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AIKTUO ETTIKOIVWVIWV

Opi1opog: TnAemIKOIVWVIOKS §ikTUO gival éva SikTuo aTrd
KOMBOUG Trou gival S100UVEESEPEVOI £TCT WOTE VA ETTITPETTOUV
TNV avraAAayn TnG TAnpo@opiag avapeoa oe TEAIKOUG XPROTEG

MAnpogopia: AXog, video, 5edopéva, EIKOVEG

XpOTEG: PUOIKA TTPOCWTTA, TTPOYPAUHATA UTTOAOYIOTWYV, CUOKEUEG
Wnoiokn perddoon TAnpog@opiag: UETATPOTTH TTANpoPopiag e
Suadikd yneia 0,1 (bit) kai arooTéAAovTal amd éva TTOUTTO Ot éva
BEKTN WG NAEKTPIKA ) OTITIKA afjpaTa (NAEKTPOPAYVNTIKA KUpaATa)
TnAemikoivwviakég Jebgeig: Znpeio TPog onueio f poipaddpeveg
Zeugeig

(oUppaTa xaAkou

and = X710 KEVO
v Ipérona: o Sopupdpol
Internet *  Tpoppii petagopis v Tpéromo:
= Ontuch Dvowr = Kvpetiki ®oown
» AikTua Emikoivwviwy "% » AikTua Ewtikolvwvilov @
Communication Networks Communication Networks
Overview: Emokémnon:
Z1ox0¢: Scope: What is the Internet? + Tieivai To Infernet;
Emiokénnon SikTuakwv + Overview of *What is protocol + Ti givar mpwTéKoAAo;
TeEXVoAoyItv Kai communication ‘Network edge « Tlepipépeia dikTUOU
urnpeoiIwv technologies and «Core of network +  Tluphvag 3ikTUou
-npociéyyion: services +Access networks, physical . A’ina mpdopaong,  puoikd
* Tlepiypagikh * Approach means ueod
‘p YPagpikn PP L *Internet/structure ISP « Internet/3dopn ISP
* Xenon 'I:OU + Descriptive *Performance: losses, delays « amédoon: amwAelec, kaBuoTépnon
wapadeiyparog + Use the example *Protocol layers +  Emineda mpwTok6AAWY,
Internet of Internet *Models od services +  LOVTEAA UTTNPEDILY
«History « 10Topia
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H €§€AgN TwV TNAETTIKOIVWVIOKWYV SIKTUWV (sikrua HIY)

Aikua MoAAaAng MpéoBaang (Multiple
Access) - ALOHA

£0vBe0n UTOAOYIOTV O BIGPOPETIKG
vnoid mg Xapang (1970's)

Aikrua MoAAaAng MpooméAaang (Multiple

Access) -Ethernet

==
Mapépoio e 1o ALOHA (avarTixBnke amé ;—m
0 Xerox, Palo Alto)

i 1 pépovTog Kat
amodoTikéTepo Tou ALOHA

Aiktua MoAAatrAiig NpooméAaong (Multiple
Access) —Token Ring

MpwT6KoAAO IE KOUTT6VI Yia TV
TIp6GBATN GTO KaVEAl

AL
4-//\4.
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Ti eival To AladikTUO evdiapépouaeg” internet ouokevég
Apopoacyntig  Z1aBuss epyosiag

Ekaroppupia ouvdedepéveg e -,

UTTOAOYIOTIKEG GUOKEUEG: Teppankd E""“am”“ @opraos Y

ovorjuara , ) -l

pc’s, oTaBpoi epyaciag, eGUTTNPETNTEG IP picture frame
PDA’s, TNAéQwva, TOOTIEPEG! http://www.ceiva.com/
Mou TpéXOUV DIKTUOKEG EQUPHOYEG

Tpaués emkovwvias

«  OTTIKES iveg, XaAKOG, padlokUpara

ApouoAoynrég:TpowBOUV TTAKETA

(koppdmia Anpogopiag) péga ato smart toaster that toasts a weather forecast
dikTUuo http://laughi id.com/jamy-a-weather-

forecasting-smart-toaster/
World's smallest web server
http
:/lwww-ccs.cs.umass.edu/shri/iPic.html
& B » e

T gival To AladikTuO

lMpwrékoAAa: eEAEéyxouv TV
amoaToAn kai Afqyn
HNVUPATWV -

E&umnpatniic  quognuec Iy

Apeussoyni TreByés epvaciag
M.x., TCP, IP, HTTP, FTP, PPP

AiadikTuo: 5ikTuo SIKTOWV
XaAapd igpapxikd
dnudaio Internet, IBIWTIKS intranet

MpoéTtutra Tou Internet
RFC: Request for comments
(TrepioaoTepa amd 2000)
. ~ Etaipiké SikTus "
IETF: Internet Engineering Task Force & 8
(www.ietf.org)
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AIKTUOKEG TOTTOAOYIEG

ZXNHaTIJETaI ATTO CUOKEUEG TTOU
TUYKEVTPWVOUV TNV KATA TOTTOUG
SIKTUOKHR Kivnon Kal ol OTToieg
aguvdEovTal e To BiKTUO KOPHOU pE
TexvoAloyieg ATM nj kai Gigabit
Ethernet

)

AWKTVOKES TOTOAOYIES

Yhomoteiton omd 16}vpEg SIKTLAKES
GUGKEVEG PE OMMTEPO GKOMO TN
petaymynq g kivinong omd to £va onueio
TOV GUOTIROTOG 6TO GARO, pE xpnon
TEYVOLOYIDV  amddoong VYNAGY pOpdV
petadoong 6mwg avtdv Twv ATM kot
Gigabit Ethernet.

AIKTUOKEG TOTTOAOYiEG

’ Eivat 10 8ikTv0 e&ummpémong Tov
Xpnotdv kot GuvSEETOL [IE TO
Sevtepevov  dikTvo ovvibmg

ue teyxvohoyia Fast Ethernet

Etcoydi
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). H TromoAoyia Twv
AKASNPAIKWY KOl EPEUVNTIKWY SIKTUWV TNV EAAGSa

T givan éva wpro

AvBpwriva TpwToKoAAa: TUOKQ TrQwTOKoMu
“Ti wpa givar” “Exw pia Mnxavég avri yia
gpwTnon” avBpwiroug Kabe
£TMIKOIVWVia oTO
.. OUYKEKPIPEVA PNVUpOTA BiadikTuo yiveTal ue
oTéAvovTal TPWTOKOAAX

.. OUYKEKPIPEVEG
eVEPYEIEG EKTEAOUVTOI
o6tav AapBdvovTtal popen, TN TEIpd TWV
pnvopaTta | oupBaivouv unvupdrwy mou aréAvovrai i
GAAa yeyovéta AauBdvovrar amé Tig SIKTuakég
OVTOTNTES, KAl TIS EVEPYEIES TTOU
EKTEAOUVTAI g KOs amoaToArn
Kar Afjyn

Ta mpwrékoAAa opidouv Tn

PO e STGOTAT™

Mia kaAUTepn e§€TaON TNG SIKTUGKAG UTTOSOUNAG

ZTnVv GKpPn Tou SIKTUOU:

E£QPAPUOYEG Kal
TEPHATIKEG CUOKEUEG

Z10 KEVTPO TOU BIKTUOU:
dpopoloynTég
SikTua SIKTOWV

AikTua Tp6oBaong, Puoikd
Héoa:
YPOUHEG ETTIKOIVWVIOG
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{ Ti civar To Internet : Ymnpeoicg @

What is the Internet: services

Emikoivwviakn utrodopn
KaBI0Td SuvaTég TIg
KOTOVEMNMEVEG EQAPHOYEG:
WWW, email, petagopd apxeiwv,
T vidia, NAEKTPOVIKS epTrdpio,
Baoeig dedopévwv
Mapexopeveg SIKTUOKEG
UTTNpPETiEg
Ytmpeoia ye oUvdeon
YTmnpeoia xwpig ouvdeon
MoiétnTa uTTNPETiag;

Eioaywy 114
VoY

Ti gival éva TpwT6KOoAAO

Avaloyia avepwITIivou TrpwToKOAAOU Kal TTPwWTOKOAAOU
utroAoyioTWV

l:’?% Cf;gp m I_Ciiﬂ'lffﬁon
reg. —
el ] K — |
— TCP connection
Ti tpa reply.
eva; T whﬁhz.:unp.grlm/kouind‘x.hm
—2:00 .
H‘__Tndex.}rrfﬁ'i‘f—
Xptivog

XTnVv dKpn Tou dikTUOoU

TePHATIKEG CUOKEUEG:
Exteholv epappoyég
(m.X. WWW, email, ...)

MovTélo TreAdTn eguTrnpeTnTH
(client-server)
O meAdTNG auTeiTal kal AapBaver pia
uTpEaia amd Tov €5uUTMPEETNTA
.X., WWW client (browser)/ server;
email client/server

MovTéAo OpOTIHWY KOPBWV
(peer to peer)
ZUPPETPIKA aAANAeTTISpaan KOpBwY
EAGx10Tn Xprion e§UTIPETNTWY
.X. TnAedidokeyn, Gnutella, KoZoA




Ti gival éva 1TP(.|)T0

AvBpwriva TpwToKoAAa: TUOKQ TrQwTOKoMu
“Ti wpa givan” “Exw pia Mnxavég avri yia
gpwTnOoNn” avBpwiroug Kdabe
£TMIKOIVWVia oTO
.. OUYKEKPIPEVA UNVUPATA B1adikTuo yiveTal pe
oTéAvovTal TPWTOKOAAX

.. OUYKEKPIPEVEG
gvépyeleg ekTEAOUVTAL
o6tav AapBdvovTtal
pnvoparta | oupBaivouv
GAAa yeyovoTa

Ta mpwrékoAAa opidouv Tn
Hope®I, TN OLIpd TWV
Mnvupdrwy mou aréAvovrai i
AauBavovrar amd 1i¢ SIKTUAKES
OVTOTNTES, KAl TIS EVEPYEIES TTOU
EKTEAOUVTAI pIE KGO ATTOOTOAR
Kar Ajyn

— e tooydPh

Mia kaAUTepN €§éTaON TNG SIKTUOKAG UTTOSOUNAG

ZTnVv aKpn Tou SIKTUOU:

E£QPOPUOYEG KAl TEPUATIKEG
OUOKEUEG

2710 KEVTPO TOU SIKTUOU:
SpopoloynTég
SikTUd SIKTUWV

AikTua TpooBaong, Puaikd
HECQ: YPAMPEG ETTIKOIVWVIOG
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ZTnV AKpn Tou SIKTUOU: UTTNPETia pe ouvdeon

2TOXO0C: petagopd Sedopévwv  TCP service [RFC 793]
HETOAZ0 TEPUATKWY CUCKEVWY. o A&6mioTn Kai o Osipd
« xsipawia (handshaking): HETAPOPd powv armé bytes

TpOETOIHATIA yid T ATTWAEIEG: ETTIRERAIWOEIG KA
HETaQopd SedopEviv ETTAVAPETAOOOEIG

[eia — yeia oou og avBpwITVo . .

TIPWTOKOAAO * Eheyxog poris:
Alao@daNion 611 0 aTrooToAéag de
OTEAVEL TTIO Ypriyopa aTré 6Tl
HTTOpEi va SexTEl 0 TTAPAAATITNG

Anpioupyia kardortaong (setup
state) o€ 5UO ETTIKOIVWVOUVTEG

KOHBoUg ! .
« TCP-Transmission Control ~ * EA£YX0S oup@épnong:
Protocol O1 aTrooTOoAEIG HEIVOUV TO pUBUG

Hetddoong étav SIaToTWooUV

H utnpeoia pe ouvdeon Tou GUHEGPNON GTO BKTUO

Internet
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Ti gival éva TpwTOKOoAAO

Avaloyia avBpwTTivou TpwTokOAAou Kai
TPWTOKOAAOU UTTOAOYIOTWV

@“‘Eﬂu\_‘ § @ Igiinjffﬁon

, reg. — |
el -
TCP connection
T T dipa regly,
eiva; T get bt tp:www uop.gr/tst/kOL/index. htm
—2:00 =
index.hmmlT
—
Xprivog
o o Erooy@h

ZTnVv dKpn Tou SiKTUOU

TepUATIKEG OUOKEUEG:

ExTeAoUV e@appoyég

(m.x. WWW, email, ...)

MovTtéAo TreAdTn
€gurNPETNTA

(client-server)

O weAdTNng auTeiTal Kai AapBaver pia
UTTNPETia aTrd TOV EEUTTNPETNTA

.X., WWW client (browser)/ server;
email client/server

MovTéAo OpOTIMWY KOUBWV

ZUPPETPIKA AAANAETTISpaon KOPBWV Tr.X.
TNAESIGOKEYN

@

o T EtCaTaN

ZTnV dKpn Tou SIKTUOU: UTTNPETia Xwpig 00v6wri

ST0X0C. METaQopd SeSopévwy  EQAPUOYEC Trou
HETAgU TEPHATIKWY CUCKEUWV. v

HTTP (WWW), FTP (file
transfer), Telnet (remote
login), SMTP (email)

0O id10g 6TTWG KaI TTPIV!

UDP - User Datagram Protocol
[RFC 768]: H utrnpeoia xwpig

) E@appoyég mou
ouvdeon Tou Internet

Uv 10 UDP:
Mn u§|’611|01'n HeTagopd streaming media,
Sedopévv teleconferencing, Internet
Xwpig éAeyxo pong telephony

Xwpig éAeyxo ouppoépnong
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@ @ @ ZT0 ECWTEPIKO TOU SIKTUOU: HETAYWYH KUKAWHATOG

27O ECWTEPIKO TOU SIKTUOU

MAéypa dlaouvdedepévwv
SpopoAoynTwyv
H Baoikni epwrnan: Twe TePVOUV Ta
dedopéva péoa ammod 1o dikTuo;
MeTaywyn KuKAWuaTog (circuit
switching):
APIEPWHEVO KUKAWHA O€ KABE
KAON: OTTWG OTO TNAEPWVIKS BiKTUO

MeTaywyn TakéTwy (packet
switching):

Ta 6edopéva aTEAvovTal cav
EeXWPIOTA auUTOBUVANA KOPPATIa

— e tooydF

(circuit switching)

AgopugdovTal TTépol Ao

dkpn o€ AKpn yia TRV

KARon

+ E0pog Zhvng TG ypaupng,
BuvaToTNTA HETAYWYNG

* ATTOKAEIOTIKOI TTOpOI: BEV
poipadovral

« Eyyunuévn amrédoon

«  Amaiteital Siadikacia
£yKaTaoTaong KAfong

R e Biooyd¥

FDMA r4users @A

frequency

time

Elmiwx 1-29
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"Eva amAé SiKTuo peTaywyris KUKAWPGTWY ZT0 ECWTEPIKO 'rou.6|KTuou_: HeTaywyn KUKAWHOTOG
circuit switching
AIKTUOKOIi TTépoI (TT.X., EUPOg
Jwvng) xwpileTal o€
S10QOPETIKA PéPN FONE 4Khz |
To KdBe HEPOG KATAVEUETAI OE MIT { firk
KARon
e O1 Tépol TTapapévouv adp S AREY
600 BgV XPNOIPOTTOIOUVTAl ATTO
[T —— TOUG OUMMETEXOVTEG TNV KARON TDM:
- (FOMATDM) (5ev Toug poipadovTar)
Mg xwpl(:'rul T0 £0pog Jvng
HIOG YPOPUIG OF SIAQOPETIKG pépNn = | |
Shot Frame
Aldipgon ouyvoTnTag
. AIﬂ[PEGFI Xpovou (DUB}JOQ Al slofs labelled I are dedicated to
*  uerdSoong: 8.000 TAaioia/deut aspecific sender-receiver pair.
« of 8 bits/xpovoBupida
*  64Kbps)
P @
Msmvwvn KukAwpatog : FDMA MeTaywyn kukAwparog : TDMA
Circuit switching : Frequency Division multiplexing Circuit switching : Time Division
Example multiplexing Example

dusers BN

TDMA

frequency

time

EIGaFWx 1-30



& e
270 ECWTEPIKO TOU SIKTUOU: HETAYWYH KUKAWHOTOG
Tapdadelyua

MeTaywyn KUKAWHATOG

Apxeio 640 Kbits

TDM ypappn Twv 24 slots (xpovoBupidwv)
PuBuog perddoong Tng ypapung = 1.536Mbps
EykardoTaon kukAwparog: 500 msec

KaBuoTtépnon otn peradoon?

1.536 x106/ 24 = 64Kbps y10. kG0g kOKA@pO
Kabvotépnon o petddoon = 640Kbits/64Kbps = 10 sec

Yuvolkog xpovog = 10,5 sec
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270 ECWTEPIKO TOU SIKTUOU: HETAYWYN TTOKETWV
packet switching

Kd0e por| TraKETWV aTrd dKpn o€ AVTaywvioHog yia TOUG TTOpoug:
AKpN XWPIJeTal o€ TTAKETA > O1 aithosig o€

Ta TTAKETA TWV SIAPOPWY cuvtxOpm?uévoug népoug HTTOopOoUV
XPNOTGV HoIpéovTal Toug va ETEPATouV ToV apifud Twv

SloBéoIpwv
TOPOUG TOou SIKTUOU N

> Supgdpnon: Ta TaKETA
Kdé8e rakéro xpnoiporrolei 6Ao To HTTaiVOUV OF OUPEG Kall TTEPIPEVOUV

£0pog Jvng TN ypapung Va KGvouv Xpnon g YPapung
O1 TépoI XpNOIUOTToI0UVTAl > Amo@riksuon kai Tpowenon
MONO étav xpeiaderai (store and forward): Ta TTakéTa
HETAKIVOUVTal éva Briga T gopd
»MeTddoon wavw aTmo pia
ypappn
> Mepipévouv Tn oeIpd Toug oTNV
£TTOHEVN PO

MeTaywyn makéTwy: ZTATIOTIKA noAmrAsEia@
Packet switching: Statistical multiplexing

10 Mbs

Ethernet  statistical multiplexing im
= ———

Bm o /_|MDED

1.5 Mbs

queue of packets
waiting for
output link |

Dm/ bg

H akoAouBia Twv makétwyv A & B dev éxel otaBeph
popeh -> statistical multiplexing.
2710 TDM KdBe "mnyh éxel Tnv idia slot oto TDM

TAdioio
Eioaywy 1-33

&
ZU0yKpion yeTaywync KUKAWATog & peTaywyAg makéTus
Comparison circuit switching vs packet switching

Eival Ao1Trov KaAUTEPN N PETAYWYH TTOKETWYV QTTO TN HETAYWYH
KUKAWUATWY;
15avikn yia edopéva Trou peTadidovTal o€ pITTEG
MoipddovTai o1 TTopoI
Agv amaiteital eykardotaon KAfong
Zup@opnon: Ta TTaKETA KABUGTEPOUV 1 Kal XavovTal
Xpeiaovtal TTIPWTOKOAAQ YIa TNV ACQAAr PHETAPOPA SESOUEVIWV
Kal ToV €AeyX0 ouppopnong
Epwrtnon: MNwg ptropei va rapaoxedei cuptrepipopd GpoIa pe
QUTH TNG HETAYWYNG KUKAWHOTOG OTaV XPEIGeTal;
Eyyunoeig oTo e0pog {wvng XPEIZeTal yia EQApPOYEG AXOU Kal
video
Mapapéver akdpa éva dAuto TTPORANUA

Evmiwx 1-35

“FOvkpion pETaywyAC KUKAWLATOC & LETAYWYAC ﬂdKéTu&

Comparison circuit switching vs packet switching

H peTaywyn TakETWVY EMITPETTEI O TTEPICTOTEPOUG XPHOTES VA

XPNOIUOTTOICOUV TO BiKTUO

‘EoTtw 1 Mbit ypauun
Kabe xprioTng:

» 100Kbps 6tav gival evepydg
» Evepydg 10 10% Tou Xpbvou

MeTaywyn KUKAWPaTog:

10 xpioTeg =
MeTaywyn TakETWY: .

pe 36 xprioteg mMBavoTnTa >10 1 Mbps link

gvepyoi MIKpOTEPN TOu 0,004

Eioaywy 134
WOROY

_Ms:aqu_wam:wu_azwenx&uaq_&upowenan

ﬁwn’chmg store iw forward

D Takes L/R seconds to Example:

transmit (push out) D L =7.5 Mbits
packet of L bits on to D R=15 Mbps

link of R bps
D Entire packet must D delay = 15 sec
arrive at router before
it can be transmitted on
next link: store and
forward
D delay = 3L/R

EIGGFW‘ 1-36




METAYWYN wdKETWV: TELAXIOHOC ANVULETWV @
Packet switcing: Message break up

Fl sy @ .F Nowbreak up the message
G- poot .y into 5000 packets

D Each packet 1,500 bits

D 1msec to transmit packet
on one link

" 4ot
Souros Pt

PR e
L=

D pipelining: each link works
in parallel

.« D Delay reduced from 15
oot sec to 5.002 sec

Tios (mesc)
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MeTaywyn TokéTwv: ApopoAdynon

ZTOXO0C: VO HETAPEPOUNE T TTAKETA ATTO TNV TINYH OTOV
TPOOPICHO TTEPVWVTAG aTrd Sidpopoug SpopoloynTég

‘Exoupe duo Bacikoug aAyopiBuoug ETTIAOYAG HOVOTIATILV

datagram &ikTua (autodUvapa makéTa ):

Y H dieuBuvon mpoopiouou kaBopifel kai To ToIog gival 0 ETMOLEVOS KOUBOS
v Ta povomdria pmopei va aAAGgouv Katd Tn SIGpKela Hiag ouvedpiag

Y Avahoyid: 0SnNywvTag Kal pWTWVTAG CUVEXWS VIO KATEUBUVOEIG

virtual circuit diktua (VCs, eikovikd kKUKAWaTa):

v KaBe TrakéTo petagépel pia eTikéta (virtual circuit ID), rou kaBopilel kal To
£TTOUEVO Bripa

v To povor@m eival 0TaBepd katd T Sidipkela TG KARoNg kai kaBopiletal
0TN AON EYKATAOTAONG TNG KARONg

v O1 5popoAoynTég Slatnpouv TTANpogopia yia TNV KatdaTaon Tng KABe
KkAfiong

AikTua datagrams @

[w.d18,D1Data]

O
i ] &
S Dv 5.1 Duta) g %D
s 8 BA&
) [
2 :
- =

R LA BroorydH

b

Asynchronous Transfer Mode (ATM)

v

Makéra Twv 53 bytes (cells)

EmiAoyn Tou vonTou KUKAWHaTog ue Baon Toug diaBécipoug
TOPOUG TIPIV TNV UETAS0ooN

A£OPEUCT) TTOPWYV KAl EVNHEPWON TWV HETAYWYWV/TTNYAG
Amroppiyn olvdeong, Suvarr Adyw EAAeIyng Topwv
ATtreAeuBépwon TOpwV aTo TEAOG TNG oUVEETNG

H emike@alida Twv cells @épel kaTTolov apiBpé oUvdeong
Bdon Tou otroiou yivere n SpopoAéynon

ATM oxediaopévo yia UTTOGTAPIEN ETTIBUNNTAG TTOIGTNTAG EVOG
peydAou £0poug e@apuoywv

v

vV VY

v

ApopoAéynon

alibl L -
a2 52

Tpia VC : A—>D,G, E>F B> D

ApiBnon VCs pe Tov pikpéTepo BIaBETTHO apIBUS

(e08n e10650u, VCH) —  (3£08n £6650U, VCH)

Virtual Paths (sikoviké povoTrémia) yia Trepiypagn VCs Ta oTroia éXouv
KoIVF} 5poHOAGYNGN - ££0IKOVENNGN HVAKNG Kal AUENGN TaxGTATaS

¥
v
Y
v

TOPoT LB EGoTaNT

TUmoi1 dikTUwv __ Types of hetworks

't s

« Datagram network is not either connection-oriented or connectionless.
« Internet provides both connection-oriented (TCP) and connectionless
services (UDP) to applications.




@
Mapadciypara SIKTUGKWYVY TEXVOAOYIWV

Ethernet
Internet
ATM
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Tomka Siktua (LANSs)

Ta mio anAd diktua

Kabe unoloyioTng xel
ovopa
d1elBuvon diktuou (Internet)
d1elBuvaon TonikoU dikTUou (Ethernet)

37

@ costas
345

alice
128

Ethernet

Ethernet Hub * EnavolapBavel Oho ta takéto

* E4v méve amd pio tavtdxpoveg
y / l N X HETOBOOELG, TOTE ExOVpE GVYKPOVGT
z
124 105 3

Switched Ethernet Hub DT ——

A c. Tl @@
ERRSS
y>A
m 28
x->C
124 105 37

@
AvaxkaAuvyn 31gu0ivoewv

> A anooToAr NakETwv: dikTuakr dlelBuvon
> Ovopa----> SikTuakn dielBuvan---> Tonikn dielBuvon
> Nw¢ Bpiokoupe TNV Tonikr dielBuvaon;

ARP (address resolution protocol)

Ethernet Hub

@
Alaouvdean pe peTaywyn (ouv.)

SwitchD

S
=
SwitchB __ _SwitchC __ sy N ~ Switch C
[ [N 1Ny [
[ [ [ [
K SwitchB d
D D
Ethernet E1 * EthernetE2 Ethernet E3 Ethernet E1 Ethernet E2 Ethernet E3
dlda] =Y  [aessesLuez. .
] ] =
TIpopanpa Bpoywv!!
" R
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Alaouvdean e dpopoAdynon Int ¢
nterne

srl [ data ] jw2 [ data_|
[ data ] Wy ,
H w3 H
h s Router W | w4
d

Ethernet E2

d
3 D
Ethernet E1 i Ethernet E3 Ethernet E1 Ethernet E3
Router R Router R
Routing ARP table for Routing table:
table: D, H: E3:D:d, H:h,... D, H: W:E2,...
E3, .. e
S'EI, S EL, ..
o peRkEN RO 48 " B -

Internet: SpopoAdéynon

> ApopoAdynon: BaoikoTepn dladikaacia
> NA npoopiopoU -> eNOHEVOG SPOLOAOYNTHG -
TOMIKO JIKTUO
»MeBodohoyiec:
> e To XEPI (KEVTPIKN anogaan yia 6Aoug)
> XPNOILOMNOoINVTAG Kovo XapTtn
>1€papyikr 0popoAdynon
»>Baoiko npopAnua: noAunAokoTnTa

Avtovopo chotnpa
(AY)

o o P— 52

ApOUOAOYNON: IEPAPXIKE)

\:\&% . ‘ TIpotipodpevn drodpopn Tpog o

A: [Y,X,Z,A], kabvotépnon: 15

ALY

TIpotipodpevn Sadpopn mpog o
A: [Z,A), kaBootépnon: 17

AX: Avtovopo choTnua

NN

o S e e Yoy o i PRG0S - 84




Meradoon mAnpoopiag e

»>Baoikod NpwTOKoAAO IP: UETAMOPA NAKETWV
»MpoAnua: cup@opnan, BAGBEC, ...
»>AUon: npwTokoAo TCP

>avixvelsl oupeopnon

>&avaoTelvel Xauéva nakeéTa

»>Ta Balel oTnv owaTn oglpd

Meradoon mAnpogopiag: TCP

Adyopbpog:
+ atéhve e ooov k< W
+ unv otéhverg edv k> W

8/10/2019

Meradoon mAnpogopiag: UDP

“To IP dev eyyudtan TV GOGTH
anocToln!
UDP modules *[oxkéta propei v yaboiv!

== =data

Adyopbpos:
* GTELVE GUVEREL

ZUVvlEOoN HE EQAPHOYES e

»UDP, TCP navw and IP: por) nakeTwv
MeTaEU BIKTUaKWV JIEUBUVOEWY

oL > EQApHOYEG: «HIKPO-POEG>
P modues .= _ =. » xpelaetal va TG Eexwpifoupe
1 2 3
A2
0123 4600 Al N1NZ  data |
[NINZ| data |
= = data A=k/RTD N1
= = emfefudoag (acknowledgements) Pory TCP/IP -N1,N2.:E E.
k=# yn empefumnsvov taxerov
— 5%

ZUvdeon epapuoywyv (ouv.)

TTj : port number
N, M : network addr.

Z0vdeon epappoywyv. (ouv.)

IP: dev sivan
oyedaouivo Yo va
mapéyer 6Ta0Ep
TOWTNTA VINPEGiOG

—— 5

10



&

Mepika ocupmnepaopara

> To IP dev €ival oxedlaouévo yia va
unoaTnpilel «oTaBePEG> POEC
> NoyIKn €EIBIKEUPEVN OE €Ninedo NAKETOU
> MNw¢ unooTnpiloupe OTABEPEC POEG;
> NPOCGOETOUE VEOUG WUnXaviopoug oTo IP
> oxedladoupe ano Tnv apxn dIapopETIKOUG
MnXaviopoug eAéyxou => Texvoloyia ATM!

8/10/2019

S

H rexvoAoyia ATM

»>MeTaywyn noAU HIKp®V NakETwv oTabepou
HeyEBouc (ATM cells) 53 bytes

»>0I pogg nepvolv PETA anod GUVOEDEIG NOU NPENEl
VA KATAOKEUaoTouV (Ta 19aTa KUKA®PaATa, virtual
circuits) JeTa&U anooToAéa kai NAapaAninTn

> 01 OUVOECEIG NAPEXOUV MOIOTNTA UNNPETiag OTIG
POEG

H TrexvoAoyia ATM (ocuv.)

nl w273 273

MoiéTnTa vt pecoiag

> H SIKTUAKK UNnNPEecia NepIypageTal ano
oupBOAaio (Service Level Agreement,
SLA)
> To oupBOAdIO NEPIEXEI
v TIG UNOXPERCTEIG TOU JIKTUOU

v péyioTn KaBuoTEPNOT, NOCOOTO ANWAEIAVY, jitter, ...

> UMOXPEWCEIG TOU XPNOTNH
v’ pEyioTn pop sxﬁnn"iness),
Si

el IE65

S

18card xukAwpara

1 a,1:d,1 al:bl
cl:dz2 az2:clq
a s1 S3

al:elandcl

ATM cell
a,2:b,1
dl:e2
data
RGN &4

MoiéTnTa unnpeciag (ocuv.)

o | >

SLA

> [a va ulonoinBei €va cupBoAaio:
> UNXaviopoi aoTUVOMEUONG TOU XPNoTn
» Unxaviopoi noAunAegiag Twv powv
> Xpgwon:
» €AACTIKN QOTUVOUEUON
> KivnTpa kaAng xprnong

11



Baoikég
€VVOIES

Ap)irexTovika
mpoéTuna
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@ s

MovTéAo OSI

Communication services ——

Application layer ._ Commonly used applications

ecyre, efficient connections,
> ocal syntax >
Presentation layer

Encryption, compression,
“~ syntax conversion

Supervision of connections

Segmentation/reassembly,

flow control, end-to-end error

control

Network layer: guides packet

from source to destination

Data link layer: packet delivery
etween two adjacent nodes

.« Physical layer: digital

comm., delivers bi

End system Network End system @
). d Internet @ .4 Aiktua mpéoPaonc kai @uoika péoa @
Access networks and physical means
Q: How fo connect end
F g E S[D[..[H]R] T H systems to edge router?
; h g "TA '; ; ; i D residential access nets
gl 1| P P D institutional access
TN networks (school,
IEEE 802 company)
TCP UDP standards D mobile access networks
1P PRSI
D bandwidth (bits per

Physical

« ST e

access

Dialup via modem .

O up to 56Kbps direct access to router

(often less)

O Can't surf and phone at same time:
Dcan"r be "always on"

D ADSL: asymmetric digital subscriber line (& VDSL)
O upto 1 Mbps upstream (VDSL 10 Mbps)
O up to 20 Mbps downstream (VDSL 50 Mbps
O FDM: 50 kHz - 1 MHz for downstream
4 kHz - 50 kHz for upstream
0 kHz - 4 kHz for ordinary telephone

Eumiw; 1-71

second) of access
network?

D shared or dedicated?

Eioaywy 170
WOROY

& &

KaAwdiaka@ modems

D HFC: hybrid fiber coax

oasymmetric: up to 10Mbps upstream, 1 Mbps
downstream

D network of cable and fiber attaches homes to
ISP router

Oshared access to router among homes
oIssues:c ongestion, dimensioning
D deployment: available via cable companies

Elqaﬁw; 1-72
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@ 52

Oikiakh mpooPaon: kaAwdiakd modems

i Fibes Optic Transpord -

Regional Cable
Headend

o -4

Commeiane* 1999 Kinesic Stavgies, o

Diagram: http://www.cabledatacomnews.com/cmic/diagram.htm! Eioaywy 1-73

8/10/2019

& s

APXITEKTOVIKA KAAWSIaKWY SIKTUWY

Typically 500 to 5,000
homes

S il e

home

cable distribution
network
(simplified)
Eioaywy 174

.

ADPXITEKTOVIKA K

Set-Top Box Home Environment

Cable
Modem

PC
e S )
- o

cable headend

I
}
i

L-an

cable distribution
network
(simplified)

APXITEKTOVIKA KaAAwdIakwy dIKTUWY

server(s)

cable headend

Lnan

cable
distribution
network

Eioaywy 175
VOOV

APXITEKTOVIKA KAAWSIaKWV SIKTUWV

FDM:

cable headend

cable
distribution
network

Eioaywy 176
WOROY

Tomika diktua: local area networks

D company/univ local area
network (LAN) connects end
system to edge router

D Ethernet:

O shared or dedicated link :
connects end system and
router

© 10 Mbs, 100Mbps, Gigabit
Ethernet

D deployment: institutions,
home LANs happening now

Elqaﬁw; 1-78
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Aiktua_aoUppatng mpéoPaong %
Wireless access networks

D shared wireless access network
connects end system to router

8/10/2019

S

Oikiaka diktua Home networks

Typical home network components:
D ADSL or cable modem

Buoikd péoa petddoong

Physical transmission smeaens

O Via base station aka "access router o D router/firewall/NAT
point” Q D Ethernet
D wireless LANSs: base D wireless access point
802.11b (WiFi): 11 Mbps station & @ s
D wider-area wireless access N Q /] . Q .

o Provided by telco operator g ﬁ@ L E§ H : oo ‘“I“'"‘;‘Iess
O 36~ 384 kbps ’roc/aft;c;m cable  router // ; ‘B aptops
* Will it happen?? mobile headen Modem  firewall ‘/ m | :

O WAP/GPRS in Europe hosts d | \n;lgceeessss
Ethernet .
(switched) point
Eioaywy _ 1-79 Eioaywy 180

S

Buoika péoa: opoafovikd kaAwdia, omTIkEG iveg
PH#ical means: Coaxial cables, fiber optic cable
Coaxial cable > Fiber opfic cable:

D terrestrial microwave (emiyeieg)
oup to 45 Mbps channels

D LAN (e.g., WaveLAN)

02Mbps, 11Mbps

D wide-area (e.g., cellular)
effects: 036: hundreds of kbps

electromagnetic spectrum
no physical "wire"
bidirectional

propagation environment

O reflection D satellite

O obstruction by objects

©OUp to 50Mbps channel (or multiple

O interference smaller channels)

0270 msec end-end delay
oversus Low Earth Orbit Systems

Elmiwx 1-83

D Bit: propagates between D two insulated copper wires !
> _ " " .
fransmitter/revr pairs OCategory 3: traditional phone Two concentric copper > glass fiber carrying light
I : i conductors pulses, each pulse a bit

D physical link: what lies wires, 10 Mbps Ethernet > bidirectional .
between transmitter & OCategory 5 TP: 100Mbps > baseband: > high-speed operation:
receiver Ethernet »_ basebanct O High-speed point-to-point

) . ~Single channel on cable transmission (e.g., 5 6ps)

D guided media: »Legacy Ethernet e

O propagate in solid media: > broadband: > low error rate: repeaters
copper, fiber, coax _ ~ »Multiple channel on cable spaced far apart : immune to

D unguided media: > HFC electromagnetic noise

O propagate freely, e.g.,
radio

— — Eﬁ‘*‘ﬁ"’ 1-81 —
$  # :
Internet : éva diktuo diIKTUWV
Pad10-C&UEEIG 1ypes:
. . types:
« signal carried n ype D roughly hierarchical

D at center: “tier-1" ISPs (e.g., UUNet, BBN/Genuity, Sprint,
AT&T), national/international coverage
otreat each other as equals

Tier-1 providers
also interconnect

/ at public

::ir\;;éers P 12ty network access
interconnect points (NAPs)
(peer)
privately Tier 1 ISP

Ema*wx 184

14
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A Tier-1ISP: eg., Sprint £ ” Interne e: ne k e

Sprint US backbone D “Tier-2" ISPs: smaller (of ten regional) ISPs
; . 3 : O to one or more tier-1 ISPs, possibly other tier-2 ISPs

P _Tier-2 ISPs
v /also peer

«Tier-2 ISP pays

tier-1 ISP for / privately
connectivity to // 1 with each
rest of Internet" pTher,

- tier-2 ISP is interconnect
customer of tier- at NAP

1 provider

Sprint Tier-2 ISP

Y Tier-2 ISP

Eioaywy 185 Eioaywy 186

D "Tier-3"ISPs and local ISPs D a packet passes through many networks!
o hop (“access") network (closest to end systems)

Local and tier-  /
31ISPs are
customers of
higher tier
ISPs
connecting i
them fo rest
of Internet

local ISP

@e—giISP (¢ Tier-218P
= ¢ B T

@&

% @ - - - 3
AnWAEIEC TaKETWY, KaBuaTépnon % O1 4 ouvioTwaoeg TG KaBuaTEépnong naKsva@

packets queue in router buffers 1. nodal . . X
D packet arrival rate to link exceeds output link capacity b (é#gifpvpgg‘;‘iss'"g D 2. queuing (avagovn)
Owaiting at output link for

D packets queue, wait for turn 10 Check bit errors 2
fransmission

O determine output link i
Oon congestion level of

packet being transmitted (delay) router
A transmisgion

o o> A \ propagation

B Tl o>C . =< =c
& +
packets gt elay) \ B
" ] . nodal
free (available) buffers: arriving packets dropped (loss) if no free buffers processin Qeueing
9

Elmiwx 1-89 Elaa*wx 1-90
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| HavemotimoAbwvév  Twipa Mapogopiic ke Tikemkowemdy | o
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“Tpayparikéc” kabuoteprioeic oto Internet

traceroute: gaia.cs.umass.edu to_www.eurecom.fr

>  Three delay measurements fr, ia.cs.umass.edu to cs-
gw.cs.umass.edu
1 cs-gw (128.119.240.254) 1 s 2ms

2 border1-rt-fa5-1-0.gw.umass.edu (128.119.3.145) 1 ms 1 ms 2ms
3 cht-vbns.gw.umass.edu (128.119.3.130) 6ms 5ms 5ms

4 jn1-at1-0-0-19.wor.vbns.net (204.147.132.129) 16 ms 11 ms 13 ms

5 jn1-507-0-0-0.wae.vbns.net (204.147.136.136) 21 ms 18 ms 18 ms

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

7 nycm-wash.abilene.ucaid.edu (198.32.8.46) 22 ms 22 ms 22 ms trans-oceanic link
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

10 de.fri.frgeant.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 125ms 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) 135ms 128 ms 133 ms

16 194.214.211.25 (194.214.211.25) 126 ms 128 ms 126 ms

1 T *means no response (probe lost, router not replying)
19 fantasia.eurecom.fr (193.55.113.142) 132 ms 128 ms 136 ms

Elmiwx 1-95

b3 ’ ’
KaBuoTtépnon oe dikTua weTaywyng makéTwy KaBuoTt gpnon KO[.IﬁOU
3. Trun[smission delay 4. ProPaga‘rion delay ’dnodal = dpmC + dqueue + s + dpmp
(peTddoon): (81aoan):
D R=link bandwidth (bps) D d = length of physical link
D L=packet length (bits) D s = propagation speed in D dproc = processing delay
D time to send bits into medium (~2x108 m/sec) O Typically a few microsecs or less
link = L/R D propagation delay = d/s D dguewe = queuing delay
Note: s and R are very O Depends on congestion
o different quantities! D dirans = transmission delay
A r ' ] = L/R, significant for low-speed links
g =< ikpmp‘lg‘”w"_’ = D dprep = propagation delay
R o O A few microsecs o hundreds of msecs
B
noda[ )
Erocesswl 1 .quauellng. . EI*G'VIAIV 1-47 i . - . Eioaywy 1-92
P =3 | MovemorimoAbmvév  Tpipe Minpogopuiis ke Tikemkowenidy
KaBuotépnon avapovig “Tpayuarikéc” kaBuatepiioeic oto Internet
average
queueing delay w " i
D R=link bandwidth (bps) ' D What do “real” Internet delay & loss look like?
D L=packet length (bits) | D Traceroute program: provides delay
D a=average packet arrival rate ; measurement from source to router along end-end
i Internet path towards destination.  Forall i:
traffic intensity = La/R E OSends three packets that will reach router i on path towards
! destination
La/R q i wi
D La/R ~ O: average queueing delay small 1 ;l;o:;e: ITW vllsrirtur:vprzki‘rs f: i:n::r ission and repl
( 1 I 1SS .
D La/R ->1: delays become large EHCErTIMES (IEVGIBETIEEN SrANSMISSION ancFeply
D La/R > 1: more “work" arriving than can be
serviced, average delay infinite!
ot - Eioaywy  1-93 o - , wv ™
* B

ATTWAEId TAKETWV

D queue (aka buffer) preceding link in buffer
has finite capacity

D when packet arrives to full queue, packet is
dropped (aka lost)

D lost packet may be retransmitted by
previous node, by source end system, or not
retransmitted at all

Ema*wx 1-96
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Opyavwon agporopikoU Taeidiov

«Enineda» mpwToKOAWY

NetworKks are complex!

. " ticket (purchase) ticket (complain)
D many “pieces”:
O hosts Question: baggage (check) baggage (claim)
O routers Is there any hope of gates (load) gates (unload)
oLinks of various media organizing structure of )
o applications network? runway takeoff runway landing
O protocols airplane routing airplane
OHardware, software Or at least our routing airplane routing

discussion of hetworks?

D a series of steps

Eioaywy 197 Eioaywy 198

Opyavwon aspomopikoU Ta&eidioU Ynnpeoieg

| ticket (purchase) ticket (complain)l Counter-to-counter delivery of person+bags |
baggage (check) baggage (claim) baggage-claim-to-baggage-claim delivery
gates (Joad) gates (unload) people transfer: Toading gate to arrival gate
runway takeoff runway landing runway-to-runway delivery of plane
airplane routing airplane ) ) .
. . . airplane routing from source fo destination
routing airplane routing

Layers: each layer implements a service
O Via a its own internal-layer actions
O Relying on services provided by layer below

Eioaywy 1-99 Eroaywy 1
Yoy o) gy Ty woyov 99 i ooy T v wogoy 13go
* Katavepmpevn uAomoinon AsITOUpYIKOTNTAC % .2 n n @
emimédwy Tepapxikn apXITEKTOVIKNA

ticket (purchase) ticket (complain) Dealing with complex systems:

-
j + .. . s .

s 5 D explicit structure allows identification,

'E baggage (check) baggage (claim) | £ relationship of complex system's pieces

o [gates (oad) gates (nload) 'g Olayered reference model for discussion

= I~ D modularization eases maintenance, updating of
L | runway takeoff runway landing = system

o £

2 S

ochange of implementation of layer's service
transparent to rest of system
OE.g., change in gate procedure doesn't affect

intermediate air traffic sites
rest of system

| airplane routing | | airplane routing |

Elmiwx 1- Elaaiwx 1-
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21oipa mpwtokOAAwv Internet

Enineda:Aowvikp emikoivwvia
D application: supporting network —— Each layer: applicatio
. . n
applications application > distributed Fransport
o SMTP, STTP > “entities” network
. § > ‘“entities Tink
D :rrrca:sggr: host-host data transfer transport implement layer _ﬁﬁl‘ . pr—
o e functions at each applicatio } 8 fink j
D network: routing of datagrams from network node mng — physical
source to destination ] > entities ne‘rw}:)rk
o IP, routing protocols link perform actions, h“::'(cal application
D link: data transfer between hysical exchange messages 207 fransport | o
neighboring network elements physica with peers "emﬁrk K
O PPP, Ethernet physical ink
D physical: bits “on the wire” Physical
Eigaywy 1- Eioaywy 1-

Enineda: Aoyiki emikoivwvia Enineda: @uoikh emikoivwyvia
data
E.g.: transport appflication, '—@ o
e appllcaho_n )
D take data from app e Toer + network link physical
D add addressing, link network
reliability check info physical —
to form “datagram” N ack network [
D send datagram to applicatio |~ @ Tink applicatio Tink
peer "anz — @[ data physical j - UL j
D wait for peer to nethrk '"“;‘SP”:
ack receipt Tink application ne,;:,/ﬁr @
D analogy: post physical : SRR application| application
office 9P fransport DiTEE Transport Transport
ne:}‘xﬁrk network network
u link Tif
physical physical phydical
Eoaywy 1 Eoaywy 1
o e WS B e ¥

. s EO A TP W TORGANBY "Ra > - & %
dedopéva % H ioTopia Tou Internet @

1961-1972: Early packet-switching principles
D 1961: Kleinrock - queueing D 1972:
theory shows OARPAnet demonstrated publicly

Each layer takes data from above
D adds header information to create new data unit

D passes new data unit to layer below Efffcgfve“ess of packet- ONGP (Network Control Protocol)
o ?;Ifl,: éng ket first host- host protocol
source inati : Baran - packet- IS
destination switching in military nets ?i‘;;;e T‘:I P;ggmg‘
application application [M] message D 1967: ARPAnet conceived net has 15 nodes
H{ M ][ transport transport [H M ] segment by Advanced Research
[AdH] M ]| network network [HaH{ M | datagram PFOJecT§ Agency
Hi[HiHi| M link link HIHAH] [M ] frame D (1)923;;::;' ARPAnet node
physical physical P
oot Bt
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H i1oTopia Tou Internet H 1oTopia Tou Internet

1972-1980: Internetworking, new and proprietary nets 1980-1990: new protocols, a proliferation of networks

D 1970: AkLpT_{A"ET,S““"“”E Cerf and Kahn's D 1983: deployment of D new national networks:
networkin Hawaii ) internetworking principles: TCP/IP Csnet BITnet NSFnet
Bl B ooz s el Mt
internal changes require
D 1974: Cerf and Kahn - ) o inferconnz%:f networks protocol defined D 100,000 hosts
architecture for interconnecting d
networks O Best effort service model D 1983: DNS defined for con:e;fe :O ‘
D late70's: proprietary O Stateless routers name-to-IP- address conre: ﬁm fono
;’;fl:”ec'f“"es‘ DECnet, SNA, O Decentralized control translation networks
D late 70's: switching fixed length de::ceh‘r:ggzui;;nfernef D 1985: FTP protocol
packets (ATM precursor) defined
D 1979: ARPAnet has 200 nodes D 1988: TCP congestion
control

Eioaywy 1

H ioTopia Tou Internet

&

1990, 2000's: commercialization, the Web, new apps

D Early 1990's: ARPAnet
decommissioned

D 1991: NSF lifts restrictions on
commercial use of NSFnet
(decommissioned, 1995)

D early 1990s: Web

Hypertext [Bush 1945, Nelson

1960's]

5> HTML, HTTP: Berners-Lee

1994:Mosaic, later Netscape

Late 1990's: commercialization of
the Web

o

o O

Late 1990's - 2000's:

D more killer apps: instant
messaging, peer2peer file
sharing (e.g., Napster)

D network security to
forefront

D est. 50 million host, 100
million+ users

D backbone links running at
Gbps

Eioaywy 1
VOOV

TOPoT e T

Eigaywy 1
OOy
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