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INHEPIAHYH

Kabng ta diktua Tov vtohoyltotodv apyilovv vo TANGLalovy Tig eMOOCELS TV d1—
KTO®V eneEEPYUTTAOV, 01 HEOBOOOL dpOLOAOYNGNE TOLG UTOPOLV Va Y pNGlporoinfody ce
noAvenelepyaotés. H pébodog ATM, mov givar ONPOPIANG 6Ta dikTud, OTAV LV —
otel e EAEYYO PONG ELCITNPLOV UTOPEL va ypnoiponotndel oe diktva enefepyacTmOV
TOL Y PNOLUOTOLOVV GALEG neBOOOLVS, 6T M HEBodog wormhole Tov vAomotleital and
TOAAG cvotnpota. O TpOTOG OPMS dOKIVIONG TOV TANPOPOPLOV HEGH GE £VO, OTKTLO
ATM pe éheyyo pong elottnpiov eivar 510¢popeTikdg and ToV TPOTO dl0KivoNS GE Eval
diktvo wormhole, Kol G€ 0LTO OPEILOVTOL KAl O SLAPOPES OTIG EMOOCELS TOV OIKTLMOV
QLTOV. XINV €PYOCL0 OLTN GLYKPIVOLUE TIC EMOO0ELS JIKTO®MV TOL ATOTEAOLVTAL
amo HETAYMYELC TOL Y PNOIHOTOLOVY TNV HEB0d0 ATM pe €Aeyyo pONc LAOTOLNUEVO
HE ELC1TNPLA, HE OIKTLA TOL GMOTEAOVLVTIAL ATO UETAYOYEIG TOL Y PNGIHLOTOLODY TNV
péBodo wormhole. YLomoinOnke évog TpoGOHOIMTNS Y10 TNV AELTOLPYIO LETAYMOYEWDV
Kol ToV 800 TpoavapepBEviov pedddmv, mTov N AEmTOUEPELL TOL €lval o€ emimedo
KOKAOL poAroylov. Ta povtéda mTov Tpocopold@Onkay eival 6Go To dLVATO TLO PEUAL—
otikd. Meletaue TNV kabBovotépnon mov veictaviol TokETo Kabhg kot kuttapa (cells)
TOKETOV and To TapATave diktua Kabmg eniong kat tnv mtapoyn (throughput) avtov
TV d1kTOmV. O1 cuvinkeg Kivnong Kat® and Tig onoieg e£etdlovtal Ta dikTva, gival
ekpnkTikn kivnon (bursty traffic) kat xivnon pe Oepud onpeia (hot spots). Meletdpe
aKOUO TO TG EMPPEALOVTUL Ol EMIOGELS TOV IKTO®V KAOMG avTd 1 01 HETAYMYELG
TOL TO ATOTEAOLVV, Yivovtal peyalitepotl. Onmg deiyvouv Ta amoTEAETHOTO TO OIKTLO
otV mepintwon tov ATM cuuneplepépetarl KaldTtepa 0nd EKELVO GTNV TEPITTMOGT TOL
wormhole, Tapovcialovtag pikpdtepec kobvotepNoelg oTnV Kivnon Tov Kabhg Kat
KOAVTEPT TAPOYT OE AVAALOYEC OLOUOPPDOGELS TOV TELpapdtov. Ewdikd otnv mepi—
ntwomn Tov ATM, ta dikTva TOL TEPEYOLY AWPLdES KLKAOPOPLAS TV 0E00UEVAV £ 0LV
onpavtikn Bertioon oty KabBuotépnon mov LITORAAALOLY TNV KivNG™M Tov SLEPYETUL
anod autd.

Enontng : Anuntprog Xeprdvog, Enikovpog Kadnyntng
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Comparative Study of Credit Flow Controled ATM and
Wormhole Networks Under Bursty Traffic and With Hot Spots
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ABSTRACT

As the performance of computer networks becomes similar to the performance of
multiprocessors, the efficiency of the routing methods used, is also converging. Methods
used for networks can also be applied for a high performance network having similar
performance to a multiprocessor. The ATM method, which is frequently used in computer
networks, combined with credit based flow control can be used in multiprocessors where
popular routing method is wormhole. Data flow is different for the two methods and
that is the main reason that the two methods have different performance. In our work
we measure and compare the performance of ATM with credit based flow control and
wormhole. The two kind of switches were modeled and a simulator was created based
on those models. The models are detailed, realistic and they describe the operations of a
switch in one clock cycle. We study the cell delay and throughput for networks consisting
of either ATM or wormhole switches under uniformly distributed (poisson), bursty traffic
and with hot spots at the exits of the network. We also study the performance as the
network or the switches become larger. The results show that a network consisting of
ATM switches have better performance than the one consisting of wormhole switches,
having smaller delays and better throughput in analogous configurations. For ATM
networks an improvement of performace is achieved when more than one lane is available
in the network.

Supervisor : Dimitris Serpanos, Assistant Professor
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Evyoapiotieg

Ocwpd Y PEOG LOL VA EVYAPLGTNG® 0PLOUEVOLS VO pdTOLS ToL e BonOncGay GnpavTiKd
GTNV OLOKANPMOOCT AVTNG TNG EPYACLAG EITE GE TEYVIK( E1TE OE EMOTNHOVIKA GTUELO.

Kat’ apynv ogpeilm éva gvyopiot® otov k. Moavoin KateBaivn kot otov K.
Anpntpn Zepnavo yia v Bonbetd tovg TG0 otV £MAOYN ToL BEHNTOC TG EpYaciog
000 ka1 yia TNV fonbetd tovg e dvokora BempnTikd onueia g epyoaciog. Idwaitepa,
Heyain Pondeta eiyo anod Tov K. Lepmdavo, Tov pe enEPAeye KoTé TO LEYAALOTEPO HEPOG
™G £PYAGLOG, KOl HOL OPLEPOCE TOAAEG MPEC GTO YPUPELO TOV, AAAL KOl EKTOG ALTOD,
yio vo cuintioovpe Bewpntikd oAl Kot TEYVIKG OEpOTO GYETIKA LE TNV EPYOACIA.

To pélog g €£etacTIKNG eMTPOMNG K. [edpyrog XTapovANg pov £0wce TOAD
EKTEVN KOl OLCLACTIKA GYOALN GYETIKO UE TNV gpyocio pov. Ot vmodei&elg Tov
ouvvéBarav otV BEATIOON TNES CLYYPUPNG KAOMG KOl TNG TO.POLCILACNC TNG EPYOCLUGS.

O Mavéing Mapalaxng pe BonOnoe moALEC popEG GE TEYVIKA {NTAUATA TTOL KLPIWG
elyav oyéon pe Bépata tpocopoiwong aAld pe otnpi&e kot Nl otav To Tpdypota
dev TN yavay Kot ELYNV.

Oau NTaV TAPAANYN Vo UNV EVYAPLGTNC® TOVE Yoveig pov, Niko kot EAévn yia tnv
NOKN aArd Kol VAIKT LTOGTHPLEN TOL HOL TaPElY OV OAA TA Y POVIL TOV CTTOLODV HLOVL.

Evyapioto téhog, to Ivetitovto ITinpogopikng tov Idpvpatog Teyvoroyiag kot
‘Epgvvag yio TNV TeEYVIKN KAl OIKOVOUIKN LTOGTNHPLEN TOL HOL TOpeiye KaTth TN
OLBPKELD TOV LETATTLYLAKOV LOL 6TTovd®V Kt To Tunua Emietung YroAoyliotdv tov
[Mavemotnpuiov Kpnng yio to vynio eninedo GTovddv Tov HoL TPOCEPEPE.
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Keparao 1
Ewcoyoyn

Ta tedevtaia g povia, N ovATTLEN TOV OIKTVOV TOV LTOAOYLGTOV Eivot LEYAAN AOY® TNG
TPOOOOL GTIG EMOOGELS TOV YPOUUUDV 010.00VIECNS. O1 EMOOGELS 101G GTOV TOUEN TOV
TOTK®OV OKTVOV apyilovv va TAnotdlovv Tig emdO0eLg SIKTVMV dLACVVOEGNC HECO.
o€ TaPAAANAOLG LVTTOAOYLoTEG. Ta diKTLO LTOAOYIOTAOV UPYLIKE ¥ PNCIHOTOIMMONKAY
v va cuvdéovtor petatd toug otabuol epyaciog Kol TepRATIKG Kol vo, potpalovral
ATOTEAECUOTIKA 0E00UEVA KOl GUGKEVES (EKTLVTOTES, GYEOACTEG, K.0.). O1 GOy poveg
EQPUPUOYEG TOL Y PNOLULOTOLOVY LANPEGIEG TOL TPOCEEPOLY Ta diKTLA, UTOPOLV VO,
Topdyovy TOAD peydAo péyefoc TANPOPOPIOV TOL HETAKIVOUVTOL UETOED GLGTNUG—
TOV TAVO 6€ €va dikTtvo. Ot vThpyovoeg AVCELS eV €1vVaL TAEOV TKOVOTOINTIKEG GE
oplopéveg nepintocelg [NBKP 95], [Kung 92]. Yroynoieg teyvoroyieg yio va xpn—
cipomonBobv Ge avToL Tov £idovg Ta diktva eival | teyvoroyia ATM (Asynchronous
Transfer Mode) ko1 wormhole. To wormhole €ival 0 TpOTOG £MIKOLV®OVING TOL Y PNCL—
pomotleitol kKupimg amd diktva dachvoeong TapdAANA®V VTOAOYLIoTOV, evd To ATM
oY EOAGTNKE Y10, VO X PNCLLOTOLEITOL OO dIKTLO, LTOAOYIGTAOV 1OAITEPA Y10 CLVOE—
GELG G UEYAAEG ATMOGTAGELS OALL KOl Y10 TAPOYN LINPECIAOV Yo HETAPOPH MOV
(TAépwvo) Kat etkdvag.

Me tov 1pOTO oL €ival oyedtacuévn n texvoroyia ATM deiyvel vo unv eival
KOTAAAMAN Yo va xpnoiponoinfeil e dikTuo mOv PETAPEPOLY OEOOUEVO GE HIKPEG
anoctdoel. Avtd opwg dev eivar ainbég. Otav mpocBécovpe Ereyyo pong pe
ELCLTNPLa £XOLUE pio TEYVOAOYiD TOL E1VOL KATAAANAN KoL Y10 TOTIKG dikTvo. Me tnv
EPyacic VTN CLYKPIVOLUE TIG OVO UPYLITEKTOVIKEG OIKTOMV KOl LEGH TPOCOUOLMGTG
vroAoyilovpe TNV mapoyn (throughput) kot tnv kabvotépion mov veicTaTal 1| Kivnom
oL JEpyeTul pEo® avTav. Ta aroteAécpata vrodelkvbiovy caen vrepoyn tov ATM
pe Eheyyo pong He elo1tnplo. £vovtt tov wormhole kot n vrepoyn avtn yivetal mo
EUQAVNG OTAV 01 GLVONKEC KLKAOPOPLaG YivovTal Lo OOGKOAES, dTaV dNAAON 1 Kivnon
etvar exkpnktikn (bursty) 1 0tav vrapyovv Oepud onueia (hot spots). H mapoyn mov
emtuyyavetol ond ta otktva ATM eivar moAd kovtd otnv BéAtiotn (100%) kot ot



koBvotepnoelg eival kpoteEPes. AvTEG Ol EMOOCELS EMTLYYXAVOVTOL HE AYOTEPN
uviun and éon yperaletal to wormhole 1o 0moio HOVo OTAV E1vVaL 0PKETA TAOVGLO GE
TOPOLG UTOPEL VO pTACEL OTIG EMOO0ELS Tov ATM.

1.1 TIotopikn avadpoprt)

H e£éMEN Tov diktdv, EeKva and Tov 190 aidva PE TIG aVOKOADYELS TOL TNAEYPAPOV
(1830) ka1 Tov TnAedvov (1876). Apyikd 1 xpNOM TOV SIKTOOV HTAV Y10 VO, OLACLVIE—
Bovv petafd Tovg CLOKELEG TOL £aTEAVAY KAl TapardpPavay Nyxo. Ta TnAeypaeikd Kot
TNAEQOVIKA dikTua, avartdyOnkav moAd ota TéAn tov 190v kat katé Tov 200 aldva.
Méypt to 1960, diKTva ¥ PMNGIHLOTOLOOVIAV Y10, VO, d10GLVIEGOLY KUPLMG TNAEPOVIKES
GLOKEVEC. XE AVTA T O1KTLO, Y10 Vo cuVOEDOVY 000 TNAEQmVO PeTalD TOVG, TPETEL VO,
LITAPYEL £V PLGTKS KAVOAL TTOL VO TA GLUVOEEL. € AVTO TO KOVAAL, EPOGOV Yivel duvatd
va dtatefel, aplepOVETUL GE ALTNV TNV CLVOECT) VA HLEPOC TOL evpovg Cwvys (bandwidth)
KOl 0KOWO KOl 0V Y10, KOO Y POVIKA SLAGTHUATO 1) GOVOEGT OEV Y PNCILOTOLELTAL, TO
eVPog Lavng dev pmopel va ypnoporoindei and direg cuvdécsels. H popon avtodv tov
AKTO®V GE TOMKO eMinedO, Elval oav AGTEPL, LIAPYEL ONAAIT VOGS LETAYOYENS LE TOV
omoio GuVOEOVTUL OAL TO. TNAEPMVE TOL TOTLKOV KEVTPOUL. Ot petaymyeic kibe kEvTpov,
cuvoéovtal katomy pHetald toug. O Adyog mov avTn 1 ToToAoyia £y el EMAEYEL, €lval
o1l xperaletal va pmopody vo cuvdeBovv OAo ta ThAEPmVe peTald Toug, aAAd avtod
dev yperaletal va yivel Tavutoypova yio. OAEC TIG CLOKEVEG TAVE® GTO O1KTLO, Y1ATL AV
LPNOILOTOLOVCUUE VO KOAMOLO Y10 VO GLVOEGOLEE Eva TNAEP®VO e dAa to dAra, Oa
elyape pio ToAD peydAn onatain toépwv. O tponog chvogong petaby piag Tnyng Kot
EVOG TPOOPLGUOD UE ATOKAELGTIKN AVAOEGT TOL PLOIKOV HEGOL GTNV GOLVIECT AEYETAL
uetaywyn kokdapatos (circuit switching ) [Walr 91]. Méoa 6e €va diKTvo 1 TANpoQopia
petadidetal eite e avaloylkn €ite o ynoewokn popen. Metatponn o€ avoioylko
GNHO. CNHOIVEL OTL M| TANPOPOPIO HETATPETETAL GE NAEKTPIKO KOUO KO LETAOIOETAL
Héca amd TG YpaupéEC dtaocvvdoeonc. H petatponn oe ynelokd Gnpo onuoivel ot
TANPOPOPLL. LETUTPETETAL GE HOPPN akoAovOiag amd bit. O dgvTEPOC ALTOC TPOTOG
HETAOOONG TNG TANPOPOPIAG £1VAlL TEPLGCOTEPO AVEKTIKOG GToV BOpuvfo Kot yevikd
EMTLYYAVEL LETAPOPA KAADTEPNG TOLOTNTUG.

And to 1970 apyiler va avontdoGeTal O TOREAG TOV SIKTO®V LTOAOoYyloTOvV. H
avantuén kivnnke tpog d0vo KatevOHvoEelg. Tov Topuéa TV TOTIK®V d1kTO®V (LANS)
KoL TOV TOHEN TV d1KTO®V evpeiag meptoyng (WANS). Yrapyet kot pio tpitn Katnyopio
AKTO®V OV £ivol oY ESACUEVE Y10 VO, KOADTTOLY TIG 0vaykeg piag meployng peyEbovg
pepkadv ythtopétpov (MANS).

210 OlKTLO EVPELAG TEPLOYNG, Ol VTOAOYIGTEC PPIOKOVTUL YEOYPAPLKA LAKPLO PLE—
TaED TOVE KAl KOTE KAvOva TO QLOLKO PHEGO TOL Y PNCLUOTOLELTUL Y10, VO ETLKOIVOVOLY



HETAED TOVG EIVOL TNAEPOVIKES YPAUUES. AvamTOyOnKay E101KE TPOTOKOAAN ETKOIVO—
viag HeTagb LTOAOYLIOTAOV TOL NTAV GLVIEEUEVOL PUE AVTOV TOV TPOTO. Ta TPp®TOKOAAL
dacvvoeang dedopévmy (data link protocols) meptypdpovy Tnv d1adiKacio Tov TPETEL
va akoAovdnBel yia va yiver duvatn n emkowvovio [Walr 91]. H tinpoeopio mov gival
TPOG HETAOOGCT, YWPIleTal G KOUUATIO TOL ovopaloviol makxéta (packets). To vo
YIVEL T1O 0TOJ0TIKOC O TPOTOG UETAOOOMNC, £Va UNVLUL YOPILETAL GE TOKETO HKPOD
peyébovug xal kabe makéto petadidetal Eeywpiotd. H tomoloyia avtdv TV Si1kTOMV
elvar pe popen mAéypatog (mesh) kot o1 cuvoEGELS €lval and LIOAOYIGTY) GE LTTOAOY1—
ot dueca (point to point). Ereon dev eivor duvatd va vrdpyet pia ocbvdeon petagd
K@0e vTOAOYLOTN TOL AVAKEL 6TO OlkTLO pE KABe dALovV péco Ge 0LTH, LIAPYOLY
KOl VTOAOYLGTEG TOL AELTOLPYOVV MG UETUYMYELS KOl EQOGOV OEV €1val Ol UTOOEKTEG
€VOG TAKETOL TOL PTAVEL GE GLTOVG, £XOLV TANPOPOPLL VO, TO TPOWOTNGOLY TPOG TOV
TopoANTTN Tov. 'ETtol mpokOntel | teyvoroyia uetaywyng naxétov (packet switching ),
TOL YOPAKTNPLOTIKS TNG €lval OTL TO PLGIKO HEGO OEV Y PNGLUOTOLEITAL UTOKAEICTIKA
amo pio 6OVOEGT OAAL TOAAEG GLVOEGELG TOAVTAEKOVTOL TOV® GTO PUGIKO HEGO.

To Tomikd dikTva aVaTTOYONKAY TAPAAANAC e TO dlKTLA EVPELAC TEPLOYXNG KAl I
dapopd Tovg and avtd €ivol OTL Ol GLGKELEG TOL GLVIEOVTUL HECH TOTIKMOV OIKTLMOV
Bpikovtal yeoypapikd kovtd. Koplo yapaktnpiotikd autdv TV KTOOV gival 0Tt
N EMKOWVOVIO ETITLYYAVETUL HEGH €VOG KOLVOYPNOTOL HEGOL KAl TNV TANPOQOPia.
Tov pio ovokevn Palel péca oto SIKTLO, TEALKA OAOL pUmOopolLV vo. TNV dovv, Gpo.
Kol 0 TapaANmING. To KOowvoOyxpNnoto HEGO TOL YPNOCIUOTOINONKE apylKa MTAV O
aépug, KAVOVTOG HETAOOoN TV 0E00UEVOV HECH padloPmViKoy Kavoilod (ALOHA)
[Walr 91]. Apyotepa Opme, yio va yivel o a&ldmioetn n HETAS00T Y pNCLHoTonOnke
opoa&mvikd Kaldd1o. A@ov to HECO elval KOOy pnoto, Kabe cuokevn, GLUVIEETAL
pe kbe aAAN péoco oto dikTvo. Apa £0d dev vIapyel OEpa Yo vTapEN HETAYOYEDV
péca oto diktvo. To xOpro mpoOPANUHE e oplopéva omd avTd To diKTLA €lval Ol
GLYKPOVGELG TOL UTOPEL VO GLUPOVV OTAV KATO1EC GUGKELEC EEKIVIIGOLY VO EKTTEUTOVY
Ta 3€O0UEVA TOVE TALTOY POVO, Kl aPod To UECO glval dtapotpalopevo, to dedopéva
olwv yivovtatr un avayvoowpa (Ethernet) [Walr 91]. H petéddoon to6te mMpémer va
emavalnefel and 6Aovg 6G0LG CLYKPOLGTNKAV. APKETH TPOTOKOAAN Y10 VO AOVOLV TIG
GLYKPOVGELS €YoV vAOTOINOEL Yo vo. AVGOoLY TO TPOPBANUA HeTd and pio cOYKpOLGT.
INa va avtipetoniotel avtd To TpOPANUC Kot Va NV VTAPY 0LV CLYKPOVCELS, OPLOUEVO.
TPOTOKOAAD LTOYPEMVOLY KAOE cuoKELT] TOL BEAEL va GTeilel dedOopUéEVa HEGH TOL
d1kTOOL Vo, £xel Eva Kovmovt (token). MOALC TO anokTNGEL peTadidel Ta dedopEva Tov
0&éAel kot pHeTd TEPVAEL TO KOLTTOVL 0LTO GE KATOLOV GALO oL ThAVOV TTEPIPEVEL Y10,
Vo HETASOGEL 0€00UEVA. AVALOYA LE TNV OLVATOTNTA TOL OIKTVOV PUTOPEL VO, LITAPY 0LV
£va 1 Kol TEPLOGOTEPU KOLTTOVLA.

Yuvnlmg o1 TopaTAvVE TOTOL JIKTVOL Y PNOIUOTOLOVVTOL GE GLVOLUGHO, E£YOVTOC
OPLOUEVOLG LTTOAOYLIOTEG GLVOEOEUEVOLG e €va dIKTLO gvpelag TEPLOYNG KoL O KAOE
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Yynquo 1.1: Iepapyikn dopn diktdov

évag amd avTovg, 1val GLVOESENEVOS e €va TOTKO dikTtvo (oynua 1.1). Otav évag
LTOAOYLOTNG and €va TOomkd diKTLo BEAEL Vo EMIKOIVOVICEL PHE VOV GAAO LTOAO—
Y1G6TN €VOG GAAOL TOTIKOU JKTOOL, Y PNGLUOTOLEL LAINPEGIES TIG OTMOIEC TPOCTPEPEL
0 LTOAOYLGTNG TOL PploKeTal GUECH GLUVIEIEUEVOS UE TO OIKTLO ELPELNG TEPLOYNG.
[Mapdadetypa téTotov diktvoL €ivart kot To Internet.

H embopia yio peyoaldtepn vToAoylGTIKN oYY, 00N YNCE GTNV AVATTLEN TOALE—
neepyacTOV N TAPAAANA®V UNYAVOV TOL GLVOEOLY EMELEPYACTEG GE TOAD HIKPN
anoctacn. Ot unyoavég avtég aroteAobvtal and HoVAdEg Eneepyaciog IOV EMKOIVO—
VOOV HETAED TOLG HEGM £V OLKTLOL JLACVLVOEGN G LYNADV emddoemv. Kdabe povada
enelepyaciog umopel va anoteleital and eNeLEPYACTN LE TNV KPLOT TOL UVAUT, TO—
KN KOPpLo viun Kabdg Kot Lovadeg Tov avoAaUBavouy va, oy e1ptaTovy T, dedopéEva
oL d1oKIVoLVTAL 6To diKkTLOo dlochvdeong [LLGW 92] [KOHR 94] [ABCJ 92]. Avdroya
HE TO HOVTEAO TNG TOPUAANANG UNYXAVIG UTopel Thve 6To dikTvo Vo BpiokovTal Kot
HOVAOEC KEVTPIKNG LVAUNG TOL HTOPOLV Vo, dovv OLot ot eneepyactéc. Ot Tomoloyieg
Tov cLVHO®G YpNGIHOTOLobVTAL YU avTE Ta dikTva gival (oxnue 1.2): 1 YPOUUIKN
(linear), o daktOALOC (ring), TO dEVOPO (tree), To TAEypa (mesh), o vrrepxOPog (hypecube)
Kot To diKTLO TOALATAGOV emmEd®V (multistage networks) émmwg 1 tetarovda (butterfly)
N 1o 0éAta (delta) diktvo [BeTs 89]. Ymdpyovv 600 Pacikég Katnyopieg mapdiinimy
UNYOVOV: Ol UNYOVEG KOLVOYPNGTNG HVIUNG KAl Ol UNYXOVEG LE TEPOUCHO UM VOUATOV.
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Yynquo 1.2: TTapadeiypoto TomoAoyldv SIKTOH®V TAPAAANA®Y VTOAOYIGTOV

2TIG UNYOVEG KOWVOYPNGTNG UVIAUNG, OTOL 1 UVHUTN TOL GLUGTNHATOG €1vVal KOV GE
OAOVG TOVG ETEEEPYAOTEG, LTLAPYEL Eva TEDIO d1ELOLVGE®V Y10 OAEG TIC LOVADEC EME—
Eepyoaoiag. Altepyacieg Tov 1810V TPOYPAULATOG TOL TPEYOLY GE SLAPOPETIKES LOVAIEG
enelepyaciog EMKOIVOVOLY HETAED TOLG LEGM KOIVOYPNGTMOV SOUMV GTNV UVIUT. ZT1G
UNYOVECG HE TEPUGHA UNVOUATOV eV LITAPYEL KOPLO, WVIUT TTOL Vo TV PAETOLY dAOL
ol eme&epyaoctés Kal To medio devbivoemy eival Eeywploto yia Kabe povado emeEep—
vooiag. Alepyoacieg Tov 1310V TPOYPAUUATOS TOV TPEYXOLY GE OLUPOPETIKEG HOVADEG
emelepyaciog, eMKOVOVOLY PETUED TOLG TEPVOVTAG UNvopata. Xe KaBe ko6pPo tov
A1KTHOL S1OCVLVOEGNC LITAPY EL KOL pia povada Tov Tapakoiovdel TNV Kivnon oto diKTLo
d1acvVOEGN G KOl EPOCOV KATOL0, TATPOPOPia TOL OLUKIVELTOL GE AVTO, APOPH TOV TO—
KO KOUPo, TNV €€dyel amd To dIKTLO KoL TNV TaPadidel oTOV TOTIKO emeepyaotn. Av
dev amevBiveTal 6Tov Tomikd KOUPo N TANpopopia Tov EPTaceE, TPENEL Vo TpomOndel
GTNV 6OCTN KOTELOLYVGN Y10 VO PTAGEL GTOV TPOOPLGUO TNG.

1.2 Asynchronous Transfer Mode (ATM)

H péBodoc ATM eivat avtn mov €xet vioBetnBel yio mToAAG dikTva TOTIKE Kol evpeiog
TEPLOYNG Yo LETAPOPA OedopEVOV GE LYNAEG TaxvTNTES. H néBodog ATM opilet tov
TPOTO LE TOV OTO10 HETAKIVOOVTOL Ol TAT pOoPOpiec péca 6To dikTvo. ‘Eatm 6Tt pia tnyn



0&éAel va oteidel Eva prvopa o€ Kadmolo tpoopiopod. To unvopa xopiletor 6 uKpotepo
KOUUATIO TOL AéyovTal makéta (packets) Kal EL00TOLELTUL O OLAYELPLGTNG TOL SIKTVOL
VO KATOoKELAGEL pio oOvoean. O dlayelploTng KaTooKeLAlel TOTE pla eixoviky abvoean
( Virtual Connection) Bpickovtag £€va LOVOTATL HEGH GTO OIKTLO TOL GLVOEEL TNV TNYN
LLE TOV TPOOPLGUO KOl EVIULEPDVEL TOVG LETAYMYELG TAVO GE QLTO TO LOVOTATL Y1 TNV
dnpiovpyia NG véag GOVOEONG. TNV CLVEYELN KOOE TUKETO YwPIleTAl GE KPOTEPO
Koppdtio otabepol peyébovg mov ovoudlovtar cells. Kabe cell anoteleital and v
EMKEPAAION KAl TO COUO TOL TOL TEPLEYEL HEPOG ToL TtakéEToL [ROCG 94]. Ta cells
SLAQOPETIKMOV TOKETOV PUTOPEL VO TOALTAEKOVTOL GTOVG Guvdéopovs. Ta cells kabe
TOKETOL PETUOIOOVTAL HE TNV GELPA KAl TAPAIIdOVIOL GTOV TPOOPIGUO TOLG HE TNV
10t oelpd pe Tnv omoia petadodnkav. 'Eva dAlo makéto Tov punvOuatog pumopei vo
YPNOIULOTOINCEL TNV 1010 €1KOVIKN ovvdean. ‘Otav teheldcel n Tnyn e 6,11 BEAeL
v PeTaddCEL, E100TOLEL TOV OO ELPLGTY] TOL OIKTVOL VO ATOGLVOEGEL TNV E1KOVIKN
ovvoeam. O éleyyog pong mov epapuoletal oto standard ATM yivetal pécw gréyyov
ToL pLOUOY peTAdooN G dedopEVMVY amd Tig TNYEG (Tapdypagog 1.4).

1.3 Wormbhole routing

H pébodoc wormhole eivar and tig mo dnpoeireic onpepa pebdoovg dacvVoEcNg
TOPOAANAOV ETEEEPYACTOV. XTNV TEPINTOOT ToLv Wormhole kol maAL €va unvopo
yopiletar e pikpdTEPA TOKETA KOl TO KOO maxéto ywpiletor o pikpd Koppdtio
otafepov peyéBovg mov Aéyovran flit. Ta flits propodv va BewpnBovv avtictoryo TV
ATM cells. Ztnv nepintoon tov wormhole dev dnpLovpyobvtol E1KOVIKEG GLVOEGELG
onwg otV wepintwon tov ATM, aAld ka0e mokéTto dnuovpyel TNV cbvdeon Kabmg
TPOY®PAEL LECOH GTO OIKTLO KOl TNV anocLVOETEL dTav OAOKANPpwOEl 1 d1EAEVOT TOL
an6 avto. [lap’ 6o avtd oTa TEPLEGOTEPO diKTLO, OAO TO TOKETO TOVL TNYOIVOLY OO
pio Tnyn otov id1o Tpoopicpud, akoiovBovv to 1610 povorndrtt. ‘Eva nakéto anoteieital
ano TPV 0OV flit:

1. Emucepalida : to flit avtd mepiéy el Tov mpoopicpud tov ntakétTov. Avarapupavel va
EVNUEPDCEL Y10, TNV KALVOOPYLO GUVOEST KAOE LETOYWOYEN OO TOV OTOLO TEPVAEL
dnpovpymvtag Tov 0popo mov to vrdroiro. flit Tov TakéTov Bo akoAovOGOoLV.

2. Zopo : mePLEYEL Ayeg TANPOQOPIEG EAEYYOL KOl HEPOS TAOV OESOUEVOV TOL
nokétov. ‘Eva flit chpo dev meptéyel Tqv TANPOPGOPIA TOL TPOOPLIGUOD TOV
allé amAmg akolovbel tnv emkeeaiida. I't avtov tov Adyo, 6Tav LeKIVNOEL
€va TOKETO va HeTadideTal, KPOTheL TOVG TOPOLVS Tov £x el KaTAAGPEL HLEYPL VO
OAOKAMPOGEL TNV LETAOOCT TOL. AV UTAOKAPLGTEL, O1 TOPOL AVTOL OEV HTOPOVV VL
xPNOLoTOINOovV and dAla takéTa Tov Oa propovcoayv icwg vo eEuvnnpetndodv.



3. Ovpd : avoroppaver vo anocvvBécel Tnv cOvoeon mov giye dNUIOLPYNGEL M
eMKEPAAIdA. MOVN TANpoQOpia EAEYYOL TOL TEPLEYEL, OTMOC Kat oTo flit—cdpa,
elvol 1o TaK€TO 6TO omoio avnkel. Mmopel akoOpa vo TeEPLEYEL KOL TO TEAELTALO
HEPOG TOV SEGOUEVMV TOL TAKETOV.

‘Otav poévo évo makéTo apkel vo KatardBer OA0 tov yodpo omobnkevong mov eival
aQLEPOUEVOG GE VAV GOVIEGHO EVOG LETOYOYEN TOTE AV AVTO TO TUKETO UTAOKOPLOTEL
pmopodv vo eUNOOIGTOOV AN TOKETO TOL TEPVOLV Ond TOV 1010 GUVOEGUO OAAL
Katevbvvovtal e GAAOLG TPooplarols. T'a va BeATimBovy o1 emdOGELS TOL JLKTOOV,
OPYOVAOVETAL 1 VUM TOL HETOYWOYEN LE TETOLOV TPOTO MGTE £VO. LEPOS TNG LOVO VA
aplEpOVETUL 6€ €va TokéTo. ETol dnuiovpyovvtal Awpides (lanes) dGTte Vo pmopovv
neplocdTEpA and Eva mokETA Vo, Bpiokovial GTNV PUvnun evog petaymyéa. Movo
éva maxéto pmopel va ypnolponomost pia Awpido [DaSe 87] [Dally 90]. Kot mait
TOALTAEKOVTOL TOKETO OTOVG GLUVOECHOVG OALL GE VTNV TNV TEPITTOGT] LTOPOVV VO,
TOALTAEKTOOV TO TOAD TOCH TAKETO OGEC AMPLOEC.

1.4 Xvpgopnon diktomv — ‘Eleyyoc pong

"Eva dikTvo, £ite TNAEPOVIKO gival €1T€ dIKTLO LTOAOYLOTOV, £XEL OLVATOTNTA LETAYM—
YNG 0EOUEVOV AVALOYW LLE TO TOGO TAOVGLO G€ TOPOLG eivat. [Topot evdg dkTvov glval
01 GOVOEGOL TOL GLVOEOLV TIG GUGKELEC GTA AKPO TOL JIKTOOL, Ol HETAYWYELG EQPOGOV
LTTAPYOLV, KAl O YDOPOG UTOONKELGNG TOL LIAPYEL GTO dIKTLO, YO VO UTOPEL LTS Vo
aveyBel petaforéc oty Kivnoen mov mopEYETAL 0TO dIKTLO AT TIC TNYEG OEOOUEVOV.
Opilovpe Gav POPTO MOV ELCEPYETAL GTO SIKTLO U £VAV GUVOEGHO £1GOJ0V, TOV AOYO
TOL PLOUOL PE TOV OTMOlo TOPEYETAL KIVIGN GTO O1KTLO A, TPOG TOV PEYLIGTO PLOUO pE
oV 0100 T0 diKTLO pUmopel va dey el TNV kKivnom avtn L.

‘Otav yia mopddetypo, o puOUOS e TOV OTOl0 EIGEPYETOL N KivoN GTO OiKTLO ATO
Evay cLVOEGO €16000L €lval 0 oG amd Tov pLOUO PE TOV 0TTO10 TO JIKTLO UTOoPEL Va
deyBel dedopéva, 0 POPTOG TOL TAPEYETAL GTO OIKTLO OO TOV COVOEGHO ALTOV Elval
0.5. Otav 1 kivnomn mov e16€pyeTol HEGO GTO OIKTLO €ival PHeYOAN, TO dikTLO apyilel
vo yepilel pe kivnon. Avtd 1o eaivopevo cuveyiletal 660 avfdvel To Poptio péEYPL
vo eNEADEL Kopeauog (saturation). Xe aLTRV TNV TEPITTMOOT, TO dIKTLO OEV UTOPEL VO
HETAPEPEL TEPLGTOTEPT Kivnom Kat apyilovv o1 OLPES TOV HETAYOYEMY HECH GE ALTO
va yepiovv. O ydpog amobnkevong mov eivor datedepévog yia kdbe tétola ovpd
elvol TEPLOPIGUEVOS Kal OTaV eV LILAPYEL EAEYYOG PONG OGOV TO PUEYEDOG KATOL0G
ovpag £epiyel anod ta eMITPENTA Opla, apyilovv va yavovtol mokéta. Avtd, av Kot



dev glval emBountod, G PEPIKEG MEPIMTMOOELS £ival 0modektd. TEtoleg MEPINTOCELG
EYOLLE OTAV HETAPEPOVUE POVT (GTO TNAEP®VO) 1| E1KOVA, OTOL TO VA Y abodV OploUEVa,
cell eivar mpotpdTEPO 0Md 10 VO KaBLoTEPHOOLY TOAD. XTNV TEPINTOCT OUMS TOL
petapépovtat dedopéva, n andrsto cell dev eivar amodektn. To tpdPAnpa avtd propel
VO OVTILETOTIGTEL e 000 TPOTOVG:

1. og mepintwon mov entTpéNETAL VO Y abovV dedopéva AOY® vITepyEiAloNg, 1| Avip—
PO OO TNV ATOAELD YIVETOL HEC® EMAVAUETAOOONG. XTO GKPA TNG GOVOEGTNC
eQaPROCeTal VO TPOTOKOALO TO OTO10 AVOAAUPAVEL VO BPEL OV LTTAPYOLY ATTD—
Aeteg amd dedopéva kot av KAt TETo10 Tapatnpndel, o TapaAnmIng £100TOLEL TOV
anoctoAéd vo EavaoTteilel Ta dedopéva mov Tov Asimovv. H pébodog avtn eival
anAn va vioroinel alld To aTOTEAECUOTA TG OEV E1VAL IKOVOTOLNTIKA GE OPl—
GUéVEG TEPMTOCELS. MTopel yia mtapddetypa To dikTvo va €y el peydan Kivnon,
pe anotéieopa, ta cell va ydvovtar eneldn ot ovpég yepilovv. To Aoyiopikd
mov B aviyvevoel ALtV TNV andAeld, Oa Tapdyel emmpochetn kivnon yio va
EL00TMOLNGEL TNV TNYN Y10 TIG ATOAELES, Kol 1| TNYN Oa mapayel véa Kivnomn and
™V omoia, epdcov cuveyiletal N avupopnan (congestion) kot maco TOAVOTNTA
Ba yabovv kot mai dedopéva Tpog tov id1o mpoopiopud k.o.x. [Kung 92] kot 1o
TPpoPANpa va 0dNYNoEL 6TV Katappevan (collapse) Tov dikTHOUL.

2. 6tav 0ev EMTPEMETAL LLEPYEIAMGT UTOPOVUE VO £XOLUE ATOPLYT TOL AdHoLG.
Epocov xatd tnv dibdpketo tng petadoons, eEacoaiiotel 0Tl 6ev Oa yabel cell
e§’ aitiag xamolog vepyeiAtong ovpds, Tote dev eival mbavn N anoiewa cell.
[Tavtog dev anokieietor evieAdg N TOAVOTNTA LT YATL LTAPYOLY KOL TA
LGB Aoym BopvBov otig Ypappéc petadoons. Apa o Unyavicpdg eAEYYOL HECH
AOYIGHIKOV O€V givol TeEPLTTOg aALE dev Y peldleTal va X PNGLUOTOLEITAL GLY VA
Y10 Vo avoppovel and anoieleg cell kat n anddoon BeATidveTol.

Ot péBodotr mov ypnoipomolobvTol Yo, Tov EAEYYO TNG PONG NG Kivnong eival ot
akoOAovOEC:

e 'Eleyyog puBuov petddoong (rate based flow control): H pébodog avtn epappole—
Tal OTOV EYOVE EMTOYEL GVVOEGT HETUED TNV G KL TPOOPLOUOL KAl EQopUOLeTOL
oto akpa TG cbvdeong avtng. H yevikn 10éa g pebodov eivar 6t Otav oe
KOTOL0 oNpEio TOL SIKTOOL EUPAVIGTEL GLHEOPMON (congestion), O HETAY®YENS
TOL TNV TAPATNPEL YPAPEL TNV TANPOPOpia aLTN e Eva €101k0 Tedio kabe cell
TOL TEPVAEL ATO AVTOV KOl OTAV O TPOOPIGHOS, dATIGTOCEL OTL KATOL EUQU—
VIGTNKE GLUEOPNOT, EL00TOLEL TNV TNYN VO HELDOGEL TOV pLOUO e TOV OO0
peTad1deL Ta dgdOUEVA TNG. Y TTAPYOLY OLUPOPES TOPUAAAYES ALTNG TS HEBOSOL
pe kupldtepN O6TL N TNYN HELDOVEL TOV pLOUO TNG KAOE Popd mov cTéAvEL €va cell
Kol €QOGOV dgV mopatnpndel GLVOCTICUOC GTO dIKTLO, O TPOOPIGUOS ELOOTOLET



MV TNYN Vo avENGEL Kat TaAL Tov puOUo pe Tov 0moio GTEAVEL TO 0EOOUEVA TNG
[OMSI 95]. Avti N uéBodog dev eEacparilet 6Tt dev Ba yabovv cells €&’ artiag tng
ey eiAoNg KAmolag ovpdic UAAL OTAV OYEOLAOTEL KOAL UTOPEL VA LELMOEL TNV
mhovotnTa vo cupPel pio tétota mepintmon, Kabng Oa dramictwdel n copeodpnon
eyxaipmg kot Oa petmbel o puOUOS pe TOV 0moio peTadidovtal ta 0edopEVA ATO TIG
myés. Otav yabel xamoto cell, ypnoiponotleital 0 KATAAANAOS UNYAVIGUOG Y1d.
vo etavapeTadofel epdcov avtd ival anapaitnto.

A B
|Returncredit | 1 3
m{ﬁansmit cell }
X - 2 P -----= > X F——

Yynpo 1.3: ZovOnkeg yia amodoTikn Aettovpyia

Xpnoiponoinon siortnpiov (credit based flow control): H pébodog avtn epap—
poletar avapeca oe petaymyeic. H yevikn 18éa tng peboddov eivar 6t évag
LETAYMYENG OEV OTEAVEL OTOV EMOUEVO KATOL0 cell, epocov dev EEpet OTL avTtog Ha
Exel xopo erevbepo yia va to dey0el. H mAnpopopia yio 1o av vrdpyet eAevbepn
0¢om yivetor yvootn péow tov eicttnpiov. 'Evac petayoyéag €xet apyikd Eva
nAN0o¢ and eoitnpla yio K4Be dALo petaymyéa pe tov onoio cuvoéetal. Kabe
@opa mov petadidet va cell, petdvet kot 1o TAN00G TV E101TNPLOV TOL dlabETEL
Y10 TOV peTay®yéa atov onoio Oa maet avtod to cell. Epdoov tedeidoovy ta e1—
GLTNPLO. TPOG KATOLO HETAY®YED, ALTO onpaivel 6TL dgv gival BEPato OTL LILAPYEL
eAebBepOC Y DpOg kel KOl GPpO GTARATAEL | 0TOGTOAN VEWV cells. O petaymyéag
TOTE TEPIUEVEL PHEYPL VA AGPBEL oNpa amd ToV ETOUEVO OTL PHeTEdOTE KATOolo cells
Kot vapyovy eAevBepeg Bécelg oe avtov. To onpa (cell) avtd npokaiel TNV To—
POYMN EIGITNPIOV Kol LOALS O TPDOTOG HETAY®YENS TO AAPEL, avEAVEL TOV LETPNTN
TOV E1G1TNPIOV TPOG TOV HETAY®YEQ 0td TOV omoio Ehafe Tnv ddeta. Av Exet cells
oL mPENEL Vo dpoporoynBovv exel, cvveyilel v petadoon tovg. H pébodog
avt e€acparilet 0Tt dev Ba yabovv cells emeldn kamoto ovpd viepyeAilet, aArd
Kot €00 g petdletal n dapEn TPOTOKOAL®V Yot B0 TPETEL VO, UTOPOLY VO OVI—
yvevtovv cells mov yavovtal €€’ artiag tov BopvPov oTIg YPUUUES HETAOOONG, OV
KOl TO QOIVOUEVO €lval GTAVIO AOY® NG AELOTIOTIOG TOV YPOUUDV. ZOUPOPNON
LLE TNV £VVOL0 TTOL TEPLY PAYALE TPONYOLUEVMG, OV umopel va tapatnpndel, apod



N kivnon mov Ba propovoe vo TNV TPOKAAECEL eV E10EPYETAL GTO dikTvo. [0
vo unv yavetat evpog {ovng (bandwidth) Oa mpémet va ikavomotleital n akoAovOn
oyéon [Kate 94]:

LPOVOG ETAVAPOPAC
HEYLOTT TOpOYN

nAn0oc¢ etoutnpiov =

O ypovog ermavapopds (round—trip delay) €ival o eAAY1GTOC ATALTOVUEVOS ¥ POVOS
mov pecorafel petafd g avaympnong evog cell X and évav petaymyéa A npog
évav petayoyéa B, pé€yxpt tTnv oTiyun mov n HeTAd00™ £VOC VEOL TAKETOL HUTOopEl
va Eexivnoet and tov A €€’ attiag tng apiEng tov £161TNPiov Tov dnulovpyNONnkKe
and v avoympnon tov X and tov B (oynua 1.3). H péyiot mopoyn eivai
0 péylrotog puludg pe tov omoio o petaywyéag A unopel va oteiret cells otov
petayoyéa B (oxnpa 1.3).

1.5 To npofinpna wov peretnOnke

H epyocio avtr peletdel tmv copumeplpopd TV SIKTO®V TOL £YOLV APYLTEKTOVIKT
ATM pe éreyyo pong HE ELCLTNHPLO KOL TNV CLYKPIVEL UE TNV CLUTEPLPOPH TMOV
OIKTO®V Tov ypnoiponotovy wormhole routing. Kabdc n teyvoloyio pog odnyel
GTNV GOVOEGT GTUOUDV epyaciog HECH OkTLOV LYNAGVY endocewv [NBKP 95] yia
va emitOYovpE EMOOGELS MOV TANGLALOLY TIC EMOOGELS TAPAAANA®V LTOAOYIGTAOV,
ol dVO TpoavaPePONGES TEYVOAOYiEG Elval LTOYNPLEG VO xpnoipononbody yio v
KOTOOKELT] TOVG.

H teyvohoyia ATM, eite yopic ELeyyo pong eite pe ELEYYO TOL PLOUOV PETAOGNG
dedopuévov and T mNYEC, £PopuOlETOl ONUEPO, HE EMITLYIN, OE OlKTLA ELPELNG
neployNg. Av mpootedel EAeyyog poNg Le E1G1TNPLO, TADEL VO LTTAPYEL 1 U1 ETOLUNTN
16T TA ToL Vo, xavovtor cells kar n texvoloyia ATM yivetar eéAKLGTIKN Yo Vo
ypnoporoindel Kat otov ydpo TV TomKOV diktdmv. IIpocbécaue axdpo oto ATM
NV £VVOld TG AMPLOag Y10 VO UMV ETLTPETOVUE Hid pOT) OEGOUEVMV TPOS EVO TPOOPLGUS
oL €y eTOL TOAD Kivnom, va YePioel AOKOTO TNV UVAUN £VOC LETOYOYEN KOL VO UMV
aQNoEL AGALEC POEC va eEuTTNpeTNOOVV.

H teyxvoroyia wormhole ypnoiponotleitol GNUeEPU G€ TOAAOVG TAPAAATIAOVG LITO—
AoY1oTEG Kot Bempeital KaTAAANAN Yoo TNV ONULoLPYic SIKTVOV LYNADV ETLOOCEMV.
H anddoon diktdmv mov ypnoiporotovy wormhole routing peAethdnke otnv gpyacio
[Dally 90]. X¢ exeivn tnv epyacia peretnOnke Eva pdvo péyebog maxéTou Kot To TaKETA
TOL TOPNYAYE Pia TNYT KATAVELOVTOY OLOLOHOPPU GTOVE TPOOPLGHOVG. Enekteivape
TNV HEAETN Y10 TNV TEPITT®OON TOL Wormhole Kal 6Ti¢ TEPINTOGELS TOL TO PEYEHOC Ta—
KETOL peTaPairetal KOOGS KoL HTOV LLAPYOLY TPOOPIGHOL TOL OEYOVTUL TEPLTGOTEPN



kivnon and dirovs. ['a va cuykpivovpe ta 600 10N APYLTEKTOVIKAOV, ETAVAALPALLE TO
TELPAUOTA QVTE KoL 6TV TEPITTOST ToL ATM pe €Aeyyo pong e ELCLTNPLA.

Ot mpooopowwoelg pubg oeiyvouv 6t 1o ATM diktvo €xel mOAD KOAN TapOy™
(throughput) pe pikpdtepo péyebog pvnunc. Ta diktva paAcTo pe TeplocdTEPES Ao
pia Awpideg dev emnpedlovtat and peyarvtepa peyedn taxétwv. Otav vrapyovy Oepud
onueia, 1 xivnoen mov dev KoTELOLVETUL TPOC CVTA, dev ennpedleTal and TNV Kivnon
oL Katevdvvetal ota Oeppud onpeia, apkel vo vdpyovy Alyeg meplocdTEPEC ADPLOES
and to tAnbog tov Beppav onpeiov.

To wormhole éyet yaunAdtepec emdOGELS GY eSOV 0€ OAEC TIG TEPINTOGELS. MOVO
ce younid @optio Kar opotdpopen Poisson xivnon epeavilel mapopoles endOCELG
otav £xel apketéc Awpides. Idtaitepa LTO CLVONKES EKPNKTIKNC KIVNONG KAl KIVNNGNG
pe Oepud onpeia, 6tav 1o TAN00C TOV ApidmV gival pHikpo, ol ETOOGELG TOL OEV Elval
KOAEC.

H vroroinn epyacia £xel tnv akdrovdn doun. X10 kePhAioio 2 weplypaeovTal ot
Baoukéc apyéc evog dtktvov ATM xabdg Kat 0 TPOTOg TOL LAOTOLNGANE TOV EAEYYO
POMNC Y10 TNV €PYOCia. XTO KEQAANLO 3 TEPLYPAPOVTUL TA, LOVTEAN TOL LAOTOINONKAY
GTOV MPOcOoUOl®T koD kot M Pifiiodnkn vrootnpiEng mov ypnoiporondnke.
¥10 KEQAAOL0 4 OVAPEPOVTAL TO TELPOUOTIKA ATOTEAEGUATA, KOl GTO KEQPAAALO 5 TO
GULUTEPAGHOATO ATO TNV EPYAGLN AVLTN.






Kepalaro 2

Alktoa ATM

Ta diktva ATM arotelobvtat and uetaywyeic (switches). Metagd plog Tnyng kivnong
KOl €VOC TPOOPLoUOL TtapeRPariovial Evog 1 Tepiocdtepol petaywyeis. 'Evog peto—
yoyéag umopet yio anAdtnto va Bempndel 6Tt eivarl éva "kovti" pe N g1c6dovg kKot M
€£000VG. XKOTOC TOL €lval va Tpowbncel oTig KOTAAANAES €£600VG TOL T TAKETH TOV
@TAVOLV GTIG £16000VG ToL. Oty £va TaKETO PTAGEL O€ [io €16000 TOV, O HETAYMYENG
TPETMEL VO, £YEL TANPOQOPLa Yo Vo, Bpel Tota ££000 Ba Y PNOIULOTOINGEL AVTO TO TOKETO.
Katd tmv opoloyia, o petaymy&ag opouoloyei (routes) to MOKETO GTNV KOUTOAANAN
£€£000. Eme1dn opwmg eivot mhavod and d10popeTIKEC E1GOO0VE VO ELGEPYOVTAL TAVTO—
YPOVO TOKETO TOL TNYAivovy oTnV 1dta ££000, £VOC HETAYMYENS TPETEL VO, £XEL KOL
Vv dvvatdINTa TNG arolnievans (buffering) pepik®dv and 1o TOKETO TOL CLYKPOVLOVTAL
(confict) otig €€doovg [Toba 90].

Ot pébodot pe Tig omoieg yivetat n OpoporAdYNOT SLOPEPOLY MG TPOG TOV Y POVO
oL Umopel va EEKIVACEL £va TOKETO Vo, HeTadidetal and Tig €£000VE TOL PHETAYMYEQ.
[Taiidtepa Ba Empemne va ETAGEL OAOKAN PO TO TAKETO GE EVA LETAYMOYEN Y10 VO APYICEL
N LETAOOGN TOL and TOV KATAAANAO cOVOEcHOo ££06d0v. H péBodog avtm eivat yvoot) og
anobOnkevan kat tpocdtnan (store—and—forward). Me tnv Beltioon Tng TeYVOAOYING KOl
KOTO amo lapopeTIKEG cuVONKEG £yLve duvatn N EvapEn TG HETASOOMNC VO TAKETOL
GTOV EMOUEVO HUETAYWOYEN VO YIVEL OKOUA KOl OTOV £VO HIKPO KOUUATL TOL TOKETOL
(ocvvnBwg N eMKePAAIdN TOV) PTAGEL GTOV TO.POVTU LETOYOYEN. TUPUALAYES AVLTOL TOL
TPOTOL £lval To cut through kot to wormhole. H Bacikotepn dtapopd petad toug eival
011 670 cut through a@lepdvetal yOpog 1o OLOKAT PO TO TOKETO GE EVOV LETAYMYEN KOL
£TOL 0V ALTO UTAOKAPLOTEL KATAAAUPAVEL LOVO ALTOV TOV Y DPO, EVD GTNV TEPITTMOOT
tov wormhole dev aplepdveTal Ydpog ce Evav petaywyéa yio Eva takéto [Dally 90] kat
OTAV AVTO UTAOKAPLGTEL, TUUATA TOL BPioKOVTOL GE SLOPOPETIKOVG LETAYMYELS.

Epocov modld takéta cuykpodovial oTig e£060VE Tov pETAY®YEQ, Elval duvaTO Vo
LTEPYEIMIOEL O Y MPOG ATOONKELGNC KOL VO LTTAPY EL ATDOAELD TAKETOV (Tapdypapog 1.4).
Mo va pnv topovctasTovy avTtoL ToLv £100VG Ta TPORANHATA EEAPUOCETAL EAEYY OGS PONG,
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DOGTE PUNV X AVOVTOL TOKETA AOY® LITEPYEIAIGNG TOVL Y DPOL 00O KELGTC.

2.1 M:0oodor eAEYyov poNS e ELOLTIPLO

Mo v dtayeipion TNG LVAUNG KATA TNV vAOTOoINoN piog peddoov eléyyov pong pe
g1t pLa vdpyovy drdpopeg pebodoroyiec:

e Jdwapolpalopevog xmpog amodnkevong ympig EAeyyxo. X’ avTn TNV 0pYAVOGCT
HVAUNG 0 S1af€01og xdPog amobnKevong VO HETAY®YEN E1VOL KOLVOY PN GTOG
Yo OheG TIG poéG dedopévov mov dépyoviorl péca and avtdv. Eeodcov Odlec
Ol GUVOECELG TOL Y PNOIULOTOLOVV £Va HETAYMYEN GLVAYOVILOVTOL Y0l TOV X MDPO
aVTOV, LTAPYEL TEPITTMON KATOL0, GUVOEGT TOL £)El LEYOAN KIVNOT VO LOVO—
TOAEL TNV APNOTN TOL YDOPOL G€ PAPOG GLUVIECTEMV TTOL OEV £YXOLV GULVEYN POT|.
"Etot dev vmapy et EAeyyog Y10 TO Told pon KATAAAUPAVEL TOGO X MPO, HEGH GTOV
petaymyéa. Avtd pmopel vo dnuiovpyel opiopéves adIKieg OC TPOG TNV X PNON
TOL YOPOL, OALA GLTN N HEOOSOC EMLTLYYAVEL KOAT Y PNOLULOTOINGT TOL YDPOL
anobnkevong, yioti kdmoto cell mov BELEL va Y pNOIHOTOUNGEL TOV LETOYOYEN TOL
dabétel eretBepo ydpo, uropel va mepacetl. ‘Eva dAlo petovéxktnpo tng pebodo—
dov gival 0Tt N Kivnomn pog pong uropet va emnpedletl tnv xivnon tov dAlov,
OT®C Yo Taphdetypa dtov vapy el va 0epud onueio, propei vo dnutovpyovvTal
oNUELD GLUEOPNONS EVD TO LITOAOLTO SIKTLO VO, LTOY PNOLUOTOLELTAL.

® KATOVEUNUEVOG X DPOG 0modnNKevong Ywpig EAEYY0. X VTN TNV 0PYAVAOGCT UV —
NG 0 d100€G1H0g Y dpog anodnKevong dtapotpaletot LeTatd OAOV TV CLVOEGEWMV
otoTiKA. ES® dev umapy el TO HELOVEKTNHIA VO LTOPEL KATOL0 GOVIEST] VO AdTKET
TIg GAAeG, apov OAeg kutaAouPfdvouy TNV 1010 TOGOTNTA YOPOL GTNV UVAUN.
Katavépovtag tov ydpo arodnkevong LETAED TOV GUVIEGEWMV JEV EMLTLYYAVETAL
KOAN ¥ pNoIonoinem Tov x®pov. Oplopéveg CLVOEGELG UTOPEL VA UMV (PN GLLO—
TOLOVV GLVEYELN TOV Y DPO TOL TOLG ival avaTeONUEVOC Kl £TG1 AVTOG v PEVEL
Ay PNOIUOTOINTOG, EVAD TOVTOY POV OEV UTOPOVV va. dnuovpynbody véeg cuv—
déoelg mov Ba pmopovoav va Tig ypnoiponotnoovy. H mepintwon avth potdlet
HE TNV TEPITTOGT TNG OOGHVIEONG HE HETAYMYN KUKADUOTOC (circuit switching).
¥’ aut TNV TEPINTOSN OPMOS, 0 TOPOG TOL HIKTOOL TOL LIOY PNGLUOTOLEITAL OEV
glvat 10 QLOIKO PEGO (oVPUA), GAAL O X®POG amodnkevong mTov avartifetal otV
oOVoEDT).

e JOLapolpalOUEVOC X MPOG OmoONKELON G HE EAEYYO. ™ ALTH TNV 0PYAVOCT) LVIUNG
0 JwBéopog yodpog anodrKevong ival KOOy PNOTOS GE OAEG TG CLVOEGELG
Tov OtEpyovtal and avtdv. Avtd onpaiver 6Tt TOPA LILAPYEL EAEYYOS YO TO
TOL0 CLVOEGST] Y PNOIUOTOLEL TOGOV Y OPO. MTOpoLV LOITOV VO TEPATOLY TOALEG



GLVOEGELS O TOV HETAY®YED, OAAL OEV HUTOopel Hia GOVOEGT VO LOVOTTOANGCEL
olov Tov dtubéaipo ydpo. Me avtdv tov TpdTo EemepvoivTal Ta TPOPANUATA TOL
elyape otig Tponyovueveg pebddovg yloti oUTE o GOVOIEST UTOPEL VO, ETNPEATEL
OAEG TIG AAAEG, OUTE £YOVIE LLOYPNOIUOTOINGT TOL arodnkevLTIKOD Y®pov. [N
va vaAomonBet avth N péBodog ypetdletal  AoYIKN TOL EAEYYOL KAOE pon g KOOMDC
Kot 0Tl 0 peToymyéag Oo mpémel va propel va yeiplotel kabe pon Eeywpiotd. [Na
TOVG GKOTOVE TNG pyaciag, pia pon dedopévov kabopiletat and Tov TPoopiGud
™mes. Oempovpe 611, £KTdG TOL KOVOVIKOU €151tnpiov mov amattel n péEBodog
EAEYYOL PONG E ELCLTNPLA, LILAPYEL KAl GAAO £VA ELCLTNPLO TOL TPETEL VO E1VaL
dabéoipo yio va mtpoywpnoet Eva cell katr avtd givol To E1G1THPLO TPOOPLGHOYL.
AvTtd TPOoTIOETAL YO VO NV EMTPENMETUL VA TPOY®PNCOLY TEPLGGOTEPO. cells
TOL KO TELOVVOVTUL GTOV 1610 TPOOPLGUO UTO OGA LTOJEIKVUEL TO HEYIGTO TAN00C
ELG1TN PLOV TPOOPIGLOV, X M®PIG TPOTYOLUEVMG VO EMLGTPEYEL TLC® E1G1TTPLO TOL
VO LTOOEIKVUEL OTL AdElace €V T PeTald pio BEon otov emOUEVO peTay®YED YU
LT TNV pon. Mg avtdV TOV TPOTO dEV UTOPEL L0 POT| VO LOVOTIOAEL TOV Y DPO
aTOoONKELGTNC TOL HETAYWYEQ.

2.2  E1KoVIKEG OLVOEGELS KO OPGOES pOTG

Ye éva oiktvo ATM m ovvdeon petald piog mnyng Kot €voc TPOOPLOHOL YIVETAL
HECW ecovikwy ovvoéaewv (virtual connections). Mio eikovikn obvdeomn kabopilet
éva povomdrtt péco oe €va diKTvo 10 omoilo Bua mpémeL vo aKOAOLONCEL OTOLOINTOTE
cell 0éAhel va petadobel and TV TNYN GTOV TPOOPLOUO TOL GLVOEEL GLT M ELKOVIKN
ovvoean [Walr 91]. Ot eikovikég cuvdéaelg pdav va KoAdyouy pia advvopic Tov lyav
To TNAEPOVIKA O1KTLO: TO VO KOTOAGUPBAVEL pio, cOVOEGT £VO, PLGIKO KAVAAL(CUPLLW)
KOl Vo £XE1 ATOKAELGTIKTY Y PNCON ALTOL ACYETMOG TOL AV TO XPNCLUOTOLEL GLUVEYELD
N O6xl. Otav pia ocvvdeon emitvyydveTal HECO P0G EIKOVIKNG CLVOEGNS, TO PUGIKO
KOVAAL 0eV avoTifETOL ATOKAELIGTIKA G’ ALTNV TNV GOVOEGT, AALA TUHOTE TOL HTOPOVY
vo avotefody kot oe GAAEG E1KOVIKEG OLVOEGELS. ME avTOV TOV TPOTO UTOGULVIEETAL
1N oLVOEST aNd TO PLOIKO PECO KOl EMITLYYAVETAL UTOTEAEGUATIKOTEPT] L PNON TOL
diktoov. o va dnpiovpyndel pia etkovikn cvvoeon, kabe petaywyéog ypetdletal vo
dabétel évav mivaka Tov va KpaTtael TANpoeopieg yia v cbvdeon. O mivakag avtdg
elvat LEpog tov mivarxa dpouoidoynons (routing table ). "Exyovtag 6£dopuévoug Tov cOVOEGHO
€10000V KU1 TOV aplOpd TNG EIKOVIKNEG GOUVOEONG OTOV TAPOVTH LETOYWOYEN, O TIVOKOG
TOPEYEL TOV CLVOEGHO €£O000L Kal TOV aplOUd TNG EKOVIKNG GOVIECNG GTOV ENMOUEVO
petayoyéa. H mAnpoeopia yia tov aptBud g eikovikng ovvoeong Ppicketal péca
otV emke@aAida Tov cell, oty omoia ypapetal 0 aptOudg TG EIKOVIKNG GOVOEONG TOV
1o cell Ba ¥ pnoponomoetl otov endpevo petaymyéa. H eikovikn ocovdoeon @tidyvetal



amd TOV YEPLOTN TOL O1KTOOL KOl UTOPEl €ite va glval poviun eite va dapkel poévo
060 OlopKel N LETAPOPA KAl LETA VO OTOGLVTIOETAL.

INa v epyoacio avtn, avti Tng £vvolag TNG EIKOVIKNEC GOVOEONG, Y PN CILOTOIMONKE
N évvola TG ouadoas pong (flow group). Xvyxkekpipéva, ke mokéETO AviKeL GE pia
opdda pong, n omoia kabopileTol AMOKAEIGTIKG OO TOV KOTOVOAMTN Y10 TOV OTO10
Tpoopiletal. uVETAOC N OUAdA PONG TOL Y PNGLUOTOLEITAL ATO £VO TOKETO GUUTINTEL
HE TNV opdda pong mov Ba xpNOIHOTOL00GE OTOLOONTOTE TAKETO UNO OTOL KOl V.
Eekivoboe, €POGOV glyxe ToV 1010 TPoOopPIopHd. ENUEI®TEOV OTL, AV KOl TOPOUOL0 LE
Vv €vvola NG €KOVIKNG GOVOEONG, N €vvold TNG OUHAdNG Pong OloPEPEL 0TO OTL
pnopel otV ida opddo POoNg Vo OVNKOLV TOKETO TPOEPYOUEVA ATO OLUPOPETIKES
myés. OnmMc KoL GTNV TEPINTOCT] TOV EIKOVIKOV GLVOIEGEMY, TO PUGIKO HEGO TTOL
GLVOEELKATOLOV TAPAYMYO LE KATOLOV KATAVAA®TN OEV Y PN CIUOTOLEITUL ATOKAELGTIKA
and pia opada pong, OAAL TEPLGCOTEPES TNG HAC, Ol OTOIEG TOAVTAEKOVTAL GTOVG
cvvoécpovg. Opwmg avtifeta and v TePINTOCN TOV EIKOVIKOV GLVOEGE®V, TUKETO
TOL TPOEPYOVTAL OO SAPOPETIKEG TNYEG GAAG TNYaivouy GTOV 1010 TPOOPLoUO,
Y PMNOLLOTOLOVV TOVE 1610VG TOPOLG TOL d1KTOOL. Kot Ay perdletal o KaOe petaywyéa
évag mivakag dpopoAdYNoNg mov va dloTtnpel TANPOPOPIES Yo TIG CLVOEGELS KoL
aVOAOYO HE TOV TPOOPLGUO TOL TOKETOL Vo kabopiletar o cOvoeopuog €£6d0V ToOv
npémnel va akoAovdnOel. O TpooplGUOS TOL TAKETOL TEPLEYETAL GTNV EXLKEPAALON TOV.
Mio opdda pong apylKOTOLEITAL BTNV GAGT EVEPYOTOINGCNG TOL IKTLOV KOl TO.POUEVEL
EVEPYN CLVEYDC.

A

Routing Table Routing Table

B
Routing Table

B
Routing Table

() AvaBeon ndépov oe elkovikég cuvdécsels.  (B) Avabeon mopwv oe OpAdEG POTG.
Yynuoa 2.1: Etkovikég cuvdéoelg Kal opddeg pongc.

>10 oynuo 2.1 (a) eaivetol o TPOTOC He TOV OMOl0 dMULovPYELTOL [0, ELKOVIKN
ovvdean Omov o kGbe petaywyéa, kGbe véa €1KovViKn GOVOECT KATOAOUPAVEL pia
eAevBepn B€om oTov Tivake O popoAOYNONG KAl AP0 O10POPETIKOVS TOPOLS TOL OIKTVLOV.
Y10 oynua 2.1 (B) epaivetal 6t pio opada pong katoAopupfavel mavta tnv 1610 0€on
oToV Tivako dpopoAroynong (tnv 0€on mov kabopiletatl and Tov TPOOPIGUO TNG OUAdNG



pong), kot apa dev ypetdletal va etiaybel karvobpila cvvdeosn. Mg avtdv tov TpoOTO
EMLTLYYAVETAL 1] CLYYMDVELCT TOV OLAOWOV PONG KOl KAOE TAKETO TOL Y PNCIUOTOLEL TNV
1010 opada PoNg, Y PMNOLUOTOLEL KOl TOVS 1010V TOPOLE TOL dIKTHOV.

2.3 MEé£Bodog ehéyyov pong Tov dtktoov ATM

H pébodog eréyyov porg mov ypnoionotdnke eival n akoiovdn: yio va TpoywpnoeL
éva cell and v Tnyn N and Evav petaywyéo og KATolov GALO petaymyéa, 0o mpénet
va £ el 0ta0€atpa dvo €10 E101TNPLOV Y10 VO KOTAVOADOEL.

e Eioumplo avaydpnong. Avtod givot to e161t1nplo tng npodTunng pEBodov eA€yyov
POMNGC UE ELCLTNPLA KOL VTOOELKVVEL OTL GTOV EMOUEVO PETAYMYEN VITAPYEL Y DPOG
v va arodnkevoel to cell. To xabe cOvdeopo €£660v amd TOoV HETAYWOYEN
vrapyet évac petpntng (Pool Credit Counter) mov kpatd 10 moceg 0éoelg, 1o
erbyloto, dwwbétel o enopevog petaymyéag yio va deybel cell. "Eva cell dev
pnopel va OyeL and Evav pHetaymy£a, EQOGOV O LETPNTNG 0LTHG Eivat HNOEVIKOC.
‘Otav apylioet éva cell vo petadidetat, n TIU TOL HETPNTN TOL AVTIOTOLYEL GTOV
ovvoeauo ££0600v amod Tov omoio petadidetat to cell perdvetar katd Eva. Otav Eva
ELCLTNPLO PTAGEL GTOV HETAYMOYEN, M TIUN TOL AVTICTOUYOL UETPNTN OLEAvVETAL
Koté Eva. Av 0 PETPNTNG avTOg apykoroindel otnv Tun v Bécewv pvnung
oL avoOETEL 0 EMOUEVOC HETAY®YENS GTOV TUPOVTIW, TOTE EPOCOV O LETPTTNG OEV
elvot undevikog, vapy el eAeb0epn 0EGM GTOV ETOUEVO HETAY®YEQ.

e Eiwoumplo mpoopiopov. To eioitnplo avtd dwutnpeitar o évav mivako (Dest
Credit Table) pe péyebog 660 kot or mpoopiopoi tov diktvov. Eva cell dev
UTopEl va pUYEL Ao EVaV PHETAYMYEN EPOGOV O LETPNTNG ALTOG Elval UNdEVIKHG.
Otav apyiocet éva cell va petadidetor, M TIUA TOL UETPNTH TOL AVILOTOUYEL
GTOV TTPOOPLOUO TOL peLdVETAL KAt éva. To péyioto mAnbog tov gioitnpiov
TPOOPLGHOV €lval TOAD GNUOVTIIKT TOPAUETPOG TNG TPOCOUOIOGNS YLaTL AVt
Kot KOplLo Adyo deiyvel to péyiato mAnbog cells pe tov 1810 TPoopiGud TOL
Umopel £vac PETOYWOYENS VO, OTEIAEL GTOV EMOUEVO TOL YMPIG VA Yupioel oW
ELCLTNPLO KUl KAT EMEKTACT], TOCO YDOPO GTNV UVIAUN KATOAAUPAaveL pio opddo
pong, 6tav avtn prAokopiotel. Avtr eivatl Kat 1 évvold tng Awpidac. Atoipdvtog
10 TAN00G TV BEGE®V pvnuNng mov €vag petaymyEag otofétetl yia kabe cOVOEGHO
€10O00L TOL UE TNV HEYLGTT TIUTN TOL UTOPEL VAL TAPOLV TA, ELGLTHPLOL TPOOPLGUOD,
€Y OLLE TO 1600VVANO TOL TANOOLE TV AmPidwv Tov wormhole yio to ATM.

Eivotr xatavontd 6t epoécov 1o péyioto mANBog tov iettnpiov Tpooptcpod eival
peyarbtepo N ico Tov péylotov TANBovg TV gloLTNploV AvaydOPNONG, TOTE ATEVEP—
YOTOLOVUE TOV EAEYYO PONG HE ELGITNPLO TPOOPLGHOV KOl APTVOVIE HOVO TOV EAEYYO



poNg pe ewottnpla avayopnons. To mAnboc tov Aopildwv GE LTV TNV TEPITTOON
etvat 1 agpov pia pon, OGOV UTAOKAPLOTEL, Uropel va KataAdfel OAov Tov dtabécipo
YDPO IOV 0 PETAYMYENG O100£TEL GTOV CUVOEGO ATO TOV OTOL0 ELCEPYETAL 1) POT] QLTT.

Dest. Cre_dit Table
1 Pool Credit Counter

2@ ||

Yynqua 2.2: 'Ereyyoc pong pe Vo glo1tnptlo

2.4 Xuyyovevon opdomv poris Kol OLKOVOUio TopmV

‘Onmg onpelddNKe TPONYOLUEVAOS, GE LTV TNV EPYOGLO X PNCILOTOLEITAL 1) £VVOLd TNG
opddag pong (flow group). O mépog Tov diktHov Tov propel va avatebel oe pia opdda
PONG €lval 0 y®dpog amobnkevonc. Otav pia povada yodpov arodnikevong avatedel oe
pio opada pong, TOTE HOVO AVTN UTOoPEL Vo ToV ypnoiponotnoel. To Quolkd Kavaild,
TOL ATOTEAOVV KOl avTd TOPO TOL d1KTOOL, dev avartiBevtal oe opddeg pong. Me
TOV 0pOo avabllean evog mopov ae pia guvoeay, GE Pa EIKOVIKT] GUVOEGT N GE pio opddo
PONC, EVVOOUUE OTL O€ TEPIMTOGT) TOL Ol CLVONKEG KUKAOQPOPLOG OEV lval KAAEC Kot
avoyKaoTel 1 cOVOEST | N PON VO LTAOKOPLGTEL, TOTE HEV LTTOYPEOVTAL VA OLPT)GEL TOVG
TOPOLG oL KATEYEL, Yia Vo eEunnpetnBel dAAn pon. H opdda pong péca otnyv onoia
Kweltal évo maxéto, kabopiletal and tov Tpoopiopd tov. Avo makéta mov EEKIvave
ano SLAPOPETIKEG TMNYEC TOL SIKTVOL Kol KaTeLhHhvovTal 6ToV 1310 TPOOPIoUO, EQOGOV
KOmola oTiypn ocvvavinbodv ce évav petaymyéa, Bo cuveyicovv anod exel Kal mEpa
oTNV 1010 Opada PonNG Kat Gpo B KOTAVOAMVOLY TOVE 1610VG TOPOLG TOL d1KTOHOL. ALTO
EMTLYYAVETOL HE TOV akdAovOO TpOTO:
v k00e cell eAéyyetor o mpooplopdg tov. Kdabe popd mov éva cell pbyer and Evav
LETAYMYEN KATAVAADVEL KAl £V €1GITNPLO Tpooplopuod. Apa, aveEaptnta and tTnv
My" tov cell, Ta 11T pla Tov Katavaldvel £xovv oy éon Le Tov Tpoopilopd tov. Kabe
TOKETO 0O GLTA TOL KATELOVVOVTAL GTOV 1010 TPOOPIGHS, cuvay®VifovTal Yo Ta 1d1
ELC1TNPLA KOl dpa aVIKOLV GTNV 1810 Opddo pong.

Av dgv cuvéfaive LYy ®dOVELGT OUAd®Y PONG, Ol OUAOEC HE TOV 1010 TPOOPIoHS
0a kotaldpupavay StaeopeTikéG AmPideC KUKAOPOPLOG, £TGL OTMG OpioUE TIC ADPLOESG



otV mopdypapo 2.3. Eedcov Lowmdv n kivnom mpog tov TPoopicpd kot Tov 000
avénbei, Oa umopodoav vo UTAOKAPLOTOLY KAl Ol 000 Kol (po Vo KATOKPUTHGOLY
TOPOLG TOL O1KTOLOVL TOL Ba uopovcay va dtatefody ailov. Epocov to péyioto mAnbog
eLo1TN Pl TPooplcpol mov divovial e kabe opdda pong eEacpaiioet 6tL 0 EAeyy0G
pong dev emPpadivel v KukAogopia KAT® and eha@pd OPTiO GTO OiKTLO, TOTE
N YXPNOHOTOINoN SAPOPETIKMY OUAd®V PONG ATO TAKETO TOL TNYALVOLY GTOV 1010
Tpooplopo dev mperel oe timota. H ocuvOnkn yia va Aeitovpyel oot 0 EAEYYOG
PONG, YOPIG Vo LELOVETAL 1) 0TOO0CT TOL d1KTOOL, TEPLYPAPETAL GTNV TTapdypago 1.4.
YrnoBétovpe, yio mopddetypa, 0Tt T0 HEYLGTO TANH0GC Ao £1G1THPLO TPOOPIGHOD Elval
I kot 6Tt n xivnon oto diktvo eivar ehappid. T'o va unv emPpaddver o Ereyyog
ponc TNV kivnon tov cell, Oo tpénel péypt va tereidcetl n petddoon evog cell va Eyet
TPOAGPEL VO EMIGTPEYEL TO ELCLTNPLO ATO TOV EMOUEVO PeTAY®YEX Y1 0vTd TOo cell. To
cell avtd éxave otov emdpevo petaywyéa cut through !, a@od to poptio Tov Siktvov
elvol apketd eAapd OGTE VO TOL TO ENMTPEMEL, KOl pYloe Vo, HETOOIOETAL OO TOV
EMOUEVO HETAYMYEN TPLV VO TEAELMCEL N LETAOOGT TOL ATO TOV TUPOVIAL.

MmnopoUpe va TapaTnpCOVIE OTL GE EVOV HETAYMYEN LTOPOVY TAKETO, LE TOV 1010
TPOOPLoHS, VU KATOAGUPAVOLY TOGEC dLOPOPETIKEG Apideg OGEC Kl TO TANH0G TV
GLVOEGHMV €16000L Tov petaymyéa. [a vo Bpiokoviol 6e dlaPopETIKN ORAdd PONG
oToV 1010 peTaymyéa, 000 TUKETA LE TOV 1010 TPOooPIGuo, Ba mpénel va tponAbay and
SAPOPETIKOVE GLUVOECUOVG E1GOO0V. XTOV EMOUEVO HETAYMYEN OUW®S B0l Y pPNCIULOTO—
covv TNV 1d1a opdda pong (Ampida). INa va emitevybel douwg cut through oe eninedo
cell, avto Ba mpémet va £xel pe TNV GELPA TOL OOUN, VO ATOTEAEITAL ATO EMIKEPOUALSO
KOl GOUO Kal dpa va xopiletal pe tnv oe1pd Tov Kot avtd oe pikpdtepa pépmn. Ta pépn
avtd ovopdotnkay phits otnv epyacia [Dally 90]. ¥ exeivn tnv epyacio dev yivetot
AOYO0G v cut through oe eminedo flit kot avto yiati  veobeosn mov yivetal €ivat 6Tt TO
péyebog evog flit Bempntikd propel va eival kot ico pe 1o péyebog tov phit. Xe avtnv
v nepintoon N petagopd tov flit petald petayoyéwv yivetar pe store—and—forward.
v gpyacia pag ypnoiponotovpe cut—through xat apa ywpilovpe xabe cell 1 flit ce
phits. Ta phits katatdocovTal G€ dVO KATNYOPLES:

e ETIKEQPAAION
° Gd)},t(l

Yrapyetr éva bit mov dtoympilel ta dvo €1dn phit kar 1 xpNGIUOTNTA TOLG €ivor OTL
emrpénetor n dropén peybiov oe péyebog cell/flit mov dev propovv va petadobovv e
£va KOUKAO poAoYloL.

"Otav éva cell kavel cut—through oe évav petayoyéa, avtd onuaivel 6tL 6tav @Tévet to cell avtd
OTOV HETAYMOYEMD, O cLVIEGHOG EEAOOL TOL BEAEL VO, Y prolpoTOINGEL €ite givatl depyog N Oa glval depyog
peTA amd peprkovg kvkAovg. Tote o cell propel vo apyicetl va petadidetal Tptv pTcel OAO TO COUN TOV
GTOV HETAY®YEQ.






Kepararo 3
IIpocopoimon

H ocVykpion tov 600 apyitektovikdov ATM katr wormhole £€yiwve pe mpocopoiwon.
AvantoyOnkov povtéda mov TEPLYPAPOLY LE AETTOPEPELD TNV AgtTovpYia KAOE pe—
Tay®y£EQ Kol ypnoiponotdvtac tTnv Ptpritodnkn vrootnpiEng CSIM, viorotnOnkayv ot
npocopolmtéc. Kat ota dVo poviéha divetal EUQUCT GTNV POonN TNG TANPOPopiag
eAEYYOL pEcO otov petoyoyéa. Ot gEummpetntéc, mov Qaivovtol pe KOKAOLS OTa
povtéla mov Ba dovpe otV cuvEyELa, dtayelpilovtatl TNV TAnpoeopia eAéyyov. Otav
éva cell/Aflit et.célbel otov petaymyéa, 0o mpénetl va Ppebel and mowa £€odo Oa mpénet
va Byel kol avthy n TAnpogopia PBpicketal otov mivaka dpopordynons. Koatomy Oa
npémel va damiotwbel av o emopevoc petaywyéac propel vo dey el to cell/flit. Avtny
N tAnpoopia Ppicketal 6Tovg Tivakeg Tov gAEyyov pong. Otav dramictdel ot N
petadoon tov cell/flit propel va yivet, to cell/flit petadidetal to cuvtopdTEPO dLVATO.
Ta dedouéva mov mepiéyovtal oe kabe cell/flit e1GEpyovial TNV KEVIPIKN UVALT TOL
HETAYMYEN 1 OTOLa ELVAL Uviun Tapoyng aywyod (pipeline memory ). Avti n LvAun €ivot
oY EOAGUEVT MOTE VO, TOPEYEL LEYAAOLG pLBLOVG eEuTNpETNoNg Yo KAOe €i6000 TNG
[KaVE 95]. Xapaxtnpiotikd tng eivor 6Tt ENITPETEL VA E1GEPYOVTOL KAl VO EEEPYOVTUL
TAVTOY pOVA TEPLOGOTEPO TOL €vHg cell (8 1 16) pe tov mepropiopnd 611 dev pumopovv
vo EEKIVAGOLY va. €1GEPYOVTOL N VO eE€PYoVTaL TALTOY POVE TEPLGTOTEPU TOL EVOG.
[Teprypagovpe otnv cuvéyela to povtéra Tov petayoyéov ATM kot wormhole ko—
Omdg kot Ta povtéAL Topay@yoL (TNYNg) Kol KaTavoA®MTY| (Tpoopicpov) yia Kabe pio
nepintwon. TéLog meptypbeovpe 10 anAd HOVIELO TOL KATOVAA®TN KOODG Kol TNV
BipAtodn KN vrooTHPLENC.

3.1 Ileprypapn poviéhov petayoyéo ATM
Y€ VOV HETUYMYEN TOL O EAEYYOG PONG YIVETHL LE TOV TPOTO MOV TEPLYPAYAUE GTNV
nopaypago 2.3, éva cell dev unopet va @OyeL and Evav PHeETay®YEQ AV dEV TANPOLVTAL Ol

TOPOKATO GLVONKEC:
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® LTTAPYEL YDPOG GTNV UVIUT TOL EMOUEVOL peTay®YEén Tov BEAeL Ba petadobel To
cell, y1o vo TO KpaTNOEL 0€ TEPIMTOON TOL CLTO dEV UTOPEL AVTO VA TPOYMPTGEL.

e dgv vtdpyovv moAAd cell otov endpevo petaywyéa mov va Exovv eLYEL and TOV
TOPOVTO Kl Vo KOTELODVOVTAL GTOV 1910 TPOOPIGUO.

H rapatipnon mov propei va yiver eivot 6t1 dgv £y €1 vonua yio pia por KukAoeopiog
Vo KatoAaBel ToAlEG BEoelg LvRUNG G€ Evav HETAY®YED V10Tl LTO eV TPOKELTUL VO,
EMTAYVVEL TOV pLOUO pe Tov omoio M kivnomn avthy eedyel and To dikTvo. ALTA M
TopapneTpog kabopiletal and v dvvatdtNTe TOL TAPAANTTN Vo Bydlel Tnv Kivnon
and 1o dikTvo. Agv xpelaletol AOITOV VO EMTPEMOVUE GE £V LETOYOYED VO KPOATH
ToAAG cells Tpog Tov 1810 Tpooplopd. Avtd Umopel va €Y el OVGAPECTEC EMNTOCELG
GTNV OTOS0TIKOTNTO TOL LETAYW®YEM, Y1OTL OV LTAPYEL KATOLOC TPOOPLOUOS TPOG GTOV
omoio vmapyel HeYAAN Kivnom, umopeil 6Aoc o dabéoipog ymdpog arodnKkevong Tov
HETAY®OYEQ VO KATAANEOEL amd GLTAV TNV KIVNOT KOl VO, LTAOKAPLGTEL, UMV AP1VOVTOG
Kivnomn mov Katevfbvetal Tpog GALOVES TPOOPIGHOVS VO TPOYWPNTEL.
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Yynuo 3.1: Movtého petayoyéo ATM 2 x 2

To povtého Tov ATM petayoyéa gaivetar oto oxnpa 3.1. Ot kOpreg dSopuEG HVAUNG
oL Qaivovrtot eival ot akdrlovbec:

e routeTbl: o mivakog mov KpaThel TIC UTOPUITNTEG TANPOPOPIES Y10 TNV OPOUOAO—
ynon. ‘Exet péyebog otnyv yevikn nepintmwon, 660 Kat 10 TANH0S TV TPOOPIGUDV
670 01KTLO KOl deiKTNC o€ aVTOV TOV Tivaka givatl 1 dievbvven tpoopicpov. o
KG0e TPOOPIoHd, LITOGEIKVVEL TOLOG €ival 0 GUVOEGUOC €000V TOL UETAYWOYEN
oL 00N YEL TPOG TaL EKEL.



e dstCrd: o mivakag mov kpatd to TAN00¢ tov dubécipmv eicttnpiov Tpog kabe
TOOVO TPOOPIGUO. TNV YEVIKN TeEpinTmon £yl uéyebog 6Go xatl to TAn0og TV
TPOOPLOUDY GTO dIKTLO.

e poolCrd: éva cOVOLO LETPNTMOV TOL KPUTH TO TANHO0C TV E1G1TNPIOV AVOYDPTNCNG
7oL glvat dtabéotpa TPog Toug Emdevoug petaymyeic. To mAn0o¢ Toug eivar doot
KOl 01 GOVOEGHOL €00V TOL HETAY®YEQ.

e Hash Table: évac mivakog mov kpoté meplypapeis TAKETOV TOL dEV UTOPOVV VO,
TPOY®PNGOLY GTOV EMOUEVO HETAY®YED Y1ATL deV LLAPYEL SABECIHO E1GLTNPLO
npoopiopov. Emedn 0éhovpe va kpatnoovpe to péyedog tov pikpd, avti va
Eyovpe pio 0€om tov mivaka Yo Kabe TPOooPIGHd, TEPLOGOTEPOL TOL EVOG TPOO—
pLopov avapépovtat otny idta 0€on. "‘Eva cell mov dev €y et 161t plo TpoopiGpom,
AQNVELTOV TEPLYPAPEN TOVL GE AVTOV TOV TIVOKO, OVEEAPTNTMOC ATO TO EAV LTAPYEL
ELCLTNPLO AVAYDOPNONGS Y10 TOV ETOUEVO HETAYOYED KAl OEV KOTAVOADVEL KAVEVOL
glG1TN plo.

e poolCrd_Q _x: ovpég mov Kpatave meptypapeic cell mov dev pmopovv vo Tpoyw—
PNGOLV TPOC TOV EMOUEVO HETAYMOYEN YLATL OEV LTAPYEL ELGLTHPLO AVOUYDPTNONG
Tpog Ta ekel. Ymapyet pia yia kabe cbvoeopuo e£6dov. 'Evag mepiypoapéog yia
VO PUTEL GE QLTNV TNV OVPE TPEMEL TPATA VO EYEL KOTAVOADCEL VO ELGLTNPLO
TPOOPLGUOV.

e readyQ_x: ovpég mov kpatdve meprypageis cells Tov £xovv katavorl®oel Kot ond
Ta 0o €10M eloutnplov, Kot dpa eival ETotpa va tpomdnbody Tpog tov emOueEVO
HeTaymyéa. YTapy et pia T€toto ovpd yia Kabe chvoeopo e£650v.

310 povtého evog ATM petaywyéo 2 X 2 TOL QOIVETOL GTO GYNUA LTAPYOLY S
eEunmnpetntég, 0 Kabévag and tovg omoiovg avarapBdvel Aettovpyieg mTov UmopovV
va yivouv péca g éva kOKAo poroylod. Ot Aettovpyieg kbBe eEuvmmpetnty €ivar ot
aKOoAlovbeg:

e Arbitration: O gEunnpetnTNg avtoc avoropupavet va dey el ta phits Tov gtévovv
OTIC €16000VG Tov petaywyéa. EAEyyet T €1dovug phit elval 1o endevVo TOL TOPO—
AapBaver, emuxeearidoa (header) 1 copa (body). Otav dwafdoet pio enkeparidon
ano Kamola 16000, KpaTael KATOL0 TANPOQOPia OTL ATO ALTHV TNV 16000 TPETEL
vo TepuéveL Eva oAoKkANpo cell Tov akohlovbel. o kaOe eicodo vrapyel £vag
LETPMTNG TTOL peETPhel mOca phits evog cell £xovv mtapainedei. Exe1dn n xevipikn
LVIUT TOL HETAYW®YEM ELVOL TNG LOPONG UVHUNS aywyob (pipeline memory ), yia. vo.
kpotnOei n 1016t T mov BEAeL Eva to TOAD cell va elcépyetatl otny pvnun o€ KaHe
KOKAO poAOYLOU, 0 eELTINPETNTNG OV APNVEL ODO EMIKEPUALDES, TPOEPYOUEVES
amo S10POPETIKEC E1GOO0VG, VO, TEPATOLY aToV eEumtn petnTn routeTbl access Katd



Vv dbpKeLo Tov 1010L KOkAov. O eEunnpetntig Arbitration Tpémel vo Agitovpyel
ce PEYAAN TaXVTNTA Y1aTl TPETEL VO Uropel vo, eEuTnpeTnoel OAEC TIG E1GOJ0VG
TavTOYpoval, apod o pHOVOG TEPLOPIGHOS Elval MG TPOG TOV aPLORO TV EMIKE—
QoALd®V Tov unopodv va eEurnpetnBovv ctov id1o KOkAo. Epdcov and OAeg Tig
elodoovg Epyovrtor phits copato (body phits), avtd npénetl va tpowbovvtal dra
npog tov Data Buffer.

e routeTbl access: O eEunnpeTnNTNG ALTOC dEYETOUL GV 16000 £va phit emikepaAida
TOL TEPLEYEL Lio d1EVOLVGT TPOOPLOUOV. XPNGLHLOTOLDOVTOG ALTHV TNV dlebBuvon,
yvivetar tpdéoPacn otov ITivaka Apopordynong (Routing Table) yio va Bpebet
ano6 moia €000 Oa Byet to cell Tov omoiov M emkePUALdA €1Vl OTOV EELRNPETNTN
routeTbl access. O gfumnpetntng routeTbl access Oa mpéner va ddGEL GTOV
eMOPEVO €ELMNPETNTN £V TEPLYPAPEX TaKETOL. O TEPLYPAPENG AVTOS TEPLEYEL
TG aKOAOoLOEC TAN pOPOPiEG:

—— AwevBvvon Ipoopiopov
—— X0Ovdeopo e£6dov (outgoing link)

—— X0vdeopo €16600v (incoming link)

e dstCrd/poolCrd access: O eEunnpetn TG aVTOS dEYETAL GOV E1GOO0 £VaV TEPLYPO—
eéa cell kot avoarapPavel Odeg T1c Aettovpyieg mov oyetifovror pe tov ‘Eleyyo
Pong (Flow Control). EAéyyet tov mivaka dstCrd atnv 061 TOL TOL LITOJEIKVVEL
N d1ev0vveN TPOOPLGUOL TOL TEPIAAUPAVETOL GTOV TEPLYPOPED, KAOMS KOl TOV
petpnt poolCrd yia tov cvvdespo €£6d0v mov TePLAapPAVETAL GTOV TEPLYPO—
@&, Yo vo el av LTapyEL elGttnplo avayopnong (pool credit) kot gicithplo
TPOOPLGHOL. AvaAroya e TNV LTAPEN N 1N 11T PLEOV 01 AELTOLPYIEG TOVL PUTOPET
Vo Yivouv gival ot akoAovBeg:

—— oV Kot T 0Vo €101M gloutnpiov eivarl dtubéoipa, o Teptypapéog tpomdeital
otV ovpa readyQ_x, 6Tov X 0 cVVOEGHOG £6d0L amd Tov omoio Ba pvyeL TO
cell. e auTAV TNV TEPITTOGT KATOVAADVETAL £VO, E1GITNPLO 0o KAOE £160G

onAadn petdvovtal katd Eva kot o petpntng poolCrd xat n tiun tov wivoko
dstCrd.

—— 0V d&V LTAPYEL ELGITNPLO TPOOPLOHOV, TOTE O TEPLYPUPENS TPomOEiTAL GTO
Hash Table kot 0o mepipuévet exel péypt vo QTacoel oToV PHETAYMYEN KATOLO
ELCITNPLO Yo TOV TPoopioud tov. H mepinmtwon avtn eivar moAd mibavo
va cupPel av vrépyel peyaAn KukAogopio mPog KATOLOV TPOOPIoUO Kol

Tty e181kn mepintoon mov 1o péyedoc (ce phits) Tov cell eivar pikpdtepo amd t0 TAN0OC TOV
€1000MV TOL PETAYOYED, OpKEL 0 eEunnpeTnTNg Arbitration va €ivol apkeTd YpNyOpPOS MOTE VO UTOPEL
va eEunnpeTNoEL TOoEG E10000VG 660 To PEYEDOG ToUL cell.



KOTAVOAMDVOVTOL TOYXVTEPA TO, ELCLTNPLY TPOOPIGHOV A’ OTL TA £1C1THPLU
avoympnons. AkOUHO Kol av LTAPYEL ELCLTAPLO OVAXOPNONG, OLTO dev
KOTAVOAMVETOL Y10 VA 0o@eLyOovv adiéoda (deadlocks).

—— OV UTAPYEL ELCLTNPLO TPOOPLOUOL AAAE OEV LTLAPYEL ELGLTHPLO AVAYDPNONC,
0 MEPLYPAPENS YPAPETUL GTO TEAOG TNG ovpdg poolCrd_Q x, émov X 0 cLV—
deopog eE6oov and tov onoio BELeL va petadobel to taxéto. H nepintwon
avtn eivatl mBavo va couPet av ToAAd cell pe dtapopeTikovg TPOOPLoUOVS,
npocnadncovy vo fyovv amd Tov 1010 GHVIESUO EEOJO0V.

e Credit Collection: O e§unnpetnTg ALTOC dEYETAUL GOV 16000 £Va E1GITNPLO KoL
AVOAOUPAVEL TIG AELTOVPYLIEG TOL TTPEMEL VA YIVOLV OTAV QTAVEL £VO, E1GLTHPLO
otov petoyoyéa. To eloitnplo peta@épetl TNV d1evBLVGT TPOOPIGHOD Yo TNV
omola vrapyel ehevBepog ybpog otov endpevo petayoyéa. Eotw 6t avtny n
dtevBuvon eivar n A. EAéyyetor xat’ apynv av vrapyet cell mov mepipuével 6to
Hash Table xat nmyaivet oto A. Av vrapyel, o TEPLYPUPENS PEVLYEL ATO TO
Hash Table ka1 mpootifetar oto 1€hog T ovpdc poolCrd _Q_x, 6mov X eivatl o
6OVOeGHOG ££000V amd Tov omoio mpémel va Uvyel To cell kol xatavaidvel To
€101TNPLo TPooplopov. Av dev vrdpyet cell tov va tepipével oto Hash Table, tote
avéavetal katd Eva to TAN00¢ TV giottnpiov tpog tov A otov mivaka dstCrd.
Katomy ehéyyetar n ovpd poolCrd Q x yia tov obvvdeospo €£050v Tov HOALG
EA0Pe TO €1G1TNPLO. AV LTLAPYEL TEPLYPAPENG TTOV VO, TEPIUEVEL GTNV KEQUATN TNG,
avTOGg PevYEL amd TNV oLPA KoL TPpootifetal 6To TEAOG TG ovpdg readyQ_x, Omov
X 0 oVVOEGHOG ££000L Tov cell, KaTavaAM®YVOVTIG Kol TO EIGITNPLO AVAYDPNGNG.
To cell avtd eivar £Topo va OYeL amd TOV PHETAY®YE, APOoL £ el EEACPAAIOTEL
OTL LTTAPYEL EALEVDEPOC YDPOC Y1 AVTO GTOV EMOUEVO UETOYWOYEN. AV 1 KEQUAN TNG
ovpdg poolCrd_Q_x givar kevr|, avEavovtol Koté £va Ta ELCLTNPLL OVAYOPNONG
Y10 TOV EMOUEVO HETAYOYED.

e Packet Transmission: O eEunnpetnTNg ovTtdg déYETOL oAV E10000 EVay TEPLYpOPEQ
cell kaBmhg kar ta dedopéva tov cell and tov Data buffer, kot avorapaver va
netadmoet to cell avtd oTov emduevo petaymyéa. e kabe kukAo eEunnpetel GAovg
TOVG GLVOEGHOVG ££000VL, OGOV LvITapyovy totua cell Tov BEAovy va ebyouv.
Kat £dd 6mo¢ kot otnv €16000, vTdpyeL 0 TEPLOPLOUOG OTL povo €va, cell propel
va EeKlvnoetl vo, HeTadideTal otny dlapkela €vOog kKukKAov. Avto opiletal and
TG Tpodtaypopég g Pipeline Memory mov €ivot To HOVTELO KEVTPIKNG UVAUNG
mov vrobécape. O eEuanpeTNTNG avTOC, OTAV £VOg GOUVOECOUOG €£0d0L €lvar M
nhel va yiver aepyoc (idle), drofalel tnv ke@dAn tng ovpdc readyQ_x mov Tov
avtiotolyel Kot EQOcGoV dev eivat kevr Byalet and tnv ovpd TOV TEPLYPUPEN TOL
elvotl otV ke@oA kot apyilel va gEpveL Kat Ta 0£00UEVA amO TNV UVAUN. MOALg



Eexivnoetl va ekmépnetal to cell, éva i1t plo dnpovpyeital Kol ETIGTPEPEL,
oTOV HETAY®YEQ amo TOoV omolo £ptace To cell mov petadidetar. Tnv TAnpopopia
ano6 mov Npde to cell, Tnv kpathpe otov Teptypapéa Tov. Av vrapyet cell To omoio
elye apyiocel va petadidetor and Kamolov cOVOEGHO €EO00L GE TPONYOVLUEVO
KOKAO Kal 0gV £)El TEAELDGEL AKOUO 1 LETAOOCT, TOv, 0 eEumnpetntng Packet
Transmission petadidoel 1o endpevo phit avtov Tov cell.

3.2 Ileprypapn poviéhov petayoyéa Wormhole
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Yynuo 3.2: Movtého petaymyéo wormhole 2 x 2

To povtéro evog petayoyéa wormhole gaivetar oto oynua 3.2. To poviéro €xet 6
eEUINPETNTEG, 0 KAOE £vac amd TOVG OTO10VG AVUAGUPBAVEL AEITOVPYIEG TTOVL HTOPOVV VO,
yvivouv péca 6e €vo KOKAO poAoytov. Ot dopéc LVNUNG Tov TeplAapupavovtol e avtd
10 oyYMpa eival ot akdAovbec:

e routeTbl: o mivaxag mov kpatdeL TIC TANPOPOPIEC TOL E1VUL OTOPUITNTES YO VO.
viver n dpopordynon. ‘Exet péyebog otnv yevikn nepintmon, 660 kot 1o TAN00C
TOV TPOOPLOUDV OTO OiKTLO. A€IKTNG 6 aLTOV TOV Tivako eival 1 dtevBuvon
npoopiopov. Mo kabe mpoopioprd, vVITodEIKVLEL TO10G £1val 0 cOVIeTHOg £6d0L
TOL LETOYWOYEN TTOL 00N YEL TPOG Ta. EKEL.

e laneQ x: ovpég oTIg OMOlEC TAPAUEVOLY Ol TEPLYPAPELS TOV TAKETOV TOL dEV
UTopoOV VO, TPOY®PNGOLV V10Tl OV LITAPY EL O100EGIUN Awpida. YTdpyetl pio ovpd
Y10 K6Oe cOVOECUO 16000V, L& ALTEC TIG OLPEC UTUIVOLY EMKEPAAIOEG TAKETWOY,



a@ov povo pia emke@oAida £xel mbavotnta vo unv propel va Bpet Awpida, péca
otV omoia va kivnoei, a@ov povo avth propei va {ntmoet kaivovplo Awpida.

pktStatus: nivakag mov kpatdel TANpoPopieg GYETIKES HE TA TaKETA TOL BEAOLY
va mepacovy péco and tov petaywyéo. Eilvar évag didibotatog mivokog dmov
delktng otV pia 4106TaoN TOL €ival 0 GOVOEGHOG E1GOO0L Ud TOV OO0 £PYETAL
TO TAKETO KOl TNV 0eVTEPT O1AGTACT E1val 1 Awpida LECO GTNV OTol0 Kiveital
T0 TOKETO. X kKGOe BEom Tov Tivaka TepLEyovtal 000 TANPoPopiEC:

—— O obvdeopog and tov onoio mpénetl va Pyovv ta flits Tov maxétov.

—— O apBuog ™ Aopidac mwov o ypnoiporoimoovy ta flits Tov TakéTov GToV
EMOUEVO HETOAYWOYEQ.

To péyedodg Tov givatl 1o yivopevo Tov TANO0LVE TV E1GOO®V TOL PETAYMYEN EML
10 TAN00G TOV A®Pid®V TOV.

crdStatus: o mivokog Tov Kpatdel TNV TANPOPOpia Yo TO TOCO E1GLTHPLL EYEL
dwabéoipa pia Ampida. Asiktng oe avtdv Tov Tivaka eival n Aopida yio Tnv onoia
0&érovpe va Bpovue ta dabéoipa etottipia. To péyeddg tov eival 660 to TAR00G
TOV A®PLO®V TOL LETOYWOYEM.

crdQ_Tbl_x: mivakeg péco GTOoVE OTOl0VG Elval OpYAVOUEVES OLPEG, i Yo KEOe
Awpida, oTic omoigg unaivovoyv flits ta omoia £yovv pev Awpida yia Tov ETOUEVO
HETAYMYEQ, AAAL OEV £XOLV ELGITNPLO Y1 ALTOV. YTAPYEL £Vag Yid KAOE cOVOEGLO
eEHo0L.

readyQ_x: ovpég mov kpathve meprypapeig flits mov €xovv xatavardcel £va
ELOLTNPLO, KOl Gpa €ivol ETOlpa va Tpowbnbody Tpog Tov EMOUEVO HETAYMYE.
Yrapyet pia té€To10 ovpd Yo Kébe cbvdeopo e£6d0v.

imputQ: H doun avtn) €ivor pio pvinun opyovopévn Ge Hope1 TivaKo ovpdv.
Yrapyetr pia ovpd yia xkaBe Awpida kot 1o péyebog kabe ovpdag eivar 6Go 1O
mAN00¢ Tov elottnpiov Yo pio Aopida. H avaykn dnuiovpylog vt Tne SOUNG
TEPLYPAPETUL TOPOKATO. EQOcOoV pia eMKePaAidn TOL PTAGEL GTOV UETOYWOYEM,
dev pmopel va Bpetr Aopida yio va mpomdnbel ctov emduevo petaywyéa, Oev
npénet to. flit Tov akorovBobv TNV emKePAAidA VO, PTAGOLY GTOV EELMNPETNTY
routeTbl access yioti dev vdpyel £ykvpn weplypapn otov wivako pktStatus mov
Vo TEPLYPAQPEL TO10G elval 0 cOVOEGHOG OO0V amd Tov omoio mpémel va Pyel
1o flit ko1 mworog o apBuoc TG Ampidag mov Ba £xel OTOV EMOUEVO UETOYWOYEN
nmov Bo mpémer va mael. H meprypapn avth Ba @tiaytel dtav yivel duvatd yia
™V emKePaiidoa va Bpetl Aopida yia va tpoywpnoel. Apa Bo mpénel vo vdpyet
KGTL TOL Va, epumodilel éva flit evdg makéTov oTo omoio dev Exel akdua avoredel



Awpida, vo TpoympnceL Kot avtd puropel va eival n emke@aiidoa 1 idia n onoia
umlokapetl Tnv Awpida mov xkatéyel to makéto. Kabe flit eyypapetar oto T€A0G
NG OLPAG TOL LTLAPYEL Yo TNV AwPida péca otnv onmoia kiveital. Emeidn kdabe
Aopido Exel Eey®PLoT oLPA, OEV TOPATNPEITAL TO QULVOUEVO, VO EUTOdilel
plo prAokopiopévn Aopida GArec Aopideg vo TpowbnGovy to. dedOUEVE TOVG
KOVOVIKQ.

Y10 oMU TaPATNPOVUE 6 EELTNPETNTES, TOV OTOLWV Ol AELTOLPYIEC TEPLYPAPOVTAL
TOPUKATO:

e Arbitration: o eunnpeTn TN avTOC avarapPavel va emAEEEL TOL0 E1VOL 1 ETOUEVN
eloodog mov Ba eEunnpetnOel. Onwg Kol oto poviélo ATM, T0 HovTéAO LVAUNG
oL LTOOETOVE OTL €Y EL O PHETAYMYENG, ELVOL UVAUN TAPOYNG Ay®YoL. YTapyEL
Gpa 0 TEPLOPIGUOG TOL OTL OEV UTOPOVV VA EEKIVOVV VO E1GEPYOVTAL GTNV UVAUN
nepltocdtepa and €va flit oe kabe koKAo poroyrov. Eedcov and pia €icodo
apyloel va yivetar dexto éva flit, Bo egvmnpeteitor avt) N eicodog ce KAOe
EMOUEVO KUKAO, HEYPL VO QTACEL Kal vo mapainedel 6io to flit. ‘Otav to
flit apyiletr vo @TAVEL, ONUIOLPYELTAL £VOC TEPLYPUPENS TOL TUKETOV, O OTOLOC
tonoBeteitar otV dopr| inputQ kot dtav apyicel TO GO TOL TOKETOL VO OTAVEL,
avto TomobeTeiTAl TNV HVIUT.

e routeTbl access: o eEummpetntg avTtdg avorappfaver va kavel tnv npdcfacn
otov mivaka dpopordyncong kot vo Bpet and molov ocvvdecspo eEdO0L TPEMEL
va Byetr 1o flit mov PBpicketal oTNV KEQPAAN TG ovpdc mov e&etdlel, epdoOV
avto eival emkeparidoa. Agov PBpebel morog €ivar o obvdeopog e£600vL TOL
TOKETOL, O MEPLYPAPENG EUTAOLTICETAL UE ALTNHV TNV TANPOPOPIA KOl TEPVAEL
otov gEumnpetntn findLane. Ot ovpég Tov inputQ eEetdlovtal KukAikd (round
robin) kot epOGOV pia ovpd gival kevin TapaAieinetal. Av 6TV KEQPAAN TNG OLPAC
Bpioketal flit mov dev givarl emKePaAidn TOKETOL, ALTO Tpowbeital TPOg TOV
EMOUEVO EELIINPETNTN X ®PIC VO, YiveTal TPOGPUCT GTOV TivaKd dPOUOAOYNGTC.

e findLane: o eEunnpetnTNG aLTOG AVOAGUPBAVEL VO Y ELPLOTEL OAEG TIC TANPOPOPIES
oy eTIKd pe Ta Tokéta. ‘Exyel cav 16000 éva meprypagéa flit kot okomdg Tov eival
VO TOV EUTAOVTIGEL LE TNV TANPOPOPIC TNG APLdAC 1 KO TOL GLVIEGHOL ££0J0L
nov 1o flit O ¥ pNCIHOTOINGEL Y10 TOV EMOUEVO HETAYDYEQ.

—= Orav o teprypapéog avrtiotoryei oe flit—emkeparidoa tote Oa mpémet va Bpet
eretBepn Aopida vo avabécel 6to Kavovplo mokéto. Eedcov 10 kata—
QEPEL aVTO, LIAPYEL ONANON EAEV0EPN Awpido oTOV EMOUEVO PETAY®YEQ,
N TANPOEOPIO. OLTN TPOCTIOETAL GTOV TEPLYPUPEN KOl ALTOC TPOYWPAEL
otov enopevo eEumnpetnth. Tavtdypova ypheetal otov mivaka pktStatus 1



TANpoQopia yio TNV Awpida mTov avatédnke oto véo nakéto. Av dev Bpebel
erevBepn Awpida, TO TAKETO MPEMEL VO UTAOKAPLOTEL KOL O TEPLYPUPENS
TOL YPAPETUL OTO TEALOG TNG ovpds laneQ X, 6mov X 0 oLVIEGHOG €EOOOL
and Tov omoio mpémetl va PByet to maxkéto. H minpoeopio avtn vmapyet
otov meptypaeéa tov flit—emkeparioa yiati £xel fpebel otov Tponyoduevo
KOKAO HETA TNV TPOSPacn GTOV TivaKa O pOUOAOYNGTC.

—= Orav o meprypapéag aviicotoryel oe flit—oopa, tdte dev meptéyel tnv TAN—
popopia Tov molog gival o ocbvvdecspog €£06dov and tov omoio Ba Pyst to
flit kot avtv TV TANpogopia Ba v avaktncoetl o eEvanpetntng findLane.
EEPOVTAG TOV GUVOEGUO €10000V KAl TNV A®PLd0 TOL TO TUKETO Y PNCLUO—
molel 6TOV TAPOVTO pETAY®YED, YiveTal TpocPacn otov mivaka pktStatus
kot Bpiloketor 0 cOvoeopog €£000L Kal N Awpida mov Ba ypnolponoIioet
1o flit otov emdpevo petaywyéa. Avtég ol TANpoeopieg TpoctiBevtal GTov
TEPLYPAPEN KUL TPOYWOPEEL GTOV ETOUEVO EELINPETNTY.

—= Otav o meprypagéag eivor yia teAko flit tote Bo mpéner n Awpida wov
elye avoarefel oto TMaKETO VO papKAPLOTEL ¢ eAevBepn yia va pUmopel
vo. ypnowpworondei and to emduevo flit mov Ba Beinoovv vo mephcoovv
and Tov petayoyéa. Onmc Kal otnyv mepintoon tov flit—chpotog, yivetal
Kot TaAM TpocPaocn otov mivaka pktStatus yia vo Bpebel ocOvdeopog Kat
Aopido €Edoov tov flit. Tavtdypova m elcodog avtny ofdvetar and tov
TivoKo Kol oviyvevetal n ovpd laneQ_x, 6mov X gival 0 ocOvdeopHog €600V
mov Ou ypnoiponomoet 1o TeAko flit. Av vIapPyEl KATOL0C TEPLYPAPENS
TOL TEPIUEVEL GTNV KEPAAN QLTNG TNG ovPas, Pyaivel amd avtHv Kol TOL
avotifetol n Aopida Tov poéAG eAcvBepdONKe. AlveTatl akOpa £Vo GO GTOV
eEumnpetnT 2 oL TOV €100TOLEL va, peivel aepyog(idle) xatd Tov emouevo
KOKAO Katl vo, unv dtafacet tnv enopuevn ovpd tov inputQ yiati To eTOUEVO
flit mov Ba mpénel va eEunnpetnOel eivar avtd ToLv omoiov 0 TEPLYPAPENS
poAlg Bynke anod v laneQ x. Etowpaletor kot 1 £€€0d0g Tov gEunnpetntn
TOL €1VOIL 0 TEPLYPUPENS TOL TEALKOD flit EUTAOLTIGUEVOC LE TIG TANPOPOPIESG
v TNV Ampida Kot cuVOEGHO ££O00L KaODS Kal 1 €l60d6¢G Tov, Tov Ba elvat o
nepLypapéag Tov flit—emke@alidonc OT®S TOV E1Y € ETOIHAGEL 0 EELANPETNTNG
2 wpv unet otnv laneQ_x ovpd.

e crdStatus access: 0 eEuTNPETNTNG AVTOG AVALAPPAVEL TIG AEITOLPYIEG TOL OYETI—
Covtal pe Tov EAEYYO PONG OTOV HETAYMYEN. XAV E1GO00 EYEL EVOV TEPLYPAPEN
TOL TTEPLEYEL GOVOEGHO KOl A®pida €£6000V. Mg avTéG TIC TANPOPOPLES, YivVETUL
npocPacn crov mivaka crdStatus yio va Bpebel av vdpyovv dtobécipa elciTnpLa
Yo TNV Ampida avtod Tov cuvdéspov eEddov. Av vmapyovv, TOTE 0 TEPLYPU—
Q&g ypagetal oto TEAOG TNV ovpag readyQ_x, 6mov X 0 cbvdeopog eEddov, Kat



KOTAVOADVETOL £VA AVTIOTOLYO €101TNPLO. AV OEV LTAPYOLY EIGLTNPLA, TOTE O
neplypagéag ypapetar otnv crdQ_Tbl x, émov x o0 cvvdecuog €£6dov amd TOV
omoio mpémetl vo Byet to flit. Metd, o meptypapéag Tonrobeteital oTny ovpd TOL
avtiotolyel otnv Awpida mov Ba Kivnbet to flit 6Tov endpEVO peTAy®YEQ.

Credit Collection: o eEumnpetn TN aLTOG AvalapuPavel TIG AELTOVPYIEC TOL TPETEL
va yivouv, 6tav éva €161t pLo eTaoel otov petaymyéa. Exel cav €160806 tov £va
ELCLTNPLO TO OTOL0 MEPLEYEL TNV AwPida Yo TNV omola vrapyel pio ehevBepn
0éomn otov emduevo petaywyéa. Emiong aviyvedetalr n ovpd mov aviioTolyel
ce otV TV Aopida otov crdQ_Tbl x, 6mov x 0 cvvdecuog €600V TOV OTO10
apopa TO E1G1THPLO TOoL LOALG POe. Epdcov dev eival ddeta, o TeEPLypapéag Tov
elvatl otnv kopvoen, Byaivel and v ovpd kot Torobeteital 6To TEAOG TNG OLPAG
readyQ_x. Av mn ovpd eivor kevn, kavéva flit dev meppuével avtd To glo1Tnplo,
onote avEavetal 1o TAN00¢ TV e101TNplwV 6ToV Tivako crdStatus yia tTnv Awpida
TOoL GLVOEGHOL ££0J0L ar’ OToL 1 pbe To E1G1TNPLO.

Flit Transmission: 0 e§unNPETNTNG ALTOG AVALAUPAVEL TIC AELITOVPYIEG TOL TPEMEL
va yivouv otav éva flit Tpémetl va petadobel. Xav €16000 £YEL EVOV TEPLYPAPEN
mov Ppioketal otnv KEQPAAN TG ovpdg readyQ _x yia OAOLG TOLG GLVOEGHOLG
€£600v. O TEPLOPLOUOS TOL LGYVEL KOL £€0D €ivat OTL dEV UTOPOVV TEPLGTOTEPO.
Tov evog flit va apyicovv va petadidoviatl Tavtdy pova and d10popeTIKES eEGO0VE
AOY® TOL TEPLOPLOUOL TNG UVAUNG TAPOYNG ay®myod Tov petaymyéa. Eedcov
N ovpd readyQ_x evog cuvdéopov €£6dov dev gival ddela, o GOVOIECUOS glval
N Ba eivar cOvropa depyog (idle) kot dev €xel NOM Eekivnoel vo PeTadidETAL
airo flit xatd v ddpkela Tov 16iov KOKAOL, OVAKAAEITAL ATd TNV UVHAUN TO
nepleyopevo tou flit Tov omoiov o mepiypaeéac PpiockeTal oTNV KEPAAN TNG
ovpds. Etowaletar n emkepaiida mwov 0o mwponynbei tov cdpotog, Yo va
petadofel Kot TO AVTIGTOLYO E1GITNPLO OTOV HETAY®YEN and TOV omoio TponAde
to flit. Xt0 gicutmplo mepi€yetal kar 1 Awpida mov to flit ypnoiponoinoce
GTOV TOPOVTO HETAYMYEN YIATL O TIVOKOG TOV £1G1TNPI®V TOL LTLAPYEL Yio KAOE
ovvoeaUo €£000L €VOG peTaymYEa, £€xel oav delktn Tov apliud g Ampidag
nov 1o flit B xpnoipononcel oTov €NOUEVO pETAY®YEN. ALTN M TANPOPOPia
vapyel otov meptypapéa tov flit mov eivor otnv KePaAn g ovpdg readyQ_x.
Av vrndpyet flit to omolo eiye apyioet vo petadidetal and KATOLOV GOVOEGHO
€E000VL GE TPOTNYOVUEVO KUKAO Kal OEV Y EL TEAELMOEL OKOUO 1 LETAOOGN TOL, O
egunnpetntg Flit Transmission petadidet to enopevo phit avtod tov flit.



3.3 Ileprypapn povtérov ntapaymyov yio. diktve ATM
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Yynpo 3.3: Movtého tapaywyol yia tnv nepintwon tov ATM

2716 €16600VG TOL OIKTVOL LTLAPYOVLV UNYOVIGHOL TOL EAEYYOLV TNV KIVN O™ TOL TEPVAEL
péca o€ avTO KOl LTOKOVOLV KOl OLTOL GTOVLG KOVOVEG Tov EMIPAAAEL O €AEYYOG
ponc(flow control). Avto cvuPaivel yio vo pnv PTOiVEL OTOV TPAOTO UETUYMOYEN TOV
O1KTOOL Kivnom He So@OPETIKES OLOTNTEG OMO CLTNV TOL UTOIVEL GTOLG HETEMELTO,
petayoyeis. To poviéro eaivetal oto oyxfua 3.3. Apyikd mapdyetol £vo TaKETO KoL
EMAEYETAL TOLOG €1VAL O TPOOPIGUOG TOL KOl TO HUNKOG TOL. AvVAAOYo LE TO HOVTEAO
KLVNO™NG 0 TPOOPIGUOC UTOPEL VO, ETIAEYEL OLOLONOPPO 1) VO LTTALPY EL KATOL0 TPOTIPUTON
TPOG KATOL0V 1) KaTolovg Tpoopiopovg (hot spot traffic). To kaivovpylo Takéto pmaivet
GTNV 0LVPA TOL TPOGOLOPILETAL OO TOV TPOOPIGHO Tov. Mia ovpd emAEYETAL Y10 VO.
eEunmnpetnOel pe KPLTNPLo Tov Y POVo APLENG TOL TAKETOL TOL PPIGKETAL GTNV KOPLOT|
™ms. O e&unnpetntg 1 eA&YYEL AV LTAPYEL ELCLTNPLO TPOOPLGHOV Y10 TO TOKETO KAl
€QPOCOV LTAPYEL, TO TOKETO Pyaivel amd TNV apyikn ovpa, kepuatiletorl og cells, kot
UTaiVEL GE Evay TPOoOPLVO Y dpo amodnkevons. YTapyel £vag TETOL0G YDOPOS Yo KaOe
npoopiopd. And exkel B eOyer kdBe cell pe v cepd tov. Ot ydpor arodnkevong
eEumnpetobvial and tov e&ummpetnt) 2 KukAkdé (round robin). O efumnpeIntng
aVTOC EAEYYEL TOV HETPMTN TOVL dely Vel TOGA E101TNPLA Elval S100EGIHA KOl EQOGOV O
LETPMTNG OEV E1vaL UNdeVIKOG, Eva cell tepvael amd Tov TPposmplvo Y dpo omodnkKevong,
GTNV 0LVPA TOV ETOH®V Yo avoyodpnon cell kol o petpnng petdvetatl. And exel ta
cells tpowBovvtal oto dikTvo amd Tov eEvmnpeTnT) 3, 0 OMOi0g GTEAVEL TO EMOUEVO
cell 6Tov TpdTO peTaywyéa. YRApy el akoua Kot o eEunnpetntg 4 0 onoiog dEyeTal To
ELGITNPLA TOV EMLGTPEPOLY ATO TOV TPADTO LETAYWOYED, KAl EVIUEPDOVEL TOV TLVAKO TOV
ELCLTN PLOV TPOOPLGHOV KOODS KOl TOV HETPTTN TOV E1G1TNPIOV avoy®pnons. I'ia tovg
GKOTOUE TNG TPOGOUOIMONG, 0V AGUPAVETAL LT OYT O X POVICUOS GE OLTO TO HOVTEAD
Kot 0 Bactkdtepog AOYOG elval 6TL 1 TNYN Loy PEOVTAL VO, GTEAVEL Y Pig dtakomés. o
VO £YOLUE X PNOLHOTOINGN TOV cLVIEGHMY eEHO0L 100% ypetdotnke N KabBuotépnon
KG0e ELUIMPETNTNH GTOV UNYOVIGUO TOL TOPOY®YOL (TMYNG) vo eivor undevikn. H



povn kobuvcotépnon mov dev mMPEMEL Vo elvol UndEvViKT, €ivar M koBvsTtépnon Tov
egumnpetnt 3 ywati tpénet kabe cell vo petadidetal oe pun undeviko ypovo, MCTE va
divetal o ¥ pOVOC GTOV TPDTO PETAYMYEN VO TO ATOPPOPNCEL.

3.4 Ileprypapn povtérov mtapaymyov yio. diktvo Wormhole

‘ ‘ ‘ reatyQ i ; cellOut
crdin
4

Yynuo 3.4: Movtého tapaywyol 6TnyV TEPINTOG™ Tov wormhole

waitLaneQ

Kat oty nepintmon tov wormhole n tnyn xivnong npénetl va vTOKOVEL GTOVS KOVOVEG
oL eMIPAAAEL O €Aeyy0g ponNG. Ymapyel Aowmdv Kol €0 €vag PNYAVIGUOS TOL
LOPPOTOLEL TNV KIVNON TOL UTOiVEL HEGA GTO OIKTLO, MOTE VO, Hotdlel e TNV Kivnon
mov Oa €Ryaive amd Evav petaywyéo. Onwg kol otny nepintowon ATM, ntapdayetat Eva
TOKETO Kol EMAEYETAL TO UNKOG KAl O TPOOPIGUOG TOL OVAAOYO HE TNV HOPPT| TNG
kivnong mov B€lovpe va tpocopotd®covpe. To poviédo eaivetal 6to oynuo 3.4.

To mokéTo aVTO UTAIVEL APy LKA O [id OVPA AVALOYO LLE TOV TPOOPLOUO TOL. ALTd
dev elval amopoitnto Yo To poviéAo wormhole, 0AAG ylo VO PNV ETMLTPETETAL VO,
peTadidovTal TavtdYpOove dVO TAKETO and TNV 1010 TNYN TPOS TOV 1010 TPOOPIoUO,
tétolo moKéTa punaivouv 6e pia ovpd otV €10000 Kol TEPIUEVEL TO £va PEYPL VO
TEAELMOEL TO GAAO. ALTO £Ylve Yo va potalel TEPLGGHTEPO 1N LOPPT TNG KIVNGNG TOL
uraivel péca oe £va diktvo ATM, pe avtnv mov puraivel o€ £va diktvo wormhole. Ao
aUTEG TIG OLPEG, 0 eEummpetNTC |1 Taipvel Ta TOKETA KOl EQOCOV LTLAPYEL EAEVDEPT
Aopido Kol dev petadideTal Tovtdypova GALO TAKETO TPOG TOV 1810 TPOOPIGUO, To.
yopiler oe ukpotepo tunpata (flit). Av dev vmapyetr erAevBepn Awpida, 10 TaKETO
UTAIVEL GTO TELOG TNG OLPAS TV TAKETOV TOL TEPLUEVOLY VO, Bpovy eAevBepn Awpida.
‘Otav évo amod To ToKETO TOL TOVg £x el do0el Awpida, OLOKAN pMOEL TNV HETAOGT TOV,
TO TOKETO TOL PPICKETAL GTNV KEPAAN OLTNG TNG OLPAG, TAIPVEL TNV AWPLdO TOL HOALG
eAevBepdbnke kot cuveyilel tnv mopeio Tov TPog To dikTvo. Ta TaKETA ATd TIG OLPEG
otV €10000 eEUTNPETOOVTUL LE TNV GELPA E TNV OTOL0 UANKAV HEGA GE KATOLN Ao
avtég, oniadn FCFS. To mokéto, e popen akorovbiog flits, torobeteital oe Evav



TPOSOPLVO Y Opo arodnkevonsg. Ymapyel £vag t€Tolog ydpog arodnkevong yia kabe
Awpida (lane).

Ao tovg ydpovg amobnkevong o eEuanpetntng 2 maipvet flits pe KuKAiKn celpd
KOl T0 TEPVAEL TNV 0LPA TOV ETOLH®V TPog avaydpnon flit, epdocov o petpng TV
ELCLTNPLOV Y10, TOV TPDTO HETAYMYEN eV elval UNOEVIKOG Kt Gpa vILapyovV dabEéciua
gwotnpla. Amo v ovpd tov £Touwv yia avayopnon flit, o eunnpetnnc 3 naipvet
1o flit TOL €lval TNV KEQAAN TNG KOL TO HETASIOEL GTOV TPMTO UETOYWOYEN. YTAPYEL
aKOpa Kal o0 eEunnpetn g 4, 0 0To10g £1vaL EMPOPTIGUEVOS LE TO £PYO Vo, paleVEL TO,
€101TN P TOL YLPILoLY GTNV TNYN KAl VO EVINUEPDOVEL TOV LETPTN T TOL AEEL TOGA E1VUL
dwbéoipa avd maca otiypn. ‘Onmg katr oty nepintoomn tov ATM, ot kabBvotepnoelg
OA®V TOV eELINPETNTOV TANV TOL 3 €ivar undevikés. H kabBvatépnon tov eEunnpétn 3
elvat pun unodevikn yati ypetdletal KAToLo ¥ pOVo Un UNdEVIKO, O TPMTOG LETAYMYENS,
vio va aroppopnacet to flit péca oto diktvo (avaroyo pe 1o ATM povtéro).

3.5 Ileprypopn poviEéAov KaTavoA®TY

O xotavormg, Byalet and 1o diktvo éva flit/cell porig etacel oe avtdov. MOAlg
nopoAneOeil n emkeparida tov flit/cell kar BpeBodv to cTolyeio mov Tpémel vo, Gu—
puneptAneBovv Kal 6to g1o1tnplo mov Bo emoTpEéYel GTOV TEAELTAIO LETOYWOYEX, TOTE
nopayetal avtd to elotthplo. Katomy, cuveyiletor n maparafn tov flit/cell. O xato—
VOA®MTNG dev €xel KabBuotépnomn aArd poAtg Eva flitcell ptdoet og avtdv, To amOGHPEL
apéows and To diKTLO.

3.6 Ileprypaen g Prpiro0nkng vrootnpréng

O TpoGOHOI®TNG LAOTOINONKE Y PNGIHLOTOLOVTUG TNV YADOGGO Tpoypappatiopod C kot
™ B1BAodNKN vrootpiEng CSIM. H BifAionkn avtn cuvdéetar (links) pe tov kddika
TOL TPOGOUOIMTY KOl TOL TapEy el pia celpd and evtorég. H Bipiiodnkmn divel étoueg
povuTiveg Kat Ponbdel M®OTE Vo TPOCOUOLDOVETOL EVKOAN OTOLOONTOTE CVLOTNHO TOL
uropet va povteAonombet pe pio celpd and eEunNPeTNTES Kol OLVPEG 1 AALEC OOUEG
pvAuns. Hopéyovtar povtiveg mov vAOTOL0LY TO TEPLPAALOV TPOGOHOI®MGN G KAl O,TL
ypeLeTal £VAC TPOGOUOLMTNG oL 0dNYEital and yeyovota (event driven simulator).
Otwnmote cvuPaivel kotd TNV SGPKELD TNG TPOCOUOIWMGNG, ATOTEAEL £va YEYOVOG.
Yrapyetr éva Loyikd poAdt, Bacel tov onoiov mpoypoppatilovial To yeyYovoTa TOL
npokeltal vo cupfovv. T'eyovota mov mpémel va cupfoldv Tavtdypova, EKTEAOLVTAL
GEPLOKH, OALL O Y POVOG TPoGopoimong dev avgdvel PEypig OTOL EKTEAEGTOLV OAO
Ta YEYOVOTO, TOL E1VOL TPOYPOUUOTIOUEVE VO, GLUBOOY o€ pia X poviKn oTiyur. Mo—
Mg Eexvael 1 Tpooouoimomn LTapyel pia Pacikn povTive TOL UPYIKOTOLEL TO TPOG



TPOGOLOIMGT GUGTNLA.

Ot evepyEG OVTOTNTEG TOL CLCTHUATOG UTOPOVV VA LAOTOINOOVY ¢ EEXMPLGTA VI—
nato (threads). Iopéyetatl unyovicuoc dote pEcO 6To TAAIGLO TOL TEdiIOL d1ELOLVGEDY
plog diepyaciog vo pmopodv O10POPETIKE VILOTO EKTELEGTC EVTOAMY Va. Eivol EVEPY(L.
Me avtdv Tov TpOTO, Y0pig va ypetdletal N enEUPACT TOL AELTOLPYIKOD GUGTNUATOG,
oL €lval 1010LTEPW®G X pOovoPOpa, UTOPEL VO EVOALAGGETAL 1 pON} eKTEAEONG HETALD
TOV OL0POPOV VIUAT®V TOL OTOTEAOVV TIG EVEPYEG OVTOTNTEG TOL TPOGOUOLMTY. XE
£Va LOVTEAD TPOGOROI®MONG £VOG d1KTOOL amd HETAYWYELS, EVEPYEG OVTOTNTES €lval Ol
HETAYMYELG, Ol TOPAY®YOl (TNYEG) KOl Ol KUTOVOA®OTES (Tpoopiopol). Mmopel Aomov
va LA pyeL Evo VAHO EKTEAEONG Y10 KAOBE Evav amd avTovg Kol He KATOLOV TPOTO Vo
EMKOLVOVOUV PETUED TOVC.

210 GOOTNUA TOL TPOGOUOLDVETAL UTOPEL VO, LITAPYOLY TOPOL ATO TOVE OTOIOVE
Kémoto vipa propel va {ntael egummpétnon. Mo va mpocopoiwbel évag mdpog, to
CSIM napéyer tnv doun facility. e éva vroroyiotikd cuoTnpa, facility pnopei va eivat
évag 6loKog M pio keviplkn povada enegepyaciag. OLeg ot oltTNoELS Yo eEumnpétnon
ano6 éva facility praivouv ce pia ovpd Kot avaroya pe 1o TAN00¢ TV ELuINnpPeETNTOV
nov 1o facility dwaBétetl, eEunnpetobvral gite oelplakd gite pe kdmolov GALO TpdTO
oL amaltel n tpocopoiwon. Ta viApata, emikolvovody pHeTaED TOvg €1t HECH TOV
TpOT@V mov mapéyel n C, dnradn péocw eEmtepikav (global) petafintov, eite pécw
avTtoAAoyYNG unvopdtov. Eival duvatdv vo opiotody ypoppotokifotio (mailboxes) oto
omoia, £éva VAUO UTOPEL va oTElAEL Vo U Vupa 6€ KOmolo GAlo. Me avtdv Tov TpoOTo
0o propovoayv cells va mepvéve and Evav Tapaymyd ce Evav PHETAY®YEN, N Ao Evav
petayoyéa oe Evav aAro. Otav Eva viipo dnpiovpyel Eva AALO, £vag TPOTOS Y10 VO TOV
TEPACEL OPLOUEVEG TANPOPOPIES E1VAL LE TEPUGUA TAPAUETPOV KOTH TNV KANON. Agv
€lvol dLVATO TAVTMG £Va, VIO VO, ETLOTPEYEL [ TIUT O€ GLTOV TOL TO EVEPYOTOLNGE.

O L6y0¢ Yo ToV omoio yiveTol N TPOGOopoimon, €ival yid va GUAAEYOOV OPLGUEVO.
GTOTIOTIKA GTOlYEl0 GYETIKA e TO GUGTNHO TOL TpocopotwveTatl. To CSIM mapéyet
ETOLIEC OOUEC TOL GLAAEYOLY KOl ENEEEPYALOVTAL OTATIGTIK( OTOLXELN KOl TAL OPYQ—
VOVOLV €1TE 0€ HOPPN Tivoka, ondte didovtal n pEon TIUn, N dtaonopd, To HEYIGTO
KOl TO EAAYLOTO TNG LETPNONG GTNV OTOLd AVAPEPETOL O TIVOKOS, EITE QTLAYVOLY TO
1oTOYPOUIE OTOL TapEYETOL TO TANH0C TOV HETPNGE®Y TOL TapaTNPNONKAV péGa GE
Kabopiopéveg mepLoy£G Tov TESIOL TIHMV. ATO TA TLO GNUOVTIKE €pYaAELD TOL TAPEYEL
10 CSIM eivar n yevviTplo toxoiov apltfudv kabmg Kat 1 duvatdINnTa 1 YEVVIATPLO
LT va Topayel apltBpoic mov akorlovbolv pia emtBountn Katavour onmg exOeTikn,
KOVOVIKT], OHOLOHOpeN Kol GAAeG. Mmopovv pdAlcto va mapdyovial €ite aképatlot,
eite mpaypatikol aptBpol mov akorlovBovv avtég Tig Katavoués. Av, yio mTapddelypa,
Y pEWLONAoTE VOV TApAY®YO TOL va. yevvael Kivinon Poisson, apkel vo dtoréEovpe
pio ex0etikn kabvotépnon Heta&d SLadoY KOV YEVVNOEMV TAKETOV, EVD €AV OEAOLUE,
UnopoOUE va eTMAEEOVUE OLOLOPO PP EVOV TPOOPLOHS HECTH GTO dIKTLO.



Opiopéva TpoPANHATOE TOL ELPAVIGTNKAY KOTE KO1POVG GYETIKA LE TNV X PNCN TNG
BipArrodnkng, Eemepaotnrkav pe enttvyio. Eva tétoto mpdfinua nrav 6tL apylkd, o
TPOGOUOIMTNE NTAV UOIKULOAOYNTA 0PYOS, OKOUO KOl GTO HIKPO TApAdEiYUATO TOL
doxkwpbotnkayv. To mpdfinpe avtd oeeiloviav octov TpdTo pe TOV omoio yivetal
n dwyeipon g otoifac tov vnuatov and to CSIM. Otav yivetor aAiayn Tov
VIUOTOG TTOV €KTEAELTAL, COLETOL 1] KATAGTACT TNG GTOIfAC TOL VALOTOC TOL €l e TOV
ELeYYO Kal dpa OGO TLo HeYAAN otoifa £xel éva viua, TOGO To ypovoPopa eival 1
dwadikacio evarriayng vnuatov. To mpoBAnpa avtd aviipeTOTicTNKE KAvovtas OG0
70 OLVOTO O KPO TO TANOOG TOV TOMKAOV PETAPANTOV KAOE VILOTOG, KAVOVTOS T1G
vrorowmeg petafPantég efotepikég (global). Me avthiv tnv aAioyn, n ToxOTNTA TOL
TPOGOUOIMTY TEPiITOL TeVTAaTAacIdoTnKE. 'Eva GALo mpdPAnUa TOL OVIILETOTIGTNKE
oTNV apynN EKTELECNG TPOCOUOLDGEMY E1YE KAl ALTO GYEGN HE TNV TOYXVTNTE TOL KoL
aQOPOVGE Hia EVTOAN TOL GUIVOVTAV VA £1VaL AdIKALOAOYNTO 0PpYN TNV EKTEAECT] TNG.
Yvykekpipéva, n evtoAn timed_receive otnyv £€kdoomn g PipAtodnkng mov doKIpHacapE
apy KA kaBvoTepoboe LITEPPOALKA TNV EKTEALEGT) TOL TPOYPAULOTOC. XPNGLULOTOLDOVTOG
EVOALOKTIKO TPOTO Y10 TNV LAOTOINGT TOL O10PACUATOS AmO £V, YPOUUUOTOKIPOTIO
TEPIUEVOVTOG Yo HIKPO xpovikd dldotnua (Tov ival m Agltovpyia NG TOPATAVE
EVTOANC), 0 Y pOVOG EKTEAEONG TNG TPOGOUOIMOCNG LTOTETPUTAUCIACTNKE.






Kepairaro 4

Iewpopotika aroteAéopata

Y10 mEPAUOTA TOL £YvOV, TPOCOHOIOONKE M cuumeplpopd £vdg diktvov Banyan
butterfly pe 64 e100d0v¢ Kl €£050VE £KTOG AT TNV O TOV TELPAUATOV TOL LEAETAEL
dapopetikov peyéhoug diktva. Kabe petaywyéac tov diktdov £xet 2 e1cddovg Kot 2
€E£000VG o€ OAEG TIG OUAOEG TELPAUATOV EKTOG OWTNG TOL HEAETAEL TNV GUUTEPLPOPA
TOV OIKTOOV PE Ol0popeTIKOU peyéBoug petayoyeic. To péyebog xabe makétov ce
OAEG TIC OHAOEG TELPUAUATOV EKTOC OO EKELVN TOL PEAETAEL TNV CLUTEPLPOPE TOL
d1kTOoL 0TV TOo PEYeBoc Tov makéTov aAAGlel, eivar 20 cells/flits. O apBuodg avtdg
eMAEXONKE apylKA Y10 v €1VOL GLYKPICIHA TO ATOTEAECUOTA CVTNG TNG EPYOCLOG LLE
Ta anoteAéopota TG epyaciog tov W.J.Dally [Dally 90]. "'Eva péyebog mov petpdpe
elvol m mapoyn kopecspov (saturation throughput). To péyeBog avtd eivar n tapoyn mov
€Y €1 7O O1KTLO OTAV TO POPTIO £1GOJ0L glval TOAD HEYAAO KAl 1] KIvN O™ TOL TapdyETOL
dev glval duvaTd Vo UTEL OAN HEGA GTO OIKTLO AAAG €lval AVAYKOOUEVT VO, TEPLUEVEL
€ OLPEC OTLG E10000VE TOL O1kTOOV. TO EAIVOUEVO TOVL TOPUTNPNCGANE Elval OTL OTAV
10 Poprtio elo6dov givar 1.0 n mapoyn tov diktHov dev Ntav dvvatd va vrepPel to 90%
Y10, OPLOUEVES JLAPOPPMCELS TELPAPATOV. XTa 1010 TELPApATA aLEAVOVTAS TO POPTio
€10600v Tave and 1o 1.0 peTpnoape TNV Topoyn Tov diktHov va tAncidlet to 100%.
AvTO OQEILETAL GTNV TLYOLOTNTO LE TNV OTOLN EMAEYOVTUL TOGO O TPOOPLOUOG EVOG
TOKETOL OGO KOl 0 X POVOG HETAED dadOYIKDOV EVAPEEMV HETAOOONC TOV TUKETMOV AT
TG TYéC. Lto oynua 4.1 eaivovror n Bewpntikn petafoin g napoyng kabdg kot n
HETAPOAN TOL HETPALE LE TNV TPOGOUOIMOGT).

‘Otav o0 xpdvoc Tov dV0 dadoy1Kd TaKETO EEKIVOLY TNV HETAOOGN TOVG, 0KOAOLOEL
pio ex0etikf Kotovoun pe pio péomn T mov eEaptatol and to péyedog Tov makétov!

'Tvopilovtag to péyedog Tov makéTov, yvopilovpe Kl Tov 3 pdvo mov Ou ypetactei yio vo petadodel
amo ToV Tapayyo. Bacel Tov opiopobd Tov popTiov Tov S1kTHOL ToL gival % omov A givat o puBuog pe tov
OTO10 ELGEPYETOL KIVNOMN HECTH GTO dIKTLO KOl it 0 pLOROG e TOV omoio to dikTvo gEumnpetei(deyetar)
™V Kivnomn autn, ov aviioTpEYoupe To KAAoud, BAETOLHE OTL O AOYOG TOV Y POVOV TOL £VO TAKETO
yperaletal yio va topainedel and to dikTvo pe Tov L pOVo Tov TO TUKETO Y pelaletal Yo vo petadobdel
amd TOV TOPUYMYO, E1VOL IGO0 LE TOV POPTO TOL HIKTVOV.
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Yynuo 4.1: Metafoin tne mapoyne OempnTiKa Kol € TPOGOUOIMOoN

Umopel Yo Tuyoiovg AOYovg va OMULoOLPYOLVTOL HEYOAD KEVA LETAOOONG KOO KOl
otav to eoptio givar 1. To eaiwvopevo avtd BéPara teiver va egapaviletar 6co
HEYOADVEL O Y POVOC TPOCOUOIMGNG GAAL Yio TOV XPOVO TOL YPELACTNKE YO V.
YIVOULV Ol TPOGOUOIMCELS, Ol ENMOPAcELS dev eivol apeintées. To eaivopevo avtd
dev emnpedlel TNV aflOTIOTIO TOV TPOGOUOIMCEMV POV LEPLKA OO TO OTOTEAEGLOTO,
Yo TUTMIKG mopadeiypato, eAEyyOnkav apydtepa kol pe TNV xpNoN SAGTNUATOV
EUMLOTOGUVNG, KOl TA TELPARATO TOL £yvay, £de1&av 0Tt pe mbavotnta 0.95 n péon
TN TNG ®OG TPog uéTpnomn peTofANTNe Ppioketatr 1o moAD 1% pokpud and Tnv Tiun
oL LTOAOYILel 0 TPpoGOHOI®TNG. AALO néyebog Tov petpdpe eivat 1 kabvetépnon Tov
vrofarretal €va cell | éva mtakéto péca 6To OikTLO UALA KOl EKTOG OLTOV, GTLG OLPEG
TOL OMNULOLPYOLVTAL GTIG E1GOO0LG TOL HIKTVOL OTAV TO POPTIO £ivatl LYNAS. Avdroya
LE TO Telpapo LITAPY oLV 2 €101 KAOLCTEPNGEMY TOL HETPALLE.

e Kabvotépnon tov diktbov. Edd dev petpape tv xabuotépnomn oTig ovpég
€16600V OAAL pHOVO avTHV oL Tapatnpeital petd tnv €icodo tov cell N tov
TOKETOL HEGA OTO OIKTLO.

e Yuvoiikn xabBvotépnon. Edd petpdpe tmv kabovotépnon and tmv oTiyun g
vévvnong HEYPL TNV OTLYUN TNG TAPAd0GN S GTOV KaTtavaiw®th. Edd cuunepliopu—
Bavetatl ONAadN Kal 0 1 POVOG AVULOVIG GTIC OLPES ELGOOOL TOL SIKTVOV.

310 YpOQNHOTO TOL TOPOLOLALOVTAL TUPUKAT® TAPAOETOVUE TNV GLVOALKT KOOLGTE—
pnon tov cell/Alit.

To xprtnpio pe 1o onoio Tepuatiletol N TPOCOUOI®GT Elval 1) APLEN TOL TOKETOL LE
av&ovta aptOpd 13000 ce Kamolov amd Tovg KOTOVIAOTES (TPOoOPLoUOVG) aveldptnTo
amo 10 TOCEG LOVADES TPOGOUOLMIEVOL Y pdVOL Y petdlovTal yia va yivel ovtd. Xe ka0e
neipopo, pEypt va topadobovv 3000 takéTa 0ev GUAAEYOVTOL GTUTIOTIKA oTtotyeia. O
AOYOG Y10, TOV OTOL0 TEPIUEVOLUE GTNV 0pyN Kol KOTOmLY apyilovue va cLALEYOLLE



GTOTIOTIKA GTOlyEln, €lval OTL Tepuévouvpe va tapéAbel n petafatikn nepiodog Tov
GULGTNUATOG Y10TL KOTE TNV O1APKELN OLTNC, Ol LETPNCELS OEV GVTOTOKPIVOVTOL GTNV
€1KOVO, TOL TOPOLCLALEL TO GOGTNHO 6TV TACEL 6€ otabepn Kataotact. O aptOudg
3000 aropacictnke pe faon ta Telpapatikd anoteAécpata. H tapatnpnon mov £yive
eivar 0t petd and 2500 wepimov TokéTa, | LETAPOAN GTNV LEGT TIUN TOV LETPOVUEVOV
neyebmv dev aAralel ToAd kot dpa pumopel va yivel n Aoyikn vmobeon O6TL peTd anod
3000 makéta £xel pTdoet To dikTvo o€ otabepn Kataotact. [Na diktva peyaldbtepov
pey€Boug, o1 TPOGOUOLDGELG TOL £YLVAV €10V KPLTHPLO TEPUATIGHOD TNV Taparafn
26000 TokéTov Kot otny opy 0ev petpndnkayv ot endo6celg TV tpdTov 6000 TakETov.

2NV GUVEYELD TNG EPYOCLOG, Y10 VO, TEPLYPAWYOLHE TNV OLOUOPPOGT) TOL SIKTOOV,
Oa ypnoiponotovpe Tov akdiovbo cupoiicuo:

e B : ovuPoirilel to mAn0og tov cell/flit mov ywpdve péca otov ydPo amodnkevong
TOL OPLEPDOVETAL GE £VAV GOVOEGHO.

e b : ocvpPorilel to mAnbog tov cell/Aflit Tov puropodv va ywpEGovy GTOV YMOPO TOL
aQLEPMOVETUL Y1a o Awpido.

e L : ovpPoiriler to mAnbog tov Aopidwv ova cOvVIETHO.
Ao Tovg TapATAV® 0PLGHOVE TOV CLUPOAMV TAPATN POVIE OTL IGYVEL 1| 1GOTNTA

B=b-L

4.1 Merafoin oo poviéro Kivnong 16000V

4.1.1 Kivnon Poisson

Y€ aLTNV TNV GELPA TELPUUATOV HEAETAUE TNV CLUTEPLPOPE TOL OIKTOOL OTAV M
kivnon gloodov axolovbei katavour Poisson ce gninedo nakétov. To péyeBog xabe
nokétou eival otabepo kot ico pe 20 cell (yio to ATM)Alit (yio to wormhole). To
YAPAKTNPLOTIKO CVTNE TNG HOPONS Kivnomng eival o ekBeTikOg ypovog KabBuotépnong
Hetatd g yévvnong ovo mokéTov oe kdbe pia mmyn. To diktvo, Tov omoiov 1
cuumEPLEOPa peretnOnke, eival éva diktvo Banyan pe 64 €160d0vg Kal €£600VG TO
omoio amoteleitatl and petaywyeic 2 x 2.

2T0 YPAQNUOTE TOL TOPUOETOVE GE ALTO TO KEPAANLO PUIVETUL T TO.POY N KOPECSUOD
(saturation throughput) yia pio celpd and dapopencelg (configurations) GTig OTOLES
alraCet o péyebog tov ydpov arobnkevong (buffer) alridé Kat to TAN00¢ TV A®Pidmv
ava cOvdeopo. Akopa eoaivetatl kol 1 pécm cuvoilkn kabvotépnon kdbe cell/flit dtav to
@optio €160d0L givar elappL (poptio 0.2, 0.4) adrd Kol 6tav to eoptio gival Bapv (0.8).
H emiioyn 2 mepntdceE®V TOL TO POPTIO Elval EAAPPD £YLVE Y1ATL OTNV TEPINTTOCN TOL



1.0 1.0 T T T
E — oot ! Wormhole
T : ; Uniform Traffic ;
; ; ; (Fs’asctket SIiBZe 20 FIi6t§1 64 b
'g [o): ) e b ] 'g 0.8 _-ageanyan(x) ,,,,, ;'/'/'i ,,,,,,,,,,,,,, ]
= >< : : = : - :
(o)) - ! ! ! (o)) ! !
> . 3 :
o : : : o :
i< : : : IS ;
0.6 FATM------ iR EE AEERREEEREES e — = ;
5 Uniform Traffic ; ‘ 5 j
I Packet Size 20 Cells B=16 ©— I B=16
3 6-Stage Banyan (64x64) B= 8 +- 3 B= 8
T 04 - T B=-4-J-- [ B=-4--{--
N : ‘ ‘ 0 :
; ; B= 2 X 17 B= 2 X
B: 1 A— i B: 1 -A-
0.2 | | | 0.2 | | |
1 2 4 8 16 1 2 4 8 16
Number of Lanes Number of Lanes

Yynuo 4.2: TTapoyn kopespov pe kivnon Poisson

wormhole, Yo pePIKES SLOUOPPDOCELS TELPUUATOV, TO PopTio 0.4 elvar eite TOvo amd
eite TOAD KOVTA OTNV TAPOYN KOPEGHOV TOL OIKTVLOVL Kot dpa dev pmopel va Bewpnbet
eAa@pO. Axopo to péyebog Tov ydpov arodnkevong kopaivetal and 1 Emg 16 (Lovadeg
pétpnong oe mAn0og cell/flit Tov unopel va anobnkevoetl) yio OAEG TIG SLVAUELS TOL 2
HEco GE QLTA TO OPLa.

Y10 ypagprpato tov oynpoatoc 4.2 eaivetal 6ti to ATM €xel kaAvTepn Tapoyn and
1o wormhole yio 6Aeg T1¢ drapopencels. Emmiéov paivetal 6Tt akdOpa Kot yio pkpd
peyédn ympov amobnkevong (m.y. 4) xar akdpo Kot pe pikpd mAnbog Aopidwv (m.y.
1) emruyybvetal ToAd Kain Tapoyn KopeGHov (6To mapadetypo 6mtov B =4, L =11
nopoyN Kopeapov eival 0.92). I't avtdv Tov AOY0 1 TposHnkn Ampidwv dev BeATiOVEL
GE QUTNV TNV TEPITTOON TIG (TOAD KaAECQ) emdOCELS TOV dKTOOL. Avtifeta, otnv
nepintwon tov wormhole m mapoyn KopeGHov, Yo OTOYE ce mdpovg dikTtva, dev
elvor kadn. Avto Beitidvetal pe tnv npocsnkn Awpidwv. T'a va emtevybel Opwmg
TOPOTANCLA TapOY N LE 0LTH Tov ATM, ¥ petdlovtal oA teplocdTepot TOpot. [Tapoyn
KopeopoL 0.92 yio mopdderypo Tov emttvyyaveTal and Eva diktvo ATM pe B =4,L =1
, Ywo va gmitevyBel amd to wormhole yperdletal va eivar B = 16, L = 16.

Y10 Yphenpo Yo TNV TEPITTOGT Tov wormhole Tept€yovTat Kot TIHEG TOL TEPLAUL—
Bavovtat kot otV avagopd [Dally 90]. Xvykpivovtac avTéG TIG TIHEG [LE TIG AVTIOTOLYEG
tov Dally mapatnpodpue 611 gpeig Tic Bpiockovpe vynrdtepes. Avtd opeireTal 6TO OTL
otV epyacia [Dally 90], oe xka0e eicodo petaywyéa vrapyet pio ovpd kot kabe flit
nepvl and avtny mpy diEABeL amd tov petayoyéa. Xpnowporoleitor OnAadn input
buffering. £to oynpa 4.3 epaivetal £vo TaKETO TO0 0Toio €Y EL UTAOKAPIGTEL GTOV LETO—
yoyéa B aAld emeldn dev yopdel ohOKANPO G€ avtoV, pEpPikd anod ta flit Tov Takétov
Bpiokovtal otov petaywyéa A. Ztnv vAomoinon mov eiye yivet oty epyacio [Dally 90],
ta flit Tov Takétov mov Ppickovial GTov pHeTAy®YED A UTAOKAPOLY KOl OTOLOONTTOTE
GAlo makéto BEAEL Vo X PNOILOTOUNGEL TNV APida aLTH. XTOV TPOGOUOL®MTH TOL
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Yynuoa 4.3: Input vs Central Buffering

vAomomooape dev ypnotponoteital input buffering aAld central buffering. Cells evdg
TOKETOL 0EV KOTAAUUPAVOLY VAN GTNV 16050 TOL HETAYMYEN OAAL ATOGVPOVTOL GE
plo KEVTPIKN pviun Kot aneievbepdvouy tnv pviun etcodov. ‘Etol emtpénetor o€ Eva
TOKETO TOL BEAEL VO X pPNOILOTOINGEL TIG EAEV0EPEG BETELG LVAUNG BLTN G TNG A®P1dag
v va Ttpowbnbel otnv embount’ £€£000, KOl Vo TPOCTEPACEL TO UTAOKOPIGUEVO
TOKETO EQOGOV Umopel va, petadobet.

210 YPOPNUATO TOL GYNHOTOG 4.4 TOPLGTAVETAL 1] LEGT) GLVOALKT KaBLGTEPN OGN GTNV
omnoia vrofariovtat ta cells e Guvaptnon pe To TANB0C TV AwPid®V KOl Yo O10POPES
dapopencelg otktvov. Edd PAémovpe 6tL €pOGOV €lpacTe HOKPLE ATO TNV TOPOYN
KopeopoL oto wormhole, 1 kaBvoTépnon eivol ota 1010 ENTiTESN CLYKPLVOLEVN LE TO
ATM. H nmapoyn kopeopod Opmg eivotl ToAD KOAVTEPN 6TV TEPITTOOT Tov ATM Kat
Gpa emtuyyavel KpEG KOOLGTEPNOELS AKOUO KOl GTNV TEPITTOCT TNG P0G AMPLdaG.
[Tapatnpovpe €dd Eva AIVOLEVO TOL dEV NTAV AVOUEVOUEVO: | KOOLGTEpPNON PUivETAL
vo ovEavetal kamg To péyebog Tov xmPov aToONKELONC LEYOUADVEL KPUTOVTOS oTOOEPO
10 TAN00¢ TV Ampidwv. Avtd cuvpfaivel yoti avEdvovtag to pEyebog Tov yYHhpov
anobnkevong, avavetal kal to tAnbog tov cell/flit mov praivovv péco cto diktvo.
Kpatavrag dpmg otabepd 1o mAn00¢ tov Aopidwv tapapével otabepn n dvvatotnto
TOL O1KTVOVL Va. LETOPEPEL TAPAAAN AL ALTAV TNV Kivnon. [Tepiocdtepn kivnomn puraivet
HEGO OTO OIKTLO UAAL TOPOUEVEL EKEL Y10 TEPLOCOTEPO Y POVO.

>10 oynua 4.5 Tpofariovial Kol To ypaenuata TS Kabvotépnong 6tav 1o popTio
elodoov eivar PBapd. e avtnv ™V TEPITTOCN eVIAEEPOV TapoLOLAlel HOVO TO
ATM a@o¥ to wormhole cuvnfwg €xet mapoyn kopeopod pikpdtepn and 0.8 kar n
kabvotépnon peyoimvel cuveydc. Edm dev mapovcstaletal Tavta TO QUIVOUEVO TOL
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Yynua 4.4: TOykplon vd cvvOnkeg kivnong Poisson yauniov goptiov

TOPOTNPNCGALE TpOoNYOLHEVOS. Kabde tAnoialovpe 610 poptio mov mpokaiel Kopeopd
670 3iKTLO, apyilel N KaBLOTEPNOM OTIG OLPEG £1GOJ0L Va Kuplopy el (va elval dnAadn
peyarOTEPT) TG KABLGTEPNONG HEGH GTO dIKTLO. AV TOPOTNPTGOVUE TPOCEKTIK( TO
ypaonua v to ATM, BAénovue vo gpgoviletol otny TePinTOo™ TV § Aopidwv T0
eovopevo ¢ avénong g kabvotépnong kabang avédvetal to péyebog Tov ym®pPov
anobnkevonc. ‘Otav ot Awpideg eivar 4, To eoivopevo eEaleipetal, Ve OTAV TO
TAN00¢ TV Aopidmv PiKpOVEL AKOUA TEPLGTOTEPO, 1| KAOLGTEPN O™ GTIC OLPEC E1GOO0L
TOL O1KTOOL KLPLUPYEL KOL TO QAIVOUEVO OVTIIGTPEPETAL. XE CULTNV TNV TEPINTOCN
BAémovpe OtL M TPpocOnKkN Awpidwv oto ATM peldvel Ty kobvetépnon oTny onoia
vrofarrovtal Ta cells.

e 7eVIKEG YPAUPEG UTOPOVUE VO Tapatnprioovpe 0Tt ol KaBvotepnoelg tav cell/flit
elvol ota 1010 eminedo oTIC MEPINTM®OELS TOov TOo wormhole gival pokpvd and to on—
neto kopeopod aArd emedn 10 ATM emtuyydvel KalOTEPN TOPOYY|, EMLTLYYAVEL
TOAL KaAOTEPEC EMOOGELC GE LYNAOTEPA POPTiD. AKOUA TOPOUTNPOVUE OTL 1| TPO—
cOnkn Aopidmv BeATidvel oNUOVTIKA TG emdOcelg Kot Tov wormhole alldé Kot Tov
ATM oce ukpotepo PBabuod, aeov n kabvstépnon oty onoia vrofariovtal ta cell
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Yynuo 4.5: Tuykpion vd vynAov eoptiov Kivnon Poisson

elvotl onpovTiKd prKpotepn 0tav avgdvoval ot Ampides kot TANCLALOVIE GTO POPTIO
KOPEGHOD.

4.1.2 Expnktikn kivnon

Ol eMGTNUOVIKEG EQPAPUOYEG TOVL Y PNGLULOTOLOOV TOPUAANAOVS LTOAOYIGTEG TOAL
oL VA OMUIOLPYOLV EKPNKTIKN Kivnomn mave ot1o diktvo dtachvdeons. Meydieg
TOGOTNTEG OEOOUEVOV TPETEL Yo TOPAOELYHO Vo HeTaPEPBOodY peTald tov KOUPmv
mov petéyxovv o évav vroroyiopod [DUSH 93]. Kabog 1 taydtnta pe tnv onoia ot
TMYEG ELGAYOLY KIVNoT HEGH GTO OIKTLO OLEAVEL GUVEYDS, TPEMEL VO, TEPIULEVOLLE
0Tl peyalvtepo ebpog (mvng (bandwidth) Oa ypnoponoteitat yio pikpdTEPO Y POVIKO
otdotnua [Kung 92]. AALo mapdderypo eivar eEomnpetntéc apyeiov (file servers) mov
YPEWLETAL VO HETAOOGOLY PEYOA apy it OE £VO KATAVEUNUEVO COCTNHA.

Yav eKPNKTIKN UTOPEl va YapaKINpLoTel Kivnom tng omoiag T0 HOVIEAD £)EL TA
aKoAovba Y opaKTNPLOTIKA

e Epdoov pia mnyn dev petadidet, 1ote pe peydin mbavotnto dev o petadooet
G670 GUVTOMO HEAAOV KOt pe pikpn tBavotnto Bo petadocet.

e Epbdcov pio mnyn petadidost dedopéva, tote e peydin mibavotnto oto oO—
vtopo péArov Ba cuveyicel va petadidoel oedopéva Kal pe pikpn mbovotnta Oa
GTOMOTNOEL VO LETOOLOEL.

Me Béomn ta Tapandvm Y opaKTNPLoTIKA 1 Kivion Tov unaivel HEca 6To d1KTLO OTaV £Vo.
TOKETO PTAVEL GTNV €10000 TOL d1KTVOL Kot ywpiletarl oe cell/Alit, uropei va Oewpndel
eKpNKTIKN o€ eminedo cellAlit.

Meretnoape g ennpedlovtot ol eT00CELS EVOS O1KTVOL KAOMG pHeTaPAAAETAL TO
HEYEDOG TOV TUKETMOV TOL KUKAOPOPOVV HEGH O€ QUTO. XAV TUTLKO diKTLO EMAEYONKE



éva Banyan pe 64 e16680v¢ kat e0d0vg, arotelovpuevo and petaywyeig2x2. To péyebog
TOL YOpoL amobnkevong eival B = 8 Kol Ol TPOOPIOUOL TOV TOKETOV EMAEYOVTAL
opotdpopea. O xpovog mov pecorafel petald Tng YEVVNoNg 600 TOKETMV E1val TVYAL0G
Kot akolovBel tnv exbetikn katavour. To nAnBoc Tov Awpidwv mov £xel To diKTLO
petafarretor and 1 og 8 (vrotiBevtat ot duvapelg Tov 2) Katl Ta LEYEON TV TUKETOV
mov peAetovvrar eivar 10, 20, 40, 160 cell/flit. Xtig TOpUTAVEO TEPITTOGELS LETPOLVTAL
N ovvoAlkn kabvotépnon otnyv omoia vrafdiietar Eva cell/Alit kabmg kol N Tapoyxn
KopeopoL yia k00e pio and 11 mpoavapepheiceg dlopopEOGELS TV dikTOvwv. H
kaBvotépnon petpartot dtov to optio eloodov givar 0.4.
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Yynuo 4.6: Zoykpion kabvoteprioemv otav alhdlel To uéyebog makETo

Y10 oynuo 4.6 paivovtal ol kabvotepnoeig tov cell/flit e cuvaptnon pe to TAn00og
TV Aopidov, yio kaBe péyeboc taxétov. [apatnpodue 6Tt 6o peyardvel to péyebog
TOL TAKETOL, TOGO TLO TOAL ennpedletal | KaBvotépnon tov cell/flit yia pikpod mAn0og
Lopidov. H ennpeta petovetar kabng peyaidvet to tAnboc tov Awpidwv. [Mapott 6to
ATM n xaBvotépnomn mopouével Tavto TEPLOPLoUEVN, 6TO wWormhole peyoimvel ToAD
N KOl aTEPLOPLOTO. GTIC MEPLTTAOGELS OTOL T TAPOYT) KOPEGUOU EIvaLl HIKPOTEPT ATO TO
QOPTiO E16OO0L GE OPIGUEVES OLAUOPPDOCELC.

Onmg paivetal oto oYU 4.7, TapATNPOLUE OTL Kl TAAL 1] TOPOYN KOPEGHOV Y10
10 ATM eivatl ToAD VYNAN GE OAEG TIG TEPIMTMOCELS, PULVOLEVO TOL OEV TAPATN PELTAL
oto wormhole. £to wormhole paivetal 611 o1 €mddGEIC TEPTOLY, OTAV HEYOADVEL TO
péyebog tov maxétov, pe peyarbtepn v emPdpuvon o6tav to TANH0C TV Awpidmv
elvat pikpodtepo. Meyalo TakéTa UTaivovy GTo diKTLO Ta OTTolo OTOV UTAOKAPLGTOOY
ATADOVOVTAL GE OAO TO UNKOG TOL S1KTOOL Kol KATaAdpBdvouv TOpovg Ge TOAAODG
HETAY®YELC péca o€ avto. To eatvopuevo avtd perletnOnke Kol mo €101kl He PEPIKE
nelpapota ywo B = 8, L = 1 6tav 1o ntakéto £xel péyebog 6, 7, 8,9, 12, 15, 16, 17 ko 20.
‘Onwg paivetatl kot 6to oynua 4.8 étav to péyebog Tov makéTov eival KpoOTEPO Ao §,
N TapoyM Tov d1kTLOVL givatl peyarvtepn ond 0.6. Otav unhokdpetol £va TOKETO, deV
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Yynuo 4.7: Tlapoyn Kopeauol yio dapopeTikd LeYEON TaKETOV

aPKEL Y10 VO, YEULOEL TOV Y DPO 000N KEVLGNC EVOG LETAYDYEN KAl PN VETOL TOVAAY 1GTOV
pio 0€om kevn yio Kamolo dALo ToKETO Vo O1EADEL 0O TOV LETAYW®YEN, TPOCTEPVAOVTUG
TO UTAOKOPIGUEVO TaKETO OGS TEPLYpdonke 610 4.1.1. Otav 1o péyebog Tov maxétov
vivetrico pe to péyebog Touv xdpov arodnkevong, To PUIVOUEVO avTO dEV GLUPOLVEL Kat
N eMNTOO™N €ivol 1 andTOUN TTOGT TS TopoyNe and 0.64, 6tav to péyebog makéTon
etvat 7, 1o 0.56 6tav to péyebog makétov yivel 8. AvaA0OYO QalvVOUEVO TAPOLGLALETUL
Kot otV petdfacn tov peyéBovug takétov and 15 oe 16, ondte dtov prrokapiotel Eva
TOKETO, TOTE KATOAGUPAVEL TANP®G TOV Y DPO amodKeLONG 2 HETAYOYE®V.
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Yynuo 4.8: TTapoyn xkopespod wormhole pe pia Awpida

YuvonTiKd, eival epeaveéc 0Tt 1o ATM emttuyyavel Kot €0® GNUAVTIKE BEATIOUEVEG
emdocelg amd 1o wormhole. ®@aivetar eniong 011 N TposOnkn Awpidwv PeATidvel
oNUAVTIKE TOGO TS £Mddcelg Tov wormhole, 0nwg idape kot oo 4.1.1, aArhé kot yio
10 ATM 1tV xaBvotépnomn otnv omoia vrofdiiovial ta cells o0tav 1o péyebog tov
TOKETOL elval pLeydAo.



4.1.3 Kivnon pe Oeppd onpeia

H xivnon mov yevvdtal and mapdAinies epapuoyés, exktdg and 1o OTL cuyva gival
EKPNKTIKN, LY VA eV £XEL KOL TNV OLOTNTA TNE OLOLOHOPPLOG GTNV ETIAOYTN TPOOPL—
opov. Opiopévol Tpooptopol propetl va emAéyovtal To ocvyvd and ailovg [Kung 92].
[Mapadeiypata avtov Tov €idovg TG Kivnong unopet vo tapdyoviotl Tpog Evay eEvmn—
PETNTN (server) HEco o€ £V KOATOVEUNIEVO GUGTNUA 1) 0O TPAEELS LYY POVIGHOD PG
TOPOAANANG epapproyns. H e1xdva mov £yovpe Lotmdv amod ta TPponyOLUEVA TELPAUATA,
dev elvar mtAnpns. Elval evotapépov va dobpe 10 mmg ennpedlel Tic eMO0GELS €VOG
d1kTOOL M VIOPEN EVOG M Kl TEPLGTOTEPWV Oepucdrv anueicwv (hot spots) otig €£6000G
TOL O1KTOOL ONANON TPOOPLGUAV TOL EYOVV GLVEY MG POPTIO. LE AVTNV TNV TEPINTOCN
elvot evOLaQEPOV VO LEAETNOOLE TIG EMIMTMOGELS TOL £) €l M LTaPEN Oeprdv onpeiov
otV kobvetépnon g Kivnong mov dev mnyaivel e Oepud onueio. H xivnon mov
mMyoivel og kGmwolo 0epuod onpeio vroy pewtikd 0o vTOPANOel oe peydieg kabvotepn—
Ge16. Xe £va dlkTvo TTov gival dikato, 1 kivnemn mov dev tnyaivel oe Oeppd onueio, dev
npénel va ennpedletal amd TNV Kivnomn mov tnyaivel oe kamroto Beppd onueio.

Y10 melpdpota Tov akolovBolv, yivetal pio emthoyn and tovg Thovoive Tpoopt—
GLOvC Y10 To oot Ba eival Oepud onueia. Otav ta Oeppd onueia eival TEPLOGOTEPO.
TOL £VOC, T0. ToTofeTOVE 0G0 O PaKpLA PETAED TOoLg eivat duvatd. Ta kbe Eva and
ta Oeppd onpeio mapdyetor kivnon eoptiov 1 and kédbe mnyn. Mo dAovg tovg vo—
AOLTOVE TPOOPIGHOVE TapayETAL Kivnom goptiov 0.2 (eAa@pd xivnon). H kivnon avtny
dtapolpaletal OHOLOHOPPO. GVALEGO GTOVEC LTOAOLTOVES TPOOPLOUOVS, CLTOVE ONANON
7oL dgv eivan Bepud onueia. To dikTvo Tov peletnoope eivol Banyan pe 64 €16650uvg
e1o6o0vg kot €£o6dovg. To péyeBog tov maxétov eivar 20 cell/Aflit. Meiethoape v
GUUTEPLPOPA TOV IKTVOV pe pEYeBog ydpov anobnkevong 8 xatl 16 kabmg to mAn0og
TOV AOPLd®V Toipvel OAEG TIG dLVATEC TIMEC Tov gival duvauelg tov 2. To mAnbog
TV Oepudv onueiov mov peretnoape givor 1, 2, 4. Tta ypa@nuote Tov akKoAovhovv
LTAPY oLV Kal o1 Kabvotepnoelg 6Tav dev vapyovy Bepud onueia yio To id1o0 poptio
g1eodov (0.2).

Y10 oynuoa 4.9 eaivovtal to YpoeNUATH TOV KOOLOTEPHOEMV GE GLVAPTNGCT HE
10 MAN00C TOV A®PId®V avl GOVOEGHO. XvLYKPIVOVTOC TO OVIIGTOLY O YPUPNLATO
netatv ATM xatr wormhole mapatnpovpe 6tL 1 vrapén Oepumdv onueiov £xetl oA
peyarbtepn enintoon oty kobvatépnon tov flit Tov dev nnyaivovy oe Oeppud onpeio
otV mepintwon tov wormhole, and tv avtictoryn kobvcotépnon tov cell oty
nepintwon tov ATM. Evd n tpodtn givar mepinov 1600 ypdvor cell, n devtepn eival
otV meptoyn tov 350 ypovov cell yia tnv mepintoon g piag Aopidac. Kabog to
TAN00¢ TV Awpidwv avidvetal, ot kKabvotepnoelg petdvovtal oAl kot Tt to ATM
£y el KOALTEPN cvumeplpopd. Me pikpd mAnbog Awpidwv, Kol cvykekpipéva Alyo
Heyalvtepo and to mAN0og Tov Oepumv onueiov, N Kivnon mov mnyaivel e Oepuod
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Yynua 4.9: Kabvotépnon yio kivnon pe dtapopetikd TARON Oepudv onueiov

onueio dev emnpedlel kaboiov tnv vrdronn kivinon. H kabvotépnon tng kivnong mov
dev mnyaivel o Bepuod onueio t€Ptel ota eninedo TS KOOLGTEPNONG GTNV TEPINTOGT
oL 0V LAy oLy Bepud onpueia.

Ymv mepintoomn tov wormhole avtifeta, akdpo Kol oTNV TEPIMTOGN TOL €VOG
Oeppob onueiov, dev apkovv 4 Ampidec Yo va eEOAEIYOLV TIG CLVETELEC TOL €Y EL
otV kabvotépnon TG Kivnong mov dev mnyaivel og Oepud onueio n vapén avTov
tov Bgppov onueiov. Avtd opeiretal oTov TPOTO PE TOV OTOl0 KUKAOQOPEL 1 Kivnon
péoa oe éva diktvo wormhole Kol cLYKEKPIUEVO GTO YEYOVOS OTL dEV GLYYOVEDOVTAL
TOL TOKETO TOL TNYOLIVOLY GTOV 1810 TPOOPLoUd o€ pio Opddo PpoNg OTMS YIVETUL GTNV
nepintwon tov ATM nov peretape. H xivnon npog to Oepuod onueio apnvetat yopig
EAEYYO VO YEUGEL TOV Y DOPO OTOINKELGNG TOV HETAYOYEMV ACKOTA. AEV EMTPETETUL
€161 oTNV Kivnon mov dev tnyaivel og Ogppd onpeio va mpoywpncetl yopig Tpofinua
KOl VO TPOOTEPACEL TNV UTOTIMOPIOUEVT Kivnon mpog to Ogppd onueio. Avtd
dev ovpfaivel otnv mepintwon tov ATM d6mov m Kivnon mov ANYyoivel oTov 1010
TPOOPLOUS, GLYYMOVEVETUL GE OUAOEG PONG KAl KATAVOAMVEL LOVO €va HEPOG amd TOV
Yopo amobnkevong kabe petayoyéo. Eeocov 1o mAnbog twv Ampidwv eival elappd



peyarvtepo amd to TAN00¢ TV Bepudv onpeiov, Thvto VITapy el Aopida Tov deV ival
KOTEIMMUEVT Ao Kivnon mov mtnyaivel oe Bepuod onueio. H kivnomn mov dev nnyoivel
oe Oeppd onpueio, pmopel va Kivnbet avennpéaotn.
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Yynua 4.10: Andotdoeig tpooplopudv o€ €vo diktvo Banyan 16 x 16

Evowagépov eival va dodue av n kivnomn mov mpoopiletar "kovia" oe éva Oepuod
ONUELD €YEl HEYOADTEPEG EMMTMOELS OTNV KOOLGTEPNON oTNV Omold LTOPRAAAETOL
CLYKPLTIKA e TNV Kivnon mov tpoopiletar "pakpotepa” and avtd. I't avtov tov Adyo
ypedletal va opicovpe pio £vvolo andcstacng O0vo Tpooploudv evog dtktbov Banyan.
Opilovpe Lomdv w¢ amdsTacn dvo £60dmV £vog diktvov Banyan g tov péyioto apfuod
EMTESOV TOL OKTVOL OOV TO. LIOGEVTPO TOL 0ONYOLV G€ KAOe pia €E0do eivar E€va
peTaED Toug. Xto oyxnua 4.10 eaivetal £vo dikTvo pe 16 €166d0v¢ Kat e£6dovg. Xnv
defld axpm TOL GYNUATOS PAIVOVTAL Ol OTOGTACELS OLUPOPOV TPOOPICU®Y ATd TOV
npooptopd 0111 (dvadikd). [Mapatnpovpe Aowmdv 611 0 Tpoopiopdg 0110 Bpicketal og
anoctacn 1. To vmodévipo mov cuvdéet Tov mpooptoud 0111 pe tig myég xar avtd
ov cuvdéet Tov 0110 pe Tig TNYEG da@Epovy HOVO KATA £VOL EMITEDO, AVTO TOL EVAOVEL
TOV TEAELTOLO pETAYOYEN PE KaBEVAY amd Tovg Tpoopicpovs. Katd tov 1610 tpdmo og



andotacn 2 Bpiokovtatl ot wpooptopotl 0100 kot 0101, yioti to LVLOGEVTPA TOL TOVG
GLVOEOLV UE TIG TNYEC OLOPEPOLY GE OVO EMIMEDdA amd awTd Tov cuvdéetl To 0111 pe T1g
myéc. Fevikd oe andotaon k and va tpoopiopd Ppickoviar 25! npoopiopoi.
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Yynpo 4.11: Kabovotépnon oe cuvéptnon g andctacng and to Bepuod onpeio

Y10 oynua 4.11 tapovsialovtol Ta YpoeNnUate TN Kabuotépnong g Kivnoeng Ge
GLVAPTNOT LE TNV ATOCTAGT) TOL TPOOPLOUOD TNE 0O TO LOVASLKO Bepud onueio. Xtnv
nepintwon tov ATM, BAEmovpe OTL YEVIKA 0V €MLOPA O TAPAYOVTAG ATOGTOCT OO TO
Oeppod onueio otnv xkabvotépnon g kivnong. Av eEaip€GOvHE TNV TEPITTOGT TNG
niog Awpidag, 6T VTOAOITEG TEPITTOCELS KOl 1 KIVNGT LTORAALETAL GE TOPOUOLES
KobvotepNoelc aveEapTNTA TNG 0mOGTOONG Ao To Oepuod onueio. "Evag mpoopiopdg
Aolmdv mov BpiokeTol Kovtd 6To Oepprd onpeio dev LTOEEPEL 0O PeYOAN KabBuoTEPnon
€€’ artiag xivnomng mov dev Tov agopd. Ltnv mepintwon g piag Awpidag, n kivnon
oL TPooPileTal 6e TPOOPIoHOVG G anodctacn 6 and to Bepud onueio givar n pion
TEPITOL Od QLTNV TPOS TOV TPOOPIGUO GE anodsTac™ 1.

>V mepintmon tov wormhole VTGP OLY TEPITTOCELS TOL M dLAPOPA €lval oN—
pavtikn. Ag mpocéfovpe v mepintwon B = 16, L = 8. H péon xabvotépnon mov
TOPOTNPNGALE GTO AVTIGTOLYXO YPaeNHo ToL oxNuatog 4.9 eivar 45 ypovor cell. Opwmg
GE GULTNV TNV MEPITTOON 1N Kivnom mov dEYETAL €VOG TPOOPLoUOS o€ andotacn 1,
&y el vmoPAndel katd péco 6po oe kubvatépnon 574 ypovaov cell. Tov péco 6po Tov
Kpotdve younid ot (toAroi) mpoopiopoil mwov Ppickovial 6e andCTAGT HEYOAVTEPN
tov 3. Tlapdro dniadn mov to dikTvo gueavilel plo kain péon eikdva, n Kivnon
oL TPoopileTal oe OpLoUEVOLG "GTLYOVG" TPOOPIGHOVE LTTOBAALETAL GE TOAD PLEYAAEG
kabvotepnoelc. Avtd anotelel oTolyelo adikiag oTNV HETAYELPLOTN TNE Kivnong Héca
670 OiKTLO.

Yvvontikd, PAEmovpe 6t to ATM pe €161t plo. GLUTEPLPEPETAL TOAD KAADTEPQ
KOt and cvvOnkeg xkivnong pé Beppd onueio kol emTLyyavel TOAD KOAVTEPES KO—
Ouotepnoelc. Agv elval Ad1KO OC TPOS TOV TPOTO TOL UETAYELPILETAL TNV KIVI|GT TTOV



Kwveital péco oto dikTvo. Apkoldv eAdyiota TeplocdTeEpeC Ampideg and to TAN00g TV
Oepudv onueiov mote 1 Kivnon mov dev mnyaivel og Oeppud onueio va unv ennpealet
Vv xivnen mov d6ev nnyaivel. To wormhole amd TNV GAAN pepld dev €xel avaroymS
KOAEG 1O10TNTEG. AKONO KOl OTOV EMLTLYYXOVEL KOAN LEGT TIUN oTNV KaBLoTEPNGN TOL
vrofarietal n xivnon mpog un Beppd onpeio, avtn eoaivetal va egaptitatl and v
001 TOL TPOOPLOUOL KAl GLYKEKPIPEVA aTd TNV 0TOGTAON TOL and To Bepud onueio.
‘Onmg eldupe KoL TPONYOLREVMG, N Kivnomn mov tpoopiletal kovid oto Oeppd onueio
pnopet va vrofAndel oe axdpa kot 60 popéc peyorvtepn KaBLGTEPNGN GO AVTNHV TOV
katevBuveTal pokpud and avtd (anodctacn 6).

4.2 Metafoin 6TIC TAPUPNETPOVS TOV OLKTVOV

Katd ta mponyovpeva metpdpata ot tapdpetpot Tov diktHov 6OTmg To pEYe00C TOoL Kal To
TAN00¢ €1660wV Kal eEG0V Tov £y el kAOE peTay®YEAS AmO TOLG OTOIOVE AMOTEAELTAL
T0 O1KTLO, TEPEUELVAY OUETAPANTA. XTI GELPESG TOV TELPAUATMOV TOL Bo aKOAOVONGOLV,
LEAETATOL ) EMNPELO TNG AOENONC TOV E1GOOMVY KOl TOV ££03®MV TOGO TOL dIKTHOL OGO
KOl TOV HETAYMYEMV TOL TO ATOTEAOVV GTIG EMOOGELS £VOG d1KTOOL Banyan.

4.2.1 Merafoin peyéBovg dkTHOL

To nmAn0o¢ Tov kOpPwvV Tov BEAovE vo cuvdécovpe pe Eva diktvo dev eival BEPata
o100epO Yo OLEC TIG EVOLAPEPOVTES £PUPUOYEC. 'Exel peydro evolapépov Aomov vo.
HEAETNGOVLE T1G EMLOOTELS TOV IKTO®V KOODS peyoldvel To péyeBog Toug.

Y10 melpbpata mov akoAovboby pedetdtal n enidpacmn TG LETUROANS TOL peyéBoug
TOL O1KTOOL GTNV GLUVOALKT Kabvotépnon otnyv omoia éva cell/Aflit vmofaiieTar otav
T0 Qoptio gloodov eivor 0.4, Meletque aKOpa Kol TNV €NIOPACT GTNV TAPOYN
KOPESHOL. X OAEG TIC OLUHOPPDGELS TOV TELPUUATOV O Y DPOG ATohNKELGN S TOL glval
aplepopévog yia pio Ampida eival 1 (ce povadeg cell/flit). Avto eival anodexktd yrati
N kabvotépnon nepieopdg (round—trip—delay) eivar pikpotepn tov evog cell time. H
Kivnomn mov mopayetol otnv ke mnyn eivorl kol €dm Poisson oe emimedo makéTov
(6mwg oto 4.1.1). To péyebog kabe maxétov eivar 20 cell/flit. To tAn0og TV g166dmV
Kot TV €£60wV Tov kaOe petaywyéa eival otabepod 2. H toroloyia Tov diktbov gival
Banyan kot to tAn0o¢ tov e1060mv kot Tov e£60wV tov gival 16, 64 kot 256.

>10 oynua 4.12 BAémovpe v kobvotépnon oe cuvaptnomn pe 1o TAnHoc Twv
Aopidov. Tlapatnpovpe otL 1 kabvotépnon avidavel eha@pd Kabmng to péyebog Tov
dktOoL avédvetal pEypl To onpeio KopeopoH OTOL 01 KOOLGTEPNOELS KATOTLY LEYO—
Advovuv (amepldopioto oTNV TEPITTOGT ToL wormhole). Avtd opeiletal oto 0Tl KOOMDG
neyarovetl To péyeboc tov diktHov aLEAVOVTAL Kal To ENITESN TOV LETAYOYEOV UECA,
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Yynuo 4.12: Metafoin kabvotépnong kabmg petafarretal to péyebog Tov d1kTLOV

oe avto. 'Eva cell/flit tpénel vo Teploel and TEPLGCOTEPOLG LETAYWOYELS Y10 VO PTACEL
GTOV TPOOPLIGUO TOV.
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Yynpo4.13: MetaBoin ntapoyng kopeopov kabng petofdiietor To péyebog Touv dikTHoL

>10 oyxnua 4.13 BAEmovpE TNV TOPOYT KOPECUOL GE GLVAPTNON e TO TAN00C TV
Aopidov. Kat edd tapatnpoldue 6T N Tapoyn KOpeGHOU HeEIdVETAL KaODS To péyebog
TOL O1KTOOL PEYALDVEL. ALTO 0QEILETAL GTO YEYOVHG OTL KOOMOS peyalmvel To péyebog
TOL OKTOOVL, avEdvetal To TAN00G TV peTay®YE®Y 0nd Tovg onoiovg Ba mpémel va
TEPACEL £V TAKETO TPV PTAGEL GTOV TPOOPIGUO TOVv. ApO GTNV YEVIKN TEPINTOON
avédavetal Kat 1o TAN00G TOV TOKETOV UE T OTO10, S1EKOLKEL TOLE TOPOLE TOL OIKTVOV
Y10 VO, TPOX®PNOEL. APov ot TOPOL Tov dikTOOL OEV avEdvovTal, 1| Tapoyn and Kaoe
LETAYOYEQ TPOS VOV TPOOPLGHUO LELDOVETAL KOL AP0 1] TAPOYT TAKETMOV AVO TPOOPLGUO,
GLVOMK( LELDVETAL.

Yuvolkd BAEmovpe OTL Ol EMLOOGELG TOL OIKTVOL Y ELPOTEPELOLY KAOMG TO néyebog
TOL O1KTOOVL HEYOAMVEL.



4.2.2 Metapfoin peyéOovg petoymyéa

To péyebog tov petaymyémv evog diktdov eivol GNHOVTIKN TapdpeTpog yrati kabopilet
Kot To TAN00¢ TV emmédmy and Ta onoia anoteAgital To diktvo. Oco peEYaLdVEL TO
nEyebog Tov petTaywyéa Pel®VETOL TO TAN00G TV emméd®V Tov dikTOov. Emmiéov
HELDVETAL KOl TO TAN00C TV HETAY®YEMY TOL Y PELALOVTOL Y10 VO KOTUGKEVAOTEL TO
diktvo. Eival Aowndv evdiapépov, va dovue mmg to péyebog touv petaywyéa ennpealet
TG EMLOOCGELG TOL OIKTVOV.

Y10 mepapata Tov akoiovboby pedetdtal n enidpacm TS LETAROANC TOL peyEBoLg
TOL HETAY®YEN OTNV GLVOMKN kKabuvotépnomn otnv omoia éva cell/Alit vrofaiietal
o0tav 10 Poptio €16600vL gival 0.4 xkabdg Kol TNV TAPOYN KOPEGHOL. X& OAEG TIG
SLAHOPODOCELG TOV TELPUUATOV O X MPOG ATOHNKELGNG TOL EIvVOL OPLEPOUEVOS Y10, Hia
Aopida eivar 1 (oe povadeg cell/Alit). H kivnon mov mapdyetoal otny kabe mnyn eivoal
kot €00 Poisson og eninedo maxétov (0nwe oto 4.1.1). To péyeboc kabe maxétov eival
20 cell/Alit. H toroloyia Tov diktvov gival Banyan kat 1o mAN00¢ TV £16000V Kol TOV

e£60mV Tov givatl 64. To TAN00¢ TV £1660wV KAl TV £E6d®V TOL KAOE petaymyEa eival
2,41 8.
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Yynuo 4.14: MetaBoin cuvolikng kabvotépiong kabng petafarietal to péyebog tov
petaywyéa

Y10 oynua 4.14 BrAémovpe v kobvotépnon oe cuvaptnomn pe 1o TAnboc Twv
Aopidov. Tlapatnpodpe 611 N kobvotépnon peldvetor glagppd kobdg 1o péyebog
TOL HETAY®YEQ OVEAVETAL HEY PL TO onpeio KopeaHol dmov o1 KaBuotepNGELg KATOTLY
HeEYaA®VOLV ameploplota oto wormhole. Avtd cupfaivel yroti petmvetol to TAN00¢
TOV EMTEIDV TOL OIKTOOL KOl KATO CLVETELN TO TANO0C TOV UETUYOYEDV ATTO TOLG
omnoiovg éva cell/flit tpénel va meplceL Yo va @TACEL GTOV TPOOPIGUO TOVL.

Y10 oynua 4.15 BAEmovpe TNV mopoy | KOPECSUOL GE GLVAPTNOT He TO TANHOC TV
Aopidov. Kot €dd mapatnpovpe 6tL 1 mopoy” Kopeopod avédvetol elagppd Kabng
10 pé€yebog Tov petaymyéa peyardvel. H toroloyia 610 ecmtepikd evog petaymyéo
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Yynuo 4.15: MetafoAn mapoyng kopeouod kobng petaBdiretar to uéyebog tov
petaywyéo

elvotr TANPNG ONAadn eival duvatny N cOVOECT OTOLUCONTOTE €10000L Ue pLo €000
oL OgV Y pNCLHonToLEital, aveEdptnto and 10 TAN00G TOV CLVOEGE®Y TOL LITAPYOLY
NnoM ka1 xopig ecmtepkéc cuykpovoels. [lapatnpodpe Loimdv 6T1 660 o Alyot (Kot
L0 HEYAAOL) E1VaL Ol HETOYWMYELG ATO TOLG OTOlovE amoTeAeiTal £va d1KTLO TOCO TLO
TAOVCL0 GE GLUVOETELG £1VAL YIOTL | TOTOAOYiM TOL TANGLALEL TEPLGTHTEPO GTNV TAN PN
tonoloyia. A@ob 10 dikTLO YiveTol Mo mMAOVGLO KaBmg peyormvel To uéyebog tov
HETAYOYEWMV TOL TO ATOTEAOVV, YiVETAL TLO €OKOAN M d1€AELGN OO £va TETOL0 dIKTLO.
Apa n mapoyn evog 01kTLOL BeATiOVETOL KABMG peyoldvel To péyebog tv petaymyEmy
TOL TO ATOTEAODV.

Yuvolkd BAETOLE OTL Ol €MOOCELS TOL O1KTVOL PeATidvVovTal Kabmg To péyebog
TOL LETOYWOYEN LEYUADVEL.






Kepararo 5
Yourepaopoto,

MeAetoape TIG EMOOGELG OIKTVMV TTOL atoTeAovVTOL antd petoywyeigc ATM pe édeyyo
PONG HE EIGITNPLO. OE CUYKPLOTN HE TG €MOOGELS dKTO®V wormhole pe avaioyeg
Ao pEOCELS, HEGH Tpocopoimons. Metafdiape 000 mapdyovieg 6To meEpPLPailov
NG TPOGOUOIMONG Y10 VO LEAETNIOOLIE TNV GUUTEPLPOPE TOV OPYLITEKTOVIKOV KATW®
and dtupopeTikég ocvvOnkes. MetafdAiope to poviého Kivnong tov d1ktHov Kol TO
péyeBog tov diktHoL KoL Tov petaymyéa. Ta poviéda Kivnong Tov SOKIHACOUE NTAV

e Kxivnom Poisson, 6mov 0 Tpooplopdg VOGS TaKETOL EMAEYETAL TVY OO KOl OHOLO—
popea kot to pEyefog twv mokéEToOV eival otabepo.

e EKPNKTIKN Kivnom, 6mov petafdiietar To ué€yebog TV TokéTOV aAld 0 TPOOpL—
GUOC EMAEYETUL KOl TAAL OLOLOLOPPOL.

e Kivnom pe Bepud onpeia, 6TOL OPIGUEVOL TPOOPIGHOL EMAEYOVTUL TTLO GLY VA 0O
TOVG AALOVLG OALG TO PEYEDOG TV TOKETMV eival otabepo.

O1 emd06GeLg Tov dikTOOL TNV Mepintmon tov ATM, eival oyxeddv TavTa KOADTEPEG
anod TIG EMOOGELS GTNV TEPINT®SN ToLv wWormhole, €kTOC and TIG TEPIMTDOGELS TOL TO
@optio 6T0 GvGTNUA €ival yapunAd kol dev vmapyovv Bepud onueio, O6mov ekel ot
eMO00ELS elval mapopotes. Ewdikd otnyv mepintoon vrapng Oeppov onpeiov, otnv
nepintwon tov ATM emttuyyavovtol onuavtiKa Kalbtepe endOCELC and OTL TNV
nepintwon tov wormhole, otnv omola mepintwon 1 kivnon mov dev TNyoivel GTO
Oeppod onpeio, emppedletor oA and TNV Kivnon mov TNyaivel og avtd, aKON Kol
otav 1o TAnboc Tov Awpidwv ival peyalitepo and to TAR00¢ TV Oepumdv onueimv.
>10 ATM dev cvpPaivel KATL TETOL0 KOt apKeL EAAYLOTO HEYAADTEPO TANOOG Awpidmv
and TAN00¢g Oepumv onueimy, Yo va Unv vIapy el EXLOPOCT. XTNV TEPITTOGT TOL TO
pHEYEDOG TOL TAKETOL HEYUAMVEL, GE CLVONKES YAUNAOD POPTiOL, Ol EMOOGELS TV OVO
AKTO®V glval TapoOpoleS, eKTOS and TNV TeEPITT®oN 0oL T0 TAN00G TV Aopidwv ival
1 otV omoia to wormhole, og peydha peyEdn TaKETOL, OEV GUUTEPLOEPETOL KUAA.
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Ewdwkd yio tnv nepintowon tov ATM, topatnpodpe 0Tt KT and e0KOAES CLVONKEG
KuKAoQoOpiag TNG Kivnong, n Tpocstnkn mteplocotépmv and piag Aopidwv, dev Epvel
oNUavTIKG peydin Peitioon otig emdocelc. Otav Spmg to peyédn tov mTokéToOv
apyilovv va peyoimvovv kot wdiaitepa Otav vmapyovv Oeppd onpeia oto dikTLO,
N Beitioon otnv KaBvotEPNomn mov LVIAPYEL Elvol CNUAVTIKY. XTNV TEPITTOON TOL
VAP EL Vo, O pUO ONUELD, N TPOSONKN HLOC LOVO A®PLSOG TOPUTAV®D TPOKAAEL LELMOT
otV Kkabvotépnon Katd mepintov 65 popéc.

Mo v mepintwon tov wormhole, Ntav oM yvootd [Dally 90], 6t1 1 tpocOHnkn
Aopidmv ce éva dikTLo oL amoteleital and petaywyeic wormhole, Tpokaiel peydin
Beltimon otic emddoelc. Me tnv O01k1| pog epyacio, emPefoidoape ovTd To AnTOo—
TEAECHOTO KAl EIOUUE TO QUIVOUEVO EVIOVOTEPO KATM 0md To dOGKOAEG CLVONKEG
KuKAoQopilag.

Yuvolkd propodpe va movpe 6t to ATM emituyyavel KOADTEPES EMOOGELS OO TO
wormhole o€ avaAoYEG OLOLOPPADOGELG O1KTOOV. X OPLOUEVES SLAUOPPDOTELS TELPAUATOV
ol emidooelg Tov ATM pe €deyyo pong HeE €1G1THPL Elval TOAD KAAEG AKOU KO LLE
eAbyLoTEG APLdEG KL pa M TPocONKN Ampidwv dev Ti¢ feATidvel (kivnom Poisson). Xe
GAdeg mepnTOOELC TapaTnpeital BeATioT ToV £MdOcEMV KUODS avEdveTal To TAN00g
TV Aopidwv (kivnon ekpnktikn kot pe Oeppd onpeia). H tposdnkn Aopidwv tpoxkaiel
UEYALEC BEATIOOCELC BTNV ATOSOGT TOL OIKTLOL GTNV TEPINTMOGT) ToL wormhole 6e kKa0e
SaUOPOMOOT TELPAUATOG.
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