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YTTOAOYIOTIKA 2UCTAMOTO Kal AiKTUud

* [lepiIAapPavel BACIKEC APXES
— OpYyavwWoNG Kal APXITEKTOVIKING UTTOAOYIOTWYV,
— AEITOUPYIKWY CUCTNHATWY,
— oxediaong Kal UAOTTOINONG YAWOOWV TTPOYPAMMATIONOU,
— OUCTNMATWY MIKPOETTECEPYATTWY,
— MeTaBiBaong dedouévwy,
— OIKTUWV UTTOAOYIOTWYV,
— KIVATWYV KOl agUPUATWY OIKTUWV
— KOTAVEUNUEVWY CUCTNUATWY,
— TTapaAANAWYV Kal VEWV APXITEKTOVIKWY, Kal
— a0@AAglac TTANPOPOpPIWYV

[Tavemotpio N ETworks
z esearch
KUHDOU RLabomTory



Jb’u Anilant Tachnnlnnios htto: /fwww.aducatorscornar.com
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TI EINAI 2Y2THMA;

Mia guAAoyn atTo UAIKO Kal TO
OUVA@PEC AOYIOUIKO, OXEOIOOUEVA
KOl UAOTTOINUEVA £TO1 WOTE VA
ECUTTNPETOUV MIO OUYKEKPIMEVN
Epyacia N oyada Epyaciwy
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YTTOAOYIOTIKAO CUCTAMOTO OTNV

KaBnpEPIVA-HOG GLA--.

2TA PPEVA AUTOKIVITWV

210 Kivnto

\7

\

2TOV £AEYXO
KUKAO®Opiag

2TIC TTANPWHMEG

CD, DVD

players
Notebook, desktop —
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Tl EINAI AIKTYO;

2.UvOeon OUO N TTEPICOOTEPWYV
onNUEIWY
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Sexual contaqtfd%]lfl (}.[H?m;\an, Tlﬁ and function of complex networks, SIAM Review 45, 167-256 (2003).
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High school dating: Data drawn from Peter S. Bearman, James Moody, and Katherine Stovel visualized by Mark Newman
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AikTuo YtroAoyioTwy !!!

- -

Interretas measured by Hal Burch and Bill Cheswick's ﬁ%ﬁgﬁ%ppinq Project.
[Tavemotmpio N ETW°2‘;earch
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http://research.lumeta.com/ches/map/index.html

NATI XPEIAZOMAZTE
2Y2THMATA YIOAOI'IZTQN,;
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Processor

Intel386™ DX
Processor

Intel486™ DX
Processor

Pentium®
Processor

Pentium® Pro
Processor

Pentium® I
Processor

Pentium® |lll
Processor

Pentium® 4
Processor

Pentium® M
Processor

Process Technology
0.6p 0354 0.25u 0.18p 0.13p 90nm 65nm

1.5p 1.0p 0.8y
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___MoAu-rupiveg (multi-cores)
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ftp://download.intel.com/pressroom/kits/pentiumee/smithfield_die_med.jpg
ftp://download.intel.com/pressroom/kits/pentiumee/smithfield_die_med.jpg

INTEL 17 4-core , AMD Phenom 6-core
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Shared L3 Cache
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NMATI XPEIAZOMAXZTE AIKTYA
YHNOAOI'IZTQN;

[10 ETTIKOIVWVIO




[MOIOI EMIKOINQNOYN;
O1 XpNOTEC HEOW TWV OIKTUOKWYV
EPAPUOYWYV
O1 ynxaveg yia va aviaAAdooouv
QUTOMATA TTANPOPOPIEC

Ol ETTECEPYATTEC OE EVA PEYAAO
ouoTnua

O1 TTupnveg yeoa of Eva




ATE&T Global Network
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Tier-1ISP: e.g., BBN/GTE
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Tier 1 — WebFusion (UK)

), ),
Ml

5 k
Hgvemornplo N ETﬁfe:eamh
Ku IIpou Laboratory




4
a,
Va

[Tave:
Kumpou

Efviko Aixrvo Epsuvag &
Texvohoyiag (EAET ALE.)

e NikTUO Aravopy¢ NaveAMviow
IxoNxov Amyaow

) I‘ : I Reizztrr;tory

AT1ro TO WwWw.grnet.gr




MNaTi AikTtua YITOAOYIOTWV;

Emixeipnoiokec Epapuoyeg
— T1.X., €€ aTrOOTACEWC TTPOCBacN o€ BACEIC OEQOUEVWV.

— ECoikovounon xpnUATwy atrd ToV KATAPEPIONO TTOpwWYV (research
sharing)

— BeAtiwon aglomoTiag (reliability)
OikiakeEc EqpappoyeEg
— T1.x. TpéoBaon oT1o AladikTuo
KivnTtoi XpNoTeC
— [lpoéoBacn o€ TTANPoYopieC HEOW KIVNTOU TNAEPUWVOU 1 popnToU
UTTOAOYIOTH.

ETTIKOIVWVIOKO HECO

— HAekTpovikod Taxudpopueio (Email), news-groups, chat-groups,
Instant messaging, TnAedidokeyn (teleconferencing)...

A works
quemotnplo N ETResearCh
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Facebook (social network)

o >500,000,000 xpnortec: 50% log once a day, 130
friends

o 25,000,000,000 avTikeipeva poipalovral KABe pnva
o wcg gival opyavwpeEva TOOA apxeia yia ypriyopn
TTpoOCaon;
o [lou gival arroBnkeupEva
o MNMwc (aAyoépiBuoc) atropaaciloupe;
o T1 AOYIOMIKO KAl UAIKO XPNOIUOTTOIEITAl;
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Cloud Computing

o Apauartikn aAAayr) oTo TI oNUAiVEl UTTOAOYIOUOC
o To AoyIOMIKO Kal UAIKO oav ayaBo/utrnpéoia
o O XproTng XpewveTal aon xprnong

o YTroAoyiouoi kal atroBrikeuon d0edouEvwy o€ data centers
o Meiwaon KOaTOUG: TTI0 ATTOOOTIKN dlAXEipIaN TTOPWV
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Yuyxaywyia

o EIKoviKA TTpayuartikotnta
o PeaAioTIKn atreikovion

o o d1adpaaoTIKn
o Wi, Kinect etc
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2NMOVTIKEG TEXVOAOYIEC

«OI1 Mo oNUAVTIKEC TEXVOAOYIEC €ival AQUTEC TTOU
ecagavifovral. Alayxeovrtal JEOA OTOV I0TO TNG
KaOnuepIvic yac CwnNg MEXPI TTOU OEV YivovTal
QVTIANTITEC KOl OEV UTTOPOUV VA DIAXWPICTOUV»

Mark Weiser, 1991

“ The most profound technologies are those that disappear. They weave themselves
into the fabric of everyday life until they are indistinguishable from it."

Mark Weiser, 1991

[Tavemotpio N ETworks
z esearch
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TexvoAoyieg péoa oe mrepitrou 30 Xpovia

AANANEC TEXVOAOYIEC TTOU XPEIAOTNKAV TTEPITTOU i0I0
XPOVO eloaywync (“eloxwpnong’) oTnv Kovwvia:

— AgpotrAava: 1903-1938 (Stratoliner)

— AutokivnTa: 1876-1908 (povTéAo-T)

— AvaAoyika TnAEpwva: 1876-1915 (dINTTEIPWTIKI TNAEPWVIQ)
— 210npoodpouol: 1820-1960 (dINTTEIPWTIKOI O10NPOOdPOMOI)

z works
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AladikTuo/eupulwviko OikTuo (broadband)

Mia aT1rd TIG TTI0 YPYOPESG EQAPHUOYES TTOU E10AXONKAV TTOTE

Television

1926 Electricity
0. J
100%e 1873 Telephone
Broadband Radio 1876
20 Access VCR 1905
w 1995 1952 Automobile
= , 1886
e 60
W
=w
— 40 f
20
Injernet
975 . . . .
f Years since introduction
0 )
0 20 40 60 a0 100 120

2005 =830'% broadband / 2010 = 70% broadband estimate

Source: Michael Fox and Forbes Magazine, Morgan Stanley
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MpoBANua

* OENOupE va KTiooupe Eva OIKTUO TO OTTOIO
— Oa JTToPEil Va JEYOAWVEI OE TTAYKOO IO KAIJOKA (ETTEKTACIUO -
scalable).

— Oa ptTopei va utrooTnpilel Eva eUPOC EQAPHOYWYV ATTO
METaOPA apxeiwv (file transfer),
TNAedIdokewn (teleconferencing),
NAEKTPOVIKO euTTOpIo (electronic commerce),
wnolakES BiBAIoBrikec (digital libraries) ...

* [wc¢ oxedidloupue €va TETOIO0 DIKTUO (UAIKO KOl AOYIOUIKO
— hardware and software);

A works
quemotnplo N ETResearCh
KUHOOU Laboratory



ATTAITACEIG ATTO TA OIKTUO

 [lolol BETOUV TIC ATTAITHOEIC KAI TOUG TTEPIOPIOOUC TOU
OIKTUOU:;
— [poypappuatiotég (application programmers) BEAOUV UTTNPETIEC
TIC OTTOIEC Ba ACIOTTOINOOUV Ol EQAPHOYEC TOUG, TT.X. TTapAdoon
TTAKETWY JEOA o€ OedOUEVA XPOVIKA TTAQiOIa ) agIOTTIOTN
Tapadoon TakeETwy (reliable delivery).

— 2xed100TEC (network designers) €mdIWKOUV TTApAywWYIKN Xprion
TWV TTOPWV TOU dIKTUOU

— [Mapoyeic utrnpeoiwv (network providers) €mdiwKOUV diKTUO TO
OTTOIO €ival EUKOAO OTN AEITOUpYia Kal 0Tn ouvThpnon.

A works
quemotnplo N ETResearch
Ku IIpou Laboratory



4 BRuaTa yia OIKTUWOoN

Emikoivwvia yeow piag ouvdeonc (link)

‘Evwon TToAAwvV ouvdEoewy (internetworking)

EUpeon yovotrartiou Kal TrpowOnon unvuuaTocg

KaAuyn avaykwv epapuoyng (xpnotn)

[Tavemotpio N ETworks
;= NI = | pgesearc h
KUHOOU RLaboraTory



ATTaITNOEIC: 2UVOECINOTNTA (Connectivity)

« EmKoivwvia yetagu ouvoAou UTTOAOYIOTWYV

* Baoikec OOUIKEC HOVADEC
— Koupol
YT1roAoyioTEG (computers, hosts, servers), dpopoAoynTEg (routers),
METAYWYEIC (switches) KATT.
— ZEUCEIC
OMPOOEOVIKEG, AOUPHATEG, OTITIKEG KATT.

2.Nueio TTpog onueio (point-to-point) i TTOANQTTARG TTPOCRACNS
(multiple access)

o a2 &

]
1
]

2.NUEIO TTPOG oNuEio

[MoAAQTTANG TTPOCRaoNG

A works
quemotnplo N ETResearch
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ATTAITAOEIC: ZUVEKTIKOTNTA (Connectivity)

 AikTua Kal AladikTua

O 8 2

AUO0 | TTEPICCOTEPOI CUVOEDEUEVOI AUo N TTEPICOOTEPO OUVOEDEPEVA
KOMBoI dikTUQ

z works
Hgvemornplo N ETResea,ch
KUHDOU Laboratory



Aopun AladiIkTUOU: oUVvOeOEUEVA DIKTUO

* KATtTWw¢ 1EPAPXIKO

* OTO KEVTPO: TTAPOXEIC uTTnPeCIwyY “Etimmédou 17 pe diebvn
KaAAuyn

network access
/ points

Tlel"_l Ier 1 ISP
providers

interconnect 7
privately 4

Tier 1 ISP

z works
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US Tierl provider

komos  NET



Aopun AladIKTUOU: OUVOeDEHEVA DIKTUA

e £VA TTAKETO TTEPVA ATTO TTOAAG DiKTUO
D)

w.v 11SP

Tier 1 ISP Tier 115 '%a

=

z works
Hgvemomplo N ET esearch
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Kartnyoplotroinon AIKTUWwWV

AtréoTaon Mepioxn Mapadeiypa
ETTECEPYAOTWV uAoTroinong
1m TeTpaywviko NETPO | [TpOCWTTIKA UTTOAOYIOTIKA
ouoTruata (personal network)
10m Awpuartio
100m KTipio Tommka AikTua
(Local Area Networks)
1Km 2 UUTTAEYMA KTIPIWV
10Km [1OAN MnTpOTTOAITIKO AIKTUO
(Metropolitan Network)
100Km Awpa AikTuo Eupeiac Mepioxnc
1000Km ‘Hrreipog (Wide Area Network)
10,000Km MAavATNG To AladikTuo (The Internet)

A works
quemotnplo N ETResearch
KUHDOU Labomtory



TomikoO AikTtuo (Local Area Network)

o» =
= - = = > =

- - - | l

Sy | Tlavemotnpio N ETW°'ek;earch
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Aocupparto Tomiko Aiktuo (Wireless Local Area

Netwaork)

=

thernet Backbone

P B

BT T,
Dey &

(o

Y & A works
Ny [ A Hgvamomplo N ETReseamh
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MnTtpoTtroAITIKO AikTtuo (Metropolitan Network)

B B @ @ B B @ B 73] 5]

Junction T T T T

box ~—a

Antenna "- - "- - "- - "- -

T3S BE B 73173
EETEE EETEE EETEE EETEE

Head end

B 3 37 B E B B &

Internet\ % cl T T T T

NI
]

Aiktuo KaAwdiakn¢ TnAeopaong

A works
quemornplo N ETResearCh
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H ouvdeon pytropei va givai:

1. Evouppam
XaAkivo KaAwdlio
— QOpoacovikd KaAwdio
— 2uveoTpappéva deuyn
—  OTITIKEG iVES
2. Aoupuarn
— ETmmiyeieg pIKpokKupaTIKEG (EUCEIG
— AOPUPOPIKEC MIKPOKUMATIKEG (EUCEIC
— KuygeAwTn TNAEQwvia

[Tavemotpio works
K 7 search
UTIpOU

Laboratory



Evoupparn Zuvdeon pe KaAwdio UTP

A works
Hgvemornplo N ET I
Ku Iipou Laboratory



2UvOeon ME KAAWOI0 OTITIKWYV vy

& z works
M[. Hgvemomplo N ET esearch
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AcuppaTtn Zuvdeon

Sy | Tlavemotnpio N ETW°'ek;earch
A Ku Iipou R Laboratory



AvaoAoyia 2uvdEocewyv Pe TaxutnTta (1)

Bandwidth is like the width of a pipe.

— S

Metwork devices are like pumps, valves, fittings, and taps.

0, £ T ==

Packels are like waler, r

& & A works
M( % | llavemotnpio N ET v
Kurnipou Laboratory



AvoAoyia 2uvOEcewyV JE TaxuTnTad (2)

Bandwidth is like the number of lanes on a highway.

Metwork devices are like on-ramps, traffic signals, signs, and maps.

4 z works
m( Hgvemornplo N ET e
KUI'[DOU Laboratory



T ouvﬁaaml o€ €vd OIKTUO;

Y A works
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‘EQUTTVEG OUOKEUEG

World’s smallest web server
http://www-ccs.cs.umass.edu/~shri/iPic.html

IP picture frame
http://www.ceiva.com/

z works
quemornplo N ETResea,ch
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‘ESuTTVEC 2UOKEVUEG

WASHY TALKY
Fluent in three languages — English, Hindi and Web-enabled toaster+weather forecaster
Tamil.

http://www.electrolux.co.uk/nodel45.asp

4 z works
m( Hgvemornplo N ETReseamh
KU IPOU Laboratory



To «€EUTTVO OTTITI»

* Home care devices

Harme Hiuly
« Entertainment &
Command Center

Health & Medical - =
* Telephony

Devices
Manitaring Metworking to
Security Deviges « - « other home

systems
ICEBOX ™ Nl » Lighting
Entertainment &
Cammand Cenber

s Zames

Connected Applhances

)

) {
A‘yk
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MpoBANua

YT1rapyouv TTOAAEC DIAPOPEC METACU DIKTUWY
— Mopen dieuBuvoewv

— ammodoon

— MEYEBOC TTAKETWV

— OpPONOAGYNON

[MTw¢ peTa@PAlOUPE METACU TEXVOAOYIWY,
[TwW¢ UTTOPOUNPE VA OPYAVWOOUUE £va DIKTUO,;

ApouUpe aPaIpeTIKA KAl XPNOIUJOTTOIOUUE
TTPWTOKOAAQ !

A works
quemmnplo N ETR eeeeee ;
KUHOOU Labomiory



NMpwTtOKOAAO (protocol)

 H 2uppwvia avaueoa g€ U0 ETTIKOIVWVOUVTA
MEPN, WC TTPOC TOV TPOTTO E TOV OTTOIO Ba
TTPOXWPNOCEI N ETTIKOIVWVIA.

A works
quemotnplo N ETR eeeeee ;
KUHDOU Labomtory



Opydavwon Tagidlou

ticket (purchase) ticket (complain)
baggage (check) baggage (claim)
gates (load) gates (unload)
runway takeoff runway landing
airplane routing airplane routing

airplane routing

* a series of steps

>

[Tavemotpio N ETworks
’ esearch
KUHDOU Laboratory



2TPWHATOTTOINCN EPYATIWV

ticket (purchase)

baggage (check)

-

ticket (complain)

baggage (claim

gates (load)

gates (load)

gates (load)

gates (unload)

runway (takeoff)

runway (takeoff)

runway (takeoff)

runway (land)

airplane routing

airplane routing

airplane routing

airplane routing

Agpodpouio
Avaxwpnaong

2TPWHAOTA: KABE OTPWHPA UAOTTOIET JIa UTTAPETIa

Evdiaueoa Aepodpouia

Aepodpdulo
A@igng

Eionmpio
ATTOOKEUEG
‘E€0d0¢
Atro/T1pooyeiwon

ApopoAdynon

— BaaoileTal o UTTNPECIEC AAAWY OTPWUATWY (TTIO
KATW)
— QEV UTTAPXEI avAyKn va ¢c€poupe Ta Tavrta. Mévo

TTWC MIAOUME OTOUG TTIO TTAVW KAl TTIO KATW.

[Tavermotmpio

Kumpou

works
NETR:-
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NoTi ETTiTreda;

« Kartauepliopog Tou TTOAUTTAOKOU TTPORAAUATOC O€
UIKPOTEPA, TTIO ATTAG TTPOBAAMATA.
— KdaB¢ etTitredo €ival uttTeUBUVO YIA TNV AVTIMETWTTION KATTOIWV
TTPORANUATWY TTOU PTTOPEI va TTPOKUWOUV.

« Kda0Be emitredo KpuRel TNV TTOAUTTAOKOTNTA TOU ATTO TA
UTTOAOITTA ETTITTEOA KOI TOUC XPNOTEC.

« KaAuTepn doun amroteAoupevn atrd TTOAAG oTOIXEIO
(modular).
— Mia kaivoupyia UTTnNPEaia JTTOPEI va UAOTTOINOEI HETATPETTOVTAC
MOVO £va ETTITTEDQO (OTPWUA).
— TIYX. aAAayr) oTnVv €000 O€ £va agPodPOMIo OtV eTTNPEACEI AAAEC
EPYQOiEC

A works
quemmnplo N ETResearCh
KUHOOU Labomiory



MovTtéAo Avagopag: TCP/IP

OSl TCP/IP
7 Application Application
6 Presentation T~ Aev éxouv
b Session // uAoTToInOEi
4 Transport Transport
3 Network Internet
2 Data link Host-to-network
1 Physical

[Tavemotpio N ETworks
’ esearch
KUHDOU Laboratory



MovTtéAo OSI

« Quoiko orpwua (Physical Layer)
— Merddoon akatépyaoTwy bits (0 4 1) amrd Tov AtToOTOAEQ OTOV
OEKTN.
o 2Tpwpa Zeugnc Acdouévwy (Data Link Layer)
— Tepayilel Ta 0cdopEva o€ TTAaiola dedouévwy (frames)

— EmBeBaiwvel 611 n emiKoIVwvia Tou PuoIKoU OTPWHATOC Eival
aciommoTn (IMAaiola ettaAnBeuonc -acknowledgement frames)

— Avixveuon kai emdiopbwon AaBwyv (Error detection and correction).
— 'EAeyxog pong (flow control).

A works
quemotnplo N ETResearCh
KUHOOU Laboratory



MovTtéAo OSI

« 2T1pwuMa AikTuou (Network Layer)
— ApopoAdynon TTAaKETWV
— 'EAgyxog oupeopnong
— 'Ekdoon Aoyapiacuwv (billing)
o 2Tpwpa Metagpopdc (Transport Layer)
— Tepayilel Ta uNvVUPOTA O€ MIKPOTEPEC UOVADEC

— EmRBepaiwvel 0TI OAEC 01 HOVADdEC PTAVOUV OTO AAAO AKPO Kal
ETTAVACUVAPHOAOYEI TO Prvupa.

— [MoAutTAeCia ouvdéoewv/oupuwy (steams)

— YTINPECIEC HETAPOPAC TTAKETWYV ATTO AKPO 0€ AKpo (end-to-end).
(T1.X., ACIOTTIOTN METAPOPA DEDOUEVWY OTOV OEKTN).
— ‘EAeyxoc oupgpodpnonc (congestion) kal pong TTaKETWV

A works
quemotnplo N ETResearCh
KUHOOU Laboratory



MovTtéAo OSI

¢ 2TpWMa 2uvodou (Session Layer)
— ATTOKATAOTOON CUVOOWV PETACU dlIapopwy unxavwy (sessions)
— Alaxeipion okutaAng (token management)
— 2UYXPOVIOMNOG (synchronization)

« 2Tpwpa Napouciaoncg (Presentation Layer)
— KwoikoTroinon d0edouEVWV
« 2Tpwua Eapuoyn (Application Layer)

— 2UdpBaToTNTa METACU EQAPUOYWV
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Summary of layers

To translate, encrypt, and
compress data

Application

Presentation

To allow access to network
resources

To provide reliable process-to
process message delivery and
error recovery

Session

Transport

To establish, manage, and
terminate sessions

To organize bits into frames;

to provide hop-to-hop delivery

Network

Data link

To move packets from source
to destination; to provide
internetworking

Physical

To transmit bits over a medium;
to provide mechanical and
electrical specifications
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TCP/IP and OSI model

Application Applications
NFS
Presentation | | SMTP FTP DNS || SNMP TFTP
RPC
Session
Transport TCP UDP
ICMP || IGMP
Network IP
RARP ARP
Data link
Protocols defined by
the underlying networks
Physical
[Tavemotpio
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Internet History

1961-1972: Early packet-switching principles

« 1961: Kleinrock - queueing 1972:

theory shows effectiveness — ARPAnet public demonstration

of packet-switching

* 1964: Baran - packet- first host-host protocol
switching in military nets _ first e-mail program

« 1967: ARPAnet conceived _ ARPAnet has 15 nodes
by Advanced Research
Projects Agency

 1969: first ARPANnet node
operational

— NCP (Network Control Protocol)

[Tavemotpio N ETworks
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Internet History

1972-1980: Internetworking, hew and proprietary nets

1970: AL_OHAnet__sateIIite Cerf and Kahn’s internetworking
network in Hawali principles:

1974 Cerf and Kahn - — minimalism, autonomy - no
architecture for interconnecting internal changes required to
networks interconnect networks
1976: Ethernet at Xerox PARC — best effort service model
1979: ARPAnet has 200 nodes — stateless routers

— decentralized control
define today’s Internet architecture
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Internet History

1980-1990: new protocols, a proliferation of networks

1983: deployment of
TCP/IP

1982: smtp e-maill
protocol defined

1983: DNS defined for

name-to-1P-address
translation

1985: ftp protocol
defined

1988: TCP congestion
control

new national networks:
Csnet, BlTnet, NSFnet,
Minitel

100,000 hosts
connected to
confederation of
networks
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Internet History

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

Early 1990’s: ARPAnet
decommissioned

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

early 1990s: Web

— hypertext [Bush 1945, Nelson
1960’s]

— HTML, HTTP: Berners-Lee
— 1994: Mosaic, later Netscape

— late 1990’s: commercialization
of the Web

Late 1990’s — 2000'’s:

more killer apps: instant
messaging, P2P file sharing

network security to forefront

est. 50 million host, 100
million+ users

backbone links running at
Gbps
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Internet History

NOW:

>500 million hosts
Voice, Video over IP

P2P applications: BitTorrent
(file sharing) Skype (VolP),
PPLive (video)

more applications: YouTube,
gaming

Wireless, mobility
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