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50 XPONIA ANO TH AHMOZIEYZH TOY TCP/IP

Mpwv 50 xpovia (5 NoguBpiouv 1973) ot Vinton (Vint) Cerf (tote oto Stanford
University) kol Robert (Bob) Kahn (tote otnv ARPA tou US DoD) katéBeoav oto
IEEE Transactions on Communications tnv Lotoptkn énpocicvon touv TCP/IP:

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

A Protocol for Packet Network Intercommunication

VINTON G. CERF avo 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 wariation in individual network packet sizes, transmission failures,
sequencing, flow control, end-to-end error checking, and the ereation and
destruction  of  logical  process-to-process  connections.  Some
implementation issues are considered, and problems such as intemetwaork
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 (i.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 nosts. 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 packer switching subner. 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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ZIXHMATIKH NAPAZTAZH TPIZAIAZTATQN AEITOYPTIQN AIKTYOY
(emravaAnyn)
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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
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APOMOAOIHZH ZTO INTERNET (srtavaAnyn)

Mpow?dnon (forwarding): Metakivnon maketwv ano tnv eloodo Spopoloyntn oe
KatdAANAn €€060 (Aettoupyia data plane)

ApopoAoynon (routing): kKaBopLoUOC SLASPOUAC TIAKETWY ATTO TNV TTPOG
TPOOPLOUO, routing algorithms (Aettoupyia control plane)

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




APOMOAOTHZH 3TO INTERNET (srtavdAndn)

routing algorithm

local forwarding table
header value |output link

Yuoxetion ApopoAoynong — NMpowBnong

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

TiuR oTNV €TMIKEQAAIdQ TOU TTAKETOU

=N=




APOMOAOTHZH ENINEAOY AIKTYOY (sravdAnn)
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



APOMOAOIHZH ENINEAQY AIKTYOY (ertavaAnyn)

Layer 3 Inter-AS Routing

* Inter-AS Routing, Exterior (Border) Gateway Protocols gEGP/BGP) MoAAEC
EVOANOKTIKEG SLadpOUEG e Bapn TPOG OAaL Ta YWwoTd diktua (mepimnou
1.200.000 onpepa) LeTAED OKpaiwv SpopoAoyNTWY (border gateways)
QUTOVOUWV cuoTtnudatwy (Autonomous Systems — AS’s, Tiepinouv 112.3084
onuepa - 73.806 avakowwolua)

— Hb&wadpopn kataypadetatl otov BGP Table twv akpaiwv dpopoloyntwv (border
gatewaysyevoq AS ava prefix (unobiktuo MpoopLopov) Kat TNV oelpa Twv AS’s TNG
nporswouevnq Stadpopnc (pall pue to Bapog tng)

— Oumivakeg BGP puAdoccovtat 6Tnv NAEKTPOVLKN pvAun Twv border gateways kat
QVaVEWVOVTAL SUVAULKA OTTOTE UTIAPXOoUV aAlayEG oTo Internet pe euBuvn Twv
YELTOVIKWV Spopoloyntwy (border gateways) TOU AVAKOWVWVOULV Ta SiKTUA TWV
QUTOVOUWV Kowvotntwv (AS’s) ou yvwpilouv (advertlsmg)

— O untoAoyLlopoG Twv «BEATIOTWV» Inter-AS SpOpwWV yiveETaL KATAVEUNUEVA, BACLOUEVOG
o€ aAyo gteuouq distance vector (Bellman Ford) pe k60tn ta BApn TwV CUVOECEWV
petagL border gateways. Ot §popot Inter-AS propei va aAA&ouv otn Topeia evog
TIOKETOU TIPOC TOV TEALKO TOU TIPOOPLOUO

— BGP (RFC 4271): Control plane packets (signals) petaéy BGP peers o TCP port 149
* 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
O /

Connect

OpenConfirm
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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 npoBepa (prefix urtodiktvou pooplopou) pog AS1:

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

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

eBGP session

v  sessesssssesssn 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

I I te 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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NMAPOXH INTERNET 2TO E.M.N. (NTUA - ASN 3323) (ertavaAniyn)
https://stat.ripe.net/special/bgplay (22/10/2022)

& R'PE NCC BGPlay (147.102.0.0/16)

f

Al

Enter an IP address

Period: 2 days 0 seconds [915 events] Current instant: 2022-10-20 09:59:45 h

IIlIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIlIIIIIII IIHIIIIIII III IIIIII

1 sec [m} Inlual State W Re-announce ] Path Change
12 m w m 12 m )
2s 20s 3] 51 s ‘l :

In collaboration with Compunet, Roma Tre

Showing resu r 147.102.0.0/16 from 2022-10-20 09:59:45 UTC to 2022-10-22 09:59:45 UTC

source dats  layout options embed code share info

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

GEANT Internet Feeds
* LEVEL3 (3356)
 COGENT 174 (174)

*  HURRICANE US (6939)
* NORDUnet (2603)
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APOMOAOIHZH EMINEAQOY AIKTYOY
Eidn Intra-AS Routing

Apeon 6popoAoynon (direct routing)

— KaBe kopuBog (host) otelvel maketa IP pe TeEAKO TPOOPLOUO TO ibLo uTtodikTuo
amnevBelag o€ interface eéodou Tou

— OLKOMUBOL 0TEAVOUV TTAKETO LE TEALKO TIPOOPLOUO EKTOC TOU SIKTUOU —
uTtoSLKTUOU TouC o€ default gateway tou UTTOOLKTUOU TOUC (T1.X. hosts
urtodiktuou 147.102.13.X tpog tn StevBuvon 147.102.13.200)

ApopoAoynon péow Evdiapeocwv ApopoAoyntwv (indirect routing)
— KaBe kopuBog (host) otelvel maketa IP o kOUBo eVTog Tou 16iou AS OxL

aneueetaé aAAQ XPNOLUOTIOLWVTAC EVOLAUECOUC 6pouo)\0\f]r]téq (routers). Na
TV powbnon (f%o(rwarding nakETwy o€ Enimedo 2 (L2, Ethernet) pabaivel
TNV avtiotolxnon tou interface 6pouoAoyntn (gateway) & tnv éievBuvon L2

(MAC) uéow ARP (Address Resolution Protoco

— 06 ouo)\oyr]tr']%npéna va yvwpileL tnv €€odo (interface dpopoloyntn) mpog
To OiKTUO — UTTOOLKTUO TTIPOOPLOOU

— Metal dpopoloyntwy Koppou evtog AS umapyouv mivakec SpopoAoynong
(routing tables - Routing Information Base, RIB) mpoc¢ OAa T0l ECWTEPLKA

urtodiktua (Kot T AUECO CUVOEOUEVA OE YELTOVIKA AS) TTOU OIVOVEWVOVTAL HE
npwtokoA\a IGP (cuvBwg OSPF pe core kau stub areas)

12



APOMOAOIHZH EMINEAOY AIKTYOY
Intra-AS Routing, Host Routing Table

Eyypadég tou tomnou (N, G, |, M)
—  N: Aiktuo tehikol pooplopol, IP - Netmask
—  G: Gateway f} Next-Hop, dueoo enopevo IP mpog npooplopd N
—  l:Interface €€660u mpog emopevo IP (Gateway)
—  M: Metric, anootaon péxpL tov TeAo mpooplopd N (cuviBwg avaloyn pe Tov aplBuo evoldpeowv kopBwv IP)

Host routing table oce Asgitoupylké Windows andé to pnxavnpa pe IP
147.102.13.%2

> netstat -nr

Routing Table:

Network Destination Netmask Gatewa Interface Metric
0.0.0.0 0.0.0.0 147.102.13.20 147.102.13.32 20
127.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 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

Mpog to 6to Tomikod umodiktuo 147.102.13.0/24 cav gateway opiletal kateuBeiav (direct) to
TOTKO interface 147.102.13.32

— [Mpog destination dolly.netmode.ntua.qgr (147.102.13.10) gateway Ba eival to ToTKo interface
147.102.13.32

Mpoc oAa ta aAAa Siktua 0.0.0.0 cav gateway opiletat to 147.102.13.200 (default gateway:
router.netmode.ntua.gr)

Mpog local host 127.0.0.0/8 (m.x. yia Sokiun SIKTuaKwy eGapUOYwV TOTILKA) A TtPog To i8Lo To
147.102.13.32/32 «npowBouvtal» oto «interface» 127.0.0.1

Mpog StevBuvon broadcast 147.102.255.255/32 cav gateway opiletat kateuBeiav (direct) to
TOTILKO interface 147.102.13.32 (n 6tevBuvon dev oxVeL oto diktuo tou EMIM)

Mpog dteuBuvoelc multicast 224.0.0.0/4 cav gateway opiletal kateuBeiav (direct) to Tomiko
interface 147.102.13.32

13



APOMOAOIHZH ENINEAOY AIKTYOY

Intra-AS Routing, Links between Routers

[l opolopopdia tng SpopoAoynong, kabe ypapuun opiletat (cuvnbwg)
oav Siktuo pe 4 touAaxlotov dtevBuvoelg (/30)

Napadeypa: Metaé EMM 147.102.0.0/16 & Mav. ABnvwv
195.134.64.0/18 opiletal to «biktvo» 147.102.224.32/30

— Yrnobiktuo: 147.102.224.32/30
— Akpo EMI: 147.102.224.33/30
— Axkpo Mav. ABnvwv: 147.102.224.34/30
— Broadcast: 147.102.224.35/30

14



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

NMPOzOXH

OLmivakeg dpopoAoynong oto Internet yia Adyoug

opolopopdiag eivat tng Hopdngc:

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

COGENT
AS# 174

LEVEL 3
AS# 3356

GEANT

poh 0965 — MAPAAEITMA:
Zografou Campus O SpopoAoyntrig tou E.M.IN. 147.102.224.33 Bpiokel
EAET-GRNET GR-IX @ tov SpopoAoyntr tou EKMA 147.102.224.34 cov
AS# 5408 AS# 199399 , ,
HEAOG TOU UTTOSLKTUOU:
6221796178 srars6.10 - oo e * 147.102.224.32/30 (mrapoyn dtevBuvoewyv amo
@ VLANID: 700 VAN ID: 702 . E.M. n')
N i . E““””efs“” “1 Hypoppuf E.M.M. — EKNA (6mw¢ OAEC oL ypaupég o
—_ ?g‘%‘é:{;“{:: Aiktua Internet) opiletat oav unodiktuo (prefix) pe 4
R TouAdxLotov SteuBuvoelg IP:
1102228 wu}i:::z;l: *  Ynodiktuo: 147.102.224.32
e T *  Akpo E.M.M.: 147.102.224.33
147.102.13.200 * Akpo EKNA: 147.102.224.34
VA * Broadcast: 147.102.224.35
ANTI-NAPAAEITMA:
Il O SpopoAoyntrig tou E.M.MN. 62.217.96.177 Bpiokel
... 10 Backbone Switches ...... e Tov dpopoloyntr tou GRNET 62.217.96.176 cav
. oo e e, . @ HEAOG Tou UTtOSIKTUOU:
S E— T g b * 62.217.96.176/31 (tapoyn SteuBuvoswyv amno
Complex A Complex B New Building 00:0C:29;EE:90:12 GRNET)
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AATOPIOMOI EYPEZHZ APOMQN

DV: Distance Vector (aAyoptBuoc Bellman-Ford)

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

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

LS: Link State (aAyoptBuoc Dijkstra)

— IGP: OSPF (Open Shortest Path First): Link State Data Base + aAyoptOpog Dijkstra
oToV KOopHo Autovopou Awktuou (Core of an Autonomous System - AS)
— Kootog ypappuwyv diktvou: Avaloya pe Tnv taxvutnta r} opll{opeva amo Tov
Alaxelplotn
* Avaveéwon KOOTOUG Ypaupwy péow LSA (Link State Advertisement) kaBg 30 min
(default) A Adoyw petaPoAng katdotaons. Meta anod 60 min (time out) xwpig LSA n
ypauun Staypadetal
* Jemeplpepelakd umodiktua (stub areas): Default G/W

* [a diktua ektog AS: AvakolvwoeLg evtog AS pEow i-BGP

16



ANFOPIOMOZ Distance Vector
BGP (Bellman - Ford)

KaBe kOB og umoAoyilet TV eMOUEVN «BEATLOTNY OTAOHN TPOC OAEC TLG
KaTeELOUVOELG, CUUDWVA LLE TNV ELKOVA TTOU EXEL TOTILKA (TTPOLYLOLTLKCL
KOTOLVERLNLEVOG aAYOpPLOLOC)

XpelaleTal yvwon Tou «KOOTOUC» TwV AecwV cuvdeoswy (interfaces) kat to
EKTLLWUEVO «KOOTOCY OTO TOUC AECOUC YELTOVEC TIPOG OAOUC TOUG TIPOOPLOUOUC
(Tt.x. OAa Ta Siktua oTo Internet Mou avakowwvouV - announce - 0€ €vVav aKpaio
SpopoAoynTn HLaC UTOVOLNG KOWVOTNTOC - AS - OL YELTOVLKEC TOU OLUTOVOUEC
KOWOTNTEC OTO MPWTOKOAAO BGP)

Baoileto otov SUVALLKO TPOYPAUUATIONO (e TILOAVEC EMEKTAOELG YL TNV
avakaAuPn evaAAakTikwy dpopwv oto BGP) kat Aoyikn Evioxutiknc Mabnong
(Reinforcement Learning) oov edappoyrn aAyopOuwv Mnxaviknc Madnong

OL kOpBol evromnilouv touc BEATIoToug Spopouc (shortest paths) mpocg 6Aoucg toug
KOUBou¢ ekteAwvToc aAyoplopo Baclopévo otov SUVAULKO TIPOYPOUUOTIONO
(Dynamic Programming) mou glonyoaye o Bellman

ApXLKA Ttapouciaoce aotdBeleg (m.x. Spopouc pe KUKAOUG - loops) aAAd oApepa To
NPwWTOKkoAAo EGP BGP eival n kapdia tou Internet

To pwtokoAAo IGP RIP €xet avtikataotabel ano to OPSF kot to IS-IS
17



AATOPIOMOZ Link State
IGP OSPF (Dijkstra)

Oewpeital evotadnic alyoplOuog, emapkic yia IGP: Mwa autovoun Kowotnta
LEpapXEltal eowTtepLkA o€ Teploxec OSPF O (pia i meploocotepeg) + TEPLDEPELAKEC
stub areas pe static routing (oto diktvo tou EMII, OSPF tpExyouv povo 2
6pouoAoyntec)

KaBe dpopoloyntrc koppou €XEL TTANPN ELKOVA TNG TIEPLOXNC TOU — TOTtoAoYLQ,
KOOTN OUVOECEWV

OAol ot Spopoloyntécg koppou ekteAoUV Tov aAyoplBuo Dijkstra yla evtomiopo
OAWV TwV dpouwv eAaxiotou KOoTouC (shortest paths) oe poAo kevipikoU
OUOTAMATOC EAEYXOU.

MAnpodopiec katdotaonc Siktuou (tomoloyia, kootn) petadidovtal pe Link State
Announcements (LSA) petav yertovwy kabe 1/2 wpa (default) i Adyw petaBoAng
Kataotaong — Bewpntikd OAoL €xouv TNV (dLa elkova

Ta LSA petadidovral cav avtovoua IP datagrams, oxtL péow npwtokOAAwv TCP R
UDP

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

Ye peydAa Siktua koppou epappoletal evoAAaKTIKA o AAyoplOuocg IS-IS
(Intermediate System to Intermediate System)
18



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

19



AATOPIOMOZ Bellman-Ford
Distance Vector (1/2)

YnoAoylopog Aévépou EAaxiotwv Apopwv (Shortest Path Tree)
npo¢ tov Koppo {6} ano toug KoppBouc{1, 2, 3, 4, 5}
D, : Kbéotog amnd kouBo (j) mpog mpooplopd (destination) 6 oto Bripa h
d;™ : Kéotog (Bapog) ypapung (i) oto Bripa h
L(j) = D, . Ektipnon eAdxiotou kootoug (label) amnd tov {j} mpog tov {6} oto Bripa h
P(j) : Emopevoc kopBocg amno tov {j} mpocg tov {6} oto Bua h

Apxllc(i éXOU}lS: Dz(h) — 0 V h, DIIO) = o< V ‘ (D6 © = 0, DJ © = °°Jj = 152131415)
Na kabe Swadoye £20: DE)=min [ DM +d; ] Vil

Av: V i# ] D) = D0 no 8o Siadoyikd h 16te crapardpus tov arydpbuo, 1
Sragopetikd Enerta and N enavainypeig,

Z-'mv YEWPOTEPR TEPIMT®ON 0 aAyopOuog mpemel vo. emavoaingBei N-1 gopéc yioa N-1
kopfovg kar pe N-1 evadroktikég Avoeic. Enopévas, mpdkeitor yio aiydpipo

moAvrdokotnrog O(N3). -



Source

AANTOPIOMOZ Bellman-Ford
Distance Vector (2/2)

Hopdderypa: INITIAL LABELS: L(1)=1(2)=...=L(5)= oo, L(6)=0
UPDATE ORDER 54,3,2,1
[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 35 3 5 5 4 4 4
2 2 6 3 5 < - 5 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 8 3 3 5 3 2 s &
3 4 4 5 4 3 5 3 5 2 6
4 4 4 5 4 g 5 3 5 2 6

HORTEST

ATH TRE

-




ANATOPIOMOZ Dijkstra
Link State (1/2)
YnoAoylopog Aévépou EAaxitotwv Apopwv (Shortest Path Tree)
orto tov Koupo {1} mpog toug koppBouc{2, 3, 4, 5, 6}
P : ZUvoAo ano permanent labels
D; : Kootog amno ninyn (source) {1} mpog koppo {j}
d;: Kootog (Bapog) ypapung (i)
L(j) = D, ;. Extipnon ghdyLotou kootoug (label) and tov {1} mpog tov {j} oto Brina h
P(j) : NMponyoupevocg (Predecessor) kopBocg amnod tov {1} mpog tov {j} oto BrRua h

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

Bipa 1°: Bpeg 1€ F tétowo dote: D, = ming, pD; xar kdve: P = PO {1} Eov 1o P
repraapBavel dhovg Toug kGuPous téie o aiydpibuog stopatd, allioe:

Bripo 2°; T OAha J& P Dj:mfn Dj, D,-'*'d,};}' ko v oto 1° Bripa

Xe k00e Bripo 0 adyopiBuog amortel Evay apibud npaleov avdroyo tov N xat éyovpe
N-1 fipeta. And. elvon adyopidpog modurhokdthrog 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 2l 5 ! J I o - & =
2 1,4 2 1 4 4 - 2 4 o
3 1,4,2 - 4 4 2 4 S5
4 1.4,2,5 - 3 5 - - 4 5
S 1,4,2,5.3 - - - - 4 5

Source

@ Destination
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