AIAXEIPIZH AIKTYQN - NETWORK MANAGEMENT

Apxttektovikn tou Internet - Internet Architecture
To Naykoouuo Internet - The Global Internet
AwevBuvorodatnon oto Internet - Internet Addressing
Autovoueg Neprloxécg - Autonomous Systems, BGP
Nponypéva Epguvntikd - Ekmoadeutikd Aiktva: NTUA, GRNET, GEANT

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

18/10/2021


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

Ol NPQTAINQNIZTEZ TOY INTERNET

O Natépecg Tov Internet

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

Leonard Kleinrock (1934): Aiktua YroAoylotwyv, Metaywyn MakEtou
https://en.wikipedia.org/wiki/Leonard Kleinrock

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

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

Vint Cerf (1943): MpwtokoA\a TCP/IP, Maykooutomnoinon 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 MFevia tn¢ E§€amAwaong tou Internet

Bill Gates (1973): Microsoft VRS Steve Jobs (1955 -2011): Apple
https://en.wikipedia.org/wiki/Bill Gates ‘i https://en.wikipedia.org/wiki/Steve Jobs

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

Mark Zuckerberg (1984): Facebook
https://en.wikipedia.org/wiki/Mark Zuckerberg
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ARPAnet — O NMPOIONOzZ TOY INTERNET

ARPANET GEOGRAPHIC MAP, OCTOBER 1980
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KATANOMH XPHZHZ TOY INTERNET ANA HMEIPO (1)

INTERNET USAGE STATISTICS

The Internet Big Picture
World Internet Users and 2021 Population Stats

WORLD INTERNET USAGE AND POPULATION STATISTICS
2021 Year-Q1 Estimates

World Regions Population Population | Internet Users Penetration Growth Internet
( 2021 Est.) % of World 31 Mar 2021 Rate (% Pop.) | 2000-2021 | World %
Asia 4,327,333,821 549 % 2,762,187,516 63.8 % 2.316.5 % 53.4 %
Europe 835,817,920 10.6 % 736,995,638 88.2 % 601,3 % 14.3 %
Africa 1,373,486,514 17.4 % 594,008,009 413.2 % 13,058 % 11.5 %
Latin America / Carib. 659,743,522 8.4 % 498,437,116 75.6 % 2,658.5% 9.6 %
Morth America 370,322,393 4.7 % 347,916,627 93.9 % 2219% 6.7 %
Middle East 265,587,661 3.4 % 198,850,130 74.9 % 5953.6 % 39 %
Oceania / Australia 43 473,756 0.6 % 30,385,5T1 69.9 % 298.7 % 0.6 %
WORLD TOTAL 7,875,765,587 100.0 % 5,168,780,607 65.6 % 1,331.9% | 100.0 %

NOTES: (1) Internet Usage and World Population Statistics estimates are for March 31, 2021. (2) CLICK on each world region
name for detailed regional usags 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 Online, by the International

Telecommunications Union, by GfK, 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
and placing a link back to www internetworldstats.com. Copyright @ 2021, Miniwatis Marketing Group. All rights reserved

worldwide.

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

Internet Users in the World
by Geographic Regions - 2021
asia | 752
europe | 137
africa [ 5%
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Horth America - 148
Middle East [ 1%
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Source: Internat World Stats - www.internetworldstats.comistats htm
Basis 5,168,780 607 Infernet users estimated in March 31, 2021
Copyright ® 2021, Miniwatts Marketing Group

http://www.internetworldstats.com/stats.htm
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AIEYOYNZIOAOTHZH ZTO INTERNET (1)

To Internet amoteAel eva peydAo cuUvoAo amo
Staouvdedepeva aveéaptnta SKTUA LECW ATTAWVY
LETAYWYEWV TIAKETOU - APOMOAOIHTQN (routers)

O xpNoTNC UTTOPEL va €XEL TtpOOBaon o€ MOPOUC O€
omolodnmoTe Ao autd ta dikTtua

Ta IP datagrams dtaoxiCouv mAnBo¢ Siktuwv yla va ptaocouv
oTo OLKTUO TIPoOoPLoOUO e SLadavr TPOTO Lo TO XPROoTN

ApopoAoynon:

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

— Metagv Awaxelplotikwy Ovtotntwy: Exterior Gateway Protocols, EGP
— Border Gateway Protocol, BGP



AIEYOYNZIOAOTHZH ITO INTERNET (2)

To HOVOo oV MIPETIEL VAL YVWPLIEL 0 TEALKOC XpNOTNC Elval n
SdtevBuvon IP tou mpooplopou (Aoyikn dtevBuvon) r To ovoua
av urtapxel avtotoiynon peéow DNS (Domain Name System)

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

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

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

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



AIKTYA ME INQZTA IP & AYTONOMEZ MNEPIOXEZ

Announced Public IP Networks, Autonomous Domains

Autonomous System Numbers - ASN, Border Gateway Protocol - BGP

 Tol

nternet onuepa (31/3/2021)

Navw amno 5.168.780.607 teAwkoi xpnoteg (CUVOEDELG) O CUVOAKO
nAnBuopo 7.875.765.587, dieicduon 65,6%

Mupw ota 900.000 avakowwotpa diktua — yvwotol mpooplopot (announced
public IPv4 networks via BGP announcements)

lepapxikd Tagvopunpevo oe AUTOVOUEG ALOXELPLOTIKEG MepLoXEG AS
(Autonomous Systems) pe povadiko aptOpo ASN (Autonomous System
Number, 16 bits | 32 bits)

AplOuoc dtapnuilopevwy (advertised) AS’s péow BGP announcements,
13/10/2021: 77.679 (aré 106.683 kataywpnpéva ASN)

AwaBeon IP & ASN o€ blocks twv 1024 AS’s pe 6tebvr cuvtoviopo amno
ICAAN (Internet Corporation for Assigned Names & Numbers) - IANA
(Internet Assigned Number Authorité ueow RIR’s (Regional Internet
Registries): ARIN (American ReEistry or Internet Numbers), RIPE NCC
(Reseaux IP Européens Network Coordination Centre), APNIC (Asia Pacific
Network Information Centre), AFRINIC (African Network Information
Center), LATNIC (Latin America and Caribbean Network Information Centre)

Resource allocations by Regional Registry

Registry
AFRINIC
APNIC
ARIN
RIPENCC
LACNIC
TANA
TOTAL

Advertised ASNs Unadvertised ASNs Allocated ASNs Reserved ASNs Available ASNs Total ASNs

1580 466 2046 296 084 3326
16590 7411 24001 0 2334 29335
19273 11693 30966 1453 1182 33601
29062 8190 37252 701 4583 42536
11174 1244 12418 439 1222 14079

0 0 0 0 0 0 9
77679 29004 106683 2889 13305 122877



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

http://bgp.potaroo.net/

Growth of the BGP Table - 1994 to Present

BGP Table Data

IPv4 BGP Reports
AS131072 APNIC R&D 853414
AS6447  Route-Views.Oregon-ix.net 935209

IPv4 Route-Views

IPv6 BGP Reports
AS131072 APNIC R&D 140959
456447  Route-\iews.Oregon-ix.net 135298

10
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Pool Size

NAHOOZ APIOMQN AYTONOMAQN 2YZTHMATQN
(ASN/RIR: Autonomous System Numbers avd Regional Internet Registry &

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

Xpovikn EEEALEN ZuvoAikou AplBuou

Xpovikn E€EAEN Katavoung ASN ava RIR Atadbnuiépevwv AS’s péow BGP &
(Regional Internet Registry) SUVOALKOU AptBpol pun Atabnuidpevwy AS’s
Time Series of IANA Allocations to RIRs
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MAPAAEITMA ANAKOINQzH2

AIKTYOY 135.207.0.0/16 MEZQ BGP
(arro napovoiaon tov Timothy G. Griffin, AT&T Research, Paris 2002)
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TO AIKTYO TOY E.M.N. (2016 - Collapsed Backbone)
ntua.gr (147.102.0.0/16, 2001:648:2000::/48, AS# 3323)

*  ApXKO Ztadio (1994): Distributed
Topology pe 50+ IP Routers, kovta ota
urtodiktua. H ecwteplkn Kot eEwTEPLKA
Spopoloynon ywortav o eninedo 3 (IP).
lettovikol teAkol xprioteg tou Loiou

COGENT
AS# 174

LEVEL 3
AS# 3356

GEANT

AS# 20965 NTUA unodiktou Ethernet pmopovoav va
Zografou Campus , , .
X eMKolvwvnoouv o eninedo 2 (Medium
EAET-GRNET -

e Evélapeoo Ztadio: Collapsed Backbone

NTUA

Patission 6221796178 217 95175 - Backbone Topology, actépag pe Sevdpikn
28 BALCE2DTCO 28:8A:1CE 2E4AC 7 1 1 1
T e Slacuvdeon TEAKWY UTTOSIKTU WV PECW
‘“ . 14 I !
) 16bps 1 obps ;Mbv; Eesnze IESAMEEES evéLlapeowyv Stadavwy LETAYWYEWV
ackup rimar I s ernet - Fiber . 4
62.217.96.179 6221796477 — ;OGGt;zEEtE;';rnett-Finir (Ethernet SWltChES) KoL SPOHO}\OVHCH
00:08:7C:63E4:00 Ta0sTCES EAT —— 1 Gbps Ethernet - UTP ’ ) I .
VoA ot TR st NANE:700 Vo 10703 ’ €vtog urmtodiktuou oe eninedo 2 oav Virtual
147.102.224.32/30 NTUA NOC I ’ 4
a2 B S e core et LANs (VLAN), xwplG meploplopots guotkng
VLAN 1D 224 1Gbps 147.102.0.0/16 ( ! ( -
p U o0/t VE—EIIVL(IO'I’] C. E)'(ouv SlapopdwBel ano to
w?:l';sl:llbz T;e:o%ce Kévtpo Alaxeiptong (KEA) — Network
16bps ooiﬁ;ﬁﬁ::oo Operation Center (NOC) mavw amno 200
16bp ' VLANSs. H 8popoldynon oe entinedo 3 (IP)
. ylvetal 0To KeVTpLkO cloTNUA YL Kivnon
NETMODE Lab pueta€l VLANS kat pe to Internet
subnet:147.102.13.0/24 ’ I3 1
_ o Backbone S VLAN ID: 13 * X0yxpovn Taon: Texvohoyia Data Center
......... dacKbone SWITCNEesS ... 7
— - - /@} ne Extended VLANSs (VXLAN) sruunédou 2
ps ps ps ,
I SN .. ~350 Access Switches ... EEM——— N0 6Lauop¢w,usva CO'LV Ethern,et VPN,s (EVPN)
Building Buitding ECE 14.10243.99 overlays mavw amno ewovika urntodiktua IP
Complex A Complex B New Building 00:0C:29:EE:90:12

(IP Virtual Private Network — VPN)
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TO AIKTYO KOPMOY TOY EAYTE - GRNET (2018)

EOvikd Aiktuo Epesuvag & Texvoloyiag — Greek Research & Technology Network
WWWw.grnet.gr

To Onttiko Aiktuo (Layerl Topology)

Managed Dark Fibers o o To Ynepkeipevo Aiktuo IP/MPLS
DWDM - Dense Wavelength Division Multiplexing (Layer 2.5, Layer 3 Overlay Topology)

. Serres Oam Xanthi  Komotini

Florina e e _—

. Hde=sa sk 3 \

“— siros \ 3

-‘ Pges,,
/S Snwose\ . d Kavala e e Kava Alexandroupok
Kastoria e - . s b
i 2 |Thessatoniki @ Limenaria,

) loannina Mirina, e
. %We . Limnos
‘;ef
Igoumenitsa p 3
\ PR Ni;' + °  cCarrier
toures (&) sm..‘«,‘.e“" Network
Plomiri

w 1%

Kefaloni

Kstave 151 Qopeig (AEI, TEI, Epeuvntika Kévtpa, ZXOAKO
Alktuo)

400.000 TeAwkol XproTteg

50 MoAeLg, 340 Inueia Napouaiag (PoP’s)

1, 10 (100) Gbps/A (DWDM 1-10 A/fiber)
AwaoUvdeon pe GEANT & Eumopiko Internet


http://www.grnet.gr/

EAYTE - GRNET: ZHMEIA NAPOYZIAZ (Points-of-Presence, PoP)
(13/10/2021)

https://netmon.grnet.gr/networkmap/?raw=True
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EAYTE - GRNET: TO AIKTYO KOPMOY - IP Overlay (13/10/2021)

B2 - October 13, 2021 - October 12, 2021

Last Updated: 4:36:358

https://netmon.grnet.gr/networkmap/
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EAYTE - GRNET: IP Peering Traffic MRTG (13/10/2021)
https://mon.grnet.gr/rg/

hits per second

Major Peerings Inbound Maojor Peerings Outbound
@ eiergrnet.gr / agaregate [ day @ eier.grmet.or / agaregate [ day
Major Peerings Inbound |T| Major Peerings Outbound
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Max Average Current Max Average Current
O .geant-10 12, 316G 5. 456G 5.75G O geant-10 5.01G 2,826 3.180G
B .geant-14 : 397.61M 7. 60M 83, 30M H .geant-14 1.63G 562, 71M 588, 49M
O .geant-15 31.78M 479, 55k 82. 71k O .geant-15 1.826 541, 25M 379, 42M
O .geant-2 : 1.70G 371 . 69M 336, 99M O geant-Z2 5.71G 3.18G6 4,896
B .geant-5 ¢ 100, 938 9, 6BM 7. 09M B geant-% 5. B8G 3.156 3.89G
O .geant-9 : 12.71G 5,616 5,586 O .geant-9 5. B&G 3.17G 4,416
O .grix@eie-1: 2.94G 1.18G 1.43G O grix@eie-1: 3.85G 2.08G 2,926
H .grix@snc-1: 284,39 98, 76M 134, 03M EH grix@snc-1: 335 68M 163, 46M 193.83M
O .grix@Etis-2: 916,634 449, 29M 583, 98M O grix@Etis-2: 1.95G 1.13G 1.37G
H Total : 27 .62 14, 256G 14,906 H Total : 24,856 15, 80G 21,936
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TO NANEYPQNAIKO AKAAHMAIKO AIKTYO GEANT http://www.geant.org/
GEANT" the pan-European
research and education network AIASYNAEEI ME ONTIKES

2YNAEZEIZ NOAAANAQN
o 10-100 Gbps:

42 EBvika Aiktua Epeuvog &
Exnaidevong (National Research &
Education Networks — NRENSs)

Blue — Dark fibre
Black— Lease capacity TENIKOI XPHZTEZ:

Orange - Spectrum 10.000 ++ I6pUpaTa

EpeuvnTikEG UTIOSOUEG TTAYKOGLILOG
euBélelac (CERN/HEP, ITER, ESFRI...)

50 &K. ++ poltnTég, pabntec,
EKTIOLOEVUTLKO TIPOOWTILKO, EPEUVNTEC

AIAXEIPIZH:
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