OcpeNwOEIC ApXEC ZUOTNUATWV

!'_ MeTaywync NakeTou

EONIKO METZOBIO NMOAYTEXNEIO




i [evIKG

= AladIKAOIEC ETAYWYEQ
= ApopOAOYNON NAKETWV OTNV KAaTaAANAn Bupa e€odou
= Evrapieuon nakeTwv (avraywviopog Bupac e€0dou)
= KAaoikn TnAepwvia
= MeTaywyn KUKAwPaToc (eykaTaoTaon CUVOECEWV)

= Kevtpikoc ene€epyaotnc kabopilel ouvOeoeIC HETAEY
Bupwv e10000U/EOOOU
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i KAaoikn TnAE@wvia

= Meon diapkeia kAnoncg 3 min
s MeTaywyeac N X N
= [a kaBe ouvdeon xpovoc 180/N sec

= Av N=1000, diapkeia cuvoeonc 180
msec
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i Movadec UeETAywynC NAKETOU

s 'Oy KEVTPIKOC ENEEEPYAOTNC EYKATAOTACNC
OUVOECEWYV, aAAd

= AuTodOpopoAoynon (KaTtaveunuevn
£YKATAOTAGCN OUVOECEWV)
ApopoAoynon ue Baon Tnv enikepaiida
(&1eUBuveon Bupac eEodou)
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AVTIUETWNION AVTAyWVIOUOU
Bupac eEodou

= Evtapicuon otn Bupa €€0dou (N popec TaxuTnTa €100d0U)
= Evtapicuon otn Bupa gic0dou
= EvaAlakTika oxnuata
= KaTtavepnuevn = enekTaciun
= 2ZUYKEVTPWTIKA = XaunAn noAunAokoTnTd, KOOTOC
= Alaxeipion EVTAPIEUTWV
= anoppIyn NAKETWV
= Kpimpia (QoS, fairness)
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i >uvoyn

OepueNIWOEIC APXEC CUCTNHATWY HETAYWYNG NAKETOU

= 2.1 BagikeC EVVOIEC HETAYWYNG
« 2.1.1 dpayn EcwTepikoU Alaulou (Internal link blocking)
= 2.1.2 Avtaywviopog BUpacg e€6dou (Output port contention)
= 2.1.3 ®payn otn Bupa si106dou (Head-of line blocking)
« 2.1.4 Ynnpeaoia MoAanAwv Mpoopiopwv (multicasting)
= 2.1.5 Alaxwpiopog KAnong (Call Splitting)
= 2.2 Ta&vopnon apXITEKTOVIKWV HETAYWYEWV
= 2.2.1 MeTaywyeic Alaipeonc Xpovou
= 2.2.2 MeTaywyeic Alaipeong Xwpou
= 2.2.3 MONITIKEC evTapieuong
= 2.3 Enidoon Baoikwv HETAYWYEWV
= 2.3.1 MeTaywyeic Evrapieuonc oTIC Hovadeg £100d0U
= 2.3.2 MeTaywyeic Evrapieuonc oTic povadeg eE6dou
= 2.3.3 MeTaywyeic nAnpw¢ diapoipalopevou EvrapieuT)

EONIKO METZOBIO INMOAYTEXNEIO 2uoThpata Metaywyng MNMakEtou



Baoikec EVvoIEC HETAYWYNC

= ®payn sowTtepikou diaulou (Internal link blocking)

= AvTaywviopoc Bupac e€0dou (Output port contention)
= ®payn otn Bupa eilcodou (Head-of line blocking)

= Ynnpeoia noAanAwv npoopiopwv (Multicasting)

= Alaxwpiopog kAnong (Call splitting)
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dpayn eowTePIKOU dlaulou (1)
(Internal link blocking)

= [loAAanAa nakeTa avraywvifovral Tautoxpova yia Tov idlo
EOWTEPIKO OIAUAO TOU PETAYWYEQ

= H ®payn EowTtepikoU AiauAou napoucialeTal 0 apXITEKTOVIKEC
onou evac diauhoc diapoipaleTal o€ NOANANAEC OUVOETEIC
HeTa&u Twv Bupwv Eicodou kal EE0dou (MeTaywyeic Aiaipeonc
Xwpou)

= O1 peTaywyeic nou napouaialouv ®payn EowTtepikou AiauAou
kahouvTal Metaywyeic ®paync (blocking switches)

= To nNpoBANua anopeuyeTal Ue TNV TONOBETNON EVTAUIEUTWV OTA
onueia nibavng ouykpouonc

= TO yeyovoc auTo au&avel Tnv kabuaoTepnon peTadoonc Kal
npokaAei eAaTTwon Tou pubuou dieAeuonc (throughput) Tou
LUETAywyea
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dpayn eowTeEPIKOU dlaulou (2)
‘L (Internal link blocking)

[ T4]

0 0
| X o
S e

" zovepouon
4 1 A
° 5
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AvTaywviouoc Bupac e€odou (1)
i (Output port contention)

0 > [ 12} — 0
1HS%><H1

I i o2
| Avraywviopég

3 > [ 2} —— 3

= H BUpa €€6dou pnopei va peTadwoel HOVO £va NAKETO ava Xpovikn Oupida

= 'Otav dUo 1 NEPICOOTEPA NAKETA NPOEPXOHEVA anod dlIaPopETIKEC BUPEC £100O0U
kaTteuBuvovTal otnv idla Bupa €€6dou TNV idla Xpovikn Bupida npokaAsiTal
avTaywviopog Bupac eE6dou

= 'Eva ek Twv nakeTwv “avraywviotTwv” peTadideTal

= Ta unoAoina NakETa anoppinTovTal r} anodnkeUovTal OE EVTAUIEUTEG EITE OTIC
IOVADEC €10000U E€ITE OTIC HOVADEC £E000U
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AvTaywviouoc Bupac e€odou (2)
(Output port contention)

= Mg TONOBETNON EVTAMIEUTWV OTIC HOVADEC €£1I0000U Kal PE TN PeETadoon
£VOC MNAKETOU ava xpovikn upida npoc Tn povada PeTaywync, o
avTaywviopog Bupac eE6dou avTiyeTwnieTal

= O1 peTaywyeic autoi kahouvTtal MeTaywyeic EvTapieuonc oTic povadeg
Eioodou

= Eival anapaitnToc o npoodiopiopog evoc unxaviopou diaitnoiac yia va
EMIAEYEI TO NAKETO NPOG PETAdooN

= H ano@aon AapBaveral Baoel Tou nediou NPOTEPAIOTNTAC TNG
enkepalidag

= JE PEPIKEC UAOMOINOEIC UMOPEI va €ival kal Tuxaia

= O1 onuavTikoTEPOI Unxaviopoi dlaitnoiac €ivai:
= Kpartnon dakTtuliou (ring reservation) (0Aeg o1 BUpec eil00dou o€ BaKTUAIO)

= Alairnoia Ta&§ivounong (sort-and-arbitrate) (Ta&ivounon nakeTwv nou
kaTeuBuvovTal oTnv idla Bupa e€06dou)

= Alairnoia dpopoAoynong (route-and-arbitrate) (evaAAakTikry dpopoAoynon
- oTa onpeia moavng oUykpouonc)
B EONIKO METZOBIO MOAYTEXNEIO >uoTApaTa Metaywyng Makétou




dpayn oTn Bupa €100d0U
i (Head-of line blocking)

'Eva Tuniko npoBANMa oTouG HETAYWYEIC

EVTaMIEUONC OTIC Jovadeg el00dou e oupec FIFO

gival n gpayn otn Bupa €100d0u eEaiTiac Tou

nakeTou enike@aAnc (Head-of line blocking, HOL)  @paya cgaiag

Tou HOL
= To 20 NakeTo oTnV oupa dev Unopei va PeTadobei \
npoc TNV eAeUBepn BUpa €EOO0U 1, eneidn 0 — Z%><% 0
eunodideTal and To 10 NAKETO GTNV oupd, Nou 1> 10} L

avapevel peradoon npog Tn BUpa e€odou 2

= To gaivopevo HOL anoTeAei ano Toug KUPIOUG
NapAayovTEC NEPIOPIOHOU TOU puBPOU JIEAEUONC
NPOBANKA OTOUC HETAYWYEIC EVTAMIEUCNC OTIC
Hovadeg eil00dou

= 'Evac T€Tol0C¢ peTaywyeac pnopei va poaoel
heyioTn Tiun throughput poAic 58.6%

2 —» [ I3} o g

3 —> [ 12— — 3
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Ynnpeoia noANanAwv
npoopiopwv (Multicasting)

= [1a TNV unooTNPIEN UNNPECIWV NOAUNECWY Ol HETAYWYEIC NAKETOU Eival
e@odiagpevol e duvaToTnTeS NoAAanANG eknounnc (multicasting) kai
kaBoAikn¢ eknopnnc (broadcasting)

= AUTO emITUYXAveTal e TN dNUIOUPYia NAKETWV avTiypapwv (replicates)
ano To METATWYEQ

= O1 peTaywyeic diapoipalopevou pegou kal diapolpalOPevnS MVANG
LNopouV va eniTuxouv broad / multicasting xwpic Tn dnuioupyia
NAKETWV avTiypapwVv eKPETAAANEUOMEVOI TNV UNApEN TOU KOIVOU HECOU

HETAd0ONG M TNG KOIVAG MVAKNG
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Alaxwpiopoc kAnonc (1)
(Call splitting)

= [1a Tn Asiroupyia noAAAnANG eKNOUNNG €XEl NPoTaBEl evac PHeyaAog
apIBPOC NOAITIKWV XPOVONpOoYPAUUATIONOU, HE KUPIEC TIC NAPAKATW:
= XpovonpoypauuaTiopog o pia Xpovikn Bupida
= AuoTnpoc Alaxwpiopog KAnong
=  EAaoTikoG Alaxwpiopog KAnong
= TNV NpwTN NEPINTWON OAA Ta avTiypapa TOU NAKETOU NPEMEI va

{ 1 v | ] ] 1] L] v | ] L
Mpoooxn! HMETAd0B0UV O€ [ia Xpovikn Bupidd, evw OTIG AAAEG OUO ENITPENETAI O
63" HOPEl SIaXWPIOHOC TNG HETAdOONC AVTIYPAPWY OE NEPIOCOOTEPEC TNG HiaC
METAB0BE] XPOVIKEG BUPIOEG
Hovo €va = H Slapopa peta&l Tou auaTnpoU kal Tou eAACTIKOU JIaxwpIOHOU KANONG

\_@no auta. gival OTI oTnV NpwTN NEPinTwon PeTadideTal To NOAU £va avTiypapo Tou

MAKETOU ava Kabe xpovikn Bupida, evw oTn OeUTEPN NEPIOCOTEPA TOU EVOC
avTiypaga pnopouv va Jeradobouv TauToxpova, uno Tnv npolnodson oOTi
ol BUpec €E6O0U OTIC onoiec kaTeuBUvovTal gival eEAeuBepec (Av kanoia

€i0000G £XEI NAKETO NPoC eAeUBepn £€000, TO PeTadidel Pe NPOTEPAIOTNTA).
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2UYKpIon HEBOdwWV AlaxwpIGUOoU
kAnonc — XapunAo ®opTio (1)

= 2ToVv nivaka aneikovidetal n diagpopd kabuoTEpnong HETAEU Twv NapaAnnTwy yid
gpappoyn NoAUPECSwY €aiTiac Tou diaxwpiopoU KANoNG

"E€odot 1 2 3 4 5
Eicooot

1 1 1 0 1 1

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

5 0 0 0 0 0

= Ol YpauuEC avTIOTOIXOUV OTIC BUPEC £10000U TOU PETAYWYEA KAl O OTAAEC OTIC
YPAUUEC E000U

= 2€ KABe xpovikn Bupida JOVo £va NAKETO NPOC HETAdOON MMNOPEI va enIAEYEi ano
kGOe oTAAN (apou ol BUpec eE6O0U PNOPOUV va PHETAdWOOUV £va NAKETO Ava
Xpovikn Oupida. )
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2UYKpIon HEBOdwWV AlaxwpIGUOoU
kAnonc — XapnAo ®opTio (2)

Xpovompoypoppoticpnos  Avotnpog Elaotikog

XX0OXX X0000 XXOXX
00000 O0OOOOO 0OOOO
00000 O0OOOOO 0O0OOOO
00000 0OO0OOO0O0 0OOOOO
00000 0O0O0OO0OO0 0O0OOOO

= 2Tn ypaupun €ioodou 1 avapevouv 4 avTtiypapa €vOoC NAKETOU KATEUBUVOPEVA MPOC TIC
Bupec €€odou 1, 2, 4 kai 5.

= Me TO xpovonpoypaupaTiopo o€ pia Xpovikn Bupida oAa Ta nakeTa peradidovTal.

= 2TOV auotnpo Olaxwplopo KANong Movo eva naketo petadideral kar Ta unoAoina

avapevouv va petadobolv oe enOPEVEC Xpovikee Bupidac. Eival npopavec 0TI 0 pubuog
d1EAEUONC NAKETOU €ival NOAU XapnAoC.

= 2TOV €AAOTIKO OIaXWPIOKO KANonG, Ta nakera petadidovral OAa kata Tn OIApKela Hiag
XPOVIKNC Bupidac, apou ol avTioToIXeC BUpeg €E0d0U cival eAeUBepec (ONAadN dev unapxel
HovadIkO NAakeTo ano aiAn €icodo npog kanoia £€000).
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2UYKpIon HEBOdwWV AlaxwpIGUOoU

i kAnonc — YwnAo ®oprtio (1)

"EEodor 1 2 3 4 5
Eicodor
1 0 1 0 0 0
2 1 1 0 0 1
3 0 0 0 1 0
4 0 1 1 0 0
5 0 0 1 1 0
Xpovormpoypoppaniopds  Avetnpéc ELaoTiK6G
0X00O0 OX0O0O0 0X000
11001 X1001 X100X
000XO O00XO 000XO
01100 01XO0O0 01X00
00110 00110 00110

2uoTnuata Metaywyng MNakétou



2UYKpIon HEBOdwWV AlaxwpIGUOoU
kAnonc — YwnAo ®opTio (2)

= Ano TIC TPEIC NpoavapepBEIoEC NONITIKEG XpOvVOonpoypa-
LaTIOPOU, O XpOVOrNpoypAauUNaTIoNOG O Jia Xpovikn Bupida
odnyei 0To XaunAOTEPO PUBUO dIEAEUONC NAKETOU TOU
ouoTnUaToc. 'Exel, OJwWC TO MAEOVEKTNHA OTI €ival N EUKOAOTEPN
KnEBodOC ano nAsupac uhonoinonc. O xpovonpoypaupaTionoc o€
KIa Xpovikn Bupida, EUVOEl Ta NAKETA KE Ta AIlyOTEPA avTiypagg,
yiaTi au&averal n nibavoTnTa va Netadobouv.

= O auoTnpoc diaxwpiopoc KANONC £xEl KAAUTEPN €nidoan via
uWnAO PopPTio, al\a dev evdeikvuTal OE NEPINTWON XAUNAOU
(pOopTIiOU.

= O e\doTIKOC d1aXWPICUOC KANONG XpNOIUOMNoIEl NANPWCE TIC ADEIEC
£€000UC, eV NAapaArAnAa €xel IKAVOMNOINTIKEC ENIOOCEIC TOOO Yia
XaunAo, 000 Kai yia uwnAo popTio 0To cUCTNUA.
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i MNapadeiypa

"E£odor 1 2 3 4 5
Eicodol
1 1 1 0 0 1
2 0 1 0 0 0
3 0 0 0 1 0
4 0 1 1 0 0
5 0 0 1 1 0
XPovompoypouRaTIcNoS  Avotnpog EAlootikog
XX00X X1001 X100X MovaBikd
01000 0X000 0X000 npoc
01100 01X00 01X0O0 €000
00110 00110 00110
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Ta&vounon ApXITEKTOVIKWV

‘L MeTaywyewv

MeTaywyeig Makétou

Aiaipeong xpévou TDS

Aiaipeong xwpou SDS

Alapoipalopevng Alapoipagopevou MovadikAg
MvAung Méoou Aiadpoprig
®payng- MARpwg

AlaoTavpwong Alacuvdedepévol

EONIKO METZOBIO NOAYTEXNEIO

Banyan

MoAAamrAwyv

Ailadpopwv
Aieupupivol Clo I'Io)\)\a"rr Awv EmavakukAo@opiag
Banyan EMITTEOWV

2uotnuara Metaywyng NMakérou



MeTaywyeic Alaipeonc Xpovou

= Movadikn ecwTePIKN UNodopn enikoivwviag nou diapolpaleTal ano oAa
Ta NAKETA Nou kaTeuduvovTal ano TIC BUpeC e1I60d0U OTIC BUPEC €E6OOU

= H eowTepikn unodopn pnopei va givail diauhog, dakTUNIOC 1) JVKN
= KUpIO YEIOVEKTNHA OI NEPIOPICHOI EEAITIAC TNC XWPNTIKOTNTAG TNG
E0WTEPIKNC UNOOOUNG

= [AeovekTnEAa N €UKOAN uNoaTHPIEN UNNPECIWV NOAAANANG / KABOAIKNG
EKMOMMNG

= Baoikec Katnyopiec MeTaywyewv Aiaipeonc Xpovou

« MeTaywyeic Alapoipalduevou Meoou
= MeTaywyeic Alapoipalopevncg Mvnung
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MeTaywyeic Aiapoipalouevou
Meoou (1)

= Ta el0epXOPEVA NAKETA NOAUNAEKOVTAl OE KOIVO HEGO UWNANC
TaxuTtnTac (diauAog 1} 6akTUAIOC)

= To eupoc {wvnC Tou KoIvoU PETOU €ival HEYAAUTEPO I i00 HE TO
abpoiopa Twv eupwv (WVNC TWV EI0EPXONEVWV (EUEEWV

= H ouvoAIkn XwpnTIKOTNTA TOU PeTaywyea kaBopileTal ano To pubuod
d1EAeuonc Tou dlapolpalOPEVOU HEGOU

N\

— — AF — —

Mpener CS>=n X CL -

—» —» AF — —»

NS

B EONIKO METZOBIO NOAYTEXNEIO 2uaTnparta Metaywyng MNMakétou



MeTaywyeic Aiapoipalouevou
Meoou (2)

= KdaBe (eu€n €€000U oUVOEETAl OTO KOIVO HECO MECW MIac dlenagng

= H dienapn nepiexel va @iAtpo dieubuvonc (Address Filter, AF) kai evav
evTapieuTn FIFO

= To AF anodexeTal pOvo Ta NAKETA NOU KaTeubBuvovTal Npog TNV
avTioToixn Bupa €€6dou Baacel TN NANPo@opiac enikepaiidac

= KdabBe xpovikn Bupida diaipeital oe N pikpobupidec (N o aplOuog Twv
el0epXOEVWV (EUEEWV)

= 271N OIapKela Piag HIkpoBupidac, £Eva NAKETO EKNEUNETAI NPOG OAEC TIC
Oupec €600V Kal TEAIKA KATAANYEI OTOV EVTAMIEUTN Hiag €€ auTwy,
agpou &£xel anoppiPBei ano Ta AF Twv unoAoinwy

= AuTn n AoyIkn Ynopei va enekTabei eUKOAA yia TNV UNOOTNPIEN
£KNOMMNNG Npo¢ NOAAANAEC BUpeC 000U
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MeTaywyeic Aiapoipalouevou
Meoou (3)

= [lAeovekTnpara

AuTtovopn AsiTtoupyia kal oxedlaopog yia Kabe pia ano TIc Bupec E6Oou
EUkoAn unoaTtnpIEn yia unnpeaieg NOAAAnANG / KaBoAIKNG EKNOUMNG

= MelovekTripaTa

AT

AnaiteitTal yeyalog apiBuoC EVTAUIEUTWV
AE,loor]pawTr] NoAUNAOKOTNTA TOU UAIKOU YIa TNV KATAOKEUN TNG
avTioToIxng dlenapng yia kabs Bupa eE6dou

To peyebog N Tou psTaywysa nepiopideTal ano Tnv TaxuTnTa TngG KVNKNg,
n.x. av N ei0epxopeva nakeTa o€ yia xpovikn upida kateubuvovTal OAa
oTnv idla Bupa sE,oéou evOEXETAI VA unspxsl)\loouv TOV EVTAUIEUTN O€
nepinTwon nou To N €ival NoAU peyalo r] TaxutnTa TnS (eUENC €10000U NMOAU
uwnAn (apa noAU pikpr) diapkelia Xpovikng Bupidac)

Aduvapia diapoipacpou TNG GUVOAIKNG MVAMNG HETAEU TWV EVTAMIEUTWYV,
n.x. OTAV £vac EVTAMIEUTNG YEMIOEI anoppinTel Ta ENEPXOUEVA NAKETA Kal
dev €ival duvaTtn n xprnon TNG MVAUNG AAAWV EVTAMIEUTWV NMOU EVOEXOMEVWC
eival 01a06€aiun
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MeTaywyeic AiapoipaloOPevnC
Mvnung (1)

E— —

EvTauiguTng DE- R
MU X - ArapoIpAaSHEVNG - MU X )

MvApng

— - N — -

—
o

Movada
EAéyXxou

= Ta €10epXOPEVA NAKETA NOAUNAEKOVTAl XPOVIKA O€ eva peUpa
dedopevwV €10000U KAl YpApovTal GEIPIAKA GTNV KOIV) MVAKN

= H dpopoAoynon snituyxaverar dnuUIoupywvTac eva peupa OeO0OUEVWV
£€00ou, nou anonoAunAekeTal oTIC (eUEelc E0O0U

= H povada eheyxou napexel TnG 01EUBUVOEIC UVNUNG YIa TNV eyypadpn /
avayvwaorn TV NaKeTwv Baacel Tng nAnpo@opiac dpopoAoynong TnG
enike@aAidac
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MeTaywyeic AiapoipaloOPevnC
i MViung (2)

= [lpooeyyiosic oTo Alauolpacuo TNE MVNUNG:
= KaBoAikoc Aiapoipacpog : H pvaun diaipeital o€ N ioa TuAuara,
KaBeva ek TwV onoiwv avaTifsTal o€ pia Bupa €€6dou

= 'Eva nak&To anoppinteTal 0Tav To THAPA KVARNG TNS BUpag €€6dou nou
KaTeuBUVETaI €ival YEUATO, AKOUA Kal 0Tav unapyel 01aBETINOG XwPog
o€ AANO onpeio TNG MVAKNG

= [ANpNc Aiapoipacpoc: ‘'OAn n pviun diapoipaleTal o€ OAEC TIC
Bupec €0doU
= [lakeTo anoppinTeTal HOVO GTNV NEPINTWAN MOU N GUVOAIKN VAN Eival
YENATN
= Mo anodoTikn peBodoc oTn diaxeipion TNG HVAMUNG
= Aev gival dikaia, apou o KaTalyiopog dedouEvwy npoc Hia Bupa e€6dou
Mnopei va unoPabpicel TV NoI0TNTA UNNPECIAC YIA TIC UNOAOINEC

h = AnoTponr povonwAlaknc Xpnong TnG HVAUNG
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MeTaywyeic AiapoipaloOPevnC
Mvnung (3)

= [IAeovekTnuaTa
= BEATIOTN Xprjon TNC UVNUNG, O€ avTiBeon e TOUC HETAYWYEIC
dlapoipalOPevVoU HECOU =>
= 2TEVWNOC €nidoonc Tou ouoTnUaToc N TaxUuTnTa KE TNV onoia
nNpooneAaUVOUV TN YVAMN TA EI0EPXOMEVA Kal EEEPYXOUEVA NAKETA
= To peyeboc TNC MVAMNG HMOPEI VA NPOCAPHOCTEN £TOI WOTE O PUBPOC
anWAEIac NAKETWV va dIaTNPEITAl KATW aAno €va CUYKEKPIHMEVO KATW(AI
= MelovekTnuaTa
= ‘Onwc kal oToug PETaywWVYEIC diapolpalopevou Peogou, To peyedoc N
TOU METAywyEa neplopileTal anod Tnv TaxuTnTa TG MVAMNG
= TO KOOTOC au&avel Aoyw Twv NEPINAOKwY d1adikaoiwVv EAEYXOU OTN
novada eAEyyou
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MeTaywyeic Aiaipeonc Xwpou

= [loAAanAa @uoika kavaAia peta&u Twv Bupwv Eicodou kal EEGdou, o€
avTiBeon PE TOUC PETAYWYEIC diaipeong Xpovou
= Ta kavaAia AsitoupyoUv TQUTOXPOVA, ENITPENOVTAC TNV TAUTOXPOVN
LETAd00N KATA PNKOC TOU PETAYWYEQ
= H ouvoAikn XwpnTIKOTNTA NPOKUNTElI Aanod To aBpoioua Tou EUPOUG
(wVNC TWV PUCIKWV KavaAiwv
= Baoikeg Katnyopiec Metaywyewv Aiaipeong Xwpou (pe Baon Tov
ap1Bpo Twv diabeoipwv dladpopwVv PETAEYU 1000wV — £E00WV)
= MeTaywyeic Movadiknc Aiadpounc: povadikn diadpopn HeTagu
onoloudnnote (euyapiou Eioodou / EEGO0U
= AnAouoTepn dpopoAoynon
= MeTaywyeic MoAanAwv Aladpopwv: NOANANAEC dIadPONES HETAEY
onoloudnnote (euyapiou Eioodou / EEGO0U
= MeyaAuTepn eueAi€ia
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‘L MeTaywyeic Movadiknc Ailadpopunc
= Kupiec Katnyopieg
=« MeTaywyeic ®payic — AlaoTalpwonc (Crossbar Switches)
= [ANPwWC AIaouvOEdEPEVOI HETAYWYEIG

=« MeTaywyeic Banyan
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MeTaywyeic dpaync —
i AlaoTavpwonc (1)

= 2eeva N X N petaywyea:

= 'Exoupe a N2 aveEaptnTa oTtoixeia diacTaupwonc (i ouvOECUOUC),
KaBEva €K TWV OMOIWV AVTIOTOIXEI € eva ouvduaouo Twv Bupwv E / E

= Kabe ouvdeopoc BpiokeTal o€ dUO dUVATEC KATAOTACEIG: ppaync (n
npokadopiopevn) kai d1acTaupwang

= H ouvdeon piag Bupacg €100d0u i ue TN BUpa €€0dou j, eykabioTavTal
OcTovTac Tov (i, j) ouvdeopo o kaTaoTaon pPAync Kai apnvovTac Toug
unoAoInouc o€ kaTaoTacon S1aoTaupwWaong

= H diadikaoia auTn yiveTal ave€apTtnTa yia KaBe NakeTo, aveEapTnTa TNG
Oupac ei00dou ano Tnv onoia nponAdav

= I010TNTA auTodpopoAOynonG => HEIWPEVN NOAUNAOKOTNTA OTN Hovada
HETAYWYNC, aPou ol AEITOUPYIEC EAEYXOU KATAVEUOVTAI METAEU TWV
OUVOEOHWV

) EONIKO METZOBIO MOAYTEXNEIO SuoTAuaTa Metaywyrig Makétou




MeTaywyeic ®paync —
i AlaoTatpwonc (2)
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MeTaywyeic dpaync —
i AlaoTaupwonc (3)

= [IAeovekTnuaTa

= A&gv npokaAouv ppayn €0WTEPIKA TNG povadacg petaywync (internal
link blocking)

= 'Exouv noAU anAn apxITEKTOVIKN

= 'Exouv TnVv 1810TNTA TNC KAINAKWONG => PETAYWYEIC HEYAAUTEPNG
kAipakag pnopoUv va KaTaokeuaoTouv ano Tn ouveeon
aveEapTNTWV HETAYWYEWV HIKPOTEPNC KAIMAKAC
= MelovekTnuaTa

= AnaiTeital Meyahoc apiBpoc ouvOEoUwWY

= Avaykaia n unap&n pnxaviopwy diairnaiag yia Tnv niAoyr Tou
NAKeToU nou Ba peTadobei o€ pia oUYKEKPIPEVN BUpa €000V O€
kaOe xpovikn Bupida (oTevwnoc enidoonc IDIAITEPA YIA PHEYAAEC
TIMEG TOU peyeBouc N Tou PETaywyea)
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MeTaywyeic dpaync —
‘L AlaoTaupwonc (4)

= [MONITIKEC evTapieuong peETaywyewv Opaync —
AlaoTaupwaong

» EvTapieuon oTtoug ouvdEoUOUC TOU HETAYWYEQ

« EvTapieuon oTic povadec £10000U ToUu PETAYWYEQ

f‘ B EOGNIKO METZOBIO INMOAYTEXNEIO 2uoTtiuara Metaywyng MNakéTou



EvTauicuon oTouc ouvOdECHOUC
i MeTaywyea Crossbar (1)

>€ KGBe auvOeoUo unapyel eva PpiAtpo dicuBuvaonc (AF) kal Evac EVTAPIEUTNG

= To AF anodexeTal pOvo Ta NAKETA Nou KaTeubBuvovTal NPog TNV avTioToIxn
Bupa €€6dou (OnA. Tn BUpa j) Bacel TNG nAnpopopiac enikepaAidag

= Ta nakera nou diEpxovTal ano To AF anoBnkevovTal OTOUG EVTAUIEUTEC

= Ta anoBnkeupeva otnyv idla oTnAn nakeTa peradidovTal Npog TIG BUPEC
£€000U, €va ava xpovikn Bupida

= H Unap€n evrapieuTtn os kaBe oUvOECUO au&avel os peyalo Babuod To Xwpo
TOU OUVOECHOU OTO OAOKANPWHEVO KUKAWHA => OpapaTikoG NEPIOPICHOC TOU
apIBPoU TwV CUVOECHWV YIa OEDOUEVO HEYEDOC TOU OAOKANPWHEVOU
KUKAWPATOG

= KaTta ouvéneia, dev unapyel NEPIOPICUOC DIEAEUCNC, ONWC OTNV EVTAMIEUON
oTtnV €i00d0. 'Opwc anaiTeital JeyaAUTEPOC CUVOAIKOC XWPOC EVTAMIEUONC
yiaTi 6ev unapxel dIapoIpACHOC XWPOU HETAEU Twv N eEVTAMIEUTOV TWV
OUVOEOUWV
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EvTauicuon oTouc ouvOdECHOUC
‘L ueTaywyea Crossbar (2)
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Evrapicuon otic Movadec
i Eicodou MeTtaywyea Crossbar (1)

AlaxwpIoPoG EVTCI|JI€UT(1)V Kal ouvOEouWV (eMBUPNTOC ano anoyn
KATavaAwong Xwpou aTo OAOKANPWHEVO KUKAWHA)

= Ta €10epXOPEVA NAKETA anoBnkKeUovTal OTOV EVTAMIEUTH TNG AVTIOTOIXNG
puovadac €10000uU Kal avapevouy Tn G€Ipa Toug yia va PJeTadobouv

= O1 ouykpoUoeIC dIEuBeTOUVTAl AVEEAPTNTA OTOUC OUVOEOHOUC, HE
KATaveunuevn €niAucn Tou NpoBANUATOC TOU AVTAYWVIOUOU

= 2€ MNEPINTWON NOU £va NAKETO a@ixOsi o€ oUVOECHO, O OMNOIOC Xl TEDEI O€
KaTaoTaon ¢ppaync anod nponyoUuUEVO NAKETO, £va ONUa ppaynsg oTEAVETAl
oTnVv avrioToixn Oupa il0codou

= AuTO npokaAei diakonn TnG HETadoong Kal To NAKETO dIATNPEITAl OToV
EVTAMIEUTN YIa JEANOVTIKEC Npoonabelec peTadoong

= Eival nepinTwon ouykevTpwTIKAG €NIAUONC avTaywviopoU, ano PnXaviopo
dlaiTnaoiac os kabs BUpa €€0dou (JOVo eva nakeTo npoc Tn MMI ava
XpoVIKr Bupida).
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Evrapicuon otic Movadec
‘L Eicodou MeTtaywyea Crossbar (2)
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[ANPWC AlaouVOEDEPEVOI
ueTaywyeic (1)

= [IAnpnc diacuvdeon HETAEU Twv Bupwv €10000U Kal £E0dou pe xpnon N
diauAwV kaBoAIKNC ekNOPMNNC ano kabe Bupa €10000uU G OAEG TIC BUpEeC E6d0U

= Avaykaiotnta unapénc N evrapieuTwy, evac os kabe Bupa €E0dou

= Eneidn kabe TeTol0G evrapieutnc diapoipaleTal peta&u Twv N Bupwv €10000U
EXOUME oTnVv ouaia N2 evTauIEUTEC => ) TOMOAOYia ViVETAl TQUTOONKN ME
TOUC METAYWYEIC ppaync - dlacTaupwong

——

—
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[TANPWC AlIaCUVOEDEUEVOI
i UETAVWVEIC (2)

= O1 NANPWG dIaCUVOEDEPEVOI HETAYWYEIC AEITOUPYOUV NAPOUOId HE TOUG
LETaywyeic dlapolpalOPEVOU HEGOU
= 'Eva nakero and onoladnnote BUpa €10000U EKNEPNETAI NPOC OAEG TIC BUPEG
£€000U
= [1auTd To AdYyo €ival anapaitnTn N Unap&n evrapieuTwyv kal QiATpwv AF oTIC
Bupec €6doU
= H Baoikn diapopad €ival 0TI N XPOVIKN €NIBApUVON OTOUC JETAYWYEIC
dlapoipalopevou peoou (EalTiag TNG CEIPIAKNG HETAOOONC TWV NAKETWY),
avTioTaduileTal aTouc NANPWE dIaCUVOEDEUEVOUC HETAYWYEIC ano Thv
eniBapuvon xwpou (e&aitiac TG unap&éng N2 diadpouwy EKNOMMNG)
= [AeovekTnuaTta (ONwc akpiBwc Kal oToug crossbar switches)
=  Mn Unap&n ppaync EowTePIKa TNG Hovadac HETAYWYNG
= AN\ apXITEKTOVIKN

EONIKO METZOBIO INMOAYTEXNEIO 2uoThpata Metaywyng MNMakEtou




i MeTaywyeic Banyan

= [IAeovekTnuaTa
= Id10TNTA auTodpouoAoynong

= H noAunAokoTtnTa diadpopwyv Kal OTOIXEIWV PETAYWYNG €ival TNG
Ta&nc NlogN, yeyovoc nou Toug kabloTa kataAnAouc yia Tnv
KATAOKEUN MEYAANG KAiMakac pctaywyewv (N noAunAokOTNTA OTOUG
LETAYWYEIC gppaync — dlacTaupwong Kal aTouc NANPWG
d1aouVOEDEPEVOUC PETAYWYEIC NTAV TNG TAENc N 2)

= MelovekTnuaTa

= [1pokalouv @payn eoWTEPIKA TNG Jovadag PeTaywyng =>
OpaudTIKn HEIWON TNE Enidoonc e TNV au&non Tou peyebouc N
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MeTaywyeic NMoAAanAwv
‘L Aladpouwv

= Kupiec Katnyopieg

» MeTaywyeic noAAanAwv eninedwv

« MeTaywyeic enavakukAogpopiac
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MeTaywyeic noANanAwv
ENINEOWV

'Exouv npoTaBei w¢ pia peBodoc BeATiwong Tou pubuou dIEAEUONG

= AnoTteloUvTal ano noAAanAa enineda PeTaywyng, Ta onoia €ival, cuvnobwc,
navopoloTuna

= [lAeovekTuaTa

6 I'Iapsxouv psya)\o Baepo a&lonioTiac, agou akoua Kai av &va o)\OK)\r]po snmséo TEDEI

EKTOC; AgIToupyiac, To ouoTnua eEakoAouBei va AsiIToupyei (Ue PHIKPOTEPO PUOIKA pubuod
dlEAEUONG)

= MelovekTnuaTa

= Ac 6|aTr|pouv v opBn oeipd napaéoonq TWV NAKETWV, OTAV auTta PeTadidovTal anod
OIAPOPETIKA €NiNeda ToU PETAywyea

/\

(= =)~
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MeTaywyeic enavakukAogpopiac

(1)

'Exouv npoTabei yia TNV avTIHETWNION TOU avtaywviopou Bupac eEodou

= [lepiexel €101KEC OUPEC enavakukAoPopiac ENINAEOV TWV KAACIKWV
Bupwv Eicodou / EE6d0U

= 2£ NEPINTWON avraywviopou Bupac e€0dou, Ta “NTTNHEVA” NAKETA
anoBnkeuovTal 0TOUG EVTAMIEUTEG EnavakukAopopiag kal dokiualouv
&ava Tnv enOpevn Xpovikn Bupida

= [1a va diatnpnOsei N ogIpa TwV NAKETWY, Hia TIUN NPOTEPAIOTNTAG

avarifeTal og kabeva anod auTa

s 2€ nsplnTcoon m-raq oTn dladikaoia awaywwouou N npOTspcuomTa
CIUECIVETCII KaTa €vd, wWOTE Td 0UYK€KpI|J€VCI NAaKeTa va sxouv
LEYAAUTEPN I'IIGCIVOTr]TCI HMETAd00NC TNV ENOMEVN XPOVIKN Bupida

= Av £va NakeTo POACEI OTO AVWTEPO €MiNedO NPOTEPAIOTNTAC Kal OgV
£XEl METadOOEI akopa, anoppinTETal yia TNV Ano@uyn EVOEXOUEVOU
AaBouc anwAeiag TnG opoNn¢ oeIpag
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MeTaywyeic enavakukAogpopiac

=2

MovadSoax

MeTayocoyng
—— _
NMoak&€rTou
4> —
— I ———————
{ | l

O apIBuoC Twv Bupwv ENAvakukAOPOoPIac ENIAEYETAI ETOI WOTE va ENITEUXOEi anodekTOC
pUBUOC anWAEIag NAKETWY
= M.X. yIa TNV €NiTeuEn pubuou anwAeiac nakeTwv 10°-6 ag @opTio 80% kal ai&eic Poisson, 0 AOYoG
TwV Bupwv enavakukAopopiac npoc TIG BUpeC eilc0dou npenel va eival 2.5
O apiBuoc Twv Bupwv enavakukAopopiac Purnopei va peiwbei dpacTikd, av ENITpansi oe
NEPIOOOTEPA TOU £VOC NAKETA Va kata@Bavouv o€ pia Bupa €€66ou TNV idla Xpovikn Bupida

= M.X. Yia niBavoTnTa anwAeiac naketou 10°-6 o€ @opTio 100% kai agi&eig Poisson, o AOyoc Twv
Bupwv enavakukAo@opiac Npoc TIC BUPeC €10000u pnopei va peiwbei otnv Tiun 0.1, av eniTpanesi o€
3 NaKETa va katapobavouv g Yia nopTta €60dou kata Tnv idia Xpovikn Bupida
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[MTONITIKEC EvTaUIEUONC

s  MEeTAYWYEIC ECWTEPIKNC EVTAMIEUONC

s  MeTaywyeic evTapieuonc enavakukAo@opiag

=  MeTaywyeic evrapieuonc d1aoTaupoUUEVOU CGhHEIoU

s MeTaywyeic evrapieuonc oTiC Jovadec Eioodou

= MeTaywyeic evrapieuonc oTic povadec EEodou

=  MeTaywyeic diapoipalOPEVOU EVTAMIEUTN

=  MeTaywyeic diapoipalOuevou evTapieuTr) NOAAANAwV eninedwvV
= MeTaywyeic evrapieuonc oTic Jovadec Eicodou & EEOdoU

=  MeTAywyeic €IKOVIKNC oupac avapovng e€odou

) EONIKO METZOBIO MOAYTEXNEIO SuoTAuaTa Metaywyng Makétou



METAYWYEIC ECWTEPIKNC
evTapieuonc (1)

= YAOMOIOUV TOUC EVTAMIEUTEC EVTOC TWV OTOIXEIWV HETAYWYNC (E0OWTEPIKA
otn Movada Metaywyng MNMakeTou)

= [lapadeiyua anotelolv ol HETaywyeic Banyan pe evrapieuTeg (Omnou
anoBnkevovTal Ta NAKETA NOU ugpioTavTal gppayrn owTePIKoU diaUuAou)

=  MnopoUv eUkoAa va KAIHakwBouv yia Tn dnuIoupyia cCUCTNHATWV
LEYaAUTEPNC KAiMaKag

=  Q0T000, NAcXouv anod XaunAd pubuo SIEAEUONC NAKETOU Kal HEYAAN
kaBuoTepnaon d1adoonc, EaiTiac TNG PeooAapnonc noAwv Babuidwv

= [1a Tn BeATiwon TN NapeXOUEVNC NOIOTNTAC UNNPETIAG, €ival anapaitnTn
N eykaTaoTacn PnNXaviopwyv dIaxeipionc TwV EVTAUIEUTWV

= Me auTov ToV TPOMo, ONWC, AuEavel To KOOTOG UAOMOINCNG

B EOGNIKO METZOBIO INMOAYTEXNEIO 2uoTtiuara Metaywyng MNakéTou



METAywYEIC EOWTEPIKNG

‘L evrapieuonc (2)

] ]
] ]

ili

ili

ili

ili

] ]
] ]
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METAywYEIC EVTAUIEUONC
‘L £NavakukAo@opiac

= H AcIToupyia Touc nepiypapnke € Nponyoupevn dlapaveia

) EONIKO METZOBIO MOAYTEXNEIO SuoTAuaTa Metaywyng Makétou



MeTaywyeic EVTAuieuonc
‘L OIa0TAUPOUNEVOU ONUEIOU

= Eival o idlo¢ TUNOC Pe Toug peTaywyeic Ppaync — AiaoTaupwongc
(Crossbar Switches)

= H AsIToupyia Toug nepiypapnKe G€ Nponyoupevn diapaveia
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MeTaywYEIC EVTANIEUONC OTIC
uovaodec Eicodou (1)

= [lapouaialouv To NpoBAnua epayng otn Bupac eilc6dou €EaITiag Tou
nakeTou enike@anc (Head-of Line blocking)

= 2NUAvTIKOC NEPIOPIOHOC TOU puBPOU JIEAEUCNC NAKETOU, HE HEYIOTN
TIUA MOAIC 58.6%

= [1a Tn BeATiwon Tou pubuou diEAeUONC, XPNOIKOMOIEITAl N TEXVIKN TNC
evnapadupwonc (windowing)

= [loAAanAda nakeTa ano kabe evrapieuTn €l00dou (kal Ol HOVO TO NPWTO
oTnVv oupa) kabioTavral unownPia Npoc JeTadoaon

=  Quolka povo eva €€ auTwv PeTadideTal Npog Tn Hovada PETaywyne

= To peyeboc Tou napabupou kabopilel Tov apiBPo Twv unown@iwv Npog
LETAO00N NAKETWV

= [1a peyeboc napabupou 2, o pubPoC diEAsuonC @Tavel akopa kal 70%

= Au€avel n noAunAokOTNTa, aPou n 10€a Tou anAou evtapieuTn FIFO
eyKaTaAcineTal
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MeTaywYEIC EVTANIEUONC OTIC
uovaodec Eiocodou (2)
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2uotnuara Metaywyng NMakérou



MeTaywYEIC EVTANIEUONC OTIC
uovadec E€odou (1)

= EnmiTpenouv og OAa Ta €I0epXOUEVA NAKETA VA (PTAOOUV OTIC BUPEC
£€000u, Ornou anoBnkeUovTal OE EVTAMIEUTEC

= Enedn To gaivopevo TnG ppaync otn Bupac 100dou Eaitiac Tou
MNAKETOU EMIKEPAANC dev uPioTaTal (AOYyw anouaciac EVTaPIEUTWV OTIC
HOVAdEC €1I0000U) 0 PUBHOC dIEAEUCNC UNOPEl BewpnTIKG va PTACEl TO

100%
— —> T ]
Movada
MeTaywyng
MakéTou
- s T
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MeTaywYEIC EVTANIEUONC OTIC
uovaodec E€odou (2)

= EvtouToig, To peyeboc N Tou peTaywyea nepiopileTal ano Tnv TaxutnTa
TNG MVAKNG

= OI evTauIEUTEG OTIC Hovadeg €E000U NPEMEl va €ival o BEon va
anobnkeuoouv N nakeTa ava povikn Bupida

= To nNpoBAnua pNopei va avTINETWNIOOE v HEPEI PE XproN
ouykevTpwTh (concentrator)

= TO PEIOVEKTNKA G€ AUTN TNV NEPINTWON €ival N avano@EUKTN anwAe&la
MNAKETWV OTO OUYKEVTPWTH
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MeTaywyeic diapoipalOPEVOU
EVTAMIEUTN

= Eival o1 Aeyopevol petaywyeic diapoipalOPevne Hviung

= H AsIToupyia Toug nepiypapnKe G€ Nponyoupevn diapaveia

‘B EOGNIKO METZOBIO INMOAYTEXNEIO 2uoTtiuara Metaywyng MNakéTou



MeTaywyeic diapoipalOPEVOU
evTapieuTn noAanAwv eninedwv

= AnoTeAouv £va BEATIWUEVO TUMO PETAYWYEWV dlapolpalOPeEVNC MVAKNG

= XpnoigonoloUvTal EUPEWG YIA TNV KATAOKEUN CUOTNHATWV HIKPNG KAipakag Aoyw Tou
uynAoU puBpou BIEAEUONG, TNG MIKPNG KaBuaTepnong d1adoong Kal TNG UPNANG
XPNOIKonoinong TnG MVAKNG nou napoucialouv

= ‘'Evac petaywyeac peyaing kAiJakag Jnopei va kaTtaokeuaoTel Pe Tn d1acUvOeon NoAwY
TETOIWV HETAYWYEWV

= H enidoon evoc TETOIOU CUCTANATOC HEIWVETAI AOYW TNG PPAYNG E0WTEPIKOU dlauAou
= EminA€ov, n noAunAokoTnTa uAonoinong gival 1I01aITEPwS augnuEVn

— —
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MeTaywYEIC EVTANIEUONC OTIC
povadec Eiocodou & EEodou (1)

'Exouv okono va cuvOudoouVv Ta NAEOVEKTNHATA TNG EVTAMIEUONG OTIG HOVADEC

€1I0000U Kal TNC EVTaMieuonc oTIC Jovadeg eE0dou

= KaBe BUpa €€0dou pnopei va dexTei To NOAU PEXP! k nakeTa ava xpovikn Bupida,
onou 1<k<N.

= Av nepioooTepa ano k nakETa kateubuvovTal Npog Tnv idia Bupa €€0dou, Ta

ENINAEOV ano auTa anobnkevovTal OTOUC EVTAMIEUTECG E100J0U.

= [1a TnVv eniteu€n Tou emBupnToU pubuou diEAeuonc, o napayovTac k pnopei va
TeOEI ue BAon TNV KATAVOMN TNG EICEPXOUEVNG Kivnonc.
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B EONIKO METZOBIO NMOAYTEXNEIO 2uoThpata Metaywyng MNMakEtou



MeTaywYEIC EVTANIEUONC OTIC
puovadec Eiocodou & EEodou (2)

=  MeTaywyeic peyaAng KAiHakag YNnopouv va KataokeuaoTouv JE
Baon auTn TNV apXITEKTOVIKN, MIAC Kal Ol EVTAMIEUTEC OTN £6000
anaiTeital va Aeiroupyouv PE TaxuTnTa To noAu k popec Tnv
TaxuTnTa €16000U.

= EvTouTOIC, 01 NETaYWYEIC evTapieuonc oTIC povadeg e100dou &
€€000U analTouv NePINAOKOUC KNXaviohoug d1aitnoiag yia Tnv
emAoyn Twv k ano Ta N nakera nou Ba kaTeubuvbouv NPoc TIC
Bupec eE€0dovu.

) EONIKO METZOBIO MOAYTEXNEIO SuoTAuaTa Metaywyrig Makétou



MEeTaywVEIC EIKOVIKNC OUpac
avapovnc e€odou (1)

= OI HETAYWYEIC EIKOVIKNC oupag avapovng e€odou (Virtual-Output-
Queue, VOQ) £xouv npoTabei yia TNV avTIHETWNION TNS Pppaync orn
Oupa €10060u €EaiTiac Tou nakeTou enikepaing (Head-of-Line
Blocking), nou napoucialeTal 0TOUG HETAYWYEIC EVTAMIEUONG OTIC
IOVADOEC €10000U.

= KdaOe evrapieutng ei100dou diaipeital o N AOYIKEC OUPEC AVAUOVNC

= O1 Aoyikeg oupeg poipalovTal Tnv id1a PpuUOIKn KVAMN Kal kabe pia ano
AUTEG NEPIEXEI TA NAKETA NPOC TNV avTioToIxn £€000.

= Me auTo Tov TpoOno au&averal o pubuog diEAeUONC.

= O1 ynxaviopoi dlaiTnoiag nou anairouvTal, OPWC, NPENEI va ival
1010iTEPA EUPUEIC Kal TAXEIC, apou npensl va AdBouv unowiv N2
nakeTa (N Aoyikec oupec oe N BUpeC el100dou) og KABe Xpovikn Bupida.

B EOGNIKO METZOBIO INMOAYTEXNEIO 2uoTtiuara Metaywyng MNakéTou



MEeTaywVEIC EIKOVIKNC OUpac

‘L avapovnc e€odou (2)
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