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AIKTYA ME TNQZTA IP & AYTONOMEZ NEPIOXEZ (srtavaAnyn)

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
nAnBuouo 7.875.765.587, dieicdbuon 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 6eBvr cuvtoviopo amno
ICAAN (Internet Corporation for Assigned Names & Numbers) - IANA
(Internet Assigned Number Authorityé 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 2
77679 29004 106683 2889 13305 122877



BGP TABLES: APIOMOZ 'NQZTQN (PUBLIC) AIKTYQN - MPOOPIZMQN
http://bgp.potaroo.net/ (EmmavaAniyn)

Growth of the BGP Table - 1994 to Present

BGP Table Data

Report last updated at Wed, 132 Ot 2021 12:16:55 GM

IPv4 BGP Reports

A5131072 APNIC RED 853414

) AS5447  Route-Views.Oregon-ix.net 935209
IPv4 Route-Views
IPvG BGP Reports

comna |- 45131072 APNIC RE&D 140955

456447  Route-\iews.Oregon-ix.net 135298



http://bgp.potaroo.net/

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

m ~ Oclober 13, 2021 - October 12, 2021
Last Updated: 4:36:358
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TO NANEYPQNAIKO AKAAHMAIKO AIKTYO GEANT http://www.geant.org/

GEANT " the pan-European (emavaAnyn)
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
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TO «<EMNOPIKO» INTERNET: There is no Free Lunch

http://en.wikipedia.org/wiki/Tier 1 network

O 16 Tier 1 ISP’s pe mpocPBacn kat ota 900,000
diktua - yvwotoug npoopiopou¢ (IPv4 prefixes)

Name 4 | Headquarters # AS number e\
AT&TI United States 7018 /
Deutsche Telekom Global Carriert ! Germany 3320 /
GTT Communications United States 3257 /
Liberty Globall!71"8] United Kingdom!™! | 6830 /

Lumen Technologies (formerly CenturyLink formerly Level 3121221231

United States

3356

Transit

Tier 2 Networks

Tier 2 ISP

Transit

Tier 3 Network

iRy (single homed ISP)

(multi-homed ISP)

Ml

~ Internet users
(business, consumers, etc)

Tier 2 ISP’s pe eAadppd petwpévn npdopaon
(ouxva Bswpolpevol Tier 1)

Name * Headquaners %+ | AS Number =
China Telecom!! China 4134
China Unicom(*?] China 4837

Cogent Communications (formerly PS| Net}[5°] United States 174

Comcast®3] United States 7922

Lumen Technologies (formerly CenturyLink formerly Level 3 formerly Global Crossing)l222I231 | United States 3549
NTT Communications (formerly Verio)l?! Japan 2914
OrangeR”! France 5511
PCCW Gilobal Hong Kong 3491
T-Mobile US (formerly Sprint)2°] United States 1239
Tata Communications (formerly Teleglobe)2'] India 6453
Telecom Italia Sparkle (Seabone)*? Italy 6762
Telia Carrier®#! Sweden 1299
Telxius (Subsidiary of Telefonica)>! Spain 12956
Verizon Enterprise Solutions (formerly UUNET)2] United States 701
Zayo Group (formerly AboveNet)[*4] United States 6461

Hurricane Electricl®4] United States 6939

RETNET United Kingdom | 9002

Vodafone Carrier Services

United Kingdom | 1273
(formerly Cable & Wireless)®8] <

Verizon Enterprise Solutions
(formerly XO Communications

yIB0IE1]

United States

2828

Telstral®?!

Australia

4637



http://en.wikipedia.org/wiki/Tier_1_network
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MAPOXH INTERNET 2TO E.M.N. (NTUA - ASN 3323)
https://stat.ripe.net/special/bgplay

& RIRE NCC BGPlay (147.102.0.0/16)

Enter an IP address

Node ID: 3323
AS: 3323
Owner: NTU& National Technical University of Athens, GR

rPeriod: 2 days 0 seconds [1730 events] Current instant: 2021-10-18 13:59:58 E

i 1 sec M Initial State W Re-announce [ Path Change -

im ™ am” “em ¥ Faom ™ Fom ¥ ar >
305 225 57s 48 s 46 5 24s 45

In collaboration with Compunet, Roma Tre

Showing results for 147.102.0.0/16 from 2021-10-18 13:59:58 UTC to 2021-10-20 13:59:58 UTC

source data layout options embed code share info

NTUA (3323)
GRNET (5408)
GEANT (21320)

GEANT Internet Feeds
* COGENT (174)

* Telia (1299)

*  HURRICANE US (6939)
* NORDUnet (2603)


https://stat.ripe.net/special/bgplay
http:///

TO ATHENS INTERNET EXCHANGE (AlX)
MpwtoBoulia tou E.M.MN. & tou GRNET, 1996

MEAH: Tier 2 ISP’s tng EAAGSag & EAET yia EOvikO Peering

GRNET (EAET)

Forthnet

Hellas On Line

Altec Telecoms

NetOne

Vivodi

Verizon Hellas

ON Telecoms

OTENET

AT&T Global Network Services Hellas
ORANGE BUSINESS SERVICES
Vodafone NET

WIND

Tellas

Lannet

To BGP 6&ev avakoivwve EOvikoU¢ Mpooplopoug cuvdpountwyv ektog EAAGSOG
HEow AIX, povo ano Tier 1 — Tier 2 feeds Twv mapoxwv toug (mBavi cuvepyaoia
HOVO O€ KATAOTAOELG EKTAKTOU OLVAYKNG)



GREEK INTERNET EXCHANGE (GR-IX)

2009: ANABAOMIZH AIX=>GR-IX
https://www.gr-ix.gr/
GR-IX::Athens (57 péAn)
3 onueia otéyaonc (Points-of-Presence, PoP’s)

* N.H.R.F. (EBviko 16pupa Epguvwv)
e Lamda Hellix

* Telecom Italia Sparkle, Greece
GR-IX::Thessaloniki (21 péAn)

1 onpueio otéyaonc (Point-of-Presence, PoP)
* SYNAPSECOM S.A.

Year Graph https://portal.gr-ix.gr/statistics/ixp

- Greek Internet Exchange :: Greek Internet Exchange

409 6

Now 2828 Jan 2021 Mar 2621 Mey 2021 Jul 2021
Out [ Peak 420.44G [ Avg 264.29G Cur: 183.06G
In Bl Peak 424.66G W Avg 264.316 Cur: 183.05G
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TAZINOMHZH AATOPIOMQN APOMOAOIHzZH2

* Alaxelplotikog EAeyxog
—  JUYKEVTPWTLIKOC: Anpoota Altktua Metaywync Naketou X.25/X.75
— Katavepnuévoc: Internet

* Interior Gateway Protocols - IGP
* Exterior (Border) Gateway Protocols - EGP/BGP

* ApopoAoynon He N xwpic EvaAAaktikouc ApOHOUC
— Single choice:

* ApopoAdynon Emunédou 3 oto Internet: Host Routing, IGP (OSPF, IS-IS), BGP
* ApopoAdynon Eruunédou 2: Bridged Ethernet LANs

— Alternate routing:
* ApopoAdynon Emunédou 3 oto Internet: IGP ECMP (Equal-Cost Multi-Path)
* ApopoAdynon Eruunédou 2 %: MPLS/TE (Multi-Protocol Label Switching / Traffic Engineering)
*  TnAedpwvikd Aiktua PSTN (Public Switched Telephone Networks)

* Alaxelplotikil Auvapikni
— Xtatkn dpopoAoynon:

* Host Routing oto Internet - Default Gateway
*  YTTOAOYLOMOC EVOANAKTIKWY SpOUwV He oTtaBepd Bapn ypappwy (X.25/X.75)

— Auvapikn S6popoAoynon:
*  MetaBaAopeva Bapn ypoupuwv (ARPANet)
*  MetaBoAég avaloya pe Stabeoipdtnta ypapuuwy (Internet IGP, BGP)




APOMOAOIHZH ZTO INTERNET

Mpowdnon (forwarding): Metakivnon maketwv amno tnv eloodo Spopoloyntn oe
KatdAANAN €060 (Aettoupyia data plane)

ApopoAoynon (routing): kKaBopLoHOC SLASPOUAC TIAKETWY ATtO TNV TTPOG
TPOOPLOUO, routing algorithms (Aettoupyia control plane)

ZNUELlwoN: 2TIC EMOUEVEC SLadAVELEC XpnoLpomoLOnke UALKO
urtootnpLEng tou BiLBAlov twv Kurose & Ross “Computer Networking: A
Top-Down Approach,” Pearson Publisher, 6t Edition.




APOMOAOTIHZH ZTO INTERNET

routing algorithm

local forwarding table
header value |output link

Yuoxetion ApopoAoynong — MpowBnong

0100 | 3
0101 | 2
0111 | 2
1001 | 1

TiuR oTNV €TMIKEPAAIdQ TOU TTAKETOU

=N=




APOMOAOIHZH ENMINEAQY AIKTYOY
Layer 3 Intra-AS Routing

* Intra-AS Routing, Interior Gateway Protocols (IGP): Mia £€£060¢ mpog €NMOUEVO
Interface yla kdBe umtodiktuo (subnet) TeAkd MpoopLopO eVTOGg evog AS

— RIP (Routing Internet Protocol): MpwtokoAAo maAaldg yevidg, Baolopévo oe
aAyoplOuouc distance vector (Bellman Ford)

— OSPF (Open Shortest Path First): To o dtadopévo onpepa, Baclopévo o alyoplOpoug
link state (Dijkstra). Na Adyoug KALLAKWONG, UTTOPEL var UAOTIOLNBEL LEpapXLKA YUpwW aTto
TNV nepLoxn kopuou (backbone area 0 r) 0.0.0.0) kol pe cuvOEOUEVEC TIEPLDEPELAKEG
NEPLOXEG (stub areas). Na dpopoAoynon naketwv IPv4, toxvel n OSPF Version 2: RFC
2328, 1998

— IS-IS

— Avvatotnta moAAAAWY eVOAAAKTIKWY Spopwyv toou kootoug (ECMP): Direct routing
HETAEL YELTOVIKWV Spopoloyntwy pe TapAaAAnAeg ouvdEoelg kat ertthoyr) €€66ou pe
proprietary aAyopiBuouc (m.x. Per-Packet Round-Robin, Per-Flow Load Balancing, Per
Source -Destination Traffic Engineering...) Na avtopatiopd tou OSPF amatteitat
Tporornoinon tou alyopiOuou Dijkstra yia k-Shortest paths



APOMOAOIHZH ENINEAOY AIKTYOY

Layer 3 Inter-AS Routing

Inter-AS Routing, Exterior (Border) Gateway Protocols (EGP/BGP): NMoAAEG
EVOANOKTLKEC SLadpopEC e Bapn tpog OAa Tta yvwotad diktua (rmepimouv 900.000
onuepa) petaL akpaiwv (border) routers avtovopwyv cuotnuatwy (Autonomous
Systems, AS, niepimou 78.000 onjpepa)

— H dwadpoun kataypadetal otov BGP Table twv akpaiwv Spoporoyntwv (border
gateways) evoc AS ava prefix (utodiktuo mpoopLopoU) Kat TV oeLpd Twv AS’s TG
npoteLvopevng dtadpopnc (Lol pe to Bapog tng)

— Ounivakec BGP dpuAdocoovtal otnv nAeKTpovLIKh pvn Twv border gateways kot
QVOVEWVOVTOL SUVAULKA OTIOTE UTTAPYXOUV aAAOYEC oTo Internet pe euBuvn Twv
yeltovikwy dpopoAoyntwyv (border gateways) mou avokowvwvouv ta diktua Twv
QUTOVOUWV KowvotAtwy (AS’s) mou yvwpilouv (advertising)

— O umoAoylopog Twv «BEATotwv» Inter-AS Spopwv vivetou KOATAVEUNUEVA, BACLOUEVOC
o€ aAyoplBuouc distance vector (Bellman Ford) ue KOOTI‘] To Bapn Twv ocuvOECEWV
ustaﬁu border gateways. Ot §popol Inter-AS pmopet va aAAd&ouv otn mopeia evog
TIOKETOU TIPOC TOV TEALKO TOU TTPOOPLOUO

— BGP (RFC 4271): Control plane packets (signals) petaéy BGP peers — TCP port 149
* Finite State Machine: Idle, Connect, Active, OpenSent, OpenConfirm, Established

* BGP packet types: Open, Update, Notification (error signal), Keepalive (default 60 sec) Keepalive

Established

https://en.wikipedia.orq/wiki/Border Gateway Protocol

OpenSent

Connect H Active

OpenConfirm

IO

iy



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

BAZIKH AEITOYPIIA TOY BGP

* Ta (evyn amo ocuvoplakouc dpopoAoyntecg (BGP peers) avtalldcouv mAnpodoplec
dpopoloynong (routing info) mavw amd nui-otaBepéc ouvdéaelc TCP: BGP sessions

— OUBGP sessions dgv xpelaletal va avtiotolyillovtal oe puolkeg ouvdeoelg links

 Otavto AS2 avakowwvel Eva tpoBepa (prefix umodiktvou mpooplopov) pog AS1:

— To AS2 urtdoyetat 0tL Ba mpowBel makeEta pe StevBuvon mpooplopol Tou va
avnkel oto 6edopévo prefix

— To AS2 unopel va cuvaBpoioel (aggregate) prefixes uMoSIKTUWV OTLG
OVOKOLWVWOELG TOU

_____ eBGP session

o eessmsesssnees iBGP session -



AIANOMH BGP REACHABILITY INFO

Me xprnon ouvdeoncg TCP, to mpwtokoAAo eBGP (external BGP) petafv twv border
gateways 3a kal 1c otéAvel prefix reachability info tng AS3 otnv AS1
— 1c umopei va xpnotpomnotnoet iBGP (internal BGP) yia Stavoun véwv prefix reachability
info og 6Aouc toucg SpopoAoynNTEC Koppuou tng AS1
— 1b pmopel va Eava-avakowvwoel veo prefix reachability info oto AS2 mavw amo cuvdeon
eBGP petatv 1b-to-2a

‘Evac dpopoloyntric otav pabaivel veo network prefix, dSnuloupyel routing entry oto
niivaka mpowBOnonc (forwarding table)

Ot 8popoloynTeg ou peteExouv oto iBGP peoa og pat AS mpémnel va eival art’ euBeiag
Sdtaocuvdepévol (fully connected iBGP routers)

_____ eBGP session

K o eessmmsmsesssan iBGP session -



MAPAAEITMA ANAKOINQzH2

AIKTYOY 135.207.0.0/16 MEZQ BGP (srtavaAnyn)
(arro napovoiaon tov Timothy G. Griffin, AT&T Research, Paris 2002)
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MAPOXH INTERNET 2TO E.M.N. (NTUA - ASN 3323)
https://stat.ripe.net/special/bgplay

& RIRE NCC BGPlay (147.102.0.0/16)

Enter an IP address

Node ID: 3323
AS: 3323
Owner: NTU& National Technical University of Athens, GR

rPeriod: 2 days 0 seconds [1730 events] Current instant: 2021-10-18 13:59:58 E

i 1 sec M Initial State W Re-announce [ Path Change -
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In collaboration with Compunet, Roma Tre

Showing results for 147.102.0.0/16 from 2021-10-18 13:59:58 UTC to 2021-10-20 13:59:58 UTC

source data layout options embed code share info

NTUA (3323)
GRNET (5408)
GEANT (21320)

GEANT Internet Feeds
* COGENT (174)

* Telia (1299)

*  HURRICANE US (6939)
* NORDUnet (2603)
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