNAEZIMOAOTIA TOY GEANT (2023)
https://map.geant.org/
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