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KewdAaio 1: Eicaywyh

Emiokémnon

2 TOXOC:

» vd doUpe To 0A0OC
(«aioBnon» kai opoAoyia)

» TIPOOEyyIoNn:

= xphonh Tou AiadikTUou
(Internet) wg
TTapad eiyparog

R/
0‘0

X/
0.0

71 cival To AiadikTuo;
TI €ival €vd TTPWTOKOAAO;

N TTepipépeid Tou OIKTUOU: TEPHATIKA,
0ikTUO TTpoaPacng, puoikd péaa

0 TTUpAvA¢ Tou OIKTUOU: HETAYWYRA
TakéTou/KUkAwpaTog (packet/circuit
switching), dopn AiadikTUou

amodoon: amwAeieg, kabuatépnon,
puBuamoédoon (throughput)

acpdAcia

emieda (layers) mpwTokdAAWY,
HOVTEAA UTTNPETIWY

IoTopid



KepdAaio 1: mepiexopeva

1.1
1.2

1.3

1.4
1.5
1.6
1.7

“

TI eivai To AiadikTuo;
Tepipépeid OIKTUOU

" TEPUATIKA OUOTAMATA, dikTuad TTpooPpaonc, ypappécend
systems, access networks, links

TTUpAvag OIKTUOU

= peTaywyn makétou/kukAwparog (packet/circuit switching),
oopn OIKTUOU

antwAeieg, kaBuoTépnon, puBuamédoon d1KTUOU
emieda (layers) mpwTokOAAWY, HOVTEAQ UTTNPECIWY
acpdAcia

I0TOPIKA avadpouh
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Ta kUpia ouoTtaTikd Tou AiladikTuou

«g PC <+ EkatoppUpia diaouvdedepévol
iﬂ eEUTTNEETNG UTTOAOYIOTEG: , ’
= = hosts = Tepuarikd ovoThiuaTga

_/ doupuarto = TPEXOUV OIKTUAKEC

laptop .
‘C"‘i’smar"rphone Eyaprores

«a2>0IKTUO KIVATAC ETTIKOIVWVIAC

))) 3 Eﬂ/KO/V(UV/C(Ké‘g‘ Jevéeis
A qoUpLaTEC OTTIKA iva, XaAKog, kog ISP
Ce0Eeig padioleun, dopupdpog
«@ TV = TaxoTnra petadoong:

EVOUPUATEG egpog Cwvne
ZeUteic (bandwidth)

= « [lpowbnré¢ marsTwy dedopévwy

Spouohoynthc  * Opopodoyntég (routers) kai

peraywyeic (switches) ETAIPIKO O
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A1adikTuakéCG EEUTTVEC OUOKEVEG:

Internet of Things (IoT)

Web TooTiépa +
TpoPAeyn Kaipou

;;;;

IP kopvila
http://www.ceiva.com/

Tweet-a-watt:
MeTpnTAC KaTavdAwaong

Slingbox: PAémeig, eAéyxeig
Thv ThAedpaoh cou
AiadikTuaké amé oToUdNTIOTE

Yyuyeio AiadikTuakd ThAépwva
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Ta kUpia ouotaTikd Tou AiadikTuou

x> NIKTUO KIVNTAG €TTIKOIVWYViAG
T

» Aiadiktvo: “dikTuo dIKTUWV"
= Aiaouvdedepévor ISPs
TTaykoopioc ISP

2 TlpwTroKkoAAa ehéyxouv Thv
amooToAR, TTapaAaPpni HNVUHATWY
= mx, TCP, IP, HTTP, Skype,

802 11 akog ISP

« TTpotuma AiadikTOou (Internet
standards )

= RFC: Request for comments

= TETF: Internet Engineering
Task Force
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Ti cival To A1adikTuo: TTAPEXOHEVEC UTINPEDIEC

ez NIKTUO KIVNTAC ETTIKOIVWVIAC

& Ymooouh mou mapéxel UTNOETIEC
OE KATAVELNUEVES EQPAPLIOYEC:
= Web, VoIP, email, maixvidia,
NAEKTP. EUTIOPIO, KOIVWVIKA
0iKTUa, ...

TTaykoopioc ISP

ako¢ ISP

4

- TTapéxer diemaph
TTOOVOALILIATIOLOU O EPAPLIOYEC
(APIL: application programming
interface)
" EMITPETIEI O€ TIPOYPAUKATA
EPAPHOYWY Vd ETTIKOIVWVOUV
pHéow AiadikTUou

" TtApEXEl ETIAOYEC UTTNPETIWY,
OTTWC¢ Kal Ta Taxudpopeia
(amA6, express, ouoTnUévo,...)

L)

L)
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T1 gival TTpwTOKOAAO;

—

AvBpWwTIva TTpwTOKOAAQ: AikTUaKd TPWTOKOAAA
“Ti wpa civar,” + Mnxavéc ki 6x1 avBpwTol
“Na kdvw pia epwrnon;”
2.UoTdoeIC + OAec¢ o1 0paoTnP1OTNTEC

emikoivwvia¢ oto AiadikTuo

... ATIOOTOAR GUYKEKPILEVWY OIETTOVTAI ATTO TIPWTOKOAAA

HNVULATWYV

... OUYKEKPIHEVEG EVEPYEIEC . ,
ouppaivouv 6Tav Ta mpwTtokoAAa kaBopilouv Th

AappdvovTal unviparta f HOP®A, Th O€1pd TWV UNVUHATWY
dAAa yeyovoTa oV aTéAvovTal Kal AappavovTail
pHeTAll IKTUAKWY OVTOTATWY,
KaOWc¢ Kal TIC EVEPYEIEC TTOU
vivovTal Katd Th Ayn Kai
dTTooTOAR HNVULATWYV
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T1 €ival TpwTOKOAAO;

‘BEva avBpwivo TTpwTOKOAAO Kal éva TTPWTOKOAAO S1KTUOU
UTTOAOVYIOTWV:

Feid E}f{iﬁ‘ ouvOeonC
/G/ ATokpion

~ Ti Wpa givar; < ouvdeonc TCP
- mﬁ’r //www.awl.com/kurose-ross
e : awl. -
. ( p \
< >
Xpovocg
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KepdAaio 1: tepiexopeva

“

1.1 71 givai To AiadikTUo:;

1.2

1.3

1.4
1.5
1.6
1.7

Tepipépeid OIKTUOU

" TepHATIKA ouoTApara, diktua mpooPpaong, (eulelg
TTUpAvag OIKTUOU

= peTaywyn makértou/kukAwpartog (packet/circuit switching),
oopn OIKTUOU

anmtwAeieg, kaBuoTépnon, puBuamédoon d1KTUOU
emimeda (layers) mpwTokoAAwWY, HovTEéAQ UTTNPETIWY
acpdAcia

I0TOPIKA avadpoph
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Mia 1o KovTIvA paTtid oth dopdn Tou OIKTUOU

w [leprpépeia OIKkTUOU:
* hosts: meAdTec Kai
eCUTTNPETEC
« eCUTTNPETEC OUXVA O¢€
KEVTPA OEQOHEVWY

« AikTva mpooBaonc,
YUOIKd [IEoa: eVOUPUATEC,
aoUpparec (eUCeIC

« Tlyohivac oIkTuou:

« dlaouvOedepévol
OpoHoAoynTEC

* QiKTUO OIKTUWV

ez NIKTUO KIVNTAC ETTIKOIVWVIAC

S

TTaykoopioc ISP
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AikTua TpéoPaonc Kai uoikd péoa
“

Epowrnon: TTwe umopei va
oUVOEBEl Eva TeEpLariko
OUOTNUA LIE TOV TTEQIPEPEIAKO
OpOLIOAOYNTH ToU,

» OIKTUd OIKIAKAC TTpoaPpacng

- QIKTUA £TAIPIKAC TTpOaPpaong
(eTaipeieg, oxoAcia)

- OiKTUA douppaTng tpocpaong

2NuEiwon:

+ €Upog Cwvng (bits per
second) 8ikTUOU TTpOOPACNG;

- Olapoipalopevo R
AaTTOKAEIOTIKAC XPAONG:.
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TTpéopaon: digital subscriber line (DSL)

DWVIKO OIKTUO

q-.-

DSL  splitter
modem

Pwvn kar dedopéva
ueradidovral o€ EEXWPIOTEG TUXVOTNTES DSL access
multiplexer

+» Xphon uttdpxouodc ThAEPWVIKAC YpauUne Ttpo¢ To DSLAM
TOU KEVTPOU
= 1a dedopéva mavw amod Thv ypapph DSL mdave oto AiadikTuo
" n eWVA TTavw amoé Thv ypapph DSL mdel oto TnAepwviko dikTuO
+ upstream TaxuTtnTa getddoong < 2.5 Mbps (Tumikd < 1 Mbps)
+ downstream TaxUtnTa geTddoong < 24 Mbps (Tumikd < 10 Mbps)
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TTpoopaon: kaAwdiako dikTuo

cable headend

V? -
- mp'“‘ - % _______

<\§
=

N OmMmOo —<

- <

N | >4>0

—

o |[mFOoOmH4zZ00

P |OmO

w oMo —<
> lomo-—-<
g (omo-—-<
o |Omo

® |>4>0

Channels

freguency division multiplexing (FOM) :
OldpopeTIKA KavdAia usTa6|6ovm|

oc 01aPopeETIKEC (WVEC OUXVOTATWY
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TTpoopaon: kaAwdiako dikTuo

cable hﬂeadend

TS cable spl ZI]J D]J ; ?
plitter b -~—————— cable modem
modem N~ =N CMTS

termination system

Acdouéva, TV ueradidovrai
o€ OIQQOPETIKEC TUXVOTNTEC ISP
ma@vw arro 10 uolpalOuEVo
KaAwdiaké dikTuo dlavounc =<3 -

% HFC: hybrid fiber coax

= aoUppeTpo: TaxuTnTa yetddoong péxpl 30Mbps downstream, 2
Mbps upstream

% OiKTUO amd KaAwdio Kal OTITIKKA iva ouvOEEl TA OTTITIA PE TOV
dpopoAoynth Tou ISP

= Ta omitia poipdalovrail 1o 8ikTUO TTPOAPACNC HEXP! TO KAAWDIAKO
KEVTPO TEPHATIOHOU

= AvTiBeTa To DSL Tpoogéper amokAeioTIKA Tipdopaocn 116



Hgécﬁacg: OLKLOKO OLKTULO

AocUpUATEC OUOKEUE
PHATEG Q( =55

(C 2?2

[Mpoc/atd ISP

SUXVE OUVOUOOUEVD |
O€ Jio OUOKEUN

cable or DSL modem

AcUpuaTO ONUEio router, firewall, NAT
Tpoofaong (54
Mbps) Ethernet (100 Mbps)
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AikTua péoPaoncg emixeiphocswyv (Ethernet)

P ——------

—
\Zs(ﬁ,n OpYaVIOUOU HE

ISP (Internet)
ApopuoAoyntng opyaviopou

Ethernet
switch

mail,
web servers

!

A

1
)

+ TUTTIKA XPAON O€ €TAIPEIEC, TTAVETIOTANIA, KATT

+ Taxurnteg petadoonclO Mbps, 100Mbps, 1G6bps, 10Gbps

+» 2ZAUEPA, TA TEPHATIKA CUOTAUATA CUVOEOVTAI OE HETAYWYEIC
Ethernet
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AikTua aocUppatng Tpoéopaonc

+ Miapoipaloépevo dikTuo acUppaTng TTpooPaAcnC ouvAEE
TEPUATIKA ocuoTAHATA pe dpoHoAoynTh
= Méow oTtaBpou pdong («onpeiov tpooPaonc»)

Aovppara LANSs: AoUpuaTn’npéobaon gupeiac
= Evroc kTnpiwv (30 m) TepIoxXng , ,
= 802.11b/g (WiFi): 11, 54 " Tlapoxeig KUpEALTUY
Mbps ouvoThudtwy, 10's km
= petagu 1 and 10 Mbps

» 3G6,46G: LTE

T o

to Internet
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TeppaTikO ovoTnua: oTéAvel TTakETa OEOOHEVWY

A€IToupyia ammooToAAG:
» TIAipVEI HAVUKHA €@apUOYAG

% TO OTTd€El 0€ HIKPOTEPA , ,

, , , ‘ AUO TTOKETQ,
KO“HGT'G' V vwoTtd w.c / / L bits To kaBéva
TakéTa, HRKoug L bits /

% HeTadidel TO TTAKETO OTO “
0ikTUO TtpooPHaonc e

I4 ’ 2 1
puBu6 peTddoonc R < &
bits/sec ey o R puBug peréBoong Geugng

puBUGG peTddoong Ceugng (YPauHAG)
= eUpo¢ {Wwvng = xwpnTikOTNTA
KaBuoTépnaon Xpovog petadoong L (bits)
uet@doonc =  TmakETou (L-bits) = ,
TTaKETOU OTN YPOUN R (bits/sec)
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Puoikd péoa

+ Bit: d1adideTal peTau 2 UveaTpauuévo CeUyoq
(eUyouc TToUTToU/dEKTN (Twisted Pair (TP))
+ AUo povwpéva oUpuata
» ®uaikn (elin: PppiokeTal XAaAKoU

HeTall moumoU Kai 0€KTN
= Category 5: 100 Mbps,

» O3nyoUpeva péoa (quided 1 6bps Ethernet
media):
= ghuata diadidovTail ot - Category 6: 10 Gbps

KupaTodnyoug: XaAkog,
OTITIKA iva, opoaloviko
kaAwdio
+ Mn odnyoUpeva péaa
(unguided media):
= gnpata diadidovral eAsUBepa,
.X., padlio-kuparta
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Puoikd péoa: opoaloviko KaAwdio, oTITIKNA iva

Ouoaloviko kKaAwdio:

0 AuUo opbékevTpol XAAKIvol
aywyoi

O AimAA¢ kaTelBuvong

Q Eupceiac {wvng (broadband):

=  mroAAaTTAd KavdAia oTo
KaAwo 10

= HFC

KaAwdio oTTIKAC ivac:

Q "Iva amd yuaAi Tou peTagépel
TTaAPoUC pWTOC , KAOe TTAANOC
éva bit

Q AsiToupyia uynAi¢c TaxuTnTag:

< YyYnAn Taxutnta petddoong
amnoé dkpo oc dkpo (m.x., 10's-
100's Gbps)

Q XapnAog puBuoéc opaApdTwy:
pHeydAn amooTtaon peTalu
avapetadoTwy (ampocPAnTo amo
nAEKTooLayvnTiko ©6pubo)
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Puoikd péaa: pddio-eUCeIC

+ 2ZApa petapépetal ato H/M
paopda

+ XWpic pUOIKO «oUppa»
» MNITTARC kaTeVBuUvONng

+ Emdpdoeic mepiPAAAOVTOC
petadoong:
= avdkAaonh
" TTApeUTTOOION ATIO AVTIKEIHEVA
= TtapeUPOoAEC

TUTo1 pddio-CeUewv:
Q emiveld pikpokUpATa

% T.X. Kavdhia éwg 45 Mbps
a LAN (m.x., Wifi)

+ 11Mbps, 54 Mbps
Q eupciac meptoxng (m.x.,

KupeAWTA dikTUA)

+ 36 cellular: ~ Aiva Mbps
Q 50pULpOpIK£C_: (elleic

% KavdAl €w¢ 45Mbps (n
TOAAATTIAd HIKPOTEPA KavdAia)

«» 270 msec kaBuaTépnon amo
dkpo o€ dkpo

< YEWOTATIKOI dopuPopo! EvavTi
dopUPOPWYV XAUNAAC TPOXIAC
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KepdAaio 1: teprexopeva

g

1.1 71 givai To AiadikTUo:;

1.2

1.3

1.4
1.5
1.6
1.7

Tepipépeia OIKTUOU

" TEPUATIKA OUOTAMATA, dikTuad TTpooPpaonc, ypappécend
systems, access networks, links

TTUpAvag OIKTUOU

= peTaywyn makétou/kukAwparog (packet/circuit switching),
dopn OIKTUOU

anmtwAeieg, kaBuoTépnon, puBuamédoon dIKTUOU
emimeda (layers) mpwTokdAAWY, HoVTEAQ UTTNPETIWY
acpdAcia

I0TOPIKA avadpouh
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O Ttuphvac Tou OIKTUOU

TTAéyua diacuvdedepévwy
OpopoAoynTwy

MeTaywyn TTAKETOU: TEPHATIKO
oTtdel Td pnvUPaTa ThG
EPAPHOYNC o€ TTAKETA
= TTpowOcei makéTa amod
dpopoAoynTh o€ dpopoAoynTh
pHéow Twv (eU€ewv oTo
HOVOTIdTI ato ThyA o€
TIPOOPIOHO
= KdBe makéTo petadideral pe
TNV TAAPN TaxUTNTA TG
YPAHHAG
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MeTaywyn TakéTou: amoBnRkeuon Kal TpowoOnon

L bits
oVQL TIOLKETO

321

TIPOOPLOUOC

mnyn <. § y =
g R bps R R bps %

- TTaipvel L/R seconds va

HeTadwote! (bdaAer) TO L-bi‘r' [Tapdoeryua e éva dAua.
gake'ro oTnv ypauph pubuovu R = /=75 Mbits
PS . _
v  AmoBrnkeuon kai mpow6non: R=15 {\Abps ,
0A6KANpO TO TTAKETO TIPETTE! Vd " KaBuorépnon peradoong
@TACEl OTOV SpOoHoAOYNTH TIPIV evog dAparog= D sec

To TTPOWONOEI OTOV ETTOHEVO

2 Kaeuorépnof\ amé dkpo-oe-dkpo=
2L/R (umoBETovTag pndevikn Mepuoodrepa o Aiyo. .
kaBuoTépnon diddooncg)
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MeTaywyn takétou: kabuaoTtépnon avapovig,

ATTWAEIEC
AQRzlooMb/s C q
R = 1.5 Mbls P
P ol o= G-
upd TTOKETWY TTOU )
= TEPINEVOUV 0N (elign £5650U =
TATIOTIKNA
moAuTtAeCia

AvdloVvh oTnv oupd Kal dTTWAEIEC :
+ Eav o puBpoc apitnc Eemepvdel Tov puBuo petadooncg Tne {evéng
vid KAmolda XpoVvIkA Ttepiodo:
= makéTa Oa kavouv oupd TrepipévovTac va HeTadoBouv

» TrakéTa pmopei va metaxTouv (amwAeaBolv) edv n UvAEn
(buffer) yepioel
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AUo Pacikéc AeiToupyiec Tou dIKTUOU-TTUPAVA

A,OO,UOAO' ynon. mpoadiopilel Tov ﬂ,qoa'lelzan . WETAKIVEI ﬂaKérq
3pOo TToU TIAipvouV TA TAKETA amMé Ao TNV £i0000 ToU JpoLioAoynTr]
TINYN O€ T(POOPITHO oTnv KardAAnin é€odo

" AAydpi16Lo1 dpoLioAdynons

routing algorithm

local forwarding table
header value |output link

0100 | 3
0101
0111
1001

2
2
1

AiguBuvon 1Tpoopicuou % | | %

oTNV KEPAAIdQ TOU TTAKETOU
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EvaAAaKTIKOC TTUPAVAC: HETAYWYA KUKAWHATOC

TTépol amé dkpo-oe-dkpo

KpaToUvTal kai amodidovral .= g
yida «KARon» HeTall TTNyAC / l /
Kal TtpooplopoU: BC
270 oxApa kdBe Celn éxel 4 A Ny
KUKAWwpara

H kAnon maipvel To 2° KUKAwpaA

oTnv dvw (evén Kkai Tol°

KUKAwpa otnv deia {euén
ATIOKAEIOTIKOI TTOpOI: OX! Hoipaoua

, , -
gyyunpévn amédoon
KUkAwpa adpavéc edv dev / /
Xphoigotoicitar amé Thv KAon (no
sharing) il

H ouvnBiopévn tpooéyyion ota
Tapadoaoiakd ThAspwvikd dikTud
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MeTaywyn kukAwpartoc: FDM évavri TDM

Mapadeiyua:
FDM 4 yprotec W]
ouxvortnrta
TDM RPOVOS

A

ouxvortnta I I I I I
>

XPOVOC

1-30



MeTaywyh TTAKETOU EvavTl HETAYWYNC KUKAWHATOC

H uesraywyri makErou EMITOETEI OE TTEQITTOTEQPOUC
Xonorec va xonoiyomoiovv 1o d0ikTuo!

+ (evén 1 Mb/s

+ KAOe xpnoTng:
= 100 kb/s 6Tav «evepyoc»
= gvepydc 10% Tou xpbvou

> WETAYWYH KUKAWLATOC: , a
= 10 xpnioTeg N xphoTec —==——2

) , N~ ,
s HETAYWYH TTAKETOU: () Ceug¢n 1 Mbps
= pe 35 xpnoreg, U

mOavoTnTta > 10 evepyoi

XPNOTEC TAUTOXpPOVA Eival , ,
LIKp6TEph améd 0.0004 E: tw¢ mpokuntel To 0.0004;

E: Ti ouppaivel edav >35 xpAoTeC:
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MeTaywyh TTAKETOU EvavTl HETAYWYNC KUKAWHATOC
A

Eivar mdvra kaAUTepn N HeTaywyh TTAKETOU;

» LOavikA yia dedopéva Tou xapakTtnpilovral amod
omopadikétnta (bursty data)

= JI1dHOIPACHOC TTOPWYV
= amAouoTepn, Ocv anaiTei eykaBidpuon KAhoNg
« YmeppPpoAikn cuppopnon: kaBuotépnon Kail dmWAEIEC TTAKETWY

" anaiToUvVTdl TPWTOKOAAA yid Thv af10moTh HETAPopd
dcdopévwy, EAeyX0 oUHPOPNONG
+ YTdpxel TPOTOC vd oUUTTEPIPEPOEi OTTWC N HETAYWYRA
KUKAWWAToC;
* o1 epappoyéc audio/video amaiToUv eYYUROEIC WC TIPOC TO
eUpog Cwvng
= Trdpdpével éva adAuto TtpoPpAnua
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Aopun Tou AiadikTOou: dikTuo SIKTUWY

% Ta TepuaTika ouoTApara ouvdéovTal oto AiadikTuo Héow
Twv ISPs (Internet Service Providers) mpoopaonc

= 0IKIAKOI, ETAIPIKOI KAl TTavemioTnHiakoi ISPs

« O1 ISPs tpoéapaonc pe Thv ocipd Toug TIPETEN vd
d1aouvdeOouv

» £TOI WOTE oTroladAToTE OUO TEPUATIKA CUOTHUATA vd
UTTOpOUV va OTEAVOUV TTAKETA TO €vd aTO dAAO

« To amoTéAeopa gival éva oAU TtoAUTTAOKO OiKTUO
OIKTUWV

« n e€EMEN odnyeiTal amod TV oikovopia Kal TIC EOVIKEC
TIOAITIKEC



Aopn Tou AiadikTUoU: JikTUO SIKTUWV

Epwrnon.: doopévou 0TI Exoupe ekaToppupta ISPs
TpooPaong, TWE Toug O1AoUVOEOULE;

P <
R =
e
R

N o




Noun Tou AiadikTUou: dikTUO dIKTUWYV

Emidoyri: ouvdeoe kdBe ISP mpoofaong e 6Aouc Tou¢
dAAou¢

oev kKAluakwver. O(N?)

OUVOEOEIC




Aopn Tou AiadikTUoU: §iKTUO SIKTUWY

Emidoyn. ouvoeoe kdBs ISP mpoofaons e Eva maykoouio
ISP usrapopdc, TTeAdTne kar mapoxéa¢ ISPs Exouv
OIKOVOLIKN oulpwvia
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Aoun Tou AiadikTUou: dikTUO dIKTUWV

AAMAG av évac maykoopio¢ ISP eivail piwaipyn emixeipnon,
Ba untdpouv avTaywvioTEC ...




Aoy Tou A1adikTUoU: dikTUO JIKTUWY

AAMAG av évac maykoopio¢ ISP eivail piwaipyn emixeipnon,
Ba uttdpouv avTaywvioTEC ..ol oTroiol Ba TtpéTrel va

d1acuvdeBouv Internet exchange point

¥

peering link

o




Aopn Tou AiadikTUou: dikTUO dIKTUWV

... Kal TTepipepelakd dikTua Pumopei va avaduOouv yia Thv
diaocuvdeon Twv dIKTUWYV Ttpdapaoncg oTtoug ISPs




Aopn Tou AiadikTUou: dikTUO SIKTUWV

. Kol Trapoxeig meptexopévou (mx, Google, Microsoft, Akamai ) pmopei
va AeiToupynoouv Ta 0iIkd Tou¢ OiKTUd, Yid va EPOUV UTTNPETIEC Kal
TTEPIEXOHEVO TTANCIECTEPA OTOUG TEAIKOUC XPHOTEC

_

E=

H

6_—

Content prowder network

@
E=

@@
e W




Aoun Tou AiadikTUou: dikTUO dIKTUWY

T

Tier 1 ISP Tier 1 ISP Google
n - m

Regional ISP Regional |
W
S (e () () () () () (e

*  2.TO KEVTPO: HIKPOC ap1Ouo¢ kaho-0iacuvoedepévwy peydAwy dIKTUWY
= "tier-1" epymopikoi ISPs (e.g., Level 3, Sprint, AT&T, NTT), eBvikA kai
d1€OVAC KAAuyN

= JikTUO Tapoxéa mepiexopévou (Trx, Google): 101WTIKG dikTUO TTOU CUVOEE! TA
KévTpa dedopévwy Tou ato AiadikTuo, ouxvd Tapakdumrovrag tier-1,
TeplpepelakoUlc ISPs

IXP

/
<

@/
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Aopn Tou AiadikTUou: JikTUO JIKTUWY

% €vd TAKETO TepvAel Héoa amod moAAd dikTual
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Tier-1 ISP: 11x, Sprint

Post Falls Bismarck

— POP: point-of-presence —

to/from backbone

peering

to/from customers

@ Tucson
El Paso
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KepdAaio 1: teprexopeva

“

1.1 71 eivai To AiadikTuo;

1.2

1.3

1.4
1.5
1.6
1.7

Tepipépeia OIKTUOU

" TepuATIKA ouoTApara, diktua mpooPpaong, (eulelg
TTUpAvag OIKTUOU

= peTaywyn makértou/kukAwpartog (packet/circuit switching),
oopn OIKTUOU

anmtwAeieg, kaBuoTépnon, puBuamédoon dIKTUOU
emimeda (layers) mpwTokoAAwWY, HovTEéAQ UTTNPETIWY
acpdAcia

I0TOPIKA avadpoph
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artwAeie¢ kar kabuaTepnoeig: oL opeiAovTal,

Ta makéTa ymaivouv o€ Hid oupd avdpovAg oToug
evrapieutég (buffers) Twv dpopoAoynTwv

» 0 PpUBHOC dgiEnc TakéTwy atn (eUEn utteppaivel Tn
XwpnTikoTNTa ThC (eEnc €o6dou
%~ 0Upd TTAKETWYV, TTEPINEVOVTAC Th o€Ipd va pHeTadoBOouv

peTadidopevo makéTo (kabuaTtépnaon)

>

L1 1'
\nakém oe avapovh (kaBuoTépnon)

eAeUBepec (01aB€aipec) Béoceic oTo buffer: makéta amoppimrovral (xdvovrar)
gdv dev UTtdpX el eAeUBepoc XWpoc oTo buffer katd Thv deiEA Toug
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Téooepic ouvioTwWoeC KABUOTEPNONG TTAKETOU

1. kaBuaTépnon koupikAc 2. kKaBuaTépnon avapovAg

emeC epyaaoiac = XpOVOC AvAPoVAC oTh
= £Aeyxog opaipdTwy (evén e€odou via
emimédou bit peTadoon
" kaBopiojdg {eugng = efapTdral améd To Padué
e€odou ,
ouHPOpNONg Tou
dpopoAoynTn

<—91adoon —>

na [ 1'

KoupPIKA

emefepyaoia avapovh og oupd
(avapovn yia petddoon)
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KaBuoTtépnon oe dikTua HETAYWYNC TTAKETOU

3. kaBuoTépnon peTddoong: 4. kaBuoTépnon diddoong:
» R=gUpog Tivng TevEng (bps) » d = gAKog TG YUOIKAG CeuEng
« L=pAkoc akéTou (bits) + § = Taxutnta 01ddoong aTo HETo

* " - 8
» XpOvocC amooToAnC bits atn ( 2"10, m/ sec)'
CelEn= L/R » kaBuoTépnon diadoonc = d/s

2npeiwon: Ta s kai R gival evreAwg
dIAPOPETIKEC TTOGOTNTEC!

getadoon

A @ \
< 01adoon _ s
X N
Ly T

= |
T
B @ ’x
«—>
KoupIKA
emMegEPYATia  avapovh oc oupd

(avapovnh yia petdadoon)
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2UVOALKN KOouPKN kaBuotepnon
+d

/
0’0

o0

0

o0

o0

d =d__+d +d

nodal proc queue trans

d____ = kabuotEpnon eMeepyaoiog

proc
" ouvnOwg pEPLKA microsecs 1 AlyOTtepo
douene = KOBUOTEPNON QVOOVAG
= gfapTaTal ATTO TN cupdopnon
d..... = kaBuotepnon petadoong
= =L/R, onuavtikni yla (evéelg xapnAou puBuou
d,.., = kaBuotepnon dadoong
" UEPLKA Microsecs EwWC EKATOVTAdEC msecs

prop
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KaBuaTtépnon T
’ gueueing delay
AavapovAg

a

&l
|
|
|

- !

' ’ , Q |

= EUpog Cwvng Ceugng (bps) g g

= L=pnAkog makéTou (bits) D /,f |

4 ’ ’ 9 |

= a=pégoc pudpoc deignc =S . :

TAKETWY § L :
S v (4R

£vraon Kivnong 1

= La/R

= La/R ~ 0: yéon kaBuoTépnon avapoviag HIKPR
= La/R -> 1: kaBuoTepnoeic HeyaAwvouv
= La/R > 1: mepioooTepn "kivhon" gtdvel amo




KaBuoTepoeic kai dpopol oto AiadikTuo

QA lNpoypapua_Traceroute: TapéExel HETPNON
KABuOoTEPNTEWY ATTO TNV TINYA HEXP! KABE
dpopoAoynTA KATda HAKOC TNC TTARpouc d1adpoUnC oTo
A1adikTuo Tpoc Tov TTPoopIoUo.

a lMa kdaOe dpopoAoynTh i:

« H 1nyn oTtéAvel Tpia TakéTa ou Ba ¢Tdoouv oTov
OpopoAoynTh i oTn 01adpoUn TTIPOC TOV TIPOOPICHO

<« 0 OpopoAoynTng i Ba emoTpéyel TakéTa avagopdc (LCMP)
OTOV ATT00TOAEA

% 0 TINYA KaTaypdegel To Xpoviko didoTnpa petaéy petdadoonc
Kdl aTTOKPIONG
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TTpaypaTikég kaBuoTepnoeic ato AiadikTuo

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

3 METPAOEIC KABUOTEPNONG ATTO

gaia.cs.umass.edu to cs-gw.cs.umass.edu

cs-gw (128.119.240.254) 1 ms 1 ms 2 ms

borderl-rt-fa5-1-0.gw.umass.edu (128.119.3.145) 1 ms 1 ms 2 ms
cht-vbns.gw.umass.edu (128.119.3.130) 6 ms 5 ms 5 ms

jnl-at1-0-0-19.wor.vbns.net (204.147.132.129) 16 ms 11 ms 13 ms
jnl-s07-0-0-0.wae.vbns.net (204.147.136.136) 21 ms 18 ms 18 ms
abilene-vbns.abilene.ucaid.edu (198.32.11.9) 22 ms 18 ms 22 ms o
nycm-wash.abilene.ucaid.edu (198.32.8.46) 22 ms 22 ms 22 ms YTO-ATAQVTIKI) (eUEn
62.40.103.253 (62.40.103.253) 104 ms 109 ms 106 ms <\_)
de2-1.del.de.geant.net (62.40.96.129) 109 ms 102 ms 104 ms

10 de.frl.fr.geant.net (62.40.96.50) 113 ms 121 ms 114 ms

11 renater-gw.frl.fr.,geant.net (62.40.103.54) 112 ms 114 ms 112 ms

12 nio-n2.cssi.renater.fr (193.51.206.13) 111 ms 114 ms 116 ms

13 nice.cssi.renater.fr (195.220.98.102) 123 ms 125 ms 124 ms

14 r3t2-nice.cssi.renater.fr (195.220.98.110) 126 ms 126 ms 124 ms

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

16 194.214.211.25 (194.214.211.25) 126 ms 128 ms 126 ms

17 *** o , , , ,

18 ** % * (atTwAEIa TTAKETOU, OPOPOAOYNTHC OEV ATTOKPIVETAIL,...)

19 fantasia.eurecom.fr (193.55.113.142) 132 ms 128 ms 136 ms

OCoOoO~NOOITR~WNE

* AoKipaoTe To www.traceroute.org
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ATTWAELO TTAKETWV

+ n oupa (buffer) TTou Tponyeitat TnG {eLENG EXEL TIETTEPACHEVN
XwpPNTLKOTNTO

% OTOV EVOl TTAKETO PTAVEL OE LA YEUATN oUPQA, ATTOPPLTTTETOL
(6nAadn xavetal)

% €va TTOKETO TTou XAveTal HUImopel va emavapetadobel armo tov

TIponyoupeVO KOUBO, ATTo TV TTNYR TOU TEPLLATLKOU
ouOTAMATOC, N Vo LN eMavapetadobel kaboAou

TTAKETO TTOU TIPOKEITAI va HeTadoO«i

\naKéTo ToU QTAVEl OF

veparo buffer xaverai 1.52




PuBuamodoon (Throughput)

% puduarrodoon: pubuog (bits/povada xpovou) He
ToV offoio ta bits petadpepovtat petaév
aTTooTOAEQ/TTAPAANTTTN

" griypLlodo: pubuoc oe SOOUEVN XPOVLKN OTLYUN
" L£on: puBUOC o YL PeyaAn TTepiodo xpovou

!ﬁo = »E

e€UTTNPETNTAC owARvwon n omoida owWARvVWON TToU PTTOpPEI N
oTéAvel bits HTTOpEi va HETAQEPE! Va HETAPEPEI PEUTTO HE

(pevoTd) o pia  PEVOTO HE pUBUS Ry puBU6 R, bits/sec
owARvVWOon bits/sec
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PuBuarmmodoon

% R, < R_:ueon puvduamoboon oo akpo o€ AKPo;

R, bits/sec @ R, bits/sec

AR, > R, Héon puBuamnodoon amo dkpo o€ dKpo,

R, bits/sec @ R. bits/sec »D

S

g

— JeUEN oulpdphong
(elCn oc éva amd akpo o€ AKPo HOVOTIATI, n oTroia Tepiopilel
TNV amé dkpo ge dkpo puBpatmodoon
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PuBuamodoon: ocevaplo

ALaOLKTUOU

|
R i
% ovad ocuv8eon n ammod dkpo S |

0€ AKPO
puBuarodooneivaol:
min(R,, R, R/10)

% otnv Tpa&n: ocuxva n
ocuudopnon odeietal
oto R. A R

10 ouvdéaeic (dikaia) poipalovral Th {eUin
oUHPOpNong Tou OIKTUOU UTTOAOYIOTWY, TTOU

gival puBpouU R bits/sec
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Kedalato |: TepLexopeva

l.] TU €ival to Aladiktuo;
|.2 TTepldpEpela Siktuou
" TEPUATIKA ouoTAuAra, OikTua Ttpochaons, YPAUHES

|.3 TupRvag diktuou

= peTaywyn makértou/kukAwpartog (packet/circuit switching),
oopn OIKTUOU

|.4 amwAeleg, kaBuotépnon, puBuarodoon SikTUoU
|.5 emimeda (layers) MpwtokOAA WV, povteAa UTINPECLWY
.6 aodaAela

|.7 wotopikn avadpoun
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“ETTimeda’” MpwTtoKOAAWV

Ta diktua slvot TToAuTTAOKO!

% TTOAAA “KoppaTio’:

TepUATLKA cuOTAHATA
(hosts)

Spopoloynteg (routers)
(eV&eLc Sladopwv
GUOLKWV HECWV
edapuOyEG
TTPWTOKOAAQ

UAKO (hardware),
AoyLouko (software)

Epwtnuo:

YTapyxeL eATTOa opyavwong
¢ doung tou SkTuov;

N TouAdyLotov TnC ocul{ATNONC
nac yot tTn dopn tou
OLKTUOU;

1-57



Opyavwon ogpoTtoptkol Ttaéldlou

eioiThpio (ayopd) ei0iThpio (TTapdmova) A
amookeVéC (EAeyxoc) amookevéC (TTapaAapn)

TUAe¢ (eipipaon) TUAe¢ (amoPipaon)
Tpox0dpoOHNon yid amoyeiwaon Tpoxo0pounon yia mpoaoyesiwon|
dpopoAdynon aspottAdvou OpolloAdynon aspottAdvou

dpoloAdynon aspottAdvou

% ULOL OELPA BnUATWV
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Opyavwon og dtadoyika eMMiImeda AELTOUPYLKOTNTAC
QLEPOTTOPLKNC ETALPELOLC

"

ticket (purchase) ticket (complain) £I0ITAPIO
baggage (check) baggage (claim QTTOOKEUEG
gates (load) gates (unload) TTUAEG
runway (takeoff) runway (land) atroyeiwon/Tpoayeiwan
airplane routing airplane routing airplane routing airplane routing | dpopoAdynon agpotrAdvou
AepodpoduIo

Evdiaueoa kévrpa

avaxwpnong EAEYXOU £VAEPIOG KUKAOYOpPIOG

Aepodpodulo
apigng

ErTimrebo: kaBe emirmedo vAoTTolel pa uTTnpeoia

" e SLKEC TOU EVEPYELEC OTO ECWTEPLKO TOU

» Baoiletal oTic UTTNPEOLEC TTOu TTapEXOVTAL ATTO Ta
KOTWTEPO ETUTES AL
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Opyavwon o€ eMMmedoa — yLoTi;

Alaxeiplon TTOAUTTAOKWV CUCTNUATWV:

H TANpw¢ KaBoplopevn Soun ETTPETTEL TAV OVAYVWPLON TWV
SLAKPLTWY TUNUATWY TOU CUCTNHATOC Kal TNV KAAUTEPN KATAvVONnon
TWV ouoxeTioewv PeETAEL TOUC

= povteAo avadopadc eMITESWV yLa oculntnon

H tunuatotmoinon dteukoAUvVeL Tn cuvtnpnon Kat avoBaduwon tou
OUOTAMOTOC

= aAAayn TNG vAoTTolnong pLag UTTNPEciog evoc eMUTESOU YwPLGg
OUTO Va €lval opaTo oTo UTTOAOLTTO cuoTNUA

" T1.X., pla aAoyn otn Stadikaoia tng TTUANG dev emnpealsl to
UTTOAOLUITO cuoTNUA

H opyavwon o eTTimeda €XeL KOl LELOVEKT AT,
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LLOLPU THTPWLOKUAAWV

’

2 é}%&/‘ﬁ&%u%n) uTTooTNPLEN SIKTUOKWV
epapupoywv

* FTP, SMTP, HTTP
» HETOdopA (transport): HETAPOPA UNVUUATWY
ETTUTESOV €dOPUOYNC ATTO AKPO—OE-AKPO TNC
epappoyng

= TCP, UDP
» Olktuo (network): SpopoAoynon
debopevoypappatwy (datagrams) arro Tnyr o€
TIPOOPLOUO

= |P, mpwtokoAAa dpopoAdynong
» Cevén (link): petadopa dedopevwy (TTAaLGLwV)
LETOEV YELTOVIKWVY OTOLXELWV SLIKTUOU

= PPP, Ethernet, 802.11 (WiFi)

- duoko (physical): bits “Tmavw otn ypauun”,
uetadoon bits petalL yeltovikwv KOUBwvV

epapHoyn

HETAPOpPA

0IKTUO

Ceugn

PUCIKO
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Web YolP PZP
Email ET5F

% TCP  UDP &
ICMP

Ethernet
Sonet  ATM

Cat5 Wi-Fi 3G




Movtelo avadopac ISO/OSI

+ Tlopouciaon (presentation): ETTPETIEL O€

ETTIKOLVWVOUOEC EPAPUOYVEC VA EPUNVEVOUV TN
onupooia Twv 6edopevwy TTou avtaAldooovtal,
T.X., KpuTTtoypadnon 6edopEVWY, GUUTTLEDN
dedopévwy, TTepypadn dedopevwv

% OUV0OOG (session): TIAPEXEL oplLoBETNON Kall

OUYXPOVLOMO TNC avtaAlaync dedopsvwy,
UTTNPEOCLEC TTou TTep\apuBavouv Eva oxnua
e\EYXOU KoL avAaKTnonc.

» To Atadiktuo dev €xeL avuta ta dUo €MUTEdSA TOU

novtehou avadopacg OSI

" QUTEC OL UTTNPEOCLEC, av Elvol aTTapailtnTec,
TIPETTEL va uAoTToltnBouv otnv epappoyn

" elvol aTTapoaltnteg;

epapuoyn

TTapouaciaon

ouvodo(¢

HeTagopd

0IKTUO

Ceugn

PUOIKO
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TposAguan

4

pavupa | M || epappoyh
uhka [Hy] m ]| petdpopd
Sedopevoypappa|H, Hy M dikTUO
mAaiolo  |H)|H, Hi| M {4utn
PUOIKO
TIPOOPIOHOC

M | | lepapuoyn

Hi| M || ueTagopd

Hy Hi M OiKTUO

H[Hn Hi| M Cevin

QUGS

EvOBulakwon
|__Ceugn
| ouaiko ~——
T
HETAYWYEAC

Hyl Hy OIKTUO
Hi| Hi| Hs Ceugn H Hy| M
PUOIKO =C
dpopoAoynTig
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KepdAaio 1: teprexopeva

A

1.1 71 eivai To AiadikTuo;

1.2

1.3

1.4
1.5
1.6
1.7

Tepipépeid OIKTUOU

" TEPUATIKA ouoTAuAra, OikTua Ttpochaons, YPAUHES
TTUpAvag OIKTUOU

= peTaywyn makértou/kukAwpartog (packet/circuit switching),
oopn OIKTUOU

anmtwAeieg, kaBuoTépnon, puBuamédoon d1KTUOU
emieda (layers) mpwTokOAAWY, HOVTEAQ UTTNPECIWY
acydaAeia

I0TOPIKA avadpoph
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AopdAcia AikTUou

« [Tedio aopdaAeiac OIkTUOU
= TTwcg o1 «kakoi» pmopoUv va emiTeBolv ge dikTUd
UTTOAOYIOTWYV;

= TTwg ymopoUpe va UTTEPACTTiIoOUNE Td diKTUA €vaVvTI
EMOEoEWY;

= TTWw¢ va oxedidooupe adpXITEKTOVIKEC TTOU €ival aTtpoOoPANTEC
amo emoOEaelg;

< To AiadikTuo dev axedIAOTNKE ApXIKA HE yVWHOVA
TNV aopdAgid Tou
= dOXIKOC axXEDIaoUO¢: e Pdon "Hia opdda XpnoTwy pe
agoipaia epmiaToouvn o éva diagpavég dikTuo” ©
= oXe01d0TEC TTPWTOKOAAWY Tou AiadikTUou ETTpETTE va
«KAAUYOUV TO KEVO»

= aopdAcia oc 0Aa Ta emitredal
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Aodalela Alktuou

eMBeoelg otnv umodoun tou Aladiktuou

= poAuvon/emiBeon otoug TEPUATIKOUC UTTOAOYLOTEC :
KakOBouAo Aoylopko (malware), AOyLOULKO KOTOLOKOTTELOLG
(spyware), okouAnkia (worms), un Totortolnpevn TipocBoaon
(uTTtokAoTm debSopEvwy, AoyapLaopol xpnotwv)

" Apvnon Mapoxng utinpeoiag (denial of service): dpvnon
TipooBaong otoug TTopoug (EEUTINPETNTEG, EUPOG {wvng
(evéng)
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O1 kakoi: palouv kakopouAo AoyIOHIKO OTOUC
urtoAoyioTég Tou AiadikTUou

< AITie¢c HOAuvoNnc:

« I0¢ : auto-avamapayopevn yoAuvon pe Thv
AYN/ ekTEAEON avTiKeIPEVou (T, e-mail attachment)

« 2 KOUAAKI: AaUTO-avatmapayopevn poAuvon He Tnhv
TTaONTIKA AN avTIKEIHEVOU TTOU EKTEAEITAI AT
HOVO TOU

« NoyIOUIKO KaTaoKkoTreiac

" GUAAEYEI TTPOOWTTIKEC TTANPOYOPIEC, OTIWC
TTANKTPOAOYNOEIC, ETTIOKEPOEioeC 10TOOEAIDEC,
KwoIkoUC, ouvonuaTikd

“* O gyoAuopévog UTTOAOYIOTAG OUHHETEXEI OE Spams Kdl
emOéocic dpvnong untnpeoiac (DoS attacks)
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1.

EmBeoeic apvnonc mapoxnc UTTNPECLAC (Denial of
service attacks)

% OL emMTOepEVOL KAVOUV TOUG TTOPOUG (EEUTTNPETNTEG, EVPOG
(wvng) pn 6LaBeooug yla TNV KAVOVLKN Kivnon
UTTEPPOPTWVOVTAC TOV TTOPO UE ELKOVIKA Kivnon

emiAoyn oToxou (target)

eTiBeon oToug
UTTOAOYIOTECG UTTNPEDIAC
Tou OIKTUOU (PAéTte
KAKOPOUAO AoYIOHIKO)

dTTOOTOAR TTAKETWY
TIPOC TO OTOXO ATO
Ttapapiaopévous
UTTOAOYIOTEC UTTNPETIAC
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AbLakpLtn Kotoypadr) TTOKETWVY

Packet sniffing
* broadcast media (6tapoipalopevo Ethernet, acupuato)

= «adlakpitn» diktuakn Olemmadn dwafalevkataypddel oOAa ta
TTAKETA TTOU TIEpVOUV Ao autnv (KAEBEL cuvBnuatkal)

src:B payload

% To Aoyiopiko wireshark , To oTroio xpnoipomolgiTal amo TIC
AOKNOEIC gpyaoTnpiou oTo cuvioTwpevo PiPAio Tou paBhuaroc,
gival éva (eAcUBepo) AaywVIKO TTAKETWY
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O1 Kakoi UTopoUlV va XpnoIHOTTOIRKGOUV
WEUTIKEC O1EUOUVOEIG

IP spoofing: oTéAvel TAKETO Pe YeUTIKN
d1eVBuvaon TTNYAC

A j[
<«—src:B|dest:Al |payload

& Ee

. TTEPIOOOTEPA OTO KEYdAaio 8 Ttou PBifAiou

1-71



KepdAaio 1: teprexopeva

“

1.1 71 givar To AiadikTuo;
1.2 mepipépeia dikTUOU

" TEPUATIKA ouoTAuAra, OikTua Ttpochaons, YPAUHES
1.3 mupAvag d1kTUOU

= peTaywyn makértou/kukAwpartog (packet/circuit switching),
oopn OIKTUOU

1.4 amwAeiec, kaBuoTépnaon, puBuamédoon OIKTUOU

1.5 emimeda (layers) mpwTokOAAWY, HOVTEAT UTTNPECIWY
1.6 aopdAcia

1.7 1oTopikn avadpoun
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lotopla Aladiktuou

1961-1972: TTowiuec apx£¢ LHETAYWYNS TTaKEToU

1961: Kleinrock — Bswpia « 1972:
OUPWV aVaHOVNG OTTOSELKVUEL » Snuoota emidetn tou ARPAnet
QTTOTEAECUATIKOTNTA

= NCP (Network Control Protocol)

ETAYWYNC TTOKETWV ; , ,
HETAYWYNG , TTPWTO TIPWTOKOAAO aTd host o¢
|964: Baran — petaywyn host
TTOKETWY OE OTPOTLWTIKA " TIpGTo Mpdypaya e-mail
olkTua

1967: cuMapBdvetal n 16éa " 10 ARPAnet exeL |5 kopBoug

tou ARPAnet armo Advanced
Research Projects Agency

1969: oe Aettoupyio o TIPWTOC
kKOuBog tou ARPAnet

T HE ARPA NETwoORK
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lotopla AlodLKTUOU

1972-1980: diadikTtowon Kai 10rotayi OIKTua

1970: ALOHAnNet 6opudopiko
Slktuo otn Xapan
1974: Cerf and Kahn -

OPXLTEKTOVLKN Yla Sltacuvdeon
SLlkTU WV

1976: Ethernet oto Xerox PARC

TéAn dekaetiag tou 70’s:
LOLOTOYELC APYLTEKTOVLKEC:
DECnet, SNA, XNA

TEAN Oekaetiag tou 70’s:
LETAYWYN TTAKETWY otabegpou
unkoug (mpodpopog tou ATM)
1979: To ARPAnet €xeL 200
KOUBoug

Apxeg dtadiktuwong twv Cerf and
Kahn:

" UWIMOALOHOC, auToVOouia —
SV ATTAUTOUVTOL ECWTEPLKEC
aAayEg yla T Sltaocuvbeon
SLKTUWV

" HOVTEAO UTTNpeoiag BEATLOTNG
MpootabeLlag (best effort)

" Spopoloynteg Xwpig pvnpn
Kataotaong (stateless routers)

" QTTOKEVIPWUEVOC
(decentralized) €Aeyyog

opl{ouv TNV TTAPoUOoA APXLTEKTOVLIKA
Tou AladLkTuou
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lotopla AlodLKTUOU

1980-1990: véa mpwroroAAa, eEdmAwon OIKTUWY

- 1983: avarrtuén TCP/IP + vea gBvika diktua: Csnet,
» |1982: oplguéq TOU BlTnet, NSFnet, Minitel
TIpwTOKOAAOU smtp yia e- < 100,000 hosts
mail ouvdedepevol o€
» 1983: oplopoc tou DNS ouvopoaoTiovdia SLKTuwv

yla Tn HeTadpaon
OVOMATWYV o€ SlevBUVOoELC
P

» 1985: oplopoc
TTPwTOKOAAoU ftp

- 1988: €éAeyxoc¢
ocuudopnonc oto TCP
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lotopla AlodLKTUOU
1990 2000s: eumopceuaromoinon, to Web, vésc epaplioyec

Apxn 6ekaetiag 1990: mavel va TEAN 6ekoaetiac 1990 — apyEc
uttapxeL to ARPAnet 2000:

1991: H NSF dapel touc TTepLopLopLoUC
oXetTka pe tn xpnon tou NSFnet yla
EUTTOPLKOUG okOoTTouG (TTavwan 1995) sharing

Apxeg dekaetiag 1990: Web + aodpdalela SIKTUOU OTO
= umtepkeipevo (hypertext) [Bush TIPOCKAVLO
1945, Nelson 1960’s]

» TIEpLocOTEPEC £PAPUOYEC:
instant messaging, P2P file

% 50 ekatoppvpla hosts,

u HTML, HTTP: Berners-Lee ]'[Epl_o'oé'[ngL atrto 100

= 1994: Mosaic, emetta Netscape EKOTOLHLUPLA XPNOTEC
= 1éAn Sekaetiag 1990: % oL (eVEELC TOU KOPHOU TOU
gEUTTOpEUATOTTOLNON TOU Web Awadiktuou petadidouv pe

puBpoug tng taéng twv Gbps
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Lotopia Tou AiadikTUou

2005-ohuepa
< OIOEKATOUHUPIA TEPHATIKA
= Smartphones kai tablets
» EmBeTIKA e€dmAwon Tne supulwVIKAC TTpoapaong
» Aufavopevn Ttapouaia eupulWVIKAC acUppaTng
Ttpoopaonc
» AvAoeIfn TWV KOIVWVIKWY OIKTUWV:
* Facebook: oUvTopa éva dioekaToppUpio XpHoTeg
» Tlapoxeic umnpeaiwv(Google, Microsoft)
OnpioupyoUlv Ta O1KA TOUC %iKTUCI

= mapakdumTouv To AiadikTuo, Tapéxovrag dueon
Tpoopaon oc avalAtTnon, email, KA.

» e-commerce, TAVETIOTAUIA, ETIXEIPACEIC TPEXOUV
TIC UTThPETiEC TOUC OTO " oUVVEPO”
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TéAoc EvoTnTac

ENIXEIPHZIAKO MPOrPAMMA |

EKTIAIAEYZH KAI AIA BIOY MAGHZH

révdyon genv uotvwyia Tne yywone 'm L
YTOYPEIO NAIAEIAT & GPHEKEYMATON, MIOAITIMOY & ABAHTIEMOY NAIKO K

Evpwmaikn Evwon EIAIKH YNHPEZIA AIAXEIPIZHZ
Evpwnaixé Komvuwvixé Tapgio

S

Me T cuyxpnpatodétnon T ENAaSac kar Tng Evpwnaikric Evwong



Adecia Xpnong



2. NHeiwpa Avapopdc

Copyright EBvikév ka1 KamodioTtpiakév TTavemioTApiov ABnvwy,
Mepdakoc Adlapoc 2015. «Aiktua Emikoivwviwy I. Evérnra 1:
Eioaywyn». Ekdoon: 1.01. ABAva 2015.

AiaBéoipo améd tn dikTuakh d1eUBuvon:

http://opencourses.uoa.gr/courses/DI19
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XphuatodoThon

+ To Tadpov eKTTAIOEUTIKO UAIKO £xel avamTuxOei oTa TrAdiola Tou

EKTIAIOEUTIKOU £pyou Tou O010doKovTd.

+ To épyo «Avoikta MaOnuara oto TlavewioTAHIo ABnvwv» £xel
XpnHaTtodoTACEI HOVO Th avadiapopPwaon ToU EKTIAIOEUTIKOU

UAIKOU.

+ To £pyo UAoTtolgiTal oTo TTA@iolo Tou Emixeipnoiakou
TTpoypduparoc «Ekmaideuon kar Aia Biou MdGnon» kai
ouyxpnupartodoTeital amé Tnv Eupwmdikn Evwon (Evpwmdiko
Koivwviké Tapeio) kar amé eOvikoU¢ ToOpouc.

EMNIXEIPHLIAKO MTPOTPAMMA
EKFIAIAEYZH KAI AIA BIOY MAGHZH

7EXT1A

=

YNOYPTEIO NAIAEIAL & BPHEKEYMATON, MOAITIZMOY & ABAHTIZMOY
Evpwmaikr Evwon EIAIKH YNHPEXZIA AIAXEIPIZHE

Evpwmnaiké Kowvwviké Tapeio

Me tn ouyxpnuatrodotnon tng EAAadag kat tn¢ Evpwmnaikng ‘Evwong



