ATIKTYA YTIOAOIIZT)N

ApopoAdynon

AikTua YTTOAOYIOTWV



® 2. UvTolNn avapopd oTIC PACIKEC
AEITOUPYIEC TOU OTpWHATOC OIKTUOU

e Baoikéc apxéc Tng dpopoAdynong

e MeAéTn Twy U0 KUPIOTEPWY aAyopiOpwy
0popoAdynong

e ECc1dikeuon Kal epappoyn Twy
aAyopiBuwv dpopoAdynonc oto Internet

AikTua uttoAOYIOTWYV



Eicaywyn Kkai PAcIiKEC AEITOUPYIEC TOU OTPWHATOC
OIKTUOU

- AikTua pe vonTéc ouvdéosic Kai pe dedopevoypdupara
Bagikéc apxéc Tne dpopoAdynong

AAyop1Opuo1 dpopoAdynong

- AiavUoparoc amootdoswyv (Distance Vector)

- Katdotaong CeUewyv (Link State)

Tepapxikn dpopoAdynon
TTowToKOAAG dpopoAdynong oto Internet
ApopoAdynon ToAAaTTARC d1avounic

AikTua uttoAOYIOTWYV



vUou

HETAPOPA TEHAXiWV ATIO TOV —
host amooToAn¢ otov host cpplication

N‘N"’\C

omv TTAcUpd aTTOoOTOARG, TA
Tepaxia evOUAdKwvovTdl O€ > %mwmm]mk
dcdopevoypdaupara data link [-L_Physical J{_physica

’ ’ ’ physical network network
- 0Thv TAgupa Anyng, Ta Tepaxida data link | |_data link
physical physical

Ttapadidovrtal oTo oTPWHA €
pe1aponcs #2 e e
ata lin ata lin

TIPWTOKOAAQ OTPWHATOG physical gl physica

SIKTUOU O¢ KdBe host kal KdBe orysica _
JpOﬂO/‘OVHTﬁ a ICG‘I’I;)TFI
. data link oo
kKAaBe dpopHoAOYNTAG €CETACE! TA MBI ehvsical T daralink | / J-otalic
’ ’ ’ i physical
edia emikepaAidac os OAd Ta =
dedopevoypdupara IP mou & AN

O1€EpXOVTdl ATT6 AUTOV

AikTua uttoAOYIOTWYV



OTPWHATOC OIKTUOU

TpeIc KUpieC AsiToupyiec: —
opoLioAdynon. kaBopIioPoc TNG application
01adpOHAC TWV TTAKETWY AT
TAV TTNYA OTOV TTPOOPICHO.
AAyopi16Lior dpolioAdynons % d;mﬂc;\;c; 2 ﬁc;g‘mw; ik
mpowBnon: HeETAKivnon physice

data link
physical physical

TTAKETWYV dTTO Thv €i0000 TOU 5 ®
dpopoAoynTh aThv KAtdAAnAn yid N m m
égoaé TOU physical m physical

data link I
Eykardoraon KARONG: HEPIKEC — sl
APXITEKTOVIKEC OIKTUOU VT oo o
amaiToUv eykatdoraon il physical nysicd

ical

d1adpopnC HETACU TwyV
dpopoAoynTwy TIpIv Thv évapln
arooToARG OedopéEVWYV

AikTua uttoAOYIOTWYV



AAyOpIBuOG
dpopoAdynong

[Mivakag TTpowBnong

header value| output link
0100 3
0101 2
0111 2
1001 1
-
Ty oTnv emikepaAioa -

TOU d@IKVOUHEVQU TTAKETOU

AikTua uttoAOYIOTWYV




n ouvdeonc

e 3" KUpla AsiToupyia og Kdmole¢ ApXITEKTOVIKEC OIKTUOU:

- ATM, frame relay, X.25

e TIpIV Th poh Twv dedopevoypadpupudTwy, ol OUo akpdiol
host xar o1 pecoAapouvTec dpopoAoynTéEC eykaOioTouv
vonth auvdeon (virtual connection, VC)

- eUTAEKOVTAl KAl OpopoAoynTEC

® UTthpeaia pe ouvdeon oTd oTpwHATA OIKTUOU KAl
HETAPOPAC:

- oTpwya d1kTUoU: HeTall duo host (umopei emiong va
eUTTAEKOVTAI OPOHOAOYNTEC OTNV TTEPITTTWON TTOU
£XOUVE VONTEC OUVOEDEIC)

- oTpWHa peTagpopdc: geTalu duo d1adikaoiwy




npeoiac dikTUov

TTolo gival To povréio umnpsoiac TTou TApéXeEl TO
OoTpWHa OIKTUOU;
2 UVOTITIKA TTEPIYPAPR

: B

vonTéc ouvoéaelc R 0edopevoypdppaTa;

uTtnpeaia He ouvdean uTthpeaia Xwpic ouvdeon

AikTua uttoAOYIOTWYV



npeoiac dikTUov

TTapadeiypara

Ynnpeoiec pye aveldaptnra
dedopevoypaypara:

oEfaopahiopévn mapddoon
oEfaopahiopévn mapddoon
He kKaBuoTépnon HIKPOTEPN
até 40 msec

YTnpeoiec e poh
dcdopevoypapupdTwy:

el Tapddoon
dcdopevoypaupdTWwyY HE TN
ocipd

oEfaopaAiopévo eAdxioTo
eUpog CWvng yid Tn poh
el Teplopiopoi oTIC
HeTaPoAéC TNC amoéoTaong
pHeTall mMakéTwy

AikTua uttoAOYIOTWYV



oY e 5[

"n 61adpopn ato TV TTNYA OTOV TIPOOPICHO CUUTTEPIPEPETAI
WC¢ ThAEPWVIKO KUKAwpa”
- Hépiuva Tou OIKTUOU KATA HAKOC ThC €V AOYw
01ad0popAC

® £yKdTAOoTAon VONTAC oUvdeanc yia KABe KARon mo/v Thv
atrooToAR dcdopévwy, armoAuon KARoNG oTo TEAOC

® KAOe TTAKETO HETAPEPEI TNV TAUTOTNTA TNC VONTAC
ouvdeonc (6x1 Tnv TautéTnTa Tou host TpoopiapoL)

® KdBe dpopoAoynTAc oth d1adpopn TTOUTTOC-0EKTNG
KpaTdel TTAnpoopiec yia kaBe diepxopevhn ouvdeaon

® UTopEi va exxwpnBouv aTo vonTo KUKAwUA TTopol TN
(eUénc kai Tou dpoporoynth (eUpoc (wvng, buffers)

AikTua uttoAOYIOTWYV



Mia vonth oUvdeon amapTileTal amo:

- Niadpopn améd Thv TTNYA OTOV TTPoOPIoHO

- Ap1Bpouc VC, évav apiBud yia kdBe (euln

- Eyypayéc oTouc mivakec mpowOBnong Twy
dpopoAoynTwy KATd HAKOC ThS 01adpopnAC

TTakéTo TTOU avhkel og vonTA ouvdeon HETAPEPEI

évav apiOuo VC.

O apiBudc VC mpémer va aAAalel og kdBe Ceuin.

- Néoc apiBuéc VC mpokUTTEI ATTO TOV TTivaKd
TTpowonong

AikTua uttoAOYIOTWYV



wonong
Api©uocg VC

8l
12

TTivakag mpowOnong 1oV  Apiepéc

22 32

3

dpopoAoyntn A S1EMaPhAC
IETTAPA €106d0V #VC c106d0u Nietaph e€6dou HVC ££6d0ou
1 12 3 22
2 63 1 18
3 7 2 17
1 97 3 87

O1 dpopoAoynTéc diaTthpoUv TTAnpowopida
yid ThV KATAOTAON TWV CUVOECEWY

AikTua uttoAOYIOTWYV



oYt 5[

e [1a Tnv eykardoraon Kai amoéAucoh vonTwy cuvoEgEwy
XpnoigoTToioUvTal TIpwTOKOoAAa onpartodoaiac

e XphoipgomoioUvTal ato ATM, X.25,
e Jcv XpnoigomoloUvtdl oto onpepivo Internet

application , , ST
PP 5. ATtoaToAR dedopévwy 6. Afyn Sedopévwy apphccmonl

transport ' '
network (N adddiaUtUs 3. ATodoxh kAfgncTransport
data link 1|lEvap&n kAnonc ' .

| Y_data link

physical | physical |

AikTua uttoAOYIOTWYV



pyara: govréAo Internet

dev eykaBioTartal KAnon oTo oTpwpa dikTUOU

ol OpopoAoynTEC dev €XOUV OTOIXEIA YId TIC OUVOEDEIC ATT
dkpn o' dkpn

- dev umdpxe! n €vvola Tne "ouvdeonc” oTo oTpwpa SIKTUOU

Ta TAKETA TTpowBoUvTal XpnoigomoiwvTtac Th 01eUBuvon
ToUu host mpoopiopoU

- TakéTa peTall Twy idiwv akpaiwv {euywv ptopei va akoAouBoUv

5IdtpopeTlK£§ 01a0poEC
|applica’rion|

application
transport

network ’ ' transport
. 1. AmooToAn dedopévwy 2. Ahyn dedopévwiiAnile
data link data link
vhysical | 0- 0 - ac
physical |

AikTua uttoAOYIOTWYV




Onong

4 dioekaToppUpia
duvaTéc €icodol

TTepioxh di1euBuvoewy TTPoopIoHOU Atemopn

11001000 00010111 00010000 00000000
£G 0
11001000 00010111 00010111 T1111111

11001000 00010111 00011000 00000000

£¢ 1
11001000 00010111 00011000 11111111
11001000 00010111 00011001 00000000

£MG 2
11001000 00010111 00011111 11111111

AAMMG 3

AikTua uttoAOYIOTWYV



Taipiaopa wpoOEUaroc

TTpéOepa Aietapn
11001000 00010111 00010 0
11001000 00010111 00011000 1
11001000 00010111 00011 2

AAALDC 3

TTapadeiypara
DA: 11001000 00010111 00010110 10100001 Aiemagn O

DA: 11001000 00010111 00011000 10101010  Aiemaen 1

AikTua uttoAOYIOTWYV




ypappara oto Internet; (Sl
i

e avtaAAayn dedopévwy HETACU UTTOAOYIOTWY

- "eAdoTIKR" uTthpeaia, 0XI auaTNPEC XPOVIKEC
ATTAITACEIC

o "£Cumveg” TeppaTikég diatdlelg (UTToAoyioTEG)

- umopouv va mpoaadppolovTai, va
TIpAyHaToToloUV eAEyxouc, 010pOwan AadBwy

- atmAo OikTUO, TTOAUTTAOKOTNTA OTA dKpd
e TToAAoi TUTOI (U cwy

- OIdPOPETIKA XAPAKTNPIOTIKA

- OUOKOAN n opoloHOPPN UTTNPETia

AikTua uttoAOYIOTWYV



n: Eiocaywyn

® AveCApTATWC TOU av TapéX el UTThpeaia He
N Xwpic ouvdeon, To oTpwud OIKTUOU
mpémel va kaBopilel Th 01adpopnR TwWV

TTAKETWYV

e TouTo cival OouAeid Tou TIPWTOKOAAOU
dpopoAdynonc Tou oTpwpaTtoc OIKTUOU

® 2TOXO0C ToU TIpWTOKOAAOU dpopoAdynong
gival n tapddoon TwWv TTAKETWY ATIO TOV
dpopoAoynTh TTNYRC oTov OpopHoAoynTh
TIPOOPIOHOU HE ATTOTEAEOUATIKO TPOTIO

AikTua uttoAOYIOTWYV



n: Eiocaywyn

2 TOXOC TOU TIpWTOKOAAOU dpopoAdynonc: kaBopiopoc piac “"KaAhc”
diadpopnc (akoAouBia dpopoAoynTwy) Héow Tou 8IKTUOU ATIO TOV
OpopoAoynTh TNYAC Ttpog Tov dpopoAoynTh TtpoopiopoU

Defaul‘;‘ router Destination router
First-hop router

Source router ) )
AikTua uttoAOYIOTWYV



n: Eiocaywyn

KUpiec AeiToupyiec:
- MeTdeppaon: dievBuvon => diadpopn

- 2uvToVvI{OUEVEC KATAVEUNHEVEC ATTOPACEIC: TTOId €ival N
amepXxopevn (eUEN oc KABe KouPo;

- [Neviko¢ aToxoc¢ emidoong: T.X., eAaxioToToinon
kaBuoTépnong

- AAAQ@: TpoTEPAIOTNTEC, AOPAAEld, TIOAITIKEG
ETIKPATEIWV

NaTi evolapépel n OpopoAdynon;

- Ymnpeaoia Tou O1KTUOU KopHoU

- ATtoTeAeopdTIKA XpHon Twy TTOpWY Tou OIKTUOU

AikTua uttoAOYIOTWYV



Nn: OUOKOAIEC

Emimedoc (flat) xWwpoc dieubluvaoswy, omoTE amaiTeiTal
UTTOAOYIOHOC TWV O01adpopWY

- ATaiTei yvwon Tng ouvoAIKAC ToTroAoyiag Kal ouvTovi{OHEVES
KATavepunuéveg ammopdoeic

AVTIHETWTIION TWV dAAaywyv oTnv ToTtoAoyid

- TTwcg va koivoToinBouv ol evnuepwaoelg Kal va eAaxioTotmoinBouv
0l XPOVIKEC AOUHPWVIEC

ATIOTEAEOUATIKA XpnolpoTroinon Twy TTOpwY Tou OIKTUOU

- T.X., EAaxioToToinon ThG ouupopnong, kabuaTtépnon
EmekTaoigoTnTa yvia peydAa diktua He TTOAAEC ETTIKPATEIEC
Y1ooTApIENn TToAITIKWY gUEAIKTNG dpoHoAOYNONG
YTooThApiEn epappoywy pe anmaiThoei¢c QoS

AikTua uttoAOYIOTWYV



popoAdynong

H kapdid Tou pwTokOAAOU dpopoAdynong civai o

aAyopiBuoc¢ dpopoAdoynonc mou kaBopilel TN

d1adpopn amo Thv TTNYR OTOV TIPOOPICHO

2 Toixeia evoc ahyopiOuou dpopoAdynong

- Niadikaoia yia Thv amooToAR Kai ARyn TTANPOWYOoPIWY
TtpoaPaoncg oToug adAAouc dpopoAoynTEC Tou OIKTUOU.

- Aiadikaoia yia Tov uTtoAoyiopo Twv PEATIOTWY
d1adpopwv

e O1 di1adpopéc umoAoyilovTal XpnoIHOTIOIWVTAC KATTOIOV
aAyopiOpo eAdaxioTne d1adpopng

- Niadikaoiec yia avtidpaon oe aAhayéc The ToTroAoyiag
Kdl KoIvoTtoinong Twyv aAAaywyv autwyv

AikTua uttoAOYIOTWYV



Ma tn diatuTTwon Tou aAyopiBuou dpopoAdynong
XPNOIHOTIOIEITAI 0 YPd®poC Tou OIKTUOU.

['pagoc: G = (N,E)
N = guvoAo dpopoloyntwyv ={u, v, w, X, y, Z }

E = ouvoAo Ceucewv ={ (u,v), (u,x), (v,X), (v,w), (X,w), (X,y), (W,y), (W,z2), (V,2) }

AikTua uttoAOYIOTWYV



U: KOOTN

+ c(x,x") = kboTog LeEng (x,X')
- m.X., c(w,z)=5
* To KOOTOC pPTTOpEi va givar tavTa 1,

avTioTpoPwe avdAoyo Tou €UpoUg
¢wvng, h avdhoyo ThG ouppopnong

KéoTog 81adpophc (X, Xz, X3,..., X,) = €(X1,X5) + C(Xp,X3) + ... + €(Xp4,X,)

TToia gival n diadpopn eAdx10ToU KOGTOUC HETACU U KAl Z ;

O aAyop1Bpuoc dpopoAdynong Ppiokel Th diadpopn
eAaxioTou KOOTOUC

AikTua uttoAOYIOTWYV



AyopiOuwyv dpopoAdynong/:

TTpoéAeuon Tnc TAnpowopiac dpopoAdynonc:
TomKkA:

e ol 01adpopéc umtoAoyiCovTal povo pe Pdon Thv TOTIIKA
ToTtoAoyia Kai Kivhon

® 0 0popoAoyNTAG YVWPIEl TOUG YUOIKA OUVOEDELEVOUG
YEITOVEC KAl TO KOOTOC TWV (€U EWV TIPOC TOUC YEITOVEC

e cmavaAnmTikh 01adikacia uttoAoyiopoU, avtaAAayn
TTANPOYOPIWV HE TOUC YEITOVEC

e AAyopiBuol diavuopudTog AmooTACEWY

KaBoAikA:

e ol di1adpopéc umroAoyiCovTal pye pdon Thv oUVoAIKA
ToTtoAoyia

e OAoi o1 dpopoAoynTég {Epouv Thv TTARPN ToTroAoyid Kal To
KOaToC Twyv (e ewv

e AAyopiBuol katdoTaong (eUCswv

AikTua uttoAOYIOTWYV



AyopiBuwv dpopoAdynong (id

2. TATIKA R Ouvapikh dpopoAdynon;
2 TATIKA:
® £K TWV TIPOTEPWY KaBopiopéveg O1adPOpEC
e ol 01adpopéc aAAalouv apyd pe To Xpovo
Auvapikh:
e ol di1adpopéc aAAdalouv mio ouxvd
e cTavakaBopiopdc kai avadidraln Twy d1adpopwyV
- Tep10dIKA evhuépwoaon
- evnuépwoan, 6tav ahAalouv Ta kK6oTh TWV (U ewv

AikTua uTToAOYIOTWY



1avUOHATOC ATTOOTACEWY (5

e Distance vector

e KdBe kopupoc Eépel Tnv amooTaon (KOOTOC) TPOC
TOUC APEOd OUVOEOHEVOUC HE AUTOV YEITOVEC

o KdBe koupoc oTéAvel Tteplodikd To dIKO Tou
d1AvUOHa ATTo0TACEWY OTOUC YEITOVEC TOU.

e Orav évac koupoc X Adper véo diavuopa
dTTOOTACEWY ATIO YEiTOVd, EVAUEPWVEI TO OIKO TOU
didavuopa oupgpwva He Th oXEon

dy (Y)=min{c(X,V)+d, (Y)}, VYeN

e MeTd amod pepikéC aAAay€EC o1 ATTOOTACEIC
OUYKAiIVOUV OTIC €AAXiOTOU KOOTOUC

AikTua uttoAOYIOTWYV



IavUOHATOC ATTOOTACEWY

EmavaAnmTikog, aclyxpovog:

® KdOe TOTIKOC emaAvauTToAoyIOHOC
TPOKAAEITAl ATIO:

- ToTKA aAAayh kéaToug Cebgng TEpIEVEI ia (aAAayh

- véo dldvuopa amooTdoswy amo KOOTOUC TOTIIKAC {elénc R
Tov yeiTova: aAAayh d1adpopng AvU acané ai'rcosa)g :
eAAXIOTOU KOOTOUC ATIO TOV HAVUL Y

KaBe koppoc:

veiTova
® TEOLaTi(El HOVOS TOU, OEV
amaiTeiTar eVvToAn via va EavadmroAoyil el Tov
oTapaTrnoel TivaKa dTooTAgEWY
Katavepnpévoc:

e KkdOe Koppog e1domolEi TOUg
vsrrovsg LIOVoV 6Tav n eAaxioTou | av n diadpopn eAaxioTou

K6OTOUC B1a8POUA T Mo KOOTOUG TIPOG 010VIATIOTE
ormoiadnmoTe KAaTeUBUVON AAAACE! | 156001016 éxer aAGEel

- 0l yeiToveg TOTE €100TT010UV TOUG , ,
YEITOVEC TOUC av gival avaykaio £100770/£/ ToUg YeiTOVEC

AikTua uttoAOYIOTWYV




1IavUOHATOC ATOOTACEWY

2 € KaBe kopuPpo diaTnpeiTal Tivakag ammooTACEWY OTOV
OTroio UTtdpXEl:

Hia oeipd yia kdOe duvaTtoé TpoopIoHd

Hia oTAAN yia KAOe dpeod ouvOEOUEVO YEITOVIKO KOUPO

Tapddelypa: atov KOUPo X, n kataxwpnon yid Tov Tpoopiopo Y,
uttoAoyileTal w¢ €ENC:

dy (Y) =min{c(X,V)+d, (Y);

OTToU TO Min Aappavetai yia 6Aoug Touc veitoveg V Tou X

O yeITovIKOC KOUPoC yid Tov 0TToio 1I0XUEI TO mih €ival 0
next hop oTtov mivaka mpowOnong Tou X yid Tov
TpoopIopo Y

AikTua uttoAOYIOTWYV



TiVAKA aTTo0TACEWYV

E amooTaon HEow (D.EA)}ED
A B D
A(D) 14, 5
S
= B|7 8 @ (B,C.D,E,A)+EB
Q
o
S C| 6 9 @ KdBe koppoc €xel Th SIKA Tou
= e 0cipd, yid KdBe SuvaTd TTPoopIoHO
D 4\ 11 @ e OTAAN, yid KdB¢ dueoa

oUVOEQEHUEVO YEITOVIKO KOUPO
(AED,CB)+EA

AikTua uttoAOYIOTWYV



00TAOEWY divel Tov wivarih

TT¢ oW , ,
E amoagrdon Heo E E€epxopevn Cevén

A B D Tpog Xphon

A @ 14 5 Al Al
= o
= B 7 8 @ 5 B D5
S S ¢ DA
§_ C |6 9 @ é ,

D 4 11 @ D D2

TTivakac amooTdoewy - TTivakag mpwBnong/

dpopoAdynong

AikTua uttoAOYIOTWYV



AikTua uttoAOYIOTWYV



O1 kouPoi1 oTEAVOUV TTEPIOOIKES
gevhuepwaoei¢ Twy diavuopdTwy
ATTOOTACEWY OTOUC YEITOVEC

KaBe koppoc evnuepwvel Tov
Tivakd Tou umoAoyilovtag Th
OUVTOHOTEPN O1adpOln

Evnuépwon mivaka
dpopoAdynong

AikTua uttoAOYIOTWYV



¢a (elén, n d-f
vkaOioTarai
1adoon KaAwv €10NCEWV
BApa 1: o1 d ka1 f paBaivouv
1a Tn véa Celin

BApa 2: o d oTtéAvel mivaka
Touc c.ef

BAua 3: o ¢ oTéAvel mivaka
Touc a,b,d

dpakTNPIoTIKA

- Taxeia guykAion

- Movo ol koppol TTou weeAouvTal
aAAalouv Tivakeg

- Ta makéta dev kdvouv Ppoxous

AikTua uttoAOYIOTWYV



avetai n {evén c-d
Aiddoon Kakwv e1dRcEWV
O1 d kai ¢ To paBaivouv.

O ¢ Aaupavel evnuepwoei¢ amo
ouG a kai b

O c oTéAvel evhuepWaoeIC aTOUG
Kail b

....K.0.K. HEXPL.

apaKThPIOTIKA

Apyh oUykAion

OAo1 o1 Koupol ptopei va
aAAd&ouv Tivakeg

Bpoxol TakéETwy, TTPOCWPIVEG
aoTadeleg

TTweg peATiwveTal auTo;

- Téxvaoua poisoned reverse

AikTua uttoAOYIOTWYV



isoned reverse

Av o Z dpopoAoyei tpoc X 0/0\3

uéow Tou Y, 10T 0 Z Oa
avayyéAAel tpo¢ Y 0TI h
dmooTAdoON TOoU Aa1o Tov X
givail oo

To poisoned reverse
HEPIKEC POPEC ATTOTUYXAVEI

X

AikTua uttoAOYIOTWYV




katdortaong (eu€ewv

AUo cival Ta Paocikd HEIOVEKTAPATA TOU

aAyop1Ouov diavUopaToC AamTooTACEWY

- Aev Aappdvel uTtown Th XWPNTIKOTNTA TWV YPAHHWY

- Mepikég popéc o ahyopiBuoc kaBuoTepei uttepPoAikd
Yid vd OUYKAIVEI

[M1a Toug Adyou¢ auTtoug, emivohonke £vag

KaivoUpylo¢ aAyopiBuoc, o aAyopiBpocg

katdotaong (eu€ewv (link state)

AikTua uttoAOYIOTWYV



kataoraong (eu€ewv

n ToTmoAoyia dIKTUOU Kal Ta KOoTh Twyv (eUewv givai

YVWoTd o€ 6Aou¢ Toug Koppoug

- ETITUYXAVETAI PHE EKTIOUTIR, ATTO KABe dpopoAoynTh
TTPo¢ 0AouC Toug dpopoAoynTEC Tou OIKTUOU, TOU
KoaToug Twyv (eUfewv TTov cival ouvdedepéveC O
auTov

- 0Aol o1 kKouPor €xouv Tnv id1a TAnpowopia

KAOe KopPoc ekTeAei Tov aAyopiBpo kai utoAoyilel TIC

01adpopEC eAAXiOTOU KOOTOUC TIPOC OAoUC TouC dAAoucg

- Qivel Tov Tivaka opopoAoynonc yia Tov Koppo

O aAyopiBuog Dijkstra: emavaAnmTikog, petd K

eTTavaAnpeic eivai yvwoTth h 01adpoph eAaxioTou

kKoaTouc yia k poopiapoUc.

AikTua uttoAOYIOTWYV



outing: Baoikég apxéc

KdBe SpopoAoYNTAC QvamTuoos! oxEoN LIe TOUG VEITOVE
TOU

YmoAoyilel Thv kaBuaoTtépnon N To KOOTOC yia kaBévav
amd TOUC YEITOVEC ToU

TMapdyel avayyeAie¢c kardoraong (euéswy (LSA), ol
oTtoieC dlavéHovTdl o€ 6AOUC Toug OpoHoAOYNTEC
e LSA = (link id, katdotaon {eb€nc, KO6OTOC, YEiTOVEC)

Aiatnpei database pe dAec TiIc Aapupavopevee LSA

(database romoAoyiac W link state database), Tou
TTepIypdgel 1o 0iKTUO WC Ypdwo He Ta Pdpn Twv KAAOWV

KaBe dpopoAoynthe xpnoipotoiei Tnv link state
database Tou yia va Tpé€el évav aAyopiOuo eAdx10TNC
d1adpopng (aAyopiBuog Dijkstra) kai va ppel Tnv
eAdxi10oTn 01ad0poun TTpoC KABe TTPOOPICHO

AikTua uttoAOYIOTWYV



uting: AeiToupyia

Pavopevec Link S’ra’re) AAy6p1Bp0g ‘
LSA Database | Dijkstra

N

O1 LSA oTéAvovTai
He TANpHUpa

AiKTUQ UTTOAOYIOTWYV



outing: AvayyeAieg

MNaketa Kataotaong ZeuEewv
A B C D E F
Seq. Seq. Seq. Seq. Seq. Seq.
Age Age Age Age Age Age

Bl4| Al4 B(2| |C|3| |A|S5| |[B|6
E[5] |C|2 D3 FI7| [C]|1 D|7
F|6 E|1 F|8 E|l8

(B)

AuUCovTec apiBpoi 32 bit yia va pnv vivetar avadimAwon ypnyopad
HAikia kB¢ akéTou. To medio nAIkiac pelwveTal oe kaBe dpop/Th
TTpoowpivh avapovh Twy TTakéTwy ae kKABe dpopoAoynTh
EmaAnOelozic, yia acpdAsia évavti AdBwv

AikTua uttoAOYIOTWYV



2nuaieg 2nuaieg
arnooToANg ACK
Mnyn a/a HAakia A C F A C F Aedopéva
A 21 60 o|1[{1]1]0|0
F 21 60 1111010 (0|1
E 21 59 o101 ]0]1
C 20 60 1{o|1]0|1]0
D 21 59 11010101 |1
KO”bOC B AikTua uttoAOYIOTWYV



dpopoAoynon

‘Bwc¢ TWwpa n HeAETN yvia Th dpopoAdynon
ATav 10avikn

e OAol o1 OpopoAoynTEG idiol
e T0 diKTUO "eTriTTEdO”
.. Osv ouppaivel To id1o oTnv TPdén

KAipaka AloIknTIKA auTovopia
ue 200x10%Ttpo0pIOHOUG: o 3iadikTuo = iKTUO aTd SiKTUA

aduvapia amoONKeuong 6AWV o kBt BiaxeipioTAC SIKTUOU
TWV TPOOPICHWY 0TOUC uTopei va BéAel va eAEYXEl Th

’ ’ I , , f
TvaKeg ch')uo/\ovnor!g. OpopoAdynon oto SikTUO Tou
n avraAAayn Twyv mivakwyv
dpopoAoynong Oa

TANppUp1le Ti¢ Ceuleicl

AikTua uttoAOYIOTWYV



poHoAdynon

opadoTroiei Toug dpoHoAoynTEC

0€ TTEPIOXEC
- auTévopa ouoThpara (AS) - OpopoAoynTEC TTUAEC ——
OpopoAoynTéC aTo idio AS , ,
TPEXOUV TO i010 TIPWTOKOAAO ° E'B'K,o' dpoLoAoynTe ?TO AS
30OLOAGYONC e umevBuvor yia dpopoAdynon
g , TPOG TIPOOPIOHOUG EKTOC AS
- intra-AS" mpwToKoAAO - TpEXOUV TIPWTOKOAAD
6poquovf\ong , dpopoAoynong /nter-AS
Bpouo{\ovnTeg o€ 01dPOoPETIKA AS UE TOUC AAAOUC
HTTOpEi va TpEXOouV OIdPOPETIKO dpopoAoynTEC TTUAEC
iInfra-AS mtpwTOKOAAO
dpopoAdynong

AikTua uttoAOYIOTWYV



ntra-AS kai Inter-AS

TTUAec:

" TTPAYHATOTTOI0UV
OpopoAdynon inter-
AS peTau Toug

" TTPAYHATOTTOI0UV
OpopoAdynon intra-
AS pe Toug aAAoucg
opopoAoynTEC OTO
AS TOUC

Intra-AS Inter-AS oTpwa dIkTUOV
routing routing
in’rer'—AS, intra-AS algorithm algorithm ) OTdeLIG ZSUﬁnC
dpopoAdynon othv k; roUTING |&— / , ,
TOAN A.C A | TABLE A PUOIKO OTPWHAd
to/from DL TDL bL %
4A.b PHY JPHY PHY B.a >

/tolfrom Ad
AikTua uttoAOYIOTWYV



ntra-AS kai Inter-AS

ApopoAdynon
Inter-AS
HeTagu
A Kal B

ApopoAdéynon Intra-AS
_ pnéoa oto AS B

ApopoAdynon Intra-AS

pHéoa oto AS A

AikTua uttoAOYIOTWYV



nter-AS

To AS1 mtpemer:

1. vad pdOel olol TTPoopIoHOI
gival tpooPpdoipol pEow
Tou ASZ2 Kal Ttolol HEow
Tou AS3

2. va 01adwaoel auTh Thv
TTAnpoyopia mpocpaong os
O0Aouc¢ Tou¢ routers oTo
AS1

£0TW OTI KATTO10C router

oto AS1 Aaupavel

dcdopevoypappa pe

TPOOPIOHUO EKTOC Tou ASL:

- o0 router Ba mpémel va
TTPOWONOEI TO TTAKETO
oTov gateway router,
aAAd Ttoiov;

Epyo tng dpopoAdéynong
intfer-AS|

AikTua uttoAOYIOTWYV



n oto Internet

To Internet amoteAcital amdé AuTtovopuda
2uotnpata (AS) diacuvdedepéva peTall Touc:
- Stub AS: pikpn emixeipnon, pia ouvdeon pe dAho AS

- Multihomed AS: peydAn emixeipnon (6x! transit),
TToAAATTAEC ouvO€éoeiC e dAAa AS

- Transit AS: tdpoxoc¢, diacuvdéel TToAAd AS

ApopoAdynon dUo eTITEdWV:

- Intra-AS: o diaxelploTAC emIAEyel Tov aAyopiOuo
dpopoAdynong péoa oto OiKTUO

- Inter-AS: eviaio tpoTUTIO YId ThV OpopoAdYnon
inter-AS, mpwTtokoAAo BGP

AikTua uttoAOYIOTWYV



e Nvwotd kai wg Interior Gateway Protocols
(IGP)

e TayvwoToTepa TpwTOKOAAA OpopHoAdynong
Intra-AS:

- RIP: Routing Information Protocol
- OSPF: Open Shortest Path First

- IGRP: Interior Gateway Routing Protocol
(1I0iwTik6 Tn¢ Cisco)

AikTua uttoAOYIOTWYV



RIP: Routing Information Protocol

XpnoigoTtrolei aAyop1Opo diavuopaToC dmooTdoswy
Q)¢ péTpo TWV ATTOOTACEWV XPNOILOTIOIEITAI O
ap1Buécg Twy Ppnudatwy [max = 15 pAuara (hops)]

Ta diavuopara amootdccswyv avraAAdooovTai
HeTall yeitovwy kabe 30 sec péow amavrnTikou
punvoparoc, ou ovopdleTal avayyeAia RIP (RIP
advertisement)

KaBe ayyeAia cival yia Aiota amo 25 1o moAU
OiKTUd TTPOOpPICHOU HéEoa oTo AS

AikTua uttoAOYIOTWYV



iKTUO TpOoOopIoHOU

w
Y
y 4
X

Enopevoc dpopoAoy.  ApiOuoc pnparwv
A 2
B 2
B 7
- 1

TTivakag dpopoAdynong/mpowBnong Tou A

AiKTUQ UTTOAOYIOTWYV



TTpoop. pny.

“ and A npoc A

Aiavuopa

AikTuo mpoopiopoU

X N S

Ewopevoc dpopoAoy.
A
B

B A

Ap1Ouoc pnuarwv
2

2
> 4
1

TTivakac dpopoAdynonc/mpowbdnong Tou A AiKTUG UTTOAOYIOTV



e Av dev akouoTei ayyeAia getd 3 min, n (eltn

TPOC ToV yeiTova Bewpeital vekph

- 0ol 01a0pOoHEC HEOW TOU YeEiTOVA akupwvovTal

- OoTéEAvovTAl VEEC ayyeAIEC TTPOC TOUC YEITOVEC

- KdI 0l YEITOVEC HE TN O€Ipd TOUC OTEAVOUV VEEC
ayyeAiec (av aAAdlouv ol Tivakecg)

- n mAnpowopia yia Th diakoth {evEnc d1adideTal o 6Ao
TO OiKTUO

- XpnolpoTmolgiTal poisoned reverse yia va
TapepTodioToUVv o1 Ppoxol (ameipn améoraon = 16
Pripara)

AikTua uttoAOYIOTWYV



nwivakwyv oto RIP

e H diaxeipion Twv mivdkwy dpopoAdynonc RIP
viveTal amd 0i1adikagiad ToU oTPWHATOC
epdppoywv mou ovopdleTtal route-d (daemon)

e Oi ayyeAiec aTtéAvovTal pe makéta UDP,
Teplodika emravaAappavopeva

F 3
Transport Transport
(UDP) (UDP)
Network || TTivakag TTivakacg network
(IP) ‘ OPOUOA. \ OpPOUOA. (IP)
link link

physical physical

AikTua uttoAOYIOTWYV



ociypa wivaka

Router: giroflee.eurocom.fr

Destination Gateway Flags Ref Use Interface

127.0.0.1 127.0.0.1 UH 0 26492 100

192.168.2. 192.168.2.5 U 2 13 fa0

193.55.114. 193.55.114.6 U 3 58503 1eO

192.168.3. 192.168.3.5 U 2 25 qaa0
224.0.0.0 193.55.114.6 U 3 0] 1eO

default 193.55.114.129 UG O 143454

> uvdéovral Tpia dikTua kathyopiac C (LAN)

O dpopoAoynTic yvwpilel pyovo Tic 01adpopécC via Td
ouvoedepéva LAN

Xpnoipomoieitar Default dpopoAoynTAc yia tpowOBnon
AieUBuvon moAAaTARc diavopic: 224.0.0.0
Aietagn ppoxou emioTpophic (loopback) yia debugging

AikTua uttoAOYIOTWYV



OSPF: Open Shortest Path First

“open”: dnuoaia d1abéaipo

XpnoigoToiei aAyopiBuo katdotaong (eUewv
- dlaomopd akéTwyY KatdoTtaong (e ewv

- ToToAoyia oe kKABe kKoupo

- uttoAoyiopog d1adpoung e aAyopiBuo Dijkstra

H avayyeAia OSPF éxer pia eyypagn yia kdoe
YEITOVIKO OpopoAoynTh

O1 ayyeAiec diaomeipovTtal o 0Ao To AS (pe
TAnupUpa)

- MeTagpépovTal amé ynvopara OSPF ameuBeiac mavw
oto IP (upper-layer protocol: 89)

AikTua uttoAOYIOTWYV



1016TNTEC Tou OSPF

AopdAcia: TOTOTIOIEITAI N AUDEVTIKOTNTA ¢
Twv pnvupatwyv OSPF

Emitpémovral mepioodTepeg TIg Hiag 31adpopEg
He To id10 KOaToC (pHovo pia yia To RIP)

Ma kdBe Celin uTtdpxouV TTOAAATIAEG HETPIKEG
yia SiagopeTikolg TOS (.., To K6aTOG TG
60pUPOPIKAG Zeugng TiOeTan ' xaun)\o via best
effort kai "uynAd” yia TpaypaTiké xpévo)

OAokAnpwpévn UTTooTAPIEN ATTANC HeTddoonc Kal
TToAAATTARC O1aVvouAC:

- To Multicast OSPF (MOSPF) xpnaipotoigi Thv idia
pdon dedopévwy yia Thv TomoAoyia pe To OSPF

Tepapxiko OSPF oe peydAec emikpdreieg

AikTua uttoAOYIOTWYV



SPF

akpaio¢ 0popoAoynTAG

ApopoioynTtéc
KopHoU

|\
2.UvoplaKkoi

f 3
‘ | OpopoAoynTEéC
| TeploxAc
I

Teploxh 1 meploXh 2 TEPIoxA 3

AikTua uttoAOYIOTWYV



OSPF

Tepapxia OUo eTITEOWV: TOTTIKA TtEpIoxXh, OiKTUO KopHoU.
- ayyeAiec katdoTtaong {eUewyv Hovo oTnv Teploxn
- KdOe Koupoc¢ yvwpilel AcTTTOPEPWC THY ToTtoAoYid ThG TTEPIOXNC
- yia 1a 0ikTua adAAwv Trepioxwy yvwpilel yovo Tnv KatevBuvaon
(ouvTopoTEPN d1adpopn).
2 uvoplakoi dpopoAoyntéc mepioxnc (Area border
routers): “ouvoyilouv" amooTdosi¢ yia Ta dikTud TNC
TTeEPIOXAC, KAl TIC avayyEAAouv Ttpo¢ dAAoucC Area
Border routers.

ApopohoynTtéc koppoU (Backbone routers): Tpéxouv
OSPF dpopoAdynon mepilopilopevn oto backbone.

Akpaiol dpopoAoynTég (Boundary routers): cuvdéouv pe
aAAa AS.

AikTua uttoAOYIOTWYV



oynon HeTalu AS

OpopoAoynon
OSPF
pyéoa oto AS

AikTua uttoAOYIOTWYV



Adynon petaéu AS

e BGP (Border Gateway Protocol): eivai 1o
TIPOTUTIO TTOU I0XUEI

e To BGP mmapéxel oe kAOe AS Ta péoa yia:
- Vad amoKTAoElI TTAnpowopicC pooPaciHoOTNTAC ATIO Td
vEITOVIKA AS
- va 01adidel Tn TAnpowopia TpooPpacigoTNTAC 0 OAOUC
TOUC E0WTEPIKOUC OpopoAoynTéC Tou
- va kaBopilel "kahéc” diadpopéc poc Ta dAAa
uttodikTua Pdoel Tng TAnpowopiac poopacigoTNTAC KAl
TNG TTOAITIKAG OpooAdYnong
e EmiTpémel oc £éva AS va avayyeiAel Thy UTtapén
Tou 010 uttoAoitto Internet.

AikTua uttoAOYIOTWYV



Adynon petaéu AS

Zeluyn dpopohoyntwyv (BGP peers) avraAAdogouv
TTAnpoyopie¢ dpopoAdynong mdvw amo NI-HOVIHES
ouvoéaeic TCP: auvodoi BGP

O1 ouvodoil BGP dev avtioToixouv oc gpuoikég (eUCelC.

Otav 1o AS2 avayyéAAer éva poOepa oto AS1, To AS2
umrooxeral 0TI Oa TpowOei TAKETA TTPOC TO UTTOYN
Tp6Oeya.

- To AS2 umopei va ouvoyilel tpoBépara aTnv avayyeAia Tou

2 Uvodoc eBGP

ouvodoc¢ iBGP ‘-
- e
7
...... L’ AS2
- <

.®
.®
e

AikTua uttoAOYIOTWYV



popiac mpoopaociyoTnTa

e Xpnoipomoiwvtag Th ouvodo eBGP peTalv 3a ka lc
AS3 atéAvel TAnpowopia mpoaPacigdéTNTAC OTO AST.

- O 1c ymopei oTn ouvéxela, xpnoigotmolwvtag iBGP va diaveipel
auTn Tn véa tAnpowopia oe 0Aouc Toug dpopoAoynTtéCc Tou AS1

- O 1b pmopei petd va emavayyeiAer Th véa TAnpogopia
gpoobaoluommg oTo AS2 péow TG ouvodou eBGP petalu 1b kai
a

e Orav £vag dpopoAoynThg paBaivel yia €va véo pdBepa,
OnUIoUpYEi HiIa eyypd@n yid To TpoOepa autod oTov Tivaka
TTPOWONONC Tou.

2.Uvodoc eBGP

oUvodog iBGP ‘ .._
| 2B
,,,, P < ASZ
- -

.
.
.®

AikTua uttoAOYIOTWYV



e ‘OTav avayyéAAeTai éva mpdOepa, n avayyehia
TEPIEXEI KAl XAPAKTNPIOTIKA BGP.

- prefix + attributes = "route”

e AUo evdiagpépovTa attributes:

- AS-PATH: mepiéxel Ta AS péow Twv oTToiwWY TTEPAOE
n avayyeAia yia 1o umtoyn mpoBepa: AS67 AS 17

- NEXT-HOP: kaBopilel Tov OUYKEKPILEVO EOWTEPIKO
dpopoAoynTh Tou AS Tpog To next-hop AS. (Mmopei
va uttdpxouv TToAAéC CeUCeic amo To Tpéxov AS TIpoC
T0 next-hop-AS.)

e OTav évacg dpopoAoynTnc TTUAN Aappdvel
avayyeAia 01adpoUnC, XPNOIUOTIOIET TTOAITIKA
elgaywync yia va th 0ex0ei R va Tnv amoppiyel.

AikTua uttoAOYIOTWYV



n di1adpoung

‘Evac dpopoAoynTng pmopei va mAnpowopnBei yvia
TTEPIOCOTEPEC ATTO Hid O1adpoHEC TTPOC KATIOI0
mpoOepa. TTpémel TOTE va emIAéC el d1adpoin.
Kavévec améppiync:

- TToAiTikn dpopoAdynong

- 2ZuvtopoTepn AS-PATH

- TTAnaiéotepoc NEXT-HOP router

- EmmpooOeTa kpiThHpIa

AikTua uttoAOYIOTWYV



Ta pnvuparta BGP avraAAdooovTal pye xphon TCP.

MnvuuaTta BGP:

- OPEN: avoiyel ouvdeon TCP mtpoc opoOTIHN OVTOTNTA KAl
TIOTOTIOIEI TNV AUOEVTIKOTNTA TOU AdTTooTOAEd

- UPDATE: avayyéAAel véa diadpoph (h atooUpel Tahaid)

- KEEPALIVE: diatnpei avolkTA Th ouvdeon 6Tav dev
umtdpxouv pnvupata UPDATE. Emiong, emaAnBevel
aithon OPEN

- NOTIFICATION: avagpépel opdApaTa tponyoUHEvVou
unvuparoc. Emiong, xpnoipomoigital yia KAgioipgo
ouvdeong

AikTua uttoAOYIOTWYV



Adynon petaéu AS

Botw 011 n TUAN X oTéAvel TPOC ThV OHOTIUN TTUAN W Tn
d1adpopn Th¢ mpo¢ Z
n W pmopei kai va pnv €miAé€er Tn diadpopn TTou
TIpooPEPETAl ATTO Th X
- KOOTOC, TOAITIKA (avTaywvioTiko AS), amropuyn Ppoxou.
av n W emAé€el Tn diadpopn ou avayyéAAeTal amo Thv X,
TOTE:

Path (W,Z) = Path (W, X), Path (X,Z)
n X UTtopei va eAEyx el TNV €10€pXOHEVN Kivnon eAEyxovTac
TIC avayyYeAIeC TTPOC TIC OHOTIHEG TTUAEG:

- T.X., av 0ev BéAel dpopoAdynon mpoc Th Z dev Oa avayyEAAel
o1adpopéc mpo¢ Th Z

AikTua uttoAOYIOTWYV




B

w /\
_A\CI/
.

Y

e A,B,C cival dikTua TTApoOXWV
o X,W.,Y cival teAdTeC
e 10 X €ival ouvdedepévo ae OU0 dikTud TTAPOXWV

- 10 X d¢ev B€éAel diadpopn amd 1o B tpoc 1o € péow X
= 10 X 0¢ev avayyéAAel tpoc To B diadpopn mpog 1o C

AikTua uttoAOYIOTWYV



A0 OoEvaplo

e 10 A avayyéAAel ato B tn diadpoun AW
e 10 B avayyéAAel ato X Th diadpoun BAW

o Tipémel To B va avayyeiAel oto C Tn di1adpoun BAW;

- Oxil To B d¢ev kepdilel TimoTe amod Th diadpopnn CBAW, kaBoTi
oute To W oUte 1o C cival teAdTec Tou B

- 710 B B€éAe1 va wBnoel To C va dpopoAoyei aTo w HEOW Tou A
- To B B¢Ac1 va dpopohAoyei povo tpog/amd Toug TeAdTEC ToU!

AikTua uttoAOYIOTWYV



Tou dpopoAoyntn BGP

‘Evac dpoporoyntic BGP:

e Aaupavel kar IATpdpel ayyeAieg
O1adpopWyV aTo Adpeod ouvOEOUEVOUC
YEiTOVEC

e EmiAéyel diadpopéc

- Ta Tov mpoopiopd X, moia diadpopn (amod ApKeTEC
avayyeAAopevec) Oa emiAeyei;

e 2 TéAvel ayyeAiec d1adpopwy TIPOC TOUC
YEITOVEC

AikTua uttoAOYIOTWYV



non Intra- kai Inter-AS;

TToAITIKA:

e Inter-AS: o diaxeipioTAC BéAel va eAEyxel TTWC
dpopoAoyeiTal n Kivnon Tou OIKTUOU TOU Kdl TT010C
OpopoAovei Héow Tou OIKTUOU TOU.

e Intra-AS: gia emikpdrteia diaxeipiong, omoTe Oev
xpelaleral ToMTIkR dpopoAdynong

KAipaka:

o H iepapxikn dpopoAdynon e€oikovopei pEyeBoc mIvakwy,
Teplopilel To POPTio EVRHEPWONC

Ewidoon:

e Intra-AS: umopei va soTidoel aTnv emidoon

e Inter-AS: n moAITIKA pmopei va emiokialel Thv emidoon

AikTua uttoAOYIOTWYV



e TTapddoan Twv MAKETWY GMS TV YA TPOG SAOUG TOUG
dAAoug Koppoug

o O1 {exwpioTég HeTadooelg amo TRV TIhyA eival
avaToTEAEOUATIKEC

—EXWPIOTEC HETADOOEIC —EXWPIOTEC HETADOOEIC
amoé Tnv mhyn oTo OiKTUO

® —eXWPIOTEC HeETAdOOEIC OTO OiKTUO: TTWC KABEe KOUPOC
kaBopilel TIC d1EUOUVOEIC TWV ANTITWY;

AikTua uttoAOYIOTWYV



HeTadooeic oto dikTUO

V1

A
Vi ot
I <

% S

A5 e

o TTANuUUpa: 6Tav évag koPPoC AauPdver éva TakéTo
EKTIOUTING, OTEAVEI avTiypd@o o OAOUG TOUG

YEITOVEC
- TTpopAnpara: kKUKAoI Kal TANBWpPa TTAKETWY

e EAcyxopevn TAnppUpa: o KOPPOC EKTTEUTIEI TO
TTAKETO HOVO av OeV EXEl EKTTEPYEI TO i010 TTAKETO
TIPONYOUHEVWC

- O koppoc mapakoAouBei TIC TAUTOTNTEC TWV TTAKETWY TTOU KON
eCEmepye

- TTpowBnon avdoTpopng diadpopng (reverse path forwarding,
RPF): o koppo¢ mpowOei pévo Ta TakéTa ou KaTagOdvouv amo
Thv ouvTopdTepn d1adpopun HeTall TNYAC Kal KOppou

e EmikaAUTITOV dEVOPO

- Aev AappavovTtar TAsovdlovTa TTakéTa amd olovBATIOTE KOHPO
AikTua uttoAOYIOTWYV




ApXIKA, kataokeudleTal €va emKaAUTITOV 0£VOPO

O1 kopupoi TtpowBoUV avTiypapad Tou TTAKETOU HOVO
KATd HAKOC ToU €TTIKAAUTITOVTOC OEVTPOU

(a) H exkmopnn apxilel otov A (B) H exropTrn apxidel otov D

AikTua uttoAOYIOTWYV



IKAAUTTTOVTOC OEVTPOU

o Kevrpikoc kKoupocg
e KdBe koupog oTéAvel unicast pAavuua join atov
KEVTPIKO KOupo

- To pAvupa mpowOcital yéxptl va pBdoel oe kKOpPoO TTOU
avhkel RON oTo MIKAAUTITOV OEVTPO

(a) ZTadiakn KATAOKEUN TOU
emIKAAUTTTOVTOC OEVTPOU

(B) EmikaAUnTov 3évTpo

AikTua uttoAOYIOTWYV



toAAaTANC O1avoung

o Zr1oxoc¢: cUpean dévrpou (R 0EvTpwy) TOAAGTTARG
O1avoUNC TTou cuvOéel OPOHOAOYNTEC TTOU £XOUV TOTTIKA
HEAN TTOAAATTARG O1avOUAG

- O€vrpo. dev XpnoipotoloUvTal OAeC o1 d1adpopéC HeTaAlU
TWv dpopoAoynTwy
® KO/IVO OEvTpo. 1010 OEVTPO Yia OAd Td HEAN ThC opdadac

e faoiouévo arnv mnyH. d1APopETIKO OEVTPO Yid KABe TTnyn
TIPOC TOUC OEKTEC

Aévtpo paciopévo oTh TThyh

Koivo dévtpo

AikTua uttoAOYIOTWYV



0évTpo Paciopévo oThv TTNYA: €va 0EVTPO
avd Tnyn

- 0EVTPO CUVTOHOTEPWY O1adpOHWY

- TpowBnon avdoTtpopnc 01adpopnRC

KoIVO 0EVTPO: N opdAada XpnoIHOTIOIEl £vd
OEVTPO

- eAAX10TO €TIKAAUTITOV OEVTPO

- KEVTPIKO OEVTPO



IogEva oThv whyn

Aévrpo ouvtopoTEpWY diadpopwyv

0évTpo TpowOnong ToAAaTANC d1avoung: OEVTPO TWV
OUVTOHOTEPWY O1adpopWyV amd Thy TNy Tpo¢ 0Aoug
TOUC 0EKTEC

- adAyo6pi1Buog Dijkstra

router mou e§umnpeTei PHEAN
= TToAAATTARG d1avOUNG

= router Tou dev e§umtnpeTei HEAN
TToAAATTARG d1avopng

(VN TToU XpnaoipgoTrolEiTal yid
Tnv ToAAaTtAR diavopn e Th ogipd
OV TIPoOoTEONKE 0TO OEVTPO

AikTua uttoAOYIOTWYV



vaoTtpopnc d1adpopnc

1 pacieTal ato 611 0 dpopoAoynTAC yvwpilel Th
oUVTOHOTEPN O1adpopn ATTO TOV £AUTO TOU £WC
TOV dTTOOTOAEQ

1 KABe dpopoAoynNTAC £Xel TRV €CNC ATTAR
diadikacia TpowOnong:

/f 1o dedopevoypappa ToAAaTTARC diavodAC  €ARYON
amod ThV CUVTOHOTEPN O1adPOHN TTPOC TOV ATTOOTOAEQ)

then oteil' To o€ 0Aec TIC ammepxopevec (eUCeIC
else ayvonoé To




TTapadeiypa
Tnyn @

To amoTéAsopa gival éva avdorpopo 0EVTPO eAAXIOTWY

diadpopwy (SPT) paciopévo oTnv Thyh

- pmopei va umdp€ el KAk TIAOYA HE ACUHHETPEC
(elCelc



vaoTtpopnc d1adpopng

KAddepa (pruning)

e TO 0EVTPO TTpowBONONC TepiéExel UTTOOEVTPA TTOU OEV
EXOUV HEAN TTOAAATTARC O1adpOopAC
- dev amaiTeiTal TpowdNon aTo UTToOEVTPO

- oTéAvovTal pnvupaTa "kAadépartoc” mpoc Ta dvw amo
dpopoAoynTh Tou Oev £Xel HEAN TTPOC TA KATW

(e eic pe ToAAaTTAR diavopn

HAvupa KAadépaTog




IKaAUrtToV OEVTPO

e Steiner Tree: 34vTpo eAaxioTou KOGTOUC TTOU
ouvoéel 6Aouc Toug dpopoAoynTEC TTOU
eCuTTNPETOUV HEAN TTOAAGTTANC d1avopung

e To mpopAnua eivar NP - complete
e YTdpxouv oAU KaAoi gupiaTikoi aAyopiOpol

e Acv xpnoigoTmolgiTal oThv TPALn:
- UTTOAOYIOTIKA TTOAUTTAOKOTNTA
- dmaiTeiTal TAnpogopia yia oAo To dikTUO

- HovoAIBIKO: Ttpémel va EavaUTroAoyioTei 6TAV KATTO10G
dpopoAoynTAC Tipémel va evraxBei R va ATTOKOTIE|

AikTua uttoAOYIOTWYV



® KoIVO 0£vTpo O1aVvOoHAC Yid 0Aoug
e ¢vac dpopoAoynTnc opileTal we 'kEvipo” Tou
OEVTpPOU
® yid ouvdeon:
- 0 akpdiog dpopoAoynTAG OTEAVEI HAvuua Jo//1 TTIPOG
TOV KEVTPIKO OpopoAoynTh
- To WAvupa jorn e€eTdleTal amod Toug eVOIAHETOUG
dpopHoAoynTEC Kal TTPowOEiTAl TTPOC TOV KEVTPIKO

- To HAvupa jo/1 eiTe BIEPXETAI ATT6 UTTApXovTd KAddO
TOU KEVTPOU R OAvel 0TO KEVTPO

- n d1adpoyun TTOU KAVEI TO HAVUHA /0//1 ATTOTEAEI VEOD
KAdOO Tou OEVTPOU Yid TO UTTOYN KEVTPO

AikTua uttoAOYIOTWYV



KEVTPO
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buada mmoAAaAn
O1avoung
226.17.30.197

oddada moAAaTTARG d1avopung: Xphon £ppeonc AUONG
- ot host oTéAvouv Ta dedopevoypdpparta IP otnv opdda moAAATTARC
O1avoUNnC

- o1 OpopoAoynTécG TpowBoUv Ta dedopevoypdppaTa TToAAATTARG
diavoung oToug host mou éxouv “evtaxBei” oTnv opdda ToAAamARg
O1avoHAC

- n moAAamAn diavopun IP umoaTnpilel pévo UDP

AikTua uttoAOYIOTWYV



iavoun oto Internet

e H moAAamAn diavouh oto IP umooTnpiler povo UDP
o Acev untdpxel ToAAamAR diavour, TCP |

User Layer

Socket Layer

Stream Sockets

Datagram Sockets

Mulflcast Sockets

TCP

UDP

IP

IPfMulticast

Network Interface

AikTua uttoAOYIOTWYV



iavoun oto Internet

e TpeiIC cival o1 KUPIEC OUVIOTWOEC TIC UTTNPEDIAC
ToAAATTARG d1avopung oto Internet:

- A1euBuvo1086TNON
- Aiaxeipion opddwv TToAAATTARC d1avopniC
- ApopoAdynon moAAaTTARC d1avounic

AikTua uttoAOYIOTWYV



® AicuBUvoeic Internet class D éxouv kpaTnOsi yia
TToAAaTTAR d1avoph:

1110| Multicast Group 1D
<«— 28 bits >

@ [Nia Touc host:

® oTT01000NTTOTE UTTOPEi va "evraxOei” oe opdda
TToAAATTARC O1aVOUNC

® 0TT01000ATTOTE HTTopEil va oTeiAel og opdda multicast

® Ocv UTIAPX El AVAYVWPIOTIKO OTPWHATOG OIKTUOU GTOUG
host Twv peAwy

@ araitnon. umtapln UTTOOOUNAC Yid Th TTapddoon TWV
dedopevoypalPATWY TOAAATTARC d1avoHRC o€ OAOUC TOUC
host Tou evrdxOnkav oTnv uTtown opdda TTOAAATTARC
O1avoUnC

AikTua uttoAOYIOTWYV



mwoAAamANC O1avOUNRC

OAec o1 di1guBuvoeig Class D eivar d1euBlvaoeic multicast:

CassD 1 1 1 O multicast group 1id

28 bit

Class ATH Ewe

D 224 .0.0.0 239 .255.255.255

m O1 d1euBUvoeI¢c TTOAAATTARG d1avophC ekxwpouvTal duvapikd

m Acdopevoypappa IP mou oTéAveTal og d1eUBuvon multicast
TpowOeiTal o 0AouC TTou £xouv evraxOei oTnv opdda multicast

mAV TeAclWaoel kATold spappoyn, n d1eUBbuvon multicast (éppeoa)
eAeUBepwveTal.

AikTua uttoAOYIOTWYV



dwv woAAamAng Siavopng/ Bl

o ro7mikd: 0 host TANPOWOPET TOV TOTIKG dpopoAoYNTH
TTOAAATTIANC O1avoUNC OTI emIBuUEi va evTaxOei aTnv
oddda. IGMP (Internet Group Management Protocol)

® 070 O/KTUO. 0 TOTIIKOGC OPOHOAOYNTAC ETTIKOIVWVEI HE
aAAouc¢ OpopoAoynTéC via va AdPpel Th poR Twv
dcdopevoypappudTwy TToAAATTARG d1avOURC

- €101kd TTpwTOKOoAAa (T1.X. DVMRP, MOSPF, PIM)

L @
“FGMP &
@-aoprii ()

ola

oS- %.L@

@ © .
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o /05t oTéAvel avapopd IGMP, 6Tav kdmold epappoyh
evTdooeTal o€ oddda moAAATARG d1avopng

- Membership Report

- 0 host d¢ev cival avaykn va “diaypagei” dusoa o6Tav
geykataAegitel Thv opdda

o roufer: atéhvel IGMP query oe TakTd SiaoThuara

- 0 host mou avikel oe kdmola opdda mcast TPETel
vd dTTavTAoEl oThV €pWThON

! w

<= ——
quer <+— [report
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IGMP version 1 IGMP v2: o1 TpooOnKeG

e router: pfvupa Host mepiAapupavouv
Membership Query e group-specific Query
ekmméumeTal oto LAN - 0 router mpayparvomolei
Tpo¢ 6Aouc Toug host group-specific query yia va

de1 av kdmolol host éueivav

e host: pnvupa Host
Membership Report yia
va OnAWaoel GUPHETOXA

- Tuxaia kaBuaTtépnon TpIv
Thv dmdvrnon

oThv opdadd

e purvupa Leave Group

- 0 TeAeuTaioc host mou
amavTdel oto Query PTopEi
va oTeiAel dueco HAvupa

- éppeon anoxwpng KN Leave Group
amavtwvrag ato Query
e RFC 2236
e RFC 1112

IGMP v3: oe e€EMENn we
Internet draft

AikTua uttoAOYIOTWYV



DVMRP: distance vector multicast routing

wAng diavoung oto Internet 4\

protocol, RFC1075

TTANULUoa Kar KAdOEp/a: Tpowdnon avaoTpopng
01adpolnG, 0EvTpo PAciopévo OoTnV TTNYA

d0évTpo TpowBnong avdoTtpopnc d1adpoung Paciopévo
oc Tmivakec dpopoAdynonc Tou DVMRP, mrou
kataokeudl{ovTal Pe €MKoIVwyvid Twv dpopHoAoynTwv
DVMRP

dev AaupdvovTai uttoyn ol UTToKEieveC unicast
01adpopEC

TO dpXIkO dedopevoypappa Tpo¢ Thv opdda mcast
TAnupupileTar mavrou péow RPF

o1 OpopoAoynTéC TTou Oev eTIBUHOUV ThV opddd,
oTEAVOUV pAvupa KAadépaToc



vEXEla

o dpopoAoynTAc DVMRP mrepiodikd (kdBe 1 min.)

"Cexvael” Ta kAadepéva TuRuara:

- Td mcast dcdopéva odevouv TdAI o€ 6AouC TouC
KAdOouC

- ol downstream dpopoAoynTtéc CavakAadeUouv R aAAIWC
ouvexiCouv va Aappavouv dedopéva

ol dpopoAoynTEC HTTOPOUV YPAYOPA Vd

¢avaouvdeBoUv Kal va oxhuaTtioouv d&EvTpo

Emionc To DVMRP
- epappoleTal ouvROBWC oe eUTTOPIKOUC OPOHOAOYNTEC
- xphoigoToieiTal otnv Mbone dpopoAdynon



TTwc ouvdéovTal "vnoidec” dpopoAoynTwy TTOAAATTARC
01ad0popN¢ oe peydAo TANBo¢ dpopoAoynTwy unicast;

R s Sy

PUOIKA ToTtoAoyia Aovikh ToTtoAoyida

2 To mcast dedopevoypappa evOUAAKWYVETAI 0 KAVOVIKO
dcdopevoypappa

o kavoviko dedopevoypappa IP oréAveTal péow onpayyacg pe
kavoviko IP unicast otov dpopoAoynTi mcast mpoopiopou

2 o dpopoAoynTnc mcast mpoopiopoU Kavel amroOuAdkwoaon yia va
Adper To dedopevoypappa mcast



| Independent Multicast( ¢

e Jdcv eCapTdral amo kavéva ahyopiOpo dpopoAdynong
unicast mou Tpéxel amo kdtw (AsiToupyei pe 6Aouc)

e OUO O1aPOPETIKA oevdpid TOAAATTARG d1avouAG:

[Tukvii didraén. Apaiti didraén:
2 Ta HEAN TNC opadac ) TtoAAd dikTua pe Aiva péEAn

eppavi(ouv peydAn opaddac oe oxéon He Tov
TTUKVOTNTA KAl ap1Oué TWV oUVOEOHEVWY
PpiokovTal kovTtd OIKTUWV
HeTAgU Toug 0 péAn opddag o€ peydAn

) To eUpo¢ wvng civai diaoTropd
mo dgBovo 0 To eUpoc Jwvng dev givai

apBovo



TTurvr didraén

OewpceiTal 0TI 6Aol 01
dpopoAoynTEC AvAKOUV
oThv oddda péExXp! auToi va
diaypagouv duesoda

N KATAOKEUN ToU 0€VTPOU
mcast eCapTdTal amod ra
ocoopéva (m.x., RPF)
omardAn sUpoucg (Wvng Kali
eTe epyaoiac oToug
dpopoAoynTEG HUN-pEAN

TNV TUKVA - apaifl diataén (%

Aoaini drdraén

dev BewpeiTal kKaveic
dpopoAoynThHC W¢ HEAOC
HEXP! va evraxOei aueoa

N KATAOKEUR TOU 0EVTPOU
mcast e€apTdTal amdé Tov
0éktn (m.X., center-based)

® OUVTNPNTIKA XpholiyoTroinon

Tou gUpouc¢ Cwvnc Kai TnG
emel epyaoiag oe
OPOHOAOYNTEC HN-HEAN



diaraén

RPF pe mAnpuUpa kai kAadepa, mapopold pe h
DVMRP aAAd

2 To TTPWTOKOAAO uhicast TTou TpEXEl ATt KATW TTAPEXE!
tAnpowopia RPF via To cioepxopevo dedopevoypappa

2 AiyoTepo moAUTTAOKN (AlyOTEPO aTToTEAEOUATIKA) PON
TPoC Td KATW amod ekeivn Tou DVMRP paaci{épevn oTov
UTToKEipevo aAyopiBuo dpopoAdynong

0 €XEl HNXaviopoug TipwToKOAAOU Yid va avixXVvevel £vag
dpopHoAoYNTAC av eival akpaio HEAoC opadac




N diaraén

e DPacileTal 0TO KEVTPO
(rendezvous point, RP)

e 0 OpopoAoynTHC OTEAVEI
uAvupa jorn oto RP
- 01 evOlduecol dpopHoAoynTEC

EVhHEPWVOVTAI KAl
TpowOoulv To join

® LETA Th évraln HEow Tou R5
RP, o dpopoAoynThg HTopei |, R7
va XpnoidoTrolEi To OEVTPO < R6
w¢ paciopévo oThV TNYR / \
- augnuévn emidoon: ?T/;?\ngavaéfuaovml ;i?:TeZVOUS

HIKPOTEPN OUYKEVTPWON, até 1o RP
HIKPOTEPEC O1a0POUEC




n diaraén

aAmooToAEaC:

e Ocdopéva unicast mpog
T0 RP, T0 0Tr0i0 T

Olavépel oTo OEVTPO HE
piCa 1o RP

e 10 RP pmopci va
ETTEKTEIVEI TO mcast
O0EVTPO TPOC TA Avw
HEXPI TNV TINYA

e T10 RP pmopei va oteiAel \
HAVUHA s fop av oev 6Aa Ta data rendezvous
UTTAPXOUV ouvdedepuévor  oAvoiaveloviar point
amd 1o RP

OEKTEC
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