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52 XPONIA ANO TH AHMOZIEYZH TOY TCP/IP
NpwtokoAAa Awacuvdeanc and AKPO-ZE-AKPO Méow Awktuwv Nakétou
(end-to-end Internet paradigm)

Mpw 52-€ xpovia (5 NogpuBpiov 1973) ot Vinton (Vint) Cerf (10te oto Stanford
University) kal Robert (Bob) Kahn (tote otnv ARPA tou US DoD) katéBeoav oto
IEEE Transactions on Communications tnv wotoplkn dnuooievon touv TCP/IP:

https://www.cs.princeton.edu/courses/archive/fall06/cos561/papers/cerf74.pdf

A Protocol for Packet Network Intercommunication

VINTON G. CERF axo ROBERT E. KAHN,

MEMBER, IEEE

Abstract — A protocol that supports the sharing of resources that exist
in different packet switching networks is presented. The protocol provides
for wvariation in individual network packet sizes, transmission failures,
sequencing, flow control, end-to-end emmor checking, and the creation and
destructiton of  logical  process-to-process  connections.  Some
implementation issues are considered, and problems such as imtemetwaork
routing. accounting, and timeouts are exposed.

INTRODUCTION

IN THE LAST few years considerable effort has
been expended on the design and implementation of
packet switching networks [1]-[7].[14].[17]. A prin-
ciple reason for developing such networks has been
to facilitate the sharing of computer resources. A
packet communication network includes a transpor-
tation mechanism for delivering data between com-
puters or between computers and terminals. To
make the data meaningful, computer and terminals
share a common protocol (1.e, a set of agreed upon
conventions). Several protocols have already been
developed for this purpose [8]-[12].[16]. However,
these protocols have addressed only the problem of
communication on the same network. In this paper
we present a protocol design and philosophy that
supports the sharing of resources that exist in differ-
ent packet switching networks.

After a brief introduction to internetwork

of one or more packet switches, and a collection of
communication media that interconnect the packet
switches. Within each nost, we assume that there
exist processes which must communicate with
processes in their own or other Hosts. Any current
definition of a process will be adequate for our
purposes [13]. These processes are generally the
ultimate source and destination of data in the
network. Typically, within an individual network,
there exists a protocol for communication between
any source and destination process. Only the source
and destination processes require knowledge of this
convention for communication to take place.
Processes in two distinct networks would ordinarily
use different protocols for this purpose. The
ensemble of packet switches and communication
media is called the packet switching subnet. Fig. 1
illustrates these ideas.

In a typical packet switching subnet, data of a
fixed maximum size are accepted from a source
HosT, together with a formatted destination address
which is used to route the data in a store and
forward fashion. The transmit time for this data is
usually dependent upon internal network parameters
such as communication media data rates, buffering
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2XHMATIKH NMAPAZTAZH TPIZAIAZTATQN AEITOYPIIQN AIKTYOY
(emavaAnyin)
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APOMOAOIHZH EMINEAQY AIKTYOY
Layer 3 Inter-AS Routing (ertavaAnyn)

* Border Gateway Protocol (BGP): EvaMaKtLKeq 6La6poueq e Bapn pog OAa Ta
yvwota diktua (mepimou 1.200.000 orjpepa) HeTaéL akpaiwv 6pouo)\ovntwv
(border gateways) Autonomous Systems — AS’s (rtepirtov 134.000 orjpepal)

— O mvaqu BGP d)u)\aooovrou otnv n)\EKTpOVLKr] uvAun twv border gateways kol
avavewvovtal SUVOLKA OmoTe uTtdpXouv aAAayEG oto Internet pe euBuvn Twv

YELTovikwv Spopoloyntwy (border gateways) mou avakowwvouv ta SikTuo Twv
QUTOVOUWV Kowvotntwv (AS’s) tou yvwpilouv (advertising) e TTaKETA EAEYXOU

— H Sdadpoun kataypadetal otov BGP Table twv akpaiwv popoioyntwv (border
gateways) evoc AS ava prefix (utodiktuo mpooplopoU) Kat tnv ospd Twv AS’s TG
npotewvopevne dtadpounc (pall pe to fapoc tng)

— O UTOAOYLOHOC TV «BEATIOTWYY Inter-AS Spopwv v'werou KOTOLVEUNUEVD, BACLOUEVOC
o€ aAyoplBuouc distance vector (Bellman Ford) pe Koorr] Ta BApn Twv cuVOECEWVY
ustaﬁu border gateways. Ot 6popol Inter-AS pmopei va aAAdéouv otn mopeia evog
TIOKETOU TIPOC TOV TEALKO TOU TIPOOPLOUO

— BGP (RFC 4271): Control plane packets (signals), oe TCP port 149
— 1" npodiaypadr) tov BGP: 1989, 12t IETF Meeting, Austin, Texas

Two Napkin Protocol:
Leonard Bosack & Kirk Lougheed (Cisco), Yakov Rekhter
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 .
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BAZIKH AEITOYPTIA TOY BGP (crtavaAnyn)

* 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 nipoBepa (prefix umodiktuou mpooplopou) pog AS1:

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

— To AS2 unopel va cuvaBpoloel (aggregate) prefixes umoSIKTUWV OTLG
OVOKOLWVWOELG TOU

_____ eBGP session

o eessmsesssnees iBGP session -



AIANOMH BGP REACHABILITY INFO (etavaAnyn)

Me xprion 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) yia Stavoun 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

S O iBGP session -



NMAPAAEITMA ANAKOINQzH2

AIKTYOY 135.207.0.0/16 MEZQ BGP (srtavaAnyn)
(amo napouvaoiaon tou Timothy G. Griffin, AT&T Research, Paris 2002)
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APOMOAOIHZH ENINEAOY AIKTYOY
Eidn Layer 3 (IP) Intra-AS Routing

Apeon dpopoAloynon (direct routing)
— KaBe kopBoc (host) otéAvel maketa IP pe teAlkd mpooplopod to idlo umodiktuo
anevBeiac oe interface eéodou Tou

— OLKOUPOL OTEAVOUV TTAKETO LE TEALKO TTPOOPLOUO EKTOC TOU SikTtuou/uTtoSIkTUoU
Touc o€ default gateway tou utodiktuou toug (m.x. hosts utodiktuou 147.102.13.X
npog tn StevBuvon 147.102.13.200)

ApopoAoynon pecw Evdiapeocwv ApopoAoyntwv (indirect routing IGP)

— KaBe kopBoc (host) otéAvel maketa IP og kKOpPoO (TeAkO ) eVOLAEDO) EVTOC TOU
L6lou AS o)L ameuBeiac aAAd xpnoLUoToLWVTOC EVOLAECOUC SPOOAOYNTEG
(routers). Na tnv npowBnon (forwarding) makétwv og Emninedo 2 (L2, Ethernet)
HoBaivel Tnv avtiotoixnon tou interface dpouoAoyntn (gateway) & tnv dtevduvon
L2 (MAC) uéow ARP (Address Resolution Protocol)

— 0O dpopoloyntAg mpemeL va yvwpilel tnv €€odo (interface SpopoAoyntn) mpog To
Siktuo — utobikTUuo MpPoopLoLLOU

— Meta&l dpopoAoyntwy KopHou evtog AS umdpyxouv mivakeg SpopoAoynong
(routing tables - Routing Information Base, RIB) poG OAQ TOL ECWTEPLKA
urtoSiktua (ko To Apeca cUVOEOUEVA OE YELTOVIKA AS) TTOU QVOLVEWVOVTOLL LE
NPWTOKOAAa IGP (cuvriBwc OSPF e core kot stub areas)



OSPF AREAS

https://networkel.com/ospf-protocol-ospf-basics-overview/
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APOMOAOIHzH ENINEAOY AIKTYOY

Layer 3 (IP) Direct Routing - Host Routing Table
EvypadéEg tou tunou (N, G, I, M)

— N: Aiktuo teAkoU tpoopLopou, IP - Netmask
— G: Gateway i Next-Hop, apeoo enopevo IP tpog npooplopd N
— | :Interface €€660ou npoc emopevo IP (Gateway)

— M: Metric, anootaon amno teAko npooplopd N (cuvABwc avaloyn He aplBuUo evdlapeowy KOpBwv IP)

* Host routing table oce Windows yiLa 10 ppxdvnpa pe IP 147.102.13.32

> metoctat —-nr

Bouting Table:

Hetwork Dectinstion Hetmaczk Gmtemwmy, Interfmce Heteic
oD.0.0.0 il 147 _102.13.20 147 . 102 .13 _32 20
iz27.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 1
147 102 .13.0 255 255 255.0 147_.102.13 .32 147 102 .13 _32 20
147 102 .13_.32 255.255.255.255 127.0.0.1 127.0.0.1 20
147 .102.255.255 255.255. 255 255 147.102.13.32 147 .102.13.32 20
224 . 0.0.0 240 .0.0.0 147.102.13.32 147 .102.13.32 20

* [pog to 610 Torko umodiktuo 147.102.13.0/24 cav gateway opiletal katsuBsiav (direct) to Tomikod

interface 147.102.13.32

— T.X. tpo¢ destination dolly.netmode.ntua.gr (147.102.13.10) gateway Ba ival To TOMIKO
interface 147.102.13.32

* Npog oAa ta aAAa diktua 0.0.0.0 cav gateway opiletal 1o 147.102.13.200 (default gateway:
router.netmode.ntua.gr)

* Mpoglocal host 127.0.0.0/8 (m.x. ytat Sokiun SikTuakwv ebapuoywy TOTLKA) i pog to iblo 1o
147.102.13.32/32 «npowBouvrtal» oto «interface» 127.0.0.1

* Mpog &tevBuvon broadcast 147.102.255.255/32 cav gateway opiletal kateuBeiav (direct) to Tomiko

interface 147.102.13.32 (n 6tevBuvon dev Loyvel oto diktuo Tou EMNM)
10

* Mpog dtevuBuvoelc multicast 224.0.0.0/4 ocav gateway opiletal direct 1o 147.102.13.32



APOMOAOIHZH ENINEAOY AIKTYOY
Layer 3 (IP) Indirect Intra-AS Routing: IGP (Interior Gateway Protocols)

KaBe koppoc (host) otéAvel maketa IP og kOpBo (TeAKO 1) evdLapeco) evtog tou Ldiou AS oxtL
anevBeiag aAAd xpnotlpomnowwvtag evélapeoous Spopoioyntec Emumedou 3 (L3 IP Routers)

Ma tnv npowBOnon (forwarding) nakétwv oe Eninedo 2 (L2, Ethernet) pabaivel tnv avtiotoixnon tou
interface dpopoAoyntn (gateway) & tnv dievSuvon L2 (MAC) uéow ARP (Address Resolution
Protocol)

O dpopoAoyntng mpemel va yvwpilel tnv £€odo (interface Spopoloyntn) mpog to diktuo — umodiktuo
TPOOpPLOUOU

Metall Spopoloyntwy Koppou evtog AS umtapyouv mivakeg dpopoAoynonc (routing tables -
Routing Information Base, RIB) po¢ OAd TaL ECWTEPLKA UTTOSIKTU A (KOl TAL AUECO OUVOEOUEVQ OF
YELTOVLKA AS) Ttou avavewvovtal pe MpwtokoAAa IGP (cuvriBwc OSPF pe core kot stub areas)

Mo opolopopdia tng SpopoAoynonc, kabe ypapupn opiletal (cuvOwc) ocav Siktuo pe 4 TouAdxLoToV
SdtevBuvoelic (/30)

Napadetypo: Metafv EMM 147.102.0.0/16 & MNav. ABnvwv 195.134.64.0/18 opiletal to «SiKTUOY
147.102.224.32/30

— Ynodiktuo: 147.102.224.32/30
— Axpo EMM: 147.102.224.33/30
— Axpo Mav. ABnvwv: 147.102.224.34/30

— Broadcast: 147.102.224.35/30 .



NAPAAEITMA EZQTEPIKHZ APOMOAOIHZHZ: TO AIKTYO TOY E.M.IN.
ntua.gr (147.102.0.0/16, ASN 3323)

COGENT
ASH 174

LEVEL 3
AS# 3356

GEANT

AS# 20965

NTUA

Zografou Campus

EAET-GRNET GR-IX

Sy A
ASH 5408 AS# 199399 %‘ Router

NTUA .
Patission 62.217.96.178 62.217.96.176 li-;: one :
28:8A.1CE2.D7.CO 28,88 1C£2 E4AC Ethernet Switc
- VLAN ID: 700 WLAN ID: 702

10 Gbps Ethernet - Fiber
1 Gbps Ethernet - Fiber
———  1Gbps Ethernet - UTP

62.217.96.177
00:08 7C 63 £4.00
VLAN 1D: 702

NTUA NOC

warp.core.ntua.gr
AS #3323
147.102.0.0/16
00:08:7C:63:E4:00

VLAN ID: 224

warp sub-interface
147.102.13.200
00:08:7C:63:£4:00
VLAN ID: 13

NETMODE Lab
subnet:147.102.13.0/24
VLANID: 13
E—— Eme——— —m%mam
Building Building ECE 147.102.13.19
Complex A Complex B Mew Building 00:0C:29:EE:9D:12

NMPOzOXH

OLmivakeg dpopoAoynong oto Internet yia Adyoug

opolopopdiag eivat tng Hopdngc:

* Prefix Aiktuou/Ynodiktuou TeAikou MpoopLouodu ::
Interface E§660v npo¢ Enousvo KouBo

NMAPAAEITMA:

O SpopoAoyntrig tou E.M.IN. 147.102.224.33 Bpiokel

Tov dpopoloyntr tou EKMNA 147.102.224.34 cov

HEANOG Tou uTtodIKTUOU:

* 147.102.224.32/30 (rtapoyn SteuBuvoswyv amno
E.M.II.)

H ypapun E.M.M. — EKMNA (6mwg OA&G oL YPOUUEG OF

Aiktua Internet) opiletat oav untodiktuo (prefix) pe 4

TouAdxLotov SteuBuvoelg IP:

* Yrnodiktuo: 147.102.224.32
* Akpo E.M.N.: 147.102.224.33
* Akpo EKNA: 147.102.224.34
* Broadcast: 147.102.224.35

ANTI-MAPAAEIFMA:

O SpopoAoyntrig tou E.M.MN. 62.217.96.177 Bpiokel
Tov dpopoloyntr tou GRNET 62.217.96.176 cav
HEAOG Tou UTtOSIKTUOU:

* 62.217.96.176/31 (tapoyn SteuBuvoswyv amno

GRNET)
12



AATOPIOMOI EYPEZHZ APOMQN

DV: Distance Vector (aAyoplBuoc Bellman-Ford)

— Interior Gateway Protocol - IGP: RIP (Routing Information Protocol) - 6ev
gpapuoletal mAgov

— Exterior Gateway Protocol - EGP: BGP (Border Gateway Protocol)

LS: Link State (aAyopiBpoc Dijkstra)

— IGP: OSPF (Open Shortest Path First): Link State Data Base + aAyoptBuoc Dijkstra
oToV Kopuo Autovopou Awktuou (Core of an Autonomous System - AS)

— Kootog ypoppwv diktuou: Avaloya pe TNV taxutnta  opl{opeva amnod tov
Aloxelploti
* Avavéwon KOOTOUG Ypaupwy péow LSA (Link State Advertisement) kaBe 30 min
(default) A Adyw petaPoAnig katdotaons. Meta anod 60 min (time out) xwpig LSA n
ypauun Staypadetal
* Je nepudpepelaka vnodiktua (stub areas): Default G/W

* Ta diktua ekTOCg AS: AvaKkolVWOoELG EVTOG AS péow i-BGP



ANFOPIOMOZ Distance Vector
BGP (Bellman - Ford)

KaBe koppocg uno)\oyLZEL i\, enouevr] «Be)\uom » 0taon T{POG OAEC TIC
Kateueuvoaq, ocUUPWVA LE TNV ELKOVA TIOU €XEL TOTILKA (P OLYLOTLKAL
KOTOLVERLNLEVOC aAYOpPLOOC)

XpelaleTal yvwon Tou «KOOTOUC» TWV AUecwV cuvdEoswy (interfaces) kat to
EKTILWHEVO «KOOTOC» QIO TOUC ALECOUG YEITOVEC TPOC OAOUC TOUC TPOOPLOUOUC
(r.x. 6Aa ta Siktua oTo Internet Mou avakowwvouv - announce - C€ £vVav aKpaio
Spopoloyntn KOG AUTOVOUNG KOWOTNTAC - AS - OL YELTOVIKEC TOU QLUTOVOUEC
KOLWVOTNTEG OTO TPWTOKOAAO BGP)

Baoiletol 0tov SUVAULKO TTPOYPAUUATIONO (e TILOAVEG EMEKTAOELG yLa TNV
avakaAuPn evaAlaktikwv dpopwv oto BGP) kat Aoyikn Evioxutikng Mabnong
(Reinforcement Learning) oav epappoyn aAyopiBuwv Mnxaviknc Madnong

Ou kopBol evromilouv touc BEATIoToug Spopouc (shortest paths) mpoc 6Aouc toug
KOUBou¢ ekteAwvToC aAyopLlOpo Baclopévo otov SUVAULKO TIPOYPOUUOTIONO
(Dynamic Programming) mou glonyaye o Bellman

ApXLKQ Ttapouciace aotaBeleg (.. Spopouc pe KUKAOUC - loops) aAAd oripepa TO
TMPWTOKOAAO EGP BGP eival n kapdid tou Internet

To tpwtokoAAo IGP RIP £xeL aviikataotaBel ano to OPSF kot to IS-IS

14



ANTOPIOMOZ Link State
IGP OSPF (Dijkstra)

O@ewpeital evotadric alyoplBuoc, emapknic ywa IGP: Mia avtévoun kowvotnta
LEpapXeltaL eowTtepLKkA o€ Tieploxec OSPF O (uia A meplocotepec) + mepidpepelakec stub
areas e static routing (oto diktuo tou EMII, OSPF tpeyouv puovo 2 SpoluoAoynTtec)
KaBe dpopoloyntrc Koppou €XEL TTANPN ELKOVA TNG TTEPLOXNC TOU — TOTIOAOYLA, KOOTN
ouvOEoEwV

OAol oL 6popoloyntéc koppou ekteAoUV Tov aAyoplBuo Dijkstra ylor evtomiopo OAwv twv
Spouwv elaxiotou k6otoug (shortest paths) oe poAo kevtplkol cuCTANATOC EAEYXOU.

MAnpodopiec katdotaong Siktuou (tomoAoyia, kootn) petadidovral pe Link State
Announcements (LSA) petav yertovwy kabe 1/2 wpa (default) i Adyw petaoAng
KaTaotaong — Bewpntikd OAoL €xouv TV dLa elkova

Ta LSA petadidovral cav avtovopa IP datagrams, oxt péow npwtokOAAwv TCP | UDP

[evikevon tou OSPF pe evaAlaktikoUc¢ dpopouc yia traffic engineering: ECMP (Equal-
Cost Multi-Path)

Ye peyaia Siktua koppou epappoletal evaAlakTikd o AAyoplBuog IS-IS (Intermediate
System to Intermediate System)

15



ENAEIKTIKH EKTEAEZH AATOPIOMQN
Bellman Ford & Dijkstra

Aiktuo (ypadog) avadopdc

Ta KOOTN TWV YPOUUWY adOopoUV Kal OTLG 2 KATELBUVOELG

Yta napadeiypata mou akoAovBouv urtoAoyilovtal 6€vdpa eAaxiotwv SpOUWV
(shortest path trees) amo 0Aouc rtpog tnVv pila {6} (Bellman Ford) kat ano tnv pila
{1} mpoc 6Aouc (Dijkstra)

MPOZOXH: H emtAoyn Tou poAou tn¢ pilac tou d€vdpou (rnyn  MPoopPLoOHNAC)
€ylwve avBaipeta. Asv e€aptatol amno toug aAdyoplOpouc mou Loxvouv Kat’
avaloyia yia avtiotpodouc poAouc pilag

Source Destination

16



AATOPIOMOZ Bellman-Ford
Distance Vector (1/2)
YrnoAoylopac Aévdpou EAaxiotwv Apopwv (Shortest Path Tree)
npo¢ tov Koppo {6} anod touc KouBouc{l, 2, 3, 4, 5}
D, : Kbéotog and kouBo (j) mpog mpooplopd (destination) 6 oto Bripa h
d;™ : Kéotog (Bapog) ypauung (i) oto Bripa h
L(j) = D, ;. Ektipnon eAdxiotou kootoug (label) amnd tov {j} mpog tov {6} oto Bripa h
P(j) : Emopevoc kopBog amno tov {j} mpocg tov {6} oto fAua h

Apxu{[i éXOU}lS: DI(!I) =() V b, D’(O) = o< V (D6 @ = 05 DJ @ = °°J.i = 112131415)

Na xde Siadoyiké h20: D) =min [ DM +d; ] Vil

Av: V i# 1 D) = D0 no 8o Siadoyikd h 1éte crapardpue tov arydpbuo, 1
Sragopetikd Enerta gndé N enavarnyerg,

Z"mv YEWPOTEPR TEPIMTWON 0 aAyOpOuog mpemel vo. emovoingBei N-1 gopéc yia N-1
kopfoug kot pe N-1 everhaxtikés Avoeic. Enopévac, npdkertor i odydpmbpo
moAvrdokotnrog O(N3).
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Source

ANTOPIOMOZ Bellman-Ford
Distance Vector (2/2)

Hopdderypa: INITIAL LABELS: L(1)=1(2)=...=L(5)= oo, L(6)=0
UPDATE ORDER 5,4,3,2,1
[teration Labels L(n), Current Predecessor Node P(n)
Number L(5), P(5) L(4), P(4) L(3), P(3) L(2), P(2) L(1), P(1)
1 2 6 3 5 3 S5 5 4 4 4
2 2 6 3 5 < - S 4 4 4
UPDATE ORDER 1,2.3.4,5
Iteration Labels L(n), Current Predecessor Node P(n)
Number L(1), P(1) L(2), P(2) L(3). P(3) L(4), P(4) L(5), P(5)
1 o - o - 5 6 8 3 2 O
2 9 4 g8 3 3 5 3 3 s &
3 4 4 5 4 3 5 3 5 2 6
4 4 4 5 4 d 5 3 .35 2. .8

HORTEST PATH TRE

>




AATOPIOMOZ Dijkstra
Link State (1/2)
YnioAoylopac Aévdpou EAayiotwv Apopwv (Shortest Path Tree)
artd tov Koppo {1} mpocg toug kopuBouc {2, 3, 4, 5, 6}
P : ZUvoAo amno permanent labels
D; : Kootog amno ninyn (source) {1} mpog koppo {j}
d; : Kootog (Bapocg) ypapung (i)
L(j) = D, . Extipnon ghdyLotou kootoug (label) and tov {1} mpog tov {j} oto Bripa h
P(j) : Nponyoupevocg (Predecessor) kopuBocg amnod tov {1} mpoc tov {j} oto BAua h

Apyued xoope: P={1}, D=0, D;=d,; V j # |

Brpa 1°: Bpeg i¢ P térow dote: D, = ming, pD; xar kdve: P = PO {1} Cov 1o P
repAapPover dhovg Toug kGufoug tdte o ahydpiBiog atapotd, allc:

Bripa 2°; T OAa j& P Dfmm ; D;*'dg;}' kot Eavd oto 1° Bripe

Le k0B frio. 0 ahydpiBuog amartel Evay apibud mpdsov avaroyo tou N xat €youpe
N-T fnpeta. Ank. efves adyopibpog modvrhordtnog O(N2),
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ANATOPIOMOZ Dijkstra
Link State (2/2)

INITIAL LABELS: L{1)=0, [{2)=L(3)=.. =L(6)=00

Iteration Permanently Labels L{n). Cuirent Predecessor Node P(n)
Number Labeled L(2), P(2} 1 L(3), P(3) | Li4), P(4) | L(5), P(5) | L(6), P(6)
Nades |

1 i 2k 5 ! J ] o - 86
2 1,4 2 1 4 4 - 2 4 o -
3 1,4,2 - 4 4 2 4 oo -
4 1425 - 3 5 . = 4 5
S 1,4,2,5.3 - - - - 4 5

Source

@ Destination

20



2YNOWH: IGP — OSPF
LS (Link State): AAyopiOpoc Dijkstra

Link State Data Base + aAyoplBpuoc Dijkstra otov koppud Autovopou Alktuou
(Core of an Autonomous System, OSPF Area 0):

TpExeL oe OAOUC TOUC SPOUOAOYNTEC KOPHOU TTIOU TIPETEL vaL €XouV ANRPN &
gviaio ElKOVA TNC KATAOTAONG - TortoAoyiag Tou dlktuou yla cuppatotnta
UTTOAOYLOOU TILVAKWV SPOOAOYNoNG

Koéotog ypappwv avaAoyo pe tTnv taxutnta [ opl{Opeva armo tov ALoXELPLOTH)

Avokolvwoelg kataotaong dpopoloyntwv kopuou (OSPF Area 0) ko
ouvdeoewv: péow LSA (Link State Advertisements) v2 ywa IPv4 1} v3 yia IPv6 (IP
signals xwpic TCP/UDP transport layer)

Avavéwon LSA: Ava 30 min ) pe aAAayn katdotaong N av e€avtAnBouv 60 min

Yta nepldpepelakd vtodiktua, OSPF Stub Areas: >tatiki erhoyn Default
Gateway

21



ZYNOWH: EGP - BGP
DV (Distance Vector): AAyopiOpoc Bellman - Ford

H mAnpodopla yia ta diktua (prefixes) mou «BAEmet» €vac border router amo TLC
emAoyEC €€06ou tou, tnpeital os nivaka NLRI (Network Layer Reachability
Information) mou avavewvetal pe onpatodocio BGP (evtoAéc OPEN, UPDATE,
KEEPALIVE, NOTIFICATION)

YrtoAoylopocg reachability & AS paths ava prefix oe Border Gateways: Me Baon
advertisements (TCP signals) amo ysitovikd AS’s kot aAyoplOpo SpopoAoynonc
Bellman-Ford

[la tpoopLlopoUc evOUAakwEVOUC o€ TToAAaTAA prefixes: Mpotipunon Baoel
longest prefix match

Ertthoyn peTaél evaANaKTIKWY SpOUwV yla ipowBnon maketwv otov forwarding
table twv Border Gateways pe Baon SLaxelploTIKES TTOALTIKEC (weight,
preferences...)

e-BGP: External BGP - lNivakec RIB (Routing Information Base). Tnpouvtal otnv
NAEKTPOVIKA HvAN Twv border gateways e ektipnoelc evolapeowy public AS’s
(€wc 120.000) pocg 1.200.000 prefixes (public diktua, mpooplopoi oto Internet)

i-BGP: Internal BGP (petaét dpopoloyntwv Koppou evog AS)

22
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