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AIKTYA ME INQZTA IP & AYTONOMEZ NEPIOXEZ (srtavaAniyn)

Announced Networks, Autonomous Systems, Border Gateway Protocol - BGP

* 8/2024: To Internet onuepa, https://www.statista.com/statistics/617136/digital-
population—worldwide)1
— Navw amno 5,45 billion teAwol xpriotec (cuvdeoelg) oe cuvoAlkd mAnBuoud ~8,12 billion,
dleiobuon 67,1%
— [Upw ota 1.200.000 avakowvwolpa diktua — yvwotol tpooplopot (announced public IPv4 &
IPv6 networks via BGP announcements)
— lepapyka taglvopunueva o ~131.000 Autovopeg AlaxelploTtikeg Meploxeg AS’s (Autonomous
Systems) pe povadiko aptbud ASN (Autonomous System Number, 16 bits ] 32 bits)
 Kataxwpnon IP & ASN o€ blocks twv 1024 AS’s pe 6tebvr) cuvtoviopo amno 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)

» 23/9/2024: AplOpoc ndN KaTaxwpnUEVWY & avakowwolpwy (advertised) AS’s
nEow BGP announcements: 82.590 kat pn avoakowwolpwyv (unadvertised) 35.342
(117.932 katavepnuéva ASN’s ota RIRs, 3.450 deopeupéva, 9.687 Sabeoiua yia
Kataxwpnon, cuvoAtkda 131.069 ASN'’s)

Resource allocations by Regional Registry http://bgp.potaroo.net/

Registry Advertised ASNs Unadvertised ASNs Allocated ASNs Reserved ASNs Available ASNs Total ASNs
AFRINIC 1759 714 2473 422 431 3326
APNIC 18518 11331 29849 0 1525 31374
ARIN 19864 12853 32717 931 989 34637
RIPENCC 30522 8821 39343 Q949 5313 45605
LACNIC 11927 1623 13550 1148 1429 16127
TANA O O 0 0 0 0
TOTAL 852590 35342 117932 3450 9687 131069



https://www.statista.com/statistics/617136/digital-population-worldwide/
https://www.statista.com/statistics/617136/digital-population-worldwide/
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BGP TABLES: APIOMOZ 'NQZTQN (PUBLIC) AIKTYQN - NTPOOPIZMQN

(emavaAnyn)
http://bgp.potaroo.net/

Growth of the BGP Table - 1994 to Present

1206}
BGP Table Data
Report last updated at Mon, 23 Sep 2024 12:07:00 GMT
IPv4 BGP Reports
s AS131072 APNIC RED 982145
AS6447  Route-Views.Oregon-ix.net 581787
: IPv4 Route-Views
E IPvc BGP Reports
AS5131072 APNIC RED 218193
AS6447  Route-Views.Oregon-ix.net 224396


http://bgp.potaroo.net/

A3 Count

NAHOOZ APIOMQN AYTONOMAQN 2YZTHMATQN
(ASN/RIR: Autonomous System Numbers avd Regional Internet Registry &
2uvoAwka ano ICAAN - IANA)

(emavaAnyn)
http://bgp.potaroo.net/

Xpovikn EEEALEN ZuvoAikou AplBuou
Arapnuilopevwy AS’'s péow BGP &
YJUVOALKOU AplOpol un Aradpnuilopevwy AS’s

Xpovikn E€EAEN Katavounig ASN ava RIR
(Regional Internet Registry)

Time Series of RIR AS Allocations fdvertized ¢ Unadwvertised
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Figure 5 - Cumulative RIR AS assignments per RIR Figure 8 - Advertised / Unadvertised AS Count
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EAYTE - GRNET: TO AIKTYO KOPMOY - IP Overlay (24/9/2024)

https://netmon.grnet.gr/networkmap/
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EAYTE - GRNET: TO AIKTYO KOPMOY - IP Overlay (24/ 9/ 2024)
https://netmon.grnet.gr/networkmap/
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EAYTE - GRNET: IP Peering Traffic MRTG (24/9/2024)
https://mon.grnet.gr/rg/

Welcome to GRNET's graph monitoring tool - now showing results for "type: aggregate descr:Peerings”

Major Peerings Inbound Major Peerings Outbound
@ eier.grnet.gr / aggregate / day @ eier.grnet.gr / aggregate / day
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RNET RNET

Mpadniuata kivnong 24-9-2024, dtab<oipa ano 1o
Kévtpo Awaxeiplong Atktowv - KEA tou GRNET
(GRNET Network Operations Center - NOC)
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GEANT

www.geant.net
The Pan-European Research and Education Network

GEANT interconnects Europe’s National Research and Education Networks (NRENs). Together we connect over 50 million users at
10,000 institutions across Europe,
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http://www.geant.org/

NATKOZMIOZ POAOZ TOY GEANT (8/2017)

) At the Heart of Global Research
GEANT and Education Networking
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SHMEPINH NATKOZMIA SYNAEZIMOAOTIA TOY GEANT (24/9/ 2024)
https://map.geant.org/
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SHMEPINH NATKOZMIA SYNAEZIMOAOTIA TOY GEANT (24/9/2024)
https://map.geant.org/
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Paris Washington DC

Link forms part of Advanced North Atlantic (ANA)
collaboration and is provided by Internet2 and
CANARIE; Link at GEANT Open in Paris
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TO «<EMMNOPIKO» INTERNET: There is no Free Lunch

http://en.wikipedia.org/wiki/Tier 1 networke reris o=
Ov 14 Tier 1 ISP’s pe mpocBacn Kat ot
1.200.000 Siktua - yvwoToUG TPOOoPLoOUG

. e IXp Tier 2 ISP
(IPv4 & IPv6 prefixes) PoP #2 et 1
AS Transit Transit
Name # | Headquarters # s
number
= == United Tier 3 Network Tier 3 Network
AT&TI7] 7018 (multi-homed ISP) (single homed ISP)
States
Dautsche Telekom Global Carrierl’] | mmm Germany 3320 t_r, T
= | Inited
GTT Gommunications i 3257 Internet users
i (business, consumers, etc)
—
Liberty Glooa P74l - oo 6830 . , . , .
Netherands(*] Tier 2 ISP’s pe eAadpda petwEVN TpooPaocn
Lumen Technologies (formerly _ AS
== | nijted Name #  Headquarlers = - -
CenturyLink, formerly Leve - 3356
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3 [27I28][28] China Telecom B3 China 413414809
.NTT ;;JZr]r'muniuat ons (formerly - 2814 Singted ) = Gingepore 7473
\erio)
. 9] Cogent Gommunications | B United
Orange'™ i B France 25711 (formerly PSINetf5] States 1
PCCW Giobal Hong Kong 3491
. == United
Tata Communications (prev. VENL Hurricane Electrictsl o 6939
! o P == |ndic 6153 States
prev. Teleglobe)
, [37] . - Bt United
Telecom ltalia Sparkle ({Sesbone)l*’! | | B Italy 6762 gETH Kingdom 2002
_ Vodafone Carrier Services | Uniled
Arellon (farmerly Tella Carrler)=8] m= Sweden 299 (formerly Cable & :" d"' ¢ 1273
Wirelgss)5! ingdem
Telxius (Subsidiary of Telefonica)l'® | B2 Spain 12956 Verizon Enterprise
Solutlons == Unlted 2828
\erizon Enterprise Solutions = United - Jer 7D =
. [46] - 70 Communications)(52I[53]
[formerly UUNET )[4F States
Telstral®4] & Australia 4637
== Unlted
Zayo Group (formerly AhaveNet)i€] 6461 = 12
States Comeast®! ;ws ) 7922



http://en.wikipedia.org/wiki/Tier_1_network

MAPOXH INTERNET 2ZTO E.M.N. (NTUA - ASN 3323)
https://stat.ripe.net/special/bgplay (4/10/2024)
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TO ATHENS INTERNET EXCHANGE (AlX)
NpwtoBovAia tov 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 cuvdpopuntwyv ekto¢ EAAGSOG
HEow AIX, povo ano Tier 1 — Tier 2 feeds Twv mapoxwv toug (mBavi cuvepyaoia
HOVO O€ KATAOTAOELG EKTAKTOU QVAYKNG)
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GREEK INTERNET EXCHANGE (GR-IX)  Ditps:/furvew griv.gr/members/
2009: ANABAGMIZH AIX->GR-IX

https://www.gr-ix.gr/
GR-IX::Athens (68 péAn, 10/2024)
3 onpeia otéyaonc (Points-of-Presence, PoP’s)
GR-IX::Thessaloniki (19 péAn, 10/2024)
1 onpueio otéyaonc (Point-of-Presence, PoP)
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3 68 112 1 _
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Month Graph

Greek Internet Exchange :: Greek Internet Exchange

%6 6

week 3¢ Week 37 Weel 28 Week 39
Out M Peak 851.84¢ [l Avg 455.45G Cur: 423,716
In [ Peck 851.13¢C B Avg 455.426 Curz 425.736

https://portal.gr-ix.gr/statistics/ixp 15
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TAZINOMHZH AATOPIOMQN APOMOAOTIHzZH2

* Alaxelplotikoc EAeyxog
—  JUYKEVTPWTLKOG: Anpooia Atktua Metaywyng Nakétou 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)
*  TnAedpwvika Aiktua PSTN (Public Switched Telephone Networks)

* Alaxelplotikil Auvapiki
— 2tatikni dpopoAoynon:

* Host Routing oto Internet - Default Gateway
*  YTOAOYLOMOC EVOANAKTIKWY SpOUwWY HE oTaBepd Bapn ypappwy (X.25/X.75)

— Auvapikn 6popoAoynon:
*  MetaBaAopeva Bapn ypoupwyv (ARPANet)
*  MetaBoAég avaloya pe Stabeopdtnta ypapupwy (Internet IGP, BGP)

16




2XHMATIKH NMAPAZTAZH TPIZAIAZTATQN AEITOYPIIQN AIKTYOY
(emavaAnyin)

Tables, Protocols, Algorithms

QL

=

~

Unknown Forwarding &
Packets Behavior c
E

iF}

" on
~_____Forwarding o
S

=

Frames IN Frames Out

https://thenewstack.io/defining-software-defined-networking-part-1/

Data Plane: Metadoon - MpowBnon Asdopevwy os MAaiowa/Frames r} MakEta
Control Plane: EAeyxoc - 2nuatodooia Porc Maketwv Asdopevwy
Management Plane: Alaxelplotikeg Asttoupyieg Atktuou

17
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APOMOAOIHZH ZTO INTERNET

Mpowdnon (forwarding): Metakivnon makeTwy amno tnv elocodo
dpopoAoyntn o kKatdAAnAn €€odo (Aettoupyia data plane)

ApouoAoynon (routing): koBopLopoc SLadpounC MAKETWY Ao tnyn mPog
POOPLOUO, routing algorithms (Aettoupyia control plane)

ZNUeilwon: 2TIC eMOpeveC SLadAVELEC XpnoLpomoLOnke UALKO
urtoothpEng tou BLBAlou Twv Kurose & Ross “Computer Networking: A
Top-Down Approach,” Pearson Publisher, 6t Edition.

18



APOMOAOIHZH ZTO INTERNET

routing algorithm

local forwarding table
header value |output link

Yuoxetion ApopoAoynong — NMpowBnong

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

TiuR oTNV €TMIKEPAAIdQ TOU TTAKETOU

=N=

19



APOMOAOIHZH EMINEAQY AIKTYOY
Layer 3 Intra-AS Routing

* Intra-AS Routing, Interior Gateway Protocols (IGP): Mia. €€060¢ Tpog
enousvo Interface yla kABe vTtodiktuo (subnet) TEALKO TPOOPLOUO EVTOC
gvoc AS

— RIP (Routing Internet Protocol): NMpwtokoAA o raAaldg yeviag, Baclopevo oe
aAyoplOuouc distance vector (Bellman Ford)

— OSPF (Open Shortest Path First): To o dtadopévo onpepa, Baotouevo o€
aAyoplOuouc link state (Dljkstra) Ma onouq K}\Luakwonq, UTTopEL va
UAoTtoLNBEL LEpaPXLKA YUPW QIO TNV TIEPLOXN KOle.OU (backbone area 0 )
0.0.0.0) kat pe ouvdeopevec epLPpepPELOKEC TIEPLOXEC (stub areas). MNa
dpopoAoynon nmakETwy IPv4, .oxvel n OSPF Version 2: RFC 2328, 1998

— |IS-IS

— Avvatotnta oAAATAWY EVOAAAKTIKWY Spopwv toou kootouc (ECMP): Direct
routing petaL yettovikwv dpopoAoyntwy e apAdAANAeC cUVOEDELG KaL
ertlhoyn €€0dou pe proprietary alyopiBuouc (m.x. Per-Packet Round-Robin,
Per-Flow Load Balancing, Per Source -Destination Traffic Engineering...) Na
auTopaTIopo Tou OSPF amalteital tpomnomnoinon tou aAyopiBuouv Dijkstra yia
k-Shortest paths

20



APOMOAOIHZH ENINEAOY AIKTYOY

Layer 3 Inter-AS Routing

* Inter-AS Routing, Exterior (Border) Gateway Protocols (EGP/BGP): NoAAEC
EVOANOKTIKEC SLadpopEC e Bapn mpoc OAa Ta yvwoTtd Siktua (repimou
1.200.000 onpuepa) petaév akpaiwv dpopoloyntwy (border gateways)
QUTOVOUWV cuoTtnuatwy (Autonomous Systems — AS’s, rtepinouv 112.3084
onuepa - 73.806 avakowwoLua)

— O mvaKeq BGP cbu)\aooovrou otnv n}\EKtpOVLKn LvAun Twv border gateways ko
OLVOLVEWVOVTOLL 6UVO(|.1LK(1 OTOoTE UT[OLpXOUV O()\)\OLVEC oTo Internet HLE EUGUVf] TWV

YELTovikwv Spopoloyntwy (border gateways) mou avakowwvouv ta SLKTuo Twv
OQUTOVOUWV KolwvotAtwv (AS’s) ou yvwpilouv (advertising) e TakeTa EAEYYXOU

— H dadpopun kataypadetal otov BGP Table twv akpaiwv dpoporoyntwv (border
gateways) evoc AS ava prefix (UtoSikTtuo MpoopLlopov) Kat TNV oelpd Twv AS’s TNG
npotewvopevneg dtadpopnc (pall pe to Bapoc tng)

— O UTtOAOYLOUOC TwV «BEATIOTWVY Inter-AS Spopwy v'LvstaL KATOVEUNHEVA, BACIOUEVOC
o€ aAyoplBuouc distance vector (Bellman Ford) pe KOO'CI’] Ta fapn Twv cuvOECcEWV
uera&u border gateways. Ot §popot Inter-AS pmopel va aAAd€ouv otn nopsia evoq
TIALKETOU TIPOG TOV TEALKO TOU TIPOOPLOUO () ke

— BGP (RFC 4271): Control plane packets (signals), oe TCP port 14

Finite State Machine
States: Idle, Connect, Active, OpenSent,
OpenConfirm, Established

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

https://en.wikipedia.org/wiki/Border Gateway Protocol )



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

BAZIKH AEITOYPTIA TOY BGP

* Ta (evyn amo ocuvoplakouc dpopoAoyntecg (BGP peers) avtalldcouv mAnpodoplec
Sdpopoloynong (routing info) mavw and nui-otaBepég ouvdéoelc TCP: BGP sessions

— OUBGP sessions dgv xpelaletol va avtiotolyillovtol oe puolkeg ouvdeoelg links

 Otavto AS2 avakowwvel Eva npoBepa (prefix umodiktvou pooplopol) pog AS1:

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

— To AS2 pmopet va ouvaBpoloel (aggregate) prefixes umodiKtU WV 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 pmopel va xpnotpomnotnoet iBGP (internal BGP) ywa dtavour véwv prefix reachability
info og 6Aouc touc SpopoAoynTtEC KopuoU tng AS1

— 1b pmopel va Eava-avakowvwoel veo prefix reachability info oto AS2 mavw amo cluvdeon
eBGP petatv 1b-to-2a

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

Ot 6popoloynTeg ou peTtEXouv oto iBGP péoa og pat AS mpémnel va eival art’ euBeiag
Staouvdepévol (fully connected iBGP routers)

_____ eBGP session

K o eessmmsmsesssan iBGP session -

23



NMAPAAEITMA ANAKOINQzH2

AIKTYOY 135.207.0.0/16 MEZQ BGP
(amo napouvaoiaon tou Timothy G. Griffin, AT&T Research, Paris 2002)
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MAPOXH INTERNET 2ZTO E.M.N. (NTUA - ASN 3323)
https://stat.ripe.net/special/bgplay (4/10/2024)
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