Data - Link Layer

(ZTpwpa (eUENG OEOOUEVWV)
OPOAOTIA

» Kéupoi (nodes):
Hosts, Routers (ka1 bridges), 6Aa autd Ta Aéue KOBoug (nodes).

« Zeugeig (links)
O1 Ceugeig (links) eTTIKOIVWVIOC EVWOVOUV TOUG YEITOVIKOUG KOUBOUG.

* Frames1l
Messages, Segments, Datagrams, Frames (Ta TTAKETA TOU ZTPWMNATOG
Ze0ing AcdopEVWV).

2KOIMOx

To oTpwua Ceucnc dedOPEVWV OKOTTO £XEI va HETAdWOEI TO datagram TTou
Ba AGBel atrd 1o oTpwa dIKTUOU, O€ €va ouyKkekpIpévo link. Ovopuara:
Ethernet, IEEE 802.11, token ring, PPP.




Ala@opeTika Links - Baoikoi TuTtrol Zeugewv

2NUELOTEOV OTL:

Ye ke link pog dtadpoung emkovoviag Letacd d00 TEPUATIKOV KOUPV
LUTOPOVLE VO EYOVUE OAPOPETIKA TPOTOKOAAN GTPOUATOS CEVENG
oedouévaov (m.y. PPP oto link ard 1o PC cov oto oniti, péypt tov router
tov ISP (Internet Service Provider), kot oto vtérowma links, Ethernet).

*  ALOQOPETIKA TPOTOKOALL = OLUPOPETIKT TOLOTN T EEVANPETN OGNS OO
KAOE TPOTOKOAAO.
IL.y. éva mpoTOKOALO pumopel va eEac@aAilel aoPOAT LETAOOCT TV
oedouévav (m.y. To PPP), evm éva aAro oyt (.. to Ethernet — mapdti 0
Ethernet sivai to mo omovdaio).

K&t moAd Bacikd: vdpyovy 2 oAb dtapopetikoi tomot links:
— Broadcast channels (kavéiio ekmoumnng)
— Point-to-point channels




2X€0Nn oTPWHATOG (EUENG OEOOUEVWY UE TO
UTTEPKEIMEVO OTPWHA OIKTUOU:

« ANAAOI'ON:

— Ildtpa - Oesoarovikn. [1dpe T0 Tpaivo yiu ABMva, myaive pe taél 6to
aEPOOPOLLO, OTtO TO AEPOOPOULIO BEGCAAOVIKNG GTO KEVTIPO TNG TOANG UE
Aew@opeio.

— K¢ éva amod ta 4 tunuoto e OdpouUnS avtng EAEYXETAL OO TEAEIMC
OLOLPOPETIKES ETALPEIEC. XPTNGLUOTOIOVVTOL O IAUPOPETIKOL TPOTOL LETAUPOPAG
(tpaivo, Ta&l, aepomAdvo, Ae@POPELD), MGTOGO KABEVAC TOVS TPOCPEPEL TNV
Bacikn vanpecio ™S peta@opag emPatn (tov tovpicta) amwd o tomobecio oe
wo GAAN. H vanpecio avt) Aappdvetor v’ oyn and Tov VTEAANAO TOV
TPoKTOPEIOL TaCEWIMY 6TOV KOBOPIGUO TNE 010 POUNG TOL TOVPIGTA.

* No dlakpivovpe To avaAOYOV TOPOL:
() Tovpiotog avrtioTolyel oe éva datagram.
(B) Kabe tunqua e dtadpoung tov tacediov avriotoryei og link.

(y) O 1pdmog HLeTOPOPAS AVTIGTOLYEL GTO TPMOTOKOALO TOV GTPOUATOS (EVENC
OE00UEVOV.

(0) O vrdAANAog TOL TPAKTOPELOV TOV GYENIOGE TNV JAOPOLT) OVTICTOL(EL GE
TpmTOKOALO dpopordynong (network layer).



AAAec AgsiToupyviec (UTTNPECIEC) TWV TTPWTOKOAAWY TOU OCTPWUATOC
eU&Nc OEOOUEVWV:

« Framing (IThameimon) (m.y. ... physical address)

« Link Access (mpocspaon otnyv (evén emkowvoviag) - MAC (Media
Access Control)

« Reliable Delivery (A& iomotn Metasoon)

* Flow Control (Eieyyog Po1c)

« Error Detection (Aviyvevon AaBov)

« Error Correction (A16pOmon AaBov)

« Half-duplex kon Full-duplex (MovokatevOovtipla kot
AkatevOovtipro / Ap@idopoun Metaooon).

Eme1on molléc am’ avtéc TIC Ag1Tovpyies DTAPYODY KOL GTO GTPDUO. UETOPOPLC,
un Eeyvog 0Tl 010 OTPWUO. UETAPOPAS OLEC OL DTNPETLES TPOTYEPOVTAL UETOCD
twv tepuatik@y hosts (end-to-end), eva oto ortpwuo (edlnc dedousvarv
TPOTPEPOVTOL UETOLD ODO YEITOVIKWV KOUPWV.



Adaptors (MpocapuoOTEG):

To uépog evog kKOUPBov 6oL VAOTO0VVTOL TO TPMOTOKOAAN TOV GTPMUOATOG
Cevénc dedouévov Aéyeton adaptor (6a to Epeic ko amd 1o PC cov).
Aéyetan emiong Network Interface Card.

Eniong (Aeyotav) PCMCIA (Personal Computer Memory Card
International Association) kapta 1| PC card (mopdAinin covdeon).

A7o 10 2003, Aéyetar NEWCARD xon tehikd ExpressCard (ue
ocuvoeouotnta USB kot oeprokn PCI-EXpress).

— ExpressCards sivar hot-bluggable (eyxatdotaon evo o H/'Y Asttovpyet) kot
GLVOEOVV TTOKIALOL GLOKEVMV GE £VAY VITOAOYIGTI], GLUTEPIAAUPBOVOLUEV®OV TMV
Kivntav evpulmvikov uoéviep (n connect cards), IEEE 1394 connectors (1
FireWire — Apple yiwa real-time emikowwvia), USB connectors, Ethernet
network ports, Serial ATA mass storage devices, solid-state drives (diockovg
SSD), PCI Express graphics cards, wireless network interface controllers
(NIC), TV tuner cards, Common Access Card (CAC) readers (7.y. aoTOVOLIKN
TOVTOTNTO), Kol KAPTEC NYOV.



Adapters (IMTPpOCAPHUOOTEG) wuvixa)

o Y& o kdpta-adaptor dwokpivovpe evvololoyikd 2 uépmn:

— Bus Interface: mepthaupdver v emkotvovio tov adaptor ue tov
VTOAOUTO KOUPO (TT.. TNV NAEKTPIKT] TPOPOOOGIn TNG KAPTUC)

— Link Interface: mepiiappdvel tnv vAOTOINGT TOL TPOTOKOALOV TOV
oTPOUOTOS CeVENC Oe00UEVOV Kl GLVTOMC O1VEL TO OVOUOL GE OAN TNV
kdaprto-adaptor w.y. Ethernet card/adaptor, av o TpmtdéKorio Tov
oTpo®uUaTog Cevénc dedouévmv sivar to Ethernet.



Adaptors communicating
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Ol MIO 2MNMOYAAIEZ AEITOYPTIEZ TQN
MPQTOKOAAQN
TOY 2TPQOMATOZ ZEY=HZ AEAOMENQN

A.Error Detection Kail Error Correction Technigues
— Texvikég avixveuong Kail 810p0waong Aadwyv

B. Multiple Access Protocols (MpwtOKoAAa
TTOAAATTANC TTPOCTITEAAONC)




Error Detection kKal Error Correction Techniques
— Texvikég avixveuong Kai 810p0wong Aabwv:

* To otpopa CEVENC 0EOOUEVOV ENUICETOL Y10 TOV
TAOVTO TMV TEYVIKOV aViyvVeELONC Kol 010pHmaenc
LoV, og enimedo bit. Ovouootikd:

— Parity check.

— Checksum. Av to amotéleasuo Tov checksum oto dékn
etval o kmokn AEEN 6Ao «1» (111...), avtd onuaiver 0Tt
OEV LVIAPYEL KOVEVO AADOC GTNV EMKOWV®VID. Al0POPETIKA
VITAPYOLVV AGOM.

— Cyclic Redundancy Check (CRC). Ta bits mov otéAvovpue
Oswpovvtor ¢ cvvtedeoatec (0 1 1) moAvovoumyv, Kot
KAVOLULE TTPAEEIC LETOED TTOAVOVOU®V Yo VO BYOAOVLE
dxpn (va Bpooue to AGOn).




Napadeiypa Parity Check (eA€yxou 100TIMIOG)

* HikavotnTa evog OEKTN va avixveuel Kal va dlopBwvel Aadn (o€ bits) AéyeTal
FORDWARD ERROR CORRECTION (FEC).

 To mapddeypa autd avagépetal otnv HEBodo Tng dididoTarng (Aoyw TnG
dldTagnc Twv bits oe Tivaka duo dlaoTAoEwV) APTIOG ICOTIMIag (even
parity). 'EoTtw o1 BéAoupe va avixveuooupe kal va dlopbwaooupe Aadn evog
bit oTa €€\¢ 4 bytes:

11100111 11011101 00111001 10101001

« (a) Bpeite TNV diIdTagn TwvV bits o€ TTivaka kal Ta pariity bits TTou TTPETTEl VA
oT€iAEl 0 atroaToAéag oTnv OEKTN. ETTiong, TrpooTtarevcare Ta parity bits pe
Eva akoun bit apTiag 100TIHIaC.

« (b) Av yivel A\dBo¢ oT10 40 bit Tou 4ou byte, e¢cnynnoare av PTTopEi va
avixXveuBei kal 010pBwoEi.

« (c) Av yivel A\dBog oT1o 1o kal 30 bit Tou 4ou byte, e€nynoare av PTTopouv
va avixveuBouv kai d10pBwblouv Ta AdOn aura.
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Napadeiypa Parity Check (OUVEXEIQ)

(a) O Trivakag, 61ToU
N TEAEUTAIA YPAUUN
Kal OTAN TTEPIEXEI TA
bits (GpTIaC) I00TIHIAC,
EXEI WG ECNC:

11100111 -0
11011101-0
00111001 -0
10101001 -0

10101010-0

(b) Av oupuBei AdBog oTo 40 bit Tou 4ou byte (novo),

Ba €XOUE:

11100111 -0

11011101 -0 To AaBog avixveuetai (0)
00111001 -0 Kal evroTri(eTal gTOV
10111001 - O TTiVaKQ, ETTOMEVWG
---------------- MTTOPEI va d10pBwoEi.
10101010-0

To o TeAeuTaio bit eival und€v aPou 0 CUVOAIKOG
apIOUOG TWV «1» oTa parity bits eival apTiog.)

(c) Av oupBei AdBog aTo 10 kal oTo 30 bit Tou 40U
byte, Ba £xoupe:

11100111 -0 STOV TTHvVaKa avixveuovTal 2
11011101 -0 )\Gen (1) aAAG OsvV
00111001 -0 EVTO'ITiCO’VTGI ETTOPEVWG DEV
00001001 - 0 |

MTTOPOUV va dlopBwBouv.

10101010 -0

11



Mapadeiypa CRC

+— d bits ————» «— r bits —

D:data bits to be sent| R:CRC bitsl

G=1001 |

XOR
D.2r 0*0=0

R = remainder] ?] 0%1=1
1*0=1

1*1=0

‘Eotw D=101110 (OnA.d =6)
Generator G=100 1 (uAkog 4), omrote r = 3
To G 10 yvwpilel kKal 0 dEKTNG!

Alalpw 10101110000 (6nA. D pe r=3 undevika oto TEAOC)
HE TO G, KoL TOTE R = «TO UTIOAOUTO AUTAC TNC SlapeoN Y.
Erteldn dev evdladepel to mnAikov aAAd LOVo To UTTOAOLTO

O UTTOAOYLOMOG TOU UTTOAOLTTOU YiveTal EUKOAQ PE TIPAEELS
XOR. XtéAvw otov 6éktn[D,R]=[D,CRC]=101110011
O &€ktnc kavel tnv dtaipeon: [D,CRC] / G kal av Bpel

MH pnbeviko umnolouno, E€peL OTL £yve AaBoc.
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B. Multiple Access Protocols (IMpwTOKoAAQ

N N N X X

TTOAAQTTANG TTPOCTTEAAONG):

Mukape yio Tpotokoriao link access, ywo v nepintwon towv broadcast channels wov
ypnopomotovvian ovyva oto. LAN (Local Area Networks) (mpotdékorrio Ethernet) 1| ota
acvppota tomikd diktva (Wireless LAN) (mpotokoiro IEEE 802.11). H Bacikn Aettovpyio
(vmpecia) TOV TPOTOKOAA®Y OTOV EIVOL 0 GLVTOVICUOG NG TPOGPACNC 6TO KOWO HUEGO
uetadoong (link) tov moAhdv kouPwv mov BEAoVY va cteilovy kat va Aafovv frames
(Multiple Access Problem).

ANAAOI'ON: To Cocktail Party émov molioi kaBovtor yopw amd Evo Tpomélt yio pa
YEVIKT] GLLNTNON, AVAAGYWDS TOV EVOLAPEPOVTIMV TOL Kabevds. O agpag eival 1o Koo Kavail
exmounnc. Ilowog maipvel tov Adyov katl mote; Na 0piopévol Kavoveg mov OAOL Ot
oUOTPATECOL TPETEL VO TPOVV:

Adce Ko oToV GALO TNV guKapio Vo LIANGEL.

Mn uildc av dev cov amgvbuvouy tov Adyo.

Mn novontwAgic tnv svlntnon.

2NKOVE TO YEPL GOV OV EXELS KATOLOL EPDOTNOT).

Mn S10KOTTEC ALTOV TOV WAEL.

Mn kowdoot 6tav Kamo1og AALOG £xEL TOV AOYO.

Ta diKTLO VTOAOYIGTOV £YOVV TAPOUOIOVE KAVOVEC TPOGPACNS 6TO LEGO LETAOOGTS TTOL
Aéyovtar Multiple Access Protocols. To cuvoAo Tov TpmTOoKOAL®Y 0VT®V amapTtilovy TO

VITOGTPOUA TOV 6TPOUOTOC Cevénc dedouévav mov Aéyetar MAC (Media Access Control)
sublayer. 13



Multiple Access Protocols - Katnyopieg

Channel Partitioning Protocols (MpwTokoAAa
ETTIPMEPICHOU TOU KAVAAIOU).

Random Access Protocols (MpwTokoAAa Tuxaiag
NMpooTtréAaong).

Taking-Turns Protocols (MpwToékoAAa TTOU
METOOIOEIC OTOV £ABEI N OEIpG COU).

14



Channel Partitioning protocols (TrpwTOoKoAAQ
ETTIMEPIOHUOU TOU KAVAAIOU).

» Xdoryua TDM (Time Division Multiplexing). Av 1o kavdt £yet .. TaydTnTO,
uetadoonc (bandwidth) R bits/sec kot £yovpe N k6pupovg mov 0EAovv va
YPNGLLUOTO|COVV TO KAVAAL 0VTO, GOUP®VO LE TO VST (TPpOTOKOAL0) TDM Kdbe
KouPoc Oa AdPet Eva uépoc tov cuvoitkov bandwidth — katd uécov 6pov to R/N. To
bandwidth avt6 amodidetor oTove KOUPOVS ¥POVIKA, dSNANOT CVE TAKTA YPOVIKA
owootuato (time slots) kébe kopuPog £xetl dikaimpo petddoong pe tayvrnta R/N.

» Yvornua FDM (Frequency Division Multiplexing). Opoimg, cObupova pe 1o
cvuotnua (tpwtokoiro) FDM kdBe kouPog Ba AdPel mddtl Eva LEPOS TOL GLVOMKOD
bandwidth R tov kavaAio0, avaroya pe tov aptuo N tov kopfov mov BELovy va
uopacBovv to kavaAl. To bandwidth avtd (R/N) amodidetal otovg kOpfovg oyt
YPOVIKE 0AAG TOVTOYPOVO, EKTEUTOVTAG OU®S KAOE KOUPOG € S10pOPETIKT] GLYVOTN T
(amartovvtor N cuyvotnTeEC).

» Tlpwtoxoiio Code Division Multiple Access (CDMA). Aivetai og kdOg Evav amod
Tov¢ N KOuPovg, 010popeTIKds KMIKAC, Le Pdon to omoiov B K®OKOTOM GOV
TPOTO TO, dEOOUEVA TOVG Kol LETE Bal ToL 6TEIAOVY 6TO KaVAAL eEKTOUTNG. Ta 6TéEAVOLY
tautdypova. Ot dAlor kOuPot axovve pev ta TAvTa, aAAd EEpOVV va
OTOKMOIKOTOMGOLV OVO ekEtva oV Tpdyuott amevfuvovtol € VTOVE. XTO
avdioyo tov cocktail party, pavtdoov 611 o1 opotpdmelot etvar avd 600 1d0¢
eBvikdTToC KOt LAovV TNV 1010 YAdsoa (avd dvo povov). Emouévme pmopovv e0KoAa,
va cvvevvon oy BewpdvTtac TIg GLINTNCELS TOV SUTAAVAOV TOLG MG KOO Bdpvfo.
[Ipowtdéxorra CDMA ypnoiponotovvion ota acvpuata LAN. 15



Random Access Protocols
(MpwTtokoAAa Tuxaiag NMpootréAaong)

O xouPog petadidel oto kavdr (link) pe v péyiom emrpent taydvmra (R). Otav copufPei
cVYKpOVOT avTol Tov Eotetlav Ta frames mov cuykpovokay, To Eavaotélvouy Eavd kot Eavd,
wéExpt va, un ocvuPel kapid ovykpovor. AAAG Tpy Ta Eavaoteilovyv kabBvotepohv yia Eva. pikpod,
aALG TUYOHO YpoviKo draotnua (delay). Kabe koupoc mov Eavaotédvel, TepUEVEL Vi £VOL SIKO
TOL TLYAIO YPOVIKO JACTNUO AVEEAPTNTA OO TOV BAAOV, TTOV KOl VTOGC KAVEL TNV 10100 SOVAELML.
Kdmotoc Oa gvvonbei omd v toym ko o Exet to pikpotepo delay kon emopévmg Oa katopbmoet
TPMTOC Vo 6TEIAEL e emttvyia to frame tov. Opiopéva ovopata TEToImV TPOTOKOALMV:

— Slotted ALOHA
— ALOHA

— CSMA (Carrier Sense Multiple Access). Xta Slotted ALOHA kot ALOHA mpotokoilo
gvoag kopPoc apyilel va petaodioet omote BELEL yopic va Aapupdavel v’ Gy Tov TL KAVOLV oL
dArol. Zoupwva opuwg pe 1o CSMA tpeitan 0 €ENg Kavovag:

ADPOYI'KPAXOY IIPOTOY MIAHXEIX.

ITov onuaivetl 6t av KATO10G AALOG LETOOIOEL, TOTE TPEMEL VA, TEPIUEVEL £va. LIKPO aAAA TVY OO
YPOVIKO O1AGTN A TTPOTOV EAVO-OPOVYKPOUGTEL TO KAVAAL, LEYPL PLGIKE Vo TO Ppetl eEAg0Bepo Kot
VO, LETAOMGEL — OLOPOPETIKA emavarapuPavetat 1 dlodtkocial.

CSMA/CD (CSMA with Collision Detection). Xopewva pe to CSMA/CD tpeiton kat Evag
dEVTEPOG KOVOVOC.
AN KAITIOIOX AAAOX APXIZEI NA MIAAEI
THN IAIA XTI'MH ME XENA, XS TAMATA NA MIAAX EXY.

Av16 011 YA®Gooo Tov diktvmv kaAeitan collision detection. Tlote Oa Eavapyicel v petddoon
aLTOG TOV oTaNdTNoE, To Kabopilovv ot Aemtouépelec Tov TpwtokOAAov. To Ethernet eivar pio
nopen evoc CSMA/CD mpmtokdArov. 16



Taking-Turns Protocols (MpwTtokoAAa 1TOU

METAOIOEIC OTAV EABEI N O€1pd OOU)

To Tp@TOKOAAL TOAATANC TPOGTEAUCTC EXOVV 2 EMOVLUNTES LOIOTNTEG:
Otav vrdpyel povov Evag kOuPoc mov BEAeL va LETAOMGEL, ALTOG EXEL TNV UEYLIOTN
dtekmepatmTikn Kavotnta (R)
Otav vrdpyovv N kéuPot, tote 1 diekmeparmtikn wkovotnro (throughput) kade
Kopupov eivar (R/N).
Ta tpotoxoria ALOHA kot CSMA £yovv v mTpdtn 1010TNTo 0AANL OYL TNV
oevtepT. I't’ avtd onovpynOnKay to TPOTOKOALN TOL UETAOIOELS OTAV EABEL M
cEPA 6ov. ATO T Thpa TOAAA TOV VILAPYOVV 2 givar Ta o alOAoYa:

To wpoTéK0ALo POlling. "Evoc kopupoc avarapupfavel Tov cuviovioud g
LETAOOCMC, POTOVTAC TOV EVOV LETA TOV AAAOV, KUKATKA, TOVS KOUPOLS av €YoV
Vo, LETAOMGOLY KATL. YTApyeEl AOmOV KEVTPIKOC EAEYYOC.

To mpmtéxkoiro token-passing. Aev vrapyet KOUPog cuviovietnc. YTapyeL 1o
token (gitvar éva €101KO LUKPO TAKETO TOV TNYAIVEL KUKATKG amd Tov Evav KOUPOo
oTOV AALOV). AV KAmo10¢ £l vo oTellel kATl Kpatd To token (uéypt va,
TELELDOEL TNV HETAOOGT) OLUPOPETIKA TO GTEAVEL GTOV OITAOVO TOV. Y TTapyEL
AOITOV KOTOVEUNUEVOG ELEYYOC,.

17



Local Area Networks (LANS)

e To mpoTOKOALO nokkom)n]g npocPaonc xpncnuonmouvwl
LLE no?»?»ovg OLOPOPETIKOVS TUTOVS KAVOAMDV EKTMOUTNG, OTMG
GE AGLPLATO KOl OOPVPOPIKE KAVAALN OAAL KOl GE EVGVPLLOTOL
oiktva, To LANS (tomikd olkTud VITOAOYIGTMOV).

« LAN givor €va 0lKTLO DTOAOYIGTOV TOVL EKTEIVETUL GE 1O
UIKPY) YEMYPOQPIKY] TEPLOYN, OMMOC GE €VO KTIIPLO N GE &va
OAOKANPO TOVETLGTILLO.

* Ymdpyet Opmg ko dAAn Oempnomn tov LAN. Xta mavemioto
N mpocPacn oto Internet (Awoiktvo) yivetal GYEOOV
armokAgloTika pecw LAN. O vmoloyiotnc evoc XpNoT (user
host) sivan évag kopupfog tov LAN, kot o LAN TPOGPEPEL TNV
npOcPacn oto Internet peow evoc router (opoporoynt), Omwg
OElYVEL TO GYN U GTNV AKOAOVOT dl1OPAVELXL:

18



Local Area Networks (LANS) (ouvéxeia)

user hosts

Weh
Sener

[nmaco=

userhosts

To LAN eivan éva link avaupeco ce kaBe user host ko tov router. Emouévag
YPNOIUOTOLEL TTPOTOKOAAD TOV OTPOUATOS (e0ENG OedOUEVOV KOl EOIKA  TO!
TPOTOKOALN TOALUTANG TPOGPUONG 0pOD TEPIGGOTEPOL TOV €vOG USer hosts {ntovv
npocPacmn oo Internet.

Katyopiec LAN (avéroya pe Tig tevoloyieg Ko To. TpOTOKOALN TOV
YPNOLLOTOLOVVTOL):

« Ethernet LANs (Random Access Protocols — CSMA/CD)

» Token-passing LANSs (ITpotdéxoria mov petadidelg 6tov ELOeL n 6e1pd cov,

Aaupavovtag to token pe kataveunuévo EAEYY0). 19



2UOKeUEG Alaouvdeong LANS

To ravemomuia anaptiCovror and Tunuata, Kot cuvnbmc kdbe Tunuo
otayepileton to d1kd tov Ethernet LAN. Ta didgpopa Ethernet LANS
OLGVVOEOVTOL LETAED TOVC LUE!

Hubs
Bridges
Switches

20



Ti gival To hub:

* Eival o amAn cvokevn mov maipvel pio icodo (dnA. ta bits evoc frame)
Kol EmavoueTadioel v €lcodo otig e€0dovg tov. Ilpdxettarl yio repeater
(emovaETOOOTN) OV dOVAEVEL TAV® o€ DbIts. Eivor dniadn cvokevn tov
QVOIKOV oTpdraTos. Otov €voa bit épyeton o o diemaen (interface) tov
hub, to hub amAd exméumer (broadcasts) to bit mwdvew ce Oleg T dAleg
OLETOAPEG.

backbone
hub

Electrical Computer Systems
Engineering Science Engineering

Onwc deiyvel To avotépm oynua kabe host evoc Tunuatog sivatl cuvoedeuEVoC
oe hub xou ta hubs tov tpiwv Tunudtov dtacvvdéovtal HeTaED TOVE UECH
evog tetdptov (Aéyetan backbone hub, ywati dwwovvdéer povo hubs),
oynuotiCovtog po 1Epapykn doun SIKTHOov.

21



T1 gival bridge:

« AvtiBétmc mpog Ta hubs mov gival GLGKEVLES TOL PLGIKOV GTPMUATOC (GOVAEVOLV LIE
bits 6mwg eimape), ol bridges eival cuokevég ToV oTp®UATOC (EVEELS OEGOUEVMV.
Ortav éva frame £pyeton o€ o dtemagn pog bridge, n bridge dev avtiypdoeet To
frame o O)lec Tic AAlec demapéc TG 6w to hub, aAld eEetalel Ty dievBuvon
apoopispov Tov frame kot tpoonadei vo TpomOncel To frame otnv diemwon) ekeivn
oL Ba 1o 0oMNYNGEL GTOV TPOOPIGUO Tov. Ta oynua mTov akolovOel deiyvel Ta tpia
Tunuata vo dtacvvdéovtor uécm wog bridge (€xet d1ievbiveelc oTic SlEmaPEc Tng).

bridge
2
10BaseT

10BaseT 10BaseT

Electrical Computer Systems
Engineering Science Engineering
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Ala@opég petagu Host - Bridge - Router

To oymua mov akolovbel deiyvel ypoapikd tnv dwopopd uetaty bridge ko
router. Ot routers gival cLOKEVEC TOV GTPMOUATOS OIKTVOV KOl OOVAEVOLVV LIE
Tic IP oevbivoelg evd ot bridges o¢ ocvokevég tov otpodpotog LevHéng
oedouévav dovigvovy e LAN (Ethernet) dievBoveeig (physical addresses).

S S
4 4
3 o 3
2 g 2 2
1 1 ] ]
Host Bridge Router Host
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T1 gival ol switches:

Ot switches (petoymyeic — OLOKOTTTIKEG GVOKEVEC) €IVl GUOKEVEG
TOL OTPOUATOC (EVENG O0€dOoUEVOV  TOL  GKOTMO  €YOLV Vo,
otaocvvoécovy Tt Ethernet LANS toydtoto y¥pnoiuomoidviog
physical addresses — oéyovtor peydio aplOud demopEmv.
Mmopovue vor £YOVUE TAVTOYPOVES GLVOEGELS YMPIC GLYKPOVGELS
ToKETOV (Y. 0T0 KaTOTEP® oynua A—B kot A°—B”).

————

—
—<,‘,_;_.;‘_..- :

B

Al ey ==

Ethernet | VO

s%\
BIE= A=

Ke =

T
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To TpwTOKOAAO Ethernet (IEEE 802.3)

O adapter tov koppov-amoostorén Aapupaver to IP datagram (q moaxéto kdmoiov dAAOL
TPWOTOKOALOV TOV oTp®uUOTOS AlkTOov) Ko To Tomobetel oto Ethernet-miaicio (frame),
oto data.

A
—_—A " ~
Dest. Source o =
Freamble | s ddress | Address ! Dets SCHE \
\ Type

Preamble:
» 7 bytes ue to potifo 10101010 axorovbovuevo and 1 byte ue to potifo 10101011

*  YPNOOTOLEITOL Y1 VO GUYYPOVILEL TIC TIUEC TOV POAOYIOV TOV TOPUANTTY KOl TOV
OTOGTOAED,

— O adapter “E€pet” moTE €va TAAIG1O TEAEIMVEL EVTOTILOVTOG TNV OITOVGIN PELUATOC

— On Ethernet adapters petpave tTqv 1461 TPV KOl KOTA T OLAPKELY, TNG

RETAOOONS 25



To pwTOKOAAO Ethernet (IEEE 802.3) ouvéxeia 1l

Dest.

FPreamble Addracs

Source SNh
Address Dl .

0 Addresses: 6 bytes

Type

Edv o adapter Aafel €va mAaiolo pe pia StevBuvon mpooplopol Tou va
toplalel, N pe pa StevBuvon eknounnc (broadcast = {OAa 1}), mepvael
dedopéva tou AaLoiov 0To MPWTOKOAAO ZTpWHATOC AlKTUOU

AMLWC, o adapter amoppintel To MAaioLo

0 Type: mpooblopilel To MpwtokoAAo uPnAotepou ermedou (kuplwg IP
aAAQ Kol dAAa prtopouv va urtootnpilovtal onwc, Novell IPX ko
AppleTalk). Av type=(0806),, TOTE £XOULE TO MPWTOKOAAO ARP
(otpwpa evéng), aAla sival «umepkeipevo» tou Ethernet.

0 CRC: eAéyyxetal otov MOPAAATITN, OV EVTOTILOTEL KATtolo AaBoc, To
nAaiolo amAd anoppintetal.
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To mpwTOKOAAO Ethernet (IEEE 802.3) ouvéxeia 2

MHKOZ ETHERNET FRAME (F1AAI2IQY)
o MéEyioTo 1TAdiolo: 1500 bytes atrd dedopéva (dnA. MTU = 1500 bytes)

1518 bytes Mrjkoc MAaigiou (= 6+6+2+1500+4) 1} 1522 yia VLAN
support.

o EAGxioT1o [NAaioio: 46 bytes atrd dedouéva (bit stuffing — Bpiokoupe
TTO0Q gival Ta bits TTapayeuiopyaTtog ammod 10 YAKOG Tou datagram)

64 Bytes vyia 10 «<kAacoiké» 10Mbps Ethernet
o [lwg arropdolioav yia auta Ta JEYEDN;

O AOYOG yIa TO PEYIOTO Eival IGTOPIKOG ATTO TNV ETTOXNA TTOU N JVAMN
ATav akpin!

ATTOPUY HOVOTTWAIOKAG XPrOoNG ToOu KavaAiou atrd KATTolo KOURo.

Error Control

27



ATTo000nN TOU TTPWTOKOAAOU Ethernet

* n = (Xpnoio¢ xpovo¢ amacxoAnon¢ Ttou armmooToAéa)/(2ZuvoAlKOC XpOvog
peradoong) = 1/(5a+l), émou a = Dy, / Dygnsm €ival T0 TINAIKOV TNG PEYIOTNG
kaBuoTtépnong d1adoong TIPo¢ TNV KaBuoTépnon MeETAdOONG €vOC TTAAICioU
(MEyioTou frame).

Apxn tTne Enava- Emava- ,
uetadoong petadoon uetadoon Erutuxng
Ethernet TUuykpouon Ethernet 2UyKpouaon Ethernet O?\OK)\DOLUHEVH
fr?me | frame | fralme petadoan
T~
E ----------------------- TUXALOC XpOVOC TIPLY amtd TNV (EMTUXN) LETAS00N frame ==seseecemmmmmccannuans -}14 ------ XPOVOG (ermiTuxolC) petadoong frames==««-- ﬂ -F
QU e ZUVORLKOG XPOVOG UETAS00NG frame--=========smmmmmmmmmmm oo oo oo oo ee : Ime
AlNOAEI=H

n = (XPAOINOG XPOVOC atracXOAnong Tou atrooToAéd) / (2ZUVOAIKOG XpOvVoGg
METAdOONG) =

= Dyansm/ (M€0N TIUA TUXQiOU XpOVOU TTIPIV TNV ETITUXA METADBOON + Dyansm + Dprop) =
= Dtransm/ (4*Dprop + Dtransm + Dprop) = Dtransm/ (S*Dprop + Dtransm) =

=1/(*D

orop | Diransm) +1) =1/ (5*a + 1), 6mou @ = Dy, / Dyransm 28




Ethernet: MEyioTo HAKOG d1AOUVOEC NG KOMBWYV

Hest 1
a) Time = 1: 0 host 1 [] ) xpévog Siadoong (d)
apxiCel Tn peTadoon

Hos=t 1 Host 2
p) Time = t+d: 0 host 2 , .
apxiCel Tn peTadoon Tou, @; « xpéves Bi&oong (d) =
Alyo Ttpiv avTiAng®el Tn
peTadoon Tou host 1

- n
1 Hest 2

y) Time = t+2d: o host 1
akouel Tn pyetadoon ToOU

Hos=t

host 2

—> aviXVEUEl Th oUYKpouah
Easy
signal strengths, compare
transmitted, received signals

oVYKPOVGTN: amolteitol ETAvVOUETAdooN
OTEAVETOL EVA CTLOL «jamd»
(48 bits) mote 6A01 o1 KOUPOL VO
evnuepmBovv yia T cLYKPOLOT).

xpévoe Biadoone (d)

O poowaypagég tov IEEE 802.3 opilovv 0t t0
LEY1IoTO emTpenTO drdotnua afefatdotnTag ival
51.2 us (= RTT), Bdoel Tov omoiov EKTIHATOL T
LEYLOTN EMTPENTY] OMOGTACT] LETOED OVO KOUPWV
og éva diktvo Ethernet = 2500 m wepimov.

in wired LANS: measure Xp6voc MeTaSoancg evoe frame > 2*Xp6voc AlGS0oNS
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Ethernet: MéyioTo yAkog L diaouvdeong KOuBwyv (1)

« |EEE 802.3 - 10 Mbps Ethernet (transmission speed, apyikd-apyuca 2 Mbps)
 |EEE 802.3u - 100 Mbps Ethernet

« |EEE 802.3z - 1000 Mbps = 1 Gbps Ethernet vzrdpyet ka1 10 Gbps Ethernet

e XVvdeon tov Hosts oe Bus Topology © Star Topology (dnA. aktivet w.y. pécm Hub)

tee

transmitted packet connector terminator

travels in both directions

Maximum theoretical DIAMETER
i | ELH F_H adapter l " Findlii ==|,

= ARy =

node node node node node "
(500 x 5) 2500 maters

« Propagation Speed (ce ydAkivo koh®do) = s = 0.60 X 3 x 108 m/s = 180 x 10% m/s
« Delay added by repeater (D,) = ~3us x 2 (Bi-Direction) x 4 Repeaters =~ 24 us.
« RTT=51,2 ps=2L/s+D, = 51,2=2L/180 + 24 = 0,01111L=27,2 = L=2448 =2500m

« Bandwidth x Delay = (10 Mbps) x (51,2 us) = 512 bits = 512/8 = 64 bytes (Frame)
30



MeTddoon TAaiciou JE TO TTPWTOKOAAO Ethernet

‘Eotm 011 0 adapter £xet étouo éva mhaioto (frame) mpog petadoon.

O adapter agovykpaletot To Kavail kot ov ocBavOet 0Tt To Kavah ival
“busy”, mepuével uéypt va yivel idle.

Otav o adapter aic0avOei 6Tt dev vApyEL GAAN Kiviion oto kavdaAt (idle),

apyilel TNV LETAOOCT TOV TANIGIOV Kol GLVEYILEL va TapakoAoLOel TO KavAAL
LT yivel cvykpovon mhaiciov (collision detection).

Av o adaptor petadmoel OAOKANPO TO TAOIGLO YMPIC VO EVTOTIGEL AAAN
Hetdooon

— o adapter katop0moe vo. PETAOMGEL EMTVYMOG TAUIGLO.

Av o adaptor gvtomicet pua GAAN petadoon kabmg petadioet,

—  OTONOTAEL TNV HETAO001T & 6TEAVEL TO oo svpEOpPN oS (“jamming”).
AxolovBwmc, o adapter puraivel oty dadikocio backoff yia va Eavaupetadmoet
10 1010 TAaiclo (Tpéyetl tov “Binary Exponential Backoff Algorithm™).
Avapovn ypovov 9,6 us petd omd emrvyn petadoon frame.

Emotpépel 6to Brjpa 2 (Yo va apovykpooTel TO KovAaAl yio TV HETAOOGT TOV

EMOUEVOV TAOLGIOV).
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MeTddoon TTAaICiou JE TO TTPWTOKOAAO Ethernet (1)

Packet?

Sense
Carrier

Detect
Collision

Discard ~
Packet Jam channel
b=CalcBackoff();
wait(b);

attempts++;
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Ethernet: Binary Exponential Backoff Algorithm

» Kabvotépnoe Alyo péEypt va emyelpnoels méil va CovoUETAOMOELS TO 1010
miaicio. (Think of time as divided in slots, t uS, m.y. T = didpkeia 1 bit).
* O ypodvoc kabvotépnong (Delay) vmoroyiletar wg e&ng:
» Collision 1: emike&e toyaio (Le opodpopen Kotavoun Thavotitmv) Eva aptdud K
and 1o ovvoro {0,1}. Tote, Delay = K * 1.
» Collision 2: emihe&e Toyaio (Le opodpopen kotavoun Thavotntmv) Eva aptdud K
and 1o ovvoro {0,1,2,3}. Tote Delay = K * 1.
» Collision 3: emike&e Toyaio (Le opodpopen Kotavoun Thavotntmv) Eva optdud K
and to ovvoro {0,1,2,3,4,5,6,7}. Tote Delay = K * 1.

A\

Collision v,

A\

» omov v < 10: emileée Tuyaia (Le oUOIOUOPPN KATAVOUN TOAVOTATOV) EVal
ap1Ouo K omd o ovvoro {0,1,2,..., 2V-1}. Tote Delay = K * 1.

» oOmov 10 <v<16. Tote Delay =1023 * 1.

» Avv=16 gykatdrelye TIC TPOOTADEIEC LETAOOCTC TOV TAOUGIOV.
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AoKnon

Avo H/Y, A kai B, amméxouv 400 m kail ouvdEovTal PE OMOOALOVIKO KOaAwdIO
(Yypauun peTadoong) tou €xel Xwpnmikdotnta 100 Mbps kai taxutnta diadoong
2*108 m/s. Ztnv ypauun "Tpéxel" TpwTtokoAAo Ethernet (CSMA/CD) ue TTakéTa
Mkoug 1500 bits.

400 m
l Ethernet protocol l

A B
Na uttoAoyioBei 0 eEAAXIOTOG XPOVOG, t,i,, TTOU TIPETTEI VO TTEPIYEVEL 0 HIY A petd

aTTo MIa HETADOON TTAKETOU.

21O XPOVIKO didaTnua t.., TTooa emMTTAEoV bits Ba ptmropoucav va €xouv HETAOODEI
atro Tov A;

[Moiog gival 0 EAAXIOTOG XPOVOG 1 ccess(ry ETTITUXNHEVNG OTTOOTOANG TTAKETOU ATTO
Tov A oTtov B, dedopévou 0TI ouvéERn pia ndvo ouykpouon;

Mola ival n mlavoTnTa va cuufei Kal OeUTEPN OCUYKPOUON TTAKETWYV; 2TNV
TTEPITITWON AUTH, TTO0OG €IVAl 0 EAAXIOTOG XPOVOG g cess(2) ETTITUXNHEVNG
QATTOOTOANG TTAKETOU aTTO TOV A OTOV B;
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Auon

O eAdxI0TOC XPOVOC AVANOVIG META ATTO TNV METADdOON £VOG TTAAICIOU Eival
OITTAACIOG aTTO TOV XPOVOo dIadoong YeTacu Twy A kal B (round trip propagation
time), woTe va ptropei va diatmoTwei av n yetddoaon ATav EMITUXNAS 1 UN.

AcG uttoB£00UE OTI TTAKETO TOU A OUYKPOUETAI UE TTOKETO TOU B, TNV OTIYUN TTOU
TO TTAKETO TOU A pBavel otov B, dnAadn agou £xel diavuoel atréotaon 400 m.
AkoAoUBwg, yia va avTIAngBei TV ouykpouon auth o A, atraiteital va diavubei
atmréotacn TaAl 400 m (atrd tov B oTtov A). AnA. Ba @Bdaocel Triow oTov A, orjua
MEYOAUTEPNG EVTACEWC OTTO aUTO TToU £0TEINE O A, Kal €101 0 A Ba avTIAN@OEi OTI
TTPOKEITAI VIO OUYKPOUON.

Apa: o 2 2%t t, 2 2¥400 / (2¥10%) s = 4 ps.

To oAU (100 * 108 * 4 * 10-%) bits = 400 bits. (= bandwidth * delay)

Apxifel N atToOTOAN TOU TTAKETOU ATTO TOV A TNV Xpovikn oTiyun t = 0. lepva
XPOVOoG 4 us kail 0 A avTIAauBaveral ouykpouon. YTTO0ETouE OTI OTEKETA
TUXEPOG Kal AapBavel K = 0, o1roTe EavaueTadidel TO TTAKETO TO OTTOIO
Kata@Odavel otov B xwpic TTpoRAnpa, uetd atmrd xpoévo "transmission delay +
propagation delay" = 1500 / (100*10°) + 400 / (2*108) = (15 + 2)*10° = 17 ps.
ApG 1:success(l) = (4 + 17) MS = 21 MS.
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AUon (ouvexela)

« Metd TnVv 1" ouykpouaon, o A €xel pia Tiun K (Tuxaia) armré 1o ouvoAo
{0, 1}. Av katd oupTrTwon An@Bei atrd Tov B n idia iy K, 161€ Ba
yivel ouykpouon. H mBavoTtnTta o B va AaBel Tnv idia 1ipR K e tov A
gival 50% (1ooTTiBava evdexoueva: {0, 0}, {1, 0}, {0, 1}, {1, 1}.

AnA. n mBavéTnTa uttoAoyiletal we: 2/4 = 50%).

‘EoTtw 611 oOUuvERN Kal 2n ouykpouarn. O eAdxIoToC Xpovog Ba cival av
K = 0 (kai otnv 1" ka1 otnv 2" guykpouaon - meavotnta 1/4). OTroTe,
TEPVAEl XpOvocg 4 us yia va avtiAngBei o A Tnv 11 ouykpouon Kail
aNEoWC eTTavaPETAdIOEl TO TTAKETO, OAAG oupPaivel 2" guykpouaon,
TV oTroia avTIAauBaveTal oTov €AAXIOTO XPOVO Twv 4 PS Kal
ETTAVAPETADIOEI TO TTAKETO APETWG (K = 0).

Apd tsuccess(2)=(4 +4+ 17) MS = 25 MS.
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