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ITEPIAHWYH

210 oLYYPOVO KOGHO Ol OMOTNCELS YL OAOEVOL UEYOAVTEPEG TOXVTNTEG UETOPOPAS
dedopévov gtvon katt mapordve ond emPefinuéves. Ta diktva oe yneidoa 11 NoC
(Network on Chip) amotelodv po omd TIC o evoedelypéveg ADOES GE LT TNV
katevBuvon. O avayvdotng g Topodcas epyaciog el T OLVATOTNTO VO KOTOVOTGEL
Baoiég évvoteg mov diémetl Eva NOC, Tig apyttekToviKEG GUVOESTG TOVG KOl TOVG KOVOVES
mov 10 Ow¥movv. Ilapovcialovior emiong Pacikés Kot  TPOYOPNUEVEG  TEXVIKEG
OPOLOAOYNONG TOV TAKETMV, KOl GUYKPITIKEG TPOCOUOIDGELS OAYOpIOU®Y dpOpOAGYNONG
O6Gov agopd Vv TaydTA, TNV aS0MGTIO, TNV KOTOVIAMGT EVEPYEWNG KoL TNV TEPLOYN

OV KOTOAQUPAVOVY TO, GUGTILOTO QVTAL.
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1° KEQAAAIO

BAXIKEX ENNOIEX XTA NETWORK ON CHIP

1.1 Ewayoym

Agdopévou 0t 0 aplBpIdc TOV TVPNVOV TOV EVEMOUATMOVOVTOL GTO, GUGTILLOTO,
NoC (Network on Chip) av&avete cuveymg, 0 pohog Tov dadpapatilovy ota
GUOTNUOTO, EMIKOWVMVIOG YIVETE OAOEVOL KOl O ONUAVTIKOC. XTI GNUEPIV
emoyn ta Noc yapaxmmpilovior ®¢ 1 mo "Buwown" ADon 610 YOPO TOV
EMKOWVOVIOV. e 00TO TO KEPAAmo Ba avardcoovpe facikég Evvoles Tdve ota
NoC ovomuate, copmepAaiPovouévemy  TOTOAOYIOV OIKTOOV, TEXVIKEG

UETAY®OYNG OEOOUEVDV Ko olyopiBpmy 0popoAdynomng.

[poypappatilopeve chip, 6mmg ot pikpoenesepyaotés avamtiydnkay apyikd
pe évov udévo LIOAOYIOTIKO Tupnvo. Mmopoboav vo EKTEAEGOLV  TO
TPOYPAUUOTO EVIOA TPOG EVIOAN, HE TOYLTNTO OVAAOYT TNG CLYVOTNTOG
ypoviopo¥ tovs. ‘Etol n avénon ¢ taydntog Tov poAoylov NTaV Kol O o
ocvvnoiopévog tpoémog ot Peltioon ™¢ cvvolkng amddoong tov chip.
AvoToy®dc 1 aénon g cLYVOTNTOG XPOVIGHOV, £XEL TOAAG LEIOVEKTHUOTO.
To Bacwdtepo givar mog (o Té€toto abEnon eivar dppNnKTo. GLVIESEUEVN TOCO
pe v avénomn g oyvog, 000 Kupimg pe TV avénomn e eKALOUEVNS

Beppotmrag amd 10 cvoTnUe. AVTO €L GOV AMOTEAESUA TV aOENCN NG
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Bepoxpaciog, 1 omoia duotuyds Teplopiletot e P TOAD HKpN EmPAVELD,
UOAMG Mywv TeTpayovikov ekotootov. H adénon g Oepuoxpaciog
Aerrovpyiog emmpedlel emiong kot TNV 0E0TIGTIO TOV GLOTHHATOG, KOOMG Lo
avénon 10° C ovvendyete kol SmAAClAcUO TIG THAvVOTTOS 0oTOYI0G TOV

VAKOL HoG.

Number of Processing Engines

Eucova 1.1: Avapevopevog apBuog ototyeimv oe NoC

Onwmg etvar puokd 1 oAoéva avEavopevn (Mo oe eneEePyOoTIKN 16Y0 O
CLUVOVLOGHO UE TIC EQOPUOYES “VEOg yevidas® dev Ba pmopovoe amid vo
mpoépbel poévo amd v avénomn g ovuyvotntag Tov poroylov. [Ma va
EemePAGOLIE TOVG TEXVIKOVG TEPLOPIGLOVS GTNY AOENGN TNG TOYLTNTOS TOL
POAOY100, T GVYYpova Chip €ivol KOTOoKELAGUEVO e TOAAOVG TUPTIVES OL
omoiol pmopovv vo emeepyooTodv ToL OedOUEVO TOPAAANAL, OAAG pE

HIKPOTEPT TOOTNTO YPOVIGLOV.

KoaBog 0 apBudc tov moprvev avéavete cuvexag (eikdva 1.1) ta Bépata mov
oyetiovtar pe T ON-chip emkowmvieg yivovial oloéva Kol o GTUAVTIKA
EVOVTL TOV VTOAOYOTIKOV Bepdtov. Andodr, UTOPOLUE VO EXOLUE TNV

eneEepyaoTiKy] 1oxd mov ypelalopacte (awEdvoviag my. Tov apliud ToV
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TUPAV®V), OAAG TNV 1O10 GTIYUT VITAPYEL 1) OVALYKT) EVOG OTOTEAECULOTIKOTEPOV

OIKTVOV ETIKOVAOVIDV Y10, VoL YEQLUPWOEL TO peta&d Toug YaouaL.

Ta Network-on-Chip (NoC) fempovvtor orjpepa og 1 tAéov Pidoun Avon og
OépaTo EMKOWVOVIOV GE GLVAPTNON HE TNV EMOUEVN] YEVIA TOAAOTAMV
mopnvov System-on-Chip (SoC). To NoC umopei va 1o gavtaoTtel Koveic oav

£vaL 31KTVLO VITOAOYIGTMV, OTOV Ol VIOAOYIOTEG EYOVV avtikataotabdel e chip.

Ta NoCs &yovv yapaxtmplotel vEMKTA, aEOTIOTA Kot 100VIKE OAANAEVOETA
ue to. MPSoCs [1], [2], [3] . Qot660 T0 01 TOpOL OV KOTAVOADVOVTOL AId TO
diktvo KoTodappdvouy Eva GUOVTIKO HEPOG TG 1oY0G Tov cuotiuatog [4].
Agdopévov OTL M KatavdAwon evépyelng &ivor omd To ONUOVTIKOTEPO
mmuata oto onpepwvd chip tv dieekatoppvpiov tpaviictop, EXTAEOV TG
KaBvoTépnong Kot TG mEPLOYNG TOL dIKTLOV, Ba Tpémet va. AdPovpe cofapd
VIOYN MG KOl TNV KOTOVOA®GON KOTé Tr OcOVOESN TOV EMUEPOVG
otolyelowv tov cvoTUOTOg pag. ¢ ek tovtov, €va NOC Bo mpémer va
ocoumepIANQBel o oL GUYKEKPIUEVY] TEPOYN TLPUTIOL HE TN TNV

amOd0TIKOTEPT] TOTOAOYIO KO TO BEATIOTO OAYOPIOLO dPOUOAOYNOTC.

1.2 Tonoloyieg AuktHoV

2av cuvoespoAoyia diktdov yapaxtmpilovpe tn peAéT TV puduicemv kot
™G ovvdecHoAoYiag TV dpoporoyntav. Me dida Adye pvBuilovue to
dwbéoyo Kavolo Kot to potifa cvvoeong mov eivor dwbéoyua Yo T
HETAPOPA OEOOUEVAOV HEG® SIKTVOV. ATHGO00T), KOGTOC KOl EMEKTAGILOTNTO
etvar ot oNUOVTIKOTEPOL TOPAYOVTEG YO TNV EMAOYN NG KOTOAANANG
tomoAoyiac. Shared-Bus, Crossbar, Butterfly Fat-Tree, Ring, Torus kot 2D-
Mesh &ivat ot dnpoeiléctepec Tomoloyieg yia Tig teyvoroyieg on-chip [5], [6].
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Ta evoOppata diktva Egovv TovAdyotov évav emefepyaotn (Processing
Element) oe xdBe Spouoloynty, £161 MOTE PECH TOV OPOLOAOYNTOV OV
pmopovpe vo eEamidoovpe 1o diktv petaly twv PE’S. Kdatt té€toto Bonbd oto
vo, amhomonBel  pvokn vAomoinon evog diktvov. Shared-bus, ring, and 2D
mesh/torus topologies (ewdva 1.2) givor Topadeiypato TOTOAOYIDY AUECOV
SIKTV®V TOL OTTOl0L VoL LEV TAPEYOVY TEPACTIO PEATIOON GTNV amdO0GT, AAAY
T0 KOOTOG VAMKOV ov&avetal Opopoatikd omd v ekbetikry avénorn Ttov
aplBpov tov PES. Amd v dAAn, ta éupeca diktva €£xovv €va chHVOAO
dpoporoynTdv ot omoiotl dev gival cuvdedepévol og kdmowo PE. e OAeg TIC
0evdpoeldng Tomoroyieg, ta PE cuvoéovian poévo oe dpoporoyntés puALmY
™mg Odrtaéng (my. tomoloyio butterfly) xabBdg wxor o pofdemapucog

petaymyéag (crossbar switch) Oswpovvrar éppeca diktva (ewdva 1.2).

10
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Ewova 1.2 TomoAoyieg diktowmv Shared-bus, Ring, Crossbar, Mesh, Torus,

and Butterfly

H tonoloyia shared-bus eivar 1 amdovotepn dhov Kot ypnoiponotet povo pio
Kown ovvoeon HeToEL OAwv twv PE Omov avtoywoviCovtor yuo v
amoKAEISTIKN POoPacn ot1o Slowro. o v emkovevia ot €QapUOYEG
TPENEL VO EEMEPAGOLY TOVS TEPLOPIGHOVS TOL €VPOVG {DOVNG TNG TOTOAOYIG

shared-bus kot va mpoympricovpe og KApokovpevo diktva. QoTd60 ot

11
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tonoloyieg mailovv ohoéva Kot pKpOTEPO pOAO KabBmG o apBpds tov PE ota
dtktua av&dvete cuveyms. Mia pikpn tpomomoinor oty tomoAoyio shared-
bus emTpénel TEPIGGOTEPES TAVTOYPOVEG LETUYWOYEG TOKETWV OTLLLOVPYDVTOG
™V TomoAoyia dakTuAd0L dmov Kabe PE €yxel axpifmg dvo yeitoves. e avtn
NV TOmoAOYiaL ToL UvopoTo petagépoviot Hetasd Tov PE péypt va gtdcovv
otov teMkd mpoopiopud tovg. H tomoAoyia crosshar emitpémer kabe PE g

TomoloYyiog va lvat dpeca cuvdedepévo e ta vedroro PE.

Ot devdpoeldels Tomodoyleg TAGYOLY GTO YEYOVOS OTL O apluog TmV
dpoporoyntadv vrepPaivel Tov apBud tov PE, dco avédvete o aplBpog tomv
PE. Avtd emiclpel pior GNUOVTIKY EmQoption Tov diktoov. o tig on-chip
dacvvdéoelg dikthov, owTtd ivar ToAD To onuavtikd omd 6Tt yia tig off-chip
SLOIGVVOEGELS KOl 1] EMEKTAGILOTITO TOV OIKTOOV Vol EMIOTG TOAD OTLLOVTIKY.
Ta diktva Poaociopéva otig tomohoyieg Mesh kot Torus ypnoipomotovvron
EVPEMG OTIG APYITEKTOVIKEG TOAALUTADY TUPNVAOV AOY® TNG ATANG o HVOEST
TOUG KOl TNG €VKOANG OpPOHOAOYNONG HETOEL Yertovik®v mupnivev. Ot
GLYKEKPIUEVEG TOTOAOYIES elval TANpw¢ emektdolpes. [Tapd to yeyovog ot N
tomoioyio TOrus kaAvtepn anddoon 1 Kavovikdtra, 1 KaAvTepT a&lomoinon
dlacvvdicewv gival TAgovektiuata g toroloyiog Mesh. Me dAla Aoywa 1
tomoAoyi Mesh ypnoylonotei Arydtepovg dpoporoyntéc. Ev oAiyng wdbe

TOMOAOYIOL EYEL TO, TAEOVEKTILOTOL KO TOL LELOVEKTILLOLTA TG,
1.3  Mnyoviopoi Metaymyng

Ot umyaviopol petayoyns kabopilovv m dwdpopn mov o axoAovbncovy ta
unvopata péca o éva diktvo. O 6tdyog eivar va dtapolpdlovral ot Topot Tov
OKTOHOL pog PeTAl) TV PUNVOUATOV Tov dépyoviatl and avtd. Bacikd, ta

KUKADUOTO, LETAYWOYNG KOL 1] LETOYMYN EVOG TOKETOL OTOTEAOVV TOL VO AKPOL

TOV UNYOVIGLOU UETOYMYNG.
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2T UETOY®OYT] KUKADOUOTOG, Onpovpyeitan £va KOKA®UO amd [ Ty 6TovV
TPOOPICUO TPV EEKIVIGEL 1] LETAOOT) TV OEGOUEVMV KOl TTOPOLUEVEL LLEYPL VOL
peTadobel To PNVLLO, GTOV TPOOPIGHO TOL (OTT®G aKPIP®OG cvpPaivel kol oTa
eVoUPUOTE TNAEPOVIKE OIKTLOL OOV KATO TNV TPOYUOTOTOINoN ol KAMong
onpovpyeite éva KOKA®UO TO OMOI0 TOPOUEVEL OVOLXTO UEXPL TNV
amomepdtwon tG). O unNyoviopog ovtdg €xel pukpr Kabvotépnorn Kot
gyyvator 10 €0pog L{dvng aAAd, mdoyel amd TO Yeyovog OTL decUevEL TOL
KOvAAl Yoo LEYAAO YPOVIKO O1ACTNHO, E£YEL YOUNAT OmdO00N Kol Ootel

UEYEAO YPOVIKO SLACTNLLO Y10 TNV EYKATAGTOCT LOG GUVOEST|G.

H petayoyn mokétov eivar évog eVOAAKTIKOG UNYOVICUOS OTTOV TA SEQOUEVAL
dev petafipdlovrar oe mpokabopiopéva kukdopota. Eva pqvopo propet va
owupebel oe GAAo pikpotepa. To. omoiot polpdlovion GTo KavAAl TOv
KUKADUOTOG TO OToioL UIopovV TOVTOYPOVE VO XPTGLLOTOIOVVTOL KOl OTO
Ao maxéto. Kdébe mokéto oamotedeiton omd TNV EMKEPOAIdO OV
wepAapPavel mAnpoeopieg yio T dPOUOAGYNGN TOL TOKETOV, EAEYYOL K.dL.,
amd To. PO HETAd0OM Oedopéva kot mhavdg amd pio ovpd. Ta dedopéva
akoAovBovV T Sradpopr Tov £xel KOBOPIoTEL OTNV EMKEPUAIDA, EVD 1) 0VPA
amodecpevel 10 KOKAopo. Ta  mokéto  pepovopévo 1n - aveEdptnro
OpopoAOYOUVTOL HEGM OIKTVOV KOl GTOV TPOOPIGHO GUYKEVIPMVOVTOL Kot
EMOVOONUIOVPYOLV TO OPYIKO HOG TAKETO. AV €va WVOHOL £YEL YWPIOTEL GE
pKpOTEPQ TOKETA, Oo TPEMEL 1] oEPd APLEN g Tovg oto PE va givar 1 1010 pe )
oelpd avaywpnons. g ek tovTov, N axpifelo oV TAPAGOoT| TV TOUKETMV
pog eivar and TG Pacwkég mpotepoudtTeg €voc on-chip  diktoov. O
UNYOVIGHOG LETAY®YNG TOKETOL aS10motEl KOADTEPQ £val KAVAAL BEATIOVEL TNV

SEKTEPALMTIKOTNTA TOV.

21 petaywyn makétov, o Eleyyog pong tov buffer kabopilel to unyovioud
OV OGYOAEITAL TOGO E TNV KOTOVOUT TOV KOAVOA®DV 0G0 KOl TOV GUVOAKOV

dwbéoov buffer xatd v petagopd tov makétov omd TV WY OTOV
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TPoopopd toug. O pnyaviopodg eAEyyov pong etval avaykaiog étav dVo 1
TEPIOCOTEPO TOKETA, TPOSTAHNGOVY VO YPNGYLOTOUGOVY TO 1010 KOVAAL TNV
O ypovikn oTiyur]. Xuvnlwg  XPNOLLOTOIOVVTOL TPELS  OLOPOPETIKES
otpatnyKég edéyyov pong: M Virtual Cut-Through, n Virtual Cut-Through ko
n wormhole. Otav avtoi o1 punyavicoi epapproctodv cg 0N-chip diktoa Eyovv

SLPOPETIKEG ATOSOGELS KOl OLOUPOPETIKES OTOLTI|GELS GE TTOPOLS OIKTVOV.

1.3.1 Amobikevon-kar-TpodOnon (Store-and-Forward)

Etvar 0 amiobotepog punyovicpog €Aéyyov pong Tov OIKTVOL LOG. XTNV
TPOcEYyon mov akoAovbel, KaOe dpPOUOAOYNTNG KOTE UNKOG TG OOPOUNG
amofnkevel oAOKANPO T0 pMvopa oto buffer, kot ot cvvéyelr To TAKETO
mpowbeite oe EMAEYUEVOVS YEITOVIKOVG OPOUOAOYNTES, av owTol dtafétovv
ToV amapaitmro y®po oto buffer tovg dote va rhoEeviicovy OAGKANPO TO
nakéto. O pnyaviopds antog tpovmodétet peydAo buffer (tovAdyiotov ico pe
aVTO TOL TOKETOV) G€ KABE dpOLOAOYN T TOV dKTHOV, TO omoio Ba pumopovce
va ovénoet 1o kootog Opapotikd.  EmumpocsBiétmg Ba kabBuvotepovoe
onNUovTiKd TN 01400 €vOg TOKETOL 0QEOD OVTO dEV UTOPOVGE Vo
petafipactel oTov EMOUEVO dpOHOAOYNTY, AV OE Elxe POPT®OEL TANPWS amd
TOV TTPONYOVUEVO. ZUUTEPAGUOTIKE 1 €V AOY0o Tpocéyywon Oev Bewpeite

TPOKTIKY o€ PeyaAng kAipokag NoCs.

1.3.2 Ewovikn Ewoydpnon (Virtual Cut-Through)

O ovykekpévog unyavioudg (Virtual Cut-Through) [5] kotaokevdomke yio
™MV avIETOTION ™S AavBdvovsos kabvotépnong ota peydio dikTvo Tov
XPNOLLOTOLOVY TOV pnyavicpod Store-and-Forward peidvovtag ovolooTikd Ty
KaBLOTEPNON TOV TOKETOV GE KABE OTAO0 OPOUOAGYNONG. X& avTh TNV
TPOcEyyon, Eva TakéTo umopel vo tpowdnbel otov emduevo dpopoAioyn

TPV TNV OAOKANP®ON TG ANYNG TOV amtd TOV EMOUEVO, PEIDOVOVTOS £TGL TNV
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kabvotépnon g (Store-and-Forward) mpocéyywong. Qotdco, o6tov o
OPOLLOAOYNTIG TOV EMOUEVOL GTOSIOV OgV gival SLOBECIUOG, OKOMO KO OVTN M
dwdkacio amortel peyolvutepo ympo oto buffer tov kdOe dpoporoynt, MoTe

avTdG vo etvar og B€om va omonkedoel OO TO TAKETO.
1.3.3 Mnyaviopdg “Xxovinkétpuora” (Wormhole)

Xe outdv TOV PNYOVICUO TO TOKETO OMOVE OE IKPOTEPO TUNUOTO TTOV
ovopdlovtaw FLITs (FLow control diglT) [7]. Zmm ovvéxew ta Alits,
OpopoAoyovvTal 610 OikTLO TO €va HETd TO GAAO, HECH TNG OL0OIKAGIOG
pipeline. To mpdro flit Tov kaOe Takétov (header) deopevel v dadpopn Tov
Ba axolovBnoovv ta vrorowta flits, t0 kOpo copa tov flits (payload)
aKOAOLOOVV TNV TPOOLUYEYPOUUEVT SLOPOUT TOV TPMTOV KOl TO TEAELTOIO
flit amodeopeder v dwdpoun. O unyoviopog wormhole dev amoutei omd 0
cvotnua TV omobnkevon OAOL TOL TOKETOL GTO OPOHOAOYNTH KaB®G
nepuével v kepodida evoc flit vo petafel oe kamoo amd to. emdueva
otaow. 'Etor évo mokéto umopel vo kotoAdPet towtOxpove. TOAAOLG
evoldpecovg dpoporoyntés. Me dAla Aoyw m mpoosyyion wormhole givat
napouota pe v mpocéyyion Virtual Cut-Through aAAd €6 M katavoun tov
Kovalav kot tov buffer yivete pe Baon ta flit kou ox to moxéta. Kotd
ovvénewn, 1 mpooeyyion wormhole omoutel Aydtepo ympo oto buffer ko
emMTPEMEL TN YPNYopn OO0 TOV TOKETOV HECH OmO  LKPOTEPOLG
opoporoyntés. Ady®m oUTAOV TOV  TAEOVEKTNUAT®OV O GLYKEKPYEVOG

pNYoVic oG etvat 10vikOg yia Tov EAeyyo pong o€ diktva on-chip.

1.4  Ewovikd kavaie (Virtual Channels)

Yta diktvo wormhole vrdpyet mbavotnta amoKAEIoHOD EVOG TAKETOL OTAV
aVTd TPOoTAHNCEL VO YPNOUOTOMGEL €vol KOVOAL TO OTOi0 TOWTOYPOVA

YPNoonotEiTe Kot omd dALO makéTo glvot vVaPKTH. Me ¥p1on TOV EIKOVIKOV
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kavolmv (VCS) umopodue vo amokieicovpe v mhavOTTO OTOKAEIGHOV
evOg TaKETOV. AvTtd emttuyydvete pe v ekydpnon moAddv VCS, 1o kabéva
oe Eeympot ovpa flit, oe kGbe pvowd kavaAl. T'a kabe VC, 6tav etdcel n
kepoida tov flit, To eloepyouevo TokéTo exywpeite oto buffer kot Tapapével

exel péypt va petadobet OA0 To makéto.

Onwg aivetar otnv ekdva 1.3 1o gioepydpuevo flit omdet ko amodnkeveton o
Eeymprota buffer ta omoia evdvovtor ko wdAl oty €£080. Av éva Kavalt
OmOKAEIOTEL Yoo KAmolwo Adyo, TOTE TO GAAOL KOvOMo €lvorl kovd vo
petapépovv 10 makéto oty €€odo. Ta VCs dmuovpynmbnkav yoo va
Beltidoovv TV amddoomn evog OIKTOOV Kol Vo BEATIOGOVY TV KabvoTtépnon

OTN LETASOON TMV JEOOUEVMV LLOG.

Ewcova 1.3 Tomucog dSpoporoyntg pe VC
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Ewoéva 1.4 Xpnowomoinon VC yia amopuyn deadlock
1.5 Awotdosic Aiktoov

>ta NoC cuvavtdpe 600 PBooikég apytektovikés: o) Avo daotdcewv (2-D)
kot B) Tprov dwotdcewv (3-D). Onwg @aivetar ko oty gwodve 1.5.0 ot
mupnveg ota 2-D NoC Bpickovion o€ éva otpopa. Evod ota 3-D NoC (sikdva
1.5.8) 1o otpdpato otopaloviar to €va mhve oto dAro [8], [9]. e «kdébe
OTPOUO  EYOLUE TN OLVATOTNTO VO YPNCUYLOTOU|COVUE  SLOPOPETIKN
teyvoAoyia, Tomoloyio, cuyvotnta poroylod k.a. Ta tedevtaio ypovia PEGH
¢ through-silicon-via (TSV) teyvoloyio &govpe KOTOPEPEL VO GUVOEGOVLE
amotedespatikd ta otpopata v NoC peta&d toug (vertical channels). H
TSV  «kdver v obvdeon 1tV  oTpoudtov  ypnyopdtepn Kot
amotedespatikotepn. H ewova 1.5 ameucovilet éva 2-D ko éva 3-D NoC pe

TaPOUOL0 aplOUd TLPNVAV.

Ewova 1.5 o) 2-D NoC ) 3-D NoC
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1.6  AkyoprOpor Apoporoynong

Apopordynon etvar m dodkacio. TPo®ONoNG TV TOKETOV UECH TOV
«KOTAAAMNA®V KOUPV amd TNV TNy 61OV TEMKO TPOOPIGUO TOVG. XE YEVIKEG
YPOUUES évag oAyopiBuog opoporoynong pmopel va Bswpnbel o¢ o
aAAniovyia Vo Pacwkadv afdvov TOL  VAOTOWOVLY TNV AglTovpyic
dpoporoynong [10], [11], [12] ko ™ Agrtovpyia emhoyng [13], [14], [15],

OT®G aVOTAPIeTATE TNV €IKOVA. 1.6.

d

Source, destination,
other pecke? related

riformation Admissible
Ounput
| Rousting Channels _ _ Cheput
Function Channe]
Source, destination,
ather packet related
rifcrmation Admissible
Crput
| Routing  [|Channek | selection Junput
Function Funclion Channel
Packel
c Metwork Condiions
Informaton
Source, destinaticn,
other pecket related
riformation admissibtle +
Ot
_ HU’J“”H Channels Schr_;l_gn I Lhrpat
Function Funcion Channel
Packe

Ewova 1.6 Awdikacio dpopordynong kot emAoyng

[Ipodto an’ Ao péoa amd ™ OSwdikacioo dpopoidynong vmoroyilovpe To0
GUVOAO TOV JPECIUOV KOVAADV a0 TO 0010 TO TOKETO WITOPEL VO PTAGEL
OTOV TPOOPICUO TOV. X1 cLVEYEW PEGa amd TN Stadkacio dPOUOAdYNONG

EMAEYOLLE TN PEATIOTN duVaTY S10OPOUT TTOVL TPETEL VO AKOAOVONGEL TO KAOE
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TokéTo  OEdOUEVOL TV TapapéTpov  — ovvinkov. O adyopiBuog
OpopoAOYNGoNG OeV EMNPEALEL GTO GUGTNUA LOG LLOVO TO YPOVO LETAOOOTG TV
dedopEVeV, aAAG emnpedlel emiong TOGO TV KATAVAA®OT EVEPYELNS, OGO Kot

TN GLUPOPNOT) TOV SIKTVHOL HOG.

1.6.1 Baowég TEVIKES OPOROLOYNONG

O aiyopBpog dpopordynong pmopet vo epoppootel TG0 6T0 OPOHOAOYNTH
mov Pplokete oV TNYN, OGO KOl HEG® £VOG KOTAVEUNUEVOL GLGTILLOTOG VOl
Spopactel 6TOVG SPOUOAOYNTEG KOTA KOG TS Owdpouns. Katd v
dwdkacio OpopoAdynong myns, o apykds SPOUOAOYNTHG EMAEYEL TNV
dwdpopry mov Ba aKOAOVONGEL TO TMOKETO KOl TNV EVOOUATOVEL GTNV
emkeParida tov kdbe maxérov. Kabog 1o makéro petaxveiton kotd punkog
™G O1dpouNG, ot TAnpoopieg mov Ppickovtor oty emke@oiida dafdlovron
a0 TOLG EVOLAUECOVS OPOUOAOYNTEG Kol KatevBuvouy avAaAoyo TO TOKETO
Pog tov mPoopicpod. ‘Eva tétoo €1dovg cvuotua eivat po omAn Avon yuo ta
on-chip diktva, aAAd T0 PooiKd HEWOVEKTNUA TOL &ival 1] CLOGMPELON
mAnpogopio dpopordynong mov otolPdletan oty EMKEPUAIN TOV TOKETOV
oG kot o€ éval diktvo drapéTpov K ypetalovrar tovAdyiotov K minpopopieg
dpopoAdynong amonkevpéveg oe kbbe mokétro. Etot av 1o diktvo peyoidoet
apketd 10 péEyefog g emKePaAidaG avEAVETOL OVOAOYIKE LE OTOTEAEGHLOL VO
KaO1oTdteE PN TPOKTIKY YO TO GUOTHUA MoG. Xe oviifeon pe v
KOTOVEUNUEVT TPOGEYYIoT OpopoAdYNoNng oOmov o KABe dpoporoyntng
pepovouEve AapPavel TNy KOTAAANAN Opopoldynon tov makétov (aviioya
LE TIG TOPAUETPOVS), EVAD 1 EMIKEPOAION TEPAAUPAvVEL LOVo TN OlevBuvon
npoopiopov. Kdbe evordpecoc Opoporoyntg e&etdler v devbuvon
TPOOPICHOV (0 OPICUEVES TEPUTMOELS €lvan amapoaitntn Ko 1 devbuvon
myne) kot amopacilel péow mowv kavoioh Bo mTpowmbNcel 10 TOKETO.
[Moapdra avtd 1 moOALTAOKOTNTO TOV GLOTNUATOS o€ KOOE EVAAUEGO

OpPOUOAOYNTH OLEAVEL GE GYEDT LLE TOV TTPOTYOVLEVO.
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1.6.2 NrergppvioTiKi Kot TPOGAPROGTIKTY dpopordynon

Ta xatavepnpéve GLGTHUATA SPOLOAOYNONG UTOPOVY VA YOPUKTNPIETOVV (G
deterministic, oblivious kot adaptive. To TOKETOL OTOVG VIETEPUIVIGTIKOVC
aAyopiBuovg dpopoAdynong axorovBolv cuykekpyévn oladpoun omd To
dpoporoyntn myNg oto dpoporoynTn TPoopoo. Mmopel o1 vAomom|oelg
TOV VIETEPUIVIGTIKOV 0AyopiBuwv dpopoidynong tvor amhéc, oA 6 Ko
nepintoon avtd dev umopel va g€looppomnBel kKo va  katoveundet
opoOpopPo. 0 @Optog petoEd TV ovvdécewv [16], [17]. Tw v
OVTIHETOTIOT TETOIWV TPOPANUATOV YPNOUOTOLOVLE TOVG TPOGAPUOGTIKOVG
aAyopiBuovg dpopordynons. ‘Etor  kobictavior Swbéoiyueg moAAamAég
OLOPOUES HETOED TTNYNG KOl TPOOPIGHOV, Ol OTTOiES Oev e€OPTMOVTOL OO TNV
TPEYOLGO KATAGTOGT TOL OKTOOV. Me TV €£160ppdmNoN TOL POPTOL KATA
UKOG MG OdpoUnG, Ol TPOGOPUOCTIKOL aAyopifuol PBertidvouy v
am6O0oT Kot TapdAANAa ival mo AVEKTIKOL GE TEPIMTAOCELS TPOPANLLATOS GE
pio obvoeon N kol cEAARN G€ KOmowo dpoporoyntr. Me avtd tov Tpdmo
pewwveror - mbovotro Eva TOKETO Vo mepdosl amd éva kOpPo mov
dvolettovpyel N elvon kopeopévog. AmO TV GAAN Ol VIETEPLUVIGTIKOL
aAyOpOpol amoTELOVV KAADTEPT EMAOYN Y10 L0 OLOIOLOPPN LETAPOPA TV
ToKETOV pésa amd 1o diktvo. Ta makéta pOdvovy 6TOV TPOOPIGHO TOVS LE TN
oepd kATt oL dev ovuPaivel GTOVG TPOGOUPUOCTIKOVS OAYOpiBLOLS
OPOLOAOYNONG 0L KO TO TTOKETO 0KOAOLOOVY O10POPETIKES dradpopéc. 'Etot
amorteite poe dadkasio avaddtaing tov mokétav. Ot amoitioelg ovTtég
avEAVOLVY TOGO TNV TOALTAOKOTNTO DAOTOINONG TOL ahyopifov 660 Kot TV

mOavOTNTO COAALATOC.
1.6.3 Unicast ken Multicast zp®tékorrha dpoporoyneng

H emwowvmvio oe on-chip diktva pumopei va givon gite unicast (éva mpog évar)
gite multicast/broadcast (évo mpog moAld) [18], [19]. Ztnv dpopordynon

unicast to makéto oTEAVOVTaL GE £val dPOUOAOYNTH TPOOPICHOD, EVED GTNV
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multicast emkowovio To Tokéta otélvovior oe évo avBaipeto cOvVoro
dpoporoyntdv mpoopiopov. ‘Etotl 1 unicast excowvovio omoteAdel o 181k
nepintoworn ¢ Mmulticast. H multicast ypnowonoieite cuyvé o€ mOAAEC
epappoyéc MPSoC onwmg 1 replication [20], o cuyypovioude epdypatog [21],
N ovvoyn otNg UvAuNG cache oe KATOVEUNUEVEG OPYITEKTOVIKEG KPLENG
pvnung [22] ko oto cuyypovioud tov poroyov [23]. Av ko m multicast
emowvmvia pmopet vo avamapaydel omd mToArég unicast pali katt tétoto dev
elval mPOKTIKG €PIKTO oG kKot KAtt 1€to10 Oo av&ove onuaviikd tnv
KUKAOQOPiOL TEPITTNG TANPOPOPIOG GTO GUCTNUA HOS, AVEAVOVTOG CTLLOVTIKE

™mv kabvotépnon kat TV GLUEOpNoN oto diktvo [24].
1.6.4 Turn Model Routing

To cvomua evorrayng dpopordoynong oto cvotiuate NoC Basilovtol oto
unyavioud evorlrayng wormhole mapéyoviog minpn ehevbepia Kivicewy og
dioddotoro TAEypata tororoyiog mesh [11]. Avtd to povtédo éxel emleyet
OG «EKTPOCOTOC» 1TNG EAGYIOTNG KOU NG HEPIKNG TPOCHUPUOCTIKNG
dpopordynong. Xto povtédo owto to deadlock [25] umopei va amopevydei pe
™V anaydpevon KAmowwv odpopdv. Ot TEGeEPES MO YVMOOTOL TOTOL TOV
ovykekpluévoy povtédov egivor o XY, o Negative-First (NF), o West-First

(WF) kat o North-Last (NL) 6nw¢ arnewoviCovton kot otny eikova 1.7.
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Ewoéva 1.7 Oleg o1 emrpentéc evorlayég Tov turn model otov o) aAyopibuo
dpopordynong XY, B) otov Negative-First, y) otov West-First kot d) otov
North-Last (o1 cuveyOUeVEC YPapUES OETYVOLVY TIG EMITPETOUEVEC SIUOPOUES

(turns) evd pe SLOKEKOUUEVEG OL 1] EMITPETOUEVEC)

[Topd T0 yeyovog 6Tt 0 ahydpiBuog dpopordynong XY amayopevel TEGOEPELG
oTpoPEG Yo va oopevydei o deadlock, ta dAda povtéda amayopedovy pdvo

400 amo TIC OKTO.

To povtého Odd-Even givon emiong éva amd o amodoTIKOTEPO LOVTELD GTOVG
partial adaptive wormhole olydpiOpovg dpopordynong Tmv S1odldcToTMV
mesh on-chip dwuovvdécemv [26] ympig ecovikd kavotia. e avtibeon pe to
turn model, to povtého Odd-Even amoayopedel cUYKEKPIEVES GTPOPES OTIC
dpTieg KOl OPOPETIKES OTIS TEPITTEG OTNAEG. Q¢ ek ToOTOL O Pabpog
TPOCAPLOCTIKOTNTOG TOV GUYKEKPIUEVOL HOVTEAOL tval VYMAGTEPOG Omd TOL
vrorowto, povtéda. To poviého Odd-Even meprypdeete and 1o0u¢ Topakatm

KOVOVEG:

Kavovag 1: Ta East Turns dev pmopodv va mpaypatomomBodv 6tig dpties

otAegg (ewova 1.8.a)
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Kavévag 2: To North Turns dev pmopodv vo mparypatoromfovv oTig meptrtég

otAgg (ewova 1.8.3)

Ewoéva 1.8 Kavoveg povtédov Odd-Even o) amoyopevpéveg 5100popés otig

GpTieg oTAES, B) amOyOpELUEVES SLOOPOLES OTIG TEPITTES OTNAEG
1.7  E@oppoyn €W0KOV aryopidpwmv dpoporoynong

Ye avtibeon pe 1o Khaooka diktoa, ota 0N-chip diktva 1 vToAoyloTIKY 16YHC
KaOADG KOl Ol OMOLTAGES TNG EMKOWMOVIONG TOV EQUPUOYDOV UTOPOVV Vi
Katnyopromombohv gvukordtepa. Xvykpyéva ota cvotiuata NoC eivon
TPOATOPAGIGUEVO ot Cevyn Tupvav Ba ETKOVOVIGOVY UETOED TOLG Kot
o Oyl OewpnTikd pmopel KATO0G Vo EKTIUNGEL OAAG Kol VO, OVOAVGEL
OPICUEVE. TTOGOTIKA GTOtXElD, OTMG Ol AMOTNOELS TOV €VPOVG LOVNG UETOED
TV TUpNVeV. Aeol yaptoypaendetl kot tpoypappatiotel Eva NoOC , &yovpe
OAEG TIC amapaiTNTEG TANPOPOPIES YO VO TPOYMPTCOVUE GE L0 TEPULTEP®
aVAAVOT| KOl TPOGOKOImST ToL GuoThaTog poc. H pebodoroyion APplication
Specific Routing Algorithms (APSRA) [27] emupénel péow pog €01KNG
EQOPUOYNG T onpovpyior aAyopiBuwv vymAng amddoonc. H Pacikr 10éa
miow omd 10 APSRA givar pécm evog channel dependency graph (CDG) [28],
va egetdoovpe  HOVO  TIC  QUECEG  €EOPTNCELS TOV  KOVOMAOV OV
dnuovpyovvton peto&h twv topwvov. Etot pécm g epapuoyng Application
Specific CDG (ASCDG), Bpiockovpe to CDG mov ekteAeiton o AMydTEPOVG
KOKAOVG, BeATidvovTag T Asttovpyio TG OPOLOAOYNOTG.
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Ac Beswpnioovpe 10 ypdonuo g ewdvag 1.9. Tha Adyovg omidtmrog

Bewpovpe 611 N diepyaocio Ti avriotoryiletor og kOuPo Pi,i=1,2, ....,6

Ewcova 1.9 I'pdpot Tomoroyiog Kot Xkovmviog

— Tk
—" I12 " I23 -
e
[ ¥ L, « v 5, D v
Iﬂ-l Il I52 I25 I53 I3E

Ewova 1.10 T'paenpa eEaptioemg kavailoh G TomoAoyiog OIKTOO TG
ewovag 1.9, yia omolo divete Evag EAAYIOTOC Kot TANPNG TPOGOPLOCTIKOG

aAyop1Ooc dpOHOAdYNONG
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O CDG egivar évag mApog mpocaplooTikOg aAyOplOHog dpoporldynong Ko
anewkoviCetor oty €wkova 1.10. Aedopévov 61t mepi€yel TOALODS KOKAOLG,
obupova pe 1o Bedpnuo tov Duato [28] dev pmopei va emPePfardoel to
deadlock free yio v cvykekpipévn tomoloyia. I'a vo dnuovpyncovue to
deadlock free Ba mpénel vo omdcovpe dGhovg Tovg Kukiovg tov CDG. To va
onAcovUE OUMC £vay KOKAO HEC® TNG apaipeons pog eaptnomg Exel og
QMOTEAEGO. TOV TEPLOPICUO TNG Agttovpyiag ™G SpOHOAdYNoNG Kot KOTd
CUVETELDL TNV OTOAEWL TNG TPOCGOUPUOCTIKOTNTAS NG Kabdg aparpodpe
0AOEVOL KOl TEPLGGOTEPOVS KUKAOVGS, 1 TPOGOUPUOCTIKOTNTO TOV OAYOpifpov

pog 6cov agopd to deadlock Bo peimBei og peydro Pabuo.

Etvon mpogavég 0Tt pumopovpe var apopécovpe moAlovg kukiovg tov CDG
YOPIC Vo EMMPEAGOLIE TNV TPOGOPUOCTIKOTNTO TOL  aAyopifuov
dpoporoynone. Ag efetdoovpe yoo Tapdostypo v eEApTnon il,z —> i2’3.
Hopammpovpe 6t gpeaviCetor oto CDG oAld Oyt kot otov ASCDG. v

mporypoTiKOTNTO TO KOvaAwe 1, kon 15 3 pmopovv va xpnoiponomodv puoévo

otig akorovdieg T, = T;, T, = Tywaw T, — T; 01 onoieg dev vrdpyovv

0T0 Ypaonuo TG emMKOwOVIaG. AV ovaADGOVUE TIG VITOAOUTEG £EAPTNOELS,
Aoppdvovtag vrdym 1o YPAENUO TNG EMKOWVMVING, OlUTIoT®VOLUE OTL
UITOPOVLE VO OPUIPEGOVIE TTOAAES OO OVTEG TIS €EOPTNOES YWPIG TNV
avaykn TEPLOPICUOD NG AETovpyiag tov alyopiBpov opopordynone. To
npokvmtov ASCDG anewoviletar oty ewkova 1.11. "Eyxel mpoxdyel and 10
CDG agaipmvtog OAEC TIG EEAPTNOEIS TOL OEV UITOPOVV Vo EvEPYOTOIBovv

a0 TO YPAPNLLOL TNG EXKOLVAOVIOG.
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Ewova 1.11 E@appoyn cuykekpylévou Kavailon 6to ypaenuo eEaptnong yio

™V TomoAoYio O1KTOOL NG 1KOvVaG 1.10

Av ka1 0 apBpdc tov KiKAwv peiovetot g dvo oty ASCDG, mapapével To
evogyouevo evoc deadlock. Tha vo amopidyovue €va TETOO EVOEXOUEVO
UopovuE Vo oTAGovE TOVG KUKAOVS ¢ €€ng. H e&dptmon tov kavaiiod
i4,1 —> i1,2 opeiletan oy emkowovio T, = T,. Avt] 1 emkowovio
umopel va. mpaypoatomombel Kot EVOALOKTIKE omd OLOPOPETIKG LOVOTATLOL
omog P, > PB, —>PFPxa P,—>F —>PF,. Av vt n Aswwovpyia
dpoporoyNnong mepropiletan Kat’ auTOV TOV TPOTO, 1| EPAPUOYN TNG EEAPTNONG
TOL KOVOALOL Omd i4,1 —> i1,2 dev voiotatoar mAéov. Me mapdpowo tpdmo
UTOPOVLE VO OTAGOVUE Kol TOV OgVTEPO KUKAO, Y10, TOPASELYHO, UE TNV

agaipeon g e&aptnong i1‘ s > i 4.5 MOYO NG EMKOVOVIOG T1 —> T5 .

1.8 Ambdoon cvoTpHATOS

[MoAl®v eddv petproelg €yovv ypnowomombel yio v ektipmon, v
afloAdynon kai tv ovykpion Tov emddcemv gvog NOC. Ot mo cuyvég
LETPNOEIS OV YPNOYOTOovVTOL €tvor 1 péon kabvotépnon kor 1 péon

amodoon. H péon xobvotépnon elvar m péon Ty tov pécov O6pov g
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KaBuoTéPNONG emKovoviag oe OAES Tig emkowvavies. H péon kabuotépnon
elvar 0 péoog ypoévoc mov ypewdleton €vo. TOKETO Yoo vo. GOBACGEL OTOV
poopopd Tov. H kabuotépnon tov maxétov givat o ypdvog Tov mapépyetan
HETAED TV €10YOPNONG NS EMKEPAUAIONG TOV TAKETOV GTO JIKTLO KOl TOV
emTUY TopaAaPn TG ovpds Tov TakETov and Tov KOpPo mpoopicpov. H
péon amdooon vl 0 HEGOG OO TG OmdO0oNG TV KOUP®V TPOOPISHOD.
Anlodn 0 pECOG Op®V TV TOKETOV OV AapPdvovtol omd Tov TPoopioud
oTNV Hovdda Tov ypovov. Zuvibwc 1 péom kabvotépnon Ko n péon amddoon
amodidovTol HECH OLOYPOUUATOV Y10 SLOPOPETIKOVG PLOLOVS EIGAYWYNG TWV

naxétov. [opdderypa evog T€to100 dlorypdppotog eaiveton oty ewova 1.12.

Ewodva 12 Evdsiktikn ypovokabuotépnon aryopiBumv dpopordynong

19 Zvpnepaopata

e ouT0 TO E00YOYIKO KEPAAOO TOPOLGLACTNKOY PaoIKEG  EVVOleEg
oxedoopov evog NOC vy dibpopeg TOmOAOYiEg GUEONG KoL EUUEONC
Opoporoynons.  AlQopeTikég  OlOTAEES — METOYWYNG  TOKETWV,  PONG
UNYOVICU®V  €AEYXOL, YPNON EIKOVIKOV  KOVOADV, GYEOOYPOUUATOV

OpPOLOAOYNONG, TEXVIK®OV EMAOYNG €£000L KOl U0 YEVIKY TEPLYPAPT TNG
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apyrtektovikng evog Network-on-Chip. Zta kepdioia mov akolovbovv yivete
po AemTopepn|g meptypar| Katnyoplov cuotnudtov NoC mov mapovsialovv

eEapeTIKd EVOLOQEPOV.
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2° KEQAAAIO

ADAPTIVE ROUTING PROTOCOLS IN NOC

21  Ewoyoy

Ta diktva on-chip, omw¢ Kot Ta SiKTLO. VIOAOYIOT®V, UTOPOLV VO
enoeeAnBobv amd ™V “cvokevacia” Tov dedopéveov ot maxéto [1][2].
Agdopévou Oti ta dikTva ON-chip ypnoipomolovy eElagpvTEPO KO TTLO YP1yopQL
TPpOTOKOAAQ Ogv gival amapaitnTto vo. akoAOLOGOVY OAC TO TPOTLTO TV

SIKTO®V TTOL YPNGILOTOIOVVTOL GTOVG VITOAOYICTEC.

H tomoAoyia mesh eiva 1 mAéov KatdAANAn o T dtayeipion Ko TpomOnon
nakétov oe ovotuata NoC mov ypnotipomolovv adaptive aiyopiBuovg

dpopordynong. Mio torodoyioo mesh 2D mxn anoteheitar and N (= mxn)
kopPovg, 6mov o kdbe koéuPog yapaxmmpiletor amd €va (evyog axepainv

ovvtetaypévav (X, y) tétoo dote 0<x<n kar 0<y<m. Avo koppor pe
GUVTETOYLLEVEG (Xi, yi) Ko (X Y j) OLVOEOVTOL WHEC® €VOG  KOVOALOD

emKovoviog povo eav [ X, —X; [+]y; —y; [F1.
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2.2 Unicast routing protocols

>ta. Noc, ot oiyopiBuor SpopoAdynoNng  yPNOYOTOOVVIOL Yol  TOV
TPOGOOPIGUO HL0G SLadpopnG amd Tov KOUPo tnyng otov KOUPBo TPoopicGuov.
Kénoot and tovg onuavtikdtepovg unicast alyopibuovg Spopordynong

TOPOLGLALOVTOL TAPOKATO.

2.2.1 XY opoporoynon

O XY, glvan évag adydpiBuog 0popoAdynong mov ypnooroteital Kupiog oe
apyrtektovikég mesh [3][4][5]. Onwg @aivetar oty ewkdva 2.1.0 6€ awtdv TOV
aAyOop1Oo KAOE TOKETO PETOKIVELTOL TPAOTO KOTA PUNKOG TOL X Kol LETE KOTA

™ d1evbuvon Y yio vo 9TAcEL GTOV TPOOPIGUO TOV.

OROROROS0
OG-0 @
Q00 @
OO >. ) @

9’@'@’@*“
ORCRCRCRC

A0S

Ewova 2.1 Zymuoatikn avoropdotoon Tpudv SIpOPETIKMY TEPUTTOCEDY

dpopordynong adaptive akyopiOuwmv
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Exté¢ amd toug akpravovg dpoporoyntés, ot voAouor XY OpoporoYNTES
&xouv 5 Bvpec €16000V/eEGO0V (TEGGEPELS GLUVOEOVTOL LE TOVG YEITOVIKOLG
OpOoHOAOYNTEG Kat £vag e Tov Tupnva). To kopla apyLtekToviKa ototyeio vOg
XY opoporoynm meprrappdvovy v gicodo FIFO ywo kdBe BOpa, T povada
VIOAOYIGHOD TNG OdPOUNG, TNV HOVASD KOTOVOUNG EKOVIKOD KOvVOALOD
(VC) (ev vmapyet) kar T Aoyikn povade. crosshar. I'a va glayiotomombei n
KaBLOTEPNON KOl Ol amoutovpevol TOpot, ypnolomoleitonr 1 péBodog
wormhole ywa ) petaywyn. ‘Eva flit eiloépyeton oto dpoporoynt péom o
and 11c 00peg oto FIFO. Av 1o flit eivar o keparida, vrodeucvdovtag v
Vmapén €vOg VEOL TOKETOV, TPOYMPAS GTN HOVAd OPOUOAGYNONG, 1 OToin
kabopilel ™ OOpa e£660V OV TPEMEL VO ypnoomomcel To makéro. To flit
header mpoorafei va anoktoetl £vo KovdAl yia to enduevo hop. Méow tov
crossbar 1o flit dwoyiler to Spoporoynt) Kot E€GEPYETOL GTO KOVAAL
Metayevéotepa flits mov avikovy 610 1610 TAKETO PTOPOVV VO TPOYDPTIGOLY
katevbeiov oto crossbar kot ot ovvéyewn ot Bvpa e£6dov. To KvpLo

aPYITEKTOVIKO atoyeio evog opoporoynm XY amewcovileton oty eikova 2.2.

VG, [[[ ][ [=>

Routing Unit | == | VC Allocation | ==

Ve [ [ ][ =

Ewodva 2.2 Aopn evog dpoporoymt XY

2.2.2  Apopordynon DyAD

To povtého Odd-Even mopovsidotnke oto 1° ke@dAoio, Omov To, TOKETO
GTPEPOVTOL TTPOG TOVG TEPPLTOVS aPlBovg OpOLOAOYNT®V. AVTO KOOIGTA TNV
TEYVIK ©¢ pepikog adptive cvomua yopic adié€odo mov ypnoipomotel
eMdyLotes SradpopLéc.
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Agdopévov 6t 0 cuykekpipévog alyopiBuog eivon deadlock-free, dev vrdpyet
N ovaykn onUovpyio EIKOVIKOV KOvVOA®V (Yo va, amo@evydel 10 ad1€£000),
OAAG pmopovV va dnpovpynBovv EIKOVIKA KOvOAL Yot vo. KEPOIGEL GE
emdmoels.  Aoaupdvoviag vmoéyn Tto  mapdaderypo g ewovo  2.1.3
napovotaloviar OAeg ot mBavég eAdyioteg Sradpopés (10 dadpopés) yio ta
naxéTa ond tov kOpPo myns (0, 0) otov kdéuPo mpoopiouo? (4, 3). To DyAD
(Dynamic  Adaptive Deterministic ~ Switching) eivon  éva  pepikmg
TPOGOPUOOTIKO ovotua pe Pdon to Odd-Even. Eivaw évag cvvévacudc
vietepuvioTikov  (XY) kot mpocoppootikdv  (Odd-Even)  oynudtov
dpoporoynong [6]. ITo cvykekpyéva tav 1o dikTvo Ogv £xel cLUEOPNON, O
dpoporoyntng DYAD Aettovpyel VIETEPUIVIOTIKA Kot OTOV GTO OIKTLO €YEL
ocvppopnon o opoporoynme DyAD ypnotpomolel v TPOGOPLOCTIKNY
Aertovpyio SPOHOAOYNOTG Kol £TCL ATOPEVYEL VITEPPOPTWUEVOLS GUVOIECOVG
a&lomoimvtag GAAeg 0100pOpES OPOUOAGYNONG. ¢ EK TOVTOL 1) KOPLoL S1opopd.
peta&hd tov dpoporoyntov DyAD/Odd-Even kou XY eivar 011, aviloyo. pe
TNV KOTACTOON OIKTOOV, 1 HOVAde JpOoHoAdYNoNG umopel vo emAéet
OLPOPETIKEG JAUOPOUES G SLOPOPETIKES YPOVIKEG OTIYHEG Yo TO 1010 (evyog
mYNg Ko Tpoopiopov. [Ma va cupPel avtd mpootibeton 610 dpoporoynty| po
povada eMAOYNG Yot vor emAEEEL TNV PEATIOT Yertovikh BOpa Kot vo oTeiAet
TIG TANpoPopieg otV povada dpopordoynong (Ewova 3.3). ‘Evag and tovg
ToPAyovTeG EMAOYNS g 00pag e£660v givar o apBudc Tov ehedbepov buffer
oV avtictoyn Bvpa e£660v o610 emduevo hop [7]. Avtq n Teyvikn €xet
ypnowonomBel ota. SAPopPa CLGTHUATO TPOGOUPHOCTIKNG OPOLOAOYNOTS,
o6mov ypnoonoteitol yio TV pEtpnon tov dabéoyov buffer otovg kouPfovg
Y. TOV VTOAOYIGHO TNG cvpedpnone. o va petapépovpe Tic mAnpoopieg

UETPNGELS TPOOTiOEVTOL KOO0 KOADIIO LETAED YEITOVIKADV OPOUOAOYNTOV.
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Ewova 2.3 Aopn dpoporoynt DyAD

2.2.3 Aopn aryopiBpov DyXY

Onmg Non éyovpe avaeépel 0 aAyOpOUOG Yo TN UETOPOPE TOKETOV KOTA
LUAKOG TNG GLVTOUOTEPNG SLadPOUNG OVOUALETOL TANPMOG TPOGAPHOGTIKOG. O
aiyopiBuoc  dpopordynong Dynamic XY (DyXY) o¢ &k todTOL
yopokTnpileTol g TAPOS TPOGUPLOCTIKOG. AdY® TOV YEYOVOTOG OTL GE KADE
KOUPO Ta TOKETO OPOLOAGYNONG LITOPOVV VO, dSPOLOA0YNO0VV Kol TPOGS TIG dVO
katevBuveoelg X kot Y, autdg o adydpBpog amartel v dmapEn PUnyovicov
vy v omoeuyn adeEdoov. ‘Etol Aomdv dnpuovpyodviol EIKOVIKE KovOaAto
otV dwdotoon Y ta onoio dtopodviol 6€ dV0 KOUUATIO OTWS QOivETOL TNV
ewova 2.4. To diktvo givar ywpiopévo oe 600 vodiktva oL ovoudlovrol
vrodiktva +X kot —X, 10 kaféva and To omoia £XEL TO NUICY TOV KOVIAIDV

ot owotoon Y.
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(@) Physical network

(b) Increasing subnetwork

(c) Decreasing subnetwork

Ewéva 2.4 o) 3X4 mesh diktvo ko avtiotoryn B) avénon v) ueiwon oe

VTOOTKTLOL

Av o xopupog mpoopiopov Ppioketar oeSid g YIS 10 TakETo O
dopoporoynBel péow tov vmodiktvov +X, evd av o KOUPOS TPOOPIGLOD
Bpioketonr aprotepd g YIS T0 TokETo O dpoporoynbel pécm TOL
vrodiktHov —X. Xe SPopeTIKN TEPINTTOOT T0 TakéTo O dpoporoynbei pe
éva amo o 000 VIOJTKTLA, Yo VA, AToPELYDEL TO eVOEYOUEVO EVOC 0O1EEOSOV.
Epocov ta vrodiktvo etvor akukAkd, To TokETo LTopovy vo. dpopoioyn0ovv
TPOCOPLOCTIKA KOTA UKOG TMV GUVTOUOTEP®V SAOPOUMY TOV GNUOIVEL OTL
v k60e wxo6pPo éva mokéto pmopel va dpoporoyndei katd pnqkog kabe
dwotaonc. H ewova 2.1 amewoviler g mbavég ehdyioteg S10dpopEG TOV
(3+4)!
3

DyXY. Ankaor| égovue T

=35 odvvatég dwdpopés [8]. H doun tov

dpoporoynt) tov DYXY eaiveton oty ewova 2.3 ko eivor mwovopoldtumog

pe owtév tov DyAD.

H Baocum advvapio tov DyXY eivon 6e mepntdcelg Opopoldynong 0mov o
KOUPOC TNYNS Kot TPOoOoPIooD SapEPovV Hovo Kotd pia 0éomn gite ™ 0éon X
elte v Y. X& TET01EC TEPUTTMOOELS VITAPYEL LEYOAN TOvOTNTA O aAydp1Opog
pmopel va odnynoet 6 ao1EE0S0 Kat KAmolog KOpPog va Ppebet ympic va €xet

EMAOYTN Y1 TO TTOL Bl oTEILEL TO TTOKETO.

38

Institutional Repository - Library & Information Centre - University of Thessaly
07/06/2020 20:30:09 EEST - 137.108.70.13



2.2.4  Aopn adkyopifpov EDXY

216506 tov aAyopiBuov Enhanced Dynamic XY (EDXY) eivar va emddoet
Kol va gvioyboel Tov adyopifpo Dy XY. Avtd emttuyydveton ypnoILOTOIDVTOG
o onpoic ToLv VTOJEIKVVEL GLUPOPNON KOTO UNKOG OGS GEPAS 1 oG
oTANG. Avt 1 onuaio dredideTon Katd PAKOG (oG cepds (M oG GTHANG)
KoL DTTOOEIKVOEL OTIS TOpOKeEiLEVEG oelpég (1 otNAeg) OTL vty M oepd (M
OTNAN) givol 6YedOV KopesuEVT Kot Tpémet va. amopevyetat. Kabmg n onuaio
HeTadIdETOL KOTO PNKOG G YPoUUnG (| oG OTHANG) tvol mpooveg 0Tt
KGO OpoporoynTiG HETOOIdEL TN oNUAio. TOV TPOTYOVUEVOL OPOLOAOYNTNH
ovpupopnong. Edav 1o buffer evog dSpoporoynt) Eemepdost v Tun
KaToPAiov, 0 dpoporoyntig Bo evepyomom|oet ) onuaic. CLUEOPNONG TOV.
[Tpoxepévou va mapakoAovOeitol amoTEAECUATIKA 1] KATAGTAGT) GUUPOPTONG
npooTtifevtan 600 onuaieg oe KEOe Gepd (1] TV GTHAN) 1 O EVILEPDVEL TOVG
ap1oTEPOVS OPOLOAOYNTEG GLUPOPNONG GE Evay dPOROAOYNTH OeE8G TAEVPAG
Kol O GAAOC EVNUEPAOVEL TOUG OPOUOAOYNTEG O0eSlG TAELPAS Yo TN
oupEopnon cg évav aplotepd dpoporoynt. [a 1o oxomd awtd petacy 6vo
YETOVIKOV OpOpoAOYNT®V Ttpootifevior 000 KoAMO cuueopnons éva oe
kd0e katevBuvon. Ta KoA®OW GLHEOPNONG OLAOTOOVVTOL LE KOADILL TOL
omoia YPNGILOTOIOVVTAL Y10, TN UETAd0GT ToL ehebbepov buffer (tyun tdomng)
GTOVG EMKOAVTTOUEVOLG dpoporoynTés. Otav 1 onpaia ivon evepyn onpaivet
otL glte 0 TpéYwV &€ite TOLAQYOTOV £vag Omd TOVG TPOTYOVUUEVOLG
dpoporoyntég elvar o ocvpeopnor. Zn opoporoynon EDXY edv évag
dpoporoyntrg ivor Eva hop poxpld amd tov mpoopiopd 6e pia oepd (1 po
oTiAn), N onupoio cvppopnong ot pio ypoppn (M og e oTAN)
YPNOOTOIEITOL GTNV OmOPOACT TNG OPOUOAOYNONG. XTO TOPAOELYUO, TOV
amewovifetor oty ewdévo 2.5 10 KOADSW CLUEOPNONG Ot GEPA
nmpoopiopov dwPifaletan oto dpoporoynt (1, 2) and to dpoporoyntn (1, 1).
Emopévac 1o maxéto Ba dpoporoynei oto dpoporoynt (2, 2).
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Ewova 2.5 Amho ovomua NoC pe apyttextoviky mesh

Y10 EDXY, xd0e dpoporoynmg eEetdlel mpaTa ™ devBvvon mpoopiopon
0V AneOévtog axétov. Edv 1 dievbuven tov dpoporoyntr dev givar £va hop
pokpld amd ekeivo tov mpooplopov gite oty KatevBvvon X eite oty
katevBovon Y, o odyopiBuog EDXY ayvoel 1 onupoio copeodpnong ko
dpoporoyet o makéto axpifdg O0nwg o aiyopiBuog DyXY. Qotdéco av
devBuvon mpoopiopov givar pdvo Eva Pripor Lokpd omd tov dpOopoAOYNTY|
glte omv katevBouvon X eite oy Y éva and o KaAdd cupueopnong (Le
Baon 1t 6éom mpoopiopov) ypnolonoleiton emiong ywo Tt OpopoAdynon.
AnAadn M T TS GLUPOPNONG YPNOOTOLEITAL G TO O GNLOVTIKO bit g
TN Téons. e OUTES TIS TEPUTTMGELS TOPOUTEUTOVLE 6T BOpa oL givor Eva
hop and tov mpoopiopd pag otig katevbiveelg X 1 Y yapaktnpiletor mg
kpiown Bvpa evd 1 dAAn BOpa yapaxmmpileton g un kpiown. o ) un
kpioywn 60pa, oayvoodpe MV T TG OoNUaiag CLREOpPNOoNG Kot
ypnowonoteiton 1 T undév yio va ovondet n cuykekpyévn B0pa Evavtt

OTO10.ONTOTE AAANC.

[Ipénet va onuemdet 6TL TaL KOADOW CLUEOPNONG EVOEXETAUL VO LETAPEPOVY

yevoels mAnpopopieg emewdn dev €ovv TANPOPOpiES OYETIKO HE TNV
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tonoBecia Tov kOpPov cupEdpNoNG oe o Ypapun (1 oTAn). Zvykpivovpe
T KOAMOL0L KOWVNG GLUPOPNONG UE T YEVIKN TepinTmon oty onoia 1 0éon
oL KOUPOL GLUEOPNoNG peTadidetan emiong og o oepd (1 otAn). Ta
QOTEAECUATO. OELYVOUV TOAD UKPES OPOPEG HETOED OVTOV TV 000
pnyovicpu®y. Amd TN OTWYU) 7OV TO ONMOTEAECHOTO  €ivol TopeReepN
poteivovTal Vo ¥pNGIomotn oy Kovd KoADIo CLUPOPTONG LLOG Kol £X0VV
pKpOTEPN KOBLGTEPTON OT O1A300N TOL CYUOTOG. XTIG TEPUTTMGCELS OV TO
KOAMO0 GuUEOpNoNG Tpémel va ypnoylomonfel otn dwdkacio ANyng
amo@dcewv, pmopel vo ypnowomombel Lo CUVAPTNON OYETIKY HE TO
YOPOKTNPIOTIKA TOV KOAWMSIOL GLUEOPNONG VIO TNV EMOTPOPN NG TIUNG
tdong. Ilpoxeyévoy va amlomombel 1 vAOTOINGN YPNCUOTOUCOUE TO

KOA®O10 cuppdpnong wg MSB tov puiKove ovpds Yo vo GYNUOTICOVUE TNV
TN TG TAoMG.

[Na mv epappoyn tov EDXY mpéner va mpootebel éva axoun vAKd otov
dpoporoyntn DYXY. Avtdc o mpodchetoc eEomhonds yopiletor og dvo pépm.
Mo mpocBetn povadoa oe kdbe dpoporoyntn Yo vo. 0ONYyNOEL TO. CILOTOL
oLupEOpNoNG o€ Téooepels KortevbBivoels. EmumAéov, kdBe Spoporoyntg
TPEMEL VO EXEL AOYIKN YO VO YPNOCLUOTOIEL TO. ONLOTA GLUPOPNONG OTIG
amoPdoelg dpoporoynong. Xe kdébe kotebBvvon, T0 KOAMOO GLUEOPNONG
€E6d0v puOuileton gite £xel puOOTEL TO ONUA GLUPOPNONG IGO0V AOY® TNG
CLUUEOPNONG  OTOVG  TPONYOVUEVOLS  OPOUOAOYNTEC TPOS  OLTAV TNV
katevbvvon eite to buffer Tov pvOoT) €16660V Y00 T dpopordYynoN TPOC
avtny TV Kotevbvvon givar peyodvtepo and v T KotoeAiov. o v
EPOPLOYN CLTNG TNG AOYIKNG, YPNOLOTOLOVVTOL VOGS CLYKPITHG KO oL TTUAN
OR. O cvuykpug ypnoyomoteiton yo vo GuYKpIver TNV Ty g SCLUPOPNONG
pe v mpokabopiopévn T KatoeAiov. Xe mepintmon vagpPacng g TG
Kato@Aiov, 1 €£000¢ Tov Guykplt yivetal ion pe ™ povada. Onmg paiveton
oV &kéva 2.6 T0 GNUO. GLUPOPNONG ££000V Elval ATOTELECUO. GUYKPIONG

™G €600V TOV GLYKPLT KO TOL CHOTOG GLUPOPNENG EEGJOV.
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Ewova 2.6 Epappoyn opoporoynm EDXY

O aAy6piBuog dpopordynong o mpémer emiong va tpomomomBel yio va
YPNOWOTOW|OEL TIS VEEG TANPOQOPieg oTIG amopdoel; dpopordynons. O
alyopOpog dpopordynonc EDXY diveton oty ewkdva 2.7.
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Ewova 2.7 AkyopiBpog dpopordynong EDXY
2.2.5 ZXuykpien unicast routing protocols

Mo mv a&oldynon g amotelespatikotntog Tov adyopifuov EDXY yiveton
1 oLYKPLON UE TPEIS AAAOVG OAYOPIOLOVG dpopoAdYNoNG. AvTtol 01 ahyopiOpot
neptiapfavoov 10 povtédo XY, Odd-Even (DyAD) xor to DyXY. 'Evag
npocopotwtg NoC avantiydnke e VHDL yia va poviehomomoet v xopa
doun tov diktdov on-Chip kot TPAyHATOTOMONKAV TPOGOUOIDGELS Y0, TOV
TPOGOOPICUO TOL YOPOUKTNPIOTIKOL latency ypdvov yuo kabe diktvo. T

OAOVG TOVG dPOLOAOYNTES, TO TAGTOG dedopévav puBuiotnke og 32 bit. Kébe
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EIKOVIKO Kovail elo6dov eiye éva buffer (FIFO) pe péyebog 6 flits. H tyun
KaTOPAiov cvopedpnong (Yo ™ opopordynon EDXY) opiommke oto 4,
TpAypo mov onuoivel 6Tt 1 Kotdotaon ovpedpnong egetdotnke Otav

ypnoonomOnkav 4 and t1g 6 Bupideg bufter.

lNo ™ pérpnon tov emddoewv TV oryopiBuwv ypnowonomdnke 1
kaBvotépnon mov opiletar ®¢ o aplBudg TV KOKA®V HETaED TG EvapEng
oG petddoons pnvopdtov mov exméuneton amd €va PE kot g ypovikng
OTLYUNG KATA TNV 0moia To pivupa TopadideTor TAnpws otov PE mpoopiopod.
O request rate opiletal g 0 AOYOG TV EMTLYNUEVOV injections UVOUOTOC
0TN 010G VVOEST] SIKTVOV GE GYEDT LLE TOV GUVOAIKO aplBpd TV mpoomadelmv
injections. O mpocopoiwtg warmed up ya 3.000 KhkAovg Kol 6T CLVEYELL

petpnnke n péon amddoon oe darovg 100.000 khkAovc.

O SpoporoynNTG XPNOLOTOLEL TNV EAGYICTN TANPMG TPOGAPUOCTIKY| TEXVIKY|
anokAelopod adeEodov VC mov mopovoidleton Aemtouepmg oto [9].
XpnowomomOnkav TéGoEPO 1YV GULVOETIKOV KUKAOQOPLIK®V ONUEIDV
ovykpuikng agordynong, uniform random, hotspot 5% wor 10% o
SPLASH-2. O mivaxog 2.1 deiyvel T dapop@mon Tov Pactkod SIKTuoL Kot

TIG TOPUALALYEG TTOL YPNOUYLOTOLOVVTOL OTIC LEAETEC.

Characteristics Baseline Variations

Topology 7 x 7 2D Mesh 15 x 15 2D Mesh

Routing XY, DyXY kot EDXY Odd-Even

Virtual channels/port 2 0

Flit buffers/\VC 6 -

Packet length (flits) 9 15

Traffic workload Transpose, uniform, | SPLASH-2 traces
hotspot

Simulated packets/node | 3000 -

[Tivaxag 2.1 Awpdpemon kot TapaAroyég SIKTVOL TPOGOUOIWMONG
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2.2.5.1 Ilpwto oeT Tpocouoiwaeins

Y10 mpdTO oeT ypnoomomdnke NoC 7x7 2D tomoAoyiog mesh kot moxéta
pue pnkog 9 flits. H péon kabvotépnon moxétov yio S10popeTikd mpoPiA

kivnong tapovctdlerol oty ewova 2.8.
Transpose traffic profile

>to Transpose traffic profile, ywo éva diktvo nxn mesh, évac Topivog ot

0éon (i, j) (i, j)(i, j€[0,n)) otéhver povo éva maxéto dedopévav oe Evay
a\ho moprva o Béom (N—1—i,n—1- j). Avt 1 puébodog kukhogopiag g

TANpoopiag givor mapopoo. pe TV Evvola TG HeTapopds o matrix [10].
€ aVTEC TIC TPOGOUOUDCELS, KAOE TUPNVAG TAPAYEL TOKETA KO TO, EYYEEL OTO
OlKTLO  YPNOYOTOLDVTAG TOL YPOVIKGA OlOCTAHOTO 7OV  Tpocdtopilovtan
YPNOLOTTOI®VTAG TNV eKOeTIKT] Katavour. Avtd to TpoPil KvkKAogopiog
odnyel 6 U1 OUOIOHOPPN KOTOVOUN THG KLKAOQOPIOG e HEYAAN Kiviom Yo
TOVG KEVIPIKOVG KOUPovg Tov mAEyHoToc. ¢ €K TOVUTOV, Wmopel vo
onpovpynBei Kovid oto k€vepo Twv onueiov tpocPaocng oto diktvo. Omwg
eatveton oty eova 2.8, v o puOUOC £yYLoNS TOL TAKETOL OEdOUEVMV givart
TOAD younAdg, dev omuovpyovvtal hotspots kot to oyfuo. SpopoAdYNoNG
ocvumeprpépetal mavopoldtoma. Kobmg avédvetar o puBuodg €yyvong kot
onpovpyeitar cvopeopnon oto TAEYHA, o aAyopiBpog EDXY odnyel oe

UIKPOTEPEG LEGES KOOLGTEPNOELC.
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Ewova 8 Kabvotépnon évavtt pubpot éyyvong tokétov yio EDXY, DyXY
Kot XY yuo 7x7 mhéypa 2D yia makéro 9-flit pe eucoviko kaval oe transpose

traffic
Uniform traffic profile

Y10 mpoeik Uniform traffic , kaOe koppoc amootélhiel umvopata 6€ GAAOLG
KOUPOLE TOV OIKTOHOVL OOV YPNGUOTOLEITOL OUOIOPOPPT] KOTOVOUN YLl TNV
KOTOOKELY TOL GLVOAOL Tpooplopdv kdbe pmvopatog [5][10]. H péon
kafvotépnon emKowvwviog g ouvaptnon Tov pécov puBuod  Eyyvong
pnvopatog gaivetor oty ewova 2.9. Xy mepintwon avty, to oynuo XY
oonyet o€ yapmAdTEPEG AovOAVOLGES TEPIOOOVG, OTL 1] OLOIOHOPOPT Kivion

e&loopponeitat pe dpopordynon XY [11].
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Ewova 2.9 Kabvotépnon évavtt pubpot éyyvong mokétov yio EDXY, DyXY
kot XY yuo 7x7 miéypa 2D yuo mokéta 9-flit pe eucovikd kovdr o€ uniform

random traffic
Hotspot traffic profiles

Axppog 6mwg ko oto uniform traffic profile, ka0e kOpPog oTEAVEL OpKETA
pnvopata 6 GAAOVG KOUPoLG Tov dikTvoL evd ot kouPot (2, 2), (2, 4), (4, 2)
kat (4, 4) AopPavoovv 5% kar 10% mepiocotepa mokeTo oto TPoPid hotspot
5% xor 10% avtiotoiymwg. Ot péoeg koBuoTepoElg emKOW®OVING ©G
GLVAPTNGT TOL HEGOV PLOLOV EyYVOTG TAKETMVY Yo TPOPIA Kiviong onueiov
Cevéne 5% wan 10% eaivovion oty ewova 2.10 a) kot B) avtictorya. Omwg
mapotpnOnke and avtd ta ototyeio, 10 EDXY €xet ukpdtepn kabvotépnon
og oOyKplon He GAAO GLOTHROTO KoL Yo To. VO Tocootd hotspot. 'Etot to
EDXY umopel va kataveipel amotelecuatikdtepa v Kivnon HETOED TV

EAMYLOTOV OL0OPOUDV.
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Ewova 10 Kabuotépnon évavtt puBuov €yyvong naxétov yuoo EDXY, DyXY
kot XY yuo 7x7 miéypa 2D yio mokéta 9-lit pe eucovikd koava yuo o) hotspot

5% xon ) hotspot 10%.
2.2.5.2 AEVTEPO GET TPOGOUOIWGNS

Xe avt v evotnta, oAddlovpe pepikég amd T moapapétpovg NoC mov

e€etalovton otV TPOT GEPE TPOGOUOIWMONG.

H ewéva 2.11 deiyver v kabBuotépnon £vavil TOV TOGOGTOV £YYVONG
nokéETmV Yo éva 1515 mesh NoC kétw and to mpogil kivnong petapopic

pe maxéta 9-flit. o avtd TO peYdro diKTVO, Ol TPOGUPLOCTIKES TPOGEYYIGELG

48

Institutional Repository - Library & Information Centre - University of Thessaly
07/06/2020 20:30:09 EEST - 137.108.70.13



dev gtval wovég va ektedéoovv extehobv oOTe Tov XY. AnAadn, O6tav Tto

puéyebog TOL  OIKTOOL OLEAVETOL, TO OMOTEAEGHO TMV  TANPOPOPLDV

GUUPOPNOTNG LEUDVETAL.

Ewova 2.11 Kabvotépnon évavtt puBpov £yyvong maxétov yo 15x15 mesh
LE EIKOVIKO KOVAAL VIO PETOPOPA TPOPIA KLUKAOPOPING YPNCULOTOIDVTOS

moaxéta 9-flit.
Packet length

H ewova 2.12 deiyver v kabvotépnon yio ta wakéta peyding dwdpketog (15
flits) o€ éva mAéyua 7x7 2D o€ dragopetikd Tpo@ik kivnong. Onwg eaiveto,
ot péoeg AovBdvouses KaBuoTepNoES OAWV TMV GLGTNUATOV dPOUOAGYNONG
eltvar vymAOTEPEG amd dAAa cuotuata. H avénuévn péon kabvotépnon sival
£VOL YVOGOTO YOPAKTNPLIOTIKO THG dPOUOAIYNONG GKOVANKOTPUTOG e LEYAA
okéTa. O Adyog eival OTL Yo To pLeYOAOL TOKETO, VTAPYEL OVIGOPPOTiD, GTN
YPNON TOV TOPWV, EMEWN TO TOKETO O0OETOLV TOPOLS AMO TOAAOVG
dpoporoyntés. Ilapouown pe v mepintwon maxétov 9-flit, 10 cvomua
EDXY ektedel xaldtepa amd ta DyXY kot XY oe ko to povtéia

KuKAo@opiag extog omd v uniform traffic.
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Ewcova 2.12 Méon kaBouotépnor £vavTtt TososToL £YYVoNG TOKETOV GE
mAéyua 7 x 7 2D yia mokéro 15-flit pe swcovikd kavdal o) transpose traffic, )

uniform random traffic, y) hotspot 5% «ou 6) hotspot 10%.
AIKTVO0 YOPIg EIKOVIKO KavaiL

H ewodva 2.13 deiyver v kabootépnon Evavtt Tov puOpov £yyvong ToKETOV
v dpoporoyntég Odd-Even, DyXY kot EDXY yopic ewovikd kovéiro.
Yy mepintoon ovt, Bewpodue éva 5x5 2D mesh pe maxéra S-flit. To
péyebog tov buffer yio kabe kovak givon 6 flits. To poviého meprotpoPng
Odd-Even [8] eivar o teyvikn yioo v amoeuyn ade&odov oe NoCs ympig
ewovikd kaviit. T v amopuyn ade&ddov oe DyXY xor EDXY,
ypnowonoteitar to povtédo meptotpoenc Odd-Even. Tmv mpaypatikotra,
otav 10 Odd-Even mapéyet mepiocOtepeg amd pia 0Opeg €£6dov, otov
dpoporoynt) Odd-Even, emdéyetor n Bvpa oty katevbovon Y eved oTic
dpoporoyntég DyXY kar EDXY, g€etaleton n Ty tdomg yio vo emAEEETE
pio amd g 0Opeg. o avtéc TG TPOSOHOIMGELS, 0 TupNvaS (2, 2) AapPdvel
5% ko 10% meprocdtepa maxéta oe TpoPik hotspot 5% war 10%, avtictorya.
Onwg detyvouv ta amotehéspota, 0 EDXY ocvveyilel va amodider kahdtepa
amd GAAOVG alyopiBLovg OPOROAOYNONG GE Eval OTKTVO YMPIG EOVIKO KOvAAL

pe Tpo@iA transpose, uniform, hotspot 5% ko hotspot 10%.
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Ewodva 2.13 KabBvotépnon Evavtt puBuod Eyyvong mokétwv oe TAEYpo 5%5
2D yopig ewovika kavaio o) transpose traffic, f) uniform random traffic, y)
hotspot 5%, kot 8) hotspot 10%.

2.2.5.3  Xvykpion viikov

Mo va a&odloyndel n yevuen emodveia tov NoC e EDXY, onuovpynonke
éva poviého oe VHDL ovuviébnke pe to Synopsys Design Compiler
ypnowonmowwvtag po  tomkn  PProdbnkn CMOS. T 6lovg  tovg
dpoporoynTés, 10 TAATOG TV dedopévav opiotnke o 32 bits (uéyebog flit)
Kot k@B wavdAr giye 000 ewovikd koaviio pe éva péyebog buffer 6
ntepuyiov. Ipokeyévou va emtevyBovv KaADTEPQ YOPUKTPIOTIKA OTOS00NG

woyvoc, To FIFOs gpappootnkay e tn ypnom UnTpomy.

Ytov mivoka 2.2 eoaivovtol ot TEPLOYES TOV KOADTTOVV Ol OPOUOAOYNTEG LOG
(omv 1w opyrektoviky Paciopévn oe SPopeTikd aAydplBpo). Onwmg
TPOKVTTEL AmO TOV Tivaka, M mepoyn] tov EDXY oe ouykpion pe 10 XY

(DyXY) etvon 3,6% (1,5%) pukpotepn.
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XY DyXY EDXY

Area (um?) 86,107 87,881 89,281

[Mivakag 2.2 Zoykpion mepoyng XY, Dy XY, kot EDXY.

2.25.4 Power consumption

H xatavdioon oyvoc tov aryopiBuwv dpopordynong EDXY kar DyXY
vmoloyiommkav kot ovykpinkov kdtw omd to uniform traffic
XPNOLLOTOUDVTOS TOV Tpocopotwt) Synopsys Prime Power. KaBe mopnvoc
oto NoC mapnyaye mokéto Paciopéve oto uniform traffic pe tov id1o péco
pubuo €yyvong flits. To pordr Tov NoC pvOuicmke oto 1 GHz. Agdopévov
OTL M TpoGopoimon HeTd TNV cvvOeon eivan TOAD apyn, o dpoporoyntig (3, 3)
mov Pplokeror Kovid 610 kéVipo e€vog mALypatog 7x7 2D puvBuictnke g
OKOTTTNG, EVA Y10 TOLS AAAOVG OPOLLOAOYNTES XPNCLOTOONKAYV TO LOVTEAQL
RTL. Ta amotehéopata yio TV KOTOVIA®GT) EVEPYELNS TOPOVGLALOVTOL GTOV
[Mivaxo 2.3. Onwg mapatnpeitor amd ovtdv TOV TIVOK, Ol KOTOVIADGCELS

000G Kot TV 600 CLGTNUATOV Eivor Tepimov 101EC.

DyXY EDXY

Katovalmwon evépysiag (mMW) 27.3 21.7

[Mivaxog 2.3 Katavaioon evépyetog tov Dy XY kot tov EDXY dpoporoynt

oe uniform traffic profile (mW)
2.3  Multicast Routing Protocols

H multicast erucowvavia éyel a&lomombei oe kvping ce multicomputers. Ot
aAyOopOol OPOUOAOGYNONG TOAVEKTOUMNG UTopovV v, Tatvounovv g o)
tree-based «ou ) path-based.
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2.3.1 Unicast-based Multicast Routing

O oaiyopBuoc Unicast-Based (UB) eivon  évag amidg  akyopiBpog
OpPOLOAOYNONG TOALOTADV SAOPOUDY OOV TOAAATAL aVTYypOPO TOL 1510V
pnvopatog, 6mmg £va pivopa unicast, 0popoAoyodvtot aveEaptnta mpog Kabe
TPooPIoUo 1| o€ £va LVTocHVoAo Ttpooptop®y [14]. To pelovékTnua avtod Tov
oyediov glvar 0TI TOAAATAG avtiypapa Tov {310V UNVOROTOS €164 yovVTaL GTO
dtktvo, avédvovtag v KukAopopia tov dktiov. EmmAiéov, ke avtiypoapo

TOL UNVOUATOG £XEL OCNUOVTIKY KaBuoTEPTION EKKivoNg o TNV TyN.
2.3.2 Tree-based Multicast Routing

Ymv mpocéyyion dpopordynong morlomimv dpoporoyiwv tree-based to
TOKETO TPOOPICUOV YwpileTal otnv myn Kot omootéAAovtal Eexmplotd
avTiypa®a TOL UNVOHOTOS HECM €VOC 1 MEPIOCOTEPMV  eEEPYOUEVOV
KOVOADV. ZE OUTH TNV TPOCEYYIoT OPOUOAGYNONG KOTAoKELALOVUE Eval
spanning tree o6mov M Ty €ivor N pilo Kot TO WAVOHO OTOCTEAAETOL GTO
oévtpo [15]. Me avtov tov Tpomo, €vo puivopa pmopel va avamopoydel oe
HEPKOVS amd TOVG eVOLAIESOVS KOUPOLS Kot va TpomBnbel Katd pnKog twv
TOAOTADV  €EEPYOUEVODV  KOVOAM®DY  TPOG  OLOKEKPIUEVO  VTOGLVOAL
wpoopopmv. Agdopévovr o6t dev vmhpyer buffer ywo pnvopoto  oe
OpOpOAOYNTES, €AV OMOKAEIOTEL £VOG KAADOG TOV OEVTPOL, ATOKAEIOVTOL OAQL
T0. VTOGVVOAQ TOV Oévipov amd ekel kou €merra [16]. Eqv 1o pvopa dev
UTOPEL VoL TPOGY®PNOEL GTO TKTLO HOG, EVOEXETAL KATOW KAVAALL Vo lvon o€
katdotaon lockstep yio exteTOpEVEG XPOVIKEG TEPLOOOVS LE OMOTELEGHLOL TNV
VIEPPOPTOOT TOL dkTOOoL. AV Ko To tree-based multicast cuotua propet va
xpnoonmomBel amoTeELECHATIKG GE SIKTLA TOV YPNCOTOOVV TIG TEXVIKES
store-and-forward «ou cut-through switching, mopoia avtd, TpokaAei vYNAN
oupeopnon ota diktva pe wormhole [17]. 'Evog tree-based adydpiBuoc
dpopordynong molvekmounr)g  ota. cvotnuata NoC ovoudletan Virtual
Circuit Tree Multicasting (VCTM) [18]. Xpnowonoiwvtag tov Virtual Circuit
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Table (VCT) kot t Content Addressable Memory (CAM), kot otélvovtog
Eeywprotd pnvoporo pvduiong unicast yio kébe mpoopioud, yriCovue apketd
OEVTPOL EIKOVIKDV KUKAOUATOV GTEAVOUUE TOAAL UNVOLOTO TOAVEKTOUTNG
o710 diktvo. H pébodoc avtn, mapdia avtd, £xel kamoleg eAdeiyers. [lpmtov,
TOADTAOKOTNTA TNG KO, KOTA CLVETELN, 1 KaBvoTépnor petddoong eEoptdron
o€ pueyaho Pabuod amd to péyebog tov diktvov. Agvutepov, o VCTM eivan évag
ATOTEAEGUATIKOG aAYOP1OLOC, Kupimg Yoo cuvONKeS SIKTVLOL HE YapUNAd pLOU
E100YMYNG 0£d0UEVOV, EVA Y10l AOYOLG VYNANG TovTNTaG E16pong (1 pOpTov
gpyaciog kovid otov Kopeoud), ot oAydpibupor path-based eivor o
amodotikoi. Tpitov, ywo v evnuépoon tov VCT, Oa mpémer va
AMOGTEAAOVTOL EEYMPIOTO UNVOLOTO £YKOTACTOOTG unicast avd mTpoopiopd
amd tov kOpPo mpoéievonc. Edv avénbel o apBuodg tov mpoopiopmv, o
apBudg TV pmvopdtov puduiong g unicast Oa avénbdel, petdvovtog 1ot
v anodoon. Emopévag, 10 cvomua VCTM eivor o amotelecuatikd yuo
EQPOPLOYEG TOV YPNOWOTOOVV €va ikpd Tocootd multicast. Télog 1 tree-
based multicast emkowvwvio propei vo eTtTpéyerl oTa. LVOLLOTO VO KPOTHGOLY
TOAMG KovOALo, OVOLYTA Y10, TOPOTETAUEVEG TEPLOGOVS KOl MG €K TOVTOL VL
LELOOOVY TNV 0306 TOV OIKTOOVL. Q6TOGO HE 0T TNV TPOCGEYYIoN

ATOPEVYOVTOL KUKAIKES SIOOPOUES TOKETMV.

‘Eva mopaderyua tree-based multicast o€ 2-D mesh amewkovietar otnyv eikova
2.14 6mov o kopPog Tpoérevong (2, 3) emiéyeton mg pila ko dnpovpyel Eva

OEVTPO TOV EKTEIVETAL GE GYECT LE ALTOV TOV KOWPO.
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Ewoéva 2.14 Tlapaderypa tree-based multicast adyopifuov 5x5 ce 2D-mesh.

Ortav 1o flits eoépyovion otovg dpoporoyntéc ota onueio SLoKAAS®ONG
(koppor (1, 3) ko (3, 3)), avrypdeovtor Kot TpowOovvTol 6g TOALUTAL
KavdAl €E600V. AedopEvoy OTL Oev LEAPYOLV UNVOUATO TPOCOPIVIG
Ao KEVOTG UIVUUATOV GTOVG OPOUOAOYNTEG, AV amOKAEISTEL £vag KAAS0G

TOV 0EVTPOL, OAC TOL LNVOLLOTO LTAOKAPOVTOL.
2.3.3 Hamiltonian Path-based Multicast aly6p1Opog dpoporoyneng

INa va Eemepaoctodv o petovekthpata Tov tree-based aiyopiOuwv, pmopel
Kdmolog va ypnoyonmomoet olyopifuovg path-based multicast wormhole. e
avty ™ péBodo, évag kOUPog mpoéhevong mpoeTolndlel £va punivopo Yo
TopAdooT 6€ £va. GUVOLO TPOOPIGHMV, TASIVOUDVTOG TPOTA TIG dELBHVGELG
TOL TIPOOPICLOV LE TN GEPA e TNV Omoia TpoKeELTaL Vo Topadododv Kot ot
ocuvéyela tomobetdvtag avty T Aota tavounong oty KeQaAida Tov
pumvopatoc. Otav 1 KeQoAida e16EpYETAL GE OPOLOAOYNTH He TN dtevBuvon A,
0 OpoporoynNTG eAEYYEL av To A glvan M emdpevn d1evBuvon oty KePaAida.

57

Institutional Repository - Library & Information Centre - University of Thessaly
07/06/2020 20:30:09 EEST - 137.108.70.13



Av vai, 1 dievBvvon A aeaipeitor amd TNV EMKEPAAIDN TOV UNVOUOTOS Kot
éva avtiypago tov multicast dedopéveov Bo mapadobei otov TomKd
dpoporoynty kar ta flits Tpowbodvrar otov enduevo kduPo g dadpounc.
AwQopetikd, TO pRVLpO Tpowbeitar pOvo otov emduevo KOuPo g
dwdpopns. Me avtd tov TpoOmo, To Uvupo TEAMKE Topadidetor oe ke

Tpooplopd otnv kepoida [19] [20].

Ov path-based oaAyopiBpotr OSpopordynong PooiCovtar ot Swdpoun
Hamiltonian . Mo Hamiltonian owadpopn| emokénteton kdbe koOpPfo o€ €va
yphonuo okpifog pic eopd [21]. Tw kdédBe wopPo oe pion mxn

apyrrektovikn mesh opiletar o eTicéta L(X, y) .

yx N+ X av ToN VAL TEPPLTTOG

L(x, y)={

yxn+n-x-1 avtonegivaiaprios

Omov X, Y ot cuvteTayuEveg evog KOUBov

(a) Physical network (b) Up channel subnetwork (Hy) (c) Down channel subnetwork (Hp)

Ewoéva 2.15 o) 3X4 mesh with label assignment kot to avtiotoyo pe B) up
channel kot y) down channel. Ot cupmayeic ypappég deiyvovy to povomdrt
Hamiltonian kot 01 010KEKOUUEVES YPOUUES TOVG GUVIEGHOVG TTOL Ot
LITOPOVGaV VoL YPNGILOTOm 000V Y10, Tr HEIMON TOL UKoV S10OPOLTNG OTN

dpopLoAOYN oM.
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Onwg @aivetar kow oty ewdva 2.15 kotaokevalovior 600 O100pOpEG
Hamiltonian (9} vmodiktva) pe emonuavorn koéppwov [12]. To devtepedov
diktvo kavohmv (HU) Eexvd amd to (0, 0) evd to dgvtepedov diktvo (HD)
Myet oto (0, 0). Edv 1 etikéta Tov képfov tpoopicopov gival peyadlvtepn and
NV ETIKETO TOV KOUPOV TPOEAEVOT|G, 1| OPOLOAOYNGT] TPOLYUATOTOLEITON TTAVTOL
610 vrodiktvo Tov HU. Atapopetikd, Aappdvel xydpo 6To VITOdIKTVLO SIKTOOV
HD. Ot mpoopiopoi yopilovtar e 000 opddec. Mio opdda mepiéyet GAoLG
TOVG TPOOPIGHOVE TTOL Bol LITOPOVCAY VO TPOGEYYLGTOVV YPNCULOTOIDVTOS TO
vrodiktvo Tov HU kot 0 dALA0g mepiéyel Toug VTOAOUTOVG TPOOPLIGHOVS GTOVG
omoiovg B pmopovioe va emtevybel ypnon tov vrodiktvov HD. T va
LEUDGOLLE TO KOG TNG OLOOPOUNG TO KOTOKOPUPA KAVAALL TTOL OEV OVOIKOV
ot OJwdpouy Hamiltonian (Swokexoppéveg ypoupés ewovog 9) ta
YPNOOTOLOVUE HOVO OTIG KOTAAANAES KATEVOVVGELG. TNV TPOYUATIKOTNTO,
av o€ éva aAyopiOpo OpopoAdynong OAM To TOKETO TOL VITOJIKTLOL TOV
KavaAlov Ttpog to katw (down channel) axoiovbolv povomdria o avotnpd
avéovoo (eBivovoa) oepd (eite otn Hamiltonian dSwdpoun eite o), dev
pmopet va dnuovpyndet KokAkn Swadpopr|, ondte 0 aAydplOHog avtdg dev

umopei vo odnynoet o adié€odo (deadlock free).

2331 Dual-Path (DP) and Multi-Path (MP) Multicast Routing
Algorithms

2tov oiydplBpo dpopordynong Dual-Path (DP) 10 ocbdvoro tov xopuPov
poopiopol ywpiletor oe 600 vwocvvora Dy kot Dp. Kdabe koépupog oe Dy
&xel vYMAOTEPN €TIKETOL OO €KEIV TOL KOPPOL Tpoérevong Kot kKaOe kKOUPOC
o Dp €&xet younAotepn etikéta and ekeivn tov kOpPfov mpoéievons. Ta Dy
kot Dp ta&wvopodvior otn cvvéyela eite katd avovco oepd eite Katd
eBivovoa , avtiotolya, kabmg 1 eTIKETA TOV KAOE KOUPOL YPNCIULOTOIEITOL MG
KAedl ya ) ta&wvopnon. ‘Etot, ta pnvopoto ToAvekmopmig amd tov KOpo

poérevong Ba 6TaAoVY 6TOVG KOUPOLE TPoOPIGHOL 6g Dy ypnoiponotmvtag
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t0 vmodiktvo tov Hy kot otovg koOpPovg mpoopopod oto  Dp

YPNOCLOTOIMVTAG TO VTTOdiIkTVLO TOL Hp.

Subset Dy
E 1

Sauree
Hode

Deglination
Hode
—

Selected Channed by i
Routng Algorthm |

Salected Channel by
Routing Algarithm

Subset2 Subet3 Fubset & SURSEL Dy Subsel Doe

(e} (d)

Ewéva 2.16 o) Dual-path (DP), B) Multi-path (MP), v) Column-Path (CP), ka1
d) Low-Distance (LD) multicast routing am6 (2, 3). Ot aypnoonointot

kopPot dev eppaviCovrat.

Y10 mopddeypo g ewovag 2.16.a PAémovpe éva mesh diktvo 6X6 6mov o
kouPog (2, 3) Ba oteiler multicast unvoparta otovg kKopPovg (2, 0), (4, 0), (0,
1), (2, 1), (4, 1) (5, 4), (3, 5) xar (5, 5). Anovpyovvtor dHo vrocvvora. To
Tp®To VTocHVoAo (Dy), To omoio mEPIEXEL GAOVG TOLG TPOOPICUOVG TTOL o
UIOpOoVcaV VO TPOGEYYIGTOVV Otd TOV KOUPO TPOEAEVONG XPTCLLOTOLDOVTOG

vroocvotnua Hy, kot meprapfaver toug kouPoug (0, 4), (5, 4), (5, 5) o (3,
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5). To devtepo vrocHvoro (Dp), To 0omoio €xel TOLVG OGAOVG TOLG VITOAOUTOVG
TPOOPICUOVE OV B UTOpPOVCAV VO TPOGEYYIGTOVV YPTCLOTOLOVTIOS TO
vrodiktvo Tov Hp, meprapfaver Tovg koppoug (2, 0), (4, 0), (4, 1), (2, 1) (0,
1). Opiopévol amd TOLG KOTAKOPLPOVS GLVOEGHOVG TTOV OEV OVIIKOVV OTIG
owodpopéc  Hamiltonian  ypnowomoobvior  Kot@AANAQ, — yo TNV

EAOL10TOTOINOT TV JOPOUMDV.

Y autd 10 mMopAdEyHa, KaOdG ot mepiocdTepol KOUPol €xouvv TéooEPA
KavdA €E600v oto mAEypa 2D, pmopodv va ypnopomomBovv £mg Kot
Téo0eplg  aveEdpTes OdPOUEG YL TNV TaPAdooT) €vOG  UNVOLOTOG.
Emopévog, o vmoohvora mpoopicpod dwmAng owdpoung twv Dy kot Dp
yopilovtar emione. To vmocvvoro Dy ywpiletoar oe 000 vrocHvora. To €va
amoteLElTOl O TOLG KOUPOLE TV Omoiwv Ol cvVIETAyUEVEG X  glvarn
peyoAvTepE N 10€C pe exelves TS TYNG KOt TO GALO VTTOGVVOAO TTEPIEYEL TOVG
vrdromovg Dy kopPovg. To suvoro Dp ywpileton pe mapopoto tpdmo. Qg ex
TOUTOV, OAOL Ol TPOOPIGHOL TOL UNVOUATOG TOAAUTAGDV UETAOOCEWDV
OULLOOOTTOOVVTOL GE TEGGEPIS OOPOPETIKES LITOGLVVOESELS £TOL OTE OAOL Ol
TPoopopol o€ évo. LTOGLVOAO Vo Ppiokovtal 6e éva amd To TECOEPQ
teTapTUopla. o 10 Topdoetyor TOAATADV SLOOPOUMY TOV QOIVETOL OTNV
ewova 2.16.p n myq pog Ppioketoanr oto (2, 3) kou t0 cOvoro Bécewv
Katavépetal apyika og dvo vmoovuvora to Dy = {(0, 4), (5, 4), (3, 5), (5, 5)}
kot to Dp = {(2, 0) 0), (4, 1), (2, 1), (0,1)}. A6 v ewdva 9 o) PAémovpe OTL
10 Dy yopileton o€ 600 vrocvvora Dy; = {(0, 4)} kou Dy, = {(5, 4), (3, 5), (5,
5)}. Mg tov id1o tpomo, n Dp draupeitan og 600 vrocvvora to Dp; = {(0, 1),
(2, 1), (2,0)} xor 10 Dp2 = {(4, 0), (4, 1)}. H dumtAn dadpopun Kot 1) TOAAATAN
Swdpoun eivor deadlock free ko Oa pmopovoav va ypnoyomomnBodv

TAVTOYPOVO, Yo TN dPOLOAOYN oM unicast Kot multicast.
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2.3.3.2  Column-Path (CP) Multicast Routing

e avtv ™ néB0d0, T0 cHVOAO KOUP®V TPoopiopol ywpiletar 6€ VITOGHVOAL
2k 6mov k eivar o apBudg tov otidv oto mA&ypa. Emiong o avty ™
pébodo, to Moy dvo unvopata Ba avtiypagovv oe kdbe otiAn. Edv pa
OTNAN TOV TALYHOTOC €YEL EVOV 1 TEPIGGOTEPOVS TPOOPICHOVG OTIS GEIPEG
TV amd aVTHY TG TNYNG, TOTE OMOGTEAAETOL £VOL OVTTYPOPO TOL UNVOUATOG
o€ OAOVC TOLG KOUPOVG oL PpioKOVTOL OTIG GEPEC TAV® OO CVTHY NG
mmyne. Opolmg, edv o oAn €xet Evav 1 TEPIGCOTEPOVS TPOOPIGLOVS OTIG
YPOUUES KAT® amd eKEIVI TNG TNYNG, TOTE OMOGTEAAETAL £Vl AAAO aVTIYPOPO
TOL UNVOROTOS 6 OAOVG TOVS KOUPOVG oV PBPIicKOVTOL OTIS YPOUUES KATM
amd autnv g myns. Eva avtiypoaeo tov pmvopatog amocTEALETOL GE Lo
OTNAN, €Gv OAOL Ol TPOOPIGHOL TG GTHANG OLTHG Ppiokovtal KAT® 1 TAVE®
amd tov KOpPo mpoéhevong. Xty ewova 2.16.y eaiveton £vo TapadEypoL
omov éva. multicast pvopa otédlveton otovg kopPoug (2, 0), (4, 0), (0, 1), (2,
1), 4, 1), (0, 4), (5, 4), (3, 5) xou (5, 5) and Tov kOUPO Tpoéhevong (2, 3)
YPNOWOTOIDVTOS TOV  aAydpBpo  dpopordynong dwdpouns (CP). 'E&
aVTIYPOUPO TOL UNVOLOTOG XPNCLOTOIOVVTOL Y10 TNV EMiTELEN TG EMOBLUNTAG
Aertovpylog moAlamAng oloavopns. O odyopiBuog OpopoAdYNoNG  Tov
YPNOoTOIEITON 0O awTO TO oyfua Paciletol otov aAydpiBuo dpopoidynong
XY, o omoiog eivon deadlock free. Qotdoo, dedopévov o1t 1 dpopordynon CP,
mapopow pe ™ uEBodo dpoporodynong Paciopévn o€ unicast, Topdyel whpo
moAAd  pnvopata (nA. To moAd 2k avtiypaga tov pnvdpatog ot
dpoporoynon CP kot to mohd 4 ko 2 otig ypappés MP kot DP, avtictoyya).
‘Exet oyetikd peydiec KoBuoTEPNGEIG GTO TEAEVTOIOL UNVOLLOTO L0 KoL AOY®
NG OMOGTOANG TOAAATAMY UNVOUAT®V EYOVUE KOBLGTEPTION OTNV EKKivnon
amootolc. EmumAéov, emedn mOAAG pmvOpoTo TOAAOTANG  StovOung
AmOCTEAAOVTOL PHEG® TV OTNADV omd kdbe kOUPo Tpoédhevong, n amddoom

ToL d1KTVLOL LVIToPabuiletat.
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2.3.3.3 Low-Distance (LD) Path-based Multicast Routing

Tpia eivar o facikd yapaktnpiotikd tov akyopibuov 3 Low-Distance (LD)
Path-based Multicast.

o) Xpnowonolel o SOpUEPIOT  OIKTOOV TOPOUOLD  HE TNV  TEYVIKN
dpoporoynong multi-path multicast 6mov pPwoPoHV Vo GYNUATICTOOY EMG Ko

TEGOEPIG OUAOES TPOOPIGLOD.

B) H 1o&wvoumon towv mpoopopmv ot owdpouny Oa  mpémer  va
BeitiotomomBel yio vo peiwbel m amdotaon TG SOPOUNG TOAAUTAGDY
SLdpopL®Y. AVTO EMTUYYAVETAL [LE TNV TPOGONKN KMOKO TOL PBEATIOVEL TV
am6d0ooT ToV aAyopiBpov oe chyKplom Ue ekeEtveg TponyoOeEV®V adyopiBuwy
OpPOLOAOYNONG TOAAATADY Stadpop®my pe Pacn tn dwdpoun. O avtictoryog
aAyop1Opog dpopordynong anekoviletat oty ikova 2.17.
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Eucova 2.17 Keporido pmvopotog yio popordyNnct) moAAATA®DY S10dpOoUdY
Low Distance (LD).

g autov ToV 0Ayop1Buo, yio kébe KOpPo amodideton pio eTikéTo Tov diveTon

amd TOV TOTO L(X,y): yxn+X. Iopépow pe tov adyopiBpo multicast

TOAMOATA®V S10OPOUADV, TO GUVOAO KOUP®V TPoopiopol yopileton o T€00epa
vrocvvohla TV Dyi, Duyz, Dp1 ka1 Dpy. Ta vrosvvora tote Ta&ivopodvot
om oepd Low-Distance pe 10 Sdvoopa amdctaong kdbe koppfov va
ypNoonolEiTon ¢ KAWL Yoo ) dwhoyn. To ddvucpa amdctoong Kabe
KopPov vroroyiCeton amd K=y -y, |+| X=X, |. T va ta&vopncovpe Tovg
TPoopIopovg pe ™ oepd Low-Distance , mpota o képPoc (v), mov éxel 10
dtbvuopa yopunAdtepng amdotacng otov KOpPo mpoéievong (Ug), Tomobeteitan
oto Temp_set ko agoipeiton 0md T0 VTOGHVOLO. XTI GUVEYELN, O EMAEYUEVOG

kopPoc Ba Bewpnbel wg kOUPog mpoéhevong. Av 10 apy KO VTOGHVOAO dgV
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etvan adeto, ovt 1 axorovdio Ba emovainedel. Atapopetikd, to Temp set
OV TEPLEYEL TO TASIVOUNUEVO VTOGUVOAO TPOOPICHOD TOToBETEITOL GTO
apy KO VITOGHVOAO. AV VIdPYoLY dV0 KOUPOL LE {60 SVLGUATIKO aTdGTUCNG
o€ oOyKplon pHe Tov KOUPo mpoéievons, O emheyel mpdTO OLTOC pE T
HKPOTEPN O1A0TACT X GE OYE0M HE awTOV TOL KOUPOov Tpoéhevons. Xn

OGUVEYELD, TO OPYIKO LTOGVVOAO Oo tomoBetnBel otnv Kepaiida Tov

pnvopaToc.

v) T ) SpopoAdyNon TOV UNMVOUATOV GTOVS TPOOPICUOVE, O AAYOP1OLOG
ypnowonotel to poviédo Odd-Even turn [6] [8]. To poviédo Odd-Even turn
amoyopevEL TN UETOPOPE OeOOUEVOV Omd  OvOTOMKE Tpog Popeto Ko
avotolKkd Tpog voTwa (foppd Tpog dvom kot and vOTio TPOG SLTIKE) oE OAOVG
TOVG Opoporoyntég mov Ppiockovion oe po dptio (meptrt)) oTHAN. Avto
KaO16TA TNV TEYVIKT OC VOV TPOCAPUOCTIKO aAydpOpo ympic adEEodo mov
YPNOLOTOIEL TN GLUVTOUOTEPT dladpour). Aedopévov 0Tt etvarn ympic ad1EEodo,
OEV LILAPYEL OVAYKT] YLOL TNV EPAPLOYN EIKOVIKOV KOVOADV GTO dPOUOAOYNTY|
v Vv omoeuyn adeEdoov. H mpochnkn ewovik®dv KavoalMov €xel enintmon
oV ToyvmTo dgdopévoy OTL M MOALTAOKOTNTO Kot M AavOdvovoo
KOTOOTOOT TOL EAEYKTN GWEAVETAL LE TOV APOUd TOV EIKOVIKMOV KOUVOAIDV

AOY® TV avEnuévev anarmoemy puduong kot dtoautnoiog [22].

Y& OPIOUEVEG TTEPITTAOGELS Y10 TN OPOUOAGYNON EVOG UNVOLOTOS TOAAOTANG
petadoong omd €vav mPooplopd otov EMOUEVO HECH HOG EAAYIOTNG
Stdpopng, omonteital 1 010001 OESOUEVOV UEGH ATOYOPEVUEVIIG CTPOPTG.
Mo va amoeegvybel Eva mBovo adEE0d0 6e AVTEG TIG TEPUTTMGELS, TO UVULLOL
AVILYPAQETAL TPAOTO ONO TOV TPDOTO TPOOPIGUO KOl GTN GUVEXEWL EVO
avtiypago tov pnvopatog Oa petadobei Eava oty emduevn devBuvon

TPOOPICUOV HEGM TOV KOVOM®DY KOTAVIAMOTG.
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2.3.4 Hamiltonian Adaptive Multicast Unicast Method (HAMUM)

"Exovv mpotabel d1apopot arkyopBot SpoporAdynomng moALUTADY S00POUMY
mov PociCovtar ot Swdpour] Hamiltonian yia va gyyonfodv 10 un
evogyopevo adegodov [17] [19]. AAAG o mapadooiakoi adyopiOpot pe Bdaon
™ dwdpoun eivan kaBopiotikoi 1060 yio TV KukAogopio unicast 660 Kot yio
v multicast, n omoia vroPobuiler onpovtikd v omoddoon. Avtd NTAV KoL
to0 kivntpo va avalnmBovv véec pébodor pe Pdon ™ Swdpoun yw vo
QEPOLLE TNV TPOCUPUOGTIKOTNTA TOGO Yo TNV KUKAOQOopio unicast 660 kot
vy tqv multicast yopic ™ ypnowomnoinon ewovikdv KovoA®v. o va
Beltiwbel n pathbased péBodoc, mapovsialetor o Tpocaprootikny HEBodog
Yopic ad1E£odo Yo TNV TPOcApPUOY ] o€ OAN Ta HOVTEAM pE Pdon 1O
Hamiltonian. Zmv mpaypoatucomta, o avtifeon pe GAAL TPOCAPUOGTIKA
HOVTELD O€ OIKTLO EMKOVOVIOV 7OV 1oybovy udvo yuo. kivnomn unicast, n
mpotewvopevn péBodog yepiletar tavtdHypove OG0 TNV Kivnomn unicast 660

Ko tnv multicast.

210 Topod0OGLOKA HOVTELN OPOLOAGYNoNG e Bdom T dwdpopr| 0rtmg MP ko
CP, 1660 ywo. umvopoto unicast 66o kot ywo. to. multicast cOuP@va pe TNV
Tpéyovca kot v endpevn Béon tov kKOUPOV TPoopIGHoD, ypNnoiLonotEiTon
poévo  €vag GUVTOUOTEPOS OpOUOG amd TOV  OAyOplOpo  OpopoAidynomg.
Emopévac, n anddoon tov diktvov vroPabuileTar ypnoonotdvtog anTods
toug aAyopiBuovg dpopordoynonc. To HAMUM umopet va Adcel awtd 10
TpoOPAnue.  otovg  aAyopidpovg dSpopordynong pe Phon ™ Sadpoun,
KaTELOVLVOVTAG TPOCAPLOGTIKG KOL TO, UMVOLOTO unicast kot multicast pécm

EVOLAUEC MOV TPOOPIGLDV.

Xm pébodo avtr, ot Béoelc otig omoieg pmopovv var ANeOOVV OpIGUEVES
KatevBoveoelg eivan TePopIoéves, Yo va amo@evydel to adEEodo. Ot kavoves
mov pLOPilovy TO TPOTEWVOUEVO GYNLLOL KOTNYOPLOTOLOVVTIOL GTO KOTMTEPO

dikTLo KavalM®V og eENG:
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OMlot ot KOUPol OTIS ApTIEG GEPEG £XOVV KOTADTEPEG ETIKETEG OMO TOVG
YELTOVIKOVG KOUPoLG Toug oTig POpeteg kot avatoMkég Katevbuvoels. Eva ot
KOUPOL OTIG TEPITTEG GEPEG EYOVV YOUNADTEPES ETIKETEG OO TOVG YEITOVEG

Tovg o€ Popeteg kan dvTIKEG KatevBuveelc. Emouévmg, yio 1o vmodiktvo:

Kavovag 1: Emtpémovron Popeteg Kot avatoAkég KaTeLBOVGELS OTIG APTLES

GELPEG.

Kavovag 2: Or xotevBivoeic Boppd kot Abong emttpémovion oTic mepITTeg

GELPEG.

Opoimg, 6Aot o1 kOpPot 6T APTIEG CEPEG EYOLV VYNAOTEPES ETIKETEG OO
TOVG YETOVIKOVG TOLG KOUPovg ot voTo Kot SuTikny katevbuvorn. Evd ot
KOUPOL OTIC TEPITTEG GEPES EYOVLV LYNAOTEPES ETIKETEG OO TOVG YEITOVEG
TOVG OTIG VOTIES Kot avaTOAKEG KatevBivoels. Etot, yuo o dgutepevov diktvo

KOAVOAMOV:

Kavovag 1: Ot votieg ko ot dutikég katevfivoelg emtpémoviol 6€ ApPTIEG

GEPEC.

Kavovag 2: Ot vOTieg Kot Ol avOTOAKES KOTELVOBOVOELS EMTPENMOVTOL GE

TEPLTTEG GEPEC,.

‘Eva. pqvopo Bo mpowbnbel mpog TOvV TPOOPICUO OTN VIETEPUIVIOTIKN
Hamiltonian, 6tav o tpéywv kéuPog evtomiletarl pio oepd mpog o votia (1
Bopewn) TG oePAG TPOOPICHOV GTO VTOJIKTLO TOV KOVOAIDV KOTDOTEPOL
dwtvov. H ewdva 2.18 deiyvel Tov yevdokmouka tov poviéhov HAMUM mov
extereitanl og kdBe dpoporoynt otav @tacel éva véo mokéto. Epocov ot
KOvOveG OltnpovV To. UNVOUOTO 0L UETAOIOOVTOL GE avoTNPd adHEOVoH

oelpd M kol eBivovsa el , ATOTPETEL TV EUPAVIOT] 0O1EEOO0V.
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Ewodva 2.18 O yevdokmdkas tov HANUM
2.34.1 Unicast Aspect of HAMUM

Bdoel g mpotevopevng pnebodov, omolooonmote evoluecog KOUPOS Tpémet
TpOTA VoL KaBopicel T Gepd TV KATELOLVGEWDY TPOG TIG 0Ol Vol TAKETO
pmopet va TpowdnOet yuo To endpevo hop Pdoet Tov kKavova 1 kot Tov Kavova
2. Onog ava@épinke TPONYOLLEVOS, GUHE®VO HE TIS ETIKETEC TPOEAELONG
KOl TPOOPIGHOV, 1) OPOUOAGYNOT UTOPEL VAL GTO TAV® 1] GTO KAT® VITOSTKTLO

TOV KOVOALOD.
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Ewova 2.19 Oheg o1 mBaveég eAdyioteg S1adpopéS amd Tovg KOUPBoLG
nmpoélevong 63, 56, 7 ko 0 otov koo mpoopiopon 27 o) oto poviého Odd-

Even ka1 ) omv mepintwon unicast too HAMUM.

E&etdlovpe v mepintwon Omov 0 TPoopiopioc evog unvopotog Ppioketol
oT0. JUTIKA TNG TNYNG OTO VIOSIKTVO TOL KovoAoh emdve (m.y. KOUPog
mpoérevong 7 Ko mpoopiopds 27 dmwg eaiveton oty ewkdvo 2.19. Edv o
Tpéxmv KopPog Ppioketor o pio mePLTTN GEPE, 0 SPOUOAOYNTNHG UTOPEL Vo
OPOLLOAOYNGEL TO UVLLOL TTPOG TN OVTIKN 1} T POpela KatevBuvor, AOYw Tov
aAyopifpov vrodiktoov Tov Hamiltonian up channel. Eqv o tpéywv koupog
Bpioketonl oe o dpTioe GEWPA, apPYIKE TO HUNVORO TPETEL Vo OPOLoAoYNOel
pog T Poépew KotevBLvoT (Y Vo OTACEL GE TEPUTTH] GEWPA), Kol OTN|
ocuvéyela, Ba pmopovoe vo dpoporoynbel pécm g OvTIKNG TG Popetag
KatevBuvong. XT0 KOTOTEPO VTOJIKTLO, YPNOUOTOIOVINS TN Oldpoun
Hamiltonian, to maxéto pmopet va emiééel dSutikn 1 POpetla KatevBuvon oTig
dptieg ogpég kol avatolky] 1 Popel  KotevBLVoN  OTIC  TEPITTEC.
Emumpdobeta, dv o tpéywv kOuPog Ppioketar pio oelpd oto voTia TG GEPAG
TPOOPIGHODV GTO VTOJIKTLO TV KOVOAIDV TPOG TO TAV®, TO HRvupe o
dpoporoynBet mpog ) dvtikn 1 ™ Popela katevBVven av o TpEywv KOUPog

Bploketarl oe aptia GePd Kot av 0 TPEYV KOUPOG Elval og TEPLTTH GEPA TO
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nakéto Ba dpoporoynbei mpog ™ Popela katevBuvon. Xy ewova 2.19.03,
eaivovtol OAec o1 mBavég eEldyoTES SLodPOUEG dpopoAdynong tov HAMUM
v téocepa pnvopata o 8x8 2D-mesh. TovAdytotov pio gldyiotn dtadpoun
umopel mhvto voo emAeyel pe v mpotevopevn HEB0SO Yoo Omol100MTOTE
Cevyog Mg ko Tpoopiopov. Aedopévov 6Tt to poviédo Odd-Even givon and
T0L KAOOIKG povTéda, okyopiBpov ot unicast troyn tov, Ba. to cuykpivovue pe
™V KAaGKn popen tov. OAeg ot mbavég dtadpopés Spopordynong yuo o
povtédo Odd-Even gaivovion ewova 2.19.a. T'ia va cuykpivovpe tovg 600
aAyoplBpovg petald TOvg, YPNOOTOOVHE TOV  ovLvieEleot Pabuod
npocappootikodttag (DoA) [3] [4], o onoiog eivor 0 aplBuog twv ehdyiotwv
SOPOUDY TTOL UTOPOLV VoL ANPOOVV amd Eva pivopa yia vo Tagdéyouy and
évav koppo mpoéievong (Sx, Sy) oe évav kouPo mpoopiouov (Dx, Dy).
YnoOéote 011 10 AX, Ay opileton g Ax = Dx - Sx ko Ay = Dy - Sy kou dx = |
Ax |, kor dy = | Ay |. O BaBudg mposopHOCTIKOTNTOS Yo, EVOV TANP®G

TPOGOPLOCTIKO 0AYOpOL0 diveTal omd:

(d, +d,)!

DoA( fully adaptive routing), , = ATRE
!

Me Bdaon 1o Hamiltonian Path, pmopodv vo vmépyovv okt®d O10p0pETIKES
Katootacelg Béong ooppmva pe ™ Béon Tov KOuPov mpoéhevong (Gptia M
TEPLTTN YPOUUN), TN B€om TOL KOUPOL TPOOPIGLOV (ApTioL 1} TEPLTTH) Ko TNV
KkatevBovvon Tov KOpPov TPooptGoY (aptotepn 1 0Ll TAELPE TOL KOUPOG

TPOELEVLOTC), OTMG AVTEG GLuVOyilovtal oTov Tivaka 2.4.
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State Source position Destination Destination
(odd/even row) position direction
(odd/even row) (left/right)
1 even even right (east)
2 even odd right (east)
3 even even left (west)
4 even odd left (west)
5 odd even right (east)
6 odd odd right (east)
7 odd even left (west)
8 odd odd left (west)

[Tivaxag 2.4 Ot oKTd S10POPETIKES KATAGTAGELG BEoMC TV KOUPmV

TPOEALELGNC KOl TTPOOPITUOV.

Apywd, vroroyiCovpe 10 DoA vy 6Aa Too unvopoto unicast 6GTo AvVAOTEPO
OIKTLO KOVOAM®DV, Kol GTI GUVEYELDL YPTOLUOTOLOVUE TOPOLOL0 TPOTO Y10 VoL
vroloyicovpe 10 DoA yia 10 VTOdIKTLO TOV KOvaADY KAT®. Ontmg pmopet va
oavel oty ekdva 2.20, to DoA g katdotaong 1 ko 8 eivon ico ko pmopel

VO VTOAOYIOTEL (OC:

d +D)! d
DoA(l)sd :M omov D = —yl
¢~ 4 1D! 2

[Ma 6)eg T AAAeg KaTaoTAGELS, I GVVAPTNoN DOA vrodoyileTon wg:

d +D')! d, -1
DoA(2), , =M 6mov D' = || 2L—|
’ d,!D’! 2
Avtéc ot gflomoglg pmopoLV VoL GUVOYIOTOUV ¢  €ENG:

DoA 1oV VTOdIKTVLOV KAVOALDV ETAV®:

DoA (1)s ] yia kartaoraoceis lkoi8

DoA(up —channel =
(up )s,d { DoA(1), , 71 6AAes Tig dAAeS mepinToels

DoA 10V v1TodIKTVOV KAT® KOVAALOV:
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DoA(down —channel), , =

Siate=1

Even )Q-

Even
Dhe = B
Sated4
Chid
Evar
D = G
SateT
Even
Chid
D=5

DoA(l)S’ ]

yia karaoraoesls ka6

DoA(1), , 11 6AAeg Tig 6 AAeg mepintcroels

Slale 2
i
Even
O = Sx
el F
Evn
il
O =3
e
Cidd
12
D = 3

Slale X
Evén
Evén
D 5
Hale F
Chided
i
Lo =S

Ewcova 2.20 Oxtd SopopeTiKés KOTAGTAGELS TOT0BEGI0Gg 6T LITO-JIKTLO

KOVOAMOV.
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To povtého Odd-Even [8] mepopiler tig 0éoelg 6mov pmopovdv  va
mpaypatoromBodv opicpévol tomor otpopmv. Eved ot kavoveg HAMUM
BaciCovtal oTic oepéc TV TAEYUATOV, EVEO Ol Kavdveg Tov povtédov Odd-

Even Bacilovtat otig otyreg. Ot kavdveg Odd-Even meprypdpovton og eEng:

Kavovag 1: Ot otpoés Avaton-Boppdc kar Avotoinc-Notov dev pmopovv
vo, AneBovv og aptieg othieg (Ewcova 2.21.a1)

Kavovag 2: Ot otpogéc Bopdc-Avon kot NOTog-Adom oev Umopovv va

Iebovv g meprrtég otreg (Ewdva 2.21.).

b Ao

East-North Turn East-South Turn South-West Turn~ North-West Turn
(a) (b)
Ewodva 2.21 O kovdvag tov Movtéhov mepiotpooric (Odd-Even): o)
OITOYOPEVETAL 1] TEPLOTPOPT| GTIS APTIES GTNAES PB) amaryopedeTal 1

TEPIGTPOPT] OTIC TEPLTTES GTNAEGS.

O BoBuodc mpocappostikdmnTag Tov poviédov Odd-Even Turn vroAoyileton

g [8]:

Otav o kopPoc mpoopopov Ppioketor otn de&d mhevpd tov KOUPoL

npoérevong (Ax> 0):

DOA( 2)S 4 AV 1 0TI A1 TOL KO UP OV TPOEAEVOTG EIVAL ETITPERTI KALL
DOA(AX > O)s, 0= O TPOOPIOLOS PPLOKETAL O TEPITTH OTHAT

DoA(1), , o€ omowaiimote AT mepi trworn
Otav 0 xouPoc mpoopiopol Ppioketal otnv aplotepn] TAELPA TOV KOUPOL

npoéhevong (Ax <0):
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DOA(l)S s Qv oTiAn Tov ko ufov mpoédsvong givail smitpentijkar Ax =0
DoA(Ax<0) , =

DoA(l)sv 4 O€ omo1a0170TE GAAN MEPIMTWON

O Babudc mpocappootikodttag oo HAMUM kot tov povtéhov Odd-Even
elvan mepimov 1o 1d10. Agdopévov 6t to povtédo Odd-Even dev pmopet va
ypnowomomBel yioo ™V KukAoeopio, moAlATA®VY peTaddcewy, 10 HAMUM
glvar Oyt povo cvpuPatd pHe TNV KUKAOQOPIN TOAAATADV HETAOOGEWDY, QALY
TOPEYEL KOL TPOSAPUOGTIKOTN T TOCO Y10 TNV KVKAOQOopia unicast 660 Kot yio

multicast.
2.34.2 Multicast Aspect of HAMUM

H mpocappootiky pébodoc emnpedlel tovg adyopiBuovg Spopoidynong
ToALOTAGV  dladpoucdv pe Pdaom T owodpoun. e 10 okomd owtd,
epappolovpe HAMUM otovg akyopiBpovg Multi-Path (MP) kou Path-Path
(CP).

1) Adaptive Multi-Path (AMP) Routing Algorithm

H ewdva 2.22.00 deiyvel Eva mapdderypo MP 6mov o képupog mnyng 27 (3, 4)
onpovpyet £va VOO TOAVEKTOUTNG TPOG OTOGTOAT TTPOG TPOOPLopovg 31,
9, 59, 8, 50, 57, 26, 19, 62, 37,0, 63, 1, 7, 32, 55. Xvvenm¢, opyavOVOVTOL

000 VITOGVVOAQ.
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72 OO0 GF 7|

Ewova 2.22 o) Multi-Path (MP), B) Adaptive Multi-Path (AMP), y) Column-
Path (CP), ko1 8) Adaptive Column-Path (ACP) olydpiBpot dpopordynong

To mpwto vmocvvoro (Dy) €xer OGAOVG TOLS TPOOPIGHOVS HE LYNAOTEPT
etikéto kot 1o Ogvtepo (Dp) €xel ToUC LVTOAOITOVE TPOOPICUOVG. 211
ocuvvéyew, o Dy yopiletar og dvo vmocvvora, Dys = {31, 32, 50, 62, 63} ko
Du2 = {37, 55, 57, 59}. Mg tov 6o 1pdémo, 10 Dp ywpileton e dvo
vrooHvora, To Dps = {19, 1, 0} ko o Dpy = {26, 9, 8, 7}. Téhog, éva makéto
avé vrosvuvolo Ba mpémet vo dnpovpynBel Kot vo amocstodel omd tov KOpUPo

npoéhevong ot1o olktvo. Ola ta moxéto mpémer va  aKoAovBohv 1o
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Hamiltonian povomdétt Kot vo  @QTAGCOVY  OTOVG  TPOOPIGHOVS  E

nmpokabopiouévn celpa.

To AMP (Adaptive MP) givor to mpocaplooTikd HOVIELO TOL aAydplOpov
MP petd v €Qoppoy] TOV TPOTEWVOUEVOL TPOGOPLOGTIKOD LOVTEAOV GTOV
aAyopiBpuo MP. To mapdostypa mov ypnoiponoteiton yuoo to MP oty ewova
16 B), to ufvope TOAAATANG HETAdOOTNG Umopel va mpowOnbel pe tpelg
dapopeTikovs Tpdmovg amd tov KOpPo 37 otov kopPo 55 (32 éwg 50, 19 mpog

1 ko 26 €m¢ 8).
2) Adaptive Column-Path (ACP) Routing Algorithm

Xpnowonowvpe 1o mopaderypo g ewovog 2.22.0 yioo CP. Aegkarpio
aVTypOPa TOV UIVOUOTOS YPNCUYLOTOLOVVTOL Y10 TV EMiTELEN TG emBLUNTNG
Aertovpyiag moAlamAng dwovopng Ewova 2.22y. Av xou ot mpoopicpol 1 ko
62 Bpiokovtatl otV ida GTAAN, amocTéALOVTOL V0 avTiypaga UVOUOTOS GE
LTV TN GTHAT, APOD EVOC A0 TOVG TPOOPICHOVS Ppioketon TAV® amd T

oelpd Tov KOUPov Tpoélevong Kot 0 GAAOG KATM.

To ACP, mov avikel oto Adaptive CP eivan n mpocappootikn nébodog tov
apywod CP  expetaAlevOpevog 10 TPOGOPHOSTIKO povtédo. T va
vrodeiovpe TOG TO TPOCAUPUOOTIKO oynuo emnpedlel tov adydpibuo CP,
omwg anewovileton oy ewova 2.22.9, Kot TAAL dekaTpio. ovTiypopo. TOL
UNVOLOTOG TOAAOTAMY UETOOOCEMY TPEMEL VO YPNCUYLOTOLOVVTIOL YLoL TNV
emitevén g emBountng Acttovpyiog TOAAATANG dtavouns. AAAG o€ avTd TO
oynua v amdotnta, eEetdlovpe povo dvo vrosvvora to Dyz kot Dps. Adym
™G YPNONS TOL TPOTEWVOUEVOD TPOCHPUOCTIKOD oynuatog oto CP, kdbe
WVOUO. TOAVEKTOUTNG Umopel vo mapadofel 6T0 LTOGUVOAO TOL WHECH

SPOPWV SLOOPOLMY TOL VITOGEIKVOOVTOL LLE OLOKEKOUUEVES YPOLLLLEC.
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2.35 Xoykprtika amroteiéopara multicast routing protocols

Mo va a&oroynBel n amotelecpatikdTTo TOV OAyopiBov dPOLOAGYNONG
moAlomA®V dadpoudv mov Paciletoan Low Distance (LD), epapudlovtan ot
akyopibpor Dual-Path (DP), Multi-Path (MP), Path Column (CP) xax UB
(Unicast-Based). Ot MP kat CP ypnoipomotovvtart exiong yo v a&toAdynon
0V povtédov dpopordynong HAMUM. ‘Exet avortoyBet yio to oxond avtd
évag mpocsopolmtng akpipeiag tov NoC . O mpocopoimti vroloyiletl T péon
KoBuoTEPN O KoL TNV KATAVIA®GT) EVEPYELNS Yol TN HeTAdOGN unvupdtov. Ot
€16000VG TPocopolwTY TEpAapfavouy o pEyedog Tov mivaka, T cuyvoTTa
Aerrovpyiog, Tov aAyopOpo dpopoAdynong, To TAATOg GUVOEST|G KAt TOV TOTO
KukAoopioag. O TPOCOUOIMTAG UTOPEL VO ONLOVPYTCEL SIAPOPETIKE TPOPIA.
o va vmoloyicovpe TNV KOTOVAA®MOY| EVEPYEWG, YPTOLLOTOLOVUE TIC
Aertovpyieg g Pprodnkng Orion [23]. Ta 6AoVG TOVG dPOUOAOYNTES, TO
TAdToc dedopévav Kot 1 cvuyvotnta puBuictnkav ota 32 bit ko 1 GHz
avtictoyya, yeyovog mov odnynoe oe evpog (dvng 32 Gb/s. Kabe kavii
elo0o0v €xel péyebog buffer (FIFO) 8 flits pe to dpo coppdpnong mov £xet
pvOuotel oto 75% g cvvoAkng ywpnrtikotntog buffer. To péyebog tov
unvoporog vrotifeton 6t givon 16 flits. EmmAéov, vrobéoape emiong ot m
TomoAoyio Tov mAEypatog eivar 2D mesh kot ot kabvotepnoelg oto KOADSIL
dev Ba vrepéParvay v mEPiodo Tov poroylov. e ™ pétpnon amddoong,
YPNOLOTOOVUE TNV KABLGTEPTON TOALOTANG Olavoung oL opileTal ¢ O
apBudg tov KOKAOV pHeToED ™G €vapéng g Aesttovpyiag UNMVOLOTOG
TOAMOTADV  LETAOOGE®MY KOl TOL YPOVOL KOTO TOV OmOi0 1 Ovpd TOV
UMVOLATOC TOALATANG KA oG @TaveL e OAOLS TOVG TTpoopiaovs. To CP €xet
™V o TEPIMAOKN OdKacioL Yo TNV TPOETOUAGIO TOV  UNVOUATOV
ToAveKTOUTNG, Ve 1| DP £xet v gvkoAdtepn dwdkacio [14]. O unyaviepnds
TPOETOOGIOG amoTereital amd TO Sy®PIoUO TOV GUVOAOL TPOOPIGHOD GE
KatdAANAo vTOcHVOAD Kot Tn OMuovpyic TOAAATAGV avTlypl@®V TOV

pnvopatog. I'a tov vToAoyiopd Tov YPOHVOL TPOETOUAGING, EYOVV EKTEAECTEL
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amd TOV TPOGOUOIOTH SIAPOPES GEPEG TPOOPICUDV TOAVEKTOUTNG. XE ALTA
T GUVOLDL OOKIUMV, O HEGOG YPOVOG TTPOETOLOGIOG Y10 TNV OAOKANPWGCT TV
pnvopdtov multicast otovg adyopiBpovg DP, MP, LD «ot CP ftav 35, 46, 46
Kot 82 wvkhoi, ovtiotoyo. Emedn o oiyopiOuoc DP mopdyer poévo 2
pnvopoto multicast, tvor o kKaAVTEPOG PETAED TV GAL®V ahyopiBmV Kot To

CP &ivai to ye1potEPO G50V 0popd TNV KalBvuaTéPnomn ekKivionc.
2351 Multicast Traffic Profile

To WPOTO GET  TPOGOUOIDCEDV TPOYUATOTOWONKE Yio TuYoio TPOEIA
KukAoQopiog. Xe ovtég TIG mMpocopowwoels, ot PE moapdyovv unvduoto
OE0OUEVOV KOl EGGYOLV TOLG OTO OIKTLO YPNCULOTOLOVTAG TO. YPOVIKE
dwotuota mov AouPdvovion pe v ekbetikn katovoun. ‘Eyxovv AneOel
voyn dvo peyédn NoC 8x8 kot 16x16. 1o mpopih multicast, kdbe PE
OTEAVEL £VOL IVUULO GE VO GUVOLO TTPOOPICUMV. M1t OHOIOHOPPT] KOTAVOUN
YPNOWOTOWONKE Yoo TNV KOTOOKEVT] TOL GULVOAOL TPOOPICUMV KADE
unvopaTog moAlomAng owavoung [12]. O apiBuog mpoopiopdv opicte oe 10

Kat 25.

Yy ewkdvo 2.23 paiveton 1 pEo KaBLoTEPTON EMKOVOVING MG GLVAPTNON
tov péoov flit injection. Omwg deiyvouv T amoteAéopata, o oAyOpOpog
dpoporoynong LD multicast odnyel o yoaunAotepn kabvotépnon petald
TOV TPLOV aAyopiBpmv dpopordynong multicast akdpn Kot o€ PopTio. VYNANG
KuKAOQOpiog 1 Le peYaAo aplBpd Tpoopiopav (25 Tpoopiopong).
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Ewova 2.23 AZoddynon emdocemv vrd dapopetikcd poptia o€ 88 2D-
mesh pe a) 10 mpoopiopoie, B) 25 mpoopicpovg kot oe 16x16 2D-mesh y) 10

TPoopIoH®YV, 0) multicast traffic.

H ewédva 2.24 delyver 1o ké€pdog amddoong g ypnong oo HAMUM pe
SapopeTikd apipd mpoopouadv kot peyedov flits. Onwg mopoatnpodue amd
TOL  OMOTEAECUATO, O TPOGOPUOCTIKOS HNYOVIOUOS EQOPUOCTNKE OTO
ocvotuato. MP kou CP axdun kot 6e @optio peyding xvkhoopiog 1 e

UEYAAO ap1OUO TPOOPICUMY 0dNYEL O€ LkpOTEPN KaBLoTEPNOM).

80

Institutional Repository - Library & Information Centre - University of Thessaly
07/06/2020 20:30:09 EEST - 137.108.70.13



81

Institutional Repository - Library & Information Centre - University of Thessaly
07/06/2020 20:30:09 EEST - 137.108.70.13



Ewova 2.24 A&oidynon amoddoong tov HAMUM vrd Sapopetikd goprtia og
8%8 2D mesh pe a) 10 mpoopiopovg, B) 25 npoopioumy kot og 16x16 mesh y)

10 mpoopiopdv, 8) 25 mpoopioucdv pe multicast traffic.
2.35.2 Unicast kar Multicast (Mixed) Traffic Profiles

Y& QUTEC TIC TPOGOUOLMOELS, YPNOILOTOIOVNE Eva petypa unicast ko multicast
dwavopng, 6mov to 80% TV pnvopdTeov mov gyybnkav eivor pnvopoto
unicast Kot o vrorouro 20% eivor pmvopoTo TOAAATANG dtovopns. Avtd To
potifo umopel vo aviurpocmmedel ™V Kiviion oe éva moAveneEepyaot
KOTOVEUNUEVNG KOWNG UVIUNG, OTOL Ol evnuepmoelg kot 1 invalidation
wapdyovv  pnvOpOTO. TOAAOTANG OWVOUNG KOl 1) TPOCMPVY]  UVIUN
e&umnpeteitol omd ta unvopata unicast [15] [19]. T avtd to oHvoro, ot
TOPAUETPOL TPOGOUOIWONG Eivarl 101E¢ e TIC TPONYOVUEVEG TPOGOUOIDGELS
amd TV dmoyn Tov aplBpod TV mpoopicpdv. To unvdpoto unicast
dpoporoyovvtar emiong pe to povtého mepiotpoeng tov Odd-Even. Uniform
ko hotspot [8] elvar o 600 SLOPOPETIKA YOPAKTNPIOTIKA KVKAOPOPING OV
e€eTdoTNKOV yloo TNV TOPOY®Y KUKAOQ@Opiog unicast. XTO OUOLOHOPPO
TPoeiA kivnong, kabe PE otédvel éva pnvopa oe omolodnmote dAlo PE pe
ioeg mBavomnteg. Emopévog, ot mpoopiopoi kabopilovior toyaion pe
opotopopen Katavour. Kdrto and to mpdtumo xvkhopopiog hotspot, Evag 1
TePLoGOTEPOL KOUPol emAéyovtor mg hotspots mov Aappdvovv éva emmAéov
TUAUO TNG KUKAOQOPIOG EKTOG amd TNV KOVOVIKY] OLOIOLOPPT KLKAOQOpIiaL.
2my ewova 2.25, gupavifovtar ot péceg KOBVOTEPNOEIS EMKOVOVIOG GE
oY£0M LE TO PLOUO EyYLONG UNVLLATOV Y10 O0POPETIKOVG AAYOPIOLOVS KATM
amd TO OHOOHOPPO HOVTEAO KLKAOQOPioG Yio To Tpo@id kivnong Unicast.

Onwg PAémovpe and ta coryeio avtd, LD Eemepva Toug GAALOLS 0dyOp1Opovg.
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Ewova 2.25. A&lohdynon Tov emddcemv 6e d10PopeTIKE poptia oe 8%8 2D-
mesh pe o) 10 mpoopiopovg, P) 25 mpoopicpol pe ikt kivnon (20%
multicast kot 80% unicast) evad 1 kukhogopia unicast Baciletoat oto uniform

traffic model.

Kdétm and 10 povtédho kukiopopiag hotspot, £va uivopo mov onpovpyeiton
katevBuvetonl o kaBe kKOUPo hotspot e emmiéov mBovotra h to1g eKatod.
2TIC TPOGOUOWDGES Hog, Ttomobetnoape €vav povoadikd koppo hotspot
(x6uPog (4, 4)). H ewdva 2.26 deiyvel Tig péceg Aaviavouoeg Teplodong Twv
aAyopiBumv ya t1g tomoroyieg Tov 8x8 2D mAiéypatog 6tav h = 10%. Onwg

delyvouv ta Swypdppota, to LD  Eemepvd onpoaviikd Ttovg  GAAOLS
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aAyoplOpovg Yoo SlpopeTikovS  aplBuovs  TPoopIoUdY KAt  amd

SPoPETIKOVS PLOLLOVG EYYLONG UNVULLATOV.

Ewova 2.26 Anddoon adyopiBuov Kdtm and dtapopetikd goptio o §x8 2D-
mesh pe a) 10 mpoopiopote, B) 25 mpoopiopovs pe pukty xivinon (20%
multicast kot 80% unicast). H kukAopopio. Unicast Bociletor oto poviélo
KukAopopiag hotspot pe €vav povadikd kéupo hotspot (4, 4). To mocootd

hotspot eivar 10 To1G gkatd.
2.3.5.3 Power consumption

H «xotavahoon woyvog tov DP, MP, CP, UB xot LD oaAlyopiBumv

OPOUOAGYNONG VIOAOYIGTNKOV KOl GUYKPIONKAY LE TO HOVTELO KUKAOPOPIOG
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TOMOTA®V peTaddcemy. Ta amoTeEAEGHATO Yio T HEST) Kot TN UEYIOTN oYV
KAT® and aut) TV KukAogopio mapovsidlovior oTig ewkoveg 2.27 ko 2.28,

avticToryo.

Ewova 2.27. Méon katavaliokdpevn oydg tov DP, MP kot CP alyopiBumv
oe 16x16 2D-mesh pe a) 10 mpoopiopovg ko ) 25 mpoopicpu®mv vmd

KUKAOQOPi TOAAATADV HETAOOGEWV.
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Ewova 2.28. Méyiot anoppoenomn 16y00¢ TV mpotevouevey, tov DP, MP
kot CP odyopiBpwv oe 16x16 2D-mesh pe o) 10 mpoopicpovg ko B) 25

TPOOPICUDV VIO KLUKAOPOPI0 TOAATADY LETAOOGEWDV.

Onwg pumopoldue vo 00VUE OTO OMOTEAECUOTO TOL TOPOVCLAlOVTOL GTOV
[Tivaxa 2.5 ywo 10 wpoopiopove, n péom KatavaAmaon 1oybog ToL SIKTLOL UE
Tov odyopBpo LD eivan 25%, 3,5%, 33% woan 63% Ayotepa amd to. DP, MP,
CP ko1 UB ot0 poVTEAO KUKAOPOPIOG TOALOTAGDY HETAOOGEWY, OVTIGTOLYO.
Eniong, ta amoteAéoparta tov ivaka 2.6 yio 10 mpoopiopods vwodetkvoouy
otL  péyom 1oy0g tov aryopiBuov LD elvan 27%, 8%, 44% war 70%
Myotepeg and eketveg v aiyopibuwv DP, MP, CP ka1 UB avtictoya, oto
HOVTEAO KLUKAOQOPiOG TOAMATAGDV peTadocemy. Tlapopown eEokovounon

gvépyelng emttuyydvetan v 25 mpoopiopovs. H peimon mg woydog yio tov
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aAyopiBpo LD emituyybveton pe TNV OHOAN KOTOVOUN TNG KOTOVAA®GONG
EVEPYELNG HECM TOV OIKTOOV, YPTCILOTOIMVTAG TO TPOGOPUOGTIKO GUCTIUO
OpopOAGYNONG, TO Omoio HEDVEL TOV OPWOHO TOV EVEPYDV ONUei®mV
TPOGPaoNG KoL EMOUEVMG LELDVEL TOGO TN HECT 10YD 00O Kol TN HEYITTN 10)D.
O mivakog 2.7 amoKoAVTTEL OTL 1] HEST] amoppOPNON 10XVOG TOV SIKTHOV LE
tov aiyopBpo ACP eivar 5% pukpdtepn and avti tov arydpiBpov CP ke 1
péon katavalmon oyvoc tov AMP eivan 3,5% pikpdtepn and avt) Tov
alyopiOpov MP. To amoteAéopata tov mivako 2.8 VTOJEIKVOOLV OTL 1|
péyot 1oybc v oryopibuwv ACP kot AMP givor 15% won 11% pikpdtepn
amo eketvn tov alyopiBumv CP kot MP, avtictorya kdtom oand to povtédo
KUKAOQOPLOG TOANOTAGDY HETAOOGEDY. MTOpOoVLE VO TOPOTPNCOVUE OTL 1|
péon 1ox0G Kol M HEYISTN 10YX0G TV TPOTEWOUEVAOV TPOGOPLUOCTIKMOV

HOVTEL®V gtvat YoapnAoTepa.

Average Power Dissipation DP MP CP UB
With 10 Destinations -25% -3.5% -33% -63%
With 25 Destinations -32% -8.5% -13% -51%

[Tivaxkag 2.5. Xuykpttikog mivakog HESNG amoppoenong woyvog tov LD og

oyéon pe dArovg olyopiBpovg g 16x16 2D-mesh.

Average Power Dissipation DP MP CP UB
With 10 Destinations -27% -8% -44% -70%
With 25 Destinations -43% -12% -33% -64%

[Tivaxoag 2.6. Zuykpitikdc mivakog PEylotng amoppdenong woyvog tov LD og
oyéon pe dArovg aiyopibuovg o 16x16 2D-mesh.

Average Power Dissipation AMP/MP ACP/CP

With 25 Destinations 3.5% 5%

[Mivaxog 2.7. Xvykpitikdg mivakog HEONG  amoppdENong 1oY00C TV
TPOGAPUOCTIKOV oynubtov ypnoporotdvias poviého HAMUM oe oyéon

HE To GUUPBOTIKG GYNLOLTOL.
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Average Power Dissipation AMP/MP ACP/CP

With 25 Destinations 11% 15%

[Mivaxag 2.8. Zvykprtikde mivakog MEYIGTNG KATOVAA®ONG 10x00G T®V
TPOCAPLOCTIKAOV oYNUAT®V ypnoyoroidvog to poviého HAMUM g oyéon

LE T0. GLUPOTIKA GYLOTO.
24  Xopmepdopoto

Ta mpmtéKoAAa SPOHOAOYNONG UTOPOVV VO £XOVV HEYOAO OVTIKTUTO GTNV
arOd00T Kot TV KOTavAAmor evépyelag ota diktva onchip. Ta wpmTOKOAAL
dpopordynong oe NoCs pmopodv va eivor eite unicast (one-t0-one) eite
multicast (one-to-many). To mp®TO TPOTOKOALO SPOLOAOYNONG 7OV
TOPOVCLACTNKE NTOV VOGS TPOGOPLOCTIKOG OAYOPIOHOS dPOUHOAGYNONG e
YVOLOVO, TNV KUKAOQOPLOKT] GUUPOPNOTN Yo SIKTL®MTOVS dtovAovg NoCs, o
omoiog dev vrrootpilel KukAoPopio TOAALATANG S10VOUNG, EVA T AR 6VO
TPOTOKOAO TAPOLGLALOVYV  TPOGOPUOCTIKG HOVIEAN OPOLOAOYNONG 7OV

vroopilovv 1660 TV Kivnon unicast 6co kot trv multicast.

O mpdTog 0AYOP1OLOG dpOOAdYNONG EIVaL EVOC TPOGAPUOGTIKOG OAYOp10L0g
dpopordynone, o omoiog ovoudletor EDXY, o omoiog PeAtidver tov
alyopiOuo opopordynong DyXY. Xe avtqv Vv teYVIKT, TPOooTétnKay 600
CUPUOTO.  CLUEOPNONG OTNV  OPYITEKTOVIKY] TOL OPOUOAOYNTY| Yo Vo
ONUATOO0TIGOVY TI GLUPOPNON TNG YPOUUNG 1 TNG OTNANG. AVTO EMETPEYE
TNV OTOPLYN TG CLUPOPNOTG OLOOPOUNG, KO £TGL Vo, LElwBEl | KaBvoTtépnon
tov  oiyopibuov. EmmAéov, moapovoidotnkav 000  TPOGOPUOCTIKA
npwtoékolia dpopordynons (LD kot HAMUM) ywo diktvoakd diktvo wov
Baoilovion oe apyrtektovikny mesh. To LD ypnowomnolel doympiopd oe
VIOJTKTLO, KO TOV TPOGOPHOCTIKO aAydptOpo Tov povtéhov Odd-Even yo )
dpoporoynon 160 TV unvopdteov multicast 6co kot unicast pHEC® TOV
owrtvov. Emumdéov, o mpooapuootikds  odyoplOuog  dpopoAdynong

YPNOOTOINGE TNV KATAGTOCT CLUEOPNONG TV Bupdv €16000V Yoo TN
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dpopordynon tewv unvopdtov péowm non faulty Swdpopmv. Qotdco, n
EKUETAMAEVOT TV oAyopiBumv Jdpopordynong unicast ywo KukAogopio
TOAMOTA®V PeTadOcEMV pmopet va avénoet v kabvotépnon. To HAMUM
TOPOVCLACTNKE G TPOCOPUOCTIKN HEB0dOG Opopordynong tdéco yio v
KuKAoQopia unicast 660 kot ywo. tnv mulyicast, n omoia peyiotomolel Tov
Babud TPocapUOGTIKOTNTOS TV AEITOVPYIDV dpopordYNoNg mov Pacilovton

ot oladpoun Hamiltonian.
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3° KEQAAAIO

FAULT-TOLERANT ROUTING ALGORITHMS
ON NETWORKS ON-CHIP

3.1 Ewoayoy

Tig televtaiec dvo dexoetieg Egovv mpotabel TOAES TPOGEYYIGES Yo val
KOTAGTOUV To JiKTLO, O10GVVOEST|G aveKTIKG oTa odApata (fault tolerant).
AVTéC 01 TTPooEYYIGES UTOPOVV VO YWPIOTOOV o€ V0 KOTNYOpies: oOTIg
OPYLTEKTOVIKEG TTOV EIVOIL AVEKTIKEG GTO GOAALOTO, KO GTOVG 0AYOPIBILOVS TTOL
elvar ovektikég oe ocodipata. H mpotn xoatmyopio aviyetonilel To
oyxedooud aviektikdmrog o€ cedApata Tov eEapmudtov on-chip ®ote va

AEITOLPYOVV KOVOVIK(L LLE TNV TOPOVCIH EAATTOUATOV.

Ot dadpopég avektikdv ceaipdtov Aappdvoov local ko global arnogdcelg
OYETIKA LE TN O100POUY| TOV TOKETOV, He Paon ™ 0o TV EAATTOUATIKOV
ouvdéopmV kot KOUPoV. Xg aut TV TEPINTTOON, 1 €0PECT] VEWV S10OPOUDV
vy To. mokETo umopel va yiver eite centralized eite distributed [1, 2]. Ot
KOTAVEUNUEVOL OAYOPIOUOL KATOVELOVY TO YEVIKO VTOAOYIGTIKO KOGTOG Yol
TNV €VPECT] VE®V O100POUDY UETAED OA®V TV KOUP®OV TOL JIKTOOV, EVD GE

&vav GUYKEVTPOTIKO adydpiBuo, vag 1 teptocoTepot kOpPot ivar vevhuvor
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Yoo TV €K VEéou Opopordynom tov mokETmv. ‘ETol, 1 apyIteKToVIKY TV
dpoporoyntdv mov yperalovior Evay Katavepmuévo alyopiBpo Ba pmopovoe
va gtvor amlovotepn and TOLG SPOUOAOYNTEG OV YPTGLLOTOOVV EVOV KoL
HOVOdIKO KeVTPIKO alyopBpo. 26TOG0, 1 VTOAOYIGTIKY 1GY0G TOV TPEMEL VO
ekTeLEOTEL 0E évav KEVIPIKO aAyopOpo eivor moAD peyaAdtepn amd TOLG
VTOAOYICUOVG TTOV YIVOVTOL GE VOV KATOVEUNUEVO OAYOPIOLO OV eKTEAEiTE
Eeymplotd oe k0B kKOuPo. EmmAiéov, o1 kevipukcol ahyopiBLot p1oIULOTOIO0V
mnpoopieg global fault, aALd o1 katavepmuévor alyoppol yvopilovv v
EULPAVIOT CPAAUATOC HOVO BACEL TOTIKOV TANPOPOPLUDY OO TOVG YELTOVIKOVS
KOuPovc. Avtd opeileTan KVpimg 6TO YEYOVOS OTL 1 OMOGTOAN TMV YEVIKOV
TANPOPOPLOV COOAUATOV GE OAOVG TOVG KOUPOLS KOTOVAADVEL £va, LEYOAO
UEPOG TV TOPOV TOL CLOTNHUOTOS. Q¢ €K TOUTOL, M ATOPACT ETAOYNG
OOPOUNG OE  GULYKEVIPOTIKOVG 0oAYOplOpovg pmopel vo odnynoer oe

ATOTELECUATO, KOADTEPNG TOLOTNTOG.

Y outd TO KePAAOwo, mopovctdlovpe TOVG POCIKOVG  UNYOVIGHOVG
dpoporoynong mov etvan avektoi oe oedAiuato (FaulToleReR) ywn va
avtipetonicovpe to oedAipoata oto NoCs. Actoyiec 6T0 GUOTNUA oG
TpokOTTOLY VIO opopéveg ovvOnkes. Kupiog ot dlaxvpdveels g
ddKaciog 6e cLVOVAGHO HE TIS amoTNTIKEG Agttovpyieg Tov NOC (6mmg 1
vynAn Beppokpacia [3]) emnpedlovv To cuoTNUA OGO 0 aAyYOPOLOG cuveyilet
™ Agrtovpyia Tov [4]. To ehattopatikd pépog Ba cuveyicel TV KOVOVIKY| TOV
Aertovpyia Otav ot cuvOnkeg (Beppokpacio, Yo TOPAOELYLO) EMGTPEYOLV
ot10 @uoloroywkd. H Bepuokpacio avdver mv kabvotépnon dddoons av
vrepPaivel Eva Opro. To OBepud otoryeio pmopel vo punv OAOKANP®GEL TOV
VIOAOYIOUO KOL TNV EMKOWVOVIOL HECH OTOV KOKAO €VOC HOVO poroylov,

odnydvTag o€ dnpovpyia opaipdtmv otig e£6dovg twv NoC [5, 6].

Avtdg o pmyaviopog Spopoldynong €xel g otdyo va dwxepiletan Tig

Swdpopéc tov makétmv og éva NoC, ota omoio opliopéva Tuqpota yivovtol
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TPOSMPIVE U1 AELTOVPYIKE AOY® OPIGUEVOV GLUVONKOV, 1O10HTEPO TNG VYNANG
Bepurokpacioc. H Oepuokpacio tov cuvoécumy kot GAA®Y eEQPTNUATOY TOV
NoC oyetileton queca pe tov eOpto KukAoeopiog oe avtd. Katd cvvénea,
Ta intermittent ceAALOTO TOL TPOKAAOVVTOL OO TNV VYNAR Beppokpacio Ha
e€aeipovy Otav dev vIdpyel POPTOG GE EVOV EAUTTOUATIKO COVOEGHO Y10l
éva ypovikd ddomnuo. To mo amAd HOVIEAO TOL  UTMOPOVUE Vo
ypnowonomoovpe Yo T Oeppokpocioc kdbe efaptpoatog eivor  va
vnofécovpe OTL OLT Elval aVOAOYN TNG KOTOVAAMONG EVEPYELNS TOL
e€optnuatoc. e autn TV TEpinto deyopoote 0Tt 1 BepUoKpacio KOVIIVMV
eCapmuatov dev emmpedlel oe avnovyntikd Pabud ™ Bepuoxpacio Tov

e€aptnuatog mov e€etdlovyle.

H tomoloyia tov NoC oe avt v mepintwon aAlalel SvvopiKd Kotd T
dbpket ¢ {ONG TOL GLOTHLOTOS AOY® TOV GLVIEGEMY TTOL emnpedlovTan
amo intermittent BAaPes. To FaulToleReR otoyedetl o o tétoln Kotdotaon
kot tpoomabel vor oAAGEEL duvapikd Tov adyoplBpo dpopordynong katd to
xPOVO ekTédeons. ApopoAoyel Ta TAKETO LUE TETOLO TPOTO DGTE OAOL TOLG VOl
powBovvtol arnd TV TOAVOTEPT GUVTOUOTEPT SLadPOUT LETAED TV KOUPV
TPOEAEVONG KO TPOOPIGLOV TOVG, 1| KUKAOQOpia eivar 1coppomnuévn o€ OA0
TO TOIT, O TEPLOPLGHOG TOV EVPOVG LOWNG KAOE GUVOEGLOV IKAVOTTOLEITOL KO 1)

amoPLYY| TOL AdEEOO0V Elval yyunuév.

Onwg o1 mepiocdtepeg epapuoyés oe NOC, €161 Kot ot Guykekpyévn
TEPIMTOON, 0 UNYAVICUOS Opopoldynong etvar Baciopévog oe mivaka yio vo
UTOPOVLE VO EKUETOALEVTOVUE OTO £MOKPO TANPOPOPIES OYETIKA HE TO
YOPOKTNPIOTIKA TNG SPOLOAOYNONG, TVYXOV EANTTOUATIKOVS GUVOEGLLOVS GTO
NOC, evoAhakTikég O100popég dedopévav K.o. Avarioelg [7] motomolohv Ot
alyopBpotl dpoporidynong Paciopuévol o mivaka eivor KataAANAGTEPOL Yol
ocvotuato NOC Ady® tov yopunAdTepoL KOGTOVS, TG EVKOAING LAOTOINGNG

KOl TNG Q000 TIKOTNTOS 16YV0G,.
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Ov mepiocodtepol arydpBpol dpopordynong fault-tolerant ypnoipomolovv
ewovika kavaila (VC) ywo va epappocovy ) péfodo tov KavaAlon Stapuyng
v vo. amo@evyOel To ad1EEodo [8], evd kdmoteg dAleg péBodot emtTuyydvovv
™MV omoeLYN  adEEOO0V  TOMODETMOVTAS OPIGUEVOLS TEPLOPICUOVS  OTO
povomdtiot Tov pUropovv va, AneBovv amd to makéta. H televtaio nepinmtmon
00NYel 0€ GLOTNUATO LLE ALYOTEPT] KATAVAAWDGT) EVEPYELNG, TOAVTAOKOTITA KOl
KOGTOG, G€ GLYKPIOT HE TIS HeBOdoVg amopuyng adteE6dmv mov Pacilovron

ota VC.

Ot intermittent BAafeg eppavilovtar cuyva Kot SopKovV aPKETONG KOKAOUC.
Q¢ ek TOVTOV, £VOC OAYOPIOLOG dPOUOAOYNONG TPETEL VO TPOCAPUOLETOL GE
TéT010. oVYVA eupaviiopeva opdApoto. Ot vieteppuviotikol fault-tolerant
alyopiOupot Opopordynong Oa mpémer va PmOPOUV VO TPOGOPUOGTOVV
ocOpE®VL pe OAAoyEG TOmOAOYIOG Yoo vo amo@evyBoldv Tétoov €idoug
o@aApata. QoTOGO, 01 VIAPYOVGES UEBOJOL TPOGOUPUOGTIKNG OPOLOAOYNONG
YPNOWOTOLOVV TOTIKES TANPOPOPIES Yo Vo EMAEEOVY Lol VEQ dtadpopn. e
QLTV TNV TEPITTM®ON, 1 TEPLOPIGUEVI] TOTIKN TANPOPOPNOT WITOPEl va

odnynoet o AovBaGUEVES OTOPACELS.

Enweelovpevorl amd tig global minpogopieg oyeticd pe to fault patterns kou
™ {Amon emkowvoviag kabe koépPov pe younin overhead eivor to Poocikd
TAEOVEKTN LA, Yo TIG Alye epyacieg mov yewpilovron intermittent cdipoto

3]

[Taporo mov to FaulToleReR otoyedel og intermittent cpdipota, uropet va
xpnowomomBel yoo T OPOHOAOYNOT TOKETM®V GE OMOLOONTOTE SIKTLO LE
dvvapukn tomoloyia (6mwg acvppoto  dikTva), KoOOG Ko og  dikTva

nopakopyns pe veepueyédn IPs (OIPS) [9].
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3.2 Avdaivon tov Tpofrpatog

Onwg ovapépnke mponyovpéves, m Un YPNOLLOTOINGCT] GULYKEKPLEVOV
GUVOEGLMV Y10 OPICUEVO YPOVIKO OICTNHO TPOKOAEL OLVOUIKES OAAOYEG
oV tororoyio NoC. H kivnon vrotibetan eniong 6Tt elvon duvapkn, omote o
apykdg KOUPOG YPNOUOTTOLEL TIG CLAAEYUEVEG TANPOPOPIES CYETIKAL LLE TNV
kivnon (oe oyéom pe tov KOUPo mpoopiopov kot To PApog TS KAbe porig
emKovmVviag) og ke YpoviKd GNUELO Y10 VL ONOVPYTCEL £VOL YPAPTLLOL TTOV
Oa ypnopomomBel Kotd TOV VIWOAOYIGHO TNG OSdpopns dadikacio. Ot
TANPOPOPIES Y10 TOVG UN SBEGIUOVG GUVOEGOVG GUAAEYOVTOL EMIONG OO
TOV aPYIKO KOUPO HECH TOL SIKTVOL EAEYYOL. LTOYOG oG ivar va aALGEOLLE
TOV  OAYOpIOUO  OpOUOAGYNONG  TPOKEWEVOL Vo, OPOLOAOY|GOLLE

AMOTEAEGUOTIKA TOL TOKETOL Le Paom T véa centralized tomoloyia.

Ocwpeitor 611 o1 kOpPor mov eivar un emrpentoi dev emmpedlovv ™
GLVOESIUOTNTO OIKTVOV, OMNANON LILAPYEL TOLAAYIGTOV Lid dtadpopun UETOED
omolwvonmote dVo KOUPwV Tov NoC Tov TPEMEL VoL EMKOWVOVOLV PETAED
TOVG. AlpopeTiKd, ivar advvato va Ppebel dtadpoun yio opiopéva makéTo To

omoia e TN GEPE TOVG 00N YOV GE AITOTLYIO TOL GLGTYLLOTOG,.

Movtehomolovpe OAd T COOALOTO OC GEAANOTO GUVOEONG, €ite QLT
cvuPodv otov dpoporoynt eite oty O v ovvdeon. To chvoro TmV
EMOTTOUOTIKOV GLUVOECEDV TTEPAaBaveEL OAOVG Tovg GLVOEGHOVS Tov NoC
mov dev eivar owbéoyor avtmv ™ otyun. o va dwrtvrtocovpe 10

TPOPAN L0, TPETEL TPMOTA VO, ODGOVLE TOVG 0KOAOVOOVG OPLGLLOVG:

Opwopog 1 Communication Task Graph: Mio gpyoacion Kot ot avtioTotyes
GYECELS OVTITPOCHOTEVOVIOL MG Ypdonua epyaciov emkowvaviag, CTG mov

gtvar  évo  kotevBovopevo ypaenuo G (V, E) omov «kdbe v, eV
OVTUTPOCMTEVEL pioL gpyacion Kou éva katevBovopevo ypago, to € ; €E

xapakmpilel o pon emkoveviag and To Vi 610 Vj. O 0YKOg EMKOV®VIOG
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(bit avd devtepdrenTo) OV AVTIGTOKEL OE KAOE AKPO €j, j OVTITPOCOTEVETAUL

oo tei, j)-

Opwopog 2 Ilepopiopdg Bandwidth Link: O mepropiopog tov gdpovg Lmdvng
kd0e ocvvoeong Ik Tov NoC OBa mpémet va ikavomom et wg e&nc:
VI BW ()= D x4(i j)

Ve j€E

Omov 0 BW g yapaxtnpiler 1o gvpoc {hvne g otvdeong Ik kar o X (i, j)

vrohoyileton g eENG:

X (i, j) = t(e ;) avl, epath(ei’j)
0 ocomoiadnmote GAAN mEPI TTWOON
H mapdpetpog path(eij) etvon To 6hvoro decpdv oTIg 0moieg yapToypapeital 1

akpun CTG e j. Avtd pnopet vo nAwBel o andd wg e&ng:
V1, BW (1) = BR(l,) (1)

Omnov BR (lx) tvor to cvuvolkd peyebog dedopévev mov dpoporoyeitor 6

ouvvdeon lx tov NoC.

Tomwd, T0 TPOPANUA TOL SVVOUIKOD VTOAOYIGHOD TNG SLOPOUNG Umopel va

TEPLYPOPEl g €ENG.

Aappdavovtag veoyn ot éva NoC, 10 0moilo TpoKVTTEL OO TV APOIPEST| TV
eMTTOROTIKOV  cuvdéopuwv (faulty links - FL) omd tovg ouvoAikoic
oLVOEGOVG TOL apy ko NoC kot T0 TPOTLTO KUKAOPOPIOG TOL TEPLYPAPETOL
and to CTG, evromiCer o véa dwadpopn v kéOe por (kdbe dxkpo ejj oto
CTG) mov ghoyyiotomotel v axdAoLON ékppaon, dmov 1 route (i, j) eivor n

andotaon (o€ hop) peta&d tmv kKopPwv i Kot j eivar:
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D e t(8;)xroute(i, j) ©)

H mopamdve ékppacn pmopet va Bewpnbel og 1 kabvctépnon tov pécov
unvopatog tov diktoov, kabmg M Kabvotépnon evog mokéTov glval TO
dOpocpo g kaBvotépnong pndevikod @optiov kot ™G KaBLoTEPNONG
oéopevoneg. H xabBvotépnon pundevikov goptiov eivar o ypdvog (oe KOKAOVG)
ov Ba ypewotel Yo vo petapepBel Eva makéto amd TNV TNy oTov KOUPo
Tpoopopod  Otay - OAot  or mopor  givor  dwbéoor.  Qotdco, oty
TPOYROTIKOTNTA, £va TOKETO Bo Tpémet va avtoyovileton pe GAAa ToKETO Yol
10 gVpo¢ {dvne NoC. Eav 1o diktvo dgv €xel cuoupdpnon, o apBudc tmv hops
mov dtaoyilel éva TOKETO Yo va OTAGEL 6TOV KOUPO TPoopItoovy givar Katd
TPOCEYYIoN  OVOAOYOS HE TNV KOBLOTEPNON TOV  TOKETOV. XUVVETAC,
EAAYLOTOTOLDOVTOS TV TopoTave e&icwon o 00MyNoeL 6TV Aoy loTomOoiNoT)
™mg péomg kabvotépnong unvopotog oto NoC. H 1oy0¢ mov katavaidveTot
Yoo T UETAO00N TOKET®MV glval €miong aviiloyn HE TO PNKOG StodpOuNS
TOKETOV. ZUVENAOC, KaBopilovtag TG O100pOLES TV TOKETOV LE TETOL0 TPOTO
moTe KAOe TakéTo va kKotevfivetar pEcm piag eAdyiotng dtadpopngs (pe oo
TOVG TEPLOPICUOVS TNG TOTOAOYIOG), EVED O TMEPLOPIGHOG TOV €0POLG LDVNG
KkdOe ovvdéopov oev  mapafrdleror, pmopovpe va  gyyvnbovpe OTL M|

KaTovaAmon evépyelag olatnpeitol 660 To SuvatoOV YOUNAOTEPT.
3.3  AkyépOpog Fault-Tolerant 6 NoC

O aryopiBuog FaulToleReR etvar tkavog va avadiotdéel ta makéto 1060
aAlaCovtag TNV TomoAoyio. 660 Kot pE TNV 0AAAYN TNG OPOLOAOYNONG HECH
pog dtdtkaciog 0popoAdyNong 600 otadiwy. £To TPMTO 6TAd0 Ppiokel OAES
TG dwbéoeg dadpopés Yo kabe pon Tov CTG. AvTég 0L TPOKATUPKTIKES
SLOPOUES ypNOIOTO0VVTOL G6TO 0eVTEPO Prina Yoo vor BpeBodv ot telkég
duvatéc Swdpopés yuoo kKabe (ebyog mNYNG-TPOOPIGHOD, TPOKEWEVOL VL

elayiororombel n e€icwon (2). To FaulToleReR odev yperaletan eucovikod
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KavaAl Yoo xeipopd adeEGdmv, oAAd pmopel vo XP1CIUOTOM|CEL EIKOVIKA
KavdAo yio ) Peitioon g amddoonc. O adyoplOudc Ttov meptypleeTon

otV ewova 3.1.

The FaulToleReR Reconfigurable Fault-Tolerant Routing
Algorithms

boolean finish = false;
int dis_tsh, 1_tsh;
function Initionation (flows, dis_tsh) {
Sort (flows); //According to a priority criteria
all_paths = Find_All_Paths (flows, dis_tsh);
}// end function
function Main (flows, all_paths, faults) {
if (faults) {
Prune_All_Paths (all_paths, faults);
10: Hienf if
11: while (!finish) {
12: minimals = Get_Minimal_Paths (flows, all_paths);
13: finish = Path_Finder (flows, all_paths, minimals, 1_tsh);
14: }/end while
15:  }/ end function
16: function Path_Finder (flows, all_paths, minimals, 1_tsh) {

17: for all possible paths from all_paths {
18: if (Link_Load (paths, 1_tsh)) {

19: if (DeadLock_Free (paths)) {
20: return true;

21: Hiend if

22: Hlend if

23: }/end for

24:  }//end function
Ewova 3.1 Yevdokmoukag adyopibuov FaulToleReR

Otav &ekwvd to odomnuo aArdler kot m dpopordynon tov NoC  mov
avtmpooconevetal ond to CTG. Avtq 1 ocuvdptnon amoteAeiton amd 600
vroAettovpyiec, v Sort kot v Find All Paths. H Aetrtovpyia Sort etvon pua

tponomomuévn ékdoor tov bubble sort mov ta&wouel Tic poég cvuPOva e
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Kkdmow  mpokaBopiopévn  mpotepardta.  Kabdg  otoyedovpe ot
BektioTomoinom g oyvog Kot v peiwon g kabvotépnong, to Kprnpio
TPOTEPALOTNTOS OTOTEAOVV KOL TOV OYKO EMKOW®VIOG TV podv. Qg €K
TOVTOV, Ol POEC OESOUEVMV TTOV GTOXEVOLVY oTNV Heiwon g kabvotépnong
Kot kot TV Pektictonoinorn g 1oxhog £XOuV HEYOADTEPT TPOTEPALOTNTO.
Avtég o1 Ta&vopnuéveg poég kot to dis tsh, petagépovral otn cuvdptmon
Find All Paths cav gicodog, yw vo. fpovv OAeg TIg duvaTéS SLOOPOUES Yo
KGO pon mov givon pukpodtepeg amd Ti¢ dis_tsh (6cov apopd tov apBud hops).
Avt 1 ovvdptnon eivor pio TPocapUocpEVn €kdoom Tov  adyopifuov

Dijkstra [10].

O mPocapUOGUEVOG OAYOPIOLOG LEIDVEL CTLOVTIKE TOVG VTOAOYIGHOVS TOL
alyopiBuov kot eivon TAEoV KaTAAANAOG Yo online ektéleom. H €£0d0¢ avtg
NG LTOGLVAPTNONG Elval £VoL GUVOAO KOTOKEPHOTIGUEV®V Sladpopmv. Mo

yivel avto to P, apyilet To Bacikd Pripa Tov alyopibuov.

Metd mv apyikn dadikaoio, o akyoplOpog elépyetol oty Agttovpyio main,
Yo vou Bpet pio KatdAANAN oadpopn PaCIGUEVT] GTNV TPEYOLGA OLUUOPP®CT
owtvov. H Aeurovpyio avtn evepyomoteitanr eite amd v ekkiviion Tov
GLOTNUATOG €ite PeTd amd TV guedvion ocedAipatos. [lpmtov, eléyyet v
aAlayr] tomodoyiog kot TV epeavion oedipatoc. Edv dev etvon m mpd
@Opa OV VTN M AsrTovpyic EEKIVA, TO GUVOAO TWV SOPOUDY TTOV £XOVV
Kataympnel 6To gupetplo Ba TpémeL v EXOVATPOSIOPILETAL OPUPDVTOG
TIG SLOOPOUEG TTOV TTEPLEYOLV TOVG EAUTTMOUATIKOVG cLVOEGHOVS. H dradpopn

v kéBe pon) Ba Tpémet va ikavomotet T akoAovBeg cuvOnKeg:

1. To obvoro OAwV TV dwdpopmdv mov Ppédnkav OBo mpémer va
ehaytotonomaoet v e&icwon (2) mpokeévou va emitevyBel n eEldyiotn péon
AavBavovca Katdotoon og OAEG TG poég emkovaviag. H eddyiot Ty g
e€lomong (2) mpokdmtel 6tav KAOE TAKETO PTACEL GTOV TPOOPIGHUO TOL HECH

™G pIKpOTEPNG dadpopns. 2ot060, avtd pmopel va punv givar dvvatd AOY®
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TEPLOPIGUMV GTOVG GLVOECHOVS, EUPAVIONG adOEEHO0L 1| TOV TEPLOPICUADV
mov emPdArovron and v e€icwon (1). Qg ex ToVTOL, UEPIKES OO TIG POEG

TPEMEL VO, TOPOUKALYOVV TO PKPOTEPO LLOVOTTATL.

Av M wKpOTEPN SWOPOUN UG PONG KOl 1 TPOYUATIKY] O100pOp| 7OV
EKYWPEITOL GE QLTAV AVTUTPOCHOTELETOL OO TNV route*(i, j) ko ) route(i, j),

avtiototya, opilovpe TV TOPAKALYT TG PONG WG EENG:

dy =route(i, j)—route’ (i, j) (3)

Agdopévou 0Tt 1 GLVOAKN TTapdkapym gtvot 1 Staeopd LETAED TOL EAAYIGTOL
HEGOL UNKOVG O100POUNG KO TOV HEGOL UNKOLG OLOPOUNG TTOV OTOKTATOL
amd TNV TPOYUOTIKY OpopoAdynomn, m ehoyiotomoinon g e&icwong (2)
1000LVOEL pe TNV EAOLOTOTTOINGT TNG ABPOIGTIKNG EMPAPLVONG TOV PODV
Kot opilete g eENg:

D= > d, (4)

Vei’jeE

2. H ovvolikr| xivnon mov mepvd pEG® €VOG GUVOECHOL OEV TPEMEL Vo
vrepPaivelt 10 péyloto Swbéoipwo gbpog Cdvne Yo va  amoeevydel 1M
ocvppopnon (E&icmon 1). Avtog o meplopiopdg odnyel o€ kaAvtepn amddoon
tov NoC Kot avEdvel TNV avoyr| Tov d1kTvov omd opdipata. Edv o cuvoiikog
OYKOG EMKOVMOVING dVO N TEPICCOTEP®Y PODV TTOV AvTIGTOYILOoVTOL GTOV 1010
ovvdeopo mapaPidlovy avTtéV TOoV TEPLOPICUD, OMuovpyel TPOPANUO GTO

diktvo mov ovopaletar overlapping occurs.

3. H dwopdppmwon dpoporoynong npénet va givar deadlock ko livelock free.
[ToAlol oAyoplBuor Oev  eumdékovion pe mPOPANUa  adeodov kot
YPNOWOTOOVV EIKOVIKE KOVAALL Yot Vo amo@Vyovy T adtéEoda. [Tapodia

avtd, 1o FaulToleReR amopedyer ta aodiéodo xoatd tnv emioyn g
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SdpoUNG Yo v YoAop®OoEL ToV TEPOPIGUO Tov VC Tov PN oIULOTOonV

moALo1l ahydp1Bpot dpopoAdyNoNG.

2tov odyopiOud pog, n ovvaptnon Get Minimal Paths, n omoio etvor 1
oLVAPTNON TOL EMEUPOIVEL GTO EVPETNPLO TOV SLAUOPOUDY TOV aAYyopifuov
FaulToleReR, otoyedel omv 1Kovomoinon Tov TPOTOV  OVOPEPOLEVOD
Topomdve. Avt 1 cuvaptnomn Eekvd amd TV eAdyloTn duvat| TN Yo To D
KOl EMOTPEPEL TO GLVOLO TMV OLOOPOUMV LE TIG OTOIES EMTLYYAVETOL QLT 1|
] (H ehdyiom tyn elvar 0 otav kabe ponl kotevBoveton pécm NG
pKpOTEPNS O100popnG). Av 10 cOVOAO EMAEYUEVDV Ol0dpOH®V “eyKplOel”
amo Tig Aettovpyieg Link Load xou Deadlock Free, ot omoieg eAéyyouvv v
eMdytot Sradpopn| Heta&d KOUPBoV TPOEAEVOTG KOl TPOOPIGLOD IKOVOTTOLEL TN
dgutepn Kol TNV TPitn oLVONKTN, avtioTord, O OTOYOG EMITVLYYAVETOL.
Awpopetikd, ot mapdperpor Get Minimal Paths av&dvouv 10 D xotd pio
povada kot to petafifalovv ot Aettovpyio Path Finder ywo mepotépm
eréyyous. H dwdcooio avt) emavorappdaveror éog 6tov 1o FaulToleReR
EVTIOMIGEL évol GUVOAO OSOOPOUMY 7OV TANPOLV TIS TPOUVOPEPOUEVES

ocuvOnkec.

H Aertovpyio. Get Minimal Paths ypnowonolel dvo mpoxabopiouéveg dopég
dedopévaov, T pvAun kot v visited. Apyikd, m ovvaptnon kéver v
vrdBeon 6t kB por| Ba €xel T KpOTEPN duvarh Sladpour amd TV TNYN
GTOV TPOOPIGHO, BEToVTag T0 GuVOAKO overhead mapaKAUYEDS TOV SIKTLOL
ico pe to pnoév. Xtn ovvéyxewn, otélvel TV n-tuple ot Asttovpyia
Path Finder yio va gAéy&et edv mAnpol o kprrrpla TG KovoTTog cHVOESTG
KoL TNG ammopuYNG Tov adteE0oov. Edv ot €Aeyyot dgi&ovv 0Tt dev mapaPidlete
KAmo10g TEPLOPIGUOS, O OAYOPIOUOG EVIUEPADVEL TOLG GYETIKOVS TIVOKES
dpoporoynong kot tepuatiCel. AlpopeTikd, 0 aAYOpPIOUOG EMOTPEPEL O
Aerrovpyio Get Minimal Paths yio va Bpet dAAeg Stodpopéc.

103

Institutional Repository - Library & Information Centre - University of Thessaly
07/06/2020 20:30:09 EEST - 137.108.70.13



Ortav o aAydpBpog emotpéeet yio. devtepn @opd oto Get Minimal Paths,
emAéyel TNV Tedevtaia pon ¢ tavounuévng Alotog (n omoia Ba etvon 1 pon
LE TO YOUNAOTEPO KOGTOG) Kot ekywpel oTn dadpourn Eva Prpo mov Kavel )
Stadpopn HEYOADTEPN At TO TPONYOLUEVO pnKog TS, [ mapdaderypa, edv n
oLVTOUOTEPT SLOdPOUT ATO TNV TNYN TPOS TOV TPOOPIGHO Y0 QVTH TN PON|
glvan 5, umopei va pTdoel 6TOV TPOOPIoUO HETOKIVAOVTOS O0OPOUES UKOVG S,
7,9, 11 k.An. "Etol, 10 PiK0OG TG EMOUEVG LIKPOTEPNG SLOOPOLNG VTN Elvat
7. To pnKog twv GAA®V pomv Tapoapéverl To 1010. To vEo GOVoAo dtadpoprmy
éyel o eldypoto overhead peyodvtepo amd 0. Kou mdk, to FaulToleReR
amofnkevel v n-tuple MOV EMOKENTETOL Kot To OTEAVEL OTI A€TOLPYia
Path Finder yia va ehéyEet av etvor  telkn Aon. Xe ToAAES QapUOYES,
OOV VTTAPYOVY TOAAEC POEC Kail £fvort TOAD TOOVO 1) ETIKAALYT] SLOPOUNG VO
eMEEPEL VIEPPAON TOL OPIOV KAVOTNTOG CHVOESNG, ALTN 1) AELTOLPYin pITOPEl

va ypnoononfel meptocOTEPO amd dV0 POPES.

210 emoueVo Prpa, o adlyoplOUoc eKy®pPel TV EMOUEVT TTO GUVTOUT SL0OPOUT|
070 Oe0TEPO PNUa pe TNV ALEOVOUEVT] GEPE TOV GYKOV EMKOWVMOVIOG, EVO
OAEG Ol GAAEG POEC €xouv TNV apylKn cLVTOPATEPN dadpoun. Metd tov
VROAOYIOUO TNG GUVOAIKNG TOPAKAUYTG Kol TNV arofnKeLoT Tov 6T doun
dedopévov Visited, o akyopBpog cuvovdlel outd To GOVOAO pE OAX TOL QAL
GUVOAQL UE OLOPOPETIKES TIEG Yoo TNV 1O por, OV amodnKevOVIoL GTO
Visited yuo vo dnpiovpynoovv éva véo oet dedopévav. To amotélecua givar
e véa n-tuple, n omoia gival o dBpoioua T@V TOAM®V TOpakdpyemy. To
FaulToleReR amofnkever avtd 10 cdvoro n-tuple ot dour dedopévov
pvnuns. Avt n oadkocio emavalapBAaveTol Kot ov LITEPYEL VO GOVOAO OTN
doun O0edopEVOV PVAUNG OV €xEl YapmAdTEPN Tapdkapym ond 1o vEo, O
aAyOpOLOG TO EMALYEL.
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Ewova 3.2 [Mapdderypa ektéheong g cvvdptnong Get Minimal Paths

[Maipvovue wg mapaderypo évo NoC 6mmg avtd ametkoviletal oty wova 3.2
LE TEGGEPLS EAATTOUATIKOVG GUVOEGHOVS KO HEYIGTO €VPOG {DVNG GUVOESTG
100 Mbps. Ymdpyovv Tpeig poég pe dapopeTikods Oykovg emtkovaviag. To
Flow1 cuvoéet tov koppo 7 pe tov kopPo 13 pe dyko emkowvoviog 50 Mbps.
To Flow2 cvuvdéetl tov koppo 16 pe tov k6ppo 18 pe tov 6yKo emkovmviog

80 Mbps kot to Flow3 cuvdéer tov xoppo 10 pe tov xoppo 14 pe oyko
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emkowvaviag 90 Mbps. O aiyopiBpog emavorapPavel €61 popég yio vo Bpet
™V KaAvTtepn Adomn g dedouévng dtopodpemons. Ta cuvora kot to detour

overheads yio KGO emavainym eaivoviol 6To Gy,

YroBétovpe OtL o1 TEMKEG Stadpopég mov Ppédnkay amodidovv younAlotepn
péon AovBdvovco Kotdotaon o€ GUYKPLoN HE OAAeC oyeTikés pebddovug,
enedn o aAdyopiBuog FaulToleReR otoyever oty ehayiotomoinon g
eiomong 4. EmummAéov, o mpotevopevog adyoptBpog €yyvdtol Ty amovcio
a01eE0d0V YWPIg TN XPNON EKOVIKOV KOVOAIDV, OAAG LE TN AW KATOUmY
QTOTPENTIKOV KOVOV®OV OV TTEPLOPilovv TIG JadPOUEG amd TV TNYN GTOV
TPOOPICUO. AVTO EMITUYYAVETOL HE TNV KOTOOKELT €VOG OlOyPOUUOTOS
e&aptong kavaiiov, CDG, tov enleypévov S00pOUOY Kol EAEYYEL OV 1|
Sdpopn HoG KAveEL KOKAO 1 Oyl Ze mepimtmon mov oev BpeBovv KiKAoL M

dapdpemon dpopordynong eivar oiyovpa deadlock free.

To FaulToleReR eivoun deadlock free. Mg dAho Adyia, oiyovpo PBpiokel pio
dwadpopn Yo kaOe por) TPOG TOV TPOOPIGUO TG, OPKEL TO SIKTLO VO, UTopel va
mv vrootpiel. Onwg avaeépOnke mponyovuévmg, tomobetovpe &vov
TEPLOPIGHO YPNONG TOV €VPOVG {DVNG 6 KA GHVIEGHO Y10, VO OTOPVYOLLE
TOV  KOPEOCUO TOL OIKTOOV. XUVEMMG, EMEKTEIVOLLE TNV  £€vvoll  TNG
AmOGUVOESNG, otV omoio dvo KOpPol amocuvocovtor Oyt pdévo Otav dgv
VILAPYOVY QULOIKES GLVOECELS HETOED TOVG, OAAG KOl OTOV YPNCULOTOIOVUE
mOavég dadpopés petald Tovg pmopel vo. 0dnynoovv ce mapofiacn Tov

TEPLOPIGHOV TOL EXPOVG LMVIG OPICUEVMV GUVIEGUMOV.
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Ewova 3.3 O avrtiktvmog g omv emPdpovon G TAPAKOUYNG GTNV

TPOTEWVOLEVT] OPOLOAOYNOT| TPLDOV PODV

O mpotevdpevog akyoplBpog pog epaproletl Eva 100G d1adpoUng, £T61 MOTE
Ol POEC UE YOUNAOTEPT TTPOTEPALATNTO VO UNV TapaykwviCovtol Tavio amd
exelveg pe vynAotepn mpotepardtra. Avotuyms, to FaulToleReR qaivetan
Vo emALYEL TPOTIOCTOG VO TOPOKAUWEL U0 PO HE YOUNAOTEPO GYKO
EMKOWVOVIOG VIEP HOG OAANAETIKOAVTTTOUEVNG PONG HE LYNADTEPO OYKO
emKowvoviag. Qotdco, 0ev €ivol M KOADTEPY OTPOTNYIKY € OAEC TIC
nepmtooelc. o mapadetypa, vrobéote Ot pio. SIHOPPMOT SIKTOOV TOV
eaivetar otnv gwova 3.3. Yrdpyovv tpelg poég pe 0yko emkowvaviag 90, 70
ka1 40Mbps, evd 10 péytoto evpoc {dvng cvvoeonc eivar 100 Mbps. Kabng
VIAPYOLV OMAOL GUVOESHOL UETOED TOV WIKPOTEPOV JOPOUDY KOl TO
GLUVOMKO @OpTio GLVOECHOV dev umopel vo vrepPel Tov meplopiopd Tov
gvpovg {dvng, optopéves poég Ba TPEMEL VO TOPOKAUTTOVV TIC UIKPOTEPES
owdpopéc toug. H ewova 3.3.0 amewoviler po mepintoon O6mov ovO
YOLMAGTEPES POEC TOPAKAUTTOVY L0l OO TIG PKPOTEPES SLAOPOLES TOVG Yol
va e£00QAAMGOVY Lo GLVTOUOTEPT OLOOPOLLY Y10 TN PO LE DYNAOTEPO OYKO.
2ovend®c, N cuvolk| vtépPaocn g mapakdpyens etvor 200 (140 yio ) pon
twv 70 Mbps kot 80 ywo ™) por| twv 40 Mbps kot cOpemva pe v e&icmon
4). And v GAAN TALPA, 1 SOUOPP®GT) OPOLOAGYNONG OV POIVETOL GTHV
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ewova 3.3.p, to omoio £€xst AneBei amd TV AavOacuévn ekpon NG
peyoldtepNg pone, €xel ouvvolkn vmépPoon g mapokdpyewng 180,
TPOPAVAOG TPOTIUNTEN OO TNV oMK €mPApLVOT TNG TAPAKOUYNG TNG

ewovag 3.3.0.
34 Ilewpopotikd aroteriopata
3.4.1 Ilepifdriov Tpocopoicmeong

O mpotevopuevog pnyaviopog dpoporAdyNong etvar avlektikdg oe cOAALOTOL
kot agloloyeitonr Pdoet oplopévev peaMoTiKdv onpeiov avaeopds. To oet
avaPopds mepAapPavel opiopéva dtaypappate epyociov poll pe kamoteg
VIAPYOVCEG  EQOPUOYES TOL  €yovv  ypnouomombel evpémwe, Om®G TO
Multimedia Media System (MMS) [11] kot o amokmdikomomtg Global
System for Mobile Communications (GSM) [12].

H a&ohdynon tov aiyopiBuov FaulToleReR yivere péoa amd tov BookSim,
évav  eopotwt diktdwv  daohvdeong pe  akpifewd  kokiov  [13].
Xpnowonombnke n Piprodnkn PowerSim by Orion2.0 [14] mpokeyévon va
afloloynoovpe Vv Kotoavilwon woyvog twv NoCs pe  dlapopeTikong
alyopiBuovg OSpopordynons. Ta oamoteAéopata 1oyvog Pacilovior oe
teyvoroyia NoC 128 bit mov epapudletor ce teyvoroyicn 65 nm kot 1
GLYVOTNTO TOIKIAAEL OVAAOYO, LLE TIG OLOPOPETIKES OLOGTAGELS TOL dtkTVLOL. H
TOnoBETNON GEAAULOTOS OTO OIKTVLO YiveTol pe Tuyoio omevepyomoino
OPIOUEVOV GUVOECHMV HE Paom €va dedopévo TocooTd oPoApdToV. ‘Evag
dpoporoyntng kobictotor pn AETOLPYIKOS OTAV OAEG Ol GULVOEGEIS TOL
ocvvoéovton pe owtov kabiotavtor elattopotikés. To FaulToleReR, 6mwg
avapEpOnKe Tponyovpévas, umopet va aveytel tooa Aan dca avapépdnkav

GTNV TPOTYOVLEVT] EVOTITO TOL GUYKEKPIUEVOL KEPAAQIOV.

To péyebog tov NoC otov mpocopoiowt) pog sivar 4x4, 6x6 ko 8x8. H

tomoAoyioe NoC eivan éva ovpfoticd mAéypa 2D kow o NoC viobetel v
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evodroyn wormhole pe maxéta 4-flit ko 16 buffer yio kéOe gucovikd Koavar.
H duwpxea (oMg mpocopoimong eivor 6.000.000 kdxrot yi tov realistic
npocopotwt] kot 10.000.000 xdxlovg yia Tov synthetic Tpocopoi® .

Emidéyovpe 600 akyopiBuovg dpopoAdynong yio cuykpion : tov aAlyoplipo
dpopordynong planar [15] kou tov Highly Resilient Routing Algorithm
(HRA) [16]. O Planar sivon évag yvwotodg aAyoplOUog TPOCHPUOGTIKNG
OPOUOAGYNONG TOL YPNGILOTOLEL TOTIKEG TANPOPOPIES YOl TNV TPOGAPLOYT
TOV TOKETOV. XPEELETOL OPICUEVO EIKOVIKA KOVAALO VO AEITTOVPYOVV GOOTA
Kot B€TEL OPIGUEVOVG TEPLOPIGHOVE GTNV KOTOVOUN TWV EIKOVIKMOV KOVUAIDV,
TPOKEWEVOL VoL dloPoAtotel 1 eElevbepia tov adeEdoov. O HRA eivar €vag
VIEPGVYYPOVOG KATAVEUNLUEVOS OAYOPIOLOC dpopoAdyNoNG avOekTIKOC oTal
oQaApata, o omoiog emovampocsdlopilet 10 NoC ywoo v  oamopuyn
edatTopoTikdv cuvdéopwv. O HRA amayopedel opiopévong cuvoésong kot

OTPOPEG TPOKELEVOL Vo, aoPevy el To ad1€EE000.
3.4.2 Méon kaBvotépnon pnvopaTog

my mpot mepintoon, ocvykpivovpe T péon kabvotépnorn pnvOuaTog
(Average Message Latency - AML) tov FaulToleReR pe GAhovg adyopiBuovg
OpopoAdyNoNg mov e€eTdoTnKoY KAT® amd SPOPETIKO aplBud TUYXoimV
injected faults otovg cvvdéopovg. Xty ewova 3.4 gueoviCovtar or PEGES
KaBuoTEPNOELS UNVLUATOV TIoL  dfvovtal omd  To. TPioL  TPOYPALLLOTOL
opoporoynong katw omd SpopeTikd  onueio  avapopds. Amd  ta
QMOTEAEGUOTO.  TPOGOUOI®MONG 1oL  anewoviovtalr oty gwova 3.4

cuumepaivovpe OTL:

e To FaulToleReR kot 10 planar &yovv v o cvumepipopd dtov dev
vrdpyovv cpdipata. Qotdéco, 1 AML g HRA etvon Alyo vyniotepn, Aoyw
TOV EW0IKOV KOVOVOV SPOLOAOYNONG OV OmayOpelOLV T YPNOT OPIGUEVEOV

GUVOEGUMV KOl TEPIOTPOPAOV TPOKEEVOL Vo amopevydel to deadlock.
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Yoven®dc, o aplfudc Tov JaBEcIUOV SodpopUdY HETOED 000 OEdOUEVOV
KOUP®V TPOoEAEVONG KOl TTPOOPIGHOV Elvar PIKPOTEPOG amd TOV aplBpd Tov

planar kot tov FaulToleReR mov dev £xovv antodc Toug Teplopiopove.

e Oco av&avetor 0 apBudc TV ELATTOUATIKOV GLVOEGEMV, TOGO EAVETOL
kot 1 AML 6Awv tov adyopiBuwmv dpopordynonsg. O Adyog eivor OtL Ot
EMTTOUOTIKOL GUVOEGLOL LELDVOLV TOLG TOPOVS TOL OIKTVOV KOl TO POPTIO
TOV EAUTTOUOTIKOV CLVOECEWV KOTOVEUETOL METAED GAA®V CLVOEGU®V,
odMymvtag oe aHENCN TOV PAPTOV KA, GUVERMG, TNV kabvotépnon. Kor otig
TPEIS MEPWTMOOELS 7OV omewkoviCovtar oty ewdva 4.4, 0 TPOTEWVOUEVOG
aAyopBpog pag xet Aydtepn AML og ohykpion pe Toug GAAOLG alyop1Bong
dpoporOYNoNG Yo T0 TANPES @dopa Tov Bewpoduevov apBuov PraBov
(0p1BUOC EAATTOUOTIKOV GLVIEGH®V). AVTO oPeidetanl 61O YEYOVOS OTL O
alyopOpog pag Ppiokel mévra v kaAvtepn dradpon Yo to TakéTo pe Péon
™mv TpEYOLCE TOomoAoyio kot To mpdTLIO EmKowmvias. EmmAéov, o
aAyopiBpog FaulToleReR petatomilel 1o onpeio kopespov SiKTOOV OOTE Vol
aveyfel mepiocdtepo opdipata (6tav m xivion eivor otabepn kor M
kaBuotépnon avédvetar AGY® EAATTOUOTIKMOV GUVOECEMV) Kol O KOPEGHOG
TOv OKTOOL petoTomiletor o€ LVYNAOTEpa mocootd fault injection, o€

GLYKPLIoN HE TOVG GAAOLG aAyopiBovg dpopoldynong.
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Ewoéva 4.4 Zvykpion péong AovBdvovoag oyéong petaéd FaulToleReR,
Planar kot &voc efapetikd  avBextikod olyopiBuov (highly resilient
algorithm) yw dedouévo apiBud faults links (o) GSM, (B) MMS «ou (y)

uniform input traffic
3.4.3 Avaivon woydog

Yvykpivovpe mepartépm tov akyopifuo FaulToleReR pe tov planar wg mpog
mv Kotovéiwon evépyewng. Kabog 1o FaulToleReR mpowbel maxéta pécm
Bpayvtepmv dadpopmv amd tov planar, ta makéto mepvody and Aydtepovg
EVOLAUEGOVG OPOLOAOYNTES. LG €K TOVTOV, AVOUEVOVLE OO TOV TPOTEWVOUEVO
aAyOpIOUO pHOG VO KOTOVOADVEL AydTepn péon 1oy amd Tovg GAlovc. H
GUVOAIKN] 16YVG TOL KOTOVOAMVETOL amd Eva maKETo etval To ABpotspa TG
1000¢ oL KATAVOAMVEL 0 KOO KOUPO: €YYpaPn / avAyV®OOT TOV TOKETOL
npog / amd to buffer, SwfdOuon dactavpwong, link traversal, vroloyiopog

dwdpoung, virtual channel arbitration, ko switch arbitration.

2y wova 5 eaivetan 1 KOTovAA®ST) 16YVOG TV aAyopiBumY dpopoAdynog
FaulToleReR kot Planar og éva diktvo NOC 6x6 vro v xivinion GSM. H

ewova ogtyver 0Tt 10 FaulToleReR éxer pikpdtepn katavdAiwmor evépyelog
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otav vrdpyovv Aydtepot amd 27 ghattopatikoi cvvoeouol. Onmg eaiveton
Kol otV ewova 4.4.0 delyvel OTL TO OIKTLO EIGEPYETOL GTNV KOTAGTOON
KOpeopoy pE TOV  oAyoplBuo dpopoidynone planar mopovoio 22 ko
neplocotep®v PraPav. And avtd to onueio, To FaulToleReR katoavolmvet
TEPLOGOTEPN 10D, KOOGS eEakorovBel va Aettovpyel KOVoVIKE, Evd KAT® amd
ToUG GAAOVG aAyOpiBuove, o pvBudg amodoyng ™G KukAogopiog NoC
LEUDVETOL  CNUOVTIKG, OOMNYDOVING OTOV TEPLOPWOUO TNG  KOTOVAAWONG
evépyelong tov NoC. Q¢ oamotélecpo, 1N KOTAVAAW®GY EVEPYENG TOV
FaulToleReR &ivar vynAdtepn and toug GALOLS 0AYOPIOOVS HETA TO oNEio

KOPEGLOV.

Ewova 3.5 Xoykpion katavirlmong evépyetag petald FaulToleReR ko planar

2t ovvéyela, vroioyifovpe v kabvotépnong toyvog (PDP) twv tpiov
NoCs 7y va. KOtovoroovpe KOADTEPO TN GLUTEPLPOPE T®V aAyopiBuwmv
dpopordynong katd v aviyetdmon Prafov. H ewdva 3.5 deiyver tv PDP
vy évav dgdopévo apBpd Prapav kot kukiogopiag yuo ta FaulToleReR,
Planar kot HRA. AxoklovBdvtag tnv 101 TGoM HE TO OTOTEAECUOTOL
AavBavovcag katdotaons, o PDP tov FaulToleReR Eemepvd toug dAlovg

aAyoplBpovg mov efetdotnroy kdtw amd Oho To onpeio. ovagopds. Xtnv
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ewova 3.6 £yovpe amOKAEICEL TOL AMOTEAEGLATO TNG POPLOG CTOTIKNG 10YVOG,

KkaBmg oev emnpealetar omd Tov aAyop1Opo SpopordyNoNG.
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Ewova 3.6 XOykpion aiyopibuwv FaulToleReR, Planar ko HRA yw éva
dedopévo apBpd Prafov (o) pe GSM, (B) ne MMS kau (y) pe uniform input

traffic

3.5 ZXoumepaopara

To FaulToleReR &ivar éva kevipikd cvotnpo dpopoAdynons, He GTOXO va
OVTIHETOTIOTOLY Ol SUVOUIKEG OAAaYEC NG Tomohoyiog ota NoCs mov
mpokodoOvTol omd povyeg kot daAeimovoes PAaPeg. Ilpoxerton yuo €va
ONUOVTIKO KEQAAOLO OTIG VOVOTEYVOLOYiEC, KOOMEC Tol cvothuote on-chip
yivovtor oloéva kot o evaichnta oe cedipata. OAOKANPN 1 dadikacio
Baciletar oty mapakorovdnon g katdotoong Tv ototyeiov NoC (v va
eCakpPobel av elvar ehattopotikd 1 Oxt), KaBOG emiong Kol 6T0 HOVTEAO
kivmong tov chip koau v oAhoyn ™G OWOPOUNIS TV TOKETOV GE
avtomokplon o€ po aArayn oty tororoyioc NoC (mov mpokodeiton and v
agaipeon faulty links). Xpnoiponoidvtog mpocsyyion KEVIPIKNG dtoyeipiong,
amodeiéape OTL 0 OLYKEKPUEVOS aAyOp1OUOc pog umopel Voo HELDCEL
OTOTEAECUATIKA TV 10YD Kol TIG EMOOCEMV GE OYECT e AAAOVG aAYOPOLOVG

OpOoHOAdYMONC.
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4° KEQAAAIO

AETOITIXTOI KAI ITPOXAPMOXTIKOI
AATOPIOMOI APOMOAOI'HXHX I'TA 2D KAI 3D
NETWORKS-ON-CHIP

41 Ewayoym

H mp6odog ¢ tevoroyiag nuoyoydy Kabiotobv duvaty TV EVEOUATOOT)
doekatopppiov Bupdv kol ekatovtddwv Hovadwv emeEepyaciog oe €va
povadikd towr [1]. Qot1060, Ol apyITEKTOVIKEG SWA®Y Oev €ival apPKETA
OVETTUYIEVEG MOTE VO TOPEYOLV ETKOVAOVIO, VYNANG amrdd0oons HETAED TV
povadwv emeepyaciog. Amd v GAAN mhevpd, N alomotio ivor £va GAAO
onuavtikd Bépua  otovg OlAoLg, KOOMG €va  CEAARO  pmopel  va
QTEVEPYOTOMGEL OAOKANPO TO GUOTNHA 1 €vo. oNUavTiKO pépog tov. Ta
YOPOKTNPIOTIKG EMEKTAGIUATNTOS, ETOVOYPNCLOTOINoNG Kot a&lomotiog Tov
NoC 1o xabiotodv cav évo GNUOVTIKO LTOYNPLO OVTIKATAGTAONS TOV
Khoookov mAéov dtowAiov. Xe éva NoC, kabe mupnivog cuvoéeton pe éva
dpoporoyntn omd po Stemoen Tomikoh OkTvov. Ot TLUPNVEG UTOPOLV Vi
EMKOWVOVOUV UETAED TOVG PE TNV TPOmONoN TOKETOV HECH OPOUOAOYNTMOV
oto diktvo. Kdabe opoporoyntc ocuvvdéetar pe TOvg YEITOVEG TOL HECH

appidpopmv ocvvoéoewv. To NoC emrpémel v emkowvmvio petald Tmv
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povadwv emeepyociog HECH SLOPOPETIKMOV SOdOPOU®Y, £TCL MOOTE €0V pia
Swdpoun eivol EANTTOUOTIKY, UTOPOVV Vo, ypnoiporomfodv kot ot GAAES
dwadpopéc. Avtd o yapokTnploTikd kabiotd Tov NoC mo a&idmoto amd Evay

SlowAo emkovoviag.

KoBng to péyebog evog diktvov 2D khpakmveratl, 11 kaBouotépnon HeTdadoong
UETAED OMOUOKPUOUEV®V OPOUOAOYNTAOV QLEAVETOL CUOVTIKA, YEYOVOS TOV
€xel oG amoTéAecHO YOUNMAGTEPES €MOOCELS Kot LVYNAOTEPN KATOVAA®OT)
evépyelnc. EmumAiéov, o oyedaopdc 2D IC amontel puo moAd peydin meployn
Tom KoOmOg o apBudg tTwv mupnvev avédvetot. AapBdavovtag vmoyn Tt
onueion copedpnong tov 2D, 1 tervoroyia Kiveitow TPog TNV €vvoln TMV
TPIOOAOTATOV OAOKANPOUEVOV KUKAOUATOV OTOV TOAAOTAL GTPOUOTOL
gvepyov moprtiov  elvar  otolaypévo  kdbeta. O oLVILOGHOE  TMV
mheovekmnudtov tov cvomudtov 3D IC kot tov NoC mapéyovv pio
onuavtiky avénon g anddoong yo o, SoCs. Ta enimeda tov 3D NoC, sivan
otolfaypéva to €va TAVO OTO GAAO KOl CLVOEOVTOL HECH KOTUKOPLO®V
SLICVVOEGEMV TTIOL UEGM OVTOV ETKOWV®VOLV TO. EMimedn PeEToEL Tovg. H
oLYKOAANGON KoAmdimv, m micro-bump (capacitive or inductive) kot m
through-silicon-via (TSV) eivan pepwkéc amd 11 teYVOAOYieg KAOeTNC
dacHvdeong mov €yovv ypnotponombel oe Tpiodidotates dopés [2,3]. Ot
npooeyyicelg oaocHvoeong TSV €yovv ™ dvvatdtta vo. TPOSPEPOLY TOV
UEYOADTEPO OYKO TANPOPOPIOG KOl MG €K TOVTOV E€VOL Ol MO OMOJOTIKEG
HETAED TV AAM®V TEYVIKOV KABeNC dcvuvoeong [4, 5]. Ta mieovektpato
TOV TPIOIACTATOV OAOKANPOUEVOV KUKAOUATOV gival 1) GNUOVTIKY HElDOT)
TOV UEGOV HUKOVE O10OPOUNG Kot KOBVoTEPNONG 014000MC, LLE ATOTEAEGOL TN
YOUNAOTEPN KOTOVAAMGN EVEPYEWG KOl TNV KoAOTEPN omddoon [6-9].
Qot660, €bv 0 apBuog Twv Tuprvev IP kot tov pvnuov avédvetar o kdbe
OTpOUN, omottodvion mepocdtepa TSV vy v avtipetomion g

emkovoviag petald emmédwv. Agdopévov o1t 1 TSV ypnoomnotel éva
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OTPMLLO, Y10, TN GLYKOAANGT, 1 EMPAVELD TOV ChIp pog av&avetol oNUAVTIKA

[10].

Ot aAydpilBupot  dpopordynong pmopodv  va  Katrnyopromombodv g
VIETEPUIVIOTIKOL Kot ¢  mpocappootikol. H  oamiovotepn  uébodog
TPOGOIOPIOTIKNG Opopordynong etvor m dimension-order, m omoio &ivon
yvoot) o¢ XY kot XYZ og diktva 2D kou 3D, avtictotrya. Ot epapuoyeg
VIETEPUIVIOTIKOV aAyopiBuov eivor amhéc, oAld Ogv eivon oe Béom va
OLOVELLOVY TTOKETOL KOL VO OVTULETMTICOVV OMOTEAEGLOTIKG T TPOPAaTOL
TOV EMITTOUATIKOV GUVOEGUMY. XTOVG TPOCUPUOGTIKOVG OAYOPIOLOVS, £va
TOKETO Pmopel va, dtooyicel LEGH TOALOTADV J1OPOUMY Kot Vo LeTaPel amd
TOV  OpOHOAOYNT TPOEAELONG OTOV  OpPOHOAOYNTH  Tpoopiopov. H
TPOCAPLOCTIKY OPOLOAdYNON £XEL Ypnoomombel oo dikTLO O1GVVIESTG
v ™ Pertioon g anddoong Tov SIKTOOV Kot TNV avtoyn o€ ceaipota. Ot
TPOCOPHLOCTIKOL OAYOPIOHOL OPOUOAGYNONG UTOPOLV Vo, €ivol HEPIKMG M
TAMPOG TPOGOPUOCTIKOL. XTOvg aAyopiBuovg dpopoAdynong mov  eivon
UEPTKMDG TTPOGOPLOCTIKOL, T TokETA TEPLOpilovTon Vo EMAEEOVY OVALECH GE
HEPIKEG  EAGYIOTEG  OOPOUES, €VA OTOVG TANP®S TPOGOUPLOCTIKOVG,
EMTPEMETOL GTO TOKETO VOL TOLPVOLV OTO1EGONTOTE OO PparyhTepPES O100POUES

etvan d100écipeg omd to cvomua [11, 12].

Ot adyopBpot dpopoidynong mov eivar avhektikoi oe cpaipata o€ 2D kot o€
3D NoC etvar amodotikdtepol og apyltekTovikég mesh. Xtovg aAdyoptBpoug
OVTOVG YPNCILOTOOVVIOL Ol WKPOTEPES OOPOUES OTOV 1) TNy KOl O

TPOOPIGHOG Oev Ppickovtat TNV 1010 oEPA 1] GTHAN.
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4.2  AkyopiOpog dpoporoyneng Fault-Tolerant o€ diktvo 2D Mesh
42.1 IIMpoSTPOGAPROGTIKI] OPONOLOYTON 6€ dikTvo 2D Mesh

Ynrdpyovv 600 THTOL TANPOV KOKA®V TOV UTOPOLV Vo StopopemBodv 610
diktvo, yvmotol mg de€ldotpopog kot apiotepdotpopoc (Euwova 4.1). H
oNuovpyio KOKA®V UTopel va 00NyNoetl o€ adtE£0d0 0T SIKTVO KOl GUVETMG
Bo mpémer vo amoeevybel. Me T oglpd TOLE, OmOyOPEVOVTOL OPLGUEVES
oTpoPEG amd KABe KOKAO, TPOKEWEVOL VO OTAGOLV OAEC Ol KUKAKEG
eCoptnoelg kot étol va  amoeevybel 10 adégodo. Xtov  adyopiBuo
dpoporoynong XY, yo Topddetypo, To ToKETO OPOUOAOYOVVTOL KOTE UNKOG
™¢ oldotaong X TPV TPOY®PNGOLY Katd pnkog g ddotacns Y. Omwg
eatveton oty €wova 1 B), oe avtdv tov aiyopiOpo omoeevyovionr oVO
oTPOPES amd KdBe KOKAO KOl £TOL OEV VILAPYEL SVVATOTNTO GYNUATIGHOD EVOC

TANPOVG KOKAOV HETOED TV VITOAOUT®V GTPOPM®V.

Ewova 4.1 o) Ae&lootpopeg Kot aplotepdSTPOPES GTPOPES. ) EMTPEMOUEVES
KOl  OTOYOPEVUEVEG OTPOPEG oTov  aAyopiBuo  opopordynong XY (ot

OLOKEKOLUEVES YPOUUEG OELYVOLV TIG OTOLYOPEVUEVEG GTPOPEG)

XPNOOTOOVE £VoL KOl OVO EIKOVIKE KAVAALL KATO UNKOG TWV SIOCTACEWDY
X kot Y, avrtiotoyyo, ota omoio Uropel vo oxnUoTIcToOOV TE00EPLS KOKAOL GTO
diktvo gwova 2 a). ['a va amopevybet to0 ad1€E0d0, amayopeveTal o GTPoPn
amd Kabe kOKAo ov eaiveton oty ekova 4.2.3. Ot amayopevEves GTPOPEG
o€ ke ewovikd kovaA AapBdvovion amd ™ uébodo Mad-y [13]. Me Baon

avTO T0 HOVTEAD GelpdG, emtpémovtal ot otpoeég E-N1, E-S1, N1-E, N2-E,
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S1-E kot S2-E yio mokéro mov Kivovvton avotoAkd eved ot otpopés W-S1, W-
N1, W-N2, N2-W kot S2-W gtvon emTpentéc yio Tak€To mov KvovvTol TPog

TO. OUTIKA.

TR R
{EPER T I

8
DL R S NPT I

A

a

T

Ewova 4.2 a) Téooepic apnpnuévol KhkAot 6tav ypnoIUOTOIOVVTOL VO Ko
V0 EIKOVIKA KOVOALD KOTA U KOG TV daotdoemv X Kot Y. B) emTpendpeves
KOl OToyOpeVIEVEG oTpoPES aAyopiBpuov RR-2D, mopdpoteg pe owtég tov

Mad-y [10]

o va amodei&ovpe 6Tt 0 0AYOPIOUOS HOG OomoPEDYEL Tn Onpovpyio
ad1eEO00V, YPNOILOTOIOVUE Evay HNXoviopd apibunong mopopolo pe
uébodo Mad-y [13]. Avtdg o unyaviopdc apibunong delyver 0Tl OAeg o1
OTPOPES TPAYLLOTOTOLOVVTOL LOVO KATA a0EOVGO GEIPA Kot TG OgV Umopet va
oynuatiotel KOkKAog oto diktvo. 'Evag dwymoerog apBuog (a, b) aviiotoyel oe
Kkd0e Kavid e£600V evOc dpopoAoynTh o€ éva dikTvo nXm mesh. ZOpQva e
TOV UNYoVIGUO apiBunong, pia oTpoen Tov cuvoEet To Kavar ei.c6dov (la, Ib)
010 Kavil eE6dov (Oa, Ob) ovoudletanr avéovca otpoen Otav (Oa> la) 7
(Oa = la). H swova 4.3 deiyver v apiBunon tov kavoldv evog

dpoporoyntn ot Béon (X, y).
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Ewova 4.3 O unyoviepog apibunonc me RR-2D

XPpNOYWOTOU®VTOS QVTOV TOV UNYAVIGHO apiBumong, otacpaiiletar 6Tt GAeC ot
EMTPENOUEVES OTPOPEG AOUPAVOVTOL QLGTNPE LE TNV EMTPETOUEVT] aOEOVTOL
oelpd, £T61 OGTE 0 AAYOPIOLOG dPOLOAIYNONG VO LNV KATOANYEL G adOEE0DO.
INa mapdoderypo, v Anedet veoyn n cepd E-N1 (dnAaor éva mokéto mov
Kiveltor amd TV avatolky] katevBuvon mpog ™ Popew KoarevOHLvoT
YPNOLOTOUDVTAG TO TPMTO EKOVIKO KOVOAL), TO SLTIKO KOVAAL €1GOS0V e
mv etkéra (la=m+x, Ib=0) cuvdéetar pe 10 TPMOTO EKOVIKO KOVAAL TG
Boperog BOpag €£6dov mov Exel v etkéta (Oa =m+x, Ob=1+y). Avt 1
otpopn AapPaver yopo pe avéovoa cepd and ((Oa = la) ko (Ob> Ib)).
Opoilmg, OAeg or dAdec emutpemdueves oTpoéc Aaupdvovion Kotd Tnv

avEovca oepd.
422 A&iémotn dpoporoynon o diktvo 2D Mesh

Ot aAyopBpol Spopordynong avektikol o€ o@dApata givor cuvnOmg TOAD
nepimiokol. Ymhpyovv OpmS Kot KAmolot ahydpifuot mov givorl ToAd amhol Kot

pmopovv gdkora vo epappoctovy. H Boaocwkn ¥éa miow amd avtods tovg
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aAydpBpovg givat n Sotpnon TG TPOCAPUOGTIKOTITAS TOV TUKET®V OGO TO
duvatov mePLocoTePO. Avtd onuoaivel 0Tt yio 000 eAdyloTeg KoTevhOHVGELS, Yo
™V TOPAd0ooT €VOG TOKETOV, B TPEMEL Katd mpotTipumomn vo emAéyetan pio
KatevBvvon oty omoio TO TOKETO EXEl OKOUO HEPIKEG EVOAAOKTIKEG
SLOPOUES Y10 VO PTAGEL GTOV OPOLOAOYNTH TPOOPIGHOV. AVTH 1 oA 10€a
AmOQPEVYEL TN ANYN TEPUTTOV UN-EAGYIOTOV SOOPOUDY Kol UEIDVEL TNV

TOATAOKOTNTO TV 0AYOPIOU®VY TOV Elval AVEKTIKOT GE GAALLOTA.

Ag g€etaocovpe to mapadelypata g eovag 4.4 6mov Eva TOKETO CTEAVETE
and Tov Tpéyovta dpoporoynt) C otov dpoporoynty mpoopicpod D. v
ewova 4.4.0, 10 mokéto umopel vo omootoAel pécm 000  EAAYIOTOV
devBuvoewv (E kot N) yio va gtdoet otov mpoopiopd Apoporoynt A. Me
TNV OTOGTOAN TOL TOKETOV GE OMOLONTOTE OO TIG KATEVOVVOELS, TO TOKETO
o et Ov0 eAdyloTEC OWOPOUES YO VO OTAGEL GTOV  JPOUOAOYNTY|
npoopiopoV. Emopévag, av pia dtadpopn €xet erattopatikd Kopupo, vrdpyet
duvatdTo vo oteihovpe va makETo PEG® NG GAANG dtadpouns. Qotdco,
omv Ewova 4.4.B, edv 10 mokéto omootédAetal otov POpEl0 YEITOVIKO
dpoporoynt, Bao €xer poévo pio EMAOY] VO QTACEL GTOV OPOUOAOYNTY|
npoopiopov. Emopévmg, eivor KaAdtepa vo oteidete T0 TAKETO TPOG TNV
avoToOAMK Katevbuvon amd dmov vidpyovy 600 EAAYIOTES SIOPOUES TPOG TOV
TPooplopod. XtV ewova 4.4.y, vdpyovv Eva Kot 000 EAGYLGTO LOVOTATLOL OO
TOV 0VOTOMKO Kol BOPELO YEITOVIKO dPOLOAOYTTY|, AVTIGTOLYO, Y10 VO PTAGOVV
otov dopoporoynty mpoopiopov. ‘Etol, 1 PBopeln KatevBuvon elvon
KOAOTEPN EMAOYN Y10 TV TAPASOGT] TOL TOKETOV. XtV €KOVa 4.4.5, vdpyet
uévo pio mbavr emAoyn Yo vo QTAGOVUIE GTOV OPOUOAOYNTH TPOOPIGLOV
eite amod Tov avatoAkd gite POpelo yeLTOVIKO dpoporoyntn. XV ewkova 4.4.¢,
OT, VIAPYEL LOVO Lol EAGYLOTT OLUOPOUT Y10l VAL PTACEL GTOV TPOOPIGHO KO TO
TokéTo TPEMEL Vo Opoporoynbel HECH anTNG TNG HOVAOIKNG JOPOUNG. X€
LTIV TNV TEPITTOON, AV VILAPYEL GOAAL OTT) SLUOPOLLT], TO TAKETO TPETMEL VO

AGPel o pn eAdyotn Sodpopn] Yol Vo, TOPUKAUWEL TO GOAApO. XTNV
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TPOYLOTIKOTNTA, TOIPVOVTAG Lo S1a0POL| SPOUOAOYNONG TOPOUOLL LE TNV
ewova 4.4.5, vy, To TOKETAL OEV YAVOLV TNV TPOGOPLOGTIKOTITA TOVS Kot £TOL

dev Ba avTIPETOTICOVY TAPOUOLES KATAGTAGELS OTMG TNV £KOVA 4.4.€, OT.

Ewova 4.4 H Bacwkn wéa e pebodsov RR-2D

I'evikd, to mokéta dPOUOAOYOUVTOL HECH GTO OIKTLO YPNGLLOTOLOVTOG TIG
EMUTPENMOUEVES OTPOPEG TOV  TPOCPEPEL EVOG TANPMG  TPOCUPLOCTIKOG
aAyoplBpog dpopordynonc. H mpocappootikdémta meplopileton otav m
amoOoTOoT HETOED TOL OPOUOAOYNTH] TPOEAELONG KOL TOL JPOULOAOYNTY|
TPoopopol eivar éva og pion TovAdytotov dwdotaot. To RR-2D amopedyet
070 va PElwBel 1 amdotaong o€ unodév oe pio korevbuvon Otav 1 amrdcTooN

oV GAAN katevBuvon sivar peyodvtepn and va.
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423 Tegyvun napakorovOnong Kol 10 EipLong 6PUANGTOV

Ynobétovpe OTL TO. GOAALOTO OVIXVELOVTOL OO L0 TEXVIKY OViYVELOT|G
GOOAUATOV Ko amroOnKeLOLE VTEG TIC TTANPOPOpPieg oe KABE dOpopoloynT.
H povada dpoporodynong Ba mpénet emiong va d€xeton OAeS TIg TANpOPOpieg

GOAALOTOG OPOLOAOYNTMV KOl GUVOEGUMV.

2tov aiyopiBpo RR-2D «dBe xopPog o mpémer va yvopilel 10 mOAD TIg
KOTOOTAGELS TOV OKTM YOP® GLUVOEGUMV Yol VO UTOPEL Vo SPOLLOAOYNGEL TOL
dedopéva (ewova 4.5.0). EmmAiéov, yoo va mopakdpyel évo EAATTOUOTIKO
dpoporoyntr, oapkel vo evnuepoveTol O KAOE OSpOUHOAOYNTAG YOO TNV
Katdotaon tov 4 yewwovik®v Opoporoyntev (ewodva 4.5.0). Oleg ot
TAnpopopieg mov cvAAEyovion yio kdBe koépPo amd tov RR-2D @aivoviot
omv ewodva 4.5.y. Avtég ot minpoeopieg Ba mpénel va petapepBodv ctov
GUYKEKPIUEVO dpoporoynt| PN CLOTOUDVTOG évav UNYOVIGHO
mapaxorovdnong kot olayeipiong. Kdébe dpoporoymrig €xet entyvoon tov
GQAALOTOG OTOVG YETOVIKOUG GLVOECHOVG TOv, OAAG Ba mpémer va
EVNUEPOVETOAL Y. TVYOV  GEAALATA KOl amd TOLG GAAOVG GLVOEGLOVS Kot
dpoporoyntés. Omwg ¢aivetor ommv ewdva 4.5y, éva 3-bit KaA®dd0
YPNOYOTOLEITAL Y10l TN HETAPOPE TV TANPOPOPLDOV COAALATOS TOV BOPEVOD
YELTOVIKOV OPOLOAOYNTI] KO TOV OVOTOMK®OV KOl SQUTIKMOV GUVOEGEDV TOL LE
tov tpéyovio Opoporoynty. Ilapopoimg, ypnowonoeiton 3-bit yw 1
UETOQOPA TV TANPOPOPLDY 0omtd T voTle. katevbuvorn. To kakmdwo 1-bit
etval apKeTO Yo VoL LETAPEPEL TIC TANPOPOPIES TOV AVATOMKADV Kol SVTIKMV

YELTOVIK®OV OPOUOAOYNTAOV GTOV TPEXOVTO OPOLLOAOYNTH.
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Ewoéva 4.5 Kataotdoeic 8 links kot 4 dpoporoyntadv mov arartei to RR-2D

424 AvVEKTIKOTNNTO EAUTTOUOTIKAOV GUVOEGUOV KOl OPOROLOYNGT GTOV

RR-2D

O oamhog kavovog eivar vo edéyéet o oryopiBpog RR-2D av vmapyet
SLVATOTNTO OMOGTOANG TOVL TTAKETOL HECH TNG SLICTOONG HE TN HEYAADTEP
andoTaoT OTOV 0 HPOLOAOYNTNG TPOOPIGHOV améyet éva hop oe pio didotaon.
To maKéTo amooTEAAETOL GTN OLAGTOCT UE LEYUAVTEPT] ATTOGTOCT] OV O AUECOG
oLVOECHOC  TOL  dpopoAoynt) katd TV katevBovon ovt)  eivon
ENTTOUOTIKOS. X OAEG TIG GAAEG TEPIMTAGELS, TO TOKETOL OEV £XOLV
nePoplopd  dpopordymons. Ot dwopopetikés 060l EAUTTOUOTIKOV

GLVOECUMV Kot SPOUOAOYNTOV amekovilovTal oty gwkova 4.6.
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Ewoéva 4.6 Tolerating faulty routers and links by RR-2D

Onwg eaivetar omv ewdva 4.6, 6tav 1 amdOTOCT KOTO UNKOS TV dVO
dwotacewv X kot Y @tavel oto éva (X-dir = 1 kou Y-dir = 1), Ba vrapyovv
€E1L dapopeTikég BE0ELG EAATTOUATIKMOV GLVOEGU®MY (000 SPOLOAOYNTEG Kot
téooeplg kopPor). Topupova pe tov RR-2D, n avatohkn kot 1 Bopewa
KkatevBuvon Eyovv TV 1010 TPOTEPALOTNTA KAONDG SEV VITAPYOLY EVOAAAKTIKES
emhoyés. Tlaviog, ocOhueova pe to unyovicpd kotovouns PAAPNG (swdva
45y), o tpé€yov Opoporloynms Yvopilel OYETIKO HE TO EAOTTOUOTIKO
GUVOEGLO aploTepd otn oladpoun BA kot wg ek toutov 10 yvowpilel kol o

yerrovikdg dpoporoyntg N, mapoAo OV 6 YeVIKEG YPOUIES dev yvmpilet
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oxeTkd pe v Katdotaon PAAPng oe 6An 1o povomdtt EN. Emopévog,
Swbeopomta g dadpoung NE kot tov N dpoporoynty eEAEyyovTon Kot av
Oev TEPEYOLV EAATTOUATIKO GUVOEGUO TO TOKETO OMOCTEAAETOL TTPOG TN
Bopuvn katevBvuvor, OAMOE TO TOKETO OMOCTEAAETAL TPOS TNV KatevBuvon
avotolkn. Zto koppatio Al, A2, A3, A6 ko g ewdvag 6 a), n ddpoun
NE kot o N dpoporoynmg oev €(ouv  EAUTTOUATIKOVS GUVOEGLOVS KOl TO
TakéTo oTéAveTol TPog To Popeta Katevbuvor). Zto koppdtio A4, AS, A7 g
id10¢ eKOVOC, TO TAKETO TOPASIOETOL GTOV OVATOAKY] KOTELOLVGT EMEWN ElTE

n odpoun NE gite o N dpoporoynmg etvor ELoTTopaTKOG.

Ymv ewova 4.6.8, 6tav to X-dir = 1 xon Y-dir = 2, ghattopatikd Ho
UIOpOoVoE VoL VoL L OO TIC ENTA SOPOPETIKES OEGELG KOUP®V Kot TEGTEPLG
SLPOPETIKOL dPOHOAOYNTES. ZE OAES TIC TEPUTTMOOELS, Ol OLOEGUOTITES TOV
ocuvdéopov N kot Tov N dpoporoynt e€etdloviol mpw Omd OVTOV TOL
Bpiokovior omv avatodn. Xta koppdtie B1, B2, B3, B4, BS, B6, B7, B9,
B10, xour Bl1l g ewoévog 4.6.5, 10 moxéto otédvetar mpog to PoOpeta
KkatevBvvon kabdg 1000 0 GUVIECHOC OGO Kol O OPOUOAOYNTNG &tvon pn-
eattopotikol. Zto koppdtio B8 kot B12 g ewcovag 4.6.5, to maxéto mpémet
va katevBuvlel mpog v avatolkn KatevBuvon yu vo mopadobel otov
dpoporoynti Tpoopiopov. Xy ewodva 4.6.y, 6tav 1o X-dir =2 ko Y-dir = 1,
N owbecpdmra g ovvoeong E xor o E dpoporoyntig o mpémer va
ereyyBobv mpv and ) ovvdeon N kot tov N dpoporoynt. €2g ek T00TOL, GTA
xoppatia Cl1, C2, C3, C4, C5, C6, C7, C9, C10, kan C11 ¢ ewcodvag 4.6.y, 10
TOKETO GTEAVETOL TTPOG TV OVOTOAKN KatevBuven apov 1060 1 E civdespog
000 kot 0o E dpoporoyntc eivon pun ehattopaticol. Xty kopudtio C8 xo
C12, 10 maxéto mopadidetor Tpog ta fopvi) KatevBuveon Kot £T61 TO GOAALL
TOPOKAUTTETOL. X€ OAeC TIC GAleG mepumtwoels (0tov to X-dir>=2 kot Y-
dir>=2 g ewovoag 4.6.0, T0 TAKETO OTEAVETOL OTNV U EANTTMOUOTIKY|
KkatevBvvon. 1o emdpevo hop, o1 mepmTOGEIS lvar TOPOUOLES UE AVTEG TNG

ewovog 4.6.5, y. H idw dwdikocio pmopel vo e@oprocTel OTIG TEPITTOCELS
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northwest-, southeast-, kot southwest-Ward. H ewova 4.7 deiyver tov

yevdokmowka tov RR-2D alyopiBpo dpopordynong.

Definitions: Xe,Ye,Xd,Yd: X and Y coordinates of current and destination
routers

Wk Wk

position <= {NE,NW,SE,SW} according to the source and destination pos.

x_dir <= E when Xd > Xc else W;

y_dir <= Nwhen Yd > Yc else S;

delta_x <= Xd - Xc when Xd>Xc else Xc-Xd;

delta_y <= Yd - Yc when Yd>Yc else Yc-Yd;

ve <= vecl when position={E,NE,SE} else —eastward packets
ve2 when position={W,N,S,NW,SW!; —westward packets

if position={NE, NW, SE, or SW} then
if (delta_x>=1 and delta_y=0) then select <=x_dir;
elsif (delta_x=0 and delta_y>=1) then select <=y_dir(vc);
elsif (delta_x=1 and delta_y>=1) then
if neighbor(y_dir)=faulty or link(v_dir)=faulty then
select <= x_dir;
else select <= y_dir(ve); end if;
elsif (delta_x>1 and delta_y=1) then
if neighbor(x_dir)=faulty or link(x_dir)=faulty then
select <= y_dir(vc);
else select <= x_dir; end if;
else
if neighbor(x_dir)=faulty or link(x_dir)=faulty then
select <= y_dir(vc);
elsif neighbor(y_dir)=faulty or link(x_dir)=faulty then
select <= x_dir;
else select <=x_dir or y_dir(ve); end if;
end if;
end if;

Ewova 4.7 Wevdokmdwkag tov aiyopifuov RR-2D ywr Spoporoynoelg

northeast, northwest, southeast ko1 southwest
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Ortav éva mokéto mpémel va mpowbnbel oty koatebBovvon eivar Avotoin-,
Avom-, Bopphc- 11 NoOto- kot vrdpyel [ EAOTTOUOTIKY oOVOEo 1
OPOUOAOYNTIG GTO LOVOTATL, TO TOKETO Oa Tpémet vor aAAGEEL TO SpOpOAGY10
HEG® oG un eAdyotg oladpouns. Ommg eaivetat oty ewova 4.8.a, yio v
TPOG OVOTOAT] SLOOPOL| TOL TTOKETOV, EAEYYETOL 1 TPAOTN 1] GVVOEST KoL O
OPOLOAOYNTNG OTO OVOTOMKG Kot €6V €ivol Un-eAQTTOUOTIKOL, TO TOKETO
otélvetal Tpog avtn TV KatevBuvon. Qot1dc0, av gite 1 cOvoeon N &lte 0
dpoporoynTig eivorl ELOTTOUOTIKOS, TO TAKETO TapadidETOL TPOG TOL fOPELX 1)
VOTIo, Katevhuvor avaloyo pe T GLUPOPNON TOV ToKETOV 6To diktvo. Ta
TOKETOL E TPOOPIOUO OLTIKO dpoporoynty] &govv TNV 10  axpiPmg
ocvounepipopd (ewova 4.8.0). Edav éva mokéto pe katebbuven to Poppd
avtipetonilel Eva oeaipa ot Popela cuvoeon 1 dpoporoyntn (ekdva 4.8.y),
N vtk Kotevbuvorn eAEyXETOL VOPITEPE omd TNV AVOTOAKY| KatevBuvon.
Eivar bedeutet, dass oilayr OpopoAioyiov pECO OmO TNV  OVOTOMKN
KkatevBuvon yiveror povo otav 1 PAGPN Ppioketar oto aprotepd dxpo. To ido

epopproleTon Kot yio To, ToKETO Pe katevhuvon 1o voto (ikova 4.8.9).

Ewova 4.8 Tlopakapyn cQoApdtov 0tav 0 Tpoopicudc PpiokeTar 6to o)

avoToAKd, B) dvtikd, v) Bopeta, d) voTia

21 ovvEXELn, TPETEL VO EEETACOVE 0V OAEG O ATOTOVUEVES GTPOPES Y10, TNV
TOPAKOUYN TOV COOAUATOV €IVOL GTO GUVOAO TOV EMTPETOUEVOV GTPOPADV.
Kotd m oepediviion tov amoitoOUEVOV GTPOPAOYV, TOPUTNPOVUE TO TOKETOL
OV KWVOUVTOaL ovOTOAKA ypnotponotovy Tig otpopéc E-N1, N1-E, E-S1 ko

S1-E yw va mopokdpyovy €va eAdTTOUATIKO GOVOECUO 1] dPOLOAOYNTY|
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(ewova 4.9.0). Ohec awTég 01 GTPOPEG Eival GTO GUVOAO TMOV EMTPETOUEVOV
otpopmv. Ouoimg, 0nmg eaiveron oty ewova 4.9.3, dheg ol amaitovUeEVES
oTPOQES amd To, TakéTa oL Ppickoviot dSvTikd emtpéneton (dNA. W-N2, N2-

W, W S2, kot S2-W).

Ewova 4.9 Avoyn 6aAUaTOg GE TOKETO TOV KIVOOUVTOL O) TPOG TNV OVOTOAN

B) mpog ™ dvom

®o mpémel emiong va amodeybel OTL T TOKETAL TOV OPOUOAOYOVVIOL GTO
diktvo and 10 Poppd M TO VOTO SpopoAoyolVTOL YWPIG v dnpovpyel
a01€€000. Onwg amewoviletonr oty ewova 4.10.a, kor B, ¥pnoLOTO00V TIg
emupendpeves otpoeéc N2-W, W-N2, N2-E, S2-W, W S2, S2-E yw va
TopoKApyouy to cedApata. Qotdc0o, OTAV Ol OPOUOAOYNTEG TNYNG Kot
Tpoopopoy mov Ppioketar oto apotepd 6po tov NoC vmdpyer o
EMOTTOUOTIKY GOVOEST 1] EANTTOUOTIKOG OPOUOAOYNTHG OTN Oldpour], ot
amotovpeveg otpoPés tvar ot N2-E, E-N2, N2-W, S2-E, E-S2, kot S2-W.
Meta&d avtdv, ot otpoeég E-N2 kot E-S2 eivon pun emutpendpeveg and 1o
ocvoTua, oAAG Ommg vmodewkvoeton [19] mAnpng kbkhog dev pmopel va
CYNUOTIOTEL OTIG OPLOKEG TEPUTTOGELS KOL Ol U1 ETITPEMOUEVEG  GTPOPES

UIopovv vo. ANeBovV e acQAAEL.

133

Institutional Repository - Library & Information Centre - University of Thessaly
07/06/2020 20:30:09 EEST - 137.108.70.13



Ewova 4.10 Avoyn evOg GOAALOTOC GE TOKETO TOL KIVOUVIOL OO O) TOV

Boppd B) To voTOo KO Y), 0) TakéTo Tov Kivouvtol ota oplo tov NoC

O vmoAiewmdpevog akyopiBpog dpopordynong RR-2D va v amopuyn
EMITTOUOTIKOV GLVOECEMY Kol OPOLOAOYNTAOV Yo To. TokETo, east-, WeSt-,

north-, kou south- gaiveror oty ewcova 4.11 (cuvéyeia g ewkovog 4.7).
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if position={E or W} then
if delta_y=0 then
if neighbor(x_dir)=faulty or link(x_dir)=faulty then
select <= N(uvc) or S(vc) based on their availability;
else select <=x_dir; end if;
else
if neighbor(y_dir)=dest or link(y_dir)=faully then
select <=y_dir(vc);
else select <=x_dir; end if;
end if;
elsif position={N or S} then
if delta_x=0 then
if neighbor(y_dir)=faulty or link(y_dir)=faulty then
if Xe/=0 then select <= west,; else select <= east; end if;
else select <=y_dir(vc); end if;
else
if inPort/= {E,W} and
(neighbor(x_dir)=non-faulty or link(x_dir)=faulty) then
select <=x_dir;
else select <=y_dir(ve); end if;
end if;
end if;

Ewoéva 4.11 RR-2D yio moxéta east-, west-, north-, ko south-

4.3 AlyopOpog dpoporéynong Fault-Tolerant o 3D Mesh diktvo

Apywd, mapovoidlovpe  Evav  TANPOS  TPOCAPUOCTIKO  OAyOpOLo
dpoporoynong oe éva diktvo 3D mesh ypnowomoidvioag 6vo, 6v0 Kot
TECOEPA. EIKOVIKA KOovOAl. Xt ouvvéyewn, Oo Osiovpe TOG To TOKETA
UTTOPOVV VO, OAAAEOVY HETOED TOV EIKOVIKMOV KOVOAM®V YOl VO ETLTHYOLV L0
KOADTEPN OVEKTIKOTNTO OMEVAVTL 6TO. GOAALATA KoL B €£NYOVLE TNV TEXVIKT

mapoakoAovdnong Kot dtaxeipiong PAafov.
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431 TIMpos TpocapnocTiky) dpoporoynon o€ diktvo 3D Mesh

‘Eva diktvo 3D pmopel va yopiotel o€ OKTO VLTOOKTVLOKE  OikTvOL:
(XY, (XHYHZ-), KXHY)ZH), (XHY)ZO), (R)YHEZ+),
XY HNZ),  K)YHZH), k.  (X)Y)(Z), O6mov "+, "
OVTITPOCMOTEDOVY TO. KOVOAOL KOTO HNKOG TMOV OETIKOV KOl OpVNTIKOV
devBuvoewv, avtiotoryo. ‘Evag amlog tpodmog yio v papuroy vog TANpeS
TPOCAPUOCTIKOD  OAYopiOpov  dpopoAdYNoNG &ivar 1M  ekydpnom  €vOg
EeYmP1oToD  GUVOLOL  EIKOVIKOV KavoAmv oe kdbe vmodiktvo Omwc:
((X1+)(Y1+)(Z1+), (X2+)(Y2+)(Z21-), (X3+)(Y1-)(Z2+),
(X4+)(Y2-)(Z2-), (X1-)(Y3+)(Z3+), (X2-)(Y4+)(Z3-),
(X3-)(Y3-)(Z4+), xar (X4-)(Y4—-)(Z4-)) 6mov ot apBuoi vrodeikvbovy
oV aplBpd €KoviKoH KavoAlol Katd pnkog kabe didotaons. Me avtiv v
avtiotoiylon kovaAlol, ypetdlovtolr t€ooepa EIKOVIKG KOvOAl Yio kéOe

S1loTOONG KoL Yot TO O1KTLO.

Ytov akyopiBuo DyXYZ [14], o aplBudg TV EIKOVIKOV KOVOMOV HEIDVETOL
og 000 KOTd pPNKog KaOe ddotacns (€16t amotoHviol TEGGEPN, TEGGEPO. KoL
O00 EKOVIKA KOVOAL KOTA KOG TV dtotacewv X, Y kot Z). X puébodo
avTn, OAOKANPO TO dikTVO YWPileTan TEpATEP® GE dVO KUPLO LILOSIKTLO, TO
KkaBéva amd To ool Exel T€coEPA VITOJIKTLA. O OOYPIGUOS TOL SIKTHOL GE
OV0 pépM pmopet va yivel Katd pUnKog oG Sidotaons, Leumvovtag Tov aptpd
TOV EIKOVIKOV KOVOADV amd TEGGEPA GE OLO YL OLTV TN O1ACTAoN.
Agdopévou 0t 600 Pacikd vrodikTva eivar YOPIGUEVA, TO STKTLO TAPAEVEL

erevBepo ad1EEOO0V.

O apBpog Tov ekovikav kavolmv propet va petmdel tepartépm oe 600, 600
KOl TEGGEPOL EIKOVIKE KOvAAMO KOTA pKog TV olnotdoemv X, Y kot Z (dnA.
Avo eovikd kavaio pkpdtepo and 1o DyXYZ). Ze avt ™ pébodo, to
diktvo ywpiletanr oe téooepa vrodiktva (ewova 4.12) g (XH)(Y+)(Z*),

(XY HZF), XH)Y)ZH), xa (X)(Y-)Z¥), Onov ta "+", "
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OVTITPOCMOTEVOLY TAL KOVAALDL KOTO UAKOG TV OETIKOV Kol OpvNTIKOV
devBbvoewv, avtiotoyya, kot to "*" onuoivel OeTikég Kol apvNTIKEG
devBuveoelg (Aniaon éva apeidpopo kavdAr). H armovsio adie£ooov pmopet
va mpaypotomomBel agol amoderyfel Ot To LIWOOIKTLO EIVOL OLUPOPETIKA
HETAED TOVG KO KOvEVOG KOKAOG eV UtopovV va. dtaplop@mbel péoo oe Kabe
vrodiktvo. H ekydpnon ewovikod Kovaiod ovtod tov aAyopifuov eivor g
akorovbwe: (XI+H)(Y1+)(Z1%), (X2+)(Y1-)(Z2*), (X1-)(Y2+)(Z3*), ko
(X2-)(Y2-)(Z4%)), 6mov ot apbpoi vrodsikviovy Tov aplfud KoviKoy

KOVOALOD TTOL AVTIGTOLKEL GE [ S1AGTOOT).

Ewova 4.11 Anpovpyio te666pmv SIAQOPETIKOV VITOSIKTOMV
Ozopnua 1 Aropuyn adieodov oe kdbe VITOdikTLO

Mo vo dpopembel évag kdkAog Ba mpémetr o makéta va eivar Kava va
moipvouv 1000 OeTikég OGO KOl apVNTIKEG KATELOVVOELS KOTA KOG
TOVAGYIGTOV VO dactdoewv. o mapddstypa, Yoo vo GynUaTicGovpE Evav

KOkAo og éva emimedo XY, &ivor omapaitnto vo okoAlovOncovpe Tig
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katevBuvoelg X+, X-, Y+, kot Y-. Opoing, yio vo oynuaticovpe Evav KukAo
o€ éva eninedo YZ, Oa mpémetl va vdpyel 1 dvvatdtta Aqyng odnyiov Y+,
Y-, Z+, xou Z-. Té\og, Yo vo oynpaticovpe évay kikAo o€ €va eminedo XZ, ot
katevBivoelg X+, X-, Z+ ko Z- Oa mpémel va AnebBodv pe maxéta. Ommg
pmopel va £ac@aAIoTel amd TEGGEPN SLOPOPETIKA VITOIKTVOKE diKTLa, LOVO
éva (ebyog katd pnkog g owdotaong Z (Z*: Z-, Z +) mpaypotonoleiton o€
KkaBéva omd to T€ocEPa VIOJIKTLO Kot EMOUEVMG EacPaAieTan 1 amovcio

a01e£0d0v.
Ozdpnpa 2 Arovcio adeE0d0v HeTAED TV VTONKTVMV

Mo vo amodeyBel 6t t0 dikTvo €ivonr edevBepo ad1EEOOOL pETAED TOV
vrodikTOwV, apkel va deifovpe Ta 0Tl SpopeTikd vmodikTvo  Eivor
Syopiopéva HETaED Tovg Kotd punkog Kade d1dotaons. Me ) ohykpion avd
Cevyn petald tov 000 vrodiktvmv, pmopel e0kola va amoderydel OTL gite 1
katevBouvon gite 0 aplBuog erovikoh Kavolov Slopépel Katd pKog Kabe
dwbotaons. o moapddetypa, 1o vrodiktvo 1 (XI+)(Y1+)(Z1 *) wou to
vrodiktvo 3 (X1-)(Y2 +)(Z3*) dwywpilovror Katd pnkog g dwdotaons X,
dedopévou 61t 10 VodikTvo 1 keAvmTEL TN BTk KaTEVHVLVGT TOL EIKOVIKOD
KkavaAlov 1 (X1+) kot 10 vodiktvo 3 KaADTTEL TNV opvNTIKY KotevBuvor tov
gwovikov kavoiov 1 (X1-). Ta dvo vrodiktva eivor emiong doywpiopéva
KaTd PNKog g dwdotaong Y omd Tn OTIyUr] oL TO EKOVIKO KovaAr 1
ypnowonoteiton oto vrodiktvo 1 (Y1+) kor 10 ewwovikd Koavoir 2
ypnowonotgitor  oto  vmodiktvo 3 (Y2+). Opoiwg, 0600 vmodiktva
YPNOWOTOOVV  SoPOPETIKO aplBud €KOVIKOD KOVOAIOD KoTé WAKOG TG
owwotaong Z (Z1* xou Z3*). Avty n obykpion upmopet vo yiver ywo

onoladnmote dAla (edyn vrodwktdwv (TTivakag 4.1).
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Subnetwork A Subnetwork B X Y Z
dimension | dimension | dimension

(X1+)(Y1+)(Z1*) | (X1— Differs in | Differs in | Differs in
)(Y2+)(Z3%*) VC VC VC
direction | number number

(X1+)(Y1+)(Z1*) | (X2+)(Y1-)(Z2*) | Differs in | Differs in | Differs in

Ve Ve Ve
direction | number number
(X1+)(Y1+)(Z1*) | (X2— Differs in | Differs in | Differs in
)(Y2-)(Z4%) VC VC VC

direction number number

(X1-)(Y2+)(Z3*) | (X2+)(Y1-)(Z2*) | Differs in | Differs in | Differs in

Ve Ve Ve
direction | number number
(X1-)(Y2+)(Z3*) | (X2— Differs in | Differs in | Differs in
)(Y2-)(Z4%) VC VC VC
direction | number number
(X2+)(Y1-)(Z2*) | (X2— Differs in | Differs in | Differs in
)(Y2-)(Z4%) VC VC VC

direction number number

[Tivaxog 4.1 AvTioToiyion EIKOVIK®V KOVOAMY Kol VTOSKTH®V

AopPdavovtog voyn 1o Ocopnuo 1 kot To Osdpnpa 2, ATodEIKVOOVUE OTL TO
diktvo eivar gledBepo adeEGOmV Yoo kABe VTOJIKTLO Kot OO TNV GAAN
TAELPE, TO OWPOPETIKA VTOJIKTLO €ivol  SlY®PICUEVOL HETOED  TOVG,

EMOUEVAC TO OLO OikTVO givar eElevBePO ad1EEAIOV.

Amodei&ope 0Tl To. TEGGEPO LTOJTKTLO Efvall dlaPOPETIKA peTald Toug. Bdoet
avTNG G amddeEns, Oho To. TOKETAL AVIKOUV GE €VOL DTTOJIKTLO Kot Ogv
Umopovyv va petafovv ota aAla. Qotdco, Teplopilel TNV KOVOTNTO AVTOXNG
TOV GULOTNUOTOS GE OGEAALOTO, KOOMG To TOKETO, OEV  UTOPOOV v

YPTOCLOTOCOVV TO, KOVAALOL artd T AAAL VTTOSIKTVA G TTEPimTmOT PAAPDV.

INo va BeEATiIdGOLE TV IKAVOTNTO OVTOYNG GE COAALOTO, EVEPYOTOIOVLLE TNV
eVOALOYN TOKETOV PETAED VITOJIKTO®MV YWPIG VO ONUOVPYOVHE KUKAOUG.
Onwg @aivetor oty ewova 4.13, ta mokéto UTOPOVV Vo LETOKIVOUVTOL

UETAED TV VTOJIKTO®V LE VOTNPA aHE0VGO TAEN £TG1 DOTE VoL UV Umopet
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Vo oynUoTotel £vog KukAoG. AvTo onuaivel OTL TO, TOKETO TOL LETOKIVOOVTOL
a6 T0 VodikTvo 1 pIopovv va petafovv e vymidtepa vtodiktva (2, 3 N 4),
OAAGL PETE TNV EVOALOYY| OEV EMITPEMETOL TAEOV VO YPNCUYLOTOLOVV KAVAALNL
amd to vrodiktvo 1. TMapodpoln, To mToKETA 6TO VIOSIKTVLO 2 PITOPOLV Vo
petafovv 6to vodiktvo 3 1 4 yavovtag T SVVATHTNTA YPNONG TV KOAVOADV
Tov VIOdikTVOV 1 1 TOL devTEPEVOVTOG VITOdIKTVOV 2. TEAOG, TO TOKETA TTOV
Kivouvtotl 610 Vodiktvo 1, To VwodikTvo 2 1 To LVIOJIKTLO 3 PTOPOLV Vi
peTaBodv 610 LTOdIKTLO 4, AAAG OEV UTOPOVV VO XPNGILOTON|GOVY KOVAALOL
napd pdévo amd to vrodiktvo 4. ['evikd, pHetd T xpnon evog KOVAAIoL Gg Eva

VYNAOTEPO LIOSIKTVO, JEV EMTPENETAL 1] LETAPOGT GTO KATMTEPO VTOSIKTVO.

Ewova 4.13 Ta makéta pmopodv va oAAdlovv petah TV VITodtKTO®V ALY

povo pe v anotnpd avEovca Gepa
4.3.2 A&iémotn dpoporoynon og diktvo 3D Mesh

Onwg ko oe éva diktvo 2D mesh, mpokeywévov vo yivel OVEKTIKO ©€
ocpdipato €va diktvo 3D mesh, o mApwg mpocaplooTKdS alydplOuoc
dpoporoynong tpomomnoteiton eAappac. Onmg eaiveron oty ewova 4.14.a,
otav po Yy Ppiokeror 6to dpoporoynt) 0 kou évag mpoopiopds Ppicketon
otov opoporoynt 8, 13, 14, 16, 17, 20, 22, 23, 24, 25 1 26, vrapyovv
TOVAQYIGTOV dV0 ehdylote dradpopés Yo va mpombnbel to mokéto. Me v
OTOGTOAY EVOG TOKETOV GE OTOLOVONTTOTE AITO TOVS YEITOVIKOVG dPOLOAOYNTES

mov Ppiokovior otig eAdyloTeg SadPOUES, Ba VIhpPYovy TOVAGYIGTOV OVO
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EVOAOKTIKES OLOOPOUES OO TOV ETOUEVO OPOLLOAOYNTH GTOV TPOOPIGUO. XTO
oymua 4.14.3, 6tav €vag mpoopiouds Ppiocketar otov dpoporoynt S, 7, 11,
15, 19 i1 21, vadpyovv dVo KaTELOVLVGELS YioL TNV TPOOON O EVOG TAKETOV.
Qo1660, ATOCTEAAOVTOG TO TOKETO GE Miol omd avTég TIG KaTeLOVVOELS, M
TPOGOPUOCTIKOTNTA Ba Teploplotel o€ pio dradpopn], EVO e TNV TOPAO0oT)
TOV TOKETOL TPOG TNV AAAN KatevBuvorm Bo vrapyovy TOLAAYIGTOV OVO

GLVTOUOTEPES SLAOPOLES Y10 VO PTACEL GTOV TPOOPLGUO TOV.

Emopévog, etvar kaAvtepo va emAéEovpie pio dtoadpopun Tov vo dlatnpel v
TPOGAPLOCTIKOTNTO TOV TOKETOV. XNV gkova 4.14.y, dtav Evog Tpoopioog
Bpioketar 6to dpoporoynt 4, 10 1 12, vdpyovv Kot TAAL 600 EMAOYEG Yo
va TpowdnBet to maxéro. Onowa Ko va emAEEOLLE, 1| TPOGOPHOCTIKOTN T OOl
yobel Ko €tot dev vrdpyel Kapio Tpotipnon oto ma vo emAégovpe. Téhog,
omv ewova 4.14.5, to mokéta dev EYOVV EVUAALOKTIKEG OLOPOUES Yol VoL

@TaoovVV 6ToV dpoporoyN T Tpooptopov 1, 2, 3, 6,91 18.
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Ewova 4.14 A&omot dpoporoynon v €va diktvo 3D mesh
4.3.3 Tegyvun TapakorovOnong Kol 10 EIPLONG CPUANATOV

INoa va givan ot adydpBpol pog oe PAaPeg, Ba Tpémet vo TopEYOVTOL OPIGUEVES
TANPOPOpieg COAANOTOG OG0T Hovada Opopoidynons. YmoBétovpe o6t To
CQOALOTO  OVIYVEDOVTOL OO 0L TEXVIKN OVIYVELONG COOAUAT®OV Kot
mapoakolovBodpe avtég TIc TANpopopieg oe kabe dpoporoynti. To RR-3D
TPEMEL VO TOPOKOAOVOEL TIC EAUTTOUATIKEG KATACTAGEIS TOV £EL YEITOVIKAOV
OpPOLOAOYNTAOV TOV Ko OEKAOKT® TEPPAAAOVGES GUVOECELS OMMG PaiveTOL

otV ewova 4.15 og kébe dedopévo dpoporoynty| (dnA. oto dpoporoynt C
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OMWG QOIVETE KOl GTNV EIKOVA). XTOVG GUVOEGHOVS TEPIAOUPAVOVTOL KOl Ol
Gpecotl cHVOEGOL TOL GLVVOEoVTAL e KaBE yertovikd dpoporoynty (onA. 3, 8,
9, 10, 11 kou 16). Ot TANpoPopieg AVTOV TOV GUVOEGEMV TAPEXOVTIOL GTO

OPOLOAOYNTI HECH HIOG TEYVIKT OVIXVEVLONG CPOALATOV.

Ewova 4.15 Topakorohbnon kot dayeipton cQOAUATOV 6TOV 0AyOpiBo

RR-3D

Qo61000, 01 TANPOPOPiEG CPAAUATOS TV GAA®Y GLVOEGH®Y Bo TPEMEL Vo
AmOCTEAAOVTOL GTOV GUYKEKPIUEVO dpoporoynti. Ot chvdespotl avtol eivor ot
efng: téooeplg ovvdéoel mov  cuvoovion pHE TO  POpElo  YEITOVIKO
dpoporoyntn (dnradn 2, 6, 7 ko 15), t€66Ep1g GUVOEGEIS TOL GLVOLOVTOL LE
T0 VOTIO YETOVIKO dpoporoynt (onAaon 4, 12, 13 kot 17) dvo cuvdéopovng
OV GLVIEOVTOL LE TOV OVOTOMKO YEITOVIKO dpoporoynt| (Aniadn 1 ko 14)
Kot 000 GUVOEGHOVG TTOL GUVOEOVTOL LE TO OLTIKO YEITOVIKO JPOUOAOYNTY|
(Oniaon 5 xou 18). EmumAéov, ypnoYOmolidVTOg ML TEXVIKN OVixveLONS
CQOAUATOV, £VOG OPOLOAOYNTNG EVILEPMVETOL Y10, TNV KATAGTOCT GOAALOTOC
TOV 1010V, EVA Ol TANPOPOPIEG CYETIKA LE TOVG YELTOVIKOUG OPOLOAOYNTEG
(Onhadn Popeta, vOTWO, OVATOAKG, OVTIKG, ETAVEO KOl KAT®) TPEMEL VoL
petapepBovv  otov  dedopévo dpoporoynti. O pmyoviopdg  dayeipiong

CQOAUATOV Elvar VITEVOBVVOG Y10 VO GUVOVAGEL TIG TANPOPOPIES GOAALOTOG OE
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KGOe SPOUOAOYNTH KOl VO TOV HETAPEPEL GTOVG YEITOVIKOVG. %€ OUTO TO
TOPAdEY A, €VOG OO TOVG YELTOVIKOVG Opoporoyntés tov Boppd kot tov
Notov cGLVOVALEL TIG TANPOPOPIES GPAALOTOG TOV 1310V TOL SPOLOAOYNTH KO
TMV GLVOESEUEVDV TEGOAP®OV GUVOLCUMY KOl LETAPEPEL Lo, TANpopopia, 5-bit
010 GLYKEKPEVO dpoporoynty. Ot ovatoAkol kot OvTIKOL yertovikol
dpoporoynTég petapEpovy TAnpogopia 3-bit otov dedopévo dpoporoyntn. 1-
bit yilo ™V KaTACTOON GEAALOTOS TOL Opoporoyntny Kot 2-bit yio Tig
KOTOOTAGELS PAOPOV TV CUVOESU®Y. ATO TIC KATELOVVGELS TPOG T EMAVMD
KoL TTPOG TO, KAT®, UETOPEPOVTOL TANPoPopies 1-bit otov dpoporoynty mov

Oelyvel TNV KATAGTOOT GOAALATOS TOL GUVOEOEUEVOD OPOLOAOYNTN.

271G TANPOPOPIEG TOL TTPEMEL VO, LETOPEPOOVV A0 TOV TPEYOVTO dPOUOAOYTY|

o€ KAOE YEITOVIKO OPOLOAOYNTH GUYKOTOAEYOVTOL:

e H «xotdotaon oedAipatog tov dpoporoynt C kol TV TECCAP®V
ocuvdéoemv tov 3, 9, 10 ko 16 peToEEépOvVTOL GTOLG OPOUOAOYNTEG

yerrovik®v tov Boppd kot Notov.

e H xotdotoon cedipotog tov dpoporoynt) C Kot tv 600 GLVIEGEDY
oV 3 Ko 16 PETaPEPovVTol GTOVE OVATOAKOVG Kot SUTIKOVG YELTOVIKOVG

OpOoLOAOYNTEG.

Téhog, povo M katdotoon GEAARNTOS Tov Opoporoynt) C omootéAleTon

OTOVG AV KOl KAT® YEITOVIKOVS dPOLOAOYNTEG.

4.3.4 Aviyvevon EAOTTONOTIKOV GUVOECUMV KOL OPOROAOYNTAV 0TO TOV

RR-3D

‘Eva 6pmg and 10 PacikOteEPO £PMOTUOTO TOPUUEVEL TO KATd TOGO Ol
EMOTTOUOTIKOL GOVOEGHOL UTOPOVV VAL YIVOUV OVIYVEDGILOL LE TN YPNOT| TOV
RR-3D. Otav 10 moxéto €(ouvv TOLAGYIGTOV OV0 EAAYIOTEG OLOOPOUEG

(mopdpota pe To mapaderypa g ewovag 4.14.a, T0TE aVTEC GTEAAOVTAL GE 0L
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KatevBuvon e pUn EAOTTOUATIKO GOVOEGHO Kat dpoporoynth. H amodgaon yio
™ opopoAdynon Aaupdvetonr 6tav 1 andotaon petald dVvo kKatevdHvVeEWY

@tdoetl ) pio povada.

Ewoéva 4.16 RR-3D 6tav m amdctacn @ricel o pio kotéd pRKog 600

Katevbovoewv

2y ewova 4.16.0 PAémovpe OTL TO TOKETO UMOPEL VO OMOGTOAEL TPOG TO
Bopeto dpoporoynt N mpog Tov mave Opoporoynth. Edv eleyydvrovoav
HOVO 01 YEITOVIKOL GUVOEGHOL Kol Ol OPOUOAOYNTES, TO TOKETO B umopovce
va otolel poévo mpog ta embve. Qotdco, €Gv 1 GUVOECN UETOED TOL
dpoporoynt) 9 kot tov dpoporoynty| mpoopicpoy 12 givar gloTTOUOTIKY,
pénel vo ANeOel o pun eAdytotn Sodpopn Yoo voL TAGEL TO TAKETO GTOV
mpoopopd tov. Ilpoxeévor va amopevybel avt n katdotaon, apyikd,
eléyyeton M Kotdotaon o@AaApatog g dtdpouns NU kot Tov dpoporoynt
N (amd to punyavicpod dwyeipong). Eqv dev vapyet oooipo, TOTE T0 TAKETO
amootéAAeTan mpog TN Popeta KatevBuvor. Alapopetikd 1 KatevBvvon mpog
T0 move efvor telkd Kol emtheydpevr. Opolwg, oty ewodva 4.16.03,
eléyyovion o1 kataotdoelg g oladpoung NE kat tov dpoporoynt N kot av
dev  elval EMOTTOUOTIKEG, TO TOKETO OMOCTEAAETOL TPOS TN Popela
KkatevOvvon. AlapopeTikd emiéyetor 1 ovatolkr| kotevBovon. Télog, oty

ewova 4.16.y, 10 maKéTo OMOCTEALETOL GTNV OVATOMKN KaTtevBuven v 1
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dwopopury g EE xou o odpoporoynmg E dev eivar ehoattopartikol.

Awpopetikd emAEyetan 1 KatevBuvon Tpog o Tave.

Ortav ot dpopoAoynTég Tyng Kot Tpoopicpob Ppickovioal otny ida didotacn
Kol €voG OUVOEGHOG 1 OPOUOAOYNTNG METOEL TOUG €ivol EANTTOUATIKOC,
amonteiton po pun gddyiotn dwodpoun. o va amoeevydel 1 ANy meprttdv
Kol pokpuTEP®V dtadpopmv, o RR-3D mpoomabel mhvto va unv petdver v
amOGTACT OTO UNOEV KOTA PAKOG V0 Ol0GTACEMY OTOV 1 OOGTACT KOTA
UNKoG NG Tpitng dtlotaong tvor peyaddtepn amd pio. o wapaderypa, otnv
ewova 4.16.y, edv 1 Iyn Kot 0 TPoopioprdg Ppickovial 6tov dpoporoynt 0
ka1 19, avtictoyya, 1 defecuoTNTO TNG KOTELOLVONC TPOC TO TAV®D EALYYETIL
vopitepa omd v avatolkn KotevBvvorn. O Adyog givar O6tL €dv T0 TOKETO
OMOCTEAAETOL OTNV  OVOTOAKY O1dotaon kot o ovvdoeouog 10-19 elvan
EMATTOUOTIKOC, TO TOKETO TPEMEL Vo AAPeL po eEAdytot dwadpopn|. Ao v
GAAN TAELPE, OMOGTEAAOVTAG TO TOKETO GTO OPOUOAOYNTH 9, TO TaKETO £)El
000 EVOALOKTIKEG SIOPOUES Y10 VO PTAGEL GTOV TPOOPISUO Kot GV pio amd

TG SOPOUES EIVOIL EAATTMOUATIKN, TO TOKETO AMOCTEAAETOL LECM TNG GAANG.

Onwg 1oM avaeépbnke, 0tav to TokéTo eivar east-, west-, north-, i) south- ko
VILAPYEL £V GOAALO OTT) SLAOPOLT), TTPETEL VO AKOAOLOGOLV oL P EAGYIOTN
dwodpopr. To RR-3D Ba mpéner va givar oe 0éomn va avivedost Kot va
TOPOKALYEL AVTOVG TOVG EAATTOUATIKOVG cLVOESHOVS. (A&ilel va onueiwbet
OTL €dv 01 dPOoUOAOYNTES TPOEAEVOTG KOl TPOOPIGHOD dgv Bpiokovial otV
o1 d1aoTaoN, To TOKETA OEV AVTILETOTILOVY TOTE OVTEG TIG cLVOTKEG KaBmg
TO CQOANATO TOPAKAUTTOVIOL TPV KOV TO TOKETO LOC (QTAGOLY GTOLG
EMOTTOUOTIKOVG  GUVOEGHOVG 1 OPOUOAOYNTEC). Enopévog, Otav ot
OPOUOAOYNTEG TTPOEAEVOTG KOl TTPOOPICHOL PpickovTol og ida d1doTacT, T
TOKETO EEKIVOOV TN OPOUOAGYNOT OO TO YAUNAOTEPO dVVATO VTTOJIKTLO Kot

0TI CLVEYELDL UTOPOLV VO, LETAPOVV GE £va VYNAITEPO VITOJIKTLO, TAVIO CE
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avéovoa cepd, av yperotel. Ot kavoves tov aiyopiBpov RR-3D éyovv wg

eghg:

e Koavovog 1: Eqv mapovoiactel o@dipo ot didotacn Z, 0 TOKETO

petatomilovion pécm g drotaons Y.

e Kavovog 2: Eqv mapovoiaoctel cpdipo ot odotaon X 1 Y, to wokéto

petatomilovion pécm g drdotaong Z.

b

Ewova 4.17 O alydépiBpoc RR-3D dtav vrdpyst poévo pio dtadpopun peta&y

TV OPOLLOAOYNTMV TPOEAEVLGTG KO TTPOOPIGLOV
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Mo v ektéleon aVTOV TOV KOVOVOV, To TOKETO EVOEYETAL VO OTOLTCOVY
aAAoyn VTOJIKTO®V 6TO cVoTNUO. Ag e€etdoovpe To Tapdostypa g Ewovag
4.17.a. dmov 1 Tyn Ko 0 TPOOPISHOG Ppickovtat 6Tov dpoporoynt 4 kot 22
avtioTorya Kol 0 dpoporoynmg 15 elvan elottopotikos. Asdopévov OTL TO
o@aApa evtomileton kaTd UKog TG dtdotacns Z, cOUE®VA LE ToV Kavova 1,
T ToKETAL petatomilovion péow g dtdotaons Y mov pmopel va gival oty
Betucn M apymTikn Koatevbvvor. Ag vmobiécovpe OTL 1 EMAVAOPOLOAOYNOT|
Tpaypotonoleitol  péow g Oetikng katevBuvong g Owdotaong Y.
Agdopévov 01t to vrrodiktvo 1 kodvrtel o Y1+ (paiveton oty ewcova 4.13),
TO TTOKETO YPNOUOTOLEL AVTO TO KOAVAAL XT) GUVEYXELD, TO TOKETO TPEMEL VOl
dpoporoynBet katd pnrog g Betikng katevBuvong g ddotaong Z. To
vrodiktvo 1 kaAvmtel emiong 10 Z1+, ondte 1o mMokETo eEakolovdel va
OpPOUOAOYEITOL YPNCIUOTOIDOVTOS T KovAAlo Tov vrodiktvov 1. To maxéro
ocvveyiletar KoTd pNMKog avthg TG Koatevbuvong uéyxpt va @tdoel 6to 1010
OTPAOUO [LE TO SPOUOAOYNTH TPOOPIGUOD OOV TPEMEL VAL GTOAEL HEC® TNG
apvnTikng kotevbovong g dotaons Y. Qotdco, avtd To Kovai Ogv
eptAapPdvetor 6to VIodiktvo 1, evd To VIdikTVO2 KaAvTTeEL TO Y 1- toL
(MOOTE TO TOKETO VO YPNOUWOTOEL OVTO TO KOVOAL Y100 VO QTAGEL OTOV
dpoporoyntn mpooptopov. Otav 10 TOKETO OTEAVETOL KATA UAKOG NG
apvNTIKNG Kotevbuvong g dudotaons Y otov opoporoynt 4, To vodiktuo
1 dev kaAvmTEL TNV APVNTIKN KatevBuvon g dtdotacns Y evd To VIodikTvo
2 10 koAvmTEl, omdte To mokéto ypnowomolel Y1-. To mokéto pmopel va
dpoporoynBet koTd punKog g d1doTacng Z YPNoILoToldvTag To Z2+ and To
1010 vrrodixktvo. Térog, | Betikn KatevBuvon g ddotaong Y dev KoAOTTETON
a6 10 VodikTvo 2 Kot 0 Y2+ AapPdveton amd to vrodikTvo 3 Kot T0 ToKETO
@tével otov mpoopiopd. Kabmg kabe dpoporoyntig €xel TovAdyloTOV £vay
yeltova Kotd pnkog tng odotaons Y, ot EAOTTOUATIKOL GUVOEGHOL GE
KOTOKOPLPES GULVOEGEIS WTOPOLV VO YiVOUV avEKTOlL OPOLOAOYDVTIOG TO

Takéta HESM TG O1doToong Y.
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H Ewoéva 4.17.B deiyvel Tig mepmTOOES OOV TO GOAALN EUPOVICETAL GTOVG
GLUVOEGHOVG Y Ko gival avekTikd omd TNV ovadpOUOAdYNOY| TOV TOKETMV
péom g ddotaong Z ooppava pe tov kavova 2. E&etdlovpe 1o mapdadetypa
0oL 1 TNYN Kol 0 TPOOPIOHOG Ppickovtonr 6tovg dpoporoyntég 15 kot 9,
avtiotoyyo, kol 0 cOHvoeoHog 12-9 eivar eAattOHOTIKOC. Apyikd TTpémel va
MMeBel n apvntikn kotevbovon g ddotaons Y. Aedopévov 6Tt To VITOdTIKTLO
1 dev 10 KOAVTTEL, O eheyyBel 10 emdpevo vmodiktvo. To vmodiktvo 2
KaAvmtel 10 Y1- kou €161 10 mokéto ypnotponotel avtd 1o Kavoil. o
dpopoAdynon katd pnkog g ddctaong Z eite ot Betikn eite apvnTikn
KaTeLOLVOT), YPNCUOTOOVVTAL TO. KOVAMO TOV LRTOOIKTOOL 2 (Z2%*). X
OULVEYEWL, TO TOKETO TPEMEL VO OPOUOAOYNOEl KaTd WAKOG TNG OPVNTIKNG
Katevbvvong g ddotaonc Y mov kolvmtetan amd 1o vrodiktvo 2 (Y1-).
Téhog, ot apvnTikég kot BeTikég KoTeLBvveels T ddoTaong Z KaADTTOVTOL

a6 to 1610 vodiktvo (Z2%).

2y ewdva 4.17.y, cOpeva e TOV Kovova 2, To, EAATTOUOTO 6T S10oTOoT)
X elvar avekTd omd TNV avoOPOLOAIYNOT TOV TOKETOV HEGH TNG O1AoTAUONG
Z. Ag vmoBécovpe TNV TEPITTMGN OOV 1| TNYN Kol 0 TPOOPISHOG Ppickovtan
otov opoporoynty 11 ko 9, avtictorgo, Kou o ovvdeopog 10-9 eivon
ehattopotikoc. H apymrikn katevBovon g didotaons X dev KoAOTTeEToL omd
toug vmodiktva 1 ko 2 Ko emopévmg ypnowomoteiton 1o X1- amd 10
vrodiktvo 3. To mokéto petatomileton katd pnkog g odotaong Z
ypnoonowwvtag Z3+ 1 Z3- and 10 1010 vrodiktvo. To makéro mpémel va
nepdoel pEcm tov X1- kot ot cvvExew pEcw Tov Z3 + 1 Z3- yio va ¢tdoet
610 Opoporoyntn mpoopicpov. OAa avtd To KovAAl KOAOTTOVTOL OO TO
vrodiktvo 3. Emedn kdbe dpoporoyntg £yl Tovddyiotov €va yeitova ot
dlotaon Z, ol EAATTOUATIKOL GUVOEGHOL 6N Oldotaon X 11 Y pmopovv va

yivouv avektol HETABAAAOVTOC TO TOKETO KOTO UNKOG TG dtdotaong Z.
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44 AmoteléopaTa TPOGOUOIMGTNG

Mo va a&lodoynBel 1 AmoTEAEGUATIKOTNTO TOV TPOTEWOUEVODV OAYOPIOUmV
dpoporoynong, €xet avamtvyfel évag mpocopowwtc 2D ko 3D NoC pe
VHDL y1a va povtelomom 0oy 6Aa ta KOPLo. GLGTATIKA TOV StkTdow on-chip.
IMa 6hovg Tovg dpoporoynTég, To TAATOG dedoUEVAVY eitvan puBucuévo ota 32
bit. KaBe buffer sic0dov umopei vo praoevioet €& flits oe kéOe kavir.,
EmumAéov, 10 pukog tov mokéTov KatoveReTol opotdopopea petald 1 kot 8
flits. To mocootd artoswv opileton wg 0 Adyog TG emTuyovE injection
TOKETOL OTO OIKTVO GE GYECT LE TOV GLVOAIKO opfud tev mpoomadeidv
injection. Q¢ pé€rpnon emdOGEWV, XpNooTolovpe Tov latency mov opileton
®G 0 aPUOC KOKAWMV HETAED TNG EIGUYMYNG TOL TOKETOV GTO GUGTNHA LUEYPL

mv e€aywyn tov amd avto.

Mo mv a&lodldynon g amddoong o€ £va diktvo 2D mesh, o adyopiBuog RR-
2D ovykpiveron pe e enavapubpion dpopordynon [15] (uébodo ReRS).
To ReRS dev amartel kavéva eikovikd kovaAl kot eivoar e éon va aveytel
Oheg TG Béoeig evog ko pdvo glattopatikod opoporoynty. Qotdco,
ypnowonowwvtag 0 ReRS, ypetdleton va deytodpe Ko mepIttés S1adpopEg
(LeyaAOtepeg ™G €AdyoTng) Y vo. ovexBovv oedApaTa TTOL £XOLV MG
amotélecpa TN onpovpyio cuuEOPNoNS YOP® Oamd TS EANTTOUOTIKEG
nepoyés. Emmiéov, 10 ReRS Paciletanr oty vieteppiviotikny dpopordynon
KoL £T01 TOL TOKETO OEV UTOPOLV Vo dtavepnBovv opotdpopea 6to diktvo. RR-
2D Booileton o€ pio TAPOS TPOGAPLOGTIKY dPOLOAGYNOT KO YPNGLOTOLEL
éva kol 000 EKOVIKG KOvOAl Kotd pnkog twv owotdcewv X Kot Y,
avtiotoiyws. To RR-2D givon og Béom va aveytel OAeg Tig Béoeig evog pnovo
EMTTOUATIKOD GLUVOEGHOL 1 OpopoioynTh. [ va £xovpe koAvTEPN €1KOVAL
01N cVYKPIoN YPNCUOTOOVUE TOV 1010 aplBUd EIKOVIKOV KAVOAMY Kol OTIC

000 peBdOOVG KoL Yoo TO OKOTO OVTO TPOOoTIfETAL £Vl EMUTAEOV EIKOVIKO
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Kkavai oty mpocéyyion ReRS. Avtod 1o eikovikd kovdl ypnolpomroteitot yio

GKOTOVG AIOd00T|G.

o ™ pétpnon g amoddoong oe diktvo 3D mesh, n pébodog (RR-3D)
ovykpivetar ue to HamFA [16]. To HamFA eivau po pébodoc fault-tolerant.
Eivon og Béom va aveytel cpdipota gite og kKaBe gite oe opldvTio cHVOEDT
yopic ypnon ewovikov kovolmv. To HamFA eivoar évag pepikmg
TPOGOPUOCTIKOG ahyopBog dpopordynone. Amd v dAAn mievpd, to RR-
3D pmopet vo aveytel Ko EAOTTOUATIKOVG GUVOEGHOVS KOl EANTTMUOTIKOVG
OPOUOAOYNTEG EVA  TALTOXPOVO EYYLATOL TNV OVEKTIKOTNTO OA®V T®V
o@aApatog omovdnmote 610 diktvo. To RR-3D Pacileton oe €vav mAfpwg
TPOGOPUOCTIKO aAYOpOo dpopordynomg mov amartel 000, dVO Kot TECCEPA
EIKOVIKA Kovao. T va vtapyel 160KOTavVouUN 6T GOYKPLoT, 0 10106 ap1Oudg

EIKOVIKAOV KOVOALDV YPNCOTOLEITAL Kot 6TIS VO PeBdd0vG.

Extedovpe 000 oelpés mpocopoidcsewyv: 1- yio voo Hetpricovpe v omddoon
TOV TPOTEWVOUEVOV HEBOdV EvavTt TV Bacik®v neBddwv og diktva 2D kot
3D mesh. 2- va petpnbei n o&lomotion ™ mpoTEWVOUEVNC UEBOSOL ©F
ovykplon pe T Pacikég pebddovs. Kot otic dVo GeEPEG TPOCOUOIDCEDV
EKTEAOVUE TOL TTEWPApOTO o8 éva, Oiktvo 8%8 (ya 2D) kan 4x4x4 (yw 3D)
mesh. o avdivorn amddoong, o mpocopowwtig warmed up yo 20.000
KUKAOLG Kol OTN GLVEXEWL HeTpdTon M péomn amddoon o€ dAlovg 200.000

KOKAOUG.
441 Avdivon anédoong kT amd Uniform Traffic Profile

>to Uniform Traffic Profile, k40e otoyeio enelepyaciog dnuovpyel makéta
Oe0OLEVOV KOl To OTEAVEL 6€ ALO otoyelo emeepyaciag ¥pPNOLOTOIDVTOS
o opotopopen katavoun [17]. Tmv ewova 4.18.0, n péon AovBdvovca
emwowvavieg tov RR-2D kot ReRS petpovvion pe ko yopic ceaipoato kot

YU HEUOVOUEVES TEPIMTAOGCEL CGPUAUAT®OV dpoporoynt. Emmiéov, n

151

Institutional Repository - Library & Information Centre - University of Thessaly
07/06/2020 20:30:09 EEST - 137.108.70.13



am6doomn tov RR-2D petpdron kdto and €61 cpdApata 6to 6ikTvo, Ie TUYoia
EMAEYUEVOUG  EAOTTOUOTIKOVS  oLVOEoUoVE 1 Opoporoyntéc.  Omwg
TopaTNPNONKE OO TO OTOTEAEGLOTA, O TEPMTMOCELS CPOUAUATOV, 1) LEBOSOG
ReRS extekeiton 10 KoAOTEp, KoOBDg Pooiletor o6& VIETEPUIVIOTIKN
dpopordynon (dnAadn moapdpown pe T Spopordynon XY) m omoio sivon
KATOAANAN Yo opotdpopen kKukrogopia. Otav eppaviCeton £va pdvo ocpiaipa
o010 diktvo, M omddoon ™G pebBodov ReRS peidvetor onpovtikd eved 1
puébodoc RR-2D odtatnpel v amddoor mopovsion GEOAUAT®V, aKOUn Kol oV
vrapyovv €&l opdAipata oto diktvo. O Adyog etvar 61t Oyt pévo m RR-2D
AmOQPELYEL TN ANYN TEPUTOV UN EAAYIOTOV OWOPOU®Y, OAAL €miong
Boaciletonr o o TANPOG TPOGOPHOCTIKY OPOUOAOYNCT KOl ETOUEVOG

aodidEL KOAQ OTNV SOVOUT TOKETWV G OLOUPOPETIKES SLOOPOLEC.
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Ewoéva 4.18 Anddoon pe uniform traffic profile oe (o) 2D dixtvo, (B) 3D

dikTvo
4.4.2 Avalvon amddoong g Hotspot Traffic Profile

Kédto omd6 to mpdtvmo wvkhogopiag hotspot, évog 1 mepiocdTepOL
dpoporoyntég emdéyovtar ¢ hotspots, AapuBavovtag emimAéov HEPOG NG
KUKAOQOPIOG €KTOG OO TNV KOVOVIKY] OLOWOROpeT Kivnon. Agdopévov evog
mocootov hotspot Tov H, éva moakéro mov dnuovpyndnke mpoceaTa
katevBoveton oe kdBe dpoporoynt) hotspot pe emmAéov mbovoémTo H%.
YmroioyiCovpe v KukAogopia hotspot pe H = 10% oe évav dpoporoynm
hotspot o10 (4,4) og éva diktvo NOC 2D 8x8 kot 600 dpoporoyntég hotspot
ot1; 0éoeig (2,1,2) kau (3,2,2) og éva 4x4x4 NoC 3D, avrtiotoyo. Xtnv eikova
19 a), ot emd6cels Twv RR-2D kot ReRS petprovvron yio xmpic codiparta kot
pe c@AApo evog dpoporoynti, evad 1 arddoor tov RR-2D kot kdto and €&
ocpoipata (Le HEN EAVTTOUATIKGOV dPOUOAOYNTAV Kol cVVOESU®V). To RR-
2D €yer moAd koAvTepN amddoon and to ReRS, axoun kot vd v mapovsio
€€ opoApdtov. Avtd oeesileton oto yeyovog 6t to RR-2D eivon pia
TPOCAPHOCTIKY LEH0OOG Kot pmopel vor eE160ppOmNIGEL TV KuKAoQopio LEGM

o0V JKTHoV. ATO ™V dAAN TAevpd, T0 RR-2D amopedyel ™ yprion un-
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eMdyotov dadpoudv 060 duvatov meptocotepo. H amddoon tov pebddmv
RR-3D xon HamFA ameucoviCeton oty ikova 19 B). Onwg mapatnpeiton amd
avtod 10 oynua, 0 RR-3D odnyel omv kaAdtepn amdO0oT 6 TEPUTTMOGELG
yopic opdipota. Otav vadpyovv €51 oedApaTo 6TO OiKTLO, 1 OTOOOCN
eEakolovbel va etvar vymAn ko onpaivel 6t to RR-3D éyet kodég emdooelg

OTIG OVOYEG KOTA TN STPNoN TG 0mdO0oTG.

Ewova 4.19 Anddoom oe hotspot traffic profile o a)) 2D diktvo, B) 3D diktvo
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443 A&wdroynon aélomertiog og Uniform Traffic Profile

KaBag to ReRS eivar og 6o va aveytel eAattopatikods SPOHOAOYNTES Kot
GUVOEGHOVG  OTn  Pacikn) TOov  popYY, HeETpAue TNV aflomiotio  Tov
ATMEVEPYOTOLOVTAG LLOVO TOLG OpoporoynTés. To RR-2D pmopet va aveytel kKo
TOVG 000 GPOAUEVOLG OPOLOAOYNTEG KOl TOVG GUVOEGLOVG Kol 1 0EI0TIoTIO
petpdrol pe o petypa ovtav. AvEdvoovpe tov aplipd tov ceoipdtoyv amd 1
€m¢ 6. Ol ta opdApota emdéyovton pe toyaio Aettovpyio. ‘Eva diktvo sivaon
allOmoTo av OAM TO TOKETOL OV EIGEPYOVIOL GE OLTO QTAVOLY GTOVG
TPOoOPIoHoVS Tove. Me dAra Adyla, To dikTvo Bewpeitar avallomoto akdpa
Kot ov OA0 TO TOKETA PTAGOLV GTOVG TPOOPIGHOVS EKTOG OO £V TOKETO.
Onwg gaiveton oy ewdva 4.20.0, o RR-2D pmopet va avté€el émg ko €5

opdApato pe aSlomotio peyolvtepn and 40%.

e éva diktvo 3D, ovykpivovpe v aflomotio tov RR-3D pe 1o HamFA.
KoBog 10 HamFA éxet oyedootel yuo vo oviéyel €AOTTOUOTIKOVG
GLVOEGHOVG povng katevBuvong, n adlomotio Tov petpdran emiong pe Paon
™ CLYKPEVT €MAOYT. Ao TV dAAN mAgvpd, To RR-3D aviéyetl 1660 t00g
EMOTTOUOTIKOVG GLUVOEGUOVS OGO KOU TOLG OPOHOAOYNTEG KOl 1 TN
aflomotiog emTuyydveTor VIO TNV TOPOLGIO Kot TV dV0 €OV PAaPdV.
Ewdyovpe 1 €og 6 oepdlpota oto diktvo (pelypo  €AOTTOUOTIKOV
OPOLOAOYNTAV KOl GUVOEGU®V) Yo Vo peTpricovpe v aéomiotio tov RR-
3D, evad eiodyovion 1 émg 6 povoAfikol EAOTTOUOTIKOL GUVIEGHOL Y10l VO
petpnbel n a&omotio tov HamFA. Onwg gaivetor oty ewova 4.20.8, n
aflomiotioo Tov HamFA pewwveton onupovtikd oe ovykpion pe v RR-3D.
Xpnowomowvvtog tov RR-3D pe mbBavomta 18%, 10 diktvo Aettovpyel

KOVOVIKE y®pic OTOAELD TOKETOV GTOV VITAPYOLY £E1 GEAALATO GTO OIKTLO.
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Ewova 20 A&oddynon a&lomotiog og o) Aiktvo 2D, B) Aiktvo 3D
45 Xopmepdopata

Xe ovtd 10 KEPAAoO, €idape peBOOOVG aVOEKTIKEG OE COAALOTA VYNANG
anddoong v 2D ko 3D NoCs. Avtég ov pébodor PBacilovion oe mANpwG
TPOCAPLOCTIKOVG OAYOPIOUOVG, amo@ehyovtag £TGL Tr GLUEOPNGN OTO
diktvo. Ot mpotewvopevol  alydplBpor  avOekTikOTNTOG G€  GEAAUOTO
TPOTLOVVTOL YO TNV OVOYN] TOVG GE EANTTMOUOTIKOVG OPOUOAOYNTEG Kot
oLVOEoHOVG.  XPNOIWOTOoVY UOGVO  TO. GUVTOUOTEP.  LOVOTATIOL Yol VoL
aveyBovuv cepdaipata, £pdcov vrapyel tétolo dwadpour). Ov pn ehdyloteg
dwdpopés etvon amapaitntes dtav 1 TyN Kot 0 TPoopiopdc Ppickoviot oty

idw drotoon Kot vdpyel oedApo petald Tovg. Avtd ta £idn Prafov sivor
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avektd ywpig T Onpovpyio kKOKA®V oto diktvo. Xe €va diktvo 3D,
TOPOVGLAGOUE VAV TANPMG TPOGUPHOGTIKO OAYOPIOIO dPOUOAOYNONG LE TN
dwaipeon Tov SIKTOLOL ©E TEGOEPA OLPOPETIKA vrodikTva. H dvvatdtmta
CQAALOTOG PEATIOVETOL EMTPEMOVTOS OTO, TOKETOL VO, LETAKIVOUVTOL METAED

VIOJIKTO®V LE TNV aGTnpd av&ovsa Gepd.
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59 KEQAAAIO

I'ENETIKOI AATOPIOMOI XE XYXTHMATA
NOC

5.1 Ewoayoyn

Ta pelovtikd cvotiuata on-chip (SoC) Ba aroteAovVTOL OO EKOTOVTASEG
enelepyaotéc ka1 otoryeion uvAung wovd va  petaeépovv  Gigabytes
dedopévov ava devteporento. H apyttextovikn toug Ba maicel kabopiotikod
Tapdyovio. GTNV amOd0GT KOl GTNV GLUVOAIKN KOTOVAAMON 1GYVOG TMOV
ovykekpyévov cvotnudtov. Ta NoC &yovv avadeyBel wc 1 kupiapyn Avon
oTNV apYITEKTOVIKY Olacvvdeong Tov SOC (og vavokAipoka) tO60 oamnd

axoadnuotkng mievpdc [1] [2], 600 ko omd Propmyaviknig [3].

5.2 Ta&wvopnon I'evetik®v AhyopiOpmv

Metayepntikr (Metaheuristics) eivor o dadikacio. mov GTOYXEOEL OTNV
e€evpeon amodektg Abong oe moAvTAOKa TpoPAnuata PerticTomoinong Kot
avalnmone. [4] Xpnowonotel cuykekpipuéves neBddovg e0pecnc ol omoieg
xpNoomooHvIol oe adkyopiBovs mov gival mo apnpnuévol. e cOyKpIoN e
T0V  ohyopiBpovg PeAtioTomoinong Kol TIG EMOVOANTTIKEG HeBOOOVG, T
avoktnuévn Avon e€aptdtar omd 10 cHVOAO TV TVYoM®V HETARANTAOV TOV

ONUovpYOLVTOL.
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O yevetukcol alyopiBpot £xovv To akOA0VO YOPUKTNPICTIKA:

e To metaheuristicks «aBodnyel 1t dwdwacio avalRtnong e
GUYKEKPUEVES  OTPATNYIKEG. Av Kol  Tuyaiol, —peToyEpNTIKOl
aAyopiBpor 6mowg ot GA  dev  kdvouv tuyoieg avoalnmoels.
XPNOOTOOVV TIG TPONYOVUEVEG TANPOPOPIES Yo VO KATELBHVOLV
™V avalfTnon o€ [o TEPOYN LE KOAVTEPES EMOOCELS GTO YMDPO TNG

avolnTnong.

e X10%0¢ TOVG €ival Vo KAVOLV OmOTEAESUATIKY avaljTNoN GTO YMPO
vy vo Bpouvv Bértioteg Aoels. 'Etol ot petayeipntikég avalntioeig
neplhapupdvooy  amiovg oAyopiBuovg pe  oOvBeteg  Oradkocieg

eKpatnone.

e Ot petayepntikoi oiyopiBuotr eivor omv TAEWOVOTNTA TOLG Un

VIETEPUVIGTIKOL.

e O petayepntikoi akydpBpor yapakmpiCovror ®g non-problem-
spesific. Kdavouv Aiyeg vmoBécelc oyetikd pe TtO  TPOPANUO
Beltiotonoinong N avalnnong mov TpEmet va emAVOEl Kol ETOPEVDG

UTOpOVV Vo xpnoytortonBoiv oe ol peyain ykapo TpoAnudtoy.

O1 GA kavouvv mAnBuopuokés avalnmoelg pe Lobnolokég GUVIGTMOOES,.
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Ewova 5.1 Ta&ivopunon xopoKTnploTiK®OV HETOYEPNTIKOV adyopifuwv [5]

521 Avturpocdncvon ['eveTik®v alyopiOpwv pe ) ypion bit

INa va avtimpocwnevfodv o YpOUOGOUNTO GE Evay TANBUCUO YEVETIKOV
aAYOpiOU®V YPNGYOTOOVVTOL AKOAOVBIEG SLOSIKOV YMEeimV TapOAO TOL
vrdpyovv TOAAEG GAAeC pEBodol ot omoieg akdpa Ppickovial e TPMOIUO
6TA010 Ko gfval Vo eEEMEN OTwg N fix-point binary representation, 1 order-
based representation, n embedded list, 1 variable element list kou n LISP S-

expression.
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Kd&Be 6¢om ot cvpforocelpd pmopet va mhpet povo dvo tiég v 0’ ko v
‘1’. Mo Aon (xpopdcopa) propet vo amoteeiton omd dSapopeg LETAPANTEG
(yovidw). 'Eva ypopodcope aviimpoownedel o Avon and 1o cHVOAO TmV
mlavov Acewv oto yopo avolnmoenc. ‘Evag mAnbuopdg mepiéyxel €va
GUVOAO YPOUOCOUATOV TTOL amoTeEAoVVTOL and yovidi. Me dAAda Adyia, o

YHPog Avom TEPEXEL v 6HVOAO GVUPBOAOGEIP®V amoTELOVUEVES 0TTO DItS.

Ewova 5.2 [TAnBuopdc, xpopocsmpoato Kot yovioto

O apykdg mAnBvoudg mopdyeton Toxaio. Xtn cuvvéyelr o GA mepva oTovg

akOA0VOOVG Y EPLOTES:
o) AoyEPIOTNG EMAOYIG

H opyn mov woydel edo elvan “emPuvver o mo wavos’. EmAiéyovion
YPOUOCHOUATO 0mtd TOV TANOBVGUO Yo avamapaymyn. Me Bdon po Agttovpyia
agloAdynomng, emAEyovtal KAmolo YPOUOCHOUATE Kol avEAveTe 1| TOOVOTNTA
TOVG VO, EMAEYOVV Yo avoroapaymyn. H viomoinon tov efoptdte amd 10
TpoOPApa Tov Eyovpe Yo emidvon. Ta kodvtepa “ypopocopate” pPropovv
Vo TPOGOIOPIGTOHV OO L0 OVTIKEWEVIKT AElTovpyion mov epapuoleTot
OLOOHOPPO. GE OAQL TOL YPOUOGMUOTO 1) OO L0 VTOKEWEVIKT] OOV LEPLKOL

Kavoveg pmopel vo punv  epappolovtar opowopopea. Eivor mbavov to
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KOAOTEPO YPOUOCHOUO Vo unv emtheyel av ekteleotel o GA, agov dtav o
aAyopOpog extedectel apKeTEG POPEG 1M THOVOTNTA ETIAOYNG GUYKALVEL TTPOG

TN OO UOTIKT] TOV OVOUEVOLLEVT] TIUN.

B) Atayeprotg daotahpmong

AvTog 0 XEPLoTG EMAEYEL TVYia pia BEom 6T cupPorooelpd. Xt cuvEyELa,
ot akoAovBieg mpv ko petd amd avtn ™ B€om avtaAldccovror petalhd Tmv
ocvpporocepdyv. To amotélecpo eivor mn onuovpyi  Ovo0  VE®V
ypopocoudtov. Iaipvoope 7y moapddstypo 600 cvpPoArocelpés mov
avTimpoc®nevovy ypwpocopata wy. 11000 xor 00111. 'Eva dwyepiotg
dwotavpmon emiéyel toyoio o 0éon my. ™ devtepn. Ta mpoxvmTovTal

amold Tov dtaotavpot Ba etvon ta 11111 ko 00000.
Parents: 11|000 ka1 00]111

Children: 11111 ka1 00000

Ewcova 5.3 T'eveTikdg KMOKOG YOVEDV KoL OOV HETA T dlooTapwaon [6]
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Otv dwotovpdoet molhamiwv onueiov  elvor amkd  Sypoppicsls pe

TePLocOTEPES Omd Ui OEcelc 6oL Ha VTAPEEL SLoTAVP®ON.
v) Xep1otg HETOALAEEDY

Avt 1 dwdkocio pupeiton v mowilopopeio og Evav minbuopd kon fondd
omv mpdinym g Tpdéwpng cvyKAonc. Avtd cvpPaivel apod poOvVo 1
petddlloln kot m - emoyn dnpovpyodv  aAyopibuovg hill-climbing. O
eplome oAlalel toyaion éva M pepwa bit oty ocvpPoroceipd evoc
ypopooopatos. o mopddetypo o ogpd 10101010 6o pmopovce va
petaAiiayBel oty Tpd B€om Y va dwoel 00101010. H mbBovoétra kon n
0éom petdAraéng eErEyyovion amd Tov XEPLoTH.

Before mutation: 10101010
After mutation: 00101010
d) Xep1omgc avaoTpoPng

Av10¢ 0 Y10t aALALEL TN GEpd Yovidimv petald dVo tuyoaio emAEYUEVOV
onueiov og éva ypouOcOUN. AVTOG 0 YEPIGTNG YPTCYLOTOLEITOL GTAVIOL

KaODG TO TAEOVEKTALLATA TOL EIvo EAdYIOTO.

5.3 Apyég Bio-Inspired alyopiOpwv eta NoC

Ta noc pmopodv va BewpnBoldv kot G €vo pikpodikTvo TOL OmoioL M
ovvdeon OCI (On Chip — Interconnect) tov ototyeiov tov givar o Ogpéiog
MBog petalh tov PES xor tov mupivov. Xe kdbe eminmedo, amortovvtol
pNXOVIGHOL TTopakolovONoN g Kot eTomTEiog Yoo TV avooTodn tov Sself-*
YOPAKTNPIOTIKOY TOV. Xpnolpomoidvtag to povtého stack micronetwork ot
duvatotteg Tov Self-* pumopodv va opiotodv wg eéng (BAéme mivaka 5.1).

AVTO eMTPEMEL GTO GLOTATIKA TOV OAVAOTEPMV EMTEIDV VO, ELOTTEVOVY QT
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Tov youniotepov. H emomteion ovt emkevipovetor ota PES ko

TPocaprolovTot ovaloya L TIC dlEPYGIES TOV GVOTHHOTOC. [7]

BNOC Self-* Capabilities Immune System
Application Level Self — Configuration Innate level

- Mapping - Adapt to changes - Engulf pathogens

- Scheduling - Activate T-Cells
Communication Level Self — healing Adaptive level (T-Cells)
- Routing - Act to the disruption - Learn Ag structure

- Switching - Activate B-Cells

- Flow Control

Architecture level Self-optimizing Adaptive level (B-Cells)
- Buffer - Tune resources - Learn Ag behavior

- Bandwidth - Produce antibodies

- Link

[Tivakog 5.1 Avvatotreg self-*

Onwg kot 6T0 avocomomTikd cvotnpa, Bempovpe tpeic TOTOVG TaPAYOVI®Y,
tov P-mapdyovta, tov T-mapdyovio kor tov B-mopdyovta. Xe emimedo
EPOPUOYNG TO  EUOPUTO.  OVOCOAOYIKGL GLOTOTIKA TPEMEL  va  gival
avadlopopeotikd. Ilapdpoln pe to QoyokVdTTOpO OTOL UETOTPETOLV TO
nafoyoéva e avtyova Kot To “tpombBovv”’ 6to avocomomtikd cvotnua (T-
KOTTOpa), £TGL KoL 01 P-maipdryovteg avolbouy TIC amaitioELS TG EPOPLOYNGS,
TIG omocLVOETOLY KOl TIG YOPTOYPOoeoLV Tpowbmvtag teg otovg T-
napayovteg. Emumdéov ov  P-mapdyovteg Bo mpémer vo mpooapuolovion
Suvokd ot oAAayég  Tov  mEPPAAAOVTOG,  OM®G  OAAAYEC  OT
YOPOKTNPIOTIKA TOV GUCTAUOTOC 1 OTIS OAAOYEG CLUTEPLPOPES TOV
GUOTNUATOG HE AVATTLUEN VE®V dlEpYact®V. AVt 1 SUVOLIKT TPOGOPLOYN

GLUPBAAAEL TN GLUVEYN AEITOLPYIC TOV GLGTHLATOC VIO AYVMOOTES GUVOTKEC.

e eminedo emowmviag, e pnYoviopd mapopolo avtod Tov T-Kuttdpov,
omov ovvtovifovv Kot pvBuifovv Ta B-kdttapa, £€tot kot ot T-mapdyovteg
glvar vrevBuva Yo TNV TEPLPEPELOKT] TOPAKOAOVONGN, TV KOTOVOUT KoL TOV
TPOYPOUUOTICHO TV  EPYOCI®OV TV B-mopaydviov emAiéyoviog tnv

QITOLTOVLEVT] TEYVIKT] OPOLOAOYNONG/EAEYYOV POTG Yol TV SOUOPPOSCT] TOV
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dwktvov. Ot T-mapdyovteg Egovv TV KAvVOTNTO VO 0LTO-BEpamedovTal KAt
OV TOVG EMTPENEL VO ALVOKOADYOVV, VO S10yVAOGOLV Kol VO, avTdpacouy o€
KOTOOTACES OmmC avth &vog evogyopevov deadlock. Karti tétoo Oa
pumopovoe vo cvuPel, av yio mapdostypa, po opdoo dpoporoynTav eivat
OTMOKAEICUEVT] KoL OEV UMOPEl VO TPOYWPNCEL M PONy OV TPATU OLV
ehevbepmbei to buffer n kdmowo kavaho. e ovtéc T mepurtdoelg ov T-
TOPAYOVTEG TOPOKOAOVOOVV Kot LETASIOOVV TI TANPOPOPieg OVTEG G OAOVG
Toug dAhovg T-mapdyovies yio va yvopilovv Aot Tovg Kpioipovg kopuBoug
oL JIKTHOL Kol va KotevBhvovv ovdAioyo tn por TV dedouévev. Ta
mopadeypa pe Paon Tic HETOPOUAAOUEVEG OMOLTNCELS EMKOWVOVIOG TOV
ocvotuatog ot T-mapdyovteg pmopodv va oAAdEovv dSvvapikd (petalo

TOKETOV KoL OAAOYNG KUKADLLOTOG).

270 KOUUATL TNG APYLITEKTOVIKNG, Opoto pe o B-kdttapa mov givar wkavd vo
0AAGLOVY TV CLUTEPLPOPE TOVG DGTE VA TPOSAPUOLOVTOL GTI) CLUTEPLPOPE
TOV avTyovev, £161 Ko ot B-mapdyovteg epapuolovv Stipopes TeXVIKES Yo
TOV GUVTOVIOUO TV TOpwV, TNV Kotavoun tov buffer kou tov katapepiopd
oV gOpovg (dvng. Me dAda Adya o B-mapdyovieg éxovv v dvvatdtnta
aLTo-Peltioong mov ToVg emTpENEL Vo, TapoKoAovBodv kot vo cuvtovilouv
QVTOUOTO TOVG TTOPOVG TOL GLGTNHATOG HE GTOHYO TNV AENCT TG amOS0oNG
HELOVOVTAG  TOLTOYXPOVO TNV  KOTAVAA®ON evépyswng Koi ydpov. [Ma
napdostypa, pe Paon v mpoPremduevn kivnomn, o apBUOg TOV EVEPYDV
EIKOVIKAOV KOvoMdV Pmopel va puBuotel dote 1 KoTovAA®Gn eVEPYELNS VL

pelmet.
5.4 Egappoyn GA o NoC

H epoppoyn tov yevetikav okyopibuwv ce cvotiuota NoC mapovoidlet
wWitepo  evolapépov, aeod To amoTEAEoUATE KUPIWS OGOV apopd TNV

TOXOTNTA PETOPOPAS OEOOUEVAOV KOl TNV KATOVOAMOT EVEPYELNG Eival G £val
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mhpa oA koAb eninedo. H Aoy tv yeveTikdv aiyopiBumv Boaciletor oto

Topakato Tpopinua [8]:

e  Bewpovpue éva katevBuvouevo ypaeo entkovoviag (CTG) G(V,E), 6mov
KaBe V, eV dnhovel gite éva otoyyelo emefepyooiog, eite o povada
pnung  (0mov Bo Vv avagépovpe ©¢ kOpPo) Ko KaOe okun
e, ={v,Vv;} € E vmodnidver éva fyvog emkowvwviag ond V; oto V;. ['a
KaBe V, €V 10 vyog kot to mAdtog Tov Tupnve nidvete pe H, ko W,

avtictoya. O CTG eivar pio yeVIKELUEVT] OVOTOPACTOCT] ETIKOVMVIOG
OV EMTPEMEL KUKAOVG KOl TTOAAOTAEG OKUEC OVALESO OTOLG TLPTVEG

eneCepyasiog.

e Kabe e, ={v;,v;}e E,w(e,), tdver 0 gvpog Ldvng oe bits/cycle, kot

o(e,) midver v kaBvotépnon og hops.

e YTNV GpPYLTEKTOVIKN TOL OPOUOAOYNTY], TO 77 ONAMDVEL TOV HEYIOTO aplOuod
€10600V/e&0d®V Tov cuoTHpaTog Kot o Q dnidver to gdpog {dVNG
€16000V Kot ££0600v oV pmopel va vroonpryTel o€ omowadnote BHpa TOv
dpoporoynt. ‘Etotl kéBe Bupa evoc dpoporoynt) pnopet va vrootnpilet
ioo evpog Lavng oe Aettovpyia €16000v N €£6d0v. Emedn kdbe woupog
v eV ovvdéetan og KaBe Bupa Tov dpoporoynty, 10 eVpog LdVNG o€ KdaOe
KOpPo amd Eva dpoporoyn Kot To €0pog Lovng and éva kKOpPo oe Kabe
dpoporoynty eivat mévra pokpdtepn tov 2. Ado mosdTTEC Y, xa ¥,
SNADOVOLY TV KaTavalmon evépyelag ava megabits/sec Tov evpovg {dvng

TPOG TIG ELGOJ0VE 1N TIG ££000VG, Y KdBe BOpa Tov dpopoAoynT.

e H nocdémra D,, OnAdvel tm péylom emTPENTH) OMOCTAOT TOL UTOPEL

va €ouv 000 JpopoAOYNTEG Yo VO €EAGPOAICTEL eviaio HETOPOPA

dedopévev og Kabe KOHKAO.
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e To @uoKd povtého 1oyvog cvvdeong cvpPoiileton pe ¥, ko perpiéTon

oe NW per Mbps per sec.
e Xg eminedo GLOTHNATOC 1) KATOYN TV TVPNVEV 610 SOC:

To R onidver 10 oOVOrO TV JPOHOAOYNTOV 7oL oLVBETOLY TNV

OPYLTEKTOVIKN HaG, T0 E, aviimpocmnevel 1o Guvoro tov decudv peta&hd 600
dpoporoyntav kot 10 E, aviimpocmmevel 1o GHVoAO TV SECUMV HETAED TMV

dpoporoyntov kot Tov KOpPmv. O 61dyog Tov oyedocuot evog NoC sivor va

npovpynoet o tomoroyia diktvov T(R,V, E,, E,) tétown dote:

e Tw KGOg e, ={v,v;}eE VIGPYEL Lo dadpoun
p={(v;,5), (5, 1) (r,V;)} ne T této10 dote va wavomoel kGOe

o(e,) ko w(e,).

e No Kavomolovvtal o1 TEPOPIoHOl Tov hpovg Lmvng Yo T Bupeg TV

OPOLOAOYNTDV.

e H cuvoMKN KOTovOA®o™ EVEPYELNS GE EMIMESO GLOTNIOTOC Yl TNV INter-

COre EMKOWVmVIO VO EACLYLOTOTOELTE.

H gpappoyn o10 cuykekpyévo mpoPAnue tomoAoyiag amotedel mopaAloym
TOL YeEVIKELPEVOL TpofAnuatog Steiner forest [9], mov sivar yvwotd wg NP
hard. M épevva VPIGTAPEVOV TPOCEYYIGEMV TOL APOPE. TNV EPAPUOYT| TOV
npoPAnuatog nave oe apyrtektovikég NOC éyel pelemBel and tov Benini
[10]. Yrapyovoeg teyvikég apyrrektovikng NoC [11]-[16] éxovv ayvonbei oe
peyaio Babud AOym tov mEPopIcU®OY oL Tibevion gite amd To UNKOS TV
QULOIKOV OEOU®V, €iTE OTN KATOVOAMOY EVEPYEWS TNG OCLVOESNC TMV
otoyeiwv. O Srinivasan [12] mopatpnoe OtL Ol QUOIKEG GLVOEGELS OO
ocvotquoto. NoC avopévere va €ovv 30% peyaddtepn KatavaAmon

evépyelng. Xe  avtifeon  pE  VIETEPUIVIOTIKEG  TEXVIKEG  YPOUUKOD
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wpoypappoticpov [12], [17] oto cvuykekpipévo kepdaio Ba acyoinbovpe pe
o SlpopeTIKN  TPOGEYYIon  Paciopévn oe  yeveTikovg  aAyopifuovg
dpoporoynong (GA). Ot teyvikés PacIoUEVES GTOVS YEVETIKOVG aAyopiBuovg
LLOG EMTPEMOVV LU0 OTOTEAEGUATIKOTEPT) TPOGEYYIOT KUPImg OGOV apopd TNV
peiwon g Katavilmong evépyetag Tov cvotnuatos. H teyviky GA €xel
SuvaTOTNTOL VO ONUIOVPYNGCELS EENPETIKNG TOWOTNTOS AVCELS GE ELAOYO
xpovikd dtdotnua. EmmpocsOétmg 1 teyvikn GA pmopel va dnuovpynoet Evo
ovvolo onueiov Pareto 6mov kGbe onueio Ba avtimpocwmedel o Adon pe
L0 GUYKEKPLUEVT] KATAVAAMON EVEPYELNG Kot Opopordynong mopwv. Mag
enuPEnETE €miong v EQOvpE TNV dvvatdtnTo oAAaYNg TG EmBLUNTAG
Sdpopng emAEYoVTOG TNV EMBLUNTA OVOUESOH OTNV PBEATIOTN KOTOVAA®OON

EVEPYELNG KOL VTG LLE TOVG LEYOAVTEPOVG TOPOVS GTO OPOLOAOYNTY| LLOG.
5.5 I'eveTikog AlyoprOpog Yo tooroyieg NoC

H epapuoyn g oyediaong evég NoC  ypnowomoidvrog évav  GA

amewkoviletarl oty €Kova 5.4
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Power and performance
aware floorplanning

1 | -2
-
ST
80
L .
8
-.. Bamne
7
Genetic algorithm based Post synthesis floorplan
i) Core to router mapping adjustment

ii) Topology generation
iii) Route generation

Ewova 5.4 Pon epappoyng yuo ) obvBeon evog NoC

IV TEYVIKN OLTN TOUPVOLUE TO YPAPNUO €VOC TYVOLS EMIKOWVMVING, Lo
Kdtoyn o€ €enimEdO0 OCULOTNUOTOS KOL TO OTOWEIL TNG OPYLTEKTOVIKNG
dlovuvoeong ¢ €icodo. Q¢ mpmdTo Prpa M TEYVIKY awT) ToToBeTEL TOLG
dpoporoyntés oe @uowkéc 0éceic. H emhoyn g tomobeciog tov kdébe
dpoporoynt oto GA Ba mpémet va givar Tétow dote va petmbel onpavtikd o
YDOPOG KOl CLVETMG O Ypdvog ektéheonc e Ot mbavéc Béoeg TV
dpoporoyntev vmotifetan 0Tl elvanl oTIG Yovieg OV TupNvVev, OTOg
aneikoviletar oty ewova 5.4. Me oedopévo 0Tl 01 Quoikég Béoelg TV
dpoporoyntev eivar yvootég, pmopovue vo kabopicovpe TG €AAyLOTES

amootdoelg and kibe kOUPo mpog Tovg dpoporoyntéc. Me to idto emyeipnua,
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pumopovue emiong vo Kobopicovpe OAEG TIC OMOCTACELS WHETAED TOV
dpoporoyntmv. Q¢ €k TOHTOV WITOPOVUE VO EKTYUNCOLUE TO UNKN TOV
GUVOEGUMV (KOL GUVETMG TNV KOTAVAAW®GCT EVEPYELNS) UE OPKETA UEYAAN
akpifea. To @uowd pnKog petald TV kOpPov kot petald koOpPov
dpoporoyntev meplopiletonr amd T ovyvoéTTO TOL  POAOYOD  TOL
eneCepyoot poc. O oxedopnog pog pmopel vo kabopiocel ko 10 pEYIOTO
QLOIKO pNKog G (evéng mov emuTpémete amd TNV UEYIOTN UETOPOPE

dedopévav og Kbe KOKAO.

Yav emopevo Prua n texviky GA pe avtopatomompévn dtadikocio ETAEYEL
eMAEYEL TOVG dpopoAoyNTéG Tov B ypnopomomBodv oto NOC, yaptoypapel
TOVG KOUPOVG GTOVG OPOLOAOYNTEG, KATAOKEVALEL TNV TOTOAOYiOL SIKTVLOL KO
dpoporoyel v kivion oty apyttektovikn dwacvvoeons. H tedkn dwbrasn
™G edvog 4 delyvel Pe OOKEKOUUEVES YPAUUES T dadpopn and Eva KOUPo
o€ éva dpopolOYNT Kot PE évtovn ypoauun v tomoAoyio evog NoC. Xto
TEAMKO 6TA010, Tpocapudlovpe v kdtoyn Tov SOC e TETO10 TPOTO MOTE N
TEPLOYT TOV OPOLOAOYNTOV Vo AapPdvete vdyn. Qotd60, 0e00UEVOL OTL OL
SOTACELS TOV JPOUOAOYNTY €ival TOAD HIKPEG OEV TEPYUEVOVLE OTLLOVTIKY|
SKOHOVOT) OTIG OGTACELS TOV GUOTNHUOTOS OTO TEAIKO GTAO0 GE GYEOT UE

TOL TTPOT YOV LLEVA.

O apyrtektovikég twv NOC mov dnuovpyovvror pe ooty ™ Oadkosio
evogxeton va dmpovpynoet adéoda avépeca ota trace routes. O ctoTikog
aAyop1Opog dpopoAdynong mov B YPNGILOTOMGOVE EKUETOAAELOUEV] TNV
apyrrektovikn Tov NoC pocmafel va dnpovpynoet Stodpopés amopevyovTog
o adiEEodn. Xe mepintmon mov oaviyvevBovv adiEoda oe Kabe Priua
enelepyoaciog mPocsOETOVTOL EKOVIKA Kovoio og  KoatdAAnieg O€oelg

OPOUOAOYNTOV Y10 Vo, oTtdcovpe T adtEEoda [1], [18].
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55.1 Emokormnon GA

‘Evag GA Poaoiletar ot0 Ploloyikd @OOUEVO TNG YEVETIKNG &EEMENG.
Awtnpel po oglpd amd Aoelg mov givor yvootég mg generation. Agitovpyet
pe emavaAnmrikd Tpomo kot e€elicogtar cuvveydg omd generation og
generation. Mg ™ onovpyia pwog véag generation, petd v avénomn tov
minBovopov, onuovpyel véeg AVCEC KoL  HE  KOTAAANAQ  KpiThplo
KOATOAANAOTNTOG emAéyel évav otabepd aplBud oamd avtég. Ta kpurmplo
KATOAANAOTNTOG TPOKOTTOVY Omd o GLVAPTNON 7OV €YEL GTOXO TNV
Beltiotonoinon tov cuotuotog pog. H emthoyn tov Acewv Bacilovtal og
KPLTPL0. KATOAANAOTNTOG GE HOVTEAD EEEMKTIKTG GUUTEPLPOPAS YVAOCTA KO
wc “survivor of fittest”. O akyop1Oudg pog Aertovpyetl e ETOVIANTTIKO TPOTO

¢mg 6tov emttevyBel To emBvUNTO AmOTEAEG LA
5.5.2 GA Data Structure

H BeAtiotonoinon tov GA-based alyopifumv Baciletar otnv avamapoywyn
oV TANOLGHOD TTOV LIOGTNPILEL TNV OMOTEAEGHOTIKY] EQAPLOYY| YEVETIKAOV
nopayoviov. O aiyopiBuog avéavel epapyikd to TANBLGHO pe Lol TEXVIKT
ov omotereiton and Tpla enineda. To mpdTO €Mimedo AVTIMPOCOTEVEL TOV
aplud TV SPOUOAOYNTMV, TO OEVTEPO VTOONAMVEL TNV XAPTOYPAPNON TV
kopPov CTG mpog Tig £16600VC TOV dPOUOAOYNTMV Kot TO TPITO TN S1adPOouN|
TOV TOKETOV OO TNV TNYN TPOG TOLG EVOLAUESOVS dpoporoyntés. H ewkdva

5.5 pag deiyver Ty epapyikn dour evog GA-based alyopibuov.
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Level lll:Trace Mapping

Ewova 5.5 Tepapykn dopun evog GA-based akyopibpov

210 TPAOTO E€mimedo, 1 TEQVIKN HOC Olatnpel o€ KADE OPYLTEKTOVIKN
SPOPETIKOVG aplBoDg dpopoAOYNTAOV. XTO OgVTEPO €mimedo, Yo kdabe
OPOLOAOYNTI] TOV TPAOTOL EMUTEOOV, 1) TEYVIKN omobnkevel J dropopeTikodg
KkopPovg og kdBe dpoporoynty|. Evd 610 1pito eninedo, n teyvikn dwatnpel K
SLPOPETIKES YOPTOYPAPNTELS Yo kbBe BOpa TV dpopoAoyNT®V TPOg Kabe
KOpUPo Tov cveTHUATOG TOL emLTEdoL 2. AEILeL var emondvovpE OTL 1) TEXVIKN

Ogv povteAoTolel pNTé TIG PUOIKEG GLVOECELS HETAED TV OPOUOAOYNTOV.
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AvTiBeTa 01 QUGIKES GUVOEGELG TTPOEPYOVTAL OO TN YAPTOYPAPNOT TOV LYVAOV

EMKOVOVING.

1) Eminedo 1 (Eminedo Aoung Apoporoyntév): H epappoyn tov
YEVETIKOV oAyopiBuwv amottel TNV eKTpoc®TN SN ToL TANOLGHOD T®V
dpoporoynTedv ®g ypopocoupate. H ewdva 5.6 oaneswoviler v

aVOTOPACTACT] TNG EIKOVOS 5.5 G YPOUOCHOUATO.

Set of usable routers{arstr)

=
-

1| 1jafi(aft|i|e|1j1|1(ofoi(i|o/1)a|1]1

0123456 mapping
1|2|8|9(5/4|0 (npstr) TIITITY]

'/\ Trace mapping

a LA B LR B3 N {1'“31}

1310 9

d
o 2| 3ft0f1|7]s]|

Ewova 5.6 Avanapdotoon dopng kOpuPmv oe mivoka
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210 TPMOTO £MMEDO, 0 APOUAC SPOLOLOYNT®OV G pia ADGT AVTITPOCOTEVETAL
and tov Svadikd mivaka arstrfMAXROUTER], 6mov MAXROUTER o
GLUVOMKOG 0p1OUOG dpoporloynTdVv otV apyttektoviky] pog. H Béon kot o
apBuog TV SPOUOAOYNTAOV EYOVV TPOGOOPLoTEL 0o TNV ePapoyn tov GA.
O MAXROUTER e&ivor o péyiotog apifudg dpoporoynt®v mov pmopei vo
ypnowonombel. T 10  mopdderypo TV eKOvov 2.2 ko 2.3
MAXROUTER=24. ZvpoAilovpe tov kGBe dpoporoynth pe I, 6mov i évag
aképotog ywoo tov omoio oyver 0<i<MAXROUTER-1. Xe¢ «d6e
dpoporoynt) o omoiog Ba pmopovce va  ypnowomombel omd v
OPYLTEKTOVIKN HOG eKympeitan o Toyaio 0éon otov mivako mov divetal and
10 loc(r). Ta mopddetyno otov I, pmopel vo avatebel M tomobesio
arstr[O](Ioc(r4)=O), gvd otov I, 1 tomobecia arstr[l](loc(r2)=0) Kol
o0T® Kb’ €Eng. Tehkd o€ OAOVG TOVG OPOUOAOYNTEG TTOL EVOEYOUEVOS VOl
UTOpOVGOV Vo, YpPNoomomBovy and v apytektovikn Exel avotedel évag
povodikog apdudc. Qg ek tovtov 6TIG TEocEpEl; BVpeg Tov I, ot Bfon
arstr[0] divovron ta voduepa 0, 1, 2, 3 otig técoepelg BOpeg Tov T, ot Héon
arstr[l] ov apdpoi 4, 5, 6, 7 ... O GA Swnpei | mepumrdoeig Tov Tivaka
arstr oto mpdTO eminedo. Xtov dvadikd mivaxo arstr exympeiton n Ty “17
vy ké0e dpoporoynt o omoiog Qo pmopovoe va ypnoipomombel and v
APYITEKTOVIKN Kol 0 apBpog “0” ywo kdbe dpoporoynt| o omoiog dev Oa
ypnoomomBel. Xpnoyomoovpe Tov 6po “Ba propodvce va ypnoyromomBel”

O0TL KATO10G SPOLOAOYNTNG OV KOl CUUTEPIAAUPAVETE GTNV OPYLTEKTOVIKT,

Ba umopovce 0mo100MTOTE OPOUOAGYNOT VO UV TTEPVE 0 avTHV.

2) Eminedo 2 (Eninedo Metagopdc Asdouévmv): Onmg avapépdnke yia
KOs gpedvion tov mivaka, o GA dutmpet Yoo OAES TIG TEPIMTOCELS
TOL TivoKa Yoptoypdonon twv dpoporoyntav. O kdbe kouPog oto
debtepo eminedo amobniedetal og £va mivaka aképorwy tov Npstr. H

k@B tomobeoia 1 Evav apOpud HOpag yio tov kKabe exyopnuévo KOUPo
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v, eV . Zmv ewova 6 otov mivaxa akepaiov NPStr diveron n tiun 0

oV 00pa mov avtieToryel oTov YoptToypapnueévo kopfo 1, n tyun 1
oV 00pa mov avtieTorEl oTOV YOpTOYpAPNUEVO KOUPO 2, | Tyun 1
oV BVpa mov avticToryel oTov YapToypapnuévo kopuPo 8 kot ovTm
kB’ €€ng. Amo ) oty mov Kabe Bvpa pmopel va yoptoypoendet

puévo og éva kopPo, n Bupa dev pumopel va eravoinedel otn cepd.

H teyvikn pog pmopel va dnuiovpynocel tomoroyieg NOC pe etepoyeveig
dpoporoyntég mov Exovv petafAnTto aplfuod e1cddmv/eEodwv. O apBuov Tamv
Bupov oe KGBe dpoporoynty yivere YvmOOTOG PHOVO HETA TNV €miTELEN NG
TeMKNG Avong. Qg ek tovtov 1 dwdikacio Eexvé pe éva otabepd apBuod
Bupov oe kdBe dpoporoynt. o mapddetypa, £ot® OTL 0 pEYIOTOG OPOUdS
Bupov ce éva dpoporoynt) eivor 8 (0 aplBUdC owTOG TPOKLATEL Ao T
Biprodnkn IP), GA apykd vrobétet 6t dhot ot dpoporoyntég £xovv 8 Bvpec.
Mog onpovpynbei n tomoroyio o amortovpevog aplBuds Bupmv o kibe
dpoporoynty eivar yvwotog kot to katdAinio IP-block pmopel vo emiheyOet
KaTOAANA 0 amd ™ Bipriodnkm. ‘Etot,  tomoloyio to NOC pog vroompilet

£TEPOYEVEIS TOTOAOYIEC SPOLLOAOYNTDV.

3) Eminedo 3 (Eminedo dopfic dedopévav): O GA Swumpsi K
TEPUTTAOCELS UETAPOPAS TOKETOV Yl KOs B¢om Tov mivaxo npstr. H
YapToyphenom evog iyvoug emkovmviag Snidvete oe pio Aota trlist
aKépo®v mvakev - trstr 6mov 1o 1 avogépston otV |

yoptoypaenuévn emkowvovia tyvovs. o mopddetypo oty gwova
5.3, o mpwrtog mivakag Srstr avtiotoryiCetow ot Owdpoun a, o
devtepog ot dadpoun b kot ovtw ked’ e&ng. Kdabe srstr mivokog
elvar éva drotetaypévo chHvoLo dPOLOAOYNTAV TTOV LaG OglyveL T pon
Tov ogdopévev. o mapdderypua 10 vog emKOV®mVIOS a ovAUESH
otovg opoporoyntég 1, 3, 10, 9 avrimpocwnevetal omd o cvcstoyio

mov diveton and Tov mivaxa [1, 3, 10,9].
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553 Kprmpwe eribvong dwwdpopov GA

Xe aut TV evotNTa, B0 TOPOVGIAGOLLE TO OVOYKOi0L KO ETOPKT KPLTHPLOL
OV TPEMEL VO 1GYVOVV MOTE VO EYOVUE TNV TAEOV €VOEdEYIéEVN ADON OF
eminedo opoporoyntav, kOUPwv Kot dtadpoudv. H mapafioon tov kprmnpiov

aVTOV ol oG 00N YNOEL G OVEPIKTES AVCELS.

A&iler va emonudvoope 6tt kdBe koOuPoc avtictoyyileton oe €va udvo
dpoporoynty. Q¢ ek ToLTOV, OE emimedo router, To povVo kprtnplo mov Oa
TPEMEL VoL TANPOVTOL EIVOL OTL O GLVOAIKOG aPlBUAS ports kaBe dpoporoynty|

Bo mpénel va etvon peyaAdtepog N 160G pe tov aplBpd tov kOpPov 6to

avticToryo Yplonuo CTG,
210 eninedo kOUPwV Oa TpEmeL vor 15 HOVV TO TOPAKATO KPITHPLOL.

1) Ané ™ otiyun 6mov kéBe BOpa pmopetl va yaptoypoaenbel oe £va povo

KkopPo, o kOpuPog umopet va yaptoypaendei povo oe pia 0¢om tov mivoka .

2) M BVpa dev pmopel v OviKeL o€ €va. OPOUOAOYNTH O OTOI0g O&Vv
TePAAUPAvVETE 6TO GLYKEKPYEVO emimedo. Qg ek TovTOV OAEG Ol BUpeg OV
&rouv yaptoypaenOei otov mivaka SIS avijkovuv oe Spoporoynty r o

omolog mePAOUPAVETE OTO  EMIMESO  OPOHOAOYNTAOV TOV  VIOYNQLUOV

ddpoudV, 0 omolog eivat o arstr [Ioc(ri )] =1.

3) H amdotaon peracd kopPov ko QOpag mpémet va eitvon pukpdtepn and v
UEYLOTN TTPOKOOOPIGUEVT] VIOl KOTOOTEL SLUVATH 1) HETOPOPE OESOUEVODV GE

K60e KOKAO TOL POAOYL0D.

O GA 0o mpémet va, eAéyEet apKeTEG CLVONKES VOLLLOTNTOG GE EMIMEDO 1Y VOLG

o1 omoieg ocvvoyilovion g eENG:

1) KéBe iyvoc kukhopopiag avtiotoryiletol og Eva mivaxa.
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2) Xtov mivaka ot 0éon 0 tomobeteiton 1 BOpa €660V TOL KAOE
dpoporoynty. AxoiovBovv ot vmérowmeg BOpeg TOL SpopoAOoYNTH| Kol O
Tivakag KAetvel pe évav aképoo oV OVTUTPOSMTELEL TV avTicTtoyn Bvupa

€€0dov.

3) KébBe 0Opa mov exywpeitor o€ KAmowo KOUPO OVTITPOCOTEVEL €iTE TNV
apemnpia gite Tov TEpRATIOUS NG K& TOavNg dtodpopung Tov kdbe KdpuPov.

Q¢ ek TovTOL KOpia dAAN BOpa Tov Tivaka Oev avTioTolyileTal oToV EKAGTOTE

Kkoppo.

4) Av éva iyvog e1oéABel o€ Kdmolo dpoporoynty, Ba mpénet va eEEADBEL amod
Kémowa Bupa eEdGdov. TIpoxeévov va Eemepaotel T0 GLYKEKPIUEVO EUTOOL0
viobetodpe T ovuPacn Ot ot dptieg BEGEIC TOV TIVOKA AVTUTPOCOTEHOLV
BVpeg oTig omoiec elGépyeTan Eva iyvog Kot ot mEPTTES TS BVPEG TIG Oomoieg

e&épyetar.

5) Mg Bdon tov TponyoOUEVO TTEPIOPIGUO, OV €VOL 1YVOG EICEPYETOL GE UiaL

Bvpa, 1 enduevn BOpa Ba givar OOpa e£600V.

6) ['a va amo@guyBobv TVYOV KOKAOL 6TN OpOoLOAOYNoT HaG, 0 apBudg Kabe

BVpag dev emovarapPavere.

7) Aedopévov OtL 1 dradpopn OV TEPIEXEL KOKAOVS, TO TOAD dvo Bvpec evig
dpoporoynt) Ba mepi€yovrar otn Swdpour pog. IlapoPiaon avtov tov
KavOVoL GUVETAYETE Kol TV TOavOTTA. dNUovpyiog KOUKA®Y 6T Stodpoun
pog. Moali pe toug mepropiopovg 4, 5 cvumnepaivoovpe 0tL o€ KGBe KOUPO ot

yxpnoomoroveves Bpeg Ba eivan gite pnoév eite dvo.

8) Kdabe Cevydpt Bupadv tav dpoporoyntdv pog Bo mpenel va GuoTot(IoTEL e
TETO0  TPOTO  OTOV  WIVOKA pHag, @ote HETAE) TV OlOPOPETIKAOV
OpPOLOAOYNTOV Vo LEAPYEL QULOIKY oOVoeon petald Tovg. Avtdc o
TePLOPIGHOG Eacparilel 6Tt kKaBe Bupa Bo cuvdebel pe pio kol pdévo Bvpa

TOPOKEIILEVOL OPOLOAOYNTY).
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9) Av éva maxéto petakvnOel péow evog SpoporoynTn, TOTE LILOYPEDTIKE Oa
nepdoel amd S0 BOPeC TOV €V AOYO OPOLOAOYNTT. ZE GLVIVOAGUO AVTES Ol OVO
BVpec kabioTovv £va hop. Q¢ ek TovTOoL TO PNKOG TOL Ba TPETEL Vol ivar i6o 1
HKPOTEPO LE TO SUTAAGLO TOV UNKOLG NG AavBdvovcog Katdotaons. Omov
AavBavovoa katdotaon €ivar 0 0plOUOC TOL OVIUTPOCMOTEVETOL LE TOV

oLVoAKd aplBud hops.

10) H andotaon peta&h dvo mopakeilevov opopoAoyNTOV GTOV TIVOKO TOV
QVTITPOCMOTEVEL TOL 1Y VN TPEMEL VAL EMTPETEL TN LETAPOPE Lo AEENG o€ KAbe
KOKAO ToL poroyod. Omwg €xel mpoovapepbel €xet MON vroloylotel 1
péytot andotootn HeTa&h 600 OPOUOAOYNTAOV, DGTE VO KATACTEL SuvATO KATL
tét010. 'Eto1 0 mepropiopdc antog umopet va tkovoroin et ov 1o puoikod piKog
HeTaED 30O dPOUOAOYNTOV gival HKPOTEPOG O TNV KAOOPIGUEVT] ATOGTACT

7oL €€l KABOPIGEL O GYEOIAOTIG.

11) Ov mepopwopoi oto gvpog C{odvng twv Bupodv T0L TivoKo gV

napofrdlovrat.

554 Anmovpyic Apywkov ainBvopod ko Modified Shortest Path
Algorithm (MSP)

O oapykdc pog minbvopog oproBeteitar  dnuovpywvrog | mivakeg
dpoporoyntav J mivakeg avtiotoyiog kOUPmv og BOpeg Yo kabe Katavoun
Tov dpoporoyntdv kar K cuotolyieg xaptoypdenons yvov ETKOWVOVIOS
v Kabe yaptoypaenon xopPov. H apyikn katavourn tov SpopoAoynty
onuovpyeitan omd toyaio ekydpnon v “0” ko “1” og Oleg T1g B€oElg Tov
mivaka arstr. Opoimg, n yaptoypdonon kdbe kopPov ®g mpog T BHpeg
EMTUYYAVETOL E OUOOHOPOPT TuYaio emAoyn &vog kouPov tov CTG kot
yoptoypaenon tov ot ploa Bvpa M omoio emiong emAéyetor amd i

opoldpopea Tuyaia Asttovpyia.
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Apywd, emdéyovpe toyaio éva iyvog ko gpapudlovpe éva MSP yio va
ONUOVPYNGOLUE TN YOPTOYPAPNON TNG Kivnong amd tov Koufo mnyn otov
KOupo mpoopiopol. Onwg mpoavagépbnke 1 yopTOYPAENON €VOG 1Yvoug
onioveton og éva mivaka. Kabe iyvog mov yaptoypapeitor onpovpysl Kot o
QLOIKN cLVOeoT peTalD dVo dadoyikdv BupdY TV dpoporoyntdv poc. O
aAiyopiBuoc v to MSP dapépet and tov KAacowd shortest path oagpov
YOPTOYPOPEL TNV Kivnom Koatd pNKog TG CLUVTOUOTEPNG OSOPOUNG TTOV
aVTIGTOYOVV OTOVG GLVOECHOLG Tov €yovv Omuovpyndel omd ta MoM
YOPTOYPOENUEVA 1YV KOl TOLG TTEPLOPIGHOVS TOL gVPoVG (VNG oTig BVpeg
TV OpopoAoyNT®V. EmmAéov ot 6100popég mov dnpovpyovvtol ivar TETOEG

wote 1 mbavotnta deadlock vo elayiotonoteita.

Agdopévov 0t 0 aryopiBpog MSP givor kavdg va evtomicel S1a0popES Le
Mot KaTOVAA®OY evEPYELNG, 1 amOoTacn HETaEh S0 OmolmVONTOoTE
OpPOHOAOYNTOV HETPATE MG TPOG TNV KaTovoAmorn pevpotoc. [Ma ovo

dpoporoyntég Iy xat I, 10 KOGTOG EYKOTACTAGTG TNG SOdPOUNG Yia £val tvog
U Siveton oo tov tHmO:
(W, + W, +dist(r,1,)x ¥, )xo(t),avdist(r,1,) < D, ka1 dev éyovus
Clun) =\ mapafiacn Kavevog mepiopiopod HETAED TV SPOUOLOYNTAV I, KOLT,
00, OE OMOLAONTTOTE QGAAT TEPT TTWON

Omov dist(r,r,) n andéotacn Manhattan peta&d tov Spoporoymtodv I ko
r, kauw D, n péylom emrpendpevn andotoon pHetald 6Vo SpoporoyNTOV
®ote v eE00QOMOTEL 1 LETAPOPA TV OEOOUEVOV GE VOV KOKAO POAOYLOV.

Q061000 1 GLVAPTNOT KOGTOVS KaBOoPileL TIg aKOAOVOES dVO 110N TEC.

e H ovvioudtepn dwodpoun avtictoyel kot oTn OOPOUn HE TN

LKPOTEPT KOTOVAAWDOT) EVEPYELOC.
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e Av ot dpoporoyntég I kot I, €(ouv OmOCTOCT WEYOADTEPN TNG
emtpentc M o bandwidth givar peyaivtepo and avtd mov pmwopovv
va EUINPETHCOVY 01 dVO OPOUOAOYNTES UaG TOTE TO KOGTOG TiBeTon
i{co pe to 00 kor M ovvdeon UETAED TV CLYKEKPUEVOV VO

OPOUOAOYNTMV ATOKOTTETOL OO TO GOGTNUA LOG.

5.6 Backtracking switching

H tomoloyia torus givor n miéov evdedetypévn yio backtracking téco o€ 2-D
noc 6co kot yw 3-D. H an’ dxpo o€ dkpo emucovovia emttuyydveror agon

oXe0100TOUV KOl EEETACTOVV AETTOUEPADG TO LOVOTTATIOL ETKOVOVIOG.

56.1 Aswrrovpyio eréyyov porlg amd dxpo oe axpo pe backtracking
switching

Muw tomikn emkowvovio and dKpo o AKPO ONMG YPNOLUOTOLEITOL GTNV
TPOGEYYIoN UETAY®YNS KukAduatog péom pipeline mapéyel o Aemtopepn
neprypoen tng backtracking teyviknc otovg petaymyeic Tov KUKAGUATOG Hag.
H emwowwvia mepihappdver tpeic Pacikés @AcES: TV OOUOPPOON TG
dwdpoung (M Vv aviyvevon), ™ HeTdooon kot v eEaymyn. Zn @don
pOOIONC TG S1dPOUNG N KEQPOAO OV TTEPLEYEL TN d1eHOVVGT TPOOPIGLOV
OTEAVETOL OO TNV TNYN OTOV TPOOoPIcHd Yo vo. puBuiotel €vo KOKA®UO
emwowvaoviag. Otav vrapéel cupedpnon 610 cOGTNUE pHoG, TO GVOTHUO
avalntd eVOALAKTIKOVG GLVOEGHOVS, avTi KAmowol amd Tovg JEGHOVS TOL
GLGTNUATOG VO TOPAUEVOLY adpaveic. AnAadn 1 dtadpourn €xel puOuoTel pe
ovotnua backtracking. Otav to oiua pag Tacel 6TOV TPOOPIoUOG HoG TOTE
otélvetar omv mynq éva onua ACK. Zmv ouvvéyewn, ot o@don g
petadoong, n myn apyiler vo petadioel 6ed0UEVO. GUYYPOVICUEVD LE TNV
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YN Héow g puduicpévng oadpouns tpog tov mpoopiopd. To pordt sivan
YPOVIGUEVO UE TO O€OOUEVEL Kol ypnollomoleitor yioo va dwtnpel 10
YPOVOSIAYPOUULO. YPOVICUOD TMV POAOYLOV TOL GUGTHUATOG. XTN QAT TNg
e€aywyngc, To KukAmpo anehevbepdvetar pe tpoémo hop-by-hop amd v Ty

MG TOV TPOOPIGUO.

Port zata_c())uttZZ E;ata_lln: ; Port 1"
North | _Req_Out eq_Ind4 |
. o) AnsOuts . Ane-ind N —
Port4 o . 1, Port2| Data_In2 2 Data_Out4 |Port4 Switch PO 2(—
(West) =7, (East)| 'Req_In2 Req_Outq_|(West) "= (East)]
Ans_In2 Ans_Out4 <
2 ,.

Ewoéva 5.7 Switch-by-Switch dwacivdeon

Ymv ewova 5.7 amewoviCeTor 1 O10G0VVIEST] HETOED TOV TUPNVOV TOV
ocvotpatog poc. Kabe mopnvog €xet mévte appidpopeg BOpec. O téooepelg
GULVOLOVTOL LLE TOVG YELTOVIKOVG TUPTVEG TOL GUGTHLOTOC KOl 1) TEUTTY LECH

wrapper cvvoéetat e to chip pog.

XOppovo e to ox€olo “yepoyiog” HeTaEd TOV TUPNVEOV, YPTCILOTOLEITOL
éva. bit yia o onpo Request (Req) yio va dnimbei koatdotoon aviyvevong
ofuartog kot va. MAmbel 1 Katdotoon Mpepiog Tov cvetiuatog. Avo bits
xpNoipomotovvTaL yio to ofjua. Answer (Ans). Avtd mepiéyet po amd TIC TPELS
nepmtooelc. Katdotaon ‘017 mov onAmvel 0Tt 0 06kTNG eivor £€Tolog vo
dgyBet dedopéva and Tov amoctoAéa, v katdotaot ‘107 mov dnidvel OTL |
wpoPrendpevn dadpoun eivorl omoKAEIGUEV avayKALoVTOG TO GUCTILO Vo
avokoAOYEL véeg TBAVEG Sadpopég Kat TV katdotaor ‘117 mov dnddver ot
0 0¢éKkmNG Ogv eivan €ropog vo dgxbel dedopéva (my. Adym tov OtL gival

amacyoAnuévog 1 éxet yepioet to buffer tov).
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Ewova 5.8 Tlapadsiypata g Asttovpyiog EAEYYOL pong amd Akpo Ge GKpPo
7oL ypnoonotet yewpayio switch-by-switch o) emitvyng pvduion dadpounc
yopic backtracking B) emttoyng povBuion Swdpoung pe backtracking )
amotuyio. pLOONS Sdpoung AOY®  KATEIANUUEVOL TPOOPIGHOD Kot
emavaAnym d) Amotuynuévn pubpion SOPOUNS aPOL OAEG Ol JUVOTEG

OLOPOUES Elval UTAOKOPICUEVES KOl ETAVAANYT TPOOTAOELNG GUVIEDTG

Ta dwypdupata yepayiog switch-by-switch ue pipeline oty ond dxpo oe
dxpo emkowmvio anewoviCovror oty mopondve ewova. H ewdva 5.8.a
amewovilel éva moapddetypo emikovoviag amd dkpo o€ GKpo OTOL TO
povomdtt emikowvaviog £xel puBotel cwotd yopic avaotpoer. Koatd
dugpkela g puduiong eacewv Ko petddoong to Req éxetl pvbuiotei og ‘1°.
Ortav 1o Ans givar ‘00’ to maké€to PO peTaKveital LEPL Vo PTAGEL GTOV
mpoopiold. Tote 0 mpoopiopds emotpépet Ans = ‘01°ctnv nyn pog. Otav n
Yy pog 1o AaPet Eexvd va dafiPdlel Ta dedopéva. XN GLVEXEWD I TYN
pag 0étel To Req og ‘0’ yuo va eAevBepdoel TO KUKAMUO LETA TNV OTOGTOAN
v dedopévav. To mapddstypa g ewkovag 5.8.3 etvor mapepeepés pe avtod
™m¢ ewdvog 5.8.0 adAd avt) ™ @Oopd Katd 1 GdoN TNG EYKATAGTAONG
emowvmviag mpayporomoteitar pe backtracking. e avto to mopdderypo Aoy®
€VOG UTAOKOPIGHEVOL GUVOEGOL EVOG EVOAUEGOS IOKOTTNG OVOTPOPOJOTEL

10 Ans = ‘10’ otov Tponyovpevo dtakdmtn dnuovpydvrag to backtracking.
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Ymyv ewdvo 5.8y ko 5.8.0 oamewovifer ™ ypnon onuotog Ans otav
OmOTVYYXAVETOL T EYKOTACTOOT MG OOPOUNG KOL OTN GUVEXELD L
emavOANYM emavolapupdveral. 1o mapdadelypa e ewkovos 5.3.y otov
KEPOALOO PTACEL GE €vav amacyoAnévo mpoopopnd to ofjuo Ans = ‘117
OTEAVETOL TPOG TO. TG® OTN TNYN MHOG Kol Ol KOTEANUUEVES GULVOECELS
elevBepavovtor avtiotolyo. X1o moapdostypo g ewovag 5.8.0 0ev vmdpyet
owbéoun Swdpouny mov vo odnyel OTOV TPOOPIGUD, OTMOTE GOTEAVETE
amdvtnon Ans = ‘10’ (dnA. to diktvo givor pmAokapiopévo). Xe Eva dSuva ko
oevaplo avty N amdvinon OMAMVEL TNV  KOTAGTOOT OKTOOL  (OMA.
UTAOKOAPIGHUEVO) GTOV OTOCTOAEN. XTIG TEPUTTOOES OT0v T0 Ans = “11” (Busy
Des.) kaw Ans = “10° (Network Blocked) n mnyn vnd tov éleyyo &voc
TPOTOKOAOL VYNAOL  emumédov  emavoropfPdavel vo  emovaidPfer v

owdkacio.
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6° KED®AAAIO

SYMITEPAYXMATA KAI MEAAONTIKH EPTAXTA

6.1 Evooyoy

H dpopordynon ota noc esivor apketd mopdpolo pe avth TOV KAUGIKOV
dtvmv. OAot ot adkyopBotl Tov avoartuynKay oTo TPONYOOUEVO KEPAANLO
kaBopilovv 1oV TPOTO HETAPOPES TV OEOOUEVAOV OO TOV ATOGTOAEN GTOV

TOPOANTTTN.

Ye yevikég ypoupés OBa Aéyape OtL ot adyopiBuot Spopordynong oto
cvotquoto.  nNoc  yopiloviow o€ 000  peybleg  Kotmyopieg  TOLG
TPOCAPLOCTIKOVS KOl TOLG UN-TPOGOPUOCTIKOVS. Ot pn-mpocapUocTIKol
yopilovtor oe 000 UEYAAES LTO-OUAOES TOVG VIETEPUIVIOTIKOVS KOL TOVG
oToYaoTKoVG. Ta mokéto TG GLYKEKPUEVNG Katnyopiog ahyopiBumv dev
TEPLEYOVV TTANPOPOPIEG GTNV KEPAAIDN TOVG CYETIKA LE T GLUEOPNON KoL
TNV KOTAGTACT TOV SIKTVOV. LTOLG TPOGAPUOGTIKOVG aAyopiBpovg Ta mokéTo
dgv akoAovBohv OAa Vv dwa dladpour Tpocapuodlovtoag TV OpopoAdynon

TOVG AVAAOYQ LLE TIG EMKPOTOVGES GLVOTKES TOL SIKTHOV.

Mo t1g yevikég katnyopieg akyopiBpmv Spopoldynong 6To GLGTHOTO NOC Ot
OUPOPES TEYVIKEG TTOL UTOPOVV Vo xpnoytoroinfodv cuvoyiloviar oTovg

TOPOAKATO TIVOKEC.
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ALGORITHM

FEATURES

Dimension order [1]

OUTLINES
routing in
dimension at a time

one

simple

XY [2]

routing first in X and
then in Y dimension

simple, loads network
deadlock- and livelock-
free

Pseudo adaptive XY [2] | partly adaptive XY | livelock-free,
routing congestion avoidance
Surrounding XY [3] partly adaptive XY | congestion avoidance
routing
Turn model [20] some turns forbidden livelock-free
Valiant’s random [1] partly stochastic balances network’s
load

Source [4, 5]

deterministic, sender
determines the route

simple routing

Destination-tag [1, 6, 7]

deterministic, routers
determine the route

simple sending

ALOAS [3]

deterministic,
application of
routing

source

fast routing

Topology adaptive [9,
10]

Reprogrammable
routing tables

suitable
networks

to dynamic

Probabilistic flood [11] | stochastic cheap, consumes a lot
of resources

Directed flood [11] stochastic fault-tolerant,
consumes a lot of
resources

Random walk [11] stochastic fault-tolerant

[Tivakag 1 Oblivious routing algorithms
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ALGORITHM OUTLINES FEATURES

Minimal adaptive [1] shortest path routing simple

Fully adaptive [1] congestion avoidance non-minimal

Congestion look ahead | congestion avoidance fast

[12]

Turnaround / Turnback | routing in butterfly - | uses shortest path

[13, 14, 15] and tree networks

Turn Back  When | routing in tree networks | uses efficiently whole

Possible [16] network

IVAL [16] improved  turnaround | uses efficiently whole
routing network

2TURN [16] slightly determined efficient

Q[17] statistics based routing | uses the best path

Odd-Even [18]

turn model

deadlock free

Slack-time aware [19] routing for real-time | uses network resources
applications efficiently

Hot-potato [20] routing without buffer | cheap, sometimes
memories misrouting

[Tivaxag 2 Adaptive routing algorithms

Evd ot adydpiBpot dpopordynong tmv noc ot omoiot Baciloviat kvupiog oty

OPYLTEKTOVIKT TTOV £YEL O OPOLOAOYNTAG LOG TOPOVGLALOVTOL GTOV TOPOKAT®

TVoKa
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ROUTER | TOPOLOGY | FLOW ALGORITHM | SPECIAL
CTRL
Oblivious
VCR [21] 2-dimensional | Wormhole | Source routing | Virtual
channels
Xpipes [22] | Any Wormhole | Source routing | Well
adaptable
Fthereal Mesh Wormhole | Contention free | Combined
[23] source routing | GT and BE
Proteo [24] | Ring and | Wormhole | Destination-tag | Layered
subnets structure
MANGO Mesh Wormhole | Source routing | GT and BE
[25] traffic
SoCBUS Mesh Store-and- | Destination-tag | Circuit
[26] forward switching
Arteris [27] | User-defined | User- User-defined Commercial
defined
STNoC Spidergon Wormhole | Source routing | Commercial
[28]
Adaptive
DyAD [29] | Mesh Wormhole | XY, Odd-Even | Dynamically
deterministic
SPIN [13] Fat tree Wormhole | Turn around Fault-tolerant
XGFT [14] | Fat tree Wormhole | Turn  around, | Fault-tolerant
variant source routing
Nostrum Mesh Virtual cut- | Hot-potato No buffers
[30] through

[Tivakag 3 Router architectures

6.2 Lopnepaopata

To Network on Chip elvar po teyvoroyion Tov HEAAOVTOC GE EQAPUOYEG

System on Chip. H teyvoroyia NoC eivar oxetikd pucpn oe péyebog ko mg

TOPO EYEL EMAYIOTEG VAOTOWOELS. YTTAPYOLV TOAD AlYEG EUTOPIKES EPUPLOYES

tov Network on Chip péypt otrypng. Qotdéco, avapévetar 6t to NoC Ba ivan

o kown teyvoAoyio oto péEAAov. To pkpd péyeboc tov KukAOUAT®OV

Network on Chip 0éter 0O)eg Tig e1d1kég amartioelg yuo OAeg Tic Asttovpyiec. H

TeYVOAOYiat OIKTOOV TOL ALSIKTVOL €lvorl TOAD OVOKOAO Vo GLPPIKVEDE]
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evBémc e éva NoC, omdte o1 TEYVOLOYIEG TTPETEL VO TPOGAPLOGTOVV EIOIKA
610 NoC. Ot aAyopiBpot dpopoAdYNGNG OV TAPOLGLALOVTOL GTNV TOPOVCH
epyocio etvor dvokolo va kabBopiotovv pe oepd  avotepdmras. Ot
OPOPETIKES  €QOPUOYEG  ypeWloviol  OLPOPETIKOVG  ahyopiBLovg
dpopordynongs. Eve kdmotog adydpiBpog ivar katdAAnAog yio €va oo,
évag GALOG adyoplBpog Asttovpyel KOADTEPO GE KOMOWO GAAO GUOTNUO.
Qot660, umopel va Yevikevbel 0Tl OTIC TEPIGGATEPES TEPIMTMOGELS EVOG ATANG
aAyoplBpoc topdlel oe amid cvotuote eved ocvvBeTol  adyopiduot
touplalovv e mo moAvmAoke cvotiuato. To peydia mocd kvkAlogopiog
OIKTOOV G€ TOADTAOKO GULGTHNUATO OOLTOVV OTOTEAEGLOTIKY AETOLPYia
KUKAOQOPIOG KOl ammoQuYY] CLUEOPNONG, EVAO TO  TIO  ONLOVTIKA
YOPOKTNPIOTIKA OTO KPOTEPO. CLGTNUATO €lvol 1 YOUNAY KATOVAA®OT)

EVEPYELNG KOL 1] YOUNAY AavBdvovsa KOTAoTOoT).

2xedov OAeg o1 Tpotevopeveg epapproyég Network on Chip eivor petoywyeig
TOKETOV KO YPNOLOTOIOVV EAEYXO PONG OIKTOWV GKOVANKOTPLTOC, 1| OToio
etvar  ovvémelr  younAOTEp®V  AavOAVOV KOl HUKPOTEP®V  OVOYKMDV
pLuOCTIKOV Pynuov og avtifeon pe diieg pebddovg eréyyov pong. O mo
cuvnBiopévog alyopBpog opopoAdynong eivar  kabopilopevn dpopoidynon
mmyNs.  AKOUO  VTAPYOVY  TPOTEWOUEVEG VAOTOMGCES HE TN XPNoM
TPOGOLOPIOTIKNG OPOLOAGYNONG ETIKETOV TPOOPIGHOD KOl TPOCUPUOCTIKOV
aAyopiBumv, OTmG 1 TEPIGTPOPT Kot 1| OPOLOAOYNGT TV LECTMV YEOUNA®V.
EmumAéov, ot mo dnpogireig Tomoroyieg diktHov eivarl To TAEYUA Kot TO Amog,.

O apBudc TV EPAPLOYDV TOV AAA®V TOTOAOYI®V Elval TOAD LKPOG.

O ep1oc0TEPEG OO TIC TPOTEWVOUEVESG OPYLTEKTOVIKES OPOLOAOYNTAOV £ivart
VieTepUVIOTIKEG. Otav 01 S0GTAGES TOV GLGTNUATMOV HELOVOVTOL KOl TO.
CLCTAUOTO  OVOTTOCCOVTOL TPOG TNV kKatehvvon G VOVOKMUOKOS, 1
avaykn yw ovotiuote ovOeKTIKOV o€ odipota Bo eivol onuovTik.
Boowd, o1 TpocoppooTIKES €POPUOYES TPOTOTOOVVTOL TO E€OKOAO UE

avtoyn o€ AaBn amd 6, Tt ot oblivious. Avtdg givar 0 AdYog Yo TOV 0moio
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avoapéveton EE0pon TG YPNOOTOINoNG TOV TPOCAUPUOLOUEVOV DAOTOCEDY

GTO UEALOV.

H 1eyvoroyin Network on Chip ovamtdcoeton cuvey®g Kol UEPIKES

EPAPUOYEG Etvort NOMN ETOYLES Y10 EUTOPIKT] YPT|ON.
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Hapd o
Source files (K®dwkag Tposopoineng Noc 6g C++)
noc addr.h

#ifndef NOC_ADDR_DEF
#define NOC_ADDR_DEF

#include <iostream>

/* Struct presenting a NoC address consisting of two coordinates: x and y.
*/

struct noc_addr{

int x;

inty;

inline noc_addr():x(0),y(0){}

inline noc_addr(int x, inty ):x(x), y(y){ }
o

inline bool operator==( noc_addr n1, noc_addr n2 ){
return ((nl.x==n2.x) && (nly==n2y));
¥

inline bool operator!=( noc_addr n1, noc_addr n2 ){
return ((nl.x!=n2x)| (nly!'=n2y));

}

inline std::ostream& operator<<( std::ostreamé& 0, noc_addr na ){
0 << ll(ll << na'x << II’ n << na.y << II)II;
return o;

}
#endif
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Core.h

#ifndef CORE_DEF
#define CORE_DEF

#include <vector>
#include <iostream>

#include "noc_addr.h"
#include "Packet.h"

class NetworklF;

[* The class represents a core in a NoC. It has an address given at the
initialization. The core is connected to a number of network interfaces,
pointers to which are stored in a vector. The core gives an id to Nis
connecting to it (sending packets to it). The number of such NIs is counted.
Core sends packets using send_packet. The number of sent packets is stored
as well as the addresses of the sent packets. Pointers to the received packets
are stored in a vector as well as the pointers to dropped packets.

*/

class Core{

public:
Core( const noc_addr addr );
“Core();
void connect( NetworkIF* n);
void send_packet( noc_addr dest, int live_time );
void receive_packet( Packet* p);
inline noc_addr get_addr( ) const { return addr; }
inline int get_new _id( ) { return ++ni_count; }
std::vector< Packet* >* get_received_packets( );
void report( std::ostream& 0 );
void report_sent( std::ostream& 0 );
void report_received( std::ostream& 0 );
void clear_traffic();
inline int get_dropped_count( ) const { return dropped.size(); }
private:

// address of the core
const noc_addr addr;

/I pointers to NIs the core is connected to (core forwards packets to)
std::vector< NetworkIF* > ni;
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// number of NIs connected to core (sends packets to core)
int ni_count;

// number of packets sent
int packet_count;

// addresses of the sent packets
std::vector< noc_addr > sent_packets;

/I pointers to the received packets
std::vector< Packet* > received_packets;

/I pointers to the dropped packets
std::vector< Packet* > dropped,;

};

#tendif
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NetworklF.h

#ifndef NETWORK_IF_DEF
#define NETWORK_IF_DEF

#include <iostream>
#include <vector>
#include "Packet.h"

class Core;
class Link;

I* The class represents a network interface (NI) which is connected to a core
in a NoC. The NI forwards the packets it receives from the link(s) to the core.
The NI is also connected to a number of links into which it forwards the
packets it receives from the core. The NI is identified by the address of the
core it is connected to together with an id it gets from the core. This means
that there can be more than one NIs connected to a single core. The NI also
counts the number of links that are connected to it and gives

ids to them.

*/

class NetworklIF{

public:
NetworkIF();
“"NetworkIF();
void connect( Core* co);
void connect( Link* li);
void receive_packet( Packet* p);
void report( std::ostream& 0 );
inline noc_addr get_route_to( ) const { return route_to; }
inline int get_new _id() { return ++link_count; }
void clear_traffic();
bool is_usable();

private:

/I pointer to the core the NI is connected to (NI forwards packets to)
Core* c;

[/ address of the core the NI is connected to
noc_addr route_to;

/' id number given by the core the NI is connected to
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intid;

I vector of pointers to the links the NI forwards packets to
std::vector< Link* > I;

/I number of links connected to NI (sending packets to NI)
int link_count;

// number of packets processed
int processed;
void send_packet( Packet* p );

}
#endif
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Link.h

#ifndef LINK_DEF
#define LINK_DEF

#include <iostream>
#include <vector>
#include "Packet.h"

class Router;

[* The class represents an unidirectional link in a NoC. It is connected to a
router from which it gets the route to address and id number (there can be
several addresses). Link forwards packets to this router. The link is also
connected to the router it receives packet from. The link has usability status
for indicating if it can be used or not.

*/

class Link{
public:
Link();
void connect( Router* ro );
void connect_back( Router* ro );
void receive_packet( Packet* p);
void report( std::ostream& 0 );
inline const std::vector< noc_addr >& get route to( ) const { return
route_to; }
inline int get_id() const { return id; }
inline int get_processed( ) const { return processed; }
inline bool is_usable( ') const { return usable; }
inline void set_usable( bool u) { usable = u; }
void clear_traffic();

private:
/I pointer to the router the link is connected to (forwards packets to)
Router* r;

/I pointer to the router the link is connected to (receives packets from)
Router* r_b;

/I route to addresses of the router the link is connected to
std::vector< noc_addr > route_to;

// 'an id given by the component the link is connected to
int id;
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/I number of packets processed
int processed;

// status of the link

bool usable;

void send_packet( Packet* p );
Y

#tendif
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Link ni.h

#ifndef LINK_NI_DEF
#define LINK_NI_DEF

#include <iostream>
#include "Packet.h"

class NetworkIF;

/* The class represents an unidirectional link in a NoC connected to a NI
(forwarding packets to NI). It gets the route to address and id number from
the NI. Link forwards packets to this NI. The link has usability status for
indicating if it can be used or not.

*/

class Link_ni{

public:
Link_ni();
void connect( NetworkIF* n);
void receive_packet( Packet* p);
void report( std::ostream& 0 );
inline noc_addr get_route_to( ) const { return route_to; }
inline int get_id( ) const { return id; }
inline int get_processed( ) const { return processed; }
inline bool is_usable( ) const { return usable; }
inline void set_usable( bool u) { usable =u; }
void clear_traffic();

private:
/I pointer to the NI the link is connected to (forwards packets to)
NetworkIF* ni;

/I route to address of the NI the link is connected to
noc_addr route_to;

// 'an id given by the component the link is connected to
int id;

/I number of packets processed
int processed;

// status of the link
bool usable;
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void send_packet( Packet* p );
b

#endif
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Router.h

#ifndef ROUTER_DEF
#define ROUTER_DEF

#include <iostream>
#include <vector>
#include "noc_addr.h"
#include "Packet.h"

class Link;
class Link_ni;

[* The class represents a router in a NoC. The router is connected via links to
network interfaces and other routers. It forwards packets to the Nis if the
packet destination address matches the route to address of a NI. Otherwise the
packet is forwarded to one of the other routers according to the routing
algorithm. The router is identified by the addresses of the cores it is connected
to (via NlIs and links) together with ids which it gets from the Nls (via link).
The router also counts the number of links that are connected to it and gives
ids to them.

*/

class Router{
public:
Router();
"Router();
void connect( Link* |i );
void connect( Link_ni* li);
void connect_copy( Link* li); // Special connect-function for tree networks
void receive_packet( Packet* p, Router* last_router );
void report( std::ostream& 0 );
inline const std::vector< noc_addr >& get route to( ) const { return
route_to; }
inline int get_dropped_count( ) const { return dropped.size(); }
inline int get_new _id() { return ++link_count; }
inline int get_processed( ) { return processed; }
void clear_traffic();

private:
/I vector of pointers to the links connected to a NI the router

/I forwards packets to
std::vector< Link_ni* > |_ni;
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// addresses of the cores the router is connected to (via a link and NI)
std::vector< noc_addr > route_to;

/'id numbers given by the NIs the router is connected to (via links)
std::vector< int > id;

I/ vector of pointers to the links connected to other routers the router
/I forwards packets to

std::vector< Link* > |_router; // Vector for child routers
std::vector< Link* > |_router_a; // Vector for ancestor routers

/I number of links connected to router (sending packets to router)
int link_count;

// number of packets processed
int processed;

I vector of pointers to the packets dropped by the router

std::vector< Packet* > dropped,
void send_packet( Packet* p, Router* last_router );

}
#endif
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Packet.h

#ifndef PACKET_DEF
#define PACKET_DEF

#include <iostream>
#include "noc_addr.h"

/* The class represents a packet in a NoC. It has a source and destination
addresses as well as a number given to it by the source. At construction a live
time is given for the packet, which is then decreased at each router. The
packet counts hops in Nls, links and routers. */

class Packet{
public:

Packet( noc_addr dest, noc_addr source, int nr, int live_time );
inline noc_addr get_dest( ) const { return dest; }

inline noc_addr get_source( ) const { return source; }
inline int get_nr() const { return nr; }

inline int get_router_hops( ) const { return router_hop; }
inline int get_ni_hops( ) const { return ni_hop; }

inline int get_link_hops( ) const { return link_hop; }
inline void add_ni_hop( ) { ni_hop++; }

inline void add_link_hop() { link_hop++; }

inline void add_router_hop( ) { router_hop++; }

inline int decrease_live_time() { return --live_time; }
void report( std::ostream& 0 );

private:
/1 source address
noc_addr source;

// a number given by the source
int nr;

// destination address
noc_addr dest;

/I number of NI hops
int ni_hop;

/I number of link hops
int link_hop;
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// number of router hops
int router_hop;

/I number of router hops before the packet should be dropped
int live_time;

¥

#endif
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Noc mesh.h

#ifndef NOC_MESH_DEF
#define NOC_MESH_DEF

#include <iostream>

#include <boost/multi_array.hpp>
#include "noc_addr.h"

#include "Core.h"

#include "NetworkIF.h"

#include "Link.h"

#include "Link_ni.h"

#include "Router.h™

[* The class represents a mesh-shaped Network on Chip (NoC). It gets the
maximum address as a paramter, minimum address is (0, 0).
*/

class Noc_mesh{

public:
Noc_mesh( const noc_addr max_addr );
"Noc_mesh();
void random_link_error(intn);
void random_traffic(intn);
void report( std::ostream& 0 );
void report_router( std::ostream& 0 );
void report_link( std::ostream& 0 );
void report_hop_count( std::ostream& 0 );
void report_dropped( std::ostream& 0 );
int number_of dropped();
double average _of hop_count();
void clear_traffic_and_state();

private:

// the maximum address in the NoC
const noc_addr max_addr;

/ array [max_addr.x + 1][max_addr.y + 1] of cores
boost::multi_array< Core*, 2 >* c;

/ array [max_addr.x + 1][max_addr.y + 1] of network interfaces
boost::multi_array< NetworkIF*, 2 >* n;
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/I array [max_addr.x + 1][max_addr.y + 1] of routers
boost::multi_array< Router*, 2 >* r;

/ array [max_addr.x + 1][max_addr.y + 1] of links from routers to NIs
boost::multi_array< Link_ni*, 2 >* |_ni;

/[ array [max_addr.x + 1][max_addr.y + 1] of links from NiIs to routers
boost::multi_array< Link*, 2 >* | _r;

/I array [max_addr.x][max_addr.y + 1][2] of horizontal links between
routers,

/1 3rd dimenision: 0 forward direction, 1 reverse
boost::multi_array< Link*, 3 >*|_h;

/I array [max_addr.x + 1][max_addr.y][2] of verticalal links between
routers,

// 3rd dimension: 0 forward direction, 1 reverse
boost::multi_array< Link*, 3 >* | _v;

void connect( Core* ¢, NetworkIF* n);

void connect( NetworkIF* n, Link_ni* |, Router* r);

void connect( Router* r, Link* I, NetworkIF* n );
void connect( Router* r1, Router* r2, Link* 112, Link* 121 );

}
#endif
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Noc tree.h

#ifndef NOC_TREE_DEF
#define NOC_TREE_DEF

#include <iostream>

#include <cmath>

#include <boost/multi_array.hpp>
#include "noc_addr.h"

#include "Core.h"

#include "NetworkIF.h"

#include "Link.h"

#include "Link_ni.h"

#include "Router.h"

[* The class represents a mesh-shaped Network on Chip (NoC). It gets the
maximum address as a paramter, minimum address is (0, 0).
*/

class Noc_tree{

public:
Noc_tree( const noc_addr max_addr );
"Noc_tree();
void random_link_error(intn);
void random_traffic(intn);
void report( std::ostream& 0 );
void report_router( std::ostreamé& 0);
void report_link( std::ostream& 0);
void report_hop_count( std::ostream& 0);
void report_dropped( std::ostreamé& 0);
int number_of_dropped();
double average _of hop_count();
void clear_traffic_and_state();

private:
const noc_addr max_addr;
std::vector< Core* > c;
std::vector< NetworkIF* > n;
std::vector< Link_ni* > |_ni;
std::vector< Link* > | _r;
std::vector< Link* > I;
std::vector< Router* > r;
std::vector< Link* > | t;
void connect( Core* ¢, NetworklIF* n);
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void connect( NetworkIF* n, Link_ni* |, Router* r);

void connect( Router* r, Link* I, NetworkIF* n );

void connect( Router* r1, Router* r2, Link* 112, Link* 121 );
void connect2( Router* rh, Router™® rl, Link* Ihl, Link* llh);

#tendif
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