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KepdAaio 4: Emtimedo AikTUoU

2.TOXO0! KEQaAdiou:

= Katavonon Twv Pacikwy dpXWwyv Tiow amoé TIC
UTtNPETIEC TOU £TITTEOOVU OIKTUOU:

= MovTéAa utthpeaiwy Tou emITTEOOU OIKTUOU

= TTpowBnaon vs dpopoAdynon (forwarding vs routing)
= TTwc douAever évag dpopoAoynThce (router)

- ApopoAdynon (emiAoyh d1adpopnc)

» (Eupu)ekmoumn, moAvekmopumh (Broadcast,

multicast)

= TtpaypdTtwon, vuAomoinon oto AiadikTuo
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KepdAaio 4: Emtitedo AikTUoU

4.1 BEioaywyh

4.2 AikTua gikovikoU
KUKAWUATOC Kal
oedopevoypdppaToC

4.3 T ppiokeTal péoa ' éva
dpopoAoynTh

4.4 TP: TTpwTtokoAAO
AiadiktUou (Internet
Protocol)

Mopen dedopevoypdpaTog
AieuBuvaioddétnon IPv4
ICMP

IPv6

4.5 AAyop1Bpo1 dpopoAdynonc
Kardotaong {ebénc (Link State)

AiavUoparog améoTtaong
(Distance Vector)

Tepapxikh OpopoAdynon
4.6 NpopoAdynon oto AiadikTuo
RIP
OSPF
BGP
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Emitedo AikTO0U

QO MeTagopd TURUATOC ATTO TOV
UTTOAOYIOTA ATTo0TOAEd OTOV
UTTOAOYIOTR OEKTN

O 2Tnv TAeupd dmooToARC
evOUAaKWvel Ta THAPATA O€
datagrams (3cdouevoypdupara)

O 2Tnv TAeUpd Tou OEKTN,
Tapadidel Ta TUAUATA OTO
eTiTtedo HETAPOPAC

a TTpwTokoAAa emmiTédou dIKTUOU
oc KAOe umoAoyioTHh,
dpopoAoynTh

Q O dpopoloynThc e€eTdlel
media ThG kKepaAidac OAwv Twv
IP datagrams mou mepvouv
aTmo auTov

network network
data link data link
network

- Fvsical
p physical
physical network Y network
data link data link
physical physical

network network
data link data link

physica ok S|cal

application

network rt

network

——___network
data link \ physical
physical (=R
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AUo AsiToupyicec KAEId1d Tou emiTTESoU SIKTUOU

Q lpowbnon (forwarding):
HETAKIVNON TTAKETWY ATIO
Thv €i0000 TOU
dpopoAoynTth oTnv
KaTAAANAn £€€o0do Tou
dOpopoAoynTh

Q ApopoAdynan (routing):
ka©opiopo¢ 01adpopng TTou
akoAouBouv Ta TakéTa
amod Thv TpoEAeuoh oToV
TIPOOPIOHO

QO AAyoptBuot dpopHoAdynang

avaAoyida:

d dpopoAoynaon: diadikaacia
oxediaopou Tacidiov amod
Thv TtpoéAguon oTov
TIPOOPIOHO

0 mpowOnon: diadikaacia
TTEPACUATOC ATTO Hid
dlacTavpwon
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AAMNAeTTiOpaon peTalU dpopoAdynonc kai powononc

routing algorithm

local forwarding table

O aAy6piBuog dpouoAdynong
KaBopilel TO JovoTraTi aTrd
AKpOo o€ AKPO dIaPECOU TOU
OIKTUOU

O Trivakag Trpowdnong

header value |output link KaBopilel TNV TTpowbnon
0100 | 3 TOTTIKQ 0€ AUuTOV TOV
0101} 2 dpopoAoynTr
0111 | 2 poHoAGYNT
1001 | 1

QA@IKVOUUEVOU TTAKETOU

TIUN OTNV KEPAAiIdQ TOU % %
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Anuioupyia ouvdeonc

Q H 3" anuavTiki AsiToupyia o€ opIoHéVEC OIKTUAKEC
APXITEKTOVIKEG:

a ATM, frame relay, X.25

a TTpiv Tn poh Twv datagrams, oi U0 TEPHATIKOI
UTTOAOYIOTEC Kdl 01 OpopoAoyNnTEC Ttou pegoAapouv
£YKaBI10TOUV £IKOVIKA oUuvdeaon

0 GUHHETEXOUV 01 OpoHOAOYNTEC
a Ymnpeoia ouvdeong emTteédoU OIKTUOU EvavTi HETAPOPAG:

0 dIKTUoU: peTall dUo uttoAoyioTwy (UTopei emiong va
OUHHETEXOUV OpopoAoynTEC TTou HedgoAaPouv oThv
TEPITTITWAN TWV EIKOVIKWY KUKAwpdTwy (VCs))

0 HeTApopdc: HeTall Vo diepyadciwy
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MovTéAo uttnpeaiwy OIKTUOU

E: TTo16 povtédo umnpealac ya to «kavdAi» mou
ueTapépel datagrams améd Tov amooToAéd oTo GEKTN?

TTapadsiyua unpeoiwy
via EexwploTd
datagrams:

a Eyyunpévn mtapddoon

a Eyyunpévn tapddoon pe
kauaTépnon HIKPOTEPN
a6 40 msec

TTapadeiyua uthpeoiwy

yid poh datagrams:

Q 2¢ ocipd Ttapadoon Twv
datagrams

O Eyyunuévo eAdxioTo
eUpog Cuvng oTn pof

Q TTeplopiopoi oTIC
aAAayég Twyv
dTTOOTACEWY TWV
TAKETWY
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MovTéAa utthpeoiwy eTITTEOOU OIKTUOU

Eyyunoeig ;

Apxitektoviknn  MovTtéEAo Avaodpaon
OIKTUOU  UTTNPECIAG Eupog dwivng ATWAEIEG ZEIPA  Xpovioudg oupE@opnong
Al0adikTUO Bé)‘ﬂomg KGIJIIG éXI éXI éXI éXI (ouvayetai
TTPOCTIABEING
ATTO ATTWAEIEC)
ATM CBR oTaea’pég val  val  val XWPIC
puBuog ouuEOPNON
£yyunuévog val  val  val XWPIC
ATM VBR ? .
pUBUGG oupEOPNON
Eyyunuévog Ox1 var - oxi val
ATM ABR EAAXIOTOG
ATM UBR Kauia ox1 valr oyl OXI
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KepdAaio 4: Emitedo AikTOoU

4 1 Eioaywynh

4.2 AikTua g1kovikoU
KUKAWUATOC Kal
ocdopevoypdupaTog

4.3 T ppiokeTal péoa ' éva
dpopoAoynTi

4.4 TP: TTpwTtokoAAO
AiadiktUou (Internet
Protocol)

0 Mopen dedopevoypdpaTog

o AieuBuvoiodétnon IPv4

o ICMP

o IPvé6

4.5 AAyop1Bpo1 dpopoAdynonc
0 Kardotaong Cebénc (Link State)

0 AiavUopartog améoTtaong
(Distance Vector)

0 Iepapxikh OpopoAdynon
4.6 NpopoAdynon oto AiadikTuo
o RIP
o OSPF
o BGP
4.7 NpopoAdynon (eupu)ekToUTIAC
Kdil TTOAVEKTTOUTTAC
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Yrnpeoia emimédou OIKTUOU
e & xwpic ouvdeon

0O To dikTuo datagram mapéxel umnpecia emImédou
OIKTUOU XWpi¢ auvdeon

0 To dikTuo gikovikoU KukAwpaTo¢ (Virtual Circuit -VC)
Tdpéxel umthpeoia emimtédou OIKTUOU e ouvdeaon

d AvdAoyo pe TIC UTthpeoieC emimtédou peTapopdc, aAAd
0 utthpeaia: uroAoyioThG-Ttpog-uttoAoyioTh (host-to-host)
O Xwpic emiAoyn: To OiKTUO TTAPEXEI Th Hid A TNV AAAn
0O UvAoTroinon: oTov TTUpAva Tou OIKTUOoU
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Eikovikd kukAwparta (Virtual circuits)

"H d1adpopn amoé Tnv TpoEAEUON OTOV TTPOOPICHO CUUTTEPIPEPETAI
apKeTd aav ThAspwviko KUKAwpa”
O w¢ Tpo¢ Thy amoddoon

0O evépyeleg Tou OIKTUOU KATd HAKOC ThG O1adpoph¢ atmo Thv
TIPOEAEUON OTOV TIPOOPICHO

O EykaBidpuon kai TepHaTIonoc yia kaBe KAhon Tipiv Ta dedopéva
apxioouv va p&ouv

0 KdBe makéTo pépel avayvwploTiko Tou VC (01 Tn dieUBuvon
TOU UTTOAOYIOTA TtpoopIapoU)

Q KdOe dpopoAoynTng oth diadpoph TpoéAeuonc-TipoopioHoU
dlaTnpei «kardoTaon» yia kdBe oUvdeon TTou TTepvd

Q O1 mopor Levéng, dpoporoynTth (eUpocg {Wvng, EVTAUIEUTEC)
HTTopouv va amodoBolv oe VC (amokAeioTIKOI TTOpOI =
TpoPAEYIUN uTthpeaia)
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YAotmoinon VC

‘Eva VC amoTteAcital amod
1. Oiadpopn amd Thv TTpoéAsuon aToOV TTPOOPICHO

2. apiBuouc VC, évac apiBuoc yia kaBe (eUEn kKaTd HAKOC TG
01a0popAC

3.  KATaxwpioeic oe mivakeg TpowOnong aToug OpoHoAoynTEC
KaTd HAKOC TG 01adpoHhC

O To makéTto mou avikel ato VC @wépel Tov apiOuod Tou
VC (avTi yia d1eUBuvon mpoopiopoU)

QO O apiBuoc VC evdéxeTal va ahAdlel os kdOe Cevén.
O O véocg ap1BuocVC mpoépxeTal amo Tov Tivaka TtpowoOnong
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TTivakag mpowBnong

ap1Buocg VC

TTivakac mpowBnonc atov gpleuég
Tdvw apioTepd dpopoAoyntr: 0TS

Incoming interface | Incoming VC # | Outgoing interface | Outgoing VC #

1 12 3 22
2 63 1 18
3 7 2 17
1 97 3 87

O1 dpopoAoyntéc diaTnpolv TAnpoopicc katdotaong ouvdeonc!
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Eikovikd KUKAWwpATA: TTpWTOKOAAd
ohuarodoaiag

Q XpnoigotroloUvTal yia Thv eykaBidpuaon, cuvTApnon Kai
TeppaTiopo Tou VC

ad XpnoigotoioUvTtal ota ATM, frame-relay, X.25
0 Ae xpnoipgomoloUvTtal oto onpepivé AiadikTuo

transport |5,Data flow begins 6. Receive data (irPP"CGT'OTn
4 ICall connected 3. Accept c}l ranspor
data link |1|[Initiate call . . .Iﬁﬁ 4
.' | 2. incoming ¢ IW‘ data link
physical |
| physical |
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Aiktua Aecdopevoypduparoc (Datagram)

Q Xwpic eykaBidpuon kAhong oto emitredo dIkTUOU
O OpopoAoynTEéG: XWpi¢ KATAoTAoN Yid TIC ATTO-AKPO-0E-AKPO
ouvO£oeIg
O Xwpi¢ Tnv évvola Th¢ «ouvdeong» oto emittedo OIKTUOU

Q Ta makéTa mpowBoUvTal Xpnoigomoiwvrag Tn 01eUBuvon Tou
UTTOAOYIOTA TTPOOpPICoHOU

o Ta makéta petall Tou idiou {eUyoug TTpoéAeuong TTpoopIaHoU
evOEXETAI va akoAouBnoouv O1aPopeTIKEC O1adPOUEC

a Iic’rion ——
’ral:ms ort application
transport

data link Send da‘ra 2. Receive data dora link

| | ata lin
physica B I cical |
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TTivakac TTpowBOnonc Acdopsvoypapuudtwy

4 &1c IP 8ieuBuvoelg, otTote, avtl
routing algorithm va KOLTIOLVp('l(bOVTaL Eexwgtotéq
OlevBuvoelg TTpoopLopoU,
KataypAadetol To €UPOC TWV
dleubuvoewv

local forwarding table (0BpOLOTIKEG KaTOXWPLOELG TTivaKaL)

dest address |output link

address-rangel
address-range2
add ress-range?;/
address-range4

IP &i1ebBuvon TTpoopIouoU oThV 5 %

KEPAAida TOU a@IKVOUUEVOU

TTOKETOU
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4 di1oekaToppUpIa

nivaKag 1Tp0ti)9l|0l|g mMOavéC KATAXWPIOEIC

Evpoc d1cvdveemv Tpoopicuov Atemaon Zevénc

11001000 00010111 00010000 00000000
£WG 0
11001000 00010111 00010111 11111111

11001000 00010111 00011000 00000000
£€MG 1
11001000 00010111 00011000 11111111

11001000 00010111 00011001 00000000
£€G 2
11001000 00010111 00011111 11111111

OLOLPOPETIKA 3

E: Ti ouppaiver av To eUpog dev KaTavéPeTal TO00 POAIKA;
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Taipiaopa peyaAuTepou TtpoBEpaTog
(Longest prefix matching)

—— Taiplaopa peyaAutepou TtpoBEpaTocg

KaTtd Thv avalAThon KaTaxwpiong aTov Tivaka mpowonong yia
doapévn 01eUBuvon TTPoopIaUoU, XPNOILOTIOIEITAI TO HEYAAUTEPO
mpoOepa dicUBuvang mou Taipialel otn 01eUBUVON TTPOOPICHOU

EUpoc AicBuvone TTpoopiopou Aierapi Zebine
11001000 00010111 00Q1Q*** Hx**kxx* 0
11001000 00010111 0001100Q ******xx 1
11001000 00010111 O0Q11*** Hxxkkxxk 2

OIdPopPETIKA 3

TTapadeiypara
DA: 11001000 00010111 00010110 10100001 TToid dictapn;
DA: 11001000 00010111 00011000 10101010 TToid dieagn;
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AikTuo datagram n VC: Tiari;

AiadikTuo (datagram) ATM (VC)
O AvTtaAAayn dedopévwy peTall O EfeAixOnke amd Tnv ThAspwvia
UTTOAOYIOTWY O AvBpwmivec oulnThoeIC:
0 “eAaoTiki” unpeaia, Xwpig 0 AUOTNPEC XPOVIKEC
auoTNPEC XPOVIKEC ATTAITROEIC aMaITAGEIC, ATTAITAGEIC
O “E&umva" TeppaTtikd ocuoThpara allomioTiag
(uTroAoyioTEC) O Avdykn yid syyunuévn
O Mmopouv va poaappolovTail, uTthpeaia
va emiTeAOUV EAEYXO, O “Xald" Tepuatikd cuoTApATA
010pOwon opaApdTwy 0 ThAfpwva
0 ATIAG €vTOG Tou GIKTUOU, ) 0 TToAUTAOKOTNTA EVTAC TOU
TOAUTTAOKOTNTA OTA dKpd SIKTUOU

O TToAAd €idn (v ewv
0 AlagopeTIKA XapakTNPIaTIKA

0 AuUokoAa opoidopopen
uTthpeaoia
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KepdAaio 4: Emtitedo AikTOou

4.1 Eioaywyn 45 AAyopiBuol dpopoAdynong

4.2 AikTua gikovikoU 0 Katdotaong Cevénc (Link State)
KUKAWUATOG Kal 0 AiavUopaTog améoTaong
dedopevoypdupaTog (Distance Vector)

4.3 Ti ppiokeTal péoa o' éva 0 Iepapxikn dpopoAoynon
dpopoAoynTh 4.6 ApopoAdynon oto AiadikTuo

4.4 TP: TTpwToKoAAO a RIP
AiadikTOou (Internet o OSPF
Protocol) 0 BGP

0 Mopen dedopevoypdpaTog
0 AieuBuvoioddtnon IPv4
o ICMP

o IPvé6
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EmiokdTnon apxI1TEKTOVIKAC dpopoAoynTh

AUo pacikéc AsiToupyiec Tou dpopoAoynTh:
0 EkTéAeon aAyopiBpwv/mpwTokoAAWY dpopoAdoynong (RIP, OSPF, BGP)
O TTpowBnon datagrams amé eioepxopevh oe e€epxopevn Lelgn

umoAoyilovtat ot mivakeg mpowOnong, r in ] ]
wBoUvtat oti¢ BUpec ewddouv [ rggte Sg or OpopoAdynon, diaxeipion
P eTmITédoU eAéyyou(software)
TTpowenon mTEdOU
> . oedopévwv(hardware)
° _ °
° high-seed °
° SW|tch_|ng °
° fabric °
BUpeG €10000U dpopoAoynTh BUpec €¢O6doU dpopoAoynTn
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AciToupyiec Bupac €106dou

line
termination

/

_ lookup,
link forwarding _
| layer L, . switch
protocol “"“I" fabric
(receive) .
queueing

®uaoiko emitredo:
AAYn oc emimedo bit

Emimtedo {evnc dedopévwy:
1.X., Ethernet
PA. KepdAaio

i

ATOKEVTPWHEVN HETAYWYA!

O Aedopévou Tou poopiopol Tou datagram,

avalhtnhon Tn¢ Bupac e€6dou pe XpAon Tou Trivaka
TpowOnong otn HvApn Thg BUpacg €106dovu ("match
plus action”)

2. KOTTOC: oAokAnpwon Tn¢ emeepyaaiac Tng Bupacg
£10000u pe «Taxutnta ypauphe» (‘line speed’)
Avapovh: av Ta datagrams gTdvouv TaxUTepa amo
To pUBUG TTPoWONONC 01O BOUNUA HETAYWYNG
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Tutol douRUAToC UETAYWYAC

O MeTagopd makéTou amo Tov evrapieuTtn (buffer) e106dou atov
KaTAAAnAo evTapieuTn e¢odou
O PuBuoc peTaywyng: pubuocg atov oroio Ta TTAKETA UTTOPOUV vd
HeTaPepBOoUV amo TIC €10000UC OTIC £€0doUC
= guXVd HETPIETAI WC TToAAATTAdDI0 TOU puBpoU e106dou/e€6dou TNC

YPaupng
= N cigodor: puBuog petaywync N gpopéc o emBOUPNTAC pUBUAC TNG

YPAUHAG
a 3 tUmor dodnUATWY HETAYWYAC

=== ===

memory bus crossbar
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MeTaywyn péow pvApng

ApopoAoynTéC TTPWTNG YEVIAC:
O 1tapadooidkoi UTTOAOYIOTEC HE HETAYWYRA UTIO TOV
apeago €Aeyxo tng CPU

0 To TAKETO AVTIYPAYETAI OTH UVALN TOU CUCTAUATOC

Q n TtaxurtnTta mepiopileTal amd To eupo¢ Cwvng TN
uvAung (2 diaoxioeig Tou diauAou avd datagram)

Input Memory Output
Port Port

v

A

v

>
7 A

System Bus

V.

>
e
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MeTaywyn péow d1auAou

O To datagram amé tn BUpa €106d0u
TNC HVAHNG oTh BUpa e€6dou TNC
UvApUNG péow Oiapoipalopevou
diavAov (bus)

Q Avtaywviopoc diauAou: n TaxuTnTtd
HeETAYWYAC TteplopileTal amod To
gUpo¢ wvnc Tou dlavAou

a Aiavhog 32 Gbps, Cisco 5600:
ETTAPKAC TaxUTNTA yviad 0poHoAOYNTEC
TtpooPaong Kai eTdipikoug
dpopHoAoynTEC
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MeTaywyn péow dikTUOU diaouvdeong

a

a

—ETEPVA TOUC TTEPIopIoPoUC eUpoug Cwvng Tou
d1avuAou

AikTua Banyan, crossbar diktua, dAAa dikTua -
d1aocUvdeong TTou dpXIKd avamTuxOnkav yia Tn
diaouvdeon eme epyaoTwy oc ToAveTe epyaoTikd
ouoThAUaTa

TTponyuévn oxediaon: katdtunon Tou datagram oe
oTaBepoU phkouc kehid (cells), petaywyn Twy
KeAIWV Olapéow Tou OOURUATOC

Cisco 12000: perdyer 60 Gbps péow Tou 81KTUOU
d1aouvdeang

crossbar
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Oupec £€odou

datagram _
switch buffer link .
fabric X | layer |} line :
] I"""" protocol termination
: (send)
queueing

O Amaiteital evtaplievuon (buffering) 6tav Ta datagrams @tdvouv amo
TOo dOpUNpa HeTAyYWYNC TaxUTepa atmo 1o pudbpuo petadoong

O H moAwtkn xpovompoypaupatiauou (scheduling discipline) emAéye
KAToI0 amo Ta evrduieupéva datagrams yia petdadoon
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Evrapicuon otnh BUpa €ddou

switch ¢/
fabric/ /

R 4

TN OTIYUA t, TTEPICCOTEPQ
TTOKETA ATTO TNV €i0000 OTNV

- --, -
- \ B
\ 7
\ 7
switch x | .
fabric v
/ \
m---- 4,

£€€000

EVa TTAKETO apyoTEPQ

O Evrapieuon amaiTeital 6tav o pubpoc deiéng péow Tou
pHeTaywyou utteppaivel Thv TaxuTnta ThS Ypapphe e€odou

A KaBuatépnon avapovng Kat amwAeles Aoyw umepxelAang tou

gvtapteutn tng Bupac e€odou!
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TToon evrauisuon;

Q TTpakTikoC kKavovag Tou RFC 3439: péon
evTapicuon ion pe 1o «TUTIKO» RTT (11.%. 250
msec) £mi Th XwpnTiIkOTNTa ThC Cevénc C

a m.X., C = 10 Gps Cel¢n : evrapieuThg 2.5 Gbit

Q TTpoowarn ocuoTtaon: pe N poéc, evrapisuon

ion yue RTT:-C
IN
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EvTauicuon oth OUpa c166dou

Q To déunpua peTaywyncg mio dpyoé améd 1o cuvduaopo Twyv Bupwy
£10000V -> eVOEXETAI VA EHPAVIOTEI AvVAPOVA OTIC oUPEC €10600V
0 KaBuatépnan avapovig Kat amwAeleg A0yw umepxeAlong Tou eVTapleuth tng
Bupac¢ gtgodou!
O MmAokdpiopa kepaAng ypapphe (Head-of-the-Line (HOL)
blocking): evrapieupévo datagram otnv Kopupn TG oupdg
eumodiel dAAa datagrams amo To va tpowONnBoUuv

>

switch

/

«

>

~ Tfabrfic™/E
/

/
/

—

ouvaywviopog otn Bupa e£6dou:
Hovo éva kékkivo datagram pmopei va

HETAPEPOEI

TO XAUNAOTEPO KOKKIVO TTAKETO

HTTAOKdpETal

- _ _ -
N —
\
\ «
w'
. 4
switch ,/ -
fabrics/
/
- |

£va TTakETO dpyoTepa:
TO TPACIVO TIAKETO
avTigeTwmilel
HTTAOKApIoNa KEPAANG
YPAHHAG
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KepdAaio 4: Emtitedo AikTOou

4.1 Eioaywyn 45 AAyopiBuol dpopoAdynong

4.2 AikTua gikovikoU 0 Katdotaong Cevénc (Link State)
KUKAWUATOG Kal 0 AiavUopaTog améoTaong
dedopevoypdupaTog (Distance Vector)

4.3 Ti ppiokeTal péoda o' éva 0 Iepapxikn dpopoAoynon
dpopoAoynTh 4.6 ApopoAdynon oto AiadikTuo

4.4 TP: TTpwTokoAAO a RIP
AiadiktOou (Internet o OSPF
Protocol) 0 BGP

0 Mopen dedopevoypdpaTog
0 AieuBuvoioddtnon IPv4
o ICMP

o IPvé6
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To emittedo Oi1kTUOU Tou AiadikTUOU

AeiToupyieg emimédou OiIKkTUOU UTToAoyIoTH, OpopoAoynTh:

Emimtedo
AikTO0U

Emimedo MeTagopacg: TCP, UDP

TTpwToKOAAG
ApopoAdynong:

‘emiAoyn d1adpoung
‘RIP, OSPF, BGP

=

TTowTokoAAO IP
2 uppdoeic d1eubuvaiodoTnong
*Mopen datagram

*2.uppdocic xelpiopoU TTakETWY

Tpowonong

TTivakag TTpwTdkoAAo ICMP

*Avagopd opaApudaTwy
*«2 NUaTodoTNON»

OpopoAoynTwyv

Emimedo Zevénc

®uoikd Emimtedo

Aiktua Emikoivwviwyv- Emitedo AiktOou 4-34



Aoun IP datagram

ap1Oudc ékdoang

IP mmpwToKOAAOU
HAKOC KewaAidag
(bytes)

“TUTo¢" dedopévwy —

HEYIOTOC apIOUOC

aApdtwy (hops) Tou amopévouv |

(HeiveTal katd 1 oe

32 bits > JUVOAIKO PAKOC
type of datagram (bytes)
W length
lenLservice yia
16-bit identifierFlgsl—oIMeM—&—ardrynon/
time to _upper avaouvOeon
live {” layer checksu

KdBe dpopoAoynTh)

/AZ bit source IP address

TTpwTéKOAAO AVWTEPOU emnééou/

32 bit destination IP address

Trou Ba TtapadoOci To YopTio

TT.x. Xpovooppayida,

Options (if any) KaTaypayhn 31adpopAC

TCPoverhead
> 20 bytes Tou TCP
> 20 bytes Tou IP

» =40 bytes +
overhead smimédou

TToU akoAouBciTal,
kaBoplopdc AioTag
dpopoAoynTwy

Tou Oa emoKePTEI

data
(variable length,
typically a TCP
or UDP segment)

£QPApHoYAG

Aiktua Emikoivwviwyv- Emimtedo AiktOou 4-35



Katdrunon kai AvacuvBeon tou IP
(Fragmentation & Reassembly)

QO O {eu€eig Tou diIkTUOU £XOUV
péyiotn povada petagopdc (MTU
(max.transfer size)) - péyioto )

duvato mAaioio emimédou (eunc

o AiagopeTikoi TUTTOI {eUENC,
olapopeTikd MTUs
O peydAo IP datagram tepaxiCeTai
EVTOC TOU OIKTUOU

0 éva datagram yivetar ToAAaTAG
datagrams

0 “avaouvTiBevrai” poévo oTov
TEAIKO TTPpoOPIOUO

0 Ta bits Tn¢ kepaAidag IP
XphoigotoloUvTai yid Thv
Tautomoinon, didtaén Twv
OXETIKWY TeHaxiwv
(fragments)

KaTdTpnon:

péoa: 1 peydho datagram

£€w: 3 pikpoTepa data-
grams
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Katdrunon kai AvacuvBeon tou IP

length [ID fr‘agflag offse’r I
TTapadeiyua =4000] =x |
= 4000 byte , , ,
datagram Eva peydio datagram yiverai

ToAAd piIkpOTEPa datagrams
= MTU = 1500 bytes

fr'agf lag

oTo Tedio dedopEVWY offset
(data field) |

MCTaTéT“o.n (Offse-‘-): ..............
1480/8

ID |fragflag [of fset
=X =0 =370

B .
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AieuBuvaiodoTtnon IP

Q AievBuvon IP (IP address):
32-bit avayvwpioTiké TnC
dlaouvdeong Tou
uttoAoyioTh, 0poHoAoynTh

Q Awouvdeon (interface): i
ouvdeon peTaguw L
UHOonloTh/BPOUOonnTh 223.1.1.3 223.1.3.27
Kal UOIKNG Celng

0 O1 dpopoAoynTéG TUTTIKA
EXOUV TTOAAEG diacuvdEaelg

0 ‘Evag umoAoyloTHG TUTIKA
Exel Hia i 0Uo dlacuvdEaelg
(Tt.x. evoupparto Ethernet,
acUpparo 802.11)

Q AISU@UVGEIQ IP OXSTiZOVTal pge 223.1.1.1= I11011111 IQOOOOOOl IOIOOOOOOl 0|0000001
KdOe dieTapn

o
)

i

[®5) 503111
<

= 223.1.3 T
) 223.1.1.2 ‘

— 223114 223.1.2.9
X

223.1.3.1

223 1 1 1
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AieuBuvai0doTnon IP: sicaywyn

V/ 223.1.1.1
E: muwc¢ ouvdéovral oTnv . 223124 \V
TPAYHATIKOTNTA 01 JIETTAPEC; 223'“; =
%\‘y - 223.1.1.4 223.1.2.9

A: ol evoUppateg Ethernet

OletapéC ouvoéovTal HEOW 223.113.97

Ly

Ethernet petaywywv ‘ 223.1.2.2

(switches) % subnet
—

Ma Twpea: ¢ xpeldletal va '|,\223-1-3-2

dvNOUXEITE yid To TTWC Hia g,

OleTtaPh ouvOEETAI HE Hia AAAN
(xwpic dpopoAoynTth va

rapepPAAETar) A: ovaoUppateg WiFi dietapécg

ouvdéovTal péow WiFi otaBuwyv pdong
(base station)
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YTmodikTua (Subnets)

Q AieBuvon IP:

0 TuApa uttodIKTUOU
(subnet part) - bits
UYNARG Tagnhg

0 Tunpa umoAoyioTh (host
part) - bits xaunAng
Tagng

Q T elvat Eva umodiktuo;

0 Aiaouvdéoeic OUOKEUWY
pe i010 TUAKA UTTOOIKTUOU
otnv IP &i1eUBuvon

0 ‘Exouv puoikf mpoopaon
TO £€va 0TO AAAO XWwpic

ueaoAdpnon dpopoAoynTh

(@5 525111
—

[) 223.1.1.2

223.1.1.3

223.1.3.1

223.

~S 2231 52 223.1.2.9
[ é;ﬁ
——— .

1.3.27

AikTuo TToU amoTeAciTal amd 3 utodikTuad
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) 203111

-~

——

YTmodikTud ~ 223.1.1.024 223.1.2.0/24

’ 1.1.2

2. UvTayn 2934 223:1:2.9

Q Ma Tov kaBopiopd Twv =)
UTTOOIKTUWYV, 22311}3.27

, , 223.1.1.3 =
amoouvdéaTe KABe subnet 223.1.2.2
6|81T0(pn (11:[0' TOV 223.1.3.1 223.1.3.2
uttoAoyioTn N TO
. 5 (r

SpopoAoynTh, it
onpiovpywvTac vhoideg
ATTOHOVWHEVWY OIKTUWYV 223.1.3.0124

2 KdBe amopovwpévo Mdoka uttodikTUOU
OiKTUO KaAciTal (Subnet mask): /24
UTT00iKTUO
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YTodiKTUud

TT

I4

oada,

223.1.1.2

223.1.1.1 223.1.1.4

223.1.1.3

223.1.9.2

223.1.9.1 223.1.7.1

 223.1.8.1 223.1.8.0

| |
223.|1.2.6 223.r.3.27

223.1.2.1 —]223.1.2.2
85 e
<P
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AievBuvaiodotnon IP: CIDR

CIDR: Classless InterDomain Routing
(Ataikn Aiatopsakh ApopoAdynon)

= To THAMa uTtodikTUOU (Subnet part) Tng dieUBuvong
EXEl auBaipeTo HAKOC

- Aopn d1evBuvonc: a.b.c.d/x, 6mou x civai o # bits
0TO THAHA UTtodIKTUOU ThG O1eUBuUvang

) subnet . host
N part ' parf—

11001000 00010111 00010000 00000000
200.23.16.0/23
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AieuBuvoeic IP: mwe amodidovrai;

E: TTwc¢ maipver évac umoAoyioTAc d1eVBuvon IP?

Q TTpoodiopiopévo ae éva apxeio amd To diaxelpioTH Tou
OUCTAHATOC
0 Windows: control-panel->network->configuration-
>tcp/ip->properties
a0 UNIX: /etc/rc.config
a DHCP: Dynamic Host Configuration Protocol:
duvapikh atrodoon d1evBuvanc amo évav eCuTnpETn
0 "plug-and-play”

Aiktua Emikoivwviwyv- Emitedo AiktOou 4-44



DHCP: Dynamic Host Configuration Protocol

2> KOTIOC: Vd ETITPETIEI OTOV UTTOAOYIOTH va amokTd duvapika d1eUBuvon IP
amo Tov e€UTNPETN Tou dIKTUOU O0Tav ouvdéeTal oTo OiKTUO
Mmopei va avavewoel Tn HicBwaon Tnhg d1eUBuvong Tou XpnaoigoToleiTal

Emitpémel Tnv emavaxpnoipomoinon Twy di1eubuvoewy (kpatd Tn di1elBuvon poévo 6ao
gival ouvOedepévog Kal KEVEPYOC»)

YTmoaoTApi&n yia kKivhToU¢ XphoTeg Ttou B€Aouv va ouvdeBoUv aTo JikTuo
(TreproodTepPa o€ Aiyo)

EmiokéTtnon DHCP:
= O umoAoyioTng ekméumel (broadcasts) "DHCP discover” msg
= O e€umnpéTng DHCP amokpiveTar pe éva pavupa "DHCP of fer” msg
= O umoAoyioTng CnTd di1euBuvon IP: "DHCP request” msg
= O e€umtnpétng DHCP aTéAver Tn 8i1eUBuvon: "DHCP ack” msg
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2 evdpio meAdTh-e€utthpétn DHCP

223.1.1.0/24
[AD) 223111

===

|

8

§) 2231.1.2

>

-~

223.1.1.3

DHCP
server

223.1.2.0/24
223.1.2.1

=D

==

@0

223.1.3.27

223.1.3.1

223.1.3.0/24

223.1.3.2

— 223114 223.1.2.9 4—5

] @ 223.1.2 O DHCP TreAd

s ) ii 'E TTEAATNG
u

TTOU PTAVEI
xpelddeTal dieubuvaon
O€ auTO TO OIKTUO
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2 evdplo meAdTh-e€umthpétn DHCP

Oupa 67 o
DHCP server: 223.1.2.5 DHCP discover arriving
client
src : 0.0.0.0, 68 \L @M
@ dest.: 255.255.255,255,67
yiaddr: 0.0.0.0 -
transaction ID: 65&

~—_ , ,
DHCP offer Ekmoumh mpog 0Aoug

src: 223.1.2.5, 67 .
dest: 255.255.255.255, 68 Your address
| yiaddmr 2231.2.4
transaction ID: 654
Lifetime: 3600 secs —~
DHCP request
src: 0.0.0.0, 68
dest:: 255.255.255.255, 67
yiaddrr: 223.1.2.4 —
il transaction ID: 655
time  «—Lifetime: 3600 secs
DHCP ACK

| src:223.1.25,67

dest: 255.255.255.255, 68
yiaddrr: 223.1.2.4 —
transaction ID: 655
Lifetime: 3600 secs
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DHCP: mtepiogdTepa ...

To DHCP umopcei va kdvel TepioodTepa amo amAd va
katavépel pia IP dievBuvon oto umodikTuo:
= AieUBuvaon Tou dpopoAoynTh TTPWTOU dApATOC
(first-hop router) yia Tov eAdTh
= Ovopa kai IP d1eUBuvon Tou DNS server
= Mdoka 81kTUou (UTtodeikvUovTag To THAHA dIKTUOU O€
ox£on He To THAPA uTtoAoyioTh ThC d1eUBuvonc)
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DHCP: mapadeiyua

168.1.1.1
=

router pe
EVOWUATWHEVO
DHCP server

\/
0‘0

Ma Tn ouvdeon Tou laptop amaiTeital n
IP d1e0Buvan Tou, n d1eUBuvon Tou
OpoHoAoynTA TIpWTOU AAHATOC,

n d1eUBuvon Tou DNS server:
xphoipomoinoe DHCP

To pAvupa DHCP request
gevOuAakwveTal oto UDP, TTou
gevOuAakwveTal oc IP, mou
evOuAakwveTtal oto Ethernet 802.1

EkmépmeTal éva broadcast Ethernet
TtAaiolo oto LAN (mpoopiopoc: FF-FF-
FF-FF-FF), mou AapupaveTai oto
dpopoAoynth o otroio¢ Tpéxel Tov DHCP
server

To Ethernet frame amoBuAakwveTal
oc IP, To IP amoBuAakwvetal os UDP
kal To UDP oe DHCP.

AikTua Emikoivwviwy- Emiredo AikTOou 4-49



DHCP: tapadeiyua

DHCP

UDP
IP
Eth

i En

router pe
EVOWUATWHEVO
DHCP server

3 O DHCP server oxnuarilel To DHCP
ACK pnvupa spmepiéxovracg tnv IP
d1eVBuvaon Tou eAdTn, Thv IP d1eUBuvon
Tou dpopoAoynTA TPWTOU AANATOC Yid
Tov TTeAdTNn, KABWC Kai To dvopa kair IP
d1eUBuvon Tou DNS server.

3 EvBuAakwveTal To TakéTo Tou DHCP
server, To TAdioio TpowOciTal oTOV
TeAATN, O6TTOU KAl ATTOOUAAKWVETAI WG TO
emitedo Tou DHCP makéTou.

d O meAdTng mAéov yvwpilel Thv IP
d1eUBuvon Tou, To ovopa Kai IP
d1e0Buvan Tou DNS server kai Tnv IP
d1eUBuvon Tou dpopoAoynThH TTPWTOU
aAparoc.
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AieuBuvoeic IP: mwe amodidovrai;

E: TTwc ekxwpeital oto d{KTUO TO THAHA
UTTodIKTUOU ThC d1eVBuvaong IP;

A Aaupaver pepidio amo Tov xwpo O01euBuvoewy
TToU £X €l ekXxwpnOBei atov ISP Tou

ISP's block
Organization 0

Organization 1
Organization 2

Organization 7

11001000 00010111 00010000 00000000 200.23.16.0/20

11001000 00010111 00010000 00000000 200.23.16.0/23

11001000 00010111 00010010 00000000 200.23.18.0/23

11001000 00010111 00010100 00000000 200.23.20.0/23

11001000 00010111 00011110 00000000 200.23.30.0/23
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Tepapxikn 01eubuvaiodoTtnon (hierarchical
addressing): cuvdBpoion d1adpopv

H 1epapxikn d1euBuvaioddTNoN emITPETEN TV ATTOOOTIKA didphApion
(advertisement) Twv TAnpogopIwyv dpopoAdynong

Organization O

200.23.16.0/23

Organization 1 \ Sond "
200.23.18.0/23 end me anything

with addresses
Organization 2 T beginning

200.23.20.0/23 . | Fly-By-Night-Isp —200.23.16.0/20"

. . \ Internet
Organization7 /

200.23.30.0/23 -

"Send me anything
——  ISPs-R-Us with addresses

beginning
/ 199.31.0.0/16"
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Tepapxikn O1eUBUVOI000TNON : €TTIAEYOVTAI Ol TTIO
OUYKEKPILUEVEC O1AOPOUEC

O ISPs-R-Us kai o Fly-By-Night-ISP dnuociomoioUv blocks mou mepiéxouv Tig
d1euBuvoeig Tou Organization 1

O ISPs-R-Us éxerl pia mio ouykekpipévn™ diadpopn mpog Tov Organization 1

Organization O

200.23.16.0/23

beginning

Fly-By-Night-ISP w}

"Send me anything
with addresses

beginning 199.31.0.0/16

Organization 1 / "
200.23.18.0/23 / or 200.23.18.0/23

Organization 2

200.23.20.0/23

. Internet
Organization 7

200.23.30.0/23

ISPs-R-Us

\ "Send me anything
with addresses
/

* -> peyaAUtepou mtpoBépaToc (23>20). Apa oTéAveTtal otov ISPs-R-US
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NAicuBuvaoiodoTtnon IP: teAsutaicc Aé€eic...

E: TTwc maipver évac ISP éva pmAok
d1evBUvosWwy;
A: ICANN: Internet Corporation for Assigned
Names and Numbers
» Karavéper d1euBivoeic
- NiaxeipiCetal To DNS

= ATtodidel ovoparta Topéwyv (domain names),
d1euBeTeil diaPopéc
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NAT: Network Address Translation

(MeTdoppaon AisuBUvoswyv AikTUou)

rest of >| < local network >
Internet (e.g., home network) £ — (
10.0.0/24 ) 10001
1{0.0.0.4 (@h 10002
138.76.29.7 4

a(r
i bb 10.0.0.3

L)
~

<<

OAa 1a datagrams mou peUyouv amé  Ta dGTGQg‘}‘mS He "PO*—QEU?S n ”Pigpéogfzf auTo
’ ’ , ’ TO OIKTUO £XO0UV 01EUDOUVON U.
gi;gg\"z‘:‘ i‘; 1#:03\(23(\5/!’\2”;1]:2!‘9 w¢ TTpoéAcuan, Tpoopiopd (6Twe ocuvABwC)
138.76.29.7,
NiagpopeTikoU¢ apiBpouc Bupac
TIpoéAeuoncg
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NAT: Network Address Translation

Q KivnTpo: 1o TOTIKO 0ikTUO XphoiHoTrolEi HOvo pia d1eUBuvaon
IP 600 apopd Tov e€WTEPIKO KOGHO

- Aev anaiteitar oUvoAo d1euBUvoswy amoé Tov ISP: pévo
pia 01eUBuvon IP yia 6Aec TiIC ouokevéc

« MTopoUv va aAAaxToUv ol d1euBuUvaeIC TWV CUOKEUWYV
OTO TOTTIKO OiKTUO XWwpic va g1domoinBei o £EEw KOOHOC

« MTmopei va aAAd€er o ISP xwpic va aAAd€ouv ol
d1evuBUVOEIC 0TO TOTIIKO OiKTUO

« Mia ouokeun evroc Tou ToTikoU OIKTUOU Oev gival opdTh
amo Tov £Ew KOoHo w¢ oagpwc dieuBuvailodoTnuévn (€va
Ouv OThV dodAsia).

Aiktua Emikoivwviwyv- Emitedo AiktOou 4-H6



NAT: Network Address Translation

YAomoinon amé dpopoAoynth NAT :

" )sé epxopeva datagrams: avtikataotaon {d1eUBuvon IP n‘goé/\suong,
Upac} kaBe sgspxéusvou datagram pe {d1eUBuvon IP NAT,
véoc # Bupac}
... O1 amopakpuaopévorl teAdtec/e€umtnpéTec Oa amavrioouv
xphoipotoiwvTac {d1evBuvon IP NAT, véoc # BUpac} wg
d1eUBuvon TpoopiapoU

« amoBnkeuan (atov mivaka petawpaonc NAT (translation table) )
KdB¢e (eUyouc peTdepaonc amd {di1eUBuvon IP mpoéAcuong, #
Oupac} oc {d1eUBuvon IP NAT, véoc # Bupac}

= ELTEPXOUEVA databgmms: avtikataotaon {1evBuvon IP NAT, véoc
# OUpac} ota media mpoopiopoU KABe eigepxouevou datagram pe
To avTioToixo {d1eUBuvon IP mpoéAcuonc, # BUpac} mou civai
amoOnkeupévo otov mivaka NAT
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NAT: Network Address Translation

2: 0 OpopohoynThe NAT
aAAdler Tn d1eUBuvon
TpoEAeuang Tou
datagram amé

10.0.0.1, 3345 o¢
138.76.29.7, 5001,

Kdl EVAHEPWVEI TOV
Tivaka

NAT translation table

W AN side addr

LAN side addr

138.76.29.7, 5001
/

10.0.0.1, 3345

S:138.76.29.7, 5001
D: 128.119.40.186, 80

1
/ ¥
225

138.76.29.7

" 5:128.119.40.186, 80 _@
, D:138.76.29.7, 5001

3: n amdvrhon ¢Tdvel oTn
d1evBuvaon TpoopiopoU:
138.76.29.7, 5001

1: o umoAoyioTig 10.0.0.1
otéAvel datagram oto
128.119.40.186, 80

5:10.0.0.1, 3345 '
D: 128.119.40.186, 80 | _

_®

0.0.04

1) 10002

=~ —

f’ S: 128.119.40.186, 80

<<

_@}

,, D:10.0.0.1, 3345

4: o dpoporoynthc NAT | ==

1) 15003

aAAaler Tn 01eUBuvon
TpoopiopoU Tou datagram amo
138.76.29.7, 5001 0¢ 10.0.0.1, 3345
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NAT: Network Address Translation

Q TTedio 16-bit ap1Buou Bupac:
« 60,000 Tautoxpovec ouvdEoelC Ue Hia povo
d1eUBuvon otnv TTAgupd Tou LAN |
Q To NAT cival apgpiAeyopevo:

= O1 dpoporoynTtéc Ba mpémel va emeepydlovral
TAKETA HOVO HEXP! TO emiTredo 3
- TTapapidCer Thv apxh amé-dkpo-oe-dkpo (end-to-
end argument)
« HNAT duvatotnta mpémel va AngOBei utoyn amoé Toug
oX€01A0TEC epapHoYWY, TTX, epappoyéc P2P

« H éAMeiyn d1euBuvoewy Ba mpétel va emAUBEi pe
10 IPV6 (Kai O0xI pe To NAT)
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TTpoPAnua cykdpaiac diapaonc NAT

A TTeAdtng B€Ael va ouvdeBei og
eCumnpéTn pe d1evBuvon 10.0.0.1
0 H &1e0Buvon Tou eCumthpéTn . 10.0.0.1
10.0.0.1 eivar Tomikh oto LAN (o Client
eAdTNG dev UTTOPEi va TN A
xphoigotoihoel w¢ dieUBuvon
TPoOoPIaHOU) 1{0.0.0.4

O Movo pia e€wTepika opath 7@
d1eUBuvon oTnv omoia spdppdleTal 138.76.29.7 NAT

NAT: 138.76.29.7 router
Q Auon 1. oTaTikh diapdéppwon Tou
NAT va mpowOBei aiTnoeIg
e10epXOHEVWY OUVOETEWY OTN
doopévn BUpa Tou e€utthpéTn
o TT.x., (138.76.29.7, Bupa 2500)

mpowOeitair mavra oto 10.0.0.1
Bupa 2500

Aiktua Emikoivwviwyv- Emimtedo AiktOou 4-60



TTpopPAnua eykapaoiag diapaonc NAT

O Auon 2: Universal Plug and Play
(UPnP) Internet Gateway Device

(IGD) Protocol. Emitpémel o¢ 10.0.0.1
uttoAoyioTh Tiow amd NAT: o _n
+ Ekpd®non dnupooiag dievBuvong IP = 10.0.0.
(138.76.29.7) 13876 207"
+ TTpooOnkn/agaipeon /0.29.7 NAT
router

avTioTolxiocwy Bupwy (He XpPOVOUC
piocBwong)

OnA., autopaTomoinon ThG OTATIKAG
diapéppwong avTioToixionc Bupwv
oto NAT
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TTpopPAnua eykapaoiag diapaonc NAT

O AUon 3: avapetddoon (xphoidotoigital oo Skype)
« O meAdtnc miow amd 1o NAT eykaBidpuel ouvdeon pe avapeTadoTn
= O e§wrepikdg TeAdTNnG ouvdéeTal pe avapeTadoTn (relay)
= O avapeTadoTng yepupwvel TTAKETA HETAEU TwWV OUVOETEWY

2. oOvBson oToV L4 1. gUVSEON OTOV
avaueTaooTn avapeTadoTh 7 VO
. (ekkivABnke amo (EKKIVABNKE amd
CQnT Tov meAdTh) Tov TTeAdTh Triow
- amé 1o NAT
3. eykaBidpuaon
Client : & =
avapeTddoonc ) —
138.76.297 NAT
router
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ICMP: Internet Control Message Protocol

(TTowTdkoAAO EAéyXou MnvuudTtwy AiadikTUou)

XpnoipoTtoigiTal amé umtoAoyioTég &
OpopoAoynTEéC via avTaAAayn
TAnpowopiag emmédou dIKTUOU
0O Avdgopd c@aApdaTwy: un
TpooTeAdOIHOC UTTOAOYIOTAG,
diKTUO, BUpa, TTPWTOKOAAOD
0 Aitnon/amavrnon nxoucg (echo
request/reply) (xpnon oTo
ping)
Emimedo dikTUOU "Tdvw" amé To IP:
0 Ta pnvOuara Tou ICMP
ueTapépovral oe IP datagrams

Mnvupa ICMP: TUToG, KWAIKOC Kal
Ta 8 mpwra bytes Tou IP datagram
TTOU TIPOoKaAei opdAua

Type Code description

echo reply (ping)

dest. network unreachable
dest host unreachable
dest protocol unreachable
dest port unreachable

dest network unknown
dest host unknown

source quench (congestion
control - not used)

AP WWWWWwWwOo
OO WNPEF OO

8 0 echo request (ping)
9 0 route advertisement
10 O router discovery

11 O TTL expired

12 O bad IP header
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Traceroute kai ICMP

O H mpoéAeuon aTéAvel pia ocipd amoéd Q Orav 1o phvupa ICMP grdvel, n

Tuhpata UDP oTtov Ttpoopiopd mpoéAeuan uttoAoyilel To RTT
To mpwro éxer TTL =1 O To traceroute To Kdvel auto 3
To 3eUTepo éxel TTL=2, KTA. POPEC.
AouvnBioTog ap1Buoc Bupag KpiThpio ARéNnc

QO Orav 10 n-0T10 datagram @Tdvel 0T0 O To TuAua UDP TeAIkd @TAVE

n-oto dpopoAoynth: OTOV UTTOAOYIOTH TIPOOPICHO
O dpopoAoynTHG aTroppiTITEl TO O O TPoopIoHOC ETIOTPEWE!
datagram Ttakéto ICMP “host
2 TéAvel oTnv thyh éva phvupa ICMP unreachable" (TOmoc 3,

(TUmo¢ 11, kwdikog 0)
To pAvupa TepiExel To Gvopd Kal Thv
IP d1e0Buvon Tou dpopoAoynTh

KWAIKOC 3)

Ortav n tpoéAcuon maipvel auTo
T0 Takéto ICMP, oTapara.

3 probe
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IPv6: KivnTpo

Q Apxiko KivnTpo: O xwpoc Twy 32-bit
d1euBUvVoewy cixe OeopeuTei oxedov TTARPWCG.
a EmimAéov KivnTpo:

0 H dopn Tng kepaAidacg ponda oTnv TaxuTnta
ente€ epyaaoiac/ mpowOnong

0 H kepaAida aAAdlel yia va e€umtnhpeTnoel To QoS
Aopn IPvé datagram:

0 2T1aBepoU pnkoug kepaAida 40 byte
a Aev emiTpémeTal KATATHNON

Aiktua Emikoivwviwyv- Emimtedo AiktOou 4-65



Aopun IPv6 KegaAidac

[Mpotepaotnta (Priority): kaBopilel Thv TTpoTepaIdTNTA HETAEU Twy datagrams

otnh poh (flow)

Etwéta pong (Flow Label): tautomoiei datagrams otnv idia “pon”

(n évvoia Tng "pong” dev cival kaAd opiopévn)
Emousvn kewaAda (Next header): avayvwpilel To TpWTOKOAAO AVWTEPOU
emiTédou yia dedopéva

ver

pri flow label

payload len next hdr | hop limit

source address
(128 bits)

destination address
(128 bits)

data

>

32 bits
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AAMec aAAayécg og oxéon pe 1o IPv4

Q ABpotaua eAéyxou (checksum) : apawéBnke
teAclwe mpoKeWEVOU va HewBel o xpovoc
eneepyaaiag ae KaBe aAua (hop)

a Emioyéc: emiTpémovTal, ahAd €KTOG
kepaAidac, kaBopilovTal amo 1o medio "Next
Header"

O ICMPv6: véa €kdoon Tou ICMP

= TTpooOeTol TUTOI HNVUHATWY, TT.X. " TTaKETO TTOAU
o
peyaio”

= 2UuvdpThoei¢ Olaxeipiong odAadwyV TTOAVEKTIOUTING
(multicast)
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MeTapaon amo 1o IPv4 oto IPv6

0 Aev pmopoUv va avapaOuioToUv 6Aot ot dpoHoAoynTEC
TauToxpova
0 Xwpic "nuepopnvia perdpaonc”
0 TTwg Oa pmopéoel To dikTUO va AsIToUpynoel e Peiypa

dpopoAoynTwyv IPv4 kai IPv6;

A >npayywon (Tunneling): To IPv6 datagram
HeTapépeTal wg weéMpo gopTio (payload) oe IPv4
datagram petagu époporoyntwy IPv4

IPv4 source, dest addr ~IPv6 source dest addr
Pv6 header field
IPv4 header fields T\UDP/TCP payload

L \ T\ |

IPv6 datagram ——
|IPv4 datagram
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2. npdyywah (Tunneling)

IPv4 tunnel ouvdécl
IPvé6 dpopoAoynTéc

Aoyikh oyn: @ @ @_@

IPv6 IPv6 IPv6 IPv6

A B E F
BUoIKA Oy @_@_1 DI | _@_@

IPv6 IPv6 IPv4 IPv4 IPv6 IPv6
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2 npdyywan (Tunneling)

AovyIKA oyn:

®uoikh oyn:

IPv4 tunnel ouvdéci

@ @ IPvé6 dpopoAoynTéc @_@

IPv6 IPv6 IPv6 IPv6
IPv6 IPv6 IPv4 IPv4 IPv6 IPv6
Flow: X Flow: X
Src: A Src: A
DeST: F Des-‘-: F

data data
A B: ' ' E F:
]-:;3_6 ' B-to-C: B-to-C: i;?/_é '
IPv6 inside IPv6 inside
IPv4 IPv4
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KepdAaio 4: Emtitedo AikTOou

4.1 Eiocaywyn 4.5 AAyopi1Bpuoi dpopoAdynong
4.2 AikTua gikovikoU 0 Katdotaong Cevénc (Link State)
KUKAWUATOC Kal 0 AiavUopaTog améoTaong
dedopevoypduparog (Distance Vector)
4.3 Ti ppiokeTal péoa o' éva a Iepapxikn opopoAoynon
dpopoAoynTh 4.6 NpopoAdynon oto AiadikTuo
4.4 TIP: TTpwTdkoAAO a RIP
AiadikTUou (Internet o OSPF
Protocol) 0 BGP
0 Mopen dedopevoypdpaTog
0 AieuBuvaioddtnon IPv4
o ICMP
o IPvé6
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AAMNAeTTiOpaon HeTalU dpopoAdynonc kai powononc

0 aAyopiBuoc dpopoAdynong kaBopilel Tn

d1adpopn amod dkpo o€ Akpo HEOW TOU
routing algorithm 3IKTUOU

o0 Tivakag mpowOnonc kabopilel Thv
Tpowenaon Tomikd aTtov dpopoAoynThi

local forwarding table
header value |output link

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

IP d1eUBuvaon TTPooPICHOU OTHV %
KEQAAIdO TOU APIKYOUNEVOU TTAKETOU
& , 1

=1l




AQnpnuUEVo HoVTEAD YpdpwV

['pagog: G = (N,E)
N = guvoAo dpoporoyntwy ={ U, v,w, X, Y, Z }

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

TTapatnpnon: To apnpnpévo povTéAo ypdewy cival XpNoipo Kal ae dAAa
dIKkTUaKA TepiPpdAAovTa, X oto P2P, 6mmou N eival To ouvoAo Twyv opoOTIHWY
kai E eival To oUvoAo Twv TCP ouvdéoswy
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ApnpnuéEvo HovTEAO ypdowyv: KOOTN

v ¢(x,x") = k6oTog TG Ceugng (x,Xx')
m.X., c(w,z)=5

v 70 K60TOC Oa Umopouaoe va civai
mavta 1, A va oxetieTal pe 10

e0pog Cwvng, A He Th oupedpnon

KéaTog Tng 81adpophg (X, Xz, X3,..., Xp) = €(X1,X5) + €(X5,X3) + ... + C(X,.1,Xp)

Epwrnua: TToid sivar n eAdxioTou K6oTouC diadpopn HeTall Twyv U Kal z ?

AAy6p180¢ dpopoAdynong (routing algorithm): aAyopiBuog
oV Ppiokel Thv eAdXI0TOU KOOToUC O1adpopn
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Kardratn aAyopiBuwyv dpopoAdynonc

E: KaBoAIkA A amokevTpwpévn

TTAnpowopia;

KaBoAiknh:

Q

a

oMol o1 dpopoAoyNTEC EXOUV Th
OUVOAIKA ToTtoAoyia Kai TAnpo-
POPIEC YId TO KOOTOC TWV
(eUCewy

aAyop1Bpol katdotaong {euéng
("link state")

ATIOKEVTPWHEVN:

a

0 dpopoAoynThe yvwpilel Toug
PUOIKA ouvOEdEEVOUC YEITOVEG,
kKoot (eU€ewc TTPOC YEITOVEC.
etavaAnmTiki diadikacia
uttoAoyiopoU, avtaAAayng
TTANPOYopPiAcC HE TOUG YEITOVEG
aAyopi1Buoi d1avuopaToc
anootaon¢ ("distance vector"”)

2.TATIKOC R OUVAHIKOC;

2. TATIKOG:

Q o1 diadpopéc ahAalouv apyad
HE TO XPOVO

Auvvapikoc:
Q o1 diadpopéc ahAalouv o
yphyopd
= TtEPIOOIKA evnNUéEpWON

= WC¢ amokpion o€ aAAayég
TOU KOOTOUG TWV
(eUCewv
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Evac aAyépiBuocg katdotaong Celéng

AAyopiBuog Tou Dijkstra

O TomoAoyia Tou dIKTUOU, KOOTH

(V€ ewv yvwaoTd oe 6Aouc Toug
KOHPOUC d
= ETITUYXAVETAI HEOW
(eupu)ekmopmic (broadcast)
katdotaong {euéng a

= OAol o1 KOUPoI £xouv Thy idid
TTAnpoyopia
uttoAoyilel TIC 01adpolEC eAdXIOTOU
KOOTOUC amd évav Koppo .
(TTpoéAeuaon) Ttpo¢ 6AOUC TOUC
daAAoug koppoug
= Qivel Tov mivaka dpopoAdynong
Yyl QUTOV ToV KOpPO .

ETTAVAANTITIKOG: HETA amo k
eTAvaAnYeIg, ival yvwoTég ol
eAdx10TOU KOaTOUG O1adpOoUEC TTPOG
k Tpoopiopol¢

2.uupoAiopoi:

c(i,)): koéaToc evénc amod Tov
Koppo | aTov KOHPo j = o av
dcv €ival Aueool YEiTOVEG
D(V): Tpéxouoa TIHA Tou
KOOTOUC ThC O01adpopAC aTo
Thv TtpoéAguon oTov
TIPOOPIOHO V

p(V): TTponyoUpEVOG ATtd TOV
v KOUPOC KATA HAKOC TNG
01adpopnC amo Tnv
TIpoEAEUON OTOV V

N': gUvoAo KOUPpWYV vid ToUg
oTtoiou¢ N eAdXIOTOU
KOOTOUC 01adpopn €XEl
oapwc¢ kaBopioTei
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AAy6p1Buocg Tou Dijsktra

1 Initialization:

2 N ={u}

3 for all nodes v

4  if vadjacenttou

5 then D(v) = c(u,v)
6 elseD(v)=«

7
(\8 Loop

9 find w not in N' such that D(w) is a minimum

10 addwto N'

11 update D(v) for all v adjacent to w and not in N' :

12 D(v) = min( D(v), D(w) + c(w,V) )

13 /* new cost to v is either old cost to v or known

C4 shortest path cost to w plus cost from w to v */
1

5 until all nodes in N'
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AAyop1Buog Tou Dijkstra: TTapddeiyua

D(v) D(w) D(x) D(y) D(z)
Step N’ p(v) p(w) p(X) _p(y) p(z)

0 u  7u Gu 5u e oo
1 uw 6w G,uWM1w o
2 uwx  @B,w) 1MW 14,X
3 UWXV do,v) 14,x
4 UWXVY 12,
5 uwxvyz

TTaparnpnoeig:

O Kataokeun 0évTpou ouvTopoTepnC 01adpopng
evromi{ovradg Toug TponyoUHEVOUC KOUPOUC
O Mmopei va umtdpxouv “1oomtahisc”
(omave auBaipeTa)
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AAy6p1Buog Tou Dijkstra: dAAo Tapddeiyua

Step N'  D(v),p(v) DWw),p(w) D(x),p(x) D(y),p(y) D(z),p(z)
0 u 2,U S5u _ 1u o oo
1 ux «— 2,U 4,X 2.X oo
2 uxy«——2;0 3,y 4.y
3 UXyV < 3,y 4.y
4 UXYVW «— 4.y
) UXYVWZ <+
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AAyop1Buoc¢ Tou Dijkstra: mapddeiypa (2)

AévTtpo eAdxioTwy diadpouwy (shortest-path tree) amod Tov u:

Sw2

-

TTivakac dpopoAdynonc oTov U:

destination

link

N & <X X <

(uv)
(u,x)
(u.x)
(u,x)
(u,x)
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AAy6p1Buo¢ Tou Dijkstra: gulATnon

TToAutAokOTNTA TOU aAyopiBpuou: n kKopPol

O KkdO¢ emavaAnyn: xperdletal va e€eTdoel 6Aouc Toug Koupoug, w,
Tou Oev avhikouv ato N

O n(n+1)/2 ouykpioeig: O(n?)
O eivar duvarég mo armodoTikég uhotroinoelg: O(nlogn)

Eivai duvaTov va spgavioTouv TaAavrwoeig: (kivnon mpog A)
O T.X., K6oTo¢ (eUENC = TTOOOTNTA Kivnong TToU HETAPEPETAI

Q
! 1 l+e
ue Sedopéva auTd Ta KOOTN, pe Sedopéva auTd Ta kéaTn, HE 0edopEva auTd Ta KooTN,
apx| Kd Bpec véa dpopordynon... Bpeg véa dpopordynon... Ppeg vz»;oc SPOMO?MOWGH- .-
TPOKVTTOVV VEX KOGTN TPOKVTTOVV VEX KOGTN TPOKVLTTOVV VEQ KOOTT
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AAyop1Buoc AiavUouaroc ATtéoTaocng
(Distance Vector)

E¢iowon Bellman-Ford (duvapikoc mpoypdupudTiopoc)

OpiCoupe

d,(Y) := K60TOC TNG €AdxIOTOU KOGTOUG 81adPOUAG
amoé Tov X gToV Y

ToTe

dx(y) = mvin {c|(x,v) + dv(\Y) }

\l ’ é 14
KOOTOG amé yeiTOVA V OTOV TTIPOOPIGHO Y

KOOTOC YId TOV YeiTOvd V

To min Aaupdvetal Tdvw og 6AoUC TOUG YEITOVEG V TOU X
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TTapdadeiyua Bellman-Ford

>apwg,d(z)=5,d(z)=3,d,(z)=3

H eCiowan B-F Aéer:

d,(z) = min { c(u,v) + d (2),
c(u,x) + d,(2),
c(uw)+d,(2)}

=min {2 + 5,
1+3,
5+3} =4

O koppoc¢ Tov emITUYXAVEI TO EAAXIOTO €ivdl TO ETTOUEVO
dAua (hop) atn PpaxuTepn d1adpopn, XPNOIHOTIOIEITAI GTOV
Tivaka powonong
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AAyop1Buoc Aiaviouaroc ATT6oTacnc

> D, (y) = ekTigunon Tou eAdX10TOU KOOTOUG ATTO
TOV X OTOV Y
« O koupoc¢ x diatnpei To didvuopa amdéoTaong
Dx = [Dx(y):y € N ]
> O koupocg Xx:
yvwpilel To KOOTOC TIpoC KAOe yeiTova v: c(x,v)

- Aiatnpei To didvuopa amdéoTaoNg TWV YEITOVWY
Tou. Na kAB¢ yeitova v, o KOUPoc¢ x diaThpei

D, = [Dy(y): yeN]
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AAyop1Buoc diavuoudTog admoaTadong

Baoikn 10€a:

Q TakTika, kKaBe koppoc oTéAvel To d1k6 Tou didvuopd
amdéoTaong oToug YEITOVEC TOU

Q OTav o Koppoc x Aaupdver véa ektipnon DV amé yeitova,
evhuepwvel 1o 01kO Tou DV pe xpnon tng B-F eCiowonc:

D,(y) < min {c(x,v) + D(y)} ywa kaBe koupoy € N

0 Yo puaoioAoyikég ouvOnkeg, n ektipnon D, (y)
OUYKALVEL aTO TIpayaTKo EAaxoTto Koatog d,(y)
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AAyop1Buoc Aiaviouaroc ATT6oTacnc

EmavaAnmTikéc,

d

d

aouyxpovoc:

KAOe TOTIKA emavaAnyn
TIpokdAegiTal amo

aAAayn KOOTOUC TOTTIKAG
Ceugng

pAvupa evnuépwoncg DV amo
yeiTova

Katavepnuévoc:

d

KaBe koupoc eidoToici Toug
yeiTovec povo 6tav 1o DV Tou
aAAalel

O yeiToveg TO0TE €100TTOI0UV

TOUG YEITOVEG TOUG av
xpeialeral

KaBe koupoc:

}

Tepipeve yia (aAAayr KOOTOUG TOTTIKNAG
¢eugng N MAVUPA ATIO YEITOVEG)

|

—aVAUTTOAOYICE TIC EKTIUNTEIC

|

Av 10 DV T1p0OG KATTOIO TTPOOPIOHO £XEI
aAAGEEI, €100TTOINOE TOUG YEITOVEG
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D,(z) = min{c(x,y) +
D(z), c(x,z) + D,(z)}
= min{2+1 ,7+0} =3

D,(y) = min{c(x,y) + D,(y)., c(x,z) + D,(y)}
= min{2+0 , 7+1} = 2

node x table
cost o

cost

OO0 OO

from
N < X

nhode y table
cost to
Xy z

oo OO

(o)

X
Y
y

from

OO OO

nhode z table
cost to

X'y z

oo OO OO

from
N < X

» time
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D,(y) = min{c(x,y) + D,(y)., c(x,z) + D,(y)}
= min{2+0 , 7+1} = 2

node x table
cost o

OO0 OO

from
N < X

OO0 OO

hode y tablgos + to

X'y z

oo OO
(o)

X
Y
y

from

OO OO

nhode z table
cost to

X'y z

oo OO OO

from
N < X

cost ;c/

£
(@)
| -
Y

from

D,(z) = min{c(x,y) +
D(z), c(x,z) + D,(z)}
= min{2+1 ,7+0} =3

» time
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Aidvuoua amdéotaonc: aAAayéc kéoTouc Cevénc

AAAayéc koaToug Ceuéng:

> O koupocg avixvelel aAhayh KOOTOUG TOTIIKAG
Cevéng

> Evnuepwver Tnv TAnpogopia dpopoAdynong,
¢ava-umoAoyilel To didvuopa amoéoTaong

> Av 10 DV aAAdCel, e1domolei TOUG YeEiTOVEG

50

Ma dpopoAdynon mpog Tov X (apopd Toug KOpPoOUG y Kat z) :

2 xpovo ty, 0 y avixveUel Thv dAAayn aTo K6aTog TnG Ceugng, evnuepvel To DV Tou,
Kdl EVAUEPWVEI TOUC YEITOVEG TOU

TA KAAA VEA  5¢ wpévo t;, 0 z BEXETAI TRV EVALEPWON ATIO TOV Y KAl EVALEPWVEI TOV TivaKd Tou
Tagi1devouv Y1oAoyilel éva véo eAdXI0TO KOOTOC TIPOC TOV X Kdl aTEAvEl 0TOUG YeiTovEC Tou To DV Tou
ypfivopa"

2& Xpovo t,, 0 y DEXETAI TNV EVNHEPWON TOU Z KAl EVNUEPWVEL TOV TTVaKa amootacng
Ta eAdxiota Kooth tou y dev aAAadouv Kat £Tat o y Jev aTéAVeL Kavéva URvUla oTov Z
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Ma dpopoAdynon mpog Tov X (YpauHn oTov Ttivaka) apopd TiVAKeS TWV KOUPWY y Kal z)

via

X Z
OK:

Y
D
X

time >
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Aidvuoua amdéotaonc: aAAayéc kéoTouc Cevénc

AMayéc kooToug (eléncg:

O O koupog¢ avixvevel aAAayn KOGToUG 6
ToTKAC {evéng

QO Ta kakd véa Ta1dcvouv apyd -
TpoPAnua “péTpnong HExp! To 50
ameipo”!

Q 44 smavaAnyeig Tpiv 0TaBepoToInOEi
o aAyépiBuoc (yiari;)

“poisoned reverse"

Q Av o Z dpopoAoyei péow Tou Y via va
pTdoel aTov X

= O Z Aéei otov Y OTI n amooTaon
Tou amo Tov X eival ameipn (Wore
o Y va un dpopoAoyei oTov X
Héow Tou Z)
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Ma dpopoAdynon mpog Tov X (YpauHn oTov Ttivaka) apopd TiVAKeS TWV KOUPWY y Kal z)
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2 Uykpion Twyv LS kai DV aAyopiOuwyv

TToAutAOKOTNTA HNVUPATOC

O LS: pe nkoppoug, E Cevec,
otéAvovtal O(nE) pnvupara

Q DV:avraAhayn povo petalu
YEITOVWY

0 XpOVOC OUYKAIONG TTOIKIAEI

Taxurnta cUykAiong
O LS: O(n?) o aAyépiBuocg amaiTei
O(nE) pynvupara
HTTOpEi va €xel TAAAVTWOEIC
Q DV: o xpovog ouykAiong molkiAel
HTTopEi va uttdpxouv Ppoxol
dpopoAdynong

TpdPAnpa péTpnong HéExp! To
ATeIpo

EupworTia: 11 ouppaiver av évag

OpopoAoynTAC OUCAEITOUPYEI;

LS:

> 0 KOUPOC HTTopEi va eKTTEUYEI
AdBo¢ kéoTo¢ (elénc

> KABe koppocg uttoAoyilel pévo
T0 JIKO TOU Trivakad

DV:

> o DV koppoc pmopei va
EKTTEHYEI EGPAAHEVO KOOTOC
01a0popng

> 0 Tivakag KaBe kopupou
XphoigoToieiTal amwo dAAoug

> Ta AdOn diadidovTal Héow Tou
OIKTUOV

Aiktua Emikoivwviwyv- Emimtedo AiktOou 4-93



Lepapxikn ApopoAdynon

H peAéTn Tng dpopoAdynong we Twpa €€10avIKEUPEVN:
> 0Aol o1 OpopoAoOYNTEC TTAVOHOIOTUTION

> «emimedo» (flat) dikTuo

... 0V 10XVel oTnV TIpdén

KAipaka: pe 600 ekatopplpia AiaxeipioTIKA auTovopia
TPOOPIGHOUG 0O Aiadiktuo = 8ikTUuO SIKTUWV
Q dev umopei va amoBnkeuToUv o kdEBe d1axeip1oTAC OIKTUOU
oAol o1 Tipoopiapol UTOLIJC evdéxeTal va OEAel va eAEYXEl
Tivakeg 6popoAdynang! TN dpopoAdynon oTo 31Kd Tou
O n avraAAayn Twyv TIVAKWY OiKTUO
dpopoAdynong ©a katdkAule
TI¢ (eVCeIC
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Lepapxikn ApopoAdynon

O opadotoinoh dpopoAoynTwy

o€ TEPIOXEC, «AUTOVOUd
ovoTthpata» (“autonomous
systems” (AS))
OpopoAoynTég Tou idiou AS

TPEXOUV TO 1010 TIPWTOKOAAO
dpopoAdynong
= TTPWTOKOAAO dpopoAdynong

“intra-AS" [TTpwTOKOAAO
OpopHoAdynong evéoautovopou
ouoTAHaToc]

= QpoHoAoynTEéC o€
OldPopPETIKA AS pTTOPOUV

va TpEXouVv d1aPopETIKA intra-
AS TTpwTOKOAAG OpopoAdynong

ApopoAoynthc TUANC

(Gateway router)

Q ZTtnv “dkpn" Tou dikoU
Tou AS

O Exel (evén pe
dpopoAoynTh o€ dAAo
AS
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Aiaouvdedepuéva AS

55

AS3

Intra-AS Inter-AS
Routing Routing

\ali;orith algorithm

\
AS2
AS1 Q O mivakag mpowOnonc

dlapoppwveTtal amod intra-
(evdo-) kai inter- (81a-) AS
aAyop1Bpouc dpopoAdynong

O1 intra-AS aAyopiBuol
opiouv kKaraxwpioei¢ yia
EOWTEPIKOUC TPOOPIOHOUC
Tooo ol inter-AS, 600 Kai
ol intra-As aAydpiBpoi
opiouv karaxwpioei¢ yia
e wTEPIKOUC TTPpoOPIoHOUC
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Epvagiec Inter-AS

O Eotw 671 dpopoAoynTAg aTo To AS1 mpémer:
AS1 Aaupdver datagram pe 1.  Na pdOei moloi Tpoopiopoi
TPOOPIOHO €KTOC Tou ASL: gival Ttpooeyyioigol HEow
O 3popohoynThc Ba Tou AS2 Kai ToIoi HEow Tou
ETTPETE va TTPowONoel TO AS3
TAKETO o€ OpopoAoynTh 2. Na diadwoel Tnv
TUANnG (gateway router), TTANpopopia TTPooEyyiong oc
dAAd o€ TToI10V; O0Aou¢ Toug dpopoAoynTEC
oTto ASl1
AouAeid Tne inter-AS
dpopoAoynonc!
S0 N\
AS3 other
ther networks
zeTwor'ks ‘ AS2
ASl1
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TTapadeiyua: KaBopioyoc Tou mivaka mpowOnonc
oTo dpopoAoyntni 1d

O Eotw 611 To AS1 paBaiver (péow TTpwTOKAAAOU inter-AS) 6TI To
UTtodiKTUO X gival Tpooeyyioipgo péow Tou AS3 (dpopoAoynTAC TTUANG
1¢) aAAd ox1 péow Tou AS2.

To mpwToKoAAO inter-AS d1adidel Thv TAnpowopia Tpooéyyiong oe
OAOUC TOUC e0WTEPIKOUC OpOHOAOYNTEC

Q O dpoporoyntnc 1d kaBopilel péow TnC intra-AS mAnpowopiac
dpopoAoynong o1 n diettapn Tou I eival otn diadpoph eAAxiIoToU
KOOoToUuC Ttpo¢ To 1c.

Eiodyel kataxwpion otov mivaka mpowOnong (x,I)

&5 1 . |

other networks
networks
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TTapddeiyua: AiaAéyovrac petall moAAaTTAWY AS

0 Botw TWpa 011 To AS] paBaivel amoé To inter-AS
TIPWTOKOAAO OTI TO UTTOOIKTUO X €ivdl TTPOOEYYiOIHO
amo 7o AS3 Katamo to AS2

A Tia Tn drapépewon Tou Tivaka mpowdnong, o
dpopohoynThg 1d mpémel va kaBopioel Tpog moIdV
dpopoAoynTh TUANG Ba mpémer va mpowOei Ta TakéTa
yid TOV TIPOOPIOHO X

« AUTO cival emiong douAsid Tou inter-AS
TpwTOoKOAAOU dpopoAdynonc!

/ﬁ

other
networks

other
networks

AS1
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TTapddeiyua: AiaAéyovrac petall moAAaTTAWY AS

Q ApopoAdynon kauthg martdrag (hot potato routing): oTeiAe To

TTAKETO OTOV TTIO KOVTIVO AdTto Toug OUo OpopoAoynTEG

Md&Be atrd 10 inter-AS
TTPWTOKOAAO OTI TO
UTTOOIKTUO X €ival
TIPOCEYYIOIUO HEOW
TTOAAQTTAWYV TTUAWV

XpnOIYOTToiNOE TIG
TTANPOYOPIES
dpopoAdynong atrd
TO intra-AS
TTPWTOKOAAO
yla va kaBopioeig Ta
KOOTN TwWV EAaXiOTOU
KOOTOUG dIadPOUWYV
TTPOG KaBeyia atrd
TIG TTUAEG

ApopoAdynon
KAUTAG TTATATAG:
ETTiAeCe TNV TTUAN
TTOU €XEI TO
MIKPOTEPO EAAXIOTO
KOOTOG

—_—
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KaBbploe armrd tov
TTivaka
TTpowBlnong TNV
OlETTAPN
| TTOU 0ONYEI OTNV
TTUAN
eAaxioTOU
KOOTOUG.
BaAe 10 (X, |) oTOV
TTivaka
TTpowlnong




KepdAaio 4: Emitedo AikTOoU

4 1 Eioaywynh

4.2 AikTua gikovikoU
KUKAWUATOC Kal
dcdopevoypdupaTog

4.3 Ti ppiokeTal péoa ' éva
dpopoAoynTi

4.4 TP: TTpwTtokoAAO
AiadiktUou (Internet
Protocol)

0 Mopen dedopevoypdpaTog

o AieuBuvoiodétnon IPv4

o ICMP

o IPvé

4.5 AAyop1Bpo1 dpopoAdynonc
0 Kardotaong Cebénc (Link State)

0 AiavUopartog améoTtaong
(Distance Vector)

0 Iepapxikh OpopoAdynon
4.6 NpopoAdynon oto AiadikTuo

o RIP

0 OSPF

o BGP
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ApopoAdynon intra-AS

QO MvwoTtd kai wg Interior Gateway Protocols (IGP)
(TpwWTOKOAAG EOWTEPIKAC TTUANC)

Q Ta mo koivd Intra-AS mpwTtdkoAAa dpopoAdynong :

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

= IGRP: Interior Gateway Routing Protocol
(1diotayéc Tng Cisco)
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RIP ( Routing Information Protocol)

Q TTepieAROn otn diavoun BSD-UNIX 1o 1982

Q AAyopiBpoc diavuopaTog améaTaong
MeTpikh amooTaong: # aAudtwy (max = 15 hops), kaBe Teln Exel
kooTog 1
AvTaAAdoaael DVs pe Toug yeiToveg kdBe 30 sec oe amavTnTiko pAvVUHA
(dnpoaiomoinon)

KdaBe dnpoaoiomoinon: Aiota péxpt kai 25 umodikTua mpoopiopoi (UTTd Thv
évvola Tn¢ IP di1euBuvaiodoTnong)

ATo Tov dpopoAoynTn A oTd
UTT0QiKTUA TIPOOPICUOU:

u
k} v TTpoopioudc AAuara
A B> W 1

u
Y 2
w 2
X X 3
<t ; 3
y Z
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RIP: TTapadeiyua

W—@\-/xgg @y—@z
A D B S

=

C

IYmodikTuo mpoopiopol  Emépevoc SpopoAoynThc TTANGo¢ aApdatwv
Yid TtpoopIiopo

w A 2
Yy B 2
Z B 7
X -- 1

TTivakac dpopoAdoynonc oto dpopoAoyntnn D
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RIP:TTapddsiyua

Dest  Next hops Anyooiomoinon amé 1o A oto D
w - 1 /
X - 1
y C 4
g Z
<= G- @ y oo =
A é\ 5
C
YnodikTuo mpoopicpoy Enodpevog dpopoAoynTng TTARGoc¢ aAudatwv oTov
TPOOPIoHO
A 2

X NX &

B 2
B A % 5
- 1

TTivakag dpopoAdynong oto dpopoAoynth D
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RIP: Amotuxia {evtng kai avdavnyn

Av 0ev akouoTei dlapnuion petd amé 180 sec --> o
veitovac/n (evén Bcwpeital vekpoc

= O1 01adpopéC HEOW TOU YeiTova TTavouV vda eival
EYKUPEC

= Née¢ diapnpioeic aTéAvovTal OTOUC YEITOVEC

= Q1 yeiToveCg Ue T 0cIpd TOUC OTEAVOUV VEEC
diapnuioeic (av dAAalav o1 Tivakeg)

« H mAnpoyopia amoTtuxiac Tng {evEnc diadideTal
ypnyopa (;) o oAOkAnpo To diKTUO

= Xpnoyomoleitat poison reverse yid Thv dmmoguyn
Ppoxwv ping-pong (dmeipn améorach = 16 dApara)

AikTua Emikoivwviwv- Emitedo AiktUou 4-106



Eme€ epyaoia mivaka RIP

a H daxeipion Twv mivdkwy dpopoAdynong Tou RIP viverar améd
diepyaoia emimédou epappoyn¢ Tou ovopdleTai route-d
(daemon)

a O1 diapnpioeic atéAvovTal oe takéTa UDP, emavaAaupdavovrai
TTeP1001KA

routed

Transprt Transprt
(UDP) | (UDP)
network | |forwarding forwarding| | network
(IP) table table (IP)
link link
physical physical
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OSPF (Open Shortest Path First)

Q “"AvoikTo": dnuooia d1aBéaiun podiaypagph

O Xpnoipotroiei aAyopiBpo katdotaong Ceuénc (link state)
- Aiddoon makétou LS
= XdpTn¢ TomoAoyiag s kAOe kKoupo
= YmoAoyiopdg 81adpopng e xphon Tou aAyopiBuou Tou Dijkstra
Q H dnpoaoiomoinon Tou OSPF petagpéper povo pia
KATaAXwpion yia kB¢ yeiTovikd dpopoAoynTi
A Oi dnuoaiotroinoeig diadidovTtal ae oAokAnpo 1o AS
(Héow mAnpuUpag (flooding))
= MeTagépovtal oe pnvopata Tou OSPF ameuBeiag emdvw oto IP
(avTi yia TCP n UDP)
Q TTpwTtokoAAo dpopoAoynonc IS-IS: axedov
Tavopol6Tumo pe To OSPF
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«TTponyuéva» xapaktnpioTikd Tou OSPF

(6x1 o10 RIP)

d

d

AopdAcia: 6Aa Ta pnvupara tou OSPF auBevTikomoloUvTai (yia
amoPuyn KakoPouAwv €1oPoAWV)

Emitpémer moAaTAéc Biadpopéc idiou KdoToug (Hdvo pia diadpoph
oto RIP)

Ma kdBe CeU&n, ToANATTAEC HETPIKEC KOOTOUC Yid S1a@opeTikO TOS
(Tr.X., K6aTOC dopuPopIKAC (elEnc BewpeiTal «xapunAo» yia TOS
BPEATIOTNG TtpooTtdOeiag, uynAd via TOS mpaypaTikoU Xpovou)

EvowpaTwpévn utooTApIEN Hovo- Kal TTOAU-EKTTOUTTIAC
(unicast/multicast):

To Multicast OSPF (MOSPF) (OSPF moAu-ekmopmnicg)
xphoigoTolei Thyv idi1a pdon dedopévwy ToToAoyiac pe To OSPF

lepapxiko OSPF oe peydAouc Topeic (domains)
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Tepapxiko OSPF

boundary router

[N 'd backbone router

AN
==X Backbone s
)4« boder N A B8
' C routers A
: ‘internal
- roulers -
» =
_ ~ M
-G8 Area 3

Area 2
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TLepapxiko OSPF

0 Auvo emtiteda 1epapxiac: TOTIKA TTEPIOoXA, OIKTUAKOC KOPHOC.
Anpoaoiomoinoeic katdotaong (eUEng povo oTnv Tepioxh
= KdaBe koppoc €xel Th Aemrtopeph TommoAoyia; IM'vwpilel povo Thv
kaTeUBuvon (PpaxuTepn diadpopn) TTpo¢ dikTua oe AAAEC
TTEPIOXEC
Q [MapaueBdplot auvoplakoi dpouodoyntéc (area border routers):
"ouvoyilouv" TIC amooTdoeI¢ Tpo¢ dikTuad aTn SIKA TOUC TTEPIOXA, TIC
dnpoaiomoloUv oc dAAou¢ TtapapeOopiouc ouvopiakoUg dpopHoAoynTEC
O Apouoloyntéc diktuakou Kopuou (backbone routers): Tpéxouv
dpopoAdoynon OSPF mepiopiopévn aTov SIKTUAKO KOPHO.

O Zuvoplakol dpopoAoyntéc (boundary routers): cuvdéouv He dAAa
AS.
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ApopoAdynon inter-AS oto AiadikTuo: BGP

O BGP (Border Gateway Protocol): 1o de facto
TTpWTOKOAAO dpopoAdynong petall Topéwyv (domains)
O To BGP mapéxel oe kABe AS éva TpoTo yia:

eBGP: va Aaupdvel mAnpowopieg¢ mpooéyyiong uttodiKTUOU
amo yeITovikd AS.

IBGP: va d1adidel TiI¢ TAnpowopicc Tpoaéyyiong ae 6Aoug
Tou¢ dpopHoAoynTEC TTOU gival EowTEPIKOi 0To AS

Na kaBopilel Tic "kaAéc” diadpopéc mpo¢ dAAa diKTua e
Pdon TIC TTANPOYOPIEC TTPOOEYYIONG KAl Hid TTIOAITIKA
0 EmTpémel oe kAOe uTodikTUO Va diapnuilel Thv
UTtap&n Tou oto umdAoito AiadikTuo: "Elpat edw”
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Ta paoikd Tou BGP

Q 2U0vodol BGP (BGP sessions): 2 BGP dpopoAoynTéc
(opoTIHO1) avraAAdogouv BGP punvupara:

= Anpoaoiomoiolv diadpopéc TPog diapopeTIKOU TTpoopiopoU dIKTUAKA
mpoBépara (TpwTokoAAo “diavuopartog diadpopnc”)

=  AvTtaAAdooovTal TTavw amoé nui-povipec TCP ouvdéaeig
Q Otav 1o AS3 diapnuilel éva mpdBOepa oTtov ASI:
« To AS3 umoaxetat 671 Ba mpowBOnRoel datagrams mpog
auTo To TTPOBEepa.

« To AS3 pmopei va opyadotoinoel Ta TpoBéuarta oTh
ONHoaoI0TT0IiNCNA TOU

————— eBGP session

@ Y iBGP session
3 3¢+ message @ iy
AS3 e T @b>——  networks
other @ s AS2
networks @.,@/ ol
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MnvUuaTta BGP

Q Ta pnvopata BGP avraAAdooovTal peTall opoTIHWY
avw amdé TCP auvdeon.

Q MnvUuaTa BGP:

« OPEN: avoiyel oUvdeon TCP mtpoc Tov opoTIHO KAl
TAUTOTIOIEI TOV ATTOOTOAEA

- UPDATE: dnpoaiomoici véa diadpopun (A amooUpel
TaAid)

- KEEPALIVE: diatnpei Th oUvdeon CwvTtavA eAAEiyel
UPDATES. Emionc empepaiwver aitnon OPEN

- NOTIFICATION: avagépel opdApaTa oe
TTpoNyoUHEVO HAVULA Kdl XPNOIHOTIOIEITAI YIA TO
KAgigigo ouvdeong
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Aiavoun TAnpowopidc TTPoaEyyionc

QO Xpnoipomolwvtag ouvodo eBGP petalu Twyv 3a kai 1c, To AS3
oTéAvel TTAnpoopicc duvaTdTNTAC TTPOOEYYIong TpoBéuaTog oTo
ASlL.

« To lc pmopei T6TE va xpnoipgomoinael iBGP yia va diaveipel véeg
TTAnpoopie¢ TpoOéparToc oe 6Aouc Touc dpopoloynTég Tou AS]

« To 1b pmopei T6TE va diapnpioe! ek VEOU TIC VEEC TTANPOYOPIEC
Tpooéyyiong oto AS2 péow Tng ouvedpiac eBGP amé 1o 1b-oT1o-
2a

Q Orav kdmoio¢ dpopoAoynTnc paBaivel yia véo tpdOepa dnpioupyei
KATaxwpion yid To Tp6Oepa oTov Tivaka TTpowOnong Tou

_____ eBGP session

@'., ............... iBGP session @\
/S B AS3 "~ /@ ...... @ other
@ A networks
other ST P AS2
networks @.,@ -,
As1l Sl
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To1oxapakTnpioTIkd d1adpoung & diadpopéc
BGP

0 ‘Eva dnpoaiomoiolpevo tpdOepa mepiAappavel
XdpadKTNP10TIKA Tou BGP
= TTp6Ocepa + 1810xapakTnpioTikd = “"diadpopn” (route)
0 AUo onuavTikd 1810XapaKkTNPIOTIKA:

= AS Path: mepiAappavel Ta AS péow Twv oTroiwy £Xel TTEPAOE! N
dlapnpion yia 1o mpéBepa: m.x., AS 67, AS 17

= Next Hop: utodeIkvUel OUYKEKPIUEVO EOCWTEPIKO 0TO AS
dpopoAoynThn TTpo¢ To AS emopevou dApartocg (evdéxeTal va
uttdpxouv TToAAaTtAéc (eueic amo 1o Tpéxov AS oTo AS
£TTOPEVOU dAHATOC)

Q Orav évacg dpopoAoynTAC TTUANC Aappdver Tn diapApion
01a0pOoUNC, XPNOIHOTIOIEI TV TTOMITIKA €10aYWYNC
(import policy) yia va dexTei/amoppiyel

= TT.X., TOTE PN OpopoAoyeic péow Tou AS X
= OpopoAdynon paciopévn o€ KATold TTOAITIKA
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AS Path

T~ > :
St
AS Path = 1755 1239 7018 6341 Global Access

—~ D N ‘- ul
AS 1755
135.207.0.0/16 135.207.0.0/16
\AS 12‘39 AS 12654
135.207.0.0/16 RUIPIE NETE
S AS Path = 7018 6341 » RIS project
Y

135.207.0.0/16
AS7018 AS Path = 3549 7018 6341

135.207.0.0/16
AS th = 6341 o AT&T N —
—~ It - -
AS 6341 — pe—— AS 3549
AT&T Research AS Path = 7018 6341 (ilobal Crossin)g
135.207.0.0/16 S

T.G. 6riffin, ICNP 2002



Next Hop

-
- 12.127.0.121
12.125.133.9(\§ AS 7018
AS 6431 g AS 12654
J )y
A
0 | 7

135.207.0.0/16
Next Hop =12.125.133.90

135.207.0.0/16

Next Hop =12.127.0.121

KdBe popd 1TOU HIa avakoivwon TTpoBEparog diaoXilel Ta ouvopa evog AL,
10 Next Hop attribute aAAader otnv IP address Tou ocuvopiakou
OpopoAoynT TTOU AVOKOiVWOE TNV d1adpoun.

T.G. Griffin, ICNP 2002



TTivakac TTpowOnonc: 2uvduaouoc intra-AS kai
inter-AS dpopoAdynonc via TpowoOnon

135.207.0.0/16

Next Hop =192.0.2.1

135.207.0.0/16

192.0.2.0/30

L
L
)
.

destination  next hop

* EEEEENEEEEEN,
192.0.2.0/30 ‘10.10.10.10 Temmmmmmmmnnr e,

+

*

destination next hop

destination next hop 135.207.0.0/16 | 10.10.10.10

192.0.2.0/30 10.10.10.10
135.207.0.0/16 | 192.0.2.1

s
““-..l.lllllllllllllllllll--
v, puENy L
EEpEEEEEEmEN am®

‘-llll..-“l‘-..lllll.

O...-‘-ll’

T.G. Griffin, ICNP 2002



EmiAoyn d1adpounc BGP

Q O dpopoAoynTnc evoéxXeTal va Hadel yvia
TTEPIOOOTEPEC ATTO Hia O1adpopég via To AS
TpoopiopoU. EmiAéyel diadpopn Paciopévocg oe:

1.

Td10xapakTnp10TIKO TIHAG TOTTIKAG TIPOTIHNONG:
amopaon TOAITIKAG

BpaxUtepo AS-PATH

TTAnoiéoTepoc dpoporoyntngc NEXT-HOP:
dpopoAdynon Kauthg TaTdaTac

TTpooOeTa kpiThpla
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Tomnikn TTpotiunon (Local Preference)

Local Preference

XPNOIMOTTOIEITAI AS 4
Movo oT1o iBGP

local pref = 80 —
local pref = 90 AS 3 }
s

local pref = 100
- AS?2

\
p\

MeyaAUTepeg TINEG TOU Local s
Preference gival TTpoTINNTEEG 13.13.0.0/16

T.G. Griffin, ICNP 2002




2 UVTOoUOTEPO OeV onudivel TAvTd ...oUVTOUOTEPO!

_ T~
TO BGP A€l 611 n
Awadpopn 4 1 givai
KaAUtepnané tnv3 2 1

N 7 N 7

~ ‘o Qx! == N\
/ ™
== AS 4
e : S >
-y -
AS 3 G
B ==
- : : ==
AS 2 G ==
- -y
- / -
-y
} -

—a g S
S -
Ny
-

_ AS1

T.G. Griffin, ICNP 2002



Hot Potato Routing: EmiAe€e 10 mAnoiéoTepo onueio
e€odou

192.44.78.0/24

_/
egress 1

L.

egress 2

L]
‘0

15 IGP distances

AuTtog o SpopoAoyntng £xe1 500 BGP routes npog 192.44.78.0/24.

Hot potato: {eqpopTWwOoOU TNV Kivnhon amd 1o 8iKTUOG OOoU
TO OUVTOHOTEPO duvaTo. EmiAese egress 1!

T.G. Griffin, ICNP 2002



TToAiTikA OpopoAoynong BGP

0IKTUO
TTapPOXOoU

OiKTU
N / nleAdfn
\

a Ta A,B,C givai diktua tapdxwyv (provider networks)
Q Ta X,W.Y civai meAdareg (Twv SiIkTOWV TTAPOXWV)
O To X eivai dieoTiako (dual-homed): ouvdéeTar ae duo dikTua
To X dev BéAel va dpopoAoyei amé 1o B péow Tou X mpog 10 C
.. €101 T0 X d¢ev BOa dnpoaiomoinoel ato B pia diadpopn pog 1o C
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TToAiTikR dpopoAdynong BGP 2

0IKTUO
TTapPOXOoU

\
I / diKTUO
TTeAdTN

\

a To A diapnuilel Tn diadpopun AW oto B
a To B diapnpiler Tn diadpopn BAW oto X
0 Oa mpémel 1o B va diapnpiosr Tn diadpopnh BAW oto C;

> ¢ kapia mrepimtrwaon! To B dev éxel dpeAoc amd Th dpoHoAdynon
CBAW, kaBuwc¢ oute To W oUte To C cival teAdTeg Tou B

- To B BéAc1 va e€avaykdoel 1o C va dpopoAoyei tpoc To W péow
ToUu A

- To B B¢éAel va dpopoAoyei povo mpoc/amod Toug TeAdTeC Tou!
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Mari diapopeTikA OpooAoynon intra- Kai
inter-AS ;

TToAITIKA:

Q inter-AS: o diaxeiploTRC BéAel EAeyxo oTo TTwC dpopoAoyeiTal
n Kivhoh Tou, Tto10¢ dpopoAoyei HEow Tou OIKTUOU ToU

Q intra-AS: povadikoc 01axelploTAC, oTtoTe Oev Xpeldlovral
amopdociC TOAMTIKAC
KAipaka:

Q H iepapxikn dpopoAdynon e€oikovopei péyeOocg Tivaka, Helwpévn
Kivhon evhuepWoewy

Amodoon:
A intra-AS: putmopei va eTKeEVTpWOEel oThV admodoon
Q inter-AS: n TOMTIKA UTtopei va Kupltapxhoel TnG amodoong
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TéNoc EvoTnrac

ENIXEIPHEIAKO MPOrPAMMA
EKMAIAEYZH KAI AlA BIOY MABHZH ;-J EZ nA
£rEvOYon 0TIV UOWWVid TNE VS 2007-2013

=m
YNOYPTEIO NAIAEIAL & BPHEIKEYMATON, MOAITIEMOY & ABAHTIZMOY  EYPQMAiKO KOINQNIKO TAMEIO

Evpwnoaiki ‘Evwon EIAIKH YNHPEZXZIA AIAXEIPIZHE
Eupwnaiko Kowwviké Tapeio

S

Me ™ ouyxpnuatodétnon e EMGSag kar e Evpwmaiirc Evwone



2. nueiwpa Avagopdg

Copyright EBvikév ka1 KamodiaTtpiakév TTavemioTApiov ABnvwy,
Mepdkoc AdCapoc 2015. «AikTua Emikoivwviwvs. Ekdoon: 1.01.
ABnva 2015,

AiaBéoipo améd tn dikTuakh d1eUBuvon:
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XpnuaroddTthon

1 To mapdv ekmaideuTIKO UAIKO £xel avamTuxBei oTa mAaiola Tou
EKTIAIOEUTIKOU £pyou Tou O1ddokovTd.

1 To épyo «Avoikta MaOnuarta oto TlavewioTApio ABnvwv» £Xel
XpnHaTtodoTACEI HOVO Th avadiapépPwaon ToU EKTTAIOEUTIKOU
UAIKOU.

1 To £pyo UAoTrolciTal oTo TTAaiaglo Tou Emixeipnoiakou
TTpoypduparoc «Ekmaideuon kar Aia Biou MdGnon» kai
ouyxpnupartodoTeital amé Thnv Eupwmdikn Evwon (Evupwmdiko
Koivwviké Tapeio) kar amé eOvikoUg Topouc.

EMIXEIPHXIAKO MPOIPAMMA
EKIMAIAEYZH KAI AIA BIOY MAGHZH 5 EZ rIA
ENREVIYON GTNY UOVWVIG TNE YVWON

+= | UM
YMOYPTEIO MAIAEIAL & OPHEKEYMATON, NOAITIZMOY & AGAHTIEMOY IKO KOINQNIKO TAMEIO
Evpwnaikr 'Evwon EIAITKH YIMHPEXZIA AIAXEIPIXHX

Evpwrnaiké Kowvwviké Tapeio z . I s
Me tn ouyxpnuarodotnon tng EAAadag kat tn¢ Evpwmnaikng ‘Evwong



