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Enirtedo Siktuou (emimedo eAéyyou): Ztoxol Kepahaiou

" KATOVONON TWV BacKwV " IPOYHATWON, UAomoinon oto
APXWV ToW ATt TLG Awasiktuo:
UTtNPECLEC TOU emLESOU * OSPF, BGP
dktuou (emimedo eAEyxou): * OpenFlow
* ToPaSOCLAKA TIPWTOKOAAQ * Internet Control Message
SdpopoAdynong Protocol: ICMP
* SDN €AeyKTEG * SNMP

* Sltaxeiplon diktuwv

wtvou: 5-3
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Entinedo diktvou: emnimedo eAEyyou
= gloaywyn
= aAyopLlOpoL SpopoAoynong
= kataotaon (evéng
= SLAVUOHA ATOOTACNG
= §popoAdynon evdo-
QUTOVOMOU cuotipatog (intra-

ISP routing): OSPF , .
. , = Slaxeiplon dktuou
= SpOUOAOYNCN AVAUECA OE . SNMP

ISPs: BGP « NETCONF/YANG
= eTtinedo eAéyxou SDN

= Internet Control Message

Protocol




Aettoupylec emumedou HLKTUOU

" powBnon: pETaPEPEL TIAKETA QIO TV Ertimebo bebouevwv
eloodo tou Spopoioynti og pLa KAtdAANAn
€€odo

= SpopoAoynon: kabopilel tnv dStadpoun
TIou Bat akoAouBrcouV Ta TTAKETA ATIO TNV
TtNyr oTOV TPOOPLOUO

Ertimebo eAgyyou

AUo pooeyyioeLc:
= ¢Aeyxog ava Spopoloynth (mapadooiaka)
= AOYLKQ KEVTPLKOTIOLNHUEVOG EAEYXOC (software defined networking)

Entimedo eAeyyxou ava dpopoloyntn

ZEXWPLOTA CUOTOTIKA oTolxela adyopiBuou dpopoldynong oe
kade evav Spouodoyntry aAAnAemidpouv oto emninedo eAéyxou

€TmiTTEdO

eAéyxou

ETiTTEdO
dedopévwv

o 2
1001 1

TINEG KEPAAiDAG

Eninedo Aktbou: 5-6
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AoyKa Kevtplkomolnpevoc eAeyyoc (SDN)
‘Evac AOYLKQ KEVTPLKOTIOLNEVOC EAEYKTAC UTTOAOYLLEL KOl SLaVEEL
Tou¢ Ttivakes mpowBnong og kABes Evav SpouoAloyntn

control
plane

5/22/2026

Entinedo diktvou: emnimedo eAEyyou
" loaywyn
= aAyopLlOpoL SpopoAoynong
= kataotaon (evéng
= SLAVUOHA ATOOTACNG
= §popoAdynon evdo-
QUTOVOMOU cuotipatog (intra-

ISP routing): OSPF , .
. , = Slaxeiplon dktuou
= SpOUOAOYNCN AVAUECA OE . SNMP

ISPs: BGP « NETCONF/YANG
= eTtinedo eAéyxou SDN

= Internet Control Message

Protocol

:5-8




[MpwtokoAAO SpopoAdynong

mobile network

2TOXOC TWV TMPWTOKOAAWV
6pouo7\c’>y(%0r]q: kaBopilouv «kaAd»

povoratia (OLadpopEC) amo mnyEg o

T(POOPLOOUG

= povorndria: akoAouBia Twv ,
Spopoloyntwy amo OTnou NepVAvVe ta
TIOKETA yLa va odnynBouyv amo pia ,
QpXLKH TINYN TPOG TOV TEALKO TTPOOPLOUO

= «KkoAd»: elayioTou kOGTOUG, /o] g —
YPNYOPOTEPQ, UE TN HIKPOTEPN : : netuork

network

oupdopnon
= §popoAoynon: avapeoa otig 10 o
’ JA 1 | . e , = networl
dnuoodleig mpokAnoelg ota diktua! enterprise yoEs

Eninedo Aktbou: 5-9

AdnpNUEVO LOVTEAD YPAPwWV: KOOTOC (eUEEWV

Co b’ KOOTOG amtevTeiag (eUENG TTOU CUVSEEL
Tova peTov b
TX., Cy,=5,C,,=
TO KOOTOC KaBopileTal anod Tov
Slaxelploth tou Siktvou: Ba pmopoloe
va eivat tavta 1, i avtiotpoda
OUOCXETIOMEVO HE TO EUPOG LWVNG N TN
padoc: G = (N,E) oupdopnon

N: ouvoAo dpouodoyntwv={u, v, w, x, y, z }

E: ouvolo fevéewv ={ (u,v), (u,x), (v,x), (vww), (x,w), (x,y), (Wy), (W,2), (y,2) }

Eninedo Awktvou: 5-10
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Katdataén alyopiBuwv SpopoAoynong

KatBoALkol: 6AoL oL SpopoloynTEG £X0UV T CUVOALKN

£1KOVA YLAL TNV TOToAQYia Ta KOOTH TwV (eVEewV
. axyépleud>link state)

Méco ,
ypryopa OTOTLKOL: Ta

SUVOLKOL: TAL LOVOTTATLAL
aAAalouv Mo cuxva
—_—

aMdfouv povomdtia aAAGlouv

Ta ’ I
apya UE To ovo
uovornartia; pya i Xp

QTOKEVTPWHEVOL: emavaAnmriky Siepyacia

* [MePLOSIKEG EVNUEPWOELS I} WC
OUVETIELD 0 OANQYEG OTOL
KOOTN TWV LeVEEWY;

uTtoAoyLopoU, avtaAlayng mAnpodoplag pLe

TOUG YELTOVEG

* oL §popoloynTEC apxka yvwpilouv povo ta

KOOTN LLE TOUG QT
* aAyoplOuo
(distance vector]y

KaBoAwkn 1 amokevtpwuévn nAnpopopia;

£CTOUG

Eninedo Awktvou: 5-11

Dijkstra: AAyoplBpoc kataotaonc {evénc

= KEVTPLKOTIOLNUEVOC: N SIKTUOK)
TomoAoyia, Ta KOoTN Twv {eVEswv
elval yvwota og 0Aoug Toug KOpBoug
* péow gupuekmounnc (broadcast)
* OMoL oL KOpPoL €xouv ThV 8La mMAnpodopia

= urtoAoyileL T Stadpopég eAdyLoTou
KOOTOUG aro €va kKoo (mpogheuon)
TPOG OAOUG Toug AAAOUG KOUBOoUG
* Slvel mivaka SpopoAdynong yla auto tov

KOUPo

= EMAVAANTITIKOG: HETA amo k
enavaAnPeLg, elvat yVwoTEG oL
ehaylotou kooToug dtadpopég mpog k
T{POOPLOUOUG

oupBoAopol

¢, anevUeiag KOOTOG Levéng
oo Tov KOUPO X OoToV y; = °° av

OXL AuEeoOL YE(TOVEC

D(v): Tp€éxouoa eKkTipnon TOU
KOOTOUC TNG SLadpoung amo tnv
TIPOEAEUCT OTOV TIPOOPLOUO V
p(v): mponyoULEVOC Ao TOV V
KOUBO Katd pAkog tng Stadpoung
amnod TNV MPoEAEUCN OTOV V

N’: 6Uvolo KOUBWV yLa TOUG
oTtolou¢ N EAaXLOTOU KOOTOUG
Stadpoun €xel ocadwg kaboplotet

Eninedo Awktvou: 5-12
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AAyoplOpoc Dijkstra

1 Initialization:

2 N'= {U} /* compute least cost path from u to all other nodes */

3 forall nodes v

4 ifv adjacent tou /* u initially knows direct-path-cost only to direct neighbors */
5 then D(v) = Cuy /* but may not be minimum cost! */
6 elseDfv)=o0

7

8 Loop

9 find wnotin N'such that D(w) is a minimum

10 addwto N’

11 update D(v) for all v adjacent to w and notin N':

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

13 /* new least-path-cost to v is either old least-cost-path to v or known
14 least-cost-path to w plus direct-cost from wto v */

15 until all nodes in N'

Eninedo Awktbou: 5-13

AAyOpLBpuoc Dijkstra: éva moapadelyua

Step N' D(¥)Ip(v) D(yuwg)

Eninedo Awtvou: 5-14
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AAyoplOuoc Dijkstra: éva mapadetlypa

Aévtpo shayiotwv Sladpopwy amo tov u Tiivakag mpowOnong otov u:
destination | outgoing link
Cw3 .
\" (U,V) —— AneuBelag Levén mpog v
= X u,x
< E ! ; Stadpoun amno tov
y u,x u 0ToUg
W (u,x) uTOAOLTTOUG
X (U,X) T(POOPLOUOUG HECW
TOUL X Eninedo Awtbou: 5-15

AAyoplBpoc Dijkstra: Kt dAAo apadetlypo

,  Dm. Dw). DX, D). D),
Step N v, pw)”" p(x)” ply)”" p@)
0 u flu Buw) Bu e

u

11,w o

11w 14X

14,x

TIAPOTNPAOELC:
® KoTaoKeUN SEVIpOU cuvTopdTEPNG SLabpOon G EvTOT{oVTOG TOUG TTPONYOULEVOUG KOUBOUG
" UMOpPEL va UTAPXOUV «LoOTIOALEGY (oTtdve auBaipeta)

Eninedo Awktvou: 5-16
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AAyopBpuoc Dijkstra: culritnon

UTTOAOYLOTLKI) TTOAUTTAOKOTNTA: N KOUPOL (XWPLg va LETPAUE TNV TTPOEAEUON)
= kABe emavalnyn: mpEmneL va e€eTacTolV OAoL oL KOBoL, w, tou Sev avrkouv oto N
= n(n+1)/2 cuykpioelg: mohumAokotntoa O(n?)

= gival Suvatéc o anodotikég VAomotnoelg: O(nlogn)

TLOAUTTAOKOTNTO LNVUUATWV:

= kKABe SpoOAOYNTNC TIPETEL VAL eKTTEUYEL TNV TIANPOodopia (eVENC oe GAOUC TOUG UTTOAOLTTOUG
SdpopoAoynteg

= anodotikol (kat evéladEpovteg!) alyoplBuol eupuekmoumnng: mepva ano O(n) {evelg yla tnv
S61adoaon evog TETOLOU PNVUROTOC oo €vayv SpopoAoynTth.

= kABe pAvupa Spopoloyntr repvd and O(n) Levelc: cuvolikr toAurthokotnta: O(n2)

Eninedo Awktbou: 5-17

AAyopOuoc Dijkstra: mBavec TaAaVTWOELG

= Otav ta KooTn {eUéewv e€apTwvtal and Tov OyKo Tng Kivnong, mBaveg ol TOAQVTWOELG

= ylo mapadelypa:
* SpopoAdynon mPog Tov TPOoOoPLOUO a, UE Kivnon ano b, ¢, d, pe puBuo 1, e (<1), 1
* KOOTN {eLEewV EEXWPLOTA ava KateLBuvaon

pe Sebopéva autd Ta KooTn, pe eSopéva autd Ta KOoTN, pe eSopéva autd ta KOoTN,
GpX|Kd Bpeg véa dpopordynon. .. Bpeg véa Spopordynon... Bpeg véa Spopordynon...
TPOKOTTOVY VEQ KOGTN TPOKVTLTOVV VEX KOOT T(POKUTITOUV VEQ KOOTN

Eninedo Awktbou: 5-18




Entinedo diktvou: enimedo eAEyyou
" loaywyn
= aAyopLlOpoL SpopoAoynong
= kataotaon (evéng
= SLAVUOHA ATTOCTAONG
= §popoAdynon evdo-
QUTOVOMOU cuotipatog (intra-

ISP routing): OSPF , .
. , = SLaxeiplon diktuou
= SpOUOAOYNCN AVAUECA OE . SNMP

ISPs: BGP « NETCONF/YANG
= eTtinedo eAéyxou SDN

= Internet Control Message

hou: 5-19

Protocol et

AAyOpBpoc Alavuopatoc AlooTtaong
(Distance Vector)

Baoiletal otnv e§iowon Bellman-Ford (§uvaukog mpoypopaTtIopog):

— Bellman-Ford efiocwon

‘Eotw D,(y): K60TOG TNG dI0dPOMNG EAAXIOTOU
KOOTOUC QTTO TOV X OTO .

Tore:
D.(y) = mm {c +Dv(y)}

EAQYLOTO KOOTOC QTTO TOV V OTOV Y

T0 EAdyLOTO YL 6Aoug Toug yet’roch; KOOTOG yLa TO Yeitova v
V TOU X

toou: 5-20

5/22/2026
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Napadeypa Bellman-Ford

YrioB€tou e Ot oL yeltoveg Tou u, ot kouBot x,v,w, yvwpilouv nwc yLo Tov

TTPOOPLOUO Z:
D,z)=5 Du(2)=3 H e€iowon Bellman-Ford ivet:
min{c + D7),
Cuw ¥ lW(Z) }
=min {2 + 5,

1+3,
0 KOUBOC TTOU ETTUYXAVEL TO

edaytoto (x) eival to emouevo
aAua otn Bpoyutepn Stadpoun

TTOU UTTOAOYIETOUL PLOL TOV Z  cncsocs

ou: 5-21

ANyOpLOpOC AlavUoUOTOC ATTOOTOONG

N WOEa-KAeLOL:
= o KOLPO o€ KALpO, KABe KOUPBOG OTEAVEL TIG SIKEC TOU EKTLLNOELG
(6lavuopa andéotacnc) otoug YEITOVEG Tou

= Otav o X AapBdvel véa ektipnon (DV) amo onotodnmnote yeitova,
evnluepwvsL To S81k6 Tou SLavuopa andotacng cuupwva pe tnv eélowon
Bellman-Ford:

D,(y) ¢ min fc,,+ D (y)} yio kdBe kopBo y € N

" UTO GUCLOAOYIKEG GUVONKEG avapEVOUpE TV ektiunon D, (y) va
OUYKALVEL OTO TIPAYHATIKO EAAXLOTO KOOTOG d, (Y)

toou: 5-22

5/22/2026
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AAyOpLOpOC AlavUoUOTOC ATTOOTOONG

KaOe kOppoc:

nepipeve ya (aAAayn KOGTOUC TOTILKAG
{evénc N uAvVUpa amo yeitoveg)

l

éavaumoAdyLoe TG EKTIUNOELS

l

Av 10 DV mpog KATOLoV TIPOOPLOUO EXEL
oAAael, etdomoinoe Toug yeitoveg

ETOVOANTITIKOC, A0VUYXPOVOG:

KABe tormikn emavaAnyn npokaAeital ano:
= aAAayn KOOTOUG TOTUKAG (EVENG
= uAVUUA evnpépwong DV amo yeitova

KQTAVEUNUEVOC, AUTO-TEPUATI{OUEVOG:
KaBe kOpPog eldomolel Toug yeitovec uovo
otav to DV tou aAAalel

= Ol YE(TOVEG TOTE €L60TOLOUV TOUG
VELTOVEC TOUG — LOVOo av amatteital

= Sev AapBavovtal eldomnotnoslc, Sev
yivovtal evépyelecg!

Eninedo Awktbou: 5-23

Altavuopa Altootaonc: mapadeyua
D,() |
X
gy D,(2) = min{c,* D,(2), ¢+ D,(2)}
z = min{2+1, 7+0} = 3
D,() , 2 1
] Dx(y) = mln{cx,y+ Dy(y)’ Cx,z+ Dz(y)} X Z
X = min{2+0 , 7+1} =2 7
Sy
Tz
D,(),
X
Sy
= Z
time Eninedo Awktvou: 5-24

12



Altavuopa Artootaonc: mapadeyua

DX() x co;t toz

5/22/2026

x[02 7)) x|
IS g
g Y| oo o« g y
Z o0 o0 o0 Z
D cost to
y() z 2 1
X X X
7
gV y
z z
DZQ
X X
Sy y
time Eninedo Awtvou: 5-25
7 /4 4
Altavuopa Altootaonc: mapadeyua
D,(a)=0
D,(b) = 8
@ 0= | (B = GpD = = oD
D,(d) =1
D,(e) = o0
t=0 D,(f) = ]
D,(g) = > 1 1
= ‘OMot ol koppot gazg)_:: 1
£XOUV TIG al )
EKTLUNAOELS LA TLC Aou “HETPLES5
QTOCTACELG UE Aeimel Levén
TOUG KOVTIVOUG HeYOAUTEPO KOOTOG
TOUG yeltoveg
(novo)
= ‘OMot ot koppot
OTEAVOULV T
SLavuopaTa TouG
OTOUG YEITOVEG
To0UG 1 1

Eninedo Awktvou: 5-26
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Mapadelypa Atavuouatog Alootaon: emavainyn

1 1
t=1
1 1

‘OMot oL kOpBoL:

= Aappavouv

Stavuopata

andotaonc ano

yeitoveg

wtoou: 5-27

Mapadelypa Atavuopatog Altootacng: emavainyn

@ compute compute compute
1 1
‘OMot oL kOpBoL:
|
compute 1 compute compute
umoAoyilouv Tto Véo
Toug Slavuopa
anootaong 1 1 1
compute 1 compute 1 compute

5/22/2026
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Mapadelypa Atavuouatog Alootaon: emavainyn

{Z} == g3 ==
t=1 2

1 1
‘OMot oL kOpBoL: 1 f

OTEAVOUV TO VEO
Toug Slavuopa
anodoTacnG 0ToUG
veltovég Toug

Mapdadelypa Atavuouatog Alootaong: emavainyn

@ = =G =3
t=2

‘OMot oL kOpBoL:

= Aappavouv
Stavuopata
andotaong ano
yeitoveg

15
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Mapadelypa Alavoopatog Almootacng: emavainyn

C.:/} compute compute compute
2 1

1 1
‘OMot oL kOpBoL:
|
computef compute compute
umoAoyilouv Tto Véo
Toug Slavuopa
amooTaong 1 1 1
compute————— compute—l— compute

Eninedo Awtiou: 5-31

Mapdadelypa Atavuouatog Alootaong: emavainyn

c R
t=2 2

'OMot ot kOppoL: 1 t

OTEAVOUV TO VEO
Toug Slavuopa
anodoTacnG 0ToUG
veltovég Toug

Eninedo Awktvou: 5-32
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Mapadelypa Atavuouatog Alootaon: emavainyn

.... KoL ouveyilel €toL

Ac doUpE TouC UTTOAOYLOMOUC TToU AapBAavouv xwpa EMavaAnTiTika
OTOUG KOBOoUC

E

Tinedo Awktvou: 5-33

MNapadeypa Aldvuoua Anoota

D

t=1

= O «koupoghb
Aappavel ta DVs
amno a, ¢, e

D,(a)=0
D,(b)=8
D,(c) ==
D,(d)=1
D,(e) = o
Da(f) =0
Da(g) =
D,(h) = e
Da(i) =0

D (a) = o
D(b) =1
D (d) ==
DC(e) =0
D (f) = o
Dc(g) = o
D (h) ==
DC(i) =

D.(b) =1

D (d) =1
D.(e)=0
D(f) =1

D.(h)=1
Dg(i) = e°

D.(a) ===

D(c) = o

De(g) =0

Eninedo Awtvou: 5-34
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’ ’ ’ DV c:
Noapdadetypa Atavuopa Amoota D (a) = =
D,(b) =1
. Dc(c)=0
Da(a)=0 D (e) = oo
D,(b)=8 - 4. - Em:w
Da(c) =©° B tE @ DC( ) =00
Da(d) =1 8 compute 1 Dc(ﬁ) -
Dy(e) = oo DLl = oo
t=1 D,(f) = I .
D = oo
= O b Aappdvet and Daiﬁ; -
TOUG 3, ¢, e, Kal D.(i) = o D(a) = o=
urtohoyileL: — 2 D:(b) =1
Dy(a) = min{c, ,+D,(a), ¢, +D(a), C, o tDc(a)} = min{8,eo,00}=8 Beg))::;o
Dy(c) = min{c,, +D,(c), C,+D(c), Cp e +Dc(c)} = min{eo,1,00}=1 D.(e)=0
Di(d) = min{c, ;+D,(d), Gy +D(d), Cp e +De(d)} = min{9,2,0} =2 D(f) =1
Dy(e) = Min{c,+D,(e), G, +Dy(e), Coe+D(e)} = minfe,e=,1}=1 o1
D, (f) = min{c,, ;+D,(f), ¢, +D.(f), c;, o +D,(f)} = min{eo,e0,2}=2 D:(i) =00
Db(g) = min{cb,a+Da(g)l cb,c+Dc(g)l cb,e+De(g)} = min{‘x’: *°, °°} = gbga)) = f gbgf)) =2
Cc)= = oo
Dy(h) = min{c, ,+D,(h), ¢, +D.(h), ;¢ +Dc(h)} = min{ee, o, 2} =2 DE(d) =2 DZ(E) =2
Dy(i) = min{c, ;#+D,(i), Cyp,c +D(i), €1, +De(i)} = min{ee, o0, oo} = 0o Dy(e) =1 Dyfi) = o0
Eninedo Awktvou: 5-35

’ ’ ’ DV c:

MNapadeypa Aldvuoua Anoota o)
D(b) = 1

: Dc(c)=0
D,(a)=0 D (e) = oo

D,(b) =8 - Dc(f) oo
<::> o= | B b D.(g) = =
Dy(e) = o= o oom
t=1 D,(f) = . . :
= O cAappdvel DVs g:zﬁ)) _ : 1

amno tov b D,(i) = oo De(a) = o
D.(b) = 1
De(c) = oo

D.(d) =1

D.(e)=0

D.(f) = 1
De(g) =0

D.(h) =1

Dfi) ===

Eninedo Awtvou: 5-36
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Noapadetypa Atavuopo Artoota

D

t=1
= O cAapPavel DVs

arnd tov b kot

umohoyileL:
D.(a) = min{c_,+D,(a}}=1+8=9
D (b) = min{c.,+D,(b)}=1+0=1
D,(d) = min{c_,+D,(d)} = 1+ o0 = eo
D(e) =min{c ,+D,(e)}=1+1=2
D(f) = min{c, ,+Dy(f)} = 1+ o = e
D(g) = minfc.;+Dy(g)} = 1+ oo = oo
D,(h) = min{c, ,tDy(h)} = 1+ oo = e
D.(i) = min{c, ,#Dy(i)} = 1+ o0 = oo

Dy(a) =8
Dy(c)=1

Db(f) =0
Dy(g) = o=
Db(d) =0 Db(h) =0

Dy(e) =1 Dyfi) = o=

@_"

compute

D.(a)=9
D.(b)=1
D.(c)=0
D(d)=2
D (e) =
Dc(f) ad
Dc(g) =
D,(h) = e
Dc(l) =

D (a) = e
D(b)=1

D/(c)=0

D(d) = e°
D (e) =
Dc(f) =
Dc(g) =
D(h) = e°
Dc(l) =

Eninedo Awtiou: 5-37

5/22/2026

MNoapadetypa Atavuopo Artoota

ga3

Dy(a)=8 D,(f) = oo

Dy(c)=1 Dy(g) =
Db(d) =0 Db(h) =0
Dy(e) =1 Dyfi) = o=

=

D(a)=1
D(b) = e°
D(c) == 8 i?
D.(d)=0
- D(e)=1
t=1 D=
= O eloppavel ta D.(g)=1
DVs amo toug b, d, | D.(h) ==
f,h D (i) = > |

[y

1

Q: moto ival to véo DV mou
umtoAoyileL o e tn otyun t=1?

d}p—‘%bmpute—@
.

DC(a) =
Dc(b) = =
D (d) ==
DC(e) =
D(f)

Dc(g)
Dc(h)
DC(i)

LTI
" or §
@

-

7

10L

De(a) = oo
D(b) =1
De(c) = o=
D(d)=1
D.(e)=0
D.(f) =1

De(g) =0
D.(h)=1
De(i) =00

D(a) = oo
D(b) = o=
D (c) = o0
D(d) = o=
D.(e)=1
Dc(f) =0
Dc(g) =00
D(h) = o=
Dc(l) =1

Eninedo Awktiou: 5-38
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Atdvuopa Artootaonc: Stadoon tng mAnpodopiag
KOTAOTOONG

Ta Brpata urtoAoylopou Stadidouv tnv mAnpodopia oto Siktuo:

@ t=0 n mAnpodopia Tou ¢ og xpdvo <o 384- ‘ =2 o3

t=0 Bploketal povo otov ¢ Nl

— 1
N KOTAOTOON TOU € 0€ Xpovo t=0 €xel

@ t=1  §La60Pel otov b, kaL pnopel va emnpedoet
TOUG UTTOAOYLOUOUG HEXPL 1 AApa HaKPLA
T.X., 0TOoV b
N KOTAOTOON TOU € o€ Xpovo t=0 pmopsei va

@ =2 ennpedoet Touc UTIOAOYLOHOUGC HEXPL 2
AGApaTo POKpLA, TT.Y.., oToV b Kal tAéov a, e

N KATAOTOON TOU € 0€ Xpovo t=0 pmopsi va
@ t=3  emnpedoel Toug urtoAoylopolc uExpt 3
aApota poKpLa, m.y., otoug b,a,e kat c,f,h

N KATAOTOON TOU € 0€ XpOovo t=0 pmopei va

@ t=4 EMNPEACEL TOUG UTIOAOYLOUOUG LEXPL 4
aApota pokpla, m.y., oc b,a,e, c, f, h kaw mAéov
g

5/22/2026

Alavuopa amootaonc: ANayEC kootoug (euéng
AM\ayEc kO6oToug (evéng: 1

= O KOUPOG aviyveLeL aAAayr} KOGTOUC OTNV TOTIKN )
euén

= Evnuepwvel tTnv mAnpodopia §popoioynong, 20
enavainoloyilel to DV
= Av aAAd€eL to DV, evnUEPWVEL TOUC YELTOVEG

t,: 0 y avixveVeL TNV allayr oto k6oTtog Levéng, evnuepwveL to DV
TOU, KOl EVNLEPWVEL TOUG YEITOVEG TOU
“ta KO(}’\d( VEQL t;: 02z &EXETAL TNV EVNUEPWON AT TOV Y, EVNUEPWVEL TOV TUVAKA
togdevouv TOU, UTIOAOYI{EL VEO EAGXLOTO KOOTOC TIPOC TOV X , KOl OTEAVEL

yenvopa OTOUG YeiTtoVvEG Tou To DV Tou.
t,: 0y SEXETAL TNV EVNUEPWOT TOU Z KL EVNUEPWVEL TOV THVOLKAL

QmooTACEWV. Ta eEAdxLOTA KOOTN Tou ¥ Sev aAAalouv kal ETOL 0
y 8ev OTEAVEL KaVEVQ PnNvUpa OTOV Z. e bt

20



Ma SpopoAdynaon mpog Tov X (Ypappun otov mivaka) adopd MVOKEG TwV KOUBWV Y Ko Z) :

via
Y 6( [y

doe Hoe @: o

FI Xy Fx v \Fx v/ Fx v
x| 50(® x| 0® x| 5@ xlso@
| c(X,Y)

change

time s
ty t t

Eninedo Awktbou: 5-41

Alavuopa aootaonc: alayES kootoug (euéng

AN\ayég kGoTtoug Levéng:
O kOpBOG avixveUeL aAlayr KOOTOUG TOTILKAG
Zevéng
Ta kaka véa tagldelouy apyd — mpoBAnUa 1
“u€tpnong HéExpL to amnepo”!
44 smovainelg mplv otabepomnolnBei o 50
aAyopBpuog (yiati;)

60

“poisoned reverse”:

Av 0 Z Spopoloyel pEow Tou Y yla va pTaceL
otov X

O Z AésLotov Y OTL N anmdoTtaor] Tou ano
Tov X gival anelpn (wote o Y va pun
Sdpopoloyel otov X péow tou Z)

Eninedo Awktbou: 5-42

5/22/2026
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Ma SpopoAoynaon mpog tov X (Ypappun otov mivaka) adopd MiVOKEG TwV KOUBwWV y KoL ) :

X

D|] X Z 6Y
X

| Z
!60
1

X

| x v
x! 50 (9)

b
t, t, t,

Eninedo Awktbou: 5-43

YUyKpLon Twv LS kat DV aAyoplBuwv

MoAumAoKkOTNTA UNVULATOG

LS: pe n kO6uPoug, E Lev€elg, otéAvovtal O(nE)
pnvupata

DV: avtoAhayf Hovo PETaEY YEITOVWY
= 0 XpOVOC GUYKALONG TTOLKIAEL

Toy\vtnta GUYKALONG

LS: O(n2) o ahyopBuocg arnattel O(NE) pnvouato
= umopel va £XEL TAAQVTWOELS

DV: 0 xpOvog oUYKALoNG TTOLKIAEL

= umopei va umdpyouv Bpoxot
SpopoAoynong

= MpOBANUA LETPNONG LEXPL TO ATIELPO

EupwoTtia: Tt oupPaivel av évog dSpopoloyntng
SuoAeltoupyel;

LS:

» 0 kOuPocg pumopet va ekméudel AdBog
KOOTOG

» KaBe kopPBog umoAoyilel povo to Siko tou
niivaka

DV:

> 0 DV kopBog umopel va ekmépet
£0aAUEVO KOOTOG SLASPONG

» o mivakag kaBe kOuPou xpnoLpomnoleitat
ard aA\oug

> ta AaBn Sladidovtal péow tou SikToU

Eninedo Awtvou: 5-44

5/22/2026
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Entinedo diktvou: enimedo eAEyyou
" loaywyn
= aAyopLlOpoL SpopoAoynong
= kataotaon (evéng
= SLAVUOHA ATOCTACNG
= §popoAoynon evdo-
QUTOVOMOU cuotipatog (intra-

ISP routing): OSPF , .
. , = SLaxeiplon diktuou
= SpOUOAOYNCN AVAUECA OE . SNMP

ISPs: BGP « NETCONF/YANG
= eTtinedo eAéyxou SDN

= Internet Control Message
Protocol

5/22/2026

lepapxLkr) ApopoAdynon

H peAétn tng SpopoAoynong we Twpo eELOAVIKEUUEVN:
oMol oL §popoAoyNTEC MAVOOLOTUTIOL
«eminedon (flat) diktuo

... 0ev LloYVEeL otnVv mpaén

KAlpoka: pe 600 ekatoppupla AlaXELlpLOTIKA auTovouia
T(POOPLOUOUC

W&ev punopet va amodnkeutolv 6Aot ot
TIPOOPLOUOL OTOUG TIVOKEG
SpopoAdynonc! UkdBe Slayelplotng Siktvou evéxetal va

BéNeL va eAEyxeL TN SpopoAoynon oto Sikod

Tou biktuo

UAwabdiktuo = diktuo Siktvwv

Un avtaAlayn Twv mvakwv
SdpopoAodynong Ba katdkAule tig {evéelg!

Eninedo Awtvou: 5-46

23



lepapxLkr) ApopoAdynon

O opadomnoinon Spopoloyntwv

OE TIEPLOYEG, KAUTOVOLA CUCTH AT
(“autonomous systems” (AS))

U Spopoloyntég tou iSlou AS

TPEXOULV TO (610 MPWTOKOAAO (ECWTEPLKAG)
Spopordynong
= IPWTOKOAAO SpopoAdynaong

“intra-AS” [mpwtdkoAAo SpopoAoynong
€v60QUTOVOLOU CUCTHATOG]

= Spouoloyntég os
Stadopetika AS pmopouv
va TpEXOUV SLadopeTIKA intra-AS MPWTOKOAAQ
Spopordynong

Apopoloyntnc MUANC (Gateway router)

>ty “dkpn” tou Sikol tou AS

UExel LeV€n pe Spopoloyntr os dAo AS

Eninedo Awtbou: 5-47

ApopoAoynon intra-AS

UlMvwotad kat we Interior Gateway Protocols (IGP) (mpwtokoA\a E0WTEPLKNG

nUANG/6pouoAoynong)

UTa o kowad Intra-AS mpwtokoAAa SpopoAdynong :

= RIP: Routing Information Protocol

= OSPF: Open Shortest Path First

= |GRP: Interior Gateway Routing Protocol (16totayécg tng Cisco)

Eninedo Awktvou: 5-48

5/22/2026
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RIP ( Routing Information Protocol)

UNepteAidOdn otn Stavour) BSD-UNIX to 1982

UANYOpOU0G Slaviopatog andotacng
= MeTtpikn andotaong: # aApdatwy (max = 15 hops), kaBe Levén €xeL kooToG 1
= AvtaAAddooet DVs e Toug yeltoveg kaBe 30 sec o€ amavinTiko pnvupa (dnpoactomoinon)
= KaBe Snuoactomoinon: Alota péxpt kat 25 umodiktia nmpooplopol (Umo tnv évvola tng IP
SlevBuvolodotnong)

Ané tov Spouoloynt A ota
umoSiKTUa TPOOPLOUOU:

Mpooplopdg AAupata
1

N < X g <
N wwNoN

Eninedo Awktbou: 5-49

RIP: Mapadetypa

W.{x{ﬁ—‘\z

-

Yrodiktuo npooplopol  Emopevog Spopooyntic  MAROog aApdtwv
yLlol TTPOOPLGHO

X N< g
o W >
B NNN

Nivakag SpopoAdynong oto SpopoAoyntr D

Eninedo Awktvou: 5-50

5/22/2026
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RIP:Mapadeyua

Anpoolonoinon ano to A oto D

Dest Next hops

w -1 e

X -1

z C 4

/(; e Z
w L x ; ‘ y — =B
A D B ~
C
Yrodiktuo mpoopiopol Enopevog Spopoloyntic MARB0G¢ aApdtwy 6Tov TPOoPLoUO

w A 2
y B 2
z B A x5
X -- 1

Mivakag 6popoloynong oto dpopoioyntr D

Eninedo Awktbou: 5-51

5/22/2026

RIP: Artotuyia (euénc ka avavnyn

Av 6ev akouatel Stapnpion peta ano 180 sec --> o yeitovag/n {evén Bewpeitat
VEKPOG

= OL 5LaSPOUEG HEOW TOU YElTOVO MOUOUV VA Elval EYKUPEG

= Néeg Sladnuioslg otéAvovtal oToug YeITOVES

= OL yelTOVEC UE TN OELPA TouG OTEAVOUV VEEC Stadnpuioslg (av aAAafav oL TivaKkeg)

» H mAnpodopia anotuyiag tng levéng dadidetat ypriyopa (;) o€ oAdGkAnpo to
Siktuo

» Xpnouuormoleital poison reverse ywa tnv anopuyn Ppoxwv ping-pong (Ameilpn
anootaon = 16 aApata)

Eninedo Awktvou: 5-52
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Enetepyaoia mivaka RIP

OH Sayeiplon twv mvakwv Spopoldynong tou RIP yivetal and Siepyaocia emunédou epappoync
Tou ovopadletal route-d (daemon)

QO Suadnpiosic otélvovtat os maketa UDP, emavalapBavovtat mepLoSIKE Kot XproLLOoToLE(TaL O

aplBuog Bupag 520

Transprt Transprt
(UDP) (UDP)
network [forwarding forwarding network
(IP) table table (IP)
link link
physical | physical

Eninedo Awktbou: 5-53

OSPF (Open Shortest Path First)

U“Avoiktd”: dnuoota dtabgotun nmpodiaypadn

UXpnotpomnolet aAyoplBuo katdotaong evéng (link state)
= Aadoon maketou LS
= Xaptng tonoloyiag oe kABe koupo
= YroAoyLopog SLadpoung pe xprion tou aAyopiBuou tou Dijkstra

UH dnpoctomoinon tou OSPF petad£pel HOVo pia KataxwpLon yla Kabe
YELTOVIKO Spopoioynti

UOL dnuooionoioetg Stadidovtal oe 0AokANpo to AS (LEoWw MANUUUPOG
(flooding))

= Metadépovrtal o pnvupata tou OSPF aneuBeiag emdvw oto IP (avti yia TCP R
UDP), aplBuog mpwtokoAAou: 89

UMNpwtokoAo dpopolroynong I1S-1S: oxedov mavopotdturo pe to OSPF

Eninedo Awtvou: 5-54

5/22/2026
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«Mponyuevar xapaktneLotka tou OSPF (0xL oto RIP)

UAoddAeta: 6Aa ta pnvopota tovu OSPF auBevtikomotovvtal (yia amoduyn
KakOBouAwv eloBoAwv)

UEmutpénel moAamAég SLadpopég idlou kOoToug (Lovo pia Stadpopur oto RIP)

Ula kaBe Zev€n, MOANATAEG LETPLKEG KOOTOUG yLa dLadopeTiko TOS (T.X., KOOTOG
Sopudopikng Levéng Bewpeital «xapunAo» yia Type Of Service BEATLoTNG
npoonabelag, vPnAo yla TOS mpaypATIKOU XpOVoU)

UEvowpatwuévn umootnplén Lovo- Kot TIoAU-eKITOUTAG (unicast/multicast):

= To Multicast OSPF (MOSPF) (OSPF moAu-£KTTOUTIAG) XPNOLLOTOLEL TNV 8L
Baon debouévwy tomoloyiag pe to OSPF

Uiepapykd OSPF o€ peydhoug topels (domains)

Eninedo Awktbou: 5-55

lepapytkd OSPF

I boundary roulsr
K backbane rouler

-/ orea S
4 border T . [l
C routers TR y

“infernal

(= roulers
2\ /
i i
i) > W“.
. (T i
Area ]l -
HArea ?

Eninedo Awktbou: 5-56

5/22/2026
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lepapxtkod OSPF

UAVo snineda tepapylag: Tomkn neploxr, SIKTUAKOC KOPUOC.
= ANUOGCLOTIOLNOELG KATAoTaonC {eVENC LOVO OTNV TIEPLOXN)
= KaOe kOpPog €xeL tn Aemttopepn tomoloyia; Nvwpilel pévo tnv katevBuvon
(Bpaxutepn Stadpopun) mpog diktua o AAAEG TTEPLOXEG
UNapausdopiot cuvoptakoi Spouodoyntécg (area border routers): “cuvoilouv” Tig

QMOOTAOELG TIPOG Siktua otn Sikr Toug TtEpLoxN, TG Snuoaotonololv o AAAOUG
napapeBopLoug cuvopLlakoUs SPOUOAOYNTES

UApouodoyntéc SiktuakoU kopuoU (backbone routers): tpéxouv popoAdynon OSPF
TLEPLOPLOUEVN OTOV SIKTUAKO KOPUO.

UJuvoptakol Spouodoyntéc (boundary routers): ouvdéouv pue aAAa AS.

Eninedo Awktbou: 5-57

5/22/2026

Entinedo diktvou: emnimedo eAEyyou
" loaywyn
= aAyopLlOpoL SpopoAoynong
= kataotaon (evéng
= SLAVUOHA ATOOTACNG
= §popoAdynon evdo-
QUTOVOMOU cuotipatog (intra-

ISP routing): OSPF , .
. , = Slaxeiplon dktuou
= SpOUOAOYNON AVAUECA OE . SNMP

ISPs: BGP « NETCONF/YANG
= eTtinedo eAéyxou SDN

= Internet Control Message
Protocol

29



Altoouvdedepeva AS

AS2

O mivakag mpowBnong Stapopdwvetal
amnd intra- (evbo-) kat inter- (8la-) AS
aAyoplOuoug SpopoAdynaong

= QOtintra-AS alyopiBuol opilouv

Inter-AS
Routing

algorithi

KATOXWPLOELG YLA ECWTEPLKOUG
T(POOPLoUOUG

= Tooo ot inter-AS, 600 Kat ot intra-As
aAyopLBpoL opilouv KataxwploeLg yla
£€WTEPLKOUG TIPOOPLOKOUC

Eninedo Awktbou: 5-59

5/22/2026

Epyaoieg Inter-AS

‘Eotw OTL Spopoloyntig oto AS1 Aappavet
datagram pe mpooplopd ektog Tou AS1:
= O Spopoloyntnc Ba £mperme va
npowOnoeL To akéto oe Spopoloynth
TOANG (gateway router), aAAQ o€
ToLov;

AS3

other
networks

To AS1 mpémet:

1.

Noa paBel molol mpooplopot sivat
Tipooeyyiowol pEow tou AS2 Kal
molol péow tou AS3

Na Sdtadwoel tnv mAnpodopia
T(POOEYYLONG OE OAOUG TOUG
Spopoloyntég oto AS1

AouAeld TnG inter-AS 8popoAdynaong!

AS1

other
networks

AS2

Eninedo Awktvou: 5-60
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Napadeypa: KaBoplopdg tou nivaka npowBdnong oto SpopoAoynth 1d

= Eotw OTL To AS1 paBaivel (L€ow MPpwTokOAAOU inter-AS) OTL To UTTOSIKTUO X Eilval TPOCEYYIOLUO HECW
Tou AS3 (6popoloyntr¢ mUANG 1c) aAAd OxL péow Tou AS2.
= To mpwTtokoAAo inter-AS SLadidel tTnv mAnpodopia Mpocéyylong oe OAOUG TOUG ECWTEPLKOUC
Spopoloyntég
= O Spoporoyntr¢ 1d kaBopilel péow TNG intra-AS MAnpodopiag Spopordynong otL n diemadn tou /
eival otn Sladpopn eAdxLoTOU KOGTOUG TIPOG To 1c.
= ELOQYEL KaToxwplon otov Ttivaka powdnaong (x,/)

other

other networks

networks

Eninedo Awktvou: 5-61

Noapddeypa: AtoAgyovtac LeTtal oANamAwy AS

= Eotw twpa 0Tl to AS1 pabaivel anod to inter-AS mPpwTtokoA o OTL TO
urtodiktuo x elval mpooeyyiolpo amo to AS3 kat amo to AS2

= [la tn Stapopdwon tou mivaka powbnong, o Spopoloyntnic 1d mpénet va
kaBoploel mpog ooV SpopoAoyntr MUANG Ba mpemnel va mpowOel ta
TIAKETOL YLOL TOV TIPOOPLOUO X
= AuToO eival emiong Souleld tou inter-AS mpwtokoAAou SpopoAdynong!

other
networks
other
networks

Eninedo Awktvou: 5-62

5/22/2026
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MNapadetypa: AlaAeyovtag LETaL TToANamAwY AS

= ApopoAoynon kautng matatag (hot potato routing): oteile To MAKETO OTOV TILO KOVTLVO QIO TOUG
600 Spopohoyntég

XpnoIoTIoinae Tic cheéplgs atéd Tov
. P TTANPOYOpiEg ] Tivaka
MdBe a1ré T0 inter-AS 5poHOAGYNONG aTTo ApopoAdynon TTpowenong TV
TTPWTOKOAAO &TI TO 10 intra-AS KOUTAG TTATATAG: SIETaQr
UTTOdIKTUO X Eival TPWTOKOMO ETmiAege TNV TTUAN | Trou 0dnysi otV
TIPOCEYYIOIHO HEoW yia va KaBopioEig Ta TIou £XEl TO TOAN
TIOAOTTAWY TTUAWV KOOTN TwV EAXiOTOU HIKPOTEPO eAdyioTo eAdyioTOU
KOOTOUG BIASPOUWY KoOTOG __koaToug.
TIPOG KaBeia amoé BdaAe T(? (x, ) oTOV
TIC TTOAEG Tivaka
mTpowenaong

Eninedo Awktvou: 5-63

ApopoAoynon inter-AS oto Awadiktuo: BGP

U BGP (Border Gateway Protocol): to de facto mpwtokoA\o Spopordynong LeTay
Topéwv (domains)

U To BGP napéxel o kaBe AS £€va Tpodmo yLa:

eBGP: va AapBavel mAnpodopieg MpocEyylong UTTOSLKTUOU Ao YEITOVIKA AS.
iBGP: va S1abidel ti¢ mAnpodopleg mpoaoéyylong o€ OAOUC TouG SPOUOAOYNTEC TTOU Elval

gowteplkol oto AS

= Na kaBopilel tig “karég” Sladpopég mpog aMa Siktua pe Bdon tig mAnpodopieg
T(POOEYYLONG KAL LA TIOALTIKA

U Erutpénel og kaBe unobiktuo va Stadpnuilel tnv UTIAPEN TOU OTO UTIOAOLTO
Awadiktuo:

Eninedo Awtvou: 5-64

5/22/2026
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Ta Baoikd touv BGP

= JUvoboL BGP (BGP sessions): 2 BGP 6popoAoynteg (opotipot) avtaAddccouv BGP
punvopota:
= Anpootomololv 51adpoEc Tpog SLadopeTIKoL TPOoPLoUOU SIKTUAKA TtpoBéuata (mpwTokoAAo
“Slaviopartog Sladpounc”)
= AvtoAAQoOoOVTAL TIAVW QO NUL-POVIPEG TCP cuvdéoelg (BUpa 179)
= Otav 1o AS3 Sladpnuilel éva mpodOepa otov AS1:
= To AS3 untooyetat 6tL Ba mpowOroeL datagrams pog auTo to PoOepa.
= To AS3 pmopel va opadomolnoel ta mpoBépata otn dnpoactonoinon tou

————— eBGP session

- BGP ............. iBGP session .\
i '-. message ‘ oth
_~ AS3 A. Lo .\net\?v;rks
other . e AS2
networks -. o <
As1 @8-
Eninedo Awtvou: 5-65
’
Mnvupuata BGP

UTa pnvopota BGP avtaAldooovtal LETAEY OUOTIHWY TTAVW aTto
TCP ouvédeon.
UMnvopoato BGP:

= OPEN: avolyetl ouvdeon TCP mpo¢ ToV OUOTLUO KoL TALUTOTTIOLEL
TOV OTOCTOAEQ

= UPDATE: dnpootomnolel véa Stadpoun (i amooupel maALd)

= KEEPALIVE: Statnpel tn ouvdeon {wvtavr eAAeipet UPDATES.
Entiong emBeBaiwvel aitnon OPEN

= NOTIFICATION: avadepel opAALOTA OE TIPONYOUUEVO VU
KOlL XpNOLLLOTIOLELTOL VLo TO KAElOLHO oUvdeonC

Eninedo Awktbou: 5-66

5/22/2026
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Atovoun mAnpodopLlac mPooEyyLoNg

= Xpnotponotwvtag cUvodo eBGP petafl Twv 3a kal 1c, To AS3 atéAvel Anpodopieg Suvatdtnrag
TPOoEyyLong mpoBEpatog oto AS1.
= To 1c pmopel tote va Xpnotuomnolnost iBGP yla va Staveipel véeg mAnpodopieg mpoBEpartog o
0Aou¢ toug Spopoloynteg tou AS1
= To 1b pmopei tote va Sladbnuiocsl ek véou Tig véeg mAnpodopleg mpooéyylong oto AS2 YEow TG
ocuvedplag eBGP amo to 1b-oto-2a
= Otav kamotog Spopoloyntng pabaivel yia véo mpoBepa SnuLoupyel KataxwpLon yLo To mpobepa
oTov Ttivaka mpowOnor ¢ Tou

_____ eBGP session

................ iBGP session .\

other

networks
other

networks

Eninedo Awktvou: 5-67

|15loxapaktnplotika dtadpopunc & dtadpopec BGP

= ‘Eva dnpoactomoloupevo mpoBepa mepAapBAVEL XAPOKTNPLOTIKA TOU BGP
= MpoBepa + Ldloxapaktnplotika = “Stadpoun” (route)
= AUO GNUOVTIKA LOLOXOPOAKTNPLOTLKAL:

= AS Path: mepltAapBavel ta AS péow Twv omolwv €XeL TepACEL n StadrpLon yLo To mpobepa: m.y.,
AS 67, AS 17

= Next Hop: uto&elkVUEL GUYKEKPLUEVO ECWTEPLKO 0TO AS SpoploAoynTtr Tpog to AS endpevou
AaApatog (evoéxetal va uTtapxouv MOANATAEG (eUEeLg o To TpEXOV AS oTo AS eMOUEVOU
AaAparog)
= Otav évag Spopoloyntig mUAng Aappavel tn Stadpnuion Stadpoung, xpnotpomnolel
TNV TOALTLKN eloaywyng (import policy) yla va dextel/amoppidel
= TLX., TOTE un Spopoloyeic péow tou AS X
= §popoAOynon POCLOUEVN OE KATIOLO TIOALTIKA

Eninedo Awktbou: 5-68

5/22/2026
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AS Path

e
AS Path = 1755 1239 7018 6341 Global Access

- S -
AS 1755
AS Path = 1239 7018 6341 V] Elzone ) AS Path = 1129 1755 1239 7018 6341
AS 12654
AS 1239“3 RapE et

135.207.0.0/16
Sprint AS Path = 7018 6341 s P’°Je°t D
P

_ -
AS7018 135.207.0.0/16

AS Path = 3549 7018 6341

AS th =6341 4 ATST

~ N,

AS 6341 P '/ 135.207.0.0/16 AS 3549

AT&T Research AS Path = 7018 6341 Global Crossing
>

o
Next Hop
~ D 12.127.0.121
R AS 7018 / °
AS 6431 & ———— AS 12654
S,

135.207.0.0/16 135.207.0.0/16
Next Hop =12.125.133.90 Next Hop =12.127.0.121

Kabe popd nov pia avakoivwon npoBépatog Staoyilel ta cuvopa evog Az, to Next Hop attribute
aAAdlelL otnv IP address tou cuvopLakoU Spopoloynth mou avakoivwoe thv Stadpoun).

Eninedo Awktvou: 5-70
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MNivakag MpowBnong: ZuvOuaopocg intra-AS ko
inter-AS §popoAoynong yla mpowBnon

135.207.0.0/16
Next Hop = 192.0.2.1

P 135.207.0.0/16
4 S

P
o <

10.10.10.10

S

192.0.2.1 AS 2
192.0.2.0/30

Forwarding Table

L

-

)
\ ]

'l---ll----ll"".."""'l..

I Forwarding Table

‘IIIII..-‘II‘-..IIIII.

M ITTI LA

sEEREan, amumus®
4 "] I“ pEEmmmEEssEaaE Eninedo Awtvou: 5-71
Asppusspguun®® Sams®

Entidoyn dwadpopunc BGP

O Spopoloyntrg evOEXETAL VO LABDEL yLa TIEPLOCOTEPEG ATIO pia SLaSpoUEG yLa To AS
T(PoOpPLOUOU. ETAéyel Stadpour Baclopévog oe:

1. I810XapOKTNPELOTIKO TLUAG TOTUKAG MPOTIUNONG: Ao aon TOALTIKAG
2. Bpayxutepo AS-PATH

3. MAnoléotepog dpopoAroyntr ¢ NEXT-HOP: 6pooAdynon KaUTHG mATATOG

4. MpooBeta kpitripla

Eninedo Awktbou: 5-72

5/22/2026

36



5/22/2026

Torukn Mpotipnon (Local Preference)

Local Preference
XPNOIUOTTOIEITAI AS 4

pévo oTo iBGP ? ,
/ o .

local pref = 80

local pref = 90 -

- As2,

MeyaAuTepeg TIpéEG TOU Local —— -
Preference gival TrpoTipunTésg 13.13.0.0/16

Eninedo Awktbou: 5-73

2UVTOUOTEPO HEV onUaiveL maAvta ...CUVTOUOTEPO!

— T~
10 BGP Aés1 611 n
Ailadpopn 4 1 sivan
KaAuTepn anmé TRV 3 2 1

Eninedo Awtvou: 5-74
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Hot Potato Routing: EntiAeée To mAnoleotepo onpeio e€6dou

192.44.78.0/24

IGP distances

AuTtdg o SpopoAdoynTtig £xe1 2 BGP di1adpopég mpog 192.44.78.0/24

Hot potato: epopTWwooOU TV Kivnon amo 1o 3ikTud oou
TO OUVTOHOTEPO duvaro. EmiAege MUAn 1!

Eninedo Aktvou: 5-75

[oAttikr) SpopoAoynong BGP

Siktuo
TapoOxXoU

Siktuo
TeAdTn

o

0 Ta A,B,C eivau diktua mapoywv (provider networks)
O Ta X, W)Y eival meAdteg (twv SIKTUWV TapoOXwV)
0 To X elvat 6teotiako (dual-homed): ouvdéetal o dvo Siktua
= To X &ev BéAeL va Spopoloyet amod 1o B péow tou X mpog to C
= .. €toLTo X 6ev Ba dnuoctonoloet oto B pia Stadpoun npog to C

Eninedo Aktvou: 5-76

5/22/2026
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[MoAttikry dpopoAoynong BGP (2)

Siktuo
TIapOXou

\
I / Siktuo
meAdtn

\

To A Stadnpilet tn Stadpoun AW oto B

7/
N

To B dtadnuileL tn Stadpour) BAW oto X
Oa npémeL to B va Stadnuiost tn Stadpopur) BAW oto C;

Ye kapia nepintwon! To B Sev éxel 0delog amnd t Spopoldynon CBAW, kaBw¢ oute to W oUte to C
eival meldteg Tou B

To B BéAeL va e€avaykaoel to C va Spopoloyel mpog to W péow tou A
To B BéAeL va 6popoloyel puovo mpog/amd toug meldteg tou!

Eninedo Awtbou: 5-77

5/22/2026

Matl Stadopetik SpopoAdynon intra- kat inter-AS (ecwtepLkn
Kal e€wTepLKN);

MoALTLKA:

= inter-AS (e€wtepikn): o Slaxelplotng BEAeL €Aeyxo oTo we Spopoloyeital n Kivnor) Tou, ToLog
Spopoloyel péow tou SikTvou Tou

= intra-AS (ecWTEPLKN): LOVASIKOG SLOXELPLOTHG, OTIOTE Sev XpeLdlovtal arnodATELS TTOALTIKAG

KA{paka:

= H epapyikr} Spopoloynon e€olkovopel péyebog mivaka, LELWUEVN Kivnon EVNUEPWOEWV
Amnodoon:

= intra-AS: Unopel va MKeVIpwoeL atnv anddoan

= inter-AS: n TMOALTLKI) UOpPEl va KupLlapxXAoeL TNG anodoong

Eninedo Awktbou: 5-78
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Entinedo diktvou: enimedo eAEyyou
" loaywyn
= aAyopLlOpoL SpopoAoynong
= kataotaon (evéng
= SLAVUOHA ATOCTACNG
= §popoAdynon evdo-
QUTOVOMOU cuotipatog (intra-

ISP routing): OSPF , .
. , = SLaxeiplon diktuou
= SpOUOAOYNCN AVAUECA OE . SNMP

ISPs: BGP « NETCONF/YANG
= eTtinedo eAéyxou SDN

= Internet Control Message
P rotocol Eninedo Awtvou: 5-79

5/22/2026

Software defined networking (SDN)

» To enimedo Alktuou oto AladikTUO: LOTOPLKA, avaTTUXOnKe
HEOW KATAVEUNMEVNC TTPpooEyyLong (ava dpopoAoynth)

* 0 mapadoolakog SpopoAroyntig mephapBavetl uALKO
HLETOYWYNG, KTPEXEL» TIPWTOKOAAQ SPOOAOYNONG KL EXEL TO
S1kO Tou AELlTOUPYLKO cuoTNU

* SladopeTika evdlapeoa koutd — “middleboxes” — yLa
Stadopetikeg Siktuakeg Aettoupyieg: firewalls, load balancers,
NAT boxes, ..

=~2005: avaBeppavOnke to evoladEpov yla pa dAAAn AoyLkni oto
eninedo eAeyyou

Eninedo Awktbou: 5-80
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Entimebo eAeyxou ava Spopoloyntn

KaBe dpopoloyntnc TPEXEL Evav aAyoplBpo SpopoAoynong

s
S AS

€TTITTEDO
eAEyxou
.~ eTmmimedo
dedopévwv

0 2
1001 1

TIMA OTNV KEQaAida Tou

TTaKETOU ;

WKtoou: 5-81

Kevtplkomolnpevo emnimedo eAEyyou

ZEXWPLOTOC (TUTILKA QTIOUOKPUOUEVOG) EAeYKTAG aAANAoemidpd He kaBe Spopoloyntni
(control agents)

ETiTTEdO
eAéyxou

eTTiTTEd0
Oedopévv

5/22/2026
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Software defined networking (SDN)

[tati vow €XOUE Eva Aoyika KevTplkortolnpuevo emnimedo eAéyxou?

* guKoAOTEPN Slaxeiplon: amoduyr Kakwv/eoPoApueEvwy pubpioswy,

peyaAutepn eveliéia oTIG POEC TNG Kivnong

* VEVIKEUMEVN TpowBOnon pe Baon nivakeg (OpenFlow API) rtou
ETUTPETIEL TOV KTIPOYPAUUATIONO» TwV SpOooAoyNTWY

* EUKOAOTEPOC O KEVTPLKOTIOLNUEVOC «TIPOYPOUUATIOMOC» SIKTUOU:

KEVTPLKOC UTTOAOYLOHOC TILVAKWYV KOl KOTOVO LN

* SUOKOAOTEPOC O KATAVEUNMEVOC «TIPOYPOUUATIOMOC» SIKTUOU:

UTTOAOYLOHOC TILVAKWY WG ATTOTEAECHA EVOC KATAVEUNUEVOU
aAyopiBuou mou epapuoletal o kaBEva Spopoioyntn

* avolktr edpappoyn (oxt tdotayng)

Eninedo Awktvou: 5-83

Avoloyla e Tic edpappoyee otouc H/Y

-r—’vZJ‘ |
E€eldikeupéveg

Edapuoyég — Avoikti AieTrag, ——
1 — |

E€elbikeupevo . . (]
” AELTOUPYKS Qi Linux gy
’

App

Zuotnua

, — AvoIkTH AleTrapy —
E€elbikeupevo f en

YALKO

I MikpoeTregepyaoTiig

&=

KaBetn uhomoinon OpuZovtia uhomoinon
KAeloTo, 18loTayEg » AvOLKTEG SlemadEg
Apyr) g€eMEN ko pryopn avdmtuén

avamntuén Tepdotia Bopnxavia

MKpOG QVTAYWVLOUOG

Eninedo Awtiou: 5-84

5/22/2026
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‘EAeyxoc kivnong dedopévwy: SuokoAn n mapadootakr SpoUoAOYnon

E: av o dtaxelplotng ROgAe n kivnon avAapeca 0TO U KoL Z VO pEEL
TIAVW OTO LOVOTIATL UVWZ, KAL X LLE Z VOL PEEL OTO LOVOTIATL XWYZ?

A: Ba amnattouvtav 0 0pLopos Bapwv oTig LeVEELG WOTE va TIG
ouumeplAdBel Evag alyoplBuog Spopoloynong umoyn tou!

Eninedo Awktiou: 5-85

'EAeyxoc kivnonc dedopévwyv: SuokoAn n napadoaotakn SpopoAdynon

E: xLav o dlaxelplotig NBele va xwploel yla Adyoug
Sdlapolpacpol tou poptiou TV kivnon avApeca oTov u
KoL Z LETAEY TWV LOVOTIATLWY UVWZ KOl UXYZ;

A: 6ev unopel va To kavel (f Ba xpelalotav Evav véo
aAyopBuo dpopoldynong)

Eninedo Awktiou: 5-86
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‘EAeyxoc kivnong dedopévwy: SUokoAn n napadoactakn dpopoAdoynon

E: kL av nBehe va Spopoloyrioet SLadopeTIKA TNV KOKKLVN KoL
UmAe pon?

A: 8gv Ba unopouoe (ue tnv npowOnon pe Baon Tov
T(POOPLOKO 1) HE TN AOYLKH TV aAyopiBuwyv Katdotaong
{evénc n SlavlopaTog amoOoTaoNnG)

Eninedo Awtiou: 5-87

Software defined networking (SDN)

3. Aewtoupyieg

4. Mpoypaupuati{ouevo o o6
5‘1?,(1-}3; HuaTidok O ‘ - 7 eAéyxou Siktuou

£€w arto toug
UETAQYWYoUs ToU
SLktUoU

Pa—
ﬂ B 5 == ﬂ
ETTITTEDO EAEyXOU

€TTITTEDO 6560p£/wv

2. AlaywpLouog
enutédou

‘ ‘ D @ eAéyyou Kau
@ @ bebouévwv
=3
=

1: yevikeupuévn
npowdnon = — -
Baolouevn o€ pon — =

(rt.x., OpenFlow)
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SDN mpoaoéyylon: petaywyot emumedou dedopuévwv

= ypryopa, aIAQ KOUTLA UAOTIOLWVTOG TN
HETAyWYN LE TN BonBela KUKAWUATWY
(hardware)

= 0 Tivakag pong uttoAoyileTal kat
gykaBiotatal amo tov eAeyKTn

= £val API yLa ToV EAEYX0 TWV LETOYWYWV
(rt.x., OpenFlow)

* oplleL Tl ival eAéy€Lpo kot TL o)L

= £VO TTPWTOKOAAO YLaL TNV ETUKOLVWVIA

ue tov eAeyktn (m.x., OpenFlow)

T

= .
@ -vg En|n§6o
»‘ 6560T£vwv

@A@

EAeyxduevor pyeraywyoi

Eninedo Awktiou: 5-89

SDN mpoogyyLon: EAEYKTNC

Sdlatnpetl mAnpodopia kataoTaong yla To
Siktuo

oAAnAeTdpa pe TG epapUoyEG EAEYXOU
oo «TAVW» Tou (LEow TNG Bopelag API)
oAANAETILOPA LE TOUG LETOYWYOUC

Emimedo

SIkTUOU Ao «KATW» TOU (MEOW TNGVOTIOG — ~— =~~~ =~=~~~7 Bopma APT | Néxou
API)

edappoyn we KATaveunUéVo cUOTNUA YLa SDN Controller

amnodoon, KALLAKwWON, EupwoTia Kal ﬂ (network operating system)

avBekTIKOTNTO 08 ohAApaATA
voria API

Emimedo
£dopévv

Eninedo Awktiou: 5-90

5/22/2026
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SDN tipocéyyion: edappoyEC eAEyxou

" TO «pu aAG» Tou EAEVXOU : £QapUOYES EAEyxOU BIKTUOU

epapudlel TIg Aetoupyieg
€AEYXOU XPNOLLOTIOLWVTOG .
UTINPECLEG YO UNAGTEPOU

OTtO TOV EAEYKTH

» umopel va mapoaoxeBel anod
Tpitoug, dladopetikolg ano
TOUG TPOUNOEeUTEC TOU
e€omAlopol peTaywyng rn tou

emunédou, o APl mapéxetal . ‘

€TTITTEDO
eAéyxou

5/22/2026

eAEyKTN
aTriIrséo
dedopévwv
Eninedo Aiktvou: 5-91
Juotatikd otolxeia tou SDN eAeykti

Eninedo Sienadwv 3 3 E

HE TG ehapPUOYEG

eAéyxou

Eninedo Sayel

crnsiopovioen (S son

Siktuou . E)\EVKTI"]C

Emninedo
ETILKOLVWVIAG
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OpenFlow mpwtokoAA\O

= AELTOUPYEL OVAUECO O EAEYKTH,

, ETAYWYO
OpenFlow EAgyktng HETaywy

C e = to TCP xpnotuomoleital yla thv
i avtaAlayr pnvupdtwy (port:6653)

= TIPOQLPETLKA KpuTttoypAadnaon

= TPELG KAAOELG pnvupatwy OpenFlow:
* €AEYKTNG OE PETAYWYO
* acuyxpova (HeETaywyog o
eAeykTn)
* OUUMETPLKA (SLadopa)

Eninedo Awtiou: 5-93

OpenFlow: pNVUOTO EAEYKTI) O€ PETOAYWYO

* KATAOTAON VAYVWOIG: GUNEYEL OTUTLOTIKA
oTolxela KoL TLHEG LETPNTWV ATIO TOV TtivaKa OpenFlow Controller
PONG KalL TI§ BUPEG TOU peTAYWYOU e QeenPow

* TapaUETPOITOincn: UTIOPAAAEL EPWTHMOTA KL
O£TEL MOPAUETPOUC

* TPOTTOMOINON KATHOTAONC: TIPOODETEL,
Slaypadel, Tpomonolel kataxwploelg otov
Tiivaka pong

* aITOOTOAN MOAKETOU: OTEANVEL £VO TIOKETO OE ULaL
KaBoplopévn BUpa oTOV PETOYWYO

Eninedo Awktiou: 5-94

5/22/2026
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OpenFlow: unvopata LETOYWYOU TIPOG EAEYKTN

* ELOEPXOUEVO TTAKETO: UETAPOPA TTaKETOY  ORgnFiow Controller
1iou Oev Talplalel o€ KATOXWPLON TOU B
TilvakoL ponG

* apaipeon ponc: daypadn pong mivaka
OTO UETOYWYO

* kataotoon dupac: TAnpodpopnon Aoyw
aAAayng otnv katdotaon Bupac.

Eninedo Awktiou: 5-95

SDN: aAAnAentidpaon emumedwv eAeyxou Kal SESOUEVWY

ApopoAdynon @ 0 S1 evnEPWVEL TOV EAEYKTN
kargoTaong eMeldn Slamiotwoe aotoyia
------- T— ------------- otn LevEn Tou pe S2
[ ngﬁgﬁ RiSF-,I;fUI MpdBeon ] @ O €NEYKTNG EVNUEPWVEL TOV
SLOXELPLOTH KATACTAONG
{evgng

AnpogopieC ‘ I'IAnpotpopie'g ) I'I)\npoq)opis'g
YTroAoyioTi ETAYWYOU
O~

=2l

""""""""""""""" (@) H edappoyn Spopordynong
Kataotaong (eVENG eAEYXEL TIC
mAnpodopieg kat umtohoyilet
VEeg SLOOPOUEC.

@ H ebapuoyn eAéyxou Siktlou
Tou UAOToLEL TV
SpopoAoynon Kataotaong
Teléng eldomoleital yla tTnv
oAAayn).

5/22/2026
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SDN: aA\nAentibpacn emumedwv eAEyxou Kal SESOUEVWY

Dijkstra’s link-state
Routing

intent ]

network
graph

RESTful
API

(B®) H edappoyn Spopordynang
oAANAETLOPA LE TOV
SLaxelploTr mivaka porg mou
kaBopilel Toug mivakeg pong
mou Ba evnuepwBouv

@ O SLaxelploTig mivaka pong
xpnotpormnotel to OpenFlow yla
VO EYKATOOTHOEL VEOUG
TUVOKEG OTOUG HETAYWYOUG
Tou xpeLaovtal evnuépwaon

Entinedo diktvou: emnimedo eAEyyou

" loaywyn
= aAyopLlOpoL SpopoAoynong
= kataotaon (evéng
= SLAVUOHA ATOOTACNG
= §popoAdynon evdo-
QUTOVOMOU cuotipatog (intra-
ISP routing): OSPF
= SpopoAOyNnoN AVAUEDCO OE
ISPs: BGP
= eTtinedo eAéyxou SDN

= Internet Control Message
Protocol

= Staxeiplon Siktuou
* SNMP
* NETCONF/YANG

Eninedo Awktvou: 5-98
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ICMP: Internet Control Message Protocol
(MpwtokoAAo EAEYyxouU Mnvupatwyv Aladlktuou)

UXpnotwomnoleital and umoAoylotég & Type Code description
Spopoloynteg yla avtaldayn mAnpodopiac 0 0 echo reply (ping)
emunédou Siktvou 3 0 dest. network unreachable
OAvadopd oparpdtwy: un 3 1 dest host unreachable
TPOGTEAGGLLOC UTLONOYLOTAC, BiKTUO, 3 2 dest protocol unreachable
B0pa, TPWTOKOAAO 3 3 dest port unreachable
’p ’ . , 3 6 dest network unknown
UAitnon/amdavtnon nxoug (echo 3 7 dest host unknown
request/reply) (xprion oto ping) 4 0 source quench (congestion
; p PR . . control - not used)
UEninedo diktvou “navw” amnd to IP: .
) , 8 0 echo request (ping)
UTa pnvopata touv ICMP petadépovtatos 9 0 route advertisement
IP datagrams 10 0 router discovery
) , 11 0 TTL expired
a TUTIOG, KWALKOG Kal Ta 8
) , 12 0 bad IP header
npwta bytes tou IP datagram mou npokaAel
odbaApa
Eninedo Awktvou: 5-99
Traceroute kat ICMP
UH npoéAeuon oTEAVEL PLa OELPA Ao TUAMATO UOtav to pAvupa ICMP ¢tavel, n poélsuon
UDP otov mpooplopd umoloyileL to RTT
* To mpwto £xeL TTL =1 QOTo traceroute to KAveL aUTO 3 PopEc.
= ;o SsL')gspo E)(ELTe'l'L?Z,eK’tA. Koutplo AdE
= AguvnBlotog apBuog Bupa
f 6 APLEHOS BLpas OTo tuApa UDP telikd ¢pTdvel 0Tov UTIOAOYLOTH
UOrtav o n-oto datagram ¢tdvel 610 n-oto POOPLONS

Spopoloynth:
poptofovnT 1O npooplopodg emtotpedet moketo ICMP “port

= O §popoloyntig amnoppintel To datagram unreachable” (tomoc 3, kwSIKAE 3)

= JTEAVEL TNV Nyn €va pnvupa ICMP (tumog ) , , ) ,
11, kw8 0) UOtav n mpoéAevon naipvetl autd to makéto ICMP,

. , , OTOATA.
= TO UAVULLO TIEPLEXEL TO OVopa KoL Ttnv IP

S1evBuvon tou dpopoloynth

,J 3 probes 3 proqes &
T \k >
3 probe

Eninedo Awktbou: 5-100
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50



Entinedo diktvou: enimedo eAEyyou - TEAOC
" loaywyn
= aAyopLlOpoL SpopoAoynong
= kataotaon (evéng
= SLAVUOHA ATOCTACNG
= §popoAdynon evdo-
QUTOVOMOU cuotipatog (intra-

ISP routing): OSPF , .
. , = SLaxeiplon diktuou
= SpOUOAOYNCN AVAUECA OE . SNMP

ISPs: BGP « NETCONF/YANG
= eTtinedo eAéyxou SDN

= Internet Control Message
Protocol

nedo Awktou: 5-101
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