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= TL elval To AladikTuo; TL £ival Eva TPWTOKOAAO;
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Keddlawo 1: Eloaywyn

Sto)0C KEPaAaiou: Erokomnnon:
, . = 1L eival to Alodiktuo; Tt eival éva
"vaL §ouus 10 400G , TPWTOKOAO;
(«aioBnon» kat opoAoyia) .

glnsptcbép;aa TOU SIKTUOU: TEPUATLKA,
* EuP&Buvon, meplocdTEPEC iktuo mpooPBaong, puoka pEcA

AETITOUEPELEC OTA EMOUEVA " 0 TUPNVAG TOU SIKTUOU: LETAYWYN
kedalala

TLAKETOU /KU K)\d)parog (packet/circuit
switching), 6oun Atadiktuou

* anodoor): anwAeLeg, kaBuotepnaon,
puBuanddoon (throughput)

* enineda (layers) mpwtokOAAWY, HOVTEAQ
UTtNPECLWV

= qopaAela
" |OTOPLKA avadpopn

Ewoaywyn : 1-3

Kedpahato 1: meplexopeva

Ewcaywyn : 1-4
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7 I 4 I
Ta kUpLa cuotatika Tou Atadiktuou
e Aloskotopplpla S10cuvEeSeEVEG
g l $ g UTTOAOYLOTLKEG CUOKEUEG:
= < = hosts = TEPUATIKX CUOTHUATA
E ‘ B ﬁEj = Tp€XOUV SIKTUOKEC EDOpPLOYES

otnv nepldépeLa tou Atadiktou

ALaOIKTUOKEC SLAOUVOEUEVEC CUOKEUEG

&3]
Q J | katavdlwong
b S

Pacemaker & Monitor

Pre-

Amazon Echo w) Web-enabled toaster +

IP picture frame
weather forecaster

AwaSiktuakd Puyeio
- ,—

; Slingbox: remote
"a.,“‘ control cable TV
- Security Camera
sensorized, scooters

@ - el bed .
%ﬁ% L g e 0 | aAAec?

]

AR devices

Gaming devices
Internet phones
Ewoaywyn : 1-6



Ta kUpLa cuotatika Tou Atadiktuou

e Aloskotopplpla S10cuvEeSeEVEG
W e "=  UTIOAOYLOTIKEG CUOKEUEG:
! “ .} Aiktuo KwNnTig TNAsdwviog
i"ﬁ - Gl - (a3

= = hosts = TEPUATIKX CUOTHUATA
E n _EE = Tp€XOUV SIKTUOKEC EDOpPLOYES
R A

’l EBVLKOG N mayKooog ISP
i . L
otnv nepldépeLa tou Atadiktou )\ = Ei "

Metaywyeic naketwv (Packet

switches): mpowBoUV makéta
= X
[ |

(T poto Sedopgvwy) . \ Tomub 1
= routers, switches 5 MY \nepupeplokd

Enkotvwviakec Levéelc

2024-v1

N i Es
. (@ /)))) = Omnukn va, xaAkdg, padloleén, E\ A
= Q 80pud6pog & htecuo datacenter

= Toyutnta petadoonc: eUpog Lwvng
(bandwidth)

Aiktua

E 6 8 e
= JUAAOYN QO GUCKEVEG, SpopoAoynTES, Taplie TN Q =/
LelgeLc: SLaxelpl{opeva amo KAmoLo
opyavIopo

Ewoaywyn : 1-7

Ta kUpLaL cuoTatikad tou Atadiktuou

mobile network
4G

» Atadiktvo: “Siktuo diktvwv”
* Atacuvbebepévol ISPs

national or global ISP

= [lpwtokoAAa givat mavtou Sope - N~ Streaming
« gAéyxouv TNV anootoAn, mapoAafn
HUNVUUATWV
* e.g., HTTP (Web), streaming video,
Skype, TCP, IP, WlFl, 4G, Ethernet home network

local or
regiona

provider F
network atacenter

= [lpotuna Atadiktuou (Internet | = G
standards ) Ethernet % :
* RFC: Request for Comments

* IETF: Internet Engineering Task enterprise 8
Force

Ewoaywyn : 1-8
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Tt eival to Aladiktuo: amo TnV otk Twv EPpapuoywv

= Yrtoboun mou nopexeL untnPeocies obile metwork
(013 E(pOlp,uOVEC.' *’E;i’ ¥ national or global ISP
* Web, streaming video, multimedia . =
teleconferencing, email, games, e- Q .
commerce, social media, inter- Stype treaming
connected appliances, ... b
= NMapéxel Stemapn mpoypauUaTIoUOU 5??
O£ KOTOVEUNUEVEC edaployES (API: ho%netwok

provider
network

e
datacenter
network

application programming interface):
* eMITPEMEL 0€ EDAPUOVEG
arnootoléa/SEkTn va cuvdEovtal, va
XPNOLoToLloUV TNV UTtNpPEcia
HeTadopds o
* TIOPEXEL ETUAOYEG UTINPECLWY, OTIWGE KOl :
ta Taxubpoueia Eoaywyi :1-9

T elva TPWTOKOAAO;

AvOpwrtiva mpwtokoAda:  AIKTUOKA TPWTOKOAAQ:

= “TLwpa eivat;” = Mnxavég (OuoKeULEG) avTtl yla avBpwrot

= “Exw pla epwtnon” = OAeg oL 5paoTNPLOTNTES EMIKOWVWVIAG OTO

Awabiktuo SLEmovtal anod MPWTOKOAAQ

= OUOTAOELC
Ta tpwtokoAa kaBopilouv tn popdn, T
Kavoveg yua: . , .
Y OELPA TWV UNVUUATWY TIOU OTEAVoVTAL
a”vouotgi‘gfuv'(s'(pms"“’v ko AapBévovtol PeTasy SIKTUAKWY
M—L I I /4
, , OVTOTNTWV, KABWGE KaL TLG EVEPYELEC TTIOU
... OUYKEKPLUEVEG EVEPYELEG , , , ,
Bt G ylvovtal katd tn )\nlb’ N KoL ATOooTOANR
Aappavovtal pnvoparta n MNVU LOTWV

aA\a yeyovota
Ewoaywyn : 1-10
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’ y 4
TL elval MPwWTOKOAAO;
‘Eva avBpwTivo PWTOKOAAO Kal £va MPWTOKOAAO SIKTUOU UTIOAOYLOTWV:
g
~Adtnon ouvdeong TCP
= e

1 . -_—
Anokplon ocuvdeong TCP
«—

— ’ ’
TLwpa eivay;
-

\
GET http://gaia.cs.umass.edu/kurose_ross
-~

~—2:00 < (5
—<oapxeio

Xpovog

E: AN\a avOpwrtva mpwTOKOAAQ?

Etoaywyn : 1-11

Kedpahato 1: meplexopeva

= n nepLdpEpeLa Tou SIKTUOU: TEPUATIKA, SiKTUO
npooBaong, puoLka péoa

Ewoaywyn : 1-12
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Mta Tieo kovtvn patia otn dour tou AtadLktuou

MNepiudEpeta SikTOU:
= hosts: mMeAATEC KAl EEUTINPETEC

= eEUTINPETEG CUXVA OE KEVTPA
debopévwy

Aiktua npocPaong, duoLka pHEoa:
"evoUPUATEG, AoVPUATEG {EVEELG
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Mta Tieo kovtvn patia otn dour tou AtadLktuou

ational or global ISP

local or ‘-‘

region
=~

Mupnvag Siktuou:
= Staouvdedepevol SpopoAoynTEC
= §ikTUO SIKTUWV

Etoaywyn : 1-15

Alktua TtpooPaonc Kal puOLKA e

E: MNwc puropei va ouvdedei Eva
TEPUATIKO OUOTNUO UE
TIEPLPEPELAKO dpouoAoynth;

= SiKTUA OLKLOKAG IPOCRACNG

= Siktua mpooPacng opyaviopwy (eTalpeieg,
oxoAeia)

= Siktua mpooPaonc kwvntwv (WiFi, 4G/5G)

lMpoooxn ota mapaKATW:

= PuBUOG petadoong (bits per second) tou
SKtuou mpooPaong

= AtapotlpalOpevn 1 amoKAELOTIKN
npoéofaon xpnotwv?

Ewoaywyn : 1-16
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Alktua npéGBacnq: LEOW KaAwSLaKou SLkTUou

cable headend (k€vTpo TEPUATIONOU)

~ cable splltter ,,,,,,,,,,
modem

%

_<\
\
o |mFroOXH4Z00

= |Omo

© |lOomo-<

o lomo-<

N lOmOoO—-<
w |lOmo—-<
S lomo-<
N | »>»=>0
® |>—4>0

Channels

frequency division multiplexing (FDM): tadopeTikd kavaAla petadidovtal
o€ 510pOPETIKEG {WVEC CUXVOTNTWV

Etoaywyr : 1-17

Alktua npocBaonq LEOW KAaAwdLokoU SkTuou

cable headend

T LE :
% cable splitter . BT ; cable modem
modem ' CMTS termination system
Aegdopéva, TV peradidovral
0¢ OIAPOPETIKES TUXVOTNTES >= @ ISP
mévw atmo 10 poIpalouEVo N—
KaAwSIAKS SiKTUO SIaVOUNC = @

= HFC: hybrid fiber coax (diktuo amnod kaAwdLo Kal omTikn va)
* QOUMHETPO: TaxUTNTa petadoong uéxplt 40Mbps - 1.2Gbps downstream, 30-100
Mbps upstream
= SikTUO a6 KAAWASLO KAl OTITIKY lvol GUVOEEL Ta OTtiTLAL LE TOV SpopoAoyNnTh
tou ISP
* Ta onitia potpalovral to Siktuo mpooBaonc HEXPLTO KAAWSLAKO KEVTPO TEPUATIOMOU

Ewoaywyn : 1-18
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Aiktua mpoofaonc: peow digital subscriber line (DSL)

centr@l_,foiCG TnAEQWVIKO BikTUO

/™

T2 DSL splitter |
modem DSLAM

Pwvn kar dedouéva

peraéiﬁovra/ oe fexwplarég DSL access

OUXVOTTEC (1€ Ypaubiric multiplexer
ATTOKAEIOTIKAS XPHong oTo
KEVTPO

= Xprion urndpyovoa¢ TNAEPWVIKNAG YPAUUNG Ttpog To DSLAM tou Kévtpou
* ta Sedopéva mavw amo tnv ypapur DSL mave oto Atadiktuo
* N ¢wvn navw amnod tnv ypappun DSL taet oto tNAepwVIKo SikTuo
= Mn StapolpalOpuevo PEGo
= 24-52 Mbps amokAELOTIKA TaxUuTnta petadoong downstream
= 3,5-16 Mbps amoKAELOTIKN TaxUTNTA LeETAdooNnC upstream Eloaywy £ 1-19

Alktua mpoofaonc: ueow Optical Fiber

= Kuplopxn umodopn yla to EMOPEVA XPOVL - ATIAULTEL LEYAAN EMEVOUGCN UTIOSOUNC

= Mn StapolpalOpUevo PEGO

= TayUtntec anod 300 — 1000+ Mbps amokAslotikn ¢ petadoonc downstream /
upstream

Ewoaywyn : 1-20
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Alktua poofoaonc: owkloka dlkTtua

AcUpHaTeg Kal
EVOUPUOTEG OUOKEUEG

&>

(QC‘!T‘) g -

Juxvd cuvSuacpéva o 'f; _________
o€ pia cuokeun g

@I

Mpog/amno KEVTpo
TEPUATLOUOU

S

cable or DSL modem

WiFi - onpeio acUpuatng router, firewall, NAT

npoopacng (54, 450 Mbps) wired Ethernet (1 Gbps)

Ewoaywyn : 1-21

/ / 4
AlKTuo oUpuaTNC Ipoolaonc
Awapolpagopevo Siktuo aclppaTnG POoPACNG CUVBEEL TEPHATLKA
ocuotnuata pe dpopoloyntn
= Méow otabpou Baong («onueiouv mpdopaone») KueAwtd Siktua mpoofaong

AcUppata Torikd AlKTua (WLANs) sup’aaq T[EpLO)(I’]C . .
] S o = Ao mapoxoug Kvntwv, KuPeAwtwyv
" 2uvNOwG eVTog 1 YUPW Mo Ktnpla Siktvwv (10’s km)
(~301) = 10’s Mbps
= 802.11b/g/n (WiFi): 11, 54, 450 = 4G KuEAWTE SikTuat
Mbps toxitnTa petadoong = 5G og avamntuén — 100’s Mbps /

ULKPOTEPEG AMOCTACELG — AUOTNPOTEPN
moldTnTa untnpeciog;

5 n B
=B @
= 5o b
to Internet

to Internet
Ewoaywyn : 1-22
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Alktua pooBacnc: dIKTua ETMLXELPNOEWVY

: = ~ ---- ’
0N opyaviopoU pE
; \\ ISP (Internet)

ApPOUOAOYNTAG OPYAVIOHOU

= B institutional mail,
1 web servers

= TUTILKN XPAON OE ETALPELEC, TTOVETILOTA LA, KATT
" JUVSUAOUOC TEXVOAOYLWY QCUPHOTWVY KoL EVOUPUATWYV (eVEEWV,
OUVOEOVTOG HETAYWYOUC Kol SPOUOAOYNTEC
» Ethernet: evoUppatn npécBacn ota 100Mbps, 1Gbps, 10Gbps
= WiFi: acUppato onueio mpoocPaong ota 11, 54, 450 Mbps

Etoaywyn : 1-23
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Alktua tpooBaonc: Olktua KEVIpWY OEOOUEVWVY

= ZeU€elg uPnAng xwpntikotntag (10s - 100s
Gbps) cuvdéouv 100s — 1000s e€umnpETeg
HETAEL TOUG Kal e To AladikTuo

Courtesy: Massachusetts Green High Performance Computing
Center (mghpcc.org)

Ewoaywyn : 1-24
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TEPUATLKO: OTEAVEL TTOKETA OEOOLEVWV

Aeltoupyla AmooToAN G MOKETWY TEPUATLKOU:

" TP VEL VU A EQAPUOYAG
" TO OTIAEL OE ULKPOTEPQ KOUHUATLA, YVWOTA [ '/ Ado TtaKéta,l
WG mTakETA, PAKoUG L bits : L bits to kaBéva

= petadidel o MaKkETo oto SiKTUO “ »
) duo 6 R el ==
npooBa,onq uelpu Lo HE'TOl oo’nc s, =
* PuBuog petadoong Levéng, N host \
xwpntikotnta (eVENG, N eUpoc lwvng R: puBudc puetadoonc evénc

KaBuotépnon  Xpévog petadoong L (bits)
uetadoong = makétou (L-bits) = —
TIOLKETOU otn Levén R (vits/sec)

Etoaywyn : 1-25

Zevéelc: Quolka peoa

® bit: SladiSetat petaty (evyoug 2UVEOTPAUHEVO (EVYOG
“°“”°,U/5‘?'“” (Twisted Pair (TP))

= Quolkn Levén: otL BpilokeTal , , , ,
HETAEL TOUTIOU Kol HEKTN = 00 HOVWUEVA cUPATA XAAKOU

= 08nyovpeva péoa (guided * Category 5: 100 Mbps, 1 Gbps Ethernet
media): * Category 6: 10Gbps Ethernet

* onuata Stadidovral o
Kupatodnyoug: XaAkog,
OTTIKN (va, OO EOVIKO
KaAwdLo

= Mn obnyoupeva péoa (unguided
media):

* ofuata Sadidovrat
eAelBepa, T.X., padlo-kupata

Ewoaywyn : 1-26
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Zevéelc: Quolka peoa

Opoafovikd KaAWSLo: KaAwdlo omtikn¢ tvag:

* ‘lva anod yuaAi mou petadépel maApoug
dwTo¢, KABe MAAUOC Eva bit

= Asttoupyia uPnAng TaxvuTNTOG:

= AUO OPOKEVTPOL XAAKLVOL aywyol
= AutAng katevBuvong

= Eupeiag {wvng (broadband): . Y'LIJI’]N"] rqxbtnta petadoong amnod
* moAAQmAQ kavdAta (GuxvoTATWY) 6T akpo oe akpo (10’s-100’s Gbps)
KoAwdLo

= XapnAog pubuog opaipdatwv:
* HEYAAN amoéotaon HETALY
ovapeTadotwy

* anpOooPANTo Ao NAEKTPOUOYVNTIKO
T— BopuPo

e 100’s Mbps ava kavaAl

Zevéelc: Quolka peoa

AcUppuoata padlokavaAla Tumol padlo-leLEswv:

. ; : = AcUppata LAN (WiFi)
X(,Dplq «0Upp:0L» ) * 10-100’s Mbps; 10’s pétpa

" ZNUA HETADEPETAL OE SLAPOPES = cupeiag neploxig (my., 4G
neploxég Tou H/M paopatog KupeAwTO)

* 10’s Mbps oe meploxn ~10 Km

" Eupu-exmopm, nui-audidpoun Bluetooth: avtikatdotaon

puetadoon (half-duplex) (mound

5 KaAwSiwv
TpOg E,Km) , *  MIKPEG OIOOTAOELG, TIEPLOPLOMEVEG
* Ermudpaoelg meptfarlovtog Taxotnteg

petadoong: " €7liyELd pkpoKOpOTa

o OLVéLK)\OLGr] . ﬁ]gssto-npoq—onusto— KavaAia 45

* TIAPEUNOSLON Mo = Sopudopikéc LeVEELC

OLVUKELUEV(} ' o KavdAla uéxpL 45 Mbps
* Noapeppolég / BopuBog * 270 msec kaBuoTtépnon, anod dkpo-oe-

akpo (end-to-end delay)

Ewoaywyn : 1-28
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Kedbalato 1: meplexopeva

0 TUPNVaAg Tou SIKTUOU: peETaywyn
naketou/kukAwpatog (packet/circuit switching),
Sdoun Atadiktuou

O nuprivag tou OLIKTUOoU

= MAéypa Staocuvdedepevwy
Spopoioyntwv

= MeTaywyn TMTOKETOU: TEPUATLKO OTIAEL
Ta unvopata tng ebapuoyng o
TIOKETAL
* 10 SikTUO MPowWOBEel makeéTa amno
Sdpopoioyntr og Spopoloynth HEOW
TwV (EVEEWV OTO HOVOTIATL TIO TINYH
OE TIPOOPLOUO

Etoaywyr : 1-29

Ewoaywyn : 1-30

2024-v1
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AUO Baolkeg Aettoupyieg tou Siktuou-Tupnva

(1) MNpowvnon:
" AAWG, KPETAYWYN»
= A\eLToUpyia TOMIKAG

euBéAclac / onuaoiag:

HeTadEPEL
ELOEPXOUEVQ TTOKETAL
amno tn ZEUE}\ n eLo66ou
orr]v KATAAANAN Levén
€€660ou toU
Spopoioynth).

AtevBuvon mpooplopol otnv

routing algorithm

(2) ApouoAdynon:

- ‘ local forwarding table
header value |output link

kedpaAiba Tou ELOEPYOUEVOU TIAKETOU

o
Victoria™,

= Aeltoupyia eupUTEPNG
euBéleiac / onuaoiag:
kaBopileL To povomartt
METAEL TINYNG KL
T(POOPLOOU TIou Ba
akoAouBrjcouv ta MaKETA

= A)lyoplBuot
&popoAdynong

Etoaywyn : 1-31
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San Diego Phoenix Dallas ALABAMA
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e
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o
Victoria
Seattle NORTT
) \OF
WASHINGTON DAKOTA
= TANA Quebgc City,
o MINNESOTA
Portland Montreal
o °
iinpcepoits Ottawa MAINE
SOUTH WISCONSIN
DAKOTA \ VERMONT
MICHIGAN | Toronto NEW
WYOMING 5 JPSHIBE
etroit
3053 miles [ |owa Cm%agn P 9 Northampton
cir
RI
.
ardin
ited ILLINOIS | INDIANA OHIQ,
o -
United States Kans%s City Indianapolis
COLORADO (SAS
RANSSS MISSOURI
KENTUCKY
CALIFORNIA Las Vegas Nashville
o .
OKLAHOMA TENNESSEE Cleveland
R —= ARKANSAS
Los Angeles ZON mash
g ARIZONA NEW MEXICO 3,309 miles Al\gnta
° MISSISSIPPI
San Diego Phoenix Dallas ALABAMA
o 7 c GEOR(
T
ucson oEl Paso TEXAS
CALIFORNIA Austin ~ _ J
SONORA B omon OUISIANA,
CHIHUAHUA o 2, New Orleans
San Antonio
3 T
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o,
FLORIDA

Etoaywyr : 1-33

Metaywyn makeTou: anobrkeuon kat tpowdnon

Lbits
ovd@ TIaKETO

, . 321
v ey &

» KoBuotépnon petadoong makétou: Maipvel L/R

seconds va petadwoel (Byalel) To L-bit makéto

TIAvVW otnV ypauun pubuou R bps

= Artodnkevon kat powdnaon: oAOKANPo 1o
TIAKETO TPETEL va. GTAOEL oToV SpopoAoyntn
TIPLV TO TPowBroeL otnV emMOpevn (evén

TPOOPLOPOG

Mapadetlyua ue Eva aAuo:

= | =10 Kbits

= R =100 Mbps

= KaBuotépnon petadoong
€vOG dApatog = 0.1 msec

2024-v1

Ewoaywyn : 1-34
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Metaywyr MoKEToU: patvopeva avapovig (queueing)

=100 Mb/s

]

Oupd MAKETWY TIOU iid
TEPLUEVOULV YLa HETAS00N
otn Levén €660u

Qawopeva avapovrc cupBaivouv otav to poptio dBaAveL ypnyopotepa
arno OTL unopet va e€unnpetnOel:

Etoaywyn : 1-35

Metaywyn makeTou: patvopeva avapoving (queueing)

R =100 Mb/s “‘c
| =

Oupd MAKETWY TIOU
TEPLUEVOUV YLa LETAS00N
otn Levén €660u
Avapuovn otnv oupd kat anwAelec: Eav o puBuoc adenc (bps)
Eemepvael Tov puBuo petadoonc (bps) Tng Levéng yla KATIOL XPOVLIKNA
neplodo:
" TaKETA Ba KAVOUV oupa TtepLEvovTag va petadoBouv (kabuotépnaon)

" TaKETA pmopel va anoppldpBouv av n pviun (buffer) yepiost (anwAeleg)

Ewoaywyn : 1-36

2024-v1
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Metaywyn makETov: patvopeva avapovig (queueing)

A/ I'P’= 100 Mb/s
4\’
B
—
XpoOvog petddoong maketou 1000 bits = XpPoOvog petadoong makétou 1000 bits =
100Mbps 0-0158C\ 0.1sec
U 10Mbps
| Iy \ p
1

100Mbps

————Hkll—

Oawopeva Avapovng otnv €€0do (Bupa e£660u) :

0 Otav moAar\d nakéta umopei va adiyBouv og xpovikd opilovta Hetddoong evog makétou oty £€060

O SupBaivet tav : (A) Levén slodbou (AdiEng)) peyahutepn €680ou ri/kat (B) moAamAég (evéelg elo68ou

Etoaywyn : 1-37

EVOA\QKTLKN TNG LETOYWYNG TIAKETOU: LETAYWYN KUKAWUOTOG

MopotL anod akpo-oe-akpo deopevovral
Kot artodidovrtal yla «KARon» Hetofl
TtNYNG KaL TIPOOPLOUOU: q/

= oTO OXAMQ, KABe LeLEn €xeL 4 KUKAWUATAL
* H KArjon Maipvel To 20 KUKAWUO 0TV TTAVW
{evén kat to 1o KUKAwpa otnv de€la Levién

N

o

= QOKAELOTLKOL TIOpOL: OXL poipacpa
* gyyunuévn anodoon

= KUkAwpo adpaveg eav Sev XpnoLUOTOLELTOL
amnod tnv kKAnon (no sharing)

JeE
H

= Xpnolpomoleitot eupltato o KAAoOoWKA TNAEDWVLIKA SikTua ,g’

Ewoaywyn : 1-38
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Metaywyn kKukAwpatog: FDM evavtt TDM

Frequency Division Multiplexing (FDM)

= OTITLKEG, NAEKTPOUAYVNTLKEG CUXVOTNTEG 4 users OO H
Slatpouvrtal o€ (oteveg) Lwveg

i >
OUXVOTTWY C [
(]
= S& KABe KAfon amodidetat n Sikr g ol | — _ _ —
{wvn KaL UIopEL var LETABWOEL UE TO |}
HEyLoTto puBuO auTnG TG {wvng. time
Time Division Multiplexing (TDM)
= O xpovog dlalpeitat o xpovoBbupideg >
c
= Y& kABe KAjon amobibovtal MEPLOSIKEG 3
xpovoBupideg (slots), umopel va g
HETASWOEL UE TO HEYLOTO pUBUO TTOU h " >
emutpEneL n (LeyaAutepn) lwvn 'me
OUXVOTATWV OAAG HOVO KaTA T SLapKeLa 4X pubud, oTo % Tou Xpovou o

Twv SIKWV TN slots.

MEeTaywyr TAKETOU EVAVTL LETAYWYNS KUKAWUOTOG

napadelypa: ,
= ZeUén 1 Gb/s =
= KaBe xpriotnc: :
¢ 100 Mb/s 6tav «evepyog» q
® gvepyog 10% tou xpovou B

1 Gbps link

E: OoOL XpAOTEG UIMOPOUV VAL XPNOLUOTIOLO0UV TO SIKTUO E LETAYWYN TIOKETOU KOl
TIOOOL UE HETAYWYN KUKAWUATOG?

" LETAYWYN KUKAWUATOG: 10 users

" UETQYWYr] TTOKETOU: pe 35xpiotes,  E: WG IPOKUTITEL TO 0.0004?

mBavotnta { > 10 evepyol xproTeg . , ., , ,
TAUTOXPOVA (o6t £xoupie bps oty £ic060 > A amoutei B'QCFLKI] vvwon' Bewpiag meavc')rnrwv

bps oty £6050) } £{vaL LKPOTEPN OO kat napa&o?(eq — TipooeyyioeLg povielomnoinong
0.0004 Knone pons

(35 mpog 10 : képSog oTaTLOTIKNG TTOAUTIAES aG) Eroaywyd : 1-40
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MeTaywyr TOKETOU EVAVTL LETAYWYNS KUKAWUATOG- npdobeto

E: mwg npokurteL to 0.0004? B

1 Gbps link

Muavotnta > 10 evepyol xprioteg and toug 35 =
2 {k enutuyieg o n=35 aveéaptnteg anonelpeg e mdavotnta enttuyiog kade anonewpag iong ue p=0.1 }

k=11..35

( Mapadoxég ya thv Kivhon: aveédptnteg pog HeTaL Toug, otabepn mibavotnta petddoong porg o kabe time slot )

km,9) = Pelin,p) = e =) = ()0 -

fork=0,1,2, .. n where

{} = ALWVUULKT KOTAVOUN (n) o
k) Kn—&)!

Ewoaywyn : 1-41

MEeTaywyr TAKETOU EVAVTL LETAYWYNS KUKAWUOTOG

Elval mavta kaAUTepn N HETAYWYN TTOKETOU;

= |5avikn yla Sedopéva mou xapaktnpilovtal and ekpnktikotnta (bursty data)
* Kown xprion mépwv / mpooPacn oe 6Aoug Toug StabEaiuoug mopoug
* amAouotepn, dev anattel eykaBibpuaon KARong
» YniepBoAwkr cupdopnaon mibavn: kKaBuoTEpnaon Kol anmwAELEG TTAKETWY (AOyw
UTLEPTTARPWONG UVAKNG)
* QIALTOUVTAL TPWTOKOAAQ yLa TNV aflomiotn petadopd Sedopévwy, EAeyxo
oupdopnong
= Q: YIApPXEL TPOTOG VO CUUTIEPLPEPBEL OTIWG N HETAYWYT KUKAWUATOC;
* “Elvai moAUTIAOKO. Q0 HeAETCOUUE SLAPOPEC TEXVIKES TTOU TtpooTabolv va

KAVOUV TN HETAYWYH TIAKETOU VA CUUTEPLPEPETAL OGO TO SuVATOV cav
HLETAYWYN KUKAWMOTOC.

Ewoaywyn : 1-42
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MeTaywyr TOKETOU EVAVTL LETAYWYNS KUKAWUATOG- npdobeto

Kivnon pe ekpnktikotnta - Bursty traffic (éva mapadetypa)

Kivnon xwplc ekpnktikotnTa (akpaia mepimtwon: meplodikn kivnon)

I 11 11

Etoaywyr : 1-43

Aopn tou Atadiktuou: 6iktuo SIKTuwy

mobile network

= TEPUATIKA ouvdEovTal oto Atadiktuo

néow Twv ISPs (Internet Service 'l( -
Providers) mpooBoaong :5\ :
= OLISPs mpooBaong Le TNV OELPA TOUG >
npémnet va Staouvsebolv Ex)
* £T0L WoTe omrotadnmote dVo -

content
provider =
network  gatacenter

TEPUATIKA CUOTHLOTA VO UITOPOUV Val home network
OTEAVOUV TTOKETA TO €val 0TO AAAO

= To 6iktuo TwV SIKTUWV TIOU TIPOKUTITEL
glvat oAU moAUTAOKO enterprise

network

* n €€€NLEN odnyeital amo tnv olkovouia > i
KOl TLG €OVIKEC TIOALTLKEG

Ag iepypapoupe v twptvr our tou Awabiktvou akolovdwvrag pia poogyyion Bripa-Briua.

Eloaywy
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Aopn tou Atadiktuou: Siktuo diktuwv

Epwtnon: Asbouévou ot Exouls ekatoupvpla ISPs mpooBaonc, mwe toug StacuvSEoue;

P <
e =

Etoaywyr : 1-46

Aopn tou Atadiktuou: 6iktuo SikTuwv

Epwtnon: Asbouévou otL Exouue ekatouuvpta ISPs mpooBaong, mwe toug SLacuvOEOUUE;

Juvbéovtag kabe ISP mpooBacng
HE KOs aAlov kat’ euBeiav dev |

Ewoaywyn : 1-47

23



2024-v1

Aopn tou Aladiktiou: diktuo Skt wv

Emttdoyn: ouvbeoe kave ISP npooBaonc e Eva raykoouLo ISP uetapopdc;
MeAatnc ISP kat mapoyoc maykoouLog ISPs €xouv olkovouLKn cuu@wvia

(=<
— =<
global &= =
ISP e &

& ‘
Qev

Ewoaywyn : 1-48

Aopn tou Atadiktuou: 6iktuo SikTuwv

AN\G av €vag maykoouLog ISP eival Blwaolun enyeipnon, Ba uTAPEOUV AVTAYWVLOTES ...

Ewoaywyn : 1-49

24



2024-v1

Aopn tou Atadiktuou: Siktuo Siktuwv

AN\G av €vag maykoouLog ISP eival Blwolun emnyeipnon, Ba UTAPEOUV OVTAYWVLOTES ...
ol ontoiol Ba mpenel va dtacuvdeBolv
Internet exchange point

Ewoaywyn : 1-50

Aopn tou Atadiktuou: 6iktuo SikTuwv

... KoL teplpepetaka diktua pmopet va avaduBouv yla tnv Stacuvdeon Twv
Siktuwv pooBaonc otoug ISPs

regional ISP

e

Ewoaywyn : 1-51
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Aopn tou Aladiktuou: diktuo Siktiwv

... KaL TapoyoL meplexopévou (my, Google, Microsoft, Akamai ) pmopel va
Aettoupynoouv ta SIka toug diktua, yla va GEPOUV UTNPEGCLEG KAl TIEPLEXOEVO
TIANGCLECTEPA OTOUC TEALKOUG XPIOTEC

regional ISP

o

Etoaywyr : 1-52

Aopn tou Atadiktuou: 6iktuo SikTuwv

Tier 1 ISP Tier 1 ISP

Regional ISP Regional ISP
access access access access access access access access
ISP ISP ISP ISP ISP ISP ISP ISP

2TO KEVTPO: ULIKPOG aplOUOC KaAo-8Llaocuvdedepuévwy LeyaAwy SIKTU WV
= “tier-1” epmopikol ISPs (e.g., Level 3, Sprint, AT&T, NTT), eBvikn kat SteBvrig kaAuyn
= Slktua mapoxwv neplexopévou (my, Google, Facebook): 16uwtikd Siktuo mou cuvdEetl
Ta Kévtpa SedopEvwy Tou oto Aladiktuo, cuxVaA MapaKAuTTTovTaS tier-1,
nepldepeLlakoug ISPs

Ewoaywyn : 1-53
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Kedbalato 1: meplexopeva

anodoon: anwleleg, kaBuotépnaon,
puBuamnodoon (throughput)

Etoaywyr : 1-54

Mw¢ cupBaivouv KOBUCTEPNOELG KOL TIWAELEC TIOKETWV;

= To MAKETA UMALVOUV OE Lo OUPA QVOLOVH G OTOUG EVTOULEUTEG (buffers)
TWV SpopoAoyNTWYV, TIEPLUEVOVTAC TN CELPA TOUG va peTadoBolv
= To WAKOG TNG OUPAC AUEAVETOL OTAV 0 PUBUOG AdLENG TakéTwy otn Levén
unepPaivel Tn xwpntkoTnTa TG LELENG €060V

= ATTWAELQ TTAKETWV CUMBOLVEL OTAV N VN artoBrikeuong ival YyepATn

netadldopevo makéto (kabuotépnon petadoong)

g

— TIAKETA O€ avapovh (kabuotépnaon avapovng)

eAeVBepeg (6LaBeoipueg) BEoelg oto buffer: makéta amoppintovral (amwAeLEC)
gav dev umapxel eAeVBepog xwpog oto buffer katd tnv adLén toug

Ewoaywyn : 1-55
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KaBuaotEpnon maketou: TECOEPL CUVIOTWOEG

puetadoo
— 6uadoon — g
.

ouBKA avapovr o€ oupd
”  enefepyaoia  (avapovh yla petddoon

dnodal = dproc + dqueue + dtrans + dprop

Oyroct KABUOTEPNON KOPBLKAG queve: KABUOTEPNON aVaLROVIG
ENetepyaciog ®* XpOVOG avapovig otn Levén e£680u yla

= £AeyXoG opoApATWY eMUMESOU bit uetadoon
= kaBoplopdg Levéng e€66ou = g§aptatal anod to faduod cupdopnong
* SuvABwC < microsecs Tou SpopoAoynth

Etoaywyr : 1-56

KaBuotépnon naketou: TECOEPLS GUVIOTWOEC

Hetadoo
— 6uadoon — g
.

ovapovr o€ oupd

= OHBLKr']’ ) )
enefepyaoio (Qvapovh yla petddoon
dnodal = dproc + dqueue + dtrans + dprop
dypans: KOBUOTEPNON pETASOONG: dyrop: KBUOTEPNON SLE0O0ONG:
" [=unkoc rtaketou (bits) = d = unkog tn¢ puotkng Levéng
= R=gupoc lwvnc levénc (bps) = 5 = ToyUTnNTA 51600 OTO UEDO (~2x108 m/sec)
R A
dtrans Kot dprop

EvteAwc Stapopetika!
Ewoaywyn : 1-57
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KapaBavt oxnuatwv: avtiotolxeg KaBuoTEPAOELS

By e o ..&,.&:E— 100 km

Kapafavt 10 oxnuatwv 51681
(avtiotowa makéto 10-bit) (avtiot. Levén)

= Oxnua ~ bit / kapaavt ~ akETo

uninpeoia Slodiwv ~ petadoon Levéng

= XpOvog eEUMNPETNONG OXNHOTOC OTA
Sd1061a 12 sec (xpovog petadoonc bit)

= oxnuata “Stadidovral” pe 100 km/hr

= F: XpOVOG HEXPL VA EUAVIOTEL TO

kapoaPavt (teAeutaio oxnua) ota 2¢

dLodLa’?

'E 100km{

81661 SobLa

= XpOVOG MOV aTaLTELTaL yLa val
TIEPAOCEL OAOKANPO TO Kapafavt Ta
1% 51061a Kal va epdavioTel otny
EBvik 0606 = 12*10 =120 sec

= XpOVOG OV ATALTELTOL WOTE TO
tedeutalo oxnua va tagldePel
(«SLadoBel» amod ta 1% ota 2¢
S1oéta: 100km/(100km/hr) =1 hr

= A: 62 AT

Etoaywyr : 1-58

KapaBavi oxnUATwy : avTioTtoLeC KABUOTEPNOELG

‘ﬁ‘:—: oo o ‘-ﬁ‘:_: ‘ﬁ‘;:_-E‘— 100 km

Kapafavt 10 oxnuatwv
(avtiot. makeéto 10-bit)

SL0dLa
(avtiot. ApopoAoyntnc)

-E 100 km ——

SL68La

= YroB£ote OtL ta oxfpata twpa «Stadidovraw» pe 1000 km/hr
= Kol UTIOBEOTE OTL 0 XpOvog e€unnpETnong o kaBe 8LodLa sival twpa 1 Asmto
" £: Qo epdaviotolv oxnuata ota 2% §Lodla mpv eEuntnpetnBolv OAa Ta

oxnuata ota 1% doda?

Xpovog dtadoong

Xpovog petadoong
/

A: Nat! Metd amnd 6+1=7 Aemtd, 10 MpwTo oxnua epdavitetal ota 2*
Sd1661a, evw 3 (=10-7) akoun oxnuata Bpiokovtal akopn ota 1% dtodia.

Ewoaywyn : 1-59

2024-v1
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KaBuatépnon avapovAg

" g: HEOOG PUBUOG APLENC TaKETWY (TtakéTa/sec)
= | : unkoc¢ naketou (bits / makeTo)
= R: xwpntukotnta evénc /pubuog petadoong bit (bits/sec)

L-a . puBuAC ddLEnc bits “évtaon

R puBuOC fumnpétnong bits  kivnong”

péon KaBuoTéPNon AVOUOVAG

‘Evtaon kivnong = La/R 1

La/R~0

= La/R ~ 0: pikpn Héon kaBuoTtépnaon avapovhg

= La/R -> 1: ueyadAn péon KaBuoTtEPnon avapovng

" La/R > 1: epdaviletal meplocotepn «SOUAELAY
arno oon unopet va eEunnpetnBeil— péon
kaBuotépnon amnepn!

la/R->1

Ewoaywyr : 1-60

«Mpaypatikeg» kabuotepnoelg kat dtadpopeg oto Atadiktuo

» MNw¢ elval oL «TIPAYUATIKEG KABUOTEPAOELC KAl ATWAELEC 0TO ALadikTLO?

* Mpoypappa Traceroute: MOPEXEL LETPNON KABUOGTEPAOEWVY OTTO TNV TTNYN UEXPL
KaBe Spopoloyntn KaTA UNKOC TS SLadpounG mpog ToV TPOOoPLOUO.

= JTEAveL akoAouBia 3 TTAKETWV TPOG TOV TPOOPLOUO LE TN | oTo medio time-to-live. Apxika
i=1 kat avéavetal kata 1 pe kabe emakoAouOn arnootoAn akoAouBiag 3 MAKETWV.

= KaOe SpopoAoyntng i Kotd HKog TG Stadpoung :
* Evtonilel ta 3 makéta mov Ba ptdcouv Pe TN i oto medio time-to-live.
* EmiotpEdel Ta TAKETA 0TOV AIMOOTOALd Kol Sev Ta ipowBOel adol Aryouv.

* H ninyn kataypddeL to xpoviko Staotnua HeTall petadoong makeTou kal ANPng tng
emotpodn g kaBe makétou. Auth €ival n kaBuotépnon amnod nnyn otov dpopoloynt i.

Ewoaywyn : 1-61
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«Npaypatikeg» kabuotepnoels kat Stadpopeg oto Atadiktuo

traceroute: gaia.cs.umass.edu to www.eurecom.fr

3 petpnoelg kabuotépnong anod
gaia.cs.umass.edu to cs-gw.cs.umass.edu

1 cs-gw (128.119.240.254) 1ms 1 ms 2ms : :
2 borderl-rt-fa5-1-0.gw.umass.edu (128.119.3.145) 1 ms 1 ms 2ms 3 HETPNOELG kaBuotepnong
3 cht-vbns.gw.umass.edu (128.119.3.130) 6 ms 5 ms 5 ms oTov borderl-rt-fa5-1-0.gw.umass.edu

4 jnl-at1-0-0-19.wor.vbns.net 5204.147.132.129; 16 ms 11 ms 13 ms

5 Jnl-s07-0-0-0.wae.vbns.net

204.147.136.136) 21 ms 18 ms 18 ms

6 abilene-vbns.abilene.ucaid.edu (198.32.11.9) 22 ms 18 ms 22 ms

7 nycm-wash.abilene.ucaid.edu (198.32.8.46) 22 ms 22 ms 22 msy Ymo-Athavtikr (evén
8 62.40.103.253 (62.40.103.253) 104 ms 109 ms 106 ms -\_)

9 de2-1.del.de.geant.net (62.40.96.129) 109 ms 102 ms 104 ms

de.frl.fr.,geant.net (62.40.96.50) 113 ms 121 ms 114 ms f .
renater-gw.frl.fr.geant.net (62.40.103.54) 112 ms 114 ms 112 ms <—®aw€rm va peEtvovtat
nio-n2.cssi.renater.fr (193.51.206.13) 111 ms 114 ms 116 ms oL kaBuotepnoelg. Nati?
nice.cssi.renater.fr (195.220.98.102) 123 ms 125 ms 124 ms

r3t2-nice.cssi.renater.fr %95.220.98.110) 126 ms 126 ms 124 ms

eurecom-valbonne.r3t2.ft.net (193.48.50.54) 135 ms 128 ms 133 ms

194.214.211.25 (194.214.211.25) 126 ms 128 ms 126 ms

* Kk K

* * YrodnAwvel pn anokplon (xabnke To makéto, un andvtnon Spouoloynth)
fantasia.eurecom.fr (193.55.113.142) 132 ms 128 ms 136 ms

* AOKludO’TE traceroutes oto www.traceroute.org

Ewoaywyn : 1-62

«MpaypaTikes» KaBuotepnoels kot Stadpopeg oto Aladiktuo
- TtpooBeTo

4 E¥ Command Prompt - O X

Elcaywyn : 1-63
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ATIWAELO TTAKETWV
= 1 oupa (buffer) mou mponyeitat tng LeVENC EXEL MEMEPATUEVN XWPNTIKOTNTA
= OTAV £VA TTOKETO GTAVEL OE ULO YEUATN OUPQA, AToppLTeTaL

(6nAadn xavetai)

= €VOl TIOKETO TIOU XAVETOL UTtopEL va emavapetadobel amnod tov
TIPONYOUHEVO KOUPO, Ao TV TNy ToU TEPUATLKOU CUOTAMATOG, N
va pnv enavapetadobet Kaebéu;*gru

A Z‘/ (xwpog avapovAs) roxéto mou petabidetal

B A
e — TIOLKETO TIOU PTAVEL OE

yeupato buffer xavetat

Etoaywyr : 1-64

PuBuamnodoon (Throughput)

= puduamnodoon: pubuog (bits/povada xpovou) pe tov omnolio ta bits
petadépovral HeTall amooToA£a/mapaAnmTn
* ottyuLtaio: puBUOC o SOOUEVN XPOVLKK OTLYUN
* UEan: pUBUOC o€ pLa LeyaAn mepiobo xpovou

g

g€umnpPETNC ow)\nvwon n ormoia ow?}r’wwon elt

otéAvel bits uropei va UIopEL va petadEpel
(peuoTo) og pia HETAPEPEL PELOTO PEVOTO e pUBUO Re

owAAvwon ne puBuod Rs bits/sec bits/sec

Ewoaywyn : 1-65
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PuBuamnodoon

R, < R.:p€on pubpanoddoon amno Akpo o€ AKPo;

@5} R, bits/sec @ R bits/sec ):*@
g8

R, >R, : peon puBuamnodoaon and akpo oe AKPO;

R, bits/sec R bits/sec Q
ES@ c »e.

|— Jeuén ouupopnong
g

€V€&n o€ éva amo AKPO O€ AKPO LOVOTIATL, 1 omola
neplopileL TNV ano akpo o€ akpo puBupamnodoon

Etoaywyr : 1-66

PuBuamnodoon: cevaplo diktvou

" qvAd cuvOeon n amod AKPo
o€ akpo puBuamnodoon
eivaw: min(R, R, R/10)

" oTNV Npa&n: cuxva Rc N Rs
Utkpotepo tou N/10

* n evén oupdopnong sivat
oto Siktuo nmpoéofaong

10 ouvééoelg (Sikata) polpalovrat
™ {evén cupdopnong Tou SikTUoU
KOpUOU, Ttou eival puBuou R bits/sec

Ewoaywyn : 1-67
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Kedbalato 1: meplexopeva

enineda (layers) mpwTtokOAAWY, HOVTEAQ
UTINPECLWV

“Enineda” MpwTtokOAAOU KoL LOVTEAO avadopdag

Ta Siktua ival moAumAoka
LE TIOAAQL K KOULOTLOLY

= TEPUOTIKA CUCTHHOTO
(hosts)

= SpopoAoynteg (routers)

= {eVéelc SLadOopwVv UKWV
HECWV

" epAPHUOYEG

" IPWTOKOAAQL

= UALKO (hardware), Aoylopiko
(software)

Epwtnuo:

Yriapyxel eAnida
0pyavwong tng Soung
Tou SLKTUOoU;

= kau/r) TNG oUTATNONG
yla ta diktua;

Etoaywyr : 1-68

Ewoaywyn : 1-69

2024-v1
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Napadetypa: Opyavwaon agpomnoptkol taLdlou
s

UETAPOPT TTPOCWITOU KOl ATTOCKEUWV OO AKPI O AKPN

eloltnpLo (ayopad) gloutnplo (mapamnova) {
QTOCKEVEG (EAEyXOC) QMOOKEVEG (Ttapaiafn)
TUAEG (emBifaon) TUAEC (amoBifaon)

TpoxodpouUNcN yLO amoyeiwon  TPOXodpounaon yla TPoCyEiwon

SpopoAdynon agpomAdvou SpopoAoynon agpomAdvou

\ SdpopoAdynon agpomAdvou /

>

Xapoaktnplopog / meplypadn agpomoptkol Taédlou:
" Jelpd BnUATwY, EUMAEKOVTOG TIOANEG UTINPEGCLEG

Ewoaywyn : 1-70

Napadetypa: Opyavwaon agpomopLlkou Tatldlou

ticket (purchase) ticket (complain)
baggage (check) baggage (claim)

gates (load) gates (unload)

runway takeoff runway landing

airplane routing airplane routing

Entimeda: kAOe eminedo UAOTIOLEL pLla UTtnpeoia
" 1e SLKEC TOU EVEPYELEG OTO EOCWTEPLKO TOU

" BaoL{OUEVO OTLG UTINPECLEG TTOU TTAPEXOVTAL ATIO
TO KATWTEPO eMminedo

Ewoaywyr] : 1-71
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Opyavwon o€ enineda — yLati;

Mpoogyylon yia oxedlaopo / neptypadr mMoAUTTAOKWV
OUCTNMATWV:
= HnAnpwc kaBoplopévn doun EMITPEMEL TNV AVAYVWPELON TWV
SLAKPLTWV TUNUATWY TOU CUOTHHATOC KoL TNV KAAUTEPN

KOTOVONON TWV CUOXETIOEWV HETAEY TOUC
e povtého avadopag emmedwy yla oculntnon

= H tunuatomnoinon SleukoAUVEL Tn cuvtrpnon Kot avoaBaduion
TOU GUOTNHUOTOC
* aAlayn NG vuAomoinonc pLag unltnpeciag evog eMUMESOU XwPLE auto va
glval opatod 0TO UTIOAOLTTO CUCTN U

* TUYX., Mla aAAayn otn Stadikaoia tng mUANg dev ennpedlel To
UTtOAOUTO cUOTNUA

Etoaywyn : 1-72

MoAU-eninedn otoifa npwtokoAAou Aladiktuou

. £ appoyn (application): unootripién Siktuakwy
QPHOYWV

* HTTP, IMAP, SMTP, DNS ebapuoyn
" petaopa (transport): petadopd Sedopévwv
arno Slepyaocia og dlepyaoia uetadopa
* TCP, UDP
" Siktuo (network): 6popoAdynan Siktuo
5E60UEVOYPOUUATWY F datagrams) amnoé nnyn o€
npooptouo ZevEn
* |P, tpwtokoAAa SpooAdyNong
= fevén (link): petadopd SeSopévwy petagy UGS

VELTOVLK(.UV GTOLXEL(JJV Siktvou
* Ethernet, 802.11 (WiFi), PPP

" pUOLKO (physical): bits “ndvw otn ypapun”

Ewoaywyn : 1-73
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Yninpeoleg, otoifa npwtokoAou kat EvOuAdkwon

ebappoyr

Hetadpopd

[ ™]
Edappoyn avtaAAACoEL pnvUOTA yla TV UAoTtoinon
KAmoLag umnpeciog epapUoync, XPNOLLOTIOLWVTAG

UTINPEOLEC aMA_TQ minedo HeTOPOPAC.
NPeoieg petapopag

Siktuo

(ebén

duoko

1

o

N

3
~<

MpwtokoAo Metadopdg petadépel M (., aflomota)
and pla Stepyacia og AAAN, XpNOLLOTIOLWVTOG UTINPECLEG
armno 1o eninedo Siktuou

* MpwTtokoAAo petadopdg evOUAOKWVEL
puRvupa ernédou epapuoyng, M, pe
kepaliba enunedou petagpopag H, Kot
dnuoupyel éva tunpa emumédou
petadopag
* H, xpnowpomnoleitat anod to eninedo

HETAdOPAC yLa VoL UNOTIOLOEL TNV
UTinpEcia Tou

ebappoyn

petadopd

TTPOOPICLOC

Etoaywyr : 1-74

Yrninpeoieg, otolBa nmpwtokoAou kat EvOuAdkwaon

(™

(H] ™

MpwtokoAo Metadopdg petadépel M (., alomota)
amno pia Slepyaocia o€ AAAN, XPNOLULOTIOLWVTOG UTINPECLEC
e == ~=i==%=~ §iKTUOU

ebappoyn
HeTadopd
Siktuo
evén
& duokd
g
source

A
MpwtokoAo emunédou AKTUOU HeTAdEPEL TUAMATA
emunédou petadopds [H, | M] amnd to éva tepuatikd oTo
GAAO, XpNnOLpOTIOLWVTOG UTtNPEDieg emunéSou {evéng
MpwTtOkoAAO SIKTUOU EVOUAOKWVEL pVUHA

eruunedou petadopadg, [H, | M], pe kepadiba

enurédou Siktuou H, kat dSnpoupyet Eva

bdebopevoypappa (datagram) emumédou

Siktuou

* H, xpnowomnoleitat ano to eninedo Siktvou
yLOl VO UAOTTOLAGEL TNV UTINPEGLA TOU

ebappoyn

uetadopd

destination

Ewoaywyn : 1-75
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Yninpeoieg, otolfa mpwtokoAou kat EvBulakwaon

edappoyn
Hetadpopd
biktuo
(evén
& duoko
2
source

MpwTtokoAo emunéSou AKTUOU HETADEPEL TUROTA
emunédou petadpopds [H, | M] amd to éva TEPUATIKO OTO
AANO, XPNOLUOTIOLWVTAC UTINPEGLEC emuESoU {eVENg

[H[Ha[H[ ™
MpwtokoAho emunédou ZeLEng petadEpeL SESOUEVOYPAULAL
[H,| [H, IM] amo évo SikTuako OTOLXELO OF YELTOVLKO,
XPNOLUOTIOLWVTOC UTtNPECieC puatkol emumedou
= MpwtokoAAo LevEng evOUAOKWVEL
dedopevoypappa ennedou diktuou [H, | [H,
|M], pe kepaAida erunmedou Levéng H, kat
dnuoupyel éva mAaiolo emumédou evéng

Services, Layering and Encapsulation

ebapuoyn

HeTadopd
Siktuo
(evén

& duokd

g

mnyn

[m
M
Hipupa
CARYE
CANYE
THRHA
Ho[He[ ] [Ho[He[ M
Sdedopevoypappa
CACACARCE LICACANTE

ebappoyn

petadopd

destination

Etoaywyr : 1-76

ebappoyn

uetadopd

TTPOOPICUOC

Ewoaywyn : 1-77
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7T 4 7 . I
i EvOulakwon: Bewpnon
prvupa M e@appoyn 7 7 ’
TUAKa H| M METOPOPA \ aT[O QKDO 08 aKpO
dedoyevoypappa Hn[ H:‘ M ] Oikfua :
mhaioio [H]H H] ™ Zeyen gl
QUIKO
Zeutn
QUOIKO =~
B
METOYWYOG
TPOOPICLOS Hy H| M OIKTUO
M gpapuoyn H|Ho| Hy| M ZﬁUEﬂ' Ho| H| M
H] ™ | [ hetagopa PUOIKO Q(
Ho H| M dikTUQ )
B RN Spopohoyntc

Etoaywyr : 1-78

Kedpahato 1: meplexopeva

aopalela

Ewoaywyn : 1-79
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Aoddlela Aiktiou

= To Aladiktuo Sev oXeOLACTNKE APXLKA LLE YVWHOVO TNV
aopAAeLd Tou
* QPXLKO Opapa: «Ula Opada xpnoTwV UE auolBaia eUTLoTooUVN O€ Eva
Slapaveg Siktuox

* 0XeSLOOTEC MPWTOKOAAWVY TOoU Aladiktuou mpoomnabouv va KAAUTTTouv
Ta KeVA aodpaAeLag mou epdavidovral

* aodpalela og OAa ta emnineda!

= Q0 IPEMEL VO EEETACOUE:
* Mw¢g oL «koKol» pmopouv va enteBolv og Siktua UTTOAOYLOTWY;
* MNw¢ UIMOPOUUE VO TPOOTATEVCOUE Ta SIKTUO EVaVTL ETUOECEWY;

* Mw¢ va oXeSLACOUE APXLTEKTOVIKEC TIOU €lval ampooPAnTeC amo
eTUOLOELG;

Etoaywyr : 1-80

OL «kakoi» kavouv adlakpltn kotaypodr) MAKETWY

packet “sniffing”:
= broadcast péoo (Stapolpalopevo Ethernet, aoUppato)

= «adakpitn» diktuakn Stemadr Stapalel/kataypadel OAa Ta
TIAKETA (T.X. KAl KwdKoUC) Ttou mepvoUV oo aUTAV

[src:B|dest:Al |payload| \Ivl‘\

ﬁ To Aoylopko wireshark , To omoilo xpnolUomoLeiTaL oo TG AOKNOELG EpYOOTnPLOU
0TO CUVLOTWHEVO BLBALO Tou padnpatog, eivat Eva (eEAeUBepo) AaywVIKO TTOKETWV

Ewoaywyn : 1-81
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OL «kakoi» ypnotuornotoouv PeUTikeG dleuBUVOELG

IP spoofing: otélvel makéto pe Pevtikn StevBuvon nnyng

A 11

«—src:BldestA |payload[—]

X
w_

4
A

Etoaywyr : 1-82

OL «kakol» kAvouv eniBeon apvnong mopoxnc UTnPeoiag

Denial of Service (DoS): Ot eMTIOEEVOL KAVOUV TOUC TTOPOUG
(e€umtnpetnTtég, eVpocg Lwvng) pn SLABECLOUG YLO TNV KAVOVLKN
Kivnon umepdopTwvovTag ToV OPO HUE ELKOVLKNA Kivnon

1. emAoyn otoyou (target)

2. EniBeon-napaPioon
UTTOAOYLOTWV 0TO SIKTUO
(BA€me kKakOBoUAO AOYLOULKO)

3. AMOOCTOAN TTOKETWY TIPOC TO
OTOXO Ao MaPAPLACUEVOUG
UTTOAOYLOTEG

Ewoaywyn : 1-83
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[POUUES ApLVAC:

= AuBevtikomoinon : anodeiyvovtag OTL eloal autog Tou Aeg OTL eloal
* Kupelwtd Siktua mapexouv €Aeyxo TautOTNTOG HECW KApTaG SIM. Agv
UTTAPXEL AVTLOTOLXO UALKO EAEYXOU 0TO MaPadooLako ALadikTuo
" EUTILOTEUTIKOTNTO: LEOW KPUTITOYPAPnong
= EAeyxoL akepatotnTag: Pndrakeg unoypadeg epmoditouvy /
avLXVeEUOULV Ttaparoinon
» Meploplopotl mpooPaong: VPNs pe kwdLko mpooBaong
= Teiyn npootaoiag (firewalls): specialized “middleboxes” ota diktua
npooBaong KoL mupnva:
= off-by-default: biAtpdplopa MAKETWY yLa TEPLOPLOHO ATTOCTOAEWY,
TIAPAANTITWY, EPAPUOYWV
= Avixveuon / avtibpaon os DOS attacks

... TTOAU mepLoooTepa yLa Thv aoaleia oto Kep. 8

Etoaywyr : 1-84

Kedpahato 1: meplexopeva

LOTOPLKN avadpoun

Ewoaywyn : 1-85
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lotopia tou Aladiktiou
1961-1972: apyec UETAYwWYNG TTAKETOU — apXLKN TTEPi0dOC

= 1961: Kleinrock - Bewpia oupwv
QVOLILOVHG amoSEeLKVUEL
QIOTEAECUATIKOTNTA HETAYWYNG
TIOKETWV

= 1964: Baran - pETAyWYH TTOKETWY
O€ OTPATIWTIKA SikTua

= 1967: cuAapPavetal n OEa Tou
ARPAnet amno Advanced Research
Projects Agency

= 1969: og Aettoupyila 0 MPWTOC
KOpBog tou ARPAnet

= 1972:

* dnuoota eniden tov ARPAnet
* NCP (Network Control Protocol)

TIPWTO MPWTOKOAAO amod host o€ host

* TPWTO MPOYpPAUHA e-mail

* 0 ARPAnet £xeL 15 kOpPBoug

lotopia tou Atadiktiou

THE ARPA NerweRr

Ewoaywyr : 1-86

1972-1980: bdtadiktuwaon kat tétotayn Siktua

= 1970: ALOHANnet Sopudopikod
Siktuo otn Xafan

= 1974: Cerf and Kahn -
QPXLTEKTOVIKN yla Staclvdeon
Skt WV

= 1976: Ethernet oto Xerox PARC

= T€AN Sekaetiag 1970: dlotayeic
apxLtekToVIKEG: DECnet, SNA, XNA

= 1979: To ARPAnet £xeL 200
KOuBoug

Ap%(éq Stadiktvwong twv Cerf and
Kahn:

" UWLHAALOUOC, auTovouio — 8ev
QTALTOUVTAL ECWTEPLKEG AAAAYEG
yla tn Stacuvdeon SkTO WV

* uovtélo unnpeoiag BEAtiotng
npoonaBelag (best effort)

* 5popoAoynteg xwpig Pvipn
kataotaong (stateless routers)

* arnokevtpwuévog (decentralized)
EAEYXOG

opifouv TNV MapoUCa OPXLTEKTOVIKN
Tou Atadiktuou

Ewoaywyn : 1-87
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lotopia tou Aladiktiou

1980-1990: véa npwtokoAAa, eéanAwon SiKTUwV

= 1983: avamntuén TCP/IP = véa eBvika Siktua: Csnet, BlTnet,
= 1982: Op[o‘uc’)c TOoU NSFnet, Minitel
TIPWTOKOAAOU smtp yLa e-mail

= 100,000 hosts cuvdedepévol oe

= 1983: oplopoc tou DNS yia t ouvopoormovdia SIKTuwv
HETAPpaOn OVOUATWY O€
SdlevBuvoelg IP

= 1985: 0pLOUOG TPWTOKOAAOU
ftp

= 1988: £Aeyxoc oupdopnong
oto TCP

NSFNET T1 Network 1991

Ewoaywyr : 1-88

lotopia tou Atadiktiou
1990, 2000s: eumntopevuatonoinon, to Web, veéec eaployEC

" Apxéc dekaetiag 1990: to ARPAnet  TéAn Sekaetiog 1990s — 2000s:

maporAiZetal " IEPLOOOTEPEC KABOPLOTIKES

= 1991: H NSF aipelL Toug eploplopols  £popUOYEG: instant messaging, P2P
OXETIKA U TN Xprion tou NSFnet yla file sharing
EUMOPLKOUC oKoToUG (rmapomAileTal
T0 1995)

= Apxeg dekaetiog 1990: Web

* Ynepkeipevo (hypertext) [Bush 1945, Nelson

" o AAELa SIKTUOU OTO TIPOCKNVLO

= Mepimov 50 ekatoppvpla hosts,
TepLocoTepoL amo 100 ekatoppupLa

19604 XPNOTES
« HTML, HTTP: Berners-Lee = oL {eVEELC TOU TTUPN VO TOU
* 1994: Mosaic, apydtepa Netscape Awadiktuou petadidouv pe pubuoug
* TéAn Sekaetiog 1990: NG Taén¢ Twv Gbps

EUMOPEVLATOMOLNGN TOU Web

Ewoaywyn : 1-89
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otopia tou Aadiktuou

2024-v1

2005-onuepa: kKAtuakwon, SDN, kivntikotnta, vepoc (cloud)
eruBetikn e€amAwon eupulwvikng mpocPaong (10-100’s Mbps)

2008: software-defined networking (SDN)

avéavopevn mapoucia eupulwVIKAG acupuatng npocBaong: 4G/5G, WiFi
napoxeic uninpeowwv (Google, Microsoft) dnuioupyouv ta dikd toug Siktua

* TAPAKAUTTTOUV TO Aladiktuo yla va cuvdeBoUv «KovTA» aToV TEALKO XpHon , TAPEXOVTOG
aueon/ypriyopn mpooBacn oto KoWwviKa diktua, avalitnon, ‘meplexopevo Bivteo, KA.

£TALPELEC UAOTIOLOUV TLG UTINPECLEC TOUG OTO «VEDOCH (m.x., Amazon Web Services,

Microsoft Azure)

Avadelln kat e€amAwon Twv EEUNMVWV KIVNTWV: TIEPLOCOTEPEC KLVNTEC ATIO

0TaOePEC OUOKEVECG 0TO ALOSLKTUO (2017)
~1861¢ cuokeuEG oTo AladikTuo (2017)

Kepalawo 1: mepiAnyn

KaAvyaue rmoAv vAn!

T elval to Aladiktuo; T eival éva
TIPWTOKOAAO;

g,nsptd)épgta TOU SIKTUOU: TEPUATIKA,
iktuo mpooBaong, uoIKA PEC

0 TuPrvag Tou SIKTUOU: HETAYWYN
nakeTou/KukAwpatog (packet/circuit
switching), doun Atadiktuou

anodoon: anwAeleg, kaBuotépnon,
puBuamnodoon (throughput)

Tunuatomoinon Asettoupylwy (layering),
HOVTEAQ UTINPECLWY, EVOUAAKWON

aodpaiela
LOTOPLKN avadpoun

Ewoaywyr : 1-90

ATTOKTOQTE ULO ELKOVA
Tou neptBaAlovroc,
opoAoyia, kat aiodnon
yLa tnv SIKTUwaon

= [eploocodtepo Babog,

)\ET[TOHéD&lEC otTa
enopeva kepaiata!

Ewoaywyn : 1-91
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