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EIZArQrH

O1 TTepIcOOTEPEG EPEUVNTIKEG KAl BIOPNXAVIKEG TTPOOTIABOEIEG OTOV
TOMEQ TWV WNPIOKWY NAEKTPOVIKWYV €iXav OUYKEVTPWOEI oTnv TTpooTTrddeia
augnong Tng TaxutnTa Kal TG TTOAUTTAOKOTNTAG TwV  OAOKANPWUEVWY
KUKAWPATWYV. H TTpooTTdBeia auth 0driynoe o€ pia Travioxupn aAAd dartravnpn
evepYEIOKA OoxedIAOoTIKA TEXVOAOYia n otroia GAAwoTE dvoige Tov dPOMO yIa TNV
KATOOKEUN KAl QVATITUEN TWV TTPOCWTTIKWY UTTOAOYIOTWY, TWV UTTOAOYIOTWV
ME duvVATOTNTEG ATTEIKOVIONG CUVOETWY YPOPIKWY KAl QUOIKA UTTOAOYIOTIKWV
OUCTNUATWY TIOAUMEOWY OTTWG N avayvwpion QwVAG Kal To video o€
TTPAYHMATIKO XpOvo. H TTpoooxr ETTIKEVIPWVOVTAV OTNV TaXUTATA KAl TO
MEYEBOGC TOU OAOKANPWMEVOU KUKAWMATOG, Kal N KaTavaAwon 10X0U0¢
TTapaueAouvTay.

H kardotaon auti Opwg Ta TeAeuTaia Xpovia €xel aAAagel. H
KAatavaAwaon 10XU0G €VOG OAOKANPWHEVOU KUKAWHATOG ayyiel Ta Opla Twv
OUVATOTATWY TIOU TIPOOQPEPOUV Ol TexVoAoyieg. To atmoTéAeopa eival va
MEIWVETAI 1N OgIOTTOTIO TNG OUOKEUNG KAl va TrEPIOPICeTal n  T1axuTnTa
AeiToupyiag  kar MOAVOG KAl Ol €QAPUOYEG TOU  OAOKAnpwuévou. H
QVTIMETWTTION  TwV  TIPORANUATWY  KATtavAdAwong 10XU0G  ypryopa  Kal
atroTeAECHATIKG YiveTal €va atrd Ta TTIO OTTAITNTIKA BEuaTa oTOovV OXEDIOOUO
WNQIOKWY NAEKTPOVIKWY ouoTnudatwyv. H aufavouevn {Rtnon @opnTtwv
OUOKEUWYV  OTIG  TEXVOAOYIKEG  TTEPIOXEG  TwV  TNAETTIKOIVWVIAKWY
UTTOAOYIOTIKWY KOl  EUTTOPIKWY  NAEKTPOVIKWY OCUCTNUATWY  EKTEIVEI  TO
TTPORBANUA TTAPOXNAS 10XUOG Kal aTTaywyAS BeppoTnTag Adyw TWV aQuoThPWY
Kal XapNAWV opiwv TTou TiBevTal o€ auTéG. O BEATILWOEIG OTIG TEXVOAOYIES TWV
MTTaTaPIWV EEICOPPOTTOUVTAI OUVHABWG aTTd TNV TTOAUTTAOKOTATA KA TIG UWNAEG
ATTAITAOEIG O€ ATTOO00N TWV CUYXPOVWY EQAPUOYWV.

H 1repioxy Tou uttoAoyiopou Kal pEiwong TG KAtavaAwong 10XU0¢
atrodEIKVUETAl O€ éva OUVAUIKO TTEdiIO TOOO yIa €peuva OO0 Kal YIa TTPAKTIKEG
EQAPMOYEG ME 0aPr) dUVATOTNTEG PAYdAias TTEPAITEPW AVATITUENG.
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KepdAaio 1

EkTipnon karavdAwong OUuVAMIKAG 10XUOG  Yn@IaKwV
KUKAWHATWV.

1.1 AvaAuon Kal opICHOi

NEyovTaG €KTiNNON KATavAAwWoNG OUVOUIKAG 10XU0G Ol OXEBIOOTEG CUVHBWG
ava@Eépovtal  OTOV  UTTOAOYIOPNO TG MEONG  KATavaAwong 10XU0G  TOu
KUKAWMOTOG KaTA TRV OIdpKeEIa TNG AeiToupyiag Tou. AANEG TTAPAPETPOI TNG
KatavadAwaong 10X0U0G TTou o1 OXEBIOOTEG TTPOOTTAB0UV Va EKTIMAOOUV Eival TO
XEIPOTEPO OTIYMIAIO peUPa TTOU TPAPRAEl €va KUKAWMO Kal TO OTTOi0 £XEl va
KAVEI UE TNV TITWON TACNG TTOU TTAPATNPEITAI OTOUG aywyous Tpopodoaiag [4-
6,10]. 'Eva dAAo TTpOBAnua TTPOG TTIAUCN €ival N KTiPNON €VOG Avw Opiou yia
TNV KAatavaAwpévn PEON 1I0XUG TOU KUKAWMATOG, XWPEIG QUTOG O TTEPIOPICHOG
OuwWG va 1oxvel Kal yia Tnv oTiydiaia 10x0[20]. K&Be pia atmd auTég TIG
TTAPAUETPOUG ETTNPEACEI O DIOPOPETIKO ETTITTEDO TOV TPOTTO AEITOUPYIAG Kal
TNV a1réd00N TOU KUKAWMPATOG. ATTO TNV AuTOVOWia Kal TV TaxUTNTA, JEXP! TV
agIoOTTIOTIa KAl TOV XpOVOo CWNAG TOU KUKAWUATOG. AvaAoya WE TIG ATTAITHOEIG KOl
TIG TTPOBIAYPAPES TTOU £XOUV TEBEI TTPIV TOV OXEDIOOUO, 0 oXedIAOTNG Ba KPIVEl
TToU Kal 1600 Ba dwoel BapuTnTa.

MNa KA pia a1rd aUTEG TIG TTAPARETPOUG €XOUV AVOTITUXOEI TEXVIKES VIO
TNV €KTiunon Toug. H 1o atArl péBodOG eKTiunong TNV €VvEPYEIQG TTOU
KATavaAwvel To KUKAwMG gival yéow TnG atreudeiag TTpocopoiwong Tou ato
éva KataAAnAo epyalAeio. Me autr] Tnv nEBodo eEayovTal ol TAoEIG TwV KOPPBWV
KAl Ol TINEG TWV PEUPATWY TOU KUKAWMATOG TTOU €ival ApKETH TTAnpogopia yia
TNV €KTiHNoN OAwv oOXedOV Twv Trapammavw TrapauéTpwv[11,12]. Qotdoo
eeIdr) auTéG ol TEXVIKEG BaaifovTal o€ TTPOCONOIWOEIG TOU KUKAWPATOG €ival
UTTEPBOAIKA aTTAITNTIKEG OE XPOvo ekTéEAeonG. [lpokeigévou va pelwbei o€
ATTOOEKTA ETTITTEdDO O XPOVOG TIOU QATTAITEITAI €XOUV QVOTITUXOEI QPKETES
EVOANAKTIKEG TEXVIKEG TTPOOOUOIWONG O OAA OXEDOV TA 1EPAPXIKA ETTITTEOQ
(RTL-level , gate - level , switch - level , circuit - level)[13-18,46-50]. H
TIPOoOOiIwon yiveTal BacifOuevn ouvABwG o€ £vav apxIKO TTiVaKa €I00dWV O
OTT0IOG €iTE gival KABopPIoPEVOG aTTd Tov OXEDIOOTH KAl TIPOCAPHOCHEVO OTIG
ouviRng ouvonKeg AEITOUPYIOG TOU KUKAWMOTOG €iTe €xel e€axBei Tuxaia Kal
KAAUTTTEI £va eUupU @Aoua TTIBavVWY €1000wv. Zxed0V N TTAEIOWPN@Ia AUTWV TwV
TEXVIKWV Bewpouv OTI n TAoEIS TPoPodoaiag Kal yeiwong TTou BAETTOUV Ta
KEAIG KOTA TNV OIAPKEIA TNG TTPOCOUOIWONG gival oTOBEPEC.

O1 TeXVIKEG UTTOAOYIOPOU KATOVAAWONG HPECW TTPOCOMOIWONG Eival
TTOAU  aT1TOdOTIKEG, TTAPOAd autd Otv Bewpouvtal TIPAKTIKEG AOyw TOU
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YEyovoToG OTI N TIMA TTOU UTTOAOYICOUV €CapTATe AUECA ATTO TNV ETTIAOYH TOU
Tivaka €1000wv TToU XPNOCIYOTTOIoOUV YIa TIG TTIPOCOUOIWCEIG. AuTO BEBaia dev
gival Tooo TTPORANPa TNG HEBSdOU UTTOAOYIOPOU AAANG OQEIAETAI OTO YEYOVOG
OTI N KATAVAAWON VOGS KUKAWNOTOG ECAPTATE ATTO TIG EI00D0UG TOU. XPEeIAeTal
éva OXETIKA MeEYAAO Ociyua TTPOCOUOIWCEWY VIO Vva €MTEUXBEi éva KaAd
TT0000TO aKpiBelag. Ta PaoIKA OTOIXEIX TOU KUKAWMATOG (KEAIG-TTUAEG)
TPABAVE TO TTEPICTOTEPO PEUMA KATA TNV PETABACN Tou aTTo pia KaTdoTaon o€
MIa GAAn Kai g Mo MIKPO BaBud oOTtav Bpiokovral oe i oTaBepn
kardoTtaorn(leakage power). Me pia 1Mo €10k TTPOCEYyIon N KatavaAwon
EVEPYEIOG TOU KUKAWMOTOG £€apTdTe atrd 1o switching activity Twv KOupwv TOU
TO OTTOiI0 1Io0UTAl JE TOV QPIBUS Twv peTaBdoewy atmd HIa AOYIKF) KATAoTaon
o€ JIa AAAN. AuTA N TTAPAPETPOG OPWG dev gival dedopévn yia éva KUKAWPO
aAANG kaBopiletal KGBe @opd aTTd TIC €1I00O0OUG TTOU AUTO OEXETAI KABWG
UTTAPXEl Auean €EAPTNON TNG AOYIKNG CUUTTEPIPOPAS TOU OTTO QUTEG.

H €¢dpTtnon tng KatavaAwaong atrd TG £I0000UG aTTOTEAE! Evav IDIaITEPA
TTEPIOPIOTIKO TTAPAYOVTA. ZUXVA UTTAPXEI N AVAYKN va Yivel eKTiunon Tng
KatavaAwaong evog HEPOUG TOU KUKAWMPATOG XWpPig TO UTTOAOITTO KUKAWMPA va
gival uAoTToINPEVO A AKOUA Kal va PNV €XEl KAV TTPOCOIOPIOTEI N CUUTTEPIPOPA
TOU. 2€ TETOIEG TTEPITITWOEIG Eival TTOAU AiyeEG oI TTANPOYOPIEG TTOU PTTOPOUUE
va g¢ayoupe yia TIG €106000UG QUTOU TOU UTTOKUKAWMOTOG TTou B€Aoupe va
TTPOCOUOIWOOUNE. ETTioONG 0€ TTEPITITWOEIG ETTECEPYOAOTWYV gival BUOKOAO va
TTPOCdIoPIOTEl éva OUVOAO €1I000WV TTOU VA KAAUTITEI TNV CUUTTEPIPOPA TOU
KUKAWMOTOG KaBwG €ival TeEPAOTIOC O apIBuOG TTBavwy  ouvOuaouwv
KATaOTACEWYV Kal £I000WV TToU PTTopEl va Bpedei To KUKAwQ.

MNa v avTigeTwITIon autoUu Tou TTPOPRAAUATOC €XEl avaTTTuxBei pia
Katnyopia peBodOAOyIWV  eKTINNONG  evépyelag Baoi{oueveg o€ Bewpia
TOAVOTATWY WG £€Vag EUPECOG TPOTTOG TTEPIYPOPAS TOU TEPAOTIOU aApIOUOU
KATOOTACEWY TTOU MTTOPEl va PBpeBei To KUKAWPA Kal agloAdynong Tng
ETMPPONG TToU Ba €xel KABE KOUPOG oTnV OUVOAIKY KatavdAwaon. To peydAo
TIAEOVEKTNUA QUTAG TNG KaTnyopiag cival 0Tl 60wV agopd 0€ aTTAITOUNEVN
TTANPoPOpPIa yia TIG £1I0000UG XPEIACETAI £va POVTEAO TTOU VA TTEPIYPAPEl TNV
OupPTTEPIPOPG  TOUG ME TNV Mopeny mOavotnTag deTaBdcewv 1 péong
ouxvotnTag. Akéua kal av uttdpxouv dlaBéaiua deiyuata €106dwv 10 PNOVO
Tou xpeldletal eival va egaxbouv amd autd Ta Oedopéva n avTioToIXn
meavoeTNTa 1} CUXVOTNTA, KATI TTOU UTTOPEI va Yivel EUKOAQ.

O1 TexvIKEG ekTiunONG evépyelag Olaxwpilovial o€ OUO KATNYOPIES
avaloya upe TO av Pacifovrar o€ mOAvOTNTEG (TMBAVOBEWPNTIKEG N
probabilistic)  av BacifovTal o€ oTATIOTIKA (OTATIOTIKES A statistical). H TpwTn
KaTnyopia ava@épetal o€ €va oUVOAO aAyopiBuwyv ol otroiol avaAuouv Bdaon
mOavoTATWY TNV AOYIKA OCUPTTEPIPOPE TwV KOPPwV Tou KukAwpatog. H
avaAuon autou Tou €idoug Bupilel TTPOCOMOIWON, MOVO TTOU QVTi va YIVETQI
01ddoon Aoylikwv TIHWV YiveTal d1ddoon €vog TTIO  TTEPITTAOKOU  TTIBAVO-
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KEVTPIKOU JovTEAoU. Mia TEToIa TTPOCONOIWON ATTAITEI EIOIKA TTPOCAPHOYI TWV
XOPOKTNPIOTIKWY TwV Ol0QPOpwWY OTOIXEIWY TOU KUKAWUATOG (TTUAEG-KEAIG)
WOTE va PTTOPOUV va uTtooTnpi¢ouv autd 1o PovTéAo. AvtiBeta n deUTeEPN
Kartnyopia Oev  ATTaAITEl  KATTOIO  €I0IKA  TPOTTOTTOINMEVO  WOVTEAO  aAAG
TTPOCOWPOIWVEI TO KUKAWMA PE TIG RN uttdpxouoeg neBGdoUG TTpooouoiwong,
yla évav PeydAo apiBuo Tuxaia emmAEYPEVWY €1I000WV KAl UETPWVTOG TNV
KatavadAwon avd mrpooopoiwaon. O €mAOYA TWV TIHWV TwV 1060wV CUV BwWg
yivetal pe Tnv Kabodrynon &vog MPOVTEAOU TTIOAVOTATWY TIOU TTOPEXEI O
oxedlooTAG. AUTEG o1 TeXVIKEG Paoifovtar oe éva OUVOAO OTATIOTIKWVY
UTTOAOYIOUWYV TTOU YivovTal YE BACN TA ATTOTEAEOUATA ATTO TIG TIPOCOUOIWOEIG
(Monte Carlo 1rpocéyyion). O aplBudg Twv TTPOCOPOIWCEWY OE AUTAV TNV
TEPITITWON KaBopifeTal atmmd Tov XPAOTN avaAoya MPE TNV akpipeia Twv
ATTOTEAEOUATWY TTOU ETTIOUMEL va ETTITUXEL.

‘Evag AAAOG TPOTTOG dlaxwpIoPoU Twv PeEBOdOAOYIWV UTTOAOYIOUOU
KaravadAwong evépyelag civar Bdon Tou emMITTEQOU OXedIOONG OTO OTIOIO
dpacTnpiotrolouvtal. ‘ETol €xoupe ekeiveg TIGC peBOGOOUG TTOU AEITOUPYOUV O€
XOUNAG emiredo TTUAWV (gate-level) i akéua kal oe emimedo TpaAv{ioTOP
(transistor-level) evw o1 uttOAoITTEG AeITOUpyoUV O€ TTIO UWPNAG €TTiTTEDQ
oxediaong. O1 dlaQopéG €ival ONUAVTIKEG KABWG OTnV TTPpWTN £XOUME va
avaAUOOUUE €va KUKAWMO HE MIO OUYKEKPIUEVN OOMN €vwy OTnV deUTEPNn OEV
IOXUEI KATI TETOIO AAAG avTIOETWGS SOUAEUOUE PE “paupa KOUTIA .

1.2. M€B0do0I eKTiNNONG TNG KATAVAAWONG EVEPYEING OE
XOMNAS emritTredo

2.€ QUTH TNV KATNYOPia aviAKouv Ta epyaAcia TTou avaAUouv To KUKAwWPa
o¢ emmiTTEdO OUVABWG TTUAWV aANG UTTOPEI €TTIONG KAl O€ €TTITTEDO KEAIWV N
Tpaviotop. lNa va ptmopéocouv va avrtemmeEéABouv OTIC OTTAITAOEIG TNV
AeIToupyiag o€ TOOO YAUNAO  €TTiTTEdO  XPEIAdETAl VA  YiVOUV  KATTOIEG
ATTAOTTOIACEIG TTAVW OTNV OOMN KAl TOV TPOTTO AEITOUPYIOG TOU KUKAWUATOG Ol
OTTOIEG €ival Ol EGAG :

1. H 1don 1po@odoaciag kal yeiwong eivar otaBepry Kar av Oxl 10QVIKN)
TTOPANEVEI AQUETARANTN KATA TNV SIGPKEIQ TG TTPOCONOIWONG.

2. To KUKAwpa cival kataokeuaopévo pe xprion CMOS Aoyikwv TTUAWV
Kal akpoTrupodoTnTwy flip-flops. Etriong n dour Tou KUKAwuaTtog eivai
ouvOUaoTIKA KUKAwMaTa heTagu pavtaAwTtwv(flip-flops), A av xpelaoTei
avayeTal o€ QuTAv.

3. H karavdAwon kaBe oToixeiou TTUANG €ival avaAoyn PE TOV apIOPO Twv
MeTaBdoewv TOu KOPPBou  €¢O6dou  TOu  HETAEU  TWV  AOYIKWV
KataoTdoewyv. Mia TéTola TTOPAdOXr] OUCIAOTIKA KAVEl IO EUUECN
EKTIUNON TOU PEUUATOG QOPTIONG/EKPOPTIONG TWV KOPPWYV TNG TTUANG
KAl ayvoei TTapauéTpou OTTwG TO pelpa BpaxukukAwpartog. ETriong
avaAoya ME TNV OKPiBEId TwV HOVTEAWV Kal NG TEXVIKAG
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TIPOCOPOIWONG TO PEUNA QOPTIONG TTEPIAAPPBAvEl i OxI TNV QOPTION
EOWTEPIKWYV KOPPWV TNG TTUANG 11 Treplopiletal yévo oTtov KOPPBo

€¢odou.
Meyoho TTAT|BOG
oa1to {evyn pHeTa3acewv
c1oo0dwv
E
R
ITpOOOHOWDOT) AVC_O\UGH .
KukAmpoatog OU”“tP;POPu(’
FL008v
AVOaADOT] CLUTIEPLPO PG
g100d@wVv-TNBavoTNTEG
ZTATIOTIKN AvaALoT] pE
avoaALOoN

TV Xxpnon

ATIOTEAEC HATWV T AVOKEVTIPIKWV

HOVTEAWV

ExkTipnon

Ioxvog
ExTipnon

Toxvog

Ewova 1:01 gvorhokTikég pé0odor ektipnong e evépysilag

Baon autwv Twv tTapadoxwyv Kal yia arrAotroinon tng diadikaoiag YTropei va
yiver  dlaxwpiopdg TnG KatavdAwong 10XU0G OTO KOMMATI EKEIVO  TTOU
avtioToixei ota flip-flops kal o€ €keivo TTOU QVTIOTOIXEI OTO OUVOUAOTIKO
KUKAWPA. Mg autd TOV TPOTIO N EKTINNON TNG KATavaAwong yiverar o€ dUo
QaoeIg.

1. Apxikda yivetal avéAuon tng ouutrepipopds Twv flip-flops pe xpron
MNXavwy TreTepacpévwy KataoTtdoewy (finite state machine FSM) kai
eCaywyn oTATIOTIKWY OTOIXEIWV YIA TIG ££000UG TWV JAVTOAWTWV.

2. Xprion Twv OTATIOTIKWV Twv ££6dwv Twv flip-flops yia utroAoyioud Tng
KatavadAwong Tou ouvOudoTIKOU KUKAWMATOG OAAG Kl TwV idIwv Twv
flip-flop.

H eicaywyr Tou oToIxEiou TnNG mMOavOTNTAG ATTAITEN TNV TPOTTOTTOINCN TOU
MOVTEAOU TTPOCOMPOIWGONG TTOU XPNOIUOTIOIEITAlI Kal TNV TTPOCBRKN o0& auto
VEWV TTOPAMETPWY TTOU  XOPOKTNEICOUV TNV CUMPTTEPIPOPA TwV  AOYIKWV
peTaBdoewv. ApxiCoupe PE TOUG €ENG dUO:
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Opiopoég 1.(MBavornra onuarog) : Qg mBavoétnTa onuarog (signal
probability) Ps(x) evég kdupou x opidetal To KAdopa Tou aplBpou Twv KUKAWY
poAoylou OT1Tou N TeEAIKA oTaBeprs KaTdoTaon Tou KOuPBou gival Aoyikd "1'.

Opiopédg 2.(Meavornra usraBaong) : Q¢ mbavotnTa petdBaong (transition
probability) Pt(x) evog kOuBou x opieTal T0 KAdoua Tou apiBuou Twv KUKAwV
poAoyiou OtTou n TeAIK O0TaBePr KaTdoTaon Tou KOPPBou eival SIaQOpPETIKN
atrd auTAv TToU &iXE OTNV apxr Tou TTAAUOU Tou poAoyiou.

H mOavoétnta onuartog e€ival pia OXETIKA TTAAIG TTAPAUETPOG TTOU QPXIKA
XPNOIMOTTOIOUTAV OTNV PEAETN TNG AGIOTTIOTIAG TOU KUKAWUATOG.

Avahoya pe 1o av €CeTACOUPE TO OUVOUAOTIKO PHEPOG TOU KUKAWMATOG 1)
Toug pavtaAwTég (flip-flops) dlapépouv Kai o1 TEXVIKEG EKTIUNONG evEpyelag. MNa
auTOV TOV AOYO N EKTINNON TNG KATAVAAWONG YiVETAI XWPIOTA 0€ autd Ta dUO
MEPN TOU KUKAWMOTOG. MapakdTw akoAOuBEti pia TTepypa@ei Twv dia@dpwv
TEXVIKWYV KATNYOPIOTTOINUEVEG CUPPWVA PE TOV TTPONYOUPEVO DIOXWPICHO O€
flip-flop ka1 0€ cUVOUAOTIKO KOPPATI KABWG KAl PME TNV TEXVIKA AV yiveTal BAon
MOVTEAWV TTIBAVOTATWY 1] OTATIOTIKWY PMETPAOEWV.

2TNV €IKOvVa 2 QaiveTal PIa avatrapdoTacn TG MOPYNnS ME TNV oTroia
avTIAauBAavovTal Ta TTEPICCOTEPO KUKAWMATA T OXEDIOOTIKA £PYaAEia.

EIEE

Combinational
n Circuit

State

Ewoéva 27Eva 60vov0oTIKG KOKA®ONA EVOOUATONEVO 6€ Mo 0KOAOVOLIKT oyediaon
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1.2.1. KatavadAwon 1o0XU0og o€ oToixeia pavraAwrtwy (flip-
flops)

Oowv agopd Toug JavVTOAWTES AUTOI TTAPOUCIACOUV dPacTNPIOTNTA OTAV AKUN
TOU poAoyIoU e TNV TTPOUTTO0e0N QUOIKA OTI aAAG{ouv KaTdoTaon. ETTouévwg
TO pevpa TToU TpaRdve eival o€ ouyxpovioud pe To PoAdl. Me autd To
d0edopévo Kal Bewpwvtag o1 n mMOavoTnTa petdBaong Pt(x) Tng e€6dou evog
flip-flop eival yvwoTh 16TE N €vépyEla TTOU KATAVOAWVEI AUTOG O PAVTOAWTAG
looUTal JE:

1,
PE:-‘ = Z_T}Irdd CIP:.{__'X'}

otrou Tc €ival n TTepiodog Tou poAoyiou, Cx n xwpenTIKOTATA TNG €600V TOU
pMavTaAwTA kal Vdd n 1don tpogodoaiag.

Emopévwog  yia Tov  UTTOAOYIOPO TNG  KOTAVAAWONG 10XU0G  TOU
MavTOAWTA apkei 0 uttoAoyiouog TG mlavotntag petafdoewyv. Opws n
elpeon TNG TIMAG TNG MMBavoTnTag PetdBaong amd Tnv etmiAuon evog FSM
ouoThAuaTog dev gival atrAn uttéBeon. MAAIoTa n akpIBAG EKTIMNON QUTAG TNG
TIMAG €ival éva NP-hard TpoBAnua. AKOPa Kai n Katd TTpooyyion eKTiunon
QUTAG TNG TIMAG €ival OUOKOAN KaBwWG UTTApxEl €gaptnon METALU NG
TTPONYOUMEVNG, TNG TTAPOUCAC Kal TNG ETTOUEVNG KATAOTAONG.

Mia 1don Ttou €xel KaBiepwbBei Ta TeAeuTaia xpdvia gival O TIPO-
XOPAKTNPIOUOG TNG OUUTTEPIPOPAS TWV OTOIXEIWV KUPIWG WG TIPOG TNV
KatavaAwon. AuT n TEXVIKA €QAPMOOTNKE Yia TIPWTN POopPA MAANICOTA OfE
aKOAOUBIOKA OTOIXEIO KAl OUYKEKPIMEVA OTa KEAIG TNG uvAUNG. H xprion autig
TNG TEXVIKAG GAAWOTE ATAV TTOAU €QAPUOCIUN O€ UVAPES KABWG N KUpla doun
TOUG €ival éva BaoikO KeAi TO OTTOI0 OUWG eTTavaAauBaveTal XINIAOES 1 Kail
EKATOPMUPIO QOPES PEoa o€ €va oAokAnpwévo. ‘ETol ye autd Tov TpOTTO Kal
0 OUVOUAOMO ME TNV EKTIWNON TNG TTBaAvVOTNTAG WETAPACEWY MTTOPEI va
eCaxOei pe OXETIKA akpifeia Kal €UKOAIO n €KTiNON TNG KaATavaAwong
EVEPYEIOG aTTO TO AKOAOUBIOKSO KOUMATI TOU KUKAWUATOG.

1.2.1.1 Xprion MeavoeBswpnTiIKwv LUOVTEAWV.

H mpooTrdBeia ekTipnong Twv TmBavoTATWY Twv bits katdotaong evog
FSM ouotiuatog utmopei va avaxBei o€ pia TTPOOoTTABEIa EKTINONG TwV
TOAVOTATWY TWV dUVATWYV KATAOTACEWYV TOU oUOTANOTOG. ‘ETOI avTioToixa e
TNV mMOavoeTNTa OruaTog opiletal n mOavoTnTa Kardoraonc (state occupation
probability) yia kGBe utTapkT KatdoTaon Tou FSM ypd@ou evw avTioToiXa e
TNV mBavétnTa  peTaBacng  opiletar N mBavornra  ueraBaonc
kardoraonc(state transistion probability) pe pia Tiun yia K40e akur Tou idiou
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ypag@ou. H ekTipnon dpwg autwy Twv TTAPAPETPWYV gival 1I81AITEPA XpovoBopa
AOYW TNG €KBETIKAC au&énong Tou apiBuou Twv KataoTdoewv oe pia FSM.
Katroleg TeXVIKEG OTNV TTPOCTTABEIO ypriyopng £TTIAUCNG Tou TTPORAANATOG
aT1TAG TO ayvoouv Kal Bewpouv OTI OAEG OI KATAOTAOEIG €ival I00TTIBAVEG KATI
TTOU OEV £XEI OMWG AVTIKPIOPA O€ éva TTPAYUATIKO KUKAWA.

MoAAEG TexVIKEG TTpooeyyiCouv TO TTPORANUA[40-43] Baoildueveg atnv
armAotroinuévn Bewpnon o1 n FSM oakoAouBei TIG 1D10TNTEG aAUCiIdOG
Markov[34] pe Tnv emdéuevn kKatdotaon va eivar avegdptntn ammd  TIG
TTPONYOUMEVEG Qv €ival YVWOTA n TwpIvr katdotaon. Mia Té€toia TTapadoxn
OMWG 1oXUEl OTNV TTPAYMATIKOTNTA POVO OTav N akoAouBia Twv TTVAKWY
€l000wv TNG FSM cival ave¢dptnteg PeETAEU TOUG. MEepPIKEG ATTO AUTEG TIG
TEXVIKEG UTTOAOYyiCouv HOVO TIG TIMEG Twv TMOAVOTATWY  (ONUATOG KOl
MeTaBaong) oTig €100doug Twv flip-flop, evw k&mmoieg GAAeg utTOAOYICOUV Kl
TNV EVEPYEID TTOU KaTavaAwvouv. H etmiluon evog TETOIOU OUCTHAPATOG HE
OKOTTO TOV ATTEUBEIAG UTTOAOYIONO TWV TTAPATTAVW TTIBAVOTATWY YiVETAlI oUXVA
e TNV péBodo Chapman-Kolmogorov [33,34] n otmoia OpwG €xel MEYAAEG
UTTOAOYIOTIKEG aTTaITHOEIG. MeBodoAoyie¢ TTou XPnOIYOTToIoUV  auTH TNV
TEXVIKN [40,41] €ival ammodoTikég yia ouykpatnuévo apiBud amo flip-flop mTou
ouviRBwg Kupaivete £Ewg 1o TTOAU 30.

Mia GAAn péBodog TTpocéyyiong Tou TTPpoBAAuaTog [42,43], n oTtroia
Bewpei etmiong o1 o1 gicodol Twv flip-flop eival ave¢dptnTeg, PBaoifetal otnv
€MiAUCON €VOG MN-YPOUMIKOU OUuOTAPATOG TTou Oivel TIG TOAvOTNTEG TWV
onuAaTtwy TTou Kabopifouv TnG TTapouca katdotacn . O TpATTog TTou OOUAEUEI
gival Bewpwvtag otnv apxn éva dIAvuoua e TIG TTBavOTNTES Twv 1000wV Pin
= [p1,p2,...,pn] TO OTT0I0 £PAPUOLETAl OE éva OCUVOUAOTIKO KUKAWWA UE TIG N
€1I0000UG TOU QaveLApPTNTEG PETALU Toug. ‘Eotw Ot TO avrioToixo didvuoua
mOavoTATWY YIa Toug KOUPBoug e€6dou eival To Pout. H petdBaon atd 1o Pin
o1o Pout gival pia pn-ypaupikr) cuvaptnon 1ou kabopiletal atrd Tnv duadikni
AoyIKry TTou uAoTrolgl To KUKAwpa. Av F(x) €ivar autry n ouvdptnon 1OTE TO
dldvuopa TmBavoTATWY TWv €660wv egayetal amd TNV oxéon Pout=F(Pin)
(Bewpwvtag yia v wpa OTI ol mBeavoTnTeG Twv €1I06dwv TNG FSM eivai
oTa0EPEQ).

Av Bewpnrooupe o1 Pin = P gival o Trivakag meavoTATwy TNG Tapolcag
Kardotaong T1OTE Ba TTPETTEl va €xouue €1Tiong kal o1 Pout = P, kabwg o
Tivakag mmeavoTATwy Twv bits katdotaong eival otaBepdg yia yia oTabepn
KatdoTtaor. Av UTTOBEoOUNE OTI O YPAUMPEG KOTAOTACEWS €ival aveEdpTnTEG
16T Ba €xoupe Tnv oxéon P = F(P). H emiAuon autou TOU UNn YPAPMIKOU
ouoTAPATOG divel Tov €mBuUUNTS Tivaka TmavoTATwy P yia Tnv ypapuni
Katdotaong. Auvetal xpnolgotroiwvTag Tnv péBodo Newton-Raphson [42] kai
TNV eTavaAnTITiky 4éBodo Picard-Peano[43].
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O1 O0uo TIpoavoepBeiceg TEXVIKEG TTpOOTTOBOUV  €TTiONG  va
QVTIMETWTTIOOUV Kal TO TIPORANUa TG Bewpnong Tng avegaptnaiag Tng
YPOUMAG  KaTdoTOONG. 2TnV  Tpoofyyion oT1o0  [42] autd  yivetal
ouvuTTOAOYiCOVTOG €va OUVOAO M OUOXETIOPWY PETALU TwV bit KATAOTAOEWG
KOl 0TV OUVéXEIa UTToAoyifovTag TIGC TINEG Twv TOAvOTATWY. AUTO QTTAITEI
2Mm emITTAEOV TTUAEG KAl O OUVUTTOAOYIOUOG TOU PTTOPEI va ETTIRAPUVEI TTOAU
Tnv Oladikaoia. MNMapdoAa autd Ta atroteAéopaTa BeATiwvovtal aiodntd. H
Tpooéyyion oTto [43] €ival va CETUAIGOUPE TO OUVOUOOTIKO KUKAWHA KATA
évav TTpokaBopIouEVO aplBud K. YTToAoyIoTIKA gival AiyOTEPO aKpIBO aTTd TO
[42] kai yia pia TigR K TNG TAgEWG Tou 3 JTTOPOUV va emMITEUXOoUV KOAd
atmroteAéouara.

Mpokeiyévou va atmo@uyoupe 1o TTPORANUa TG UTTGBE0NG OTI OI €ic0dOI
Tou FSM cival avegdptnTeG UTTAPXEI PIa TEXVIKN OTO [21] &TToU YyiveTal xpron
MIag doopévng atmmd Tov XproTtn akoAouBiog €100dwv. AUTO yiveTal PE TNV
onuioupyia uiag véag FSM trou divel autdépaTa TNV akoAoubia Twv €100dwvV
TTou €dwoe 0 XpHoTng n otroia atrokaAgital Input Modeling FSM (IMFSM). O
ouvduaouég Tou IMFSM kai Tou FSM Auvovtal Tautdéxpova oav Eva autdvouo
FSM xpnoipoTtroiwvtag tnv [42].

1.2.1.2 Xprjon Z1aTIOTIKWYV HOVTEAWV.

Mia diagpopeTikr) diadikaoia TTou TTEPIYPAPETAlI OTO [27] QVTIHETWTTICE
TTOAEC aTTO TIG aduvapieg Twv PovTéAwv TTou PBaaciovral o€ TBAVOTNTEG.
MpoékerTal yia pia oTaTIOTIKA JEBODO OTTOU TO KUKAWMA TTPOCOUOIWVETAI VIO
éva OUVOAO Tuxaiwv OIOVUOUATWY €10000U KOITWVTAG TTOPAAANAQ Kai TIG
€¢odoug TwV flip-flips, TTpakTikad pia Monte Carlo rpoc€yyion. H TTpoocouoiwon
dlapkei €wg Otou o1 MOavoTNTEG Twv £66dwv Twv flip-flops apxioouv va
OUYKAiVOuV e pia kaBopiopévn aTtd Tov XpAoTn akpifela.

AUTH N TEXVIKA €XEI TTOAAG TTAEOVEKTAMATA. Ta TTI0 ONUAvVTIKA atrd auTd gival:

Aev Kdvel utToBETEIC yIa TNV ouuTTEPIPOPE Tou FSM. (11.X. Markov)
NAapBaver uttoywn TIG EEAPTACEIG OTIG YPANMPES KOTAOTACEWG

EmTpétTel oTov XprioTn va Kabopioel TRV akpipeia TTou XpeldaleTal.

Agv xpnoigotrolei Texvikég Binary Decision Diagrams (BDDs) Trou
€XOUV UTTEPPOAIKEG ATTAITACEIS O€ PV N CUCTAUATOG.

BN =

MNa 10 ouvduaoTIKO KUKAWHA XPEIAlOPAOTE POVO TIG TENIKEG TIUEG TWV EEOdWV
TTOU AVTIOTOIXOUV OTIG OUYKEKPIMEVEG €1I0000UG TTOU Tou epapudoTtnkav. lMa
QuUTO TOV OKOTTO £vag AOYIKOG TIPOCOUOIWTAG XWPEIGC KATTOIO HPOVTEAO
KabuoTépnong va aTraIteital  €ival  apKETOG  yia va Owaoel autd  Ta
atmroteAéopata. MAAIoTa akdpa Kal Eva TTPOCOUOIWTAG O€ aKOUA uywnAoTEPO
emimedo OTTwg RTL ptropei va dwoel Ta idla ammoTeAéopaTa Xwpig Kaveéva
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TPORANUA. To TTpo@aveég TTAEOVEKTAPA €DW €ival n TaxutnTa TTOoU Ba doBouv
auTtd Ta atmroteAéopata aTi¢ €l00doug Twv flip flop yeyovog TTOAU onuavTiké
KaBw¢ 0 apIBPOS Twv KUKAWYV TToU Ba XPEIAOTEI va TTPOCOPOoIWB0UV PTTOPE va
gival TTOAU peyaiog.

1.2.2 KatavadAwon 10XU0G CUVOUAOCTIKOU KUKAWMATOG

H peAETN TOU OUVOUAOTIKOU KUKAWMOTOG £XEI KATTOIQ KOIVA OTOIXEIT
OAAG Kal KATTOIEG OUCIAOTIKEG BIa@opES atrd TNV YEAETN TG FSM. To Baoikd
KOMMATI TIC evépyelag TTou TpaRdel TO KUKAwMG TTpoopileTal yia va TTdpel O
KAOE e0WTEPIKOG KOPPBOG TNV OWOTH AOYIKN TIMA n oTToia yia KABe TTUAN eival
avaAoyn ge TNV mMOaAvoTNTa pETARAONS TNG £€000U TNG. € éva OUVOUQOTIKO
KUKAWMO Ol KATOOTACEIG TwV KOPPBwV eival atroAuta eEapTwuEvol ATt TIG
€10000UG TToU Ba dwoouv yia KaBe TTepiodo Tou poAoyiou T1a flip-flops. MNa va
TTApoUHE auTh TNV TTANpo@opia AoITTOV pia AOYIKA TTPOCOPOoIwoN KNOEVIKNG
KaBuoTépnong (zero delay logic simulation) givalr apkeT. Xdpn otnv uon Tng
TTPOCOMOoIWOoNG N OAN diadikacoia gival TTOAU ypriyopn. MAAIOTa yia TTEPAITEPW
EMTAYXUVON TNG dIadIKACIiag PTTOPEI va Yivel avdAuon TOU KUKAWMOTOG O€ TTIO
uYnAo etTitredo pe peyaAuTepa blocks. H emitdxuvon ival amapaitntn KaBwg
0 OUVOAIKOG apIBUOG TWV TTPOCOUOICEWY UTTOPEI va @TACEl 0€ TTOAU uwnAd
ETTITTEDA.

2 avtiBeon pe TNV PEAETN TNG KaTavaAwong 1oxuog atmod 1a flip-flops,
TTOU UTTAPXE OUYXPOVIOWOG HE TO POAOI oTnv avTioToixn MEAETN OTO
ouvOUaOoTIKO KUKAwHA KATI TETOIO dev 1oxUel. [lapdAo 1Tou n diEyepon Twv
€1000wv Tou cuvduacoTikoU yivetal atmd Ta flip-flops o1 ecwTePIKES TTUAES TOU
KUKAWMOTOG PTTOPET VO XPEIAOTOUV OPKETEG METARAOCEIS WG OTOU PTACOUV OE
Mia oTtaBepry kardaoTaon. AuTtég ol emmITTAéov peTaBaoelg Aéyovtal glitches R
hazards. NMNapoAo 1Tou dev TTPOPRAETTOVTAI ATTO TOUG OXEDIAOTEG OEV ATTOTEAOUV
arapaitnTa oxedIaoTiKG AGBn atmmd arroywn AoyIKAG CUUTTEPIPOPAS. ATTOTEAOUV
OMWG peYAAO TTPORANKA ATTO ATTOWN KATAVAAWONG EVEPYEIAG KABWG AUTEG Ol
EMITTAEOV PETARAOEIG KATAVOAWVOUV €VEPYEIQ. TO TTOOOOTO ETTi TNG OUVOAIKNG
EVEPYEIOG TTOU XAVETAI OE TETOIEG TTEPITITWOEIG EiVAl APKETA PHEYAAO KaI UTTOPEI
va @Taoel Kal wg 10 70% O€ TTEPITITWOEIG KUKAWHUATWY OTTWG aBpoIoTEG
d1ddoong kpatoupévou (ripple carry adders) O6mTou Ta AoyIKG €TTiTTEdQ TOU
KUKAWMOTOG €ival TTapa TTOAAG. Eival evOeIKTIKO OTI 0¢ éva KUKAwUA evog 16-
pTTIToU TTapdAAnAou TToAAATTAQCI00TH O iB10¢ KOPPBOG PTTopEl va aAAN&Eel £wg
Kal 20 @opég KataoTaon £wg OTou TTAPEI TNV TEAIKN TIUA TOU O€ évav KUKAO
poAoyiou. O uttoAoyIoudg autol Tou QaIVOUEVOU gival TTOAU SUOKOAO va Yivel
AOYW TNG XPOVIKAG €€APTNONG METAEU Twv ONUATWY TTOU TO TTPOKAAoUv. H
KaravaAwon atmmd autd TO @QAIVOUEVO Eival TTOAU OnNUAvTIKR €I0IKA O Mia
oxediaon PE ammaITACEIS yia XaunAn kartavdAwon woTe va ayvonBei. Auth n
MOP®N EVEPYEIOG TTOU KATAVOAWVETAl TTpoodlopileTal Kal wg glitch power, o
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UTTOAOYIONOG TNG OTToiag ATTOTEAET £va 101AITEPA OUCKOAO KOUUATI OTOV TOMEQ
TOU UTTOAOYIOHOU TNG KATAVAAWONG TOU KUKAWMOTOG.

‘Ewg Twpa yia TNV EKTINNON TNG €VvEPYEIAG Eixape opioel duo
TTAPAPETPOUG, TNV TBAvVOTNTA ONPATOG Kal YETABaong. MNa Tov utToAoyIouO
NG katavadAwaong Twv flip-flops autég apkouoav yia va e¢dyouue pe akpipeia
TO TTO0O TNG evépyelag. Oowv agopd GPwWG Toug KOUPBOUGS £E0B0U TWV AOYIKWV
TTUAWV TOU OUVOUACTIKOU KUKAWMATOG TOTE UTTAPXEl TTPOBANPa KaBwg Kal va
Ta uTToAoyiooupe Oev €ival OPKETA yIa VO €XOUME QKPIBAG €KTiNNON TNG
evépyelag. O Adyog civarl 61 ota flip-flop o kKGBe KUKAO poAoyiou n ££0d0¢
MTTOPEI va £Xel TO TTOAU pia peTdBacon avdAloya e 1o av Ba aAA&Eel kaTdoTaon
N Oxl, avriBeta o1 KOPBOI TOu OUVOUAOTIKOU KUKAWMATOG MTTOPE  va
TTOPOUCIACOUV TTEPICTOTEPN OPATTNPIOTNTA OTTWG TTEPIYPAPTNKE TTAPATTAVW.
AUTO yiveTal yiaTi €§ opICUOU O TTOPAPETPOI TTOU OPICTNKAV ava@EépovTal OTNV
o1aBepry KatdoTaon Tou KOPPou 1o TEAOG TNG TTEPIOdOU. ‘Eva TETOI0 POVTEAO
Oev ouutrepIAapBavel Kal TNV TTponyouuevn dpacTnEIOTNTA TOU KOUPBoU péoa
oTnv TTEPiod0 TOU POAOYIOU TTOU €ival ATTAPAITNT YIA TOV UTTOAOYIONO TOu
glitch power o1moTe KOl TO ATTOTEAEOUA TTOU Ba dwoel dev TTEPIEXEI AUTO TO
KOMMATI TNG KaTavaAwong

Av 0 UTTOAOYIONOG TNV KaTavAAwong YIVOTAV JE XPNON MOVTEAWV
MNOEVIKAG KaBuoTépnong TOTE Ba €ixaue yia €KTiPNon TNG mBOavOTnNTAg
MeTaBaong (transition probability) kai n evépyela 1ou karavaAwvortav Ba
ecayotav armrd Tov TUTTO :

1

Pﬂ:rsruga = :_Tr Ta‘d: Z?=1 C:' P:{.'X':'} (1)

Otrou pe Tc oupPoAiCoupe Tnv TTEPiIodO TOoUu poAoyiou, Ci gival n CUVOAIKA
XWPNTIKOTNTA TOU KOUPBOU Xi Kal n gival 0 GUVOAIKOG apiBudg KOUBwY Tou
KUKAWMOTOG TTOU atToTEAOUV £€6000 KATTOIAG TTUANG I KATTOIOU KEAIoU. E@doov
QuTh N TEXVIKA Btcwpei TO TTOAU pia peTdfacn oe kGBe kOuPo avda KUKAO
POAOYIOU TO QTTOTEAECUA TTOU divel PTTOPEI va BewpnBei wg éva KATw OpIo TNG
TIPAYMATIKAG TIMAG TNG MEONG EVEPYEIOG TTOU KATAVOAWVEI TO KUKAWWA.
MapoAa autd n xprion Tou POVTEAOU MPNOEVIKAG KABUOTEPNONG UTTOPEI va
XPNOIMEUCEl yIa EKTIUNON TNG KATAVAAWONG EVEPYEIOG YIa €va KUKAwpA
avecdpTnTa a1rd TEXVOAOYIa PE TTPOCOAKN EIKOVIKWY XWPENTIKOTATWY OTOUG
KOUBOUG.

MNa Tov utroAoyiopo NG MOavoTNTag PETABAONG N M0 ouvnBIoHEVN
TAKTIKA €ival pe e€upeon TG mMOavoTnTag oApaTog. Autd BéBaia dev egival
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€UKOAO KaBwg atrodeikvueTal OTI gival TToAuTTAOKOTNTAG NP-hard. H aitia yia
auTd €X€l va KAveEl YE TO av Ol €i00d01 piIa TTUANG (TTou BewpouvTal Tuxaieg
METABANTEG) €ival avegapTnTEG ] OxI. TNV TTPAEN Ta AOYIKA OriuaTa PUTTOPEI Va
ouvdéovTal pue TToAAOUG TpdTTOUG. MTTOpPEI YIa TTaPAdelyua duO CHPATA VA PNV
givar 1T0TE TOUTOXPOVO OE AOyIKO uywnAd 13 ptmopei va pnv  aAAalouv
Tautoxpova. O1 Kupiwg €icodol Tou OUVOUOOTIKOU WTTOPEI VA OUOXETICOVTOI
Aoyo g avadpaong tou dnuioupyouv Ta flip-flops. AANG akdépa kar av ol
KUPIiwWG €ic0d0I TOU KUKAWNOTOG BewpnBouv avecdpTnTeg deV I0XUEI TO idI0 YIa
T EOWTEPIKA ONUATA TOU KUKAwPaToG. 'ETol utropei yia mrapddeiyua duo
€icodol plIag TTUANG va e€apTwvTal Atro éva KOIvO Ofua PEPIKA ETTITTEdA TTIO
Tiow, KA&TI TToU deouevel Ta dUO QUTA ONUATA WE KATTOIO BABPO CUOXETIONG
oTnNV OUupPTTEPIPOPA TOug. To va CUuTTEPIANGOEi auTr) n ouoxéTion oTnv
dladIkacia UTTOAOYIOUOU TNG KATAVAAWONG €ival pia TTOAU OUOKOAN Kal HE
uywnAo kéoTog diadikaaia.

Av TTpooegyyioouue TO TIPOBANUA  ayvowvtag Tov TTapdyovta TNng
OUOXETIONG METAEU TWV onPATwyV Kal Bewpriooupe 611 A Ta CAPATA Eival
METAEU TOUuG avetdpTnTta, TOTE n dladikacia uttoAoyliopou Tng TlavoTnTag
MeTABaong atrAoTtrolgiTal o€ peydho Babud. 'ETol, yia TTapddelyua o€ PIa TTUAN
AND n £€odoc¢ divetal ammé TNV oxéon ¥ = ab Grou a kal b o1 gicodol NG
TTUANG. OewpwivTag TS e166d0ug avetdptnTeg kai Pela), B.(B) Tic mOavoTnTES
OAMATOG TWV 1063wV ToTE 10XVl 6T P(v) = P.(a)P.(b). AvrioToixa ot pia
TOAN OR n oxéon eival P. = P.(a) + P.(b). Me auté Tov TpéTT0 UTroAoyifovTal
OAEG oI TNIBAVOTNTEG ONUATOG TWV ECWTEPIKWY KOPBWY TOU KUKAWMPATOG EVW Ol
QVTIOTOIXEG TIMEG YIA TIG €I00O0OUG TOU KUKAWMATOG uTToAoyiCovTal atrd Tnv
avaAuon TNG MNXAVAG TTETTEPACHEVWY KaTAoTAoEWY (FSM) TToU XapakTnpidel
TO AKOAOUBIOKO KOPUATI TOU KUKAWMOTOG.

MNa Tov umoloyiopd TG mBOavOTNTAG MPETAROONG  €XOUME VA
QVTIMETWTTIOOUME €va VEO CATNUA AAANAEEAPTNONG TTOU £XEl VA KAVEI JE TO AV
Ol TINEG €vOG ONUaTOG 0t OUO OIadOXIKEG TTEPIOdOUG TOUu pPOAoyIoU Eival
avecapTnTEG 1 OXI. Av BewpnBoUV avegapTnNTEG TOTE N TIUA TNG ECAYETAI EUKOAQ
atrd Tov TUTTO :

P.(x) = 2R.(x)P.(¥) = 2R.(x)[1 - ()] (2

H trapamdvw oxéon 1oxuel pe TNV TTapadoxr) TTou KAavaue Ot ol
O1000XIKEC KaTAOTACEIC KABe KOuPou eival aveEdpTnTeg METAEU TOUG. €
OIAQOPETIKA TTEPITITWON  TIPETTEl VA UTTAPEEI OUOXETIONOG METAEU  TWV
O1adoXIKWV TTIVAKWV €1000wvV (input vectors) kal Twv E0WTEPIKWY ONUATWV.
Oocwv agopd Tnv TmOaAvOTNTA MPETARAONG OTOUG KOUPOUG €10000U  [ia
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TTpooéyylon gival va egaxBei armo tnv avaAuon g FSM, AapBdavovtag uttoywn
TNV CUOXETION METAEU TwV OIadOXIKWYV TINWY KABe €100dou. KT TETOI0 OUWG
Oev KOAUTITEI TTAAPWG OAEG TIG TTIBAVEG ECAPTNOEIG TTOU PTTOPEI va UTTAPEOUV
KOBWG ayvoei TIG TTEPITITWOEIS TTOU N TIMA MIAG €I0000U OXETICETAlI UE TNV
avTioToIXN TIMA TTEIV a1TO TTOAAOUG KUKAOUG KaBWG Kal TNV oX€on TNG TIUAG TNG
€I0000U PE TTPONYOUMEVEG TIMEG AAAWV KOPPBWYV. ZTNV TTPAYMOTIKOTATA €ival
aduvaTov va UTTOAOYIOOUME OAEG TIG TTIOAVEG CUCXETIOEIG TTOU WTTOPEI va
UTTAPXOUV O€ KUKAWNO KaBWG 0 apIBuog Toug Kal JOvo @Tavel oe ducBewpnTa
etTiTreda. AAAG akOua Kal av UTTpxe N duvatdtnTa yia KATI TETOIO, TTOU ATTAITEI
UTTEPBOAIKA TTOAU UTTOAOYIOTIKN 10XUG, N agIOTToiNCN auTWV TWV OEdOUEVWV
OTOV UTTOAOYIOWO TNG €VEPYEIOG TOU KUKAWMOTOG €ival g€ioou  eTTiTrovn
dladikaoia.

To TTapatrdvw TTPORANUA YiveETal AKOUA TTIO €VIOVO OTNV TTEPITITWON
TTou Ogv yivetal Xprion Ttou pndevikoUu poviéAou kabuoTépnong(zero delay
model). Z& auTég TIG TTEPITITWOEIG XPEIACOVTAI TTIO AETTTOMEPEIG YETPNOEIS Kal
MO AVOAUTIKA POVTEAA yia Tnv €gaywyn TG TIWAG TNG KatavaAwong. MNMAéov
0ev pag evdlopépel POVO n TEAIKA KATAOTOON Twv KOPMBWY OAAG Kal n
OupTTEPIPOPG TOU KaTd TNV OIGPKEID TNG TTEPIOdoU. Ta autd Tov AdYyO
EI0AYOUME MIa véa PETABANTA, TNV TTukvOTNTa pETABaong (transition density)
[25]. H TrukvoTnTa pETARACEWV O€ KABe KOPPBO 1o00oUTOI PE TOV QpIBud
MeTaBAoEWY PETOEU TWV AoyIKWVY KaTaoTaoewyv 0 kal 1 avd povada Xpovou.

Opiopog 3. (Mukvornra peraBacswyv) : Q¢ TUKVOTNTO PETORACEWY
(transition density) evog AoyikoUu onuatog x(t) opiletar 0 Adyog Twv
METARACEWY PETALU TWV AoyIKWY KaTaoTdoewv 0 Kal 1 TOU OrUATog TTPOG TOV
xpovo. ‘ETol yia x(t) n TiunA Tou orjpatog 7. (T) to TTARBOC TwV PeTORACEWY O
éva Xpoviko didotnua T kai D(x) TNV TTUKVOTATA METORBACEWY EXOUE:

D(x):=lim,. =2 (3)

Me Tnv TTUKVOTNTA PETARAONG OUCIOOTIKA TTPpoadiopifoupue To switching activity
TOU KOUBOU avaAoya JE TOU JOVTEAOU KOBUOTEPNONG TTOU XPNOIUOTTOIEITAl. AV
QuTh) N TTUKVOTNTA O€ KABE KOPPBO TOU KUKAWPATOG €ival yvwoTh TOTE N
OUVOAIKN EVEPYEIQ TTOU KATAVOAWVETAI UTTOPEI va €¢axOei atrd Tnv oxéon:

Foo = %Vdd 2EL1C:D(x;) (4)
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2€ €va ouvdudoTIKO KUKAwpa e TTepiodo T n oxéon METAgU TTUKVOTNTAG
MeTaBAoEWY Kal TTBavOTNTAG YETABACEWY Eival :

D=2 (5)

c

OTTOU n 100TNTO OUPBaivel OTNV TTEPITITWON XPNong MNOevIKoU HOVTEAOU
KaBuoTépnong. ETTopévwg n mOavoTnTa YETABACEWY TTaPEXEl Eva KATW OpIo
TNV TTUKVOTNTAG JETARBACEWV.

Mpokeiyévou va ecaxBei pia Mo akpIBAG TTANpoYopia TNG
OUMTTEPIPOPAC TOU ONPATOC XPEIAZETAI O OPICPOG MIag akoua ueTaBAntig. H
METABANTA auTh €ival n mOavoTnTa 1Ic0ppoTriag (equilibrium probability)[25] n
oTToia OpifeTal WG O PECOG XPOVOG TTOU TO OAMA BPICKETAI O€ KATAOTAON
Aoyikou '1'.

Opiopédg 4. (MBavéTnTa 1ocoppomiag) Eav x(t) civar éva Aoyikd onpa (e
Aoyikég TigEG O kar 1), T16TE WG MMOaAvOTNTA I00pPOTTIag (equalibrioum
probability) opileTal n oxéon:

P(x):=limp.> [ Zx(dt  (6)

2€ avTiBeon pe TRV MOavOTNTA CHPATOG , N TBavOTNTA I00pPOTTIaG EapTaTAI
Kal atmmd TIC KOBUOTEPNOEISC TWV ECWTEPIKWG TTUAWY TOU KUKAWMPOTOS. AuTO
yIaTi TTEPIYPAPEI TNV CUMPTTEPIPOPA TOU CNUATOG KB OANn Tnv TTEPiodo Kai Ol
MOVO TNV TEAIKA KATAOTAON OTO TEAOG TNG TTEPIODOU. 2TNV TTEPITITWON XPRONS
MovTéAou pNdEVIKNG KaBuOoTEPNONG N TTIBAVOTNTA I00PPOTTIOG TAUTICETAI E TNV
TTUKVOTNTA ONUATOG.

Av BewpnBei 611 OV UTTAPXOUV CUCXETIOEIG JETACU TWV ONUATWY TOTE N
TTUKVOTNTA CAPOTOS TNG €6600U Yy HIOG AOYIKAG TTUANG UTTOPEI va UTTOAOYIOTEI
atrd TNV TTUKVOTNTA TWV oNUATwy €10000U X1,...,.xN, CUPNPWVA JE TNV OXEON:

D =P ()oE) (1)
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omou 0y/0x;gival n Aoyikry dla@opd Tou y WG TIPOS X, Kal OPIfETal WG:

av
Yok = Vam1 @ Vlizo

otTou pe @ oupPoAilel To atrokAeIoTIKO-T] (exclusive-or i} XOR).

1.2.2.2 Xprion IMOéavoAoyIKwv HOVTEAWV.

Ymapxel €vag peydAog apiBudg amd  TmlavoBewpnTIKEG  TEXVIKEG
EKTINNONG TNG KATAVAAWONG EVEPYEIOG Ol OTTOIEG XPNOIUOTIOIOUV EVOTTOINUEVA
MOVTEAQ KOBUOTEPNONG YyIa TO €0WTEPIKA OTOIXEID TOU KUKAWMOTOG €VW N
TTANPOPOPIa yIa TNV CUUTTEPIPOPA TwV €1I000WV £pXeTal amd Tov XpnoTtn A
amdé TNV avaAuon Tou oKoAouBlokoU KukAwpatog. H  akpifela  Twv
aTroTEAEOUATWY €EQPTATAI ATTO TNV A&IOTTIOTIO TWV POVTEAWV KaBuOoTEPNONG
Kal TIG TTPodlaypa@PEéG Twv onuATwy €100d0u. lMapakdtw akoAouBei pia
Katnyoplotroinon Twv  peBodoAoyiwv  TTou  Pacifovial  0€  POVTEAQ
TOAVOTATWV.

1.2.2.1 Xprjon mlavornTag oiuarog.

TNV TTEPITITWON TTOU YiveTal Xprion HovTéAou UNdeVIKAG KaBuaTépnong
ol METABANTEG TTOU XPNOIPOTToIoUVTal €ival auTég TTou opioTnkav oTa (1) Kai
(2). '/Eva avTiTpooWwTTeUTIKO TTapAdEIypa TETOIAG TEXVIKNAG €ival To [19] OTTOU
oev AauBdavovtal uttdyn CUOCXETIOEIS PETAEU Twv onudtwy. H cuutrepipopd
TWV €1I000WV avauEveTeE ammd TOov XPnRoTtn rn amdé Ttnv avadAuon Tou
aKoAouBI0KOU g€ PopP®r) TTIBAVOTATWY Kal Ol OTTOIEG aTNV cuvéxela diadidovTal
MEoa OTO KUKAWPA o€ KABE KOUPBO. Z€ auTrh TNV ava@opd n diddoaon YiveTal o€
switch level, k&m TTou dev €ival ammapaiTnTo yIa AUTA TNV TEXVIKN KABWG eival
MO €UKOAO (Kal TTI0 oUvnBeg) n diddoon va yivetal o€ emimedo TTUAWV (gate
level). A6 Tnv OTIyur} TTou o1 MOAvOTNTEG KABE ONPOTOG TOU KUKAWMATOG
UTTOAOYIOTOUV, N eVEPYEIQ PTTOPEI va e¢axBei pe xprion Twv (1) kai (2) ye Tnv
atTodoX OTI OV UTTAPXOUV AAANAECOPTAOEIG.

2€ YEVIKEG YPAMMEG OV TO KUKAWUA €xel XTIOTE atrd duadikd OToIXEia
TTou &gV €ival KOUUATIO MIOG OUYKEKPIMEVNGS BIBAIOBNAKNG, TOTE n TTBaAvOTNTA
ONMATOG PTTOPEI VO UTTOAOYIOTEI Aueca PE Xpon YPAa@wy dUadIKNG ETTIAOYNAG
(binary desition diagram BDD)[35] yia avamapdoTacn Twv  AOYIKWV
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ouvapTAoEewV[25],[37]. Puoikd, epdoov yivetal XpAon MOVTEAOU HNOEVIKAG
KaBuoTépnong, auTh n Katnyopia dev AauBaveral uttdywn Tnv €vEPYEIQ TTOU
KATAVAAWVETAI KATA TIG EVOIAUECEG OAAAYEG KATAOTACEWY TwV KOUBWV (glitch
power).

1.2.2.2 [lpooopoiwon HE Xprion HOVTEAwWY TmI@avoTiTwv

Mia péBodog uttoAoyiopoU evépyelag n oTroia AapBavel uttéyn Kai TV
evépyela ammod evdidueoeg karaoTaoelg (glitch power) kaBwg eTmiong Kal TIG
XPOVIKEG €LAPTNOEIGC TTOU UTTAPYXOUV TIPOTEIVETAI OTO [22] Kal  A€yeTal
probabilistic simulation. AuTf) n TTPOCEyyIoN ATTAITEN ATTO TOV XPAOTN VA EICAYEI
XOPAKTNPIOTIKA TIG CUUTTEPIPOPAS TWV EI000WYV TOU KUKAWMATOG WE XPAON
Kupatouop@wy TriBavotiTwy (probability waveforms). Me autév Tov 6po
EVVOOUE Pia akoAouBia atrd TIMEG TTOU AVTITTIPOCWTTEUOUV TNV TeavoeTnTa TO
onua va givar oe Aoyikd uwnAo yia €va OUYKEKPIPEVO XPOVIKO didoTnUa, Kal
TNV TIMA TNG TOAvVATNTAS YIA TIG METARACEIC TOU ONUATOG ATTO AOYIKO XAPNAS
o€ UWPNAO yIa OUYKEKPIPEVES XPOVIKEG OTIVUEG. O1 xpovol pyetaBdocwy armod tnv
AAAN dev BewpouvTal Tuxaieg HETARBANTES. AUTO ETITPETTEI TOV UTTOAOYIOUO TOU
MEOOU PeUPATOG KABWG Kal TNV KATAVOUA TTOU auTo £XEl yia KABe TTUAN e éva
MOVO TTEPACHA TTPOCON0IWONG TOU KUKAWPATOS. MEOW TOU PEOOU PEUPATOG
eCayetal n péon katavaAwaon evépyelag ava TTUAN Kal €TTOMEVWS N MEON
KatavadAwaon oAOKAnpou Tou KUKAWMATOS. MeBodoAoyieg Baciopéveg o€ auth
TNV TEXVIKI €XOouv TTpoTaBei oTa [23, 24], 6TTOU TTAPOUCIAETAI BEATIWON OTOV
TOMEQ TNG OKPIBEIa KAl TNG AVTIMETWTTIONG TWV CUCXETIOEWV.

1.2.2.3 [lpooouoiwon He Xpion TMUKVOTNTASC NETABACEWV

O utroAoyiopdg ™G TIUAG TNG TTUKVOTNTAG METORACEWV yia TOUg
E0WTEPIKOUG KOUPOUG TOU KUKAWMATOG YiveETal KUpiwg YE xprion tou (7). Z1a
[25,26] TTapoucidleTal évag atrodoTIKOG aAyopiBuog diddoong TNG TTUKVOTNTAG
Méoa oTO KUKAwa. ATTapaitntn €icodog Tou aAyopiBuou cival €va (euyog
TIMWV yIa KABE €i0000 TOU KUKAWWMATOG TTOU QvATIAPIOTOUV TNV TTUKVOTATA
MeTaBdoewv Kal TNV mOavoeTnTa I00ppoTTiag. O1 TIMEG TwV CNPATWY Kal Ol
KaBUOTEPAOEIG UETABACEWY TTAipVOVTaI TUXAIA.

O uTtroAoyIoPOG TNV TTIBavOTNTAG TTOU aPopd duadIKEG UETABOAEG, n
oTToia Xpe1adeTal oTov aAyoplBpo (7), PTTOpEi va yivel pe Xprion OEvopwv
duadikAg emmAoyric (BDDs). Ymdpxouv TeXVIKEG  Paoi{OuEvEG  O€
Hop@oTroinuéveG ekdOoeIg atrd BDDs €101k yia autdv Tov okotro [31,39,51].
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1.2.2.2.4 Mia ouuBoAIkn Texvikn

Mia TEXVIKI) TTOU TTPOCTTOBOEI va XEIPIOTEI TOOO TIG XWPIKEG GO0 Kal TIG
XPOVIKEG €EaPTAOEIG €ival uTtroAoyioviag To MEOO switching activity Twv
KOUBwv xpnoigotroiwvtag BDDs yia Tnv  avamapdotacn TnG  AOYIKAG
ouvapTnongG KABe KOUPBoU ouvapTioEl TwV 1000wV TOU KUKAWMPATOG. ATTO Tnv
TOTTOAOYiIO TOU KUKAWMATOG €CAyETAl YO AOYIKRy ouvApTnon yia KABe KOuRo
Tou Oivel Tnv 0TaBepr) Katdotaon Paon Twv €oodwv. Or eviIAUEDES
KATOOTAOEIG TTOU TTaipvel 0 KOUPOG €wg OTou @TACEl OTNV TEAIKI) KATAOTOON
dev PTTOPOUV va €gaxBouv atrd auth Tnv ouvapTtnon. QoTO00 UTTOPEI va
eviaxBei kai n évvola TNG KaBuoTépnong OTnV ouvaptnon KAvovtag Tnv
Tapadoxr o1 N KabuoTépnon KABe TTUANG €XEl IO OUYKEKPIYEVN OTOBEPN
TIMA. AuTO yivetal ye Tnv Aeyodpevn “cupBoAikh avatrapdoTtacn” NG AOYIKAG
ouvaptnong Tou KOPPBou Bdon Twv 1000wV ToU KUKAWHATOS AAAG yia OAEG TIG
XPOVIKEG HOVADdEG PEOO OTOV KUKAO poAoyiou[28]. Ta Tov UTTOAOYIOUO TWV
TIMWV TWV TTIBAVOTATWY TWV ECWTEPIKWYV KOUPBwWV PTTopEi va yivel xprion BDDs
yla Tnv Kataokeur TNV “ammokAeIoTIKO i} (XOR)” oxéong PeTagu Twv dIadoxIKwWV
EVOIAUEOWY KATOOTACEWV TOU KOUPBOU[36]. To PJeEYAAO HEIOVEKTNUA QUTAG TNG
TEXVIKNG €ival OTI £XEI TTOAU UWNAEG ATTAITAOEIS O€ UTTOAOYIOTIKN 1I0XU AOyw TOU
o1 Ta BDDs yTiovTtal yia 0AOKANPO TO KUKAWWQ.

1.2.2.2.5 Xprion OUVTEAECTWY OUOXETIONG

Mia mOavoBewpnTIK TTPpoCEyyion Trapdpola JE TIG TEXVIKH TOU
probabilistic simulation yiveTal pye xprion ToU CUVTEAEOTH OUOXETIONG METAEU
TWV OTOBEPWYV KATOOTACEWV TwV KOUPBWV €VIOG TOU KUKAOU TOU poAoyiou.
AUTOI 01 CUVTEAEOTEG XPNOIMOTTOIOUVTAI VIO TNV EKTIUNON TWV CUVTEAEOTWV
OUOXETIONG METAEU TWV EVOIAUECWY, QUTA TNV QOpPd, KATAOTACEWV TOU KAOE
KOUPOU yia KABe XPOVIKA OTIYUr €vTOG Tou KUKAOU poAoyiou[24]. Auto
EMTPETTEI TNV OlOXEIPION TWV XWPIKWYV EEAPTACEWV TTPOCEYYIOTIKA Kal ival
TTOAU TTI0 aTTOB0TIKO aTrd TNV TTPOCTTABEIa yIa UTTOAOYIONO TWV OUVAUIKWY
OUCOXETIOEWV METAEU TWV evOIAUNEOWY KaTaoTAoewv. H ouoxémon Twv
oTa0epwV KATaoTdoewyv OUO KOUPwV PtTopEi va ekTiunOei e Tnv xprjon BDDs
avatrapioTwvTtag TRV oxéon Aoyikou KAI (AND) petagu twv duo onudtwy. Ta
TEAIK& atroTeAéopaTa £XOUV TTOAU KOAN aKpiBela aAAG TO PEIOVEKTNMO AUTAG
TNG TEXVIKAG €ival Ot arraiteital n karaokeury Tou BDD yia oAdkAnpo 10
KUKAWWMQ, KATI TTOU DEV €ival TTAVTOTE EQIKTO.

1.2.2.2.6 Alaxeipion TTpOCWPIVWV XWPIKWYV £CAPTACEWY

Mia GAAn TeXVIKN Baciopévn og TTBAvVOTNTEG TTETUXAIVEI VO PEATIWOEI
TNV amédoon TnG OI1adIKaoiag UTTOAOYIOUOU TnNG EVEPYEIAG ME  XpHon
mlavotiTwy  UETaBAcewy  yia  TOV  UTTOAOYIOPNO TNV TTPOCWPIVAG
aAAnAeTTiOpaong kKatd Tnv OIAPKEID TOU KUKAOU POAOYIOU KOl CUVTEAECTWV
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OUOXETIONG TTPOKEIMEVOU VO OIAXEIPIOTEI  TTPOCEYYIOTIKA TNV XWPIKH KOl
TTPOCWPIVA CUOXETION(OTOV iD10 KUKAO poAoyioU) evidg Tou KUKAWMATOG. To
MoVTEAO KOBUOTEPNONG €ival PNOEVIKO OTTOTE N KATAVAAWGON AOYW eVOIAUECWY
pMeTaBdoewv dev utroAoyiletal. MapOAo TTou aAuTr N TEXVIKA XPENOIMOTIOIE
BDDs 0ev armraiteital n KATOOKEUR TOUG yia OAOKANPO TO KUKAWMO OAAG
avTiBeTa KATAOKEUACOVTAI TOTTIKA £CAPTWHEVA ATTEUBEIQS yIa TIG 10600UG KABE
TTUANG. Mg autd Tov TPOTTO dev UTTAPXOUV Ta TTPORAAMATA EAAEIYNG PVAUNG
Kal  UTTEPPBOAIKWYV  OTTAITAOEWV 0  Xpoévo Tou Ba  xpelalotav  av
kataokeualoTav BDDs yia 0AOKANPO TO KUKAwA.

1.2.2.3 Xprjon Z1ariOTIKWYV OVTEAWV.

H 16éa tmicw a1d autr TNV Katnyopia gival oxeTika atrAf. AlcEaywyn
EVOG ATTOOEKTOU APIOUOU TTPOCOPOIWCEWY TOU KUKAWUATOSG XPNOIUOTTOIWVTAG
KATTOIOV XPOVIKO 1} AOYIKO TTPOCOMOIWTA KAl KATaypa@r TnG €VEPYEIQG TTOU
kKatavaAwveral. H Ty mou €¢ayeTal avTiTTpoowTTEUEl TNV PEON EVEPYEIQ TTOU
KATavaAWwvel TO KUKAwpa Kal Trapdyetar ammd TIg oxéoeig (3) kai (4). To
oToiIXNUO OE€ QUTA TNV TTEPITITWON €ival YE TToIa KPITAPIO Ba eTTIAECOUME TIG
TIMEG TWV €I000WV YIA TIG TTPOCOMOIWCEIC OAAG Kal TTwG Ba KPivOuuE TTo10G
apIBUOC TwV TIPOCOUOILCEWY Eival APKETOC WOTE TA ATTOTEAECHATA VA
OuykAivouv og IKavoTroInNTIKO PaBud oTnv TTpayuaTiky héon karavaiAwon.
2uvnBwg ol €icodol e¢AyovTal TuxXaia KAl TEXVIKEG OTATIOTIKNG EKTIMNONG
MECWV TIMWYV XPNOIUOTTOIOUVTAI YIa Va UTTOOEICouV TTOTE E€TTETEUXON QpIOUO
TIPOCOUOIWCEWV-0UOIaoTIKA pia Monte Carlo péodog[38].

1.2.2.3.1 ZuvoAikn loxug

O utroAoyioudg TNG CUVOAIKAG EVEPYEIAG YiveTal Je TNV KAaooikr Monte
Carlo rpocéyyion. ‘Evag apiBudg tuxaia eEayOuevwy TIMWV EQAPPOLETAI OTIG
€1I0000UG KaI YiVETAI KATAYPOP TNG KATAVAAWONG ava KUKAO poAoyiou TTou
EMOTPEPEI O TIPOCOUOIWTAG, €wG OTOU n péon TIUA VA OUyKAivel oTnv
TTPaydaTikh KatavaAwaorn. MpakTiké auTr) n TEXVIKN atrodidel o€ peydAo Babuod
Kabwg éva TTARBog £wg 10 TTPOCOUOIWCEIS UTTOPEI va €ival APKETO yia HIa
TTPWTN TTPOCEYYION TNG CUVOAIKNG KATAVAAWONG I0XU0G AKOUA Kal yia PJeyaAa
KUKAwpaTta. ‘Eva etmiong TTAEOVEKTAPA TNG TEXVIKAG €ival OTI 0 XPHOTNG UTTOPEI
va kaBopiogl TNV akpifeia Twv aTToTEAEOPdTWY TTOoU €mMOUUEI oTNV apxn TNG
diadikaoiag. O1 eicodol Bewpouvtal ave¢dpTnTEG AV Kal O aAyOpIOuOG UTTOpPEi
Va ETTEKTAOEI KAl va CUPTTEPIAABEI KAl TNV CUCXETION PETAGU TWV EI0OdWV.

To JOVO HEIOVEKTNUA QUTAG TNG TTPOCEYYIONG €ival OTI ATTO OTATIOTIKAG
amowng n péon TIMA TNG OUVOAIKNAG evépyelag Ba ouykAivel TTOAU vwpiTepa
armmd TIGC AVTIOTOIXEG TIMEG TwV  ETTIHEPOUG  HIKPOTEPWY KOPHATIWV  TOU
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KUKAWMOTOG. Oa XPpeI0oTEl TTOAU JEYAAUTEPOG APIBUOG TTPOCOUOILOEWY YIO VO
EMTEUXOEI TTPOOEYYION TWV ATTOTEAEOUATWY VyIa MIKPA UTTOOUVOAa R
EEXWPIOTEG TTUAEG TOU KUKAWUATOG.

1.2.2.3.2 Npocdiopiopdg loxuog emipépoug TTUAWY

O utroAoyIoPOG TNG 10XUOG TOTTIKG €ival TTOAAEG POpPEC aTTapPQiTNTOG
Katd TOov OXedIaoud €vOG KUKAWMPOTOG TTPOKEIMEVOU va  yivel didyvwon
TTPORBANUATWY UTTEPROAIKNAG KATAVAAWONG aTTO KATTOIEC TTUAEG A Kal ATTAd yia
va yivel yia xaptoypdenon tng karavdAwong mavw oto KUKAwua. O 1poTTo¢
TTOU UTTOPEI va Yivel auTd gival JEOw TNG EKTIMNONG Tou switching activity Twv
QVTIOTOIXWV KOUPWYV TOU KUKAWMOTOG  TToUu O€Aoupe va PEAETAOCOULE.
Xpelaletar  TPOTTOTTOINON TOU TIAPATIAVW OAyopiOuou Kal PeyaAUTEPOG
apIBu6¢ delyudTwy yia va TTPOCEyyiooule Tov JECO apiBud peTaBdocwy KAOe
KOMPBou. Av Kal n akpiBeia Twv aTTOTEAECUATWY €ival PIa TPOTTOTTOINCIUN ATTO
TOV XPAOTN TTOPANETPOG, O XPOVOG €KTEAEONG TOU aAyopiBuou atroTeAEi TO
MEYOAUTEPO TOU PEIOVEKTNA.

1.3. M€B0d0I EKTiMNONG TG KATAVAAWONG EVEPYEIAG OE UYPNAO

emiedo

O1rwg emonudvenke Kal 0TV €l0aywyr Tou KepaAlaiou Ba ATav TTOAU
BOAIKG yia TOv oXedIAOTH av PTTOPOUCE VA EKTIMACEI TNV KATAVAAWON 10XU0G
o€ uynAo emiredo oxediaong. Oa Tou TTapeixe TTANPOPOPIEC OXETIKA WE TNV
KatavdAwaon apkeTd vwpic TTpiv Xabei xpovog Kal TTPooTTdbeIa oTa ETTOUEVA
KOMMATIO TNG oXediaong. ZNUEPA UTTAPXOUV TEXVIKEG EKTIMNONG EVEPYEIOG OE
emimedo RTL. e autd 10 emiredo oxediaong, Ta oToixEia pvAung (registers
flip-flops) Oewpntikd €xouv TPoodiopioBei, aAAG OAo TO UTTOAOITTO
ouvouaoTIKO KUKAwua Trapapével o€ Aoyikd (Boolean) emiredo. Nevikd n
Teplypa®ry Tou KukAwpatog atroteAeital atrd flip-flops kai Aoyika(Boolean)
Maupa KouTid.

2€ KATIOIEG TIEPITITWOEIS N TIEPIYPAP O€ uywnAo eETTiTTedo  TOU
KUKAWMOTOG  yiveTar ue xprion blocks T1ou €xouv xpnoigotroinBei o€
TTPONYOUMEVEG OXEDIATEIC. 2€ QUTEG TIG TTEPITITWOEIC N AVAAUTIKI TTEPIYPAPN
TNG uAotroinong autwv Twv blocks eivalr dueca diabéoiun. Mapadeiyuata
TETOIWV Ooxedidoewy egival n Tepimmtwon digital signal processing(DSP) étrou
Ta blocks TOoUu KuKAwpatog €pxovralr amd pia BIBAIOBAKN TTOU TTEPIEXEI
ETTAPKWG XAPAKTNPIOPEVOUG aBPOIOTEG, TTOANATTAQCIAOTEG K.T.A., KaI TTOU
OKOTTOG TNG oxediaong e€ival va TPoodIopicel TTolol atmd auTtoug TOug
aBpoIoTEG KAl Toug TTOAAOTTAQCIOOTEG Ba  XpnolyoTroinBouv oTo  TEAIKO
KUKAWHA. TeVIKA 0€ QUTEG TIC TTEPITITWOEIS €ival WEPENIJO VA PETAPEPETAI N
TANpo@opia TG avaAuon atd Ta XaunAdtepa etireda oxedioong oOTa
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uwnAoTEPA. AUTR N TEXVIKA €ival yvwoTr Kal wg bottom-up Tpocéyyion étrou
Ol AETTTOUEPEIEG O€ XAUNAO ETTITTEDO €ival YyVWOTEC AAAG ETTIAEYOUME va TIG
ayvooUue Kal avTi autoUu XPNOIMOTTOIOUPE €va YEVIKO, uwnAou EeTTITTEDOU
MOVTEAO, TTOU TTEPIEXEI ATTAQ TNV CUUTTEPIPOPA Tou block. Autry n TTPOCEyyion
ava@épETal Kal wg macro-modeling yia exTipnon evépyelag. 2T Bottom-up
TEXVIKEG “paupa KouTid” atroTeAouv Ta povréAa (macromodels) kKal €xouv
e€axOei yia Ta blocks Tou KUKAWPATOG HECW MIAG BIadIKaoiag XapaKTNPIoUOoU
TTOU POVTEAOTTOIE TNV €vépyeEla TTOU KaTtavaAwvel To block cuvaptiioer Twv
€I000WV TOU KOI CUYKEKPIUEVO TWV OTATIOTIKWY OTOIXEIWV (TTIBAVOTATWV)
QUTWV. ZTa POVTEAQ elodyovTal ETTITTAEOV TTANPOPOPIEG OTTWG TO TTAXOG TWV
AYWYwVv, XwpnTikotTnTeS K.a[54,55].

2€ KATTOIEG AAAEG TTEPITITWOEIG, N AETTTOUEPEIEG yIA TA XANNASTEPQA
eTiTTeda Tou block dgv €ival yVwOTEG OTNV OUYKEKPIYEVN @AoN TNG oxXediaong
KOBWG UTTOPEI OTO OUYKEKPIYEVO KOMUMATI TOU KUKAWMPATOG VA PNV €XEl YiVEl
TTPOTEPA Kapia avaAuon. Edw tTapoucidletal Eva dUOKOAOGTEPO TTPOBANUA TNG
eCaywyng 10xus amd kabapd Aoyikég(Boolean) ouvaptioelg. Auth N
Tpooéyyion ovoudletal top-down étTou n uAotroinon &ekivdgl Atmoé Ta TTIO
uwnAd etTitreda oxediaong Kal TTPoXwpdAel TTPOG Ta TTIo XaunAd. Or TeEXVIKEG
TTOU AEITOUPYOUV 0€ auTd TO €TTiTTEdO KAVOUV Xprion €vog vEou Opou, TNG
EVIPOTTIA¢ TOU AOYIKOU GHPATOG, TTOU OXETICETAI UE TNV OUVOAIKN TTOCOTNTA TNG
TTANPo@opiag TTou ueTa@épel autd 1o onua. O AGyog TTou gival Xproiun Hia
TETOIO  TTAPAUETPOG  EYKEITAI OTO  OTI Ol EVEPYEIAKEG OATTAITOEIS  €VOG
KUKAWMATOG Eival AUECO OUVOEDEPEVEG E TIG UTTOAOYIOTIKO £PYO TTOU OIEVEPYEI
TO KUKAWMQ, KOl TTOU MTTOPEl va HPovTeAOTTOINBEl PE TNV EKTinon NG
evipoTriag[44,45]. H evrpoTtria WTTOPEI va OUOXETIOTEI AUECA KAl PE TNV
mMOavoTNTA TOU ONUATOG, OTTOTE ME TIC AVTIOTOIXEG TOAvOTNTEG aATTd TIG
€€odoug Twv flip-flops utTOpOUV dAueca va UTTOAOYIOTE N TIUA TNG EVTPOTTIAG
yla KGBe onua €l06d0u Tou oUVOUAOTIKOU KUKAWMPATOG.

1.4. Zovoyn

O1 TrepIoOOTEPEG ATTO  TIG TEXVIKEG EKTIMNONG TNG KATAvAAWONG
EVEPYEIOG TTOU TTAPOUCIACTNKAV AEITOUPYOUV OTA XAUNAA eTTiTTeda oxediaong
KAl XPNOIJOTToloUV  atrAoTroinuéva  JOovTEAa  KaBuoTépnong omroTe  Kal
UTTOAEITTOVTAI O aKpiBela atTd pIa AETTTOUEPH TTPOCOMNOIWON KUKAWNATOG.
KUpio {nToupevo OPWG, O€ AUTEG TIG TTEPITITWOEIG Eival Kal O XPOVOG TTou
QATTAITEITAI VIO TOV UTTOAOYIOUO KABWG 01 OXeBIA0TEG EVOIAPEPOVTAI KUPIWG YIa
TNV KaTavaAwon o€ peydAeg VLS| ulotroioeig. Kdrmoleg amd autég TIg
TEXVIKEG MTTOpOUV, €VTOGC TwVv Opiwv TTou KaBopifel n  akpifeia  TOU
ammAoTroinuévou HovTéEAOU KaBuoTépnong, va OwWOoouV ATTOTEAECUOTA KOVTA
OTIG TTPAYUATIKEG ATTAITAOEIS TOU KUKAWMOTOG. TETOIEG TEXVIKEG Eival KUpPIwg
autég TTou Bacifovral 0TV OTATIOTIKA TTPOCOMOiwaon, OTou JAAIoTa N
akpiBela utropei va kaBopiotei amd Tnv apxf Tng Oladikaciag. H AAAn
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KATNYOPIa TEXVIKWV EKTIUNONG I0XUG TTou BaacifovTal o€ JOVTEAQ TTIBaVOTATWY,
Oev TTapéxouv TOOO akpIBry atroteAéoparta aAAG €ival oca@wg TTOAU TTIo
ypnyopes. ATTd TTAeUpAG uAOTTOINONG, MIO ONPAVTIKI dla@opd avAueoa OTIG
QU0 KaTNyopieg €ival OTI Ol OTATIOTIKEG TEXVIKEG YTTOPOUV va UAOTTOINBOUV pE
XPAon uttapxOviwy epyaAgiwv TTpocopoiwong Kal BIBAIOBNKWY, v ATt TNV
GAAN dev 1I0XUEI KATI TETOIO YIQ TIG TEXVIKEG TTOU Baaifovtal oTig TBavoTnTeG. OI
TeAeuTaieg atTaITOUV €10IKA oXEDI00PEVA JOVTEAD TTPOCOMOIWONG.
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Ke@dAaio 2

BeATioTotroinon oxediaong

2.1. Eicaywyn Kal I0TOPIKI avaoKOTrnon

H diapkwg augavopevn taxutnta Kal TTOAUTTAOKOTNTA TWV ONUEPIVWV
OAOKANPWUEVWY VLS| KUKAWPATWY €xel odnyrnoel o€ PId onuavTikg auénon
TNG KATAvAAWONG 10XU0G. MapdAAnNAa ol TAoEIG TNG €TTOXNG TTOU ATTAITOUV
@opnToOTNTA, TIPACIVEG  AUCEIC  OANG KAl B€uaTta agloTmoTiag  Kal
AeIToupyikOTNTAG  opifouv  dIAPKWGS TTIO  OTTAITATIKEG  TTPOdIAYPAPES  yIa
KATAOKEUEG XaPNAAG katavAAwong. MNa tnv emiteugn autol Tou OTOXOU Ol
OoXeOIOOTEG £XOUV AVATITUEEI Wi TTANBWPA TEXVIKWYV BEATIWONG TTOU EVEPYOUV
o€ TTOAAG emTiTTeda pia oxediaong. H TTOAUTTAOKOTNTA WOTOOO TWV CNUEPIVWV
oAokAnpwuévwy otTou 10 TTAABOG Twv TpavlioTop eival TG TGEng Twv 100
EKATOMMUPIWY Kal douAeuouv oe ouxvotnteg Twv GHz Teplopifouv TIg
TTOPEUPBACEIG TTOU PTTOPET Va €xEl 0 OXEDIAOTAG KOBWGS atTaITouv TTAPa TTOAU
XpOvo evw €ivar  auf¢nuévog Kal O Kivduvog AdBoug. H  xpnon
auTopaToTToINUEVWY aAyopiBuwy BeATioTotroinong pe xpron epyaiciwv CAD
gival emBeBANUEVN.

‘Eva atmdé 1a geyAAQ TTAEOVEKTAUATA TNG TEXVOAOYIOG TWV NUIAYWYWV
METAAWV o&eidiou (A aliwg Twv CMOS) eival n eyyevAg PIKPR KATavAAwOT.
AuTO yia Toug oxedlaoTég kal Ta EDA epyaAeia onuaive tnv duvarotnta
MEyIoTOTTOINONG TNG TaXUTNTOG OE MIa oXediaon Kabwg Kal eAayIoToTToinong
TOU XWpPOoU TToU KataAdupavav oTto OAOKANpwuévo. e ouvduaoud PE ThV
dlapKAG MEiwong Tou TTAGTOUG TwV TpavlioTop TTou €W Kal XPOVvia aKOAOUBEi
Mia oTaBepr] TITWTIKY TTOPEIA, CUPNPWVA PE TOV YVWOTO o€ OAoug TTAéOV VOO
Tou Moore, kaBioTatal duvatr) n uAoTroinon Ao Kal SIOPKWG TTIO TTEPITTAOKWYV
OAOKANpwHEVWY OxedIAoEwWY KABWG Kal au¢non TG ouxvotTnTag AsiIToupyiag
Toug. H TTapduetpog TNG KATAVAAWONG 10XUOG APXIOE VA MTTAIVEI OTO
TIPOOKAVIO OTa TEAN TnNG dekaeTiag Tou ‘80 pE TNV EPPAVION TWV TTPWTWV
popnNTWV ouokeuwyv. MNMAEov yia auTiv TNV ayopd n auTOVOHia TNG OUOKEUNG
atroTeAEi TTOAU ONUAVTIKO TTAEOVEKTNUA VIO TNV EUTTIOPIKN ETTITUXIO TOU
TTPOoI6VTOG. ATTO TNV AAAN OpWG TNV idla €TTOX OI OXEDIOOTIKEG ATTAITAOEIG
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odnyouoav TNV eVOWUATWon OAO Kal TTEPICCOTEPWY EVEPYOROPWY OTOIXEIWV
TOU KUKAWWMATOG ME JIa JIKPA TTEPIOXN TOU, KATI TTOU 00nNyoUuoe 0€ UTTEPPOAIKES
KatavaAwoelig amd PePIAG Tou OAOKANpwuévou OAAG €BeTe kal BEépata
aglomoTiag. ‘Etol n amraitnon yia eéAGTTwon g 10XU0G TTOU KATAVOAWVOUV TA
oAokAnpwuéva BaacideTal oTIG ATTAITACEIG TNG AYOPAS VIO QOPNTEG EVEPYEIAKA
QUTOVOUEG OUOKEUEG PE PEYAAN auTovopia aAAd kal o€ BépaTta agliotroTng
A€IToUpYiag TOU KUKAWHATOG, VW TTIO TTPOCOATA N OTPOYPr OE OIKOAOYIKEG
A0O€IG TTapoTpUVEl TIPOG auTrhp TNV KarteuBuvon. EBIKA yia T1a Bfparta
QgIoOTTIOTIAE N augnon TNG KATavaAwong UTTopPEl va odnyrnoel o€ augnon ng
Bepuokpaciag TTEpAV TWV EMTPETTWY OPIWV KOBWGS Kal Ot AEITOUPYIKA
aoToxia AOyw aduvapiog Tou OIKTUOU TPOo@OodOoCiag va aviatregéABel OTIg
EVEPYEIOKEG QAVAYKEG TWV OOPIKWY OTOIXEIWV TOU KUKAWMATOG. TETOIEG
KATAOTAOEIG UTTOPOUV va OdNyAoouv O€ peEiwon Tng amodoong Tou TOITT,
Meiwon Tng didpkelag CwNG, €V yid TNV QVTIMETWITTION TNG aug¢nong Tng
EKAUOEVNG BeppoKpaTiag aTraiTouvTal CUOKEUEG atTaywyng BepudTnTag ol
OTT0iEG OUWG £x0OUV UYNASG KOOTOG.

OAMor autoi o1 TTapdyovteg odnyouv OTnv avAadeign Tou BEPATOG TNG
KaravadAwong oav pia atrd TIG ONPAVTIKOTEPES TTAPAUETPOUG oxediaong padi
ME TNV TaXUTNTO KOl TOV XWEO TTou KataAaupBdvel To ohokAnpwuévo. MaAioTa
O TIAPAYOVTAG €EVEPYEID QVOOEIKVUETAI BIAPKWSG OC0 N TeXVOAoyia Twv
NUIOYWYWV 0dnyei o€ PIKPOTEPA TpaviioTop. MTTpoOTA O€ QUTA TNV TTPOKANGCN
MIa o€Ipd aTTo £PEUVEG JEAETOUV TNV aVATITUEN PEBOBWYV, OTTOTE KAl EPYOAEIWY,
TTOU va dpopoAoyolv Tnv eTTiAucn auTtou Tou TO00 onPavTiKoU TTPORAAUATOG.
O1 apxIkéG TTpooeyyioelg ATav KateuBeiav oTnv oxediaon TOU KUKAWUATOG O€
AOYIKO eTTiTTEdO, KABWG €KEI Ta €PyaAgia ATAV TTIO WEIMA Kal TTIO IKAVA va
OlaxEIPIOTOUV eKEl TO TTPOBANPA. ZAUEPA QUTA N MEAETN €xEl ETTEKTADEI Kal O€
GAAa onueia OTTwg BeATIOTOTTOINONG TNG OPXITEKTOVIKAG ME MEYOAUTEPQ
TEPIBWPIa KEPDOOUG.

H a1modoTIKOTNTA TWwV £PYaAEiwV BEATIOTOTTOINONG EVEPYEIOG £CapTATAI
dueca ammod TNV  OTTOTEAECUATIKOTNTA TWV OAYOPIBUWY  €KTIUNONG TNG
KATavaAwaong ol oTroiol TTPETTEl va OOUAEUOUV ATTOOOTIKA O€ dUO ETTITTEDA, T
oTToia €ival 0 TTPOCBIOPICUOG TNG KATAVAAWON £VOG KUKAWPATOG KABWG Kal 0
aKpIBEic  TTPOOBIOPIOUOS TG  OXETIKAG  KATAVAAWONG  OIOPOPETIKWY
UAOTTOINCEWV TOU.

2.2. BeATIOTOTTOINON KUKAWMATOG YIA HEiWON 10X0U0G

YTTapxouv TTOAAEG DIOPOPETIKEG TEXVIKEG TTOU OTTOOKOTTOUV OTNV PEiwon
TNG KATAVAAIOKOUEVNG 10XUG TOU KUKAWMATOG. O1 KUPIOTEPES ATTO AUTEG €ival

ol €¢AG:
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a) [pooapuoyn peyebwv Twv TpaviioTop.
b) Meiwon Twv TGoewv TPOPodOUTiag.

c) Voltage islands: 610U d10QOPETIKA blocks TOU KUKAWMOTOG A&ITOUpyOUV
KATW aTTO JIAQOPETIKEG TAOEIG TPOPODOUiag.

d) MeTtaBAnTA 1don TpoPodoariag.

e) ToAAatTAég Téong threshold.

f)  Power Gating 1} aAAILuG OTTOKOTTT) TPOPOdOTiag
g) Tpavliotop Ye HEYOAUTEPO PAKOG KAVAAIOU.

h)  Stacking kai Parking States. H tomo6€étnon Tou KUKAWPATOG O€
OUYKEKPIMEVN AOYIKN) KATAOTACN TTOU KATAVAAWVEI TO AlyOTEPO pEUPa
dlapponG.

i) Ala@OpETIKEG AOYIKEG TEXVIKES. EvaAAayr HETAEU OTATIKWVY KAl SUVANIKWY
TTUAWV.

O1 apxég TTAvw OTIG OTToiEG PaacifovTal auTéG o1 TEXVIKEG €ival KOIVEG O€
TTOAAEG aTTO auTéS. ‘ETO1 yia TTapddeiypya o Bacikdg TUTTOG TTou divel Tnv 1I0XU
TTOU KATAVOAWVEI VA KUKAWPA €ival O TTOPAKATW:

2
- Vdd z (C:Loadi X TR|) (8)

PC
2 0 nets(i)

ATTO auTtov @aivetal OTI yia TNV €TTTEVEN PeEiwoNG aTnv KatavaAwaon ol
TTOPAYOVTEG TTOU TTPETTEI VA PEIWBOUV gival N XwpnTIKOTNTA TWV KOPBWY, N
Tdon Tpogodoaoiag f 1o switching activity Twv kOuBwv. ETol kar pye v
TTPOCAPUOYN TOU PEYEBOUG evOg TPAVEIOTOP OUCIOOTIKA DIAUOP@WVETAI N TIUA
TNG XWPENTIKOTNTAG TWV KOPPWV TToU €pxovTal o€ €mma@r pe autd. H 1don
Tpo@odoriag uTTopei va PeTAPANBei pe AUoelg Omwg n (b) Tou eival n
AeiToupyia TOU OAOKANPwMEVOU o€ HIKPOTEPN TAoN, n (c) Tou E€ival n
dlauoépewaon TNG Taong Tou PAETTEI KABE block €viOg TOU KUKAWUATOS OAAG
Kar n (d) 1Tou €ivar n duvapikr HPETABOAN TNG TAONG KATA TNV AcIToupyia
avaloya pe TIG ekAoTOTE aTraITAoelg. H Auon (e) €ival n avrikardotaon pia
TTUANG ME JIa 1I00DUVOUN ME BIAQOPETIKES TTPOBIAYPAPES OTNV KaTavaAwaon. To
switching activity e¢aptdral atrd Tnv doun Tou KUKAWPATOG Kal N aAAayr) Tou
givar pia 1d1aitepa TTEPITTAOKN dladikacia. AUCEIC TTOU OTTOOKOTIOUV OTNnV
MEiwon Tou oTaTikoU peupartog diappong atroteAouv ol (f,g,h). Téhog otnv (i)
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EMOIWKETAI N QVTIKATAOTOON TWwV  AOYIKWV  TIUAWV  PE  AVTIOTOIXEG
OUVOUIKEG[74].

ATIO auTEG TIG AUCEIG Kadia OV €PXETAI XWPIG KOOTOG 0€ KATTOIO GAAN
atro TIG TTAPAUETPOUG TNG Ooxediaons. MNUAeg o1 oTroieg KaTavaAwvouv AlyoTepn
IoXU €ival Katé kavova Kal 1o apyég. ETreupdaoeig otnv apxXITEKTOVIKA 1) TTAvw
oto OikTuo OlavOPNG 10XU0G aTToTeEAOUV TTEPITTAOKES, Gpa Kal XPOVOoROpPES
EPYATIEG EVW KAl TO HEYEBOG TOU OAOKANPWHEVOU PTTOPET va augnBei.

2.3. Noyik o0vOeon yia EAaXIOTOTTOINON EVEPYEIQG.

H Aoyikry ouvBeon putmopei va BeAniototmoin®ei katd TTOANOUG TPOTTOU
TIpOKEIYEVOU va dlaTnPENBEi N KaTavaAwon Tou KUKAWMOTOG utrd €Aeyxo. Ol
MO OUVNBIOPEVES TEXVIKEG DIAUOPPWONG TNG KATAVAAWONG 1I0XUOG O¢€ ETTITTES0
QPXITEKTOVIKNG Kal AOYIKAG oUVBEONG €ival Ol TTOPAKATW:

Clock gating

e Avadiopéppwaon AoyIKAG

* Aglotroinon ouvlnkwyv adlagpopiag

* E&looppdTTnONn povoTtratiwyv

« AvrtioToixion TexvoAoyiag (technology mapping)

¢  KwdIkoTroinon KataoTacewy

o ATodéuNoN PNXAVAG TTETTEPACHEVWYV KATAOTACEWY
* Retiming

OAeg o1 TTapatrdvw TEXVIKEG ETTIKEVTPWVOVTAI OTNV Aoyikfy dour Tou
KUKAWMOTOG OTTOTE £QapuolovTal Ol TTEPICOOTEPEG OTO KOMPATI TNG oUvBeonG.
H T1exvikil Tou clock gating €ival n ammopdvwon Tou poAoyiou PECW KATTOIAG
eMTAEOV AOYIKAG TTAVW OTO OIKTUO OIAVOMNG TOU POAOyIoU, YE OKOTTO ThV
atmrevepyotroinon  TUNMATwWY  Tou  OAoKAnpwpévou  Otav  autd  Oev
xpeldfovtal[70]. Xwpig auth TNV TEXVIKI Ta AVTIOTOIXO KOUMATIO Ba
Tapoucialav  dpacTnEIdTNTa KABWG TOAU TMBavde va  Trapouciafoviav
OIaQOPETIKA input vectors OTIG £I0000UG TOUG E ATTOTEAECOUA TO CUVOUAOTIKO
MEPOG TOU va evepyoTrolouTav. BéBaia ta étroia atmmoteAéopata 1Tou Ba €D1ve
autd TO OUVOUAOTIKO KOUMATI Ba €@Tavav OTIG €€000UG Tou Kal atmAd Ba
ayvoouvtav. QoT1éco auth n TePITTA dpacTnPIOTNTA Ba KATAVAAWVE KAVOVIKA
IoXU emIRapuvovTag TNV OAn oxediaon.
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Kard tnv Oladikacia tng ouvBeong pia Bacik Asitoupyia €ival n
METAQpPAon MIa AOYIKAG ouvdpTNONG O€ I000UVANO WNOIOKO  KUKAWUA.
Ymrapyxouv Opwg TTOAAEG TTIBavEG 1000UvVauEG Auong TTou Ba £€Divav Tnyv idia
TENIKA Aoyikfy ouptrepipopd. H emAoyy TNG KAAUTEPNG aTTO OAEG QUTEG ME
KPITAPIa TNV 10XV atroTeAEi Evav TTOAU onuavTikd Bripa yia TNV EAaXIOTOTToINoN
TNG. AvTioToiXa Kal n aglotroinon Twv ouvlnkwv adiagopiag gival éva BApa
TTOU MPTTOPEI va Bondnoel TTEPETaipW TTPOG auUTAV TNV KateuBuvon. Etriong
KAt Tnv avmioToixnon TnG UTTApYXoUoag TeEXVOAoyiag (To AeyOueEVO Kal
technology mapping) ouciaoTikd emAéyetar amd TV PIBAIOBAKN  Twv
OI0Bé0IuwY  AoyIKwY  TTUAWV  auTéG TTou Ba  xpnoigotroinBoulv  yia  Tnv
uAoTToinon TNG ¢ntoupevng AoyIKAG CUNPTTEPIPOPAGS. AvaAoya e Ta €Upog TNG
BIBAIOBAKNG Kal Tou TTABOUG TWV duvaTwy £TMIAOYWY augdvouv Ta TTEPIBwPIa
yla BeAtiwon TNg ammdédoong Tou TEAIKOU KUKAWMATOG. H TexvIKA auTh givail
Baoikd n aglotroinon Twv ammOTEAECHATWY YIa oUvBeong Kal sizing Twv
AVTIOTOIXWV TEXVIKWV[71].

Katd Ttnv avaAuon €vog aKOAOUBIOKOU KUKAWPATOG O TPOTIOG
UAOTTOINONG  MIAG  HNXAVAG  TTETTEPACHUEVWY  KOTAOTAOEWV  UTTOPEI  va
dIaQOPOTTIOINCEl TIG ATTAITACEIS TOU KUKAWMATOG o€ 10XU. Mia Tétoia pnxavi
MTTOPEl Va atrAoTroindei, To TTARBOG TwV KATAOTACEWYV TNG KAl N ETTECEPYATTIKN
TTOAUTTAOKOTNTA TNG MTTOPOUV VA HEIWBOUV XWPIG va ETTNPEACTEI N OUVOAIKN
OUUTTEPIPOPA TOU KUKAWUATOG[72].

TéNog o€ éva KUKAwpa pe pipeline o1ddia ptropei va utrdpgel peyaAn
dlagpopoTroinon avaloya PE Ta TOV TPOTTO TTOU gival dIaxwpIouEVa Ta AOYIKA
emimeda. O apxIkdg dlaxwpIoUOG YiveTal ue BAon TNV OPXIKN TTEPIYPAPH OE
RTL emimmedo Tou €0woe O XpnAotng kai Paocifetar kaBapd oTtnv
AEITOUPYIKOTNTA OTTWG QUTOG TNV avTIAGUBAVETAI KAl OTNV IEPAPXia TToU auTdg
éxel kaBopioel. Qotéoo Katd Tnv dladikacia TNG cUvBeong PTTOPEI va UTTAPEEI
METAPOPA KATTOIOV AOYIKWV ETTITTEOWV OE OIAPOPETIKA £TTITTEdA TOU pipeline
XWPIG va emmnpeddeTal n AOYIK) OCUUTTEPIPOPA, TEXVIKA YVWOTH Kal WG
retiming[73]. AuTA n TeEXVIK TIpoo@épel TNV OuvaTtdtnTag augnon Tng
ouxXvoTNTaG TOUu POAOYIOU 1} ME BIAPOPETIKI TTPOCEYYION WG TTPOG TNV oUVOEon
kKar 1o technology mapping JmmOpei va OwWOoeEl MPEIWPEVN  KATAVAAWON
EKMETAAAEUOEVN TO XPOVIKO TTEPIBWPIO TTOU TTPOEKUYE.

2.4. ETTavaoXed100MOG KUKAWMATOG YIa EAAXIOTOTTOINOT

KATOVAAWONG KATW aTTd XPOVIKOUG TTEPIOPIOHOUG
Mavw oTtov Topéa TNG PeEATIOTOTTOINONG TNG  KATAVAAWONG
ETTIKEVTPWONKE €va PEPOG TNG BOUAEIAG POG YE TNV TTPOOBNRKN OTO £pyaAEio
TTOU avaTTTUEauE TNG duvaTdTNTAG VA JIGUOPPWVEI TO KUKAWMPA TTPOG QUTA TNV
KATEUOUVON. ZUYKEKPIPEVA N OIKIA POG TTPOCEYYION Eival O ETTAVAOXEDIAOUOG
TNG OOMNG TOU KUKAWHATOG Kal N BeATiwon Tou TTapdyovia TnG OTATIKAG
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EVEPYEIOG TTOU TO XOPAKTNPICeEl KATW aTTd auoTnpd TrepIBwpIa wg TTPOg ToV
XpPoviouo. O TpOTTOC TToU AuTO ETTETEUXON ATAV PE TOTTIKI AVAAUCH MIKPWVY
KOUMOTIWV TOU KUKAWMATOG KAl N QVTIKATACOTOOH TOUG PE GAAA 1I00dUvaua Ta
OTTOi0  KATAVOAWVOUV  AIlyoTEPN 1I0XU  Xwpig va emmnpedlouv  AoyIKN
OUPTTEPIPOPA aAAG KAl TOV XPOVIOWO TOu KUKAwuaTog. Baoiletal oe éva
EPYAAEIO EKTIMNONG TNG OTATIKNAG KATAVAAWONG, éva gpyaAcio €gaywyng tng
AOYIKAG ouvapTNONG Kal €UPEONG 1000UVOUWY EVOAANOKTIKWYVY UAOTTOINCEWVY
NG, KOBWG Kal €va epyaAgio yia emmAoy Twv BEATIOTWV PEYEBWV TwV
Tpav{ioTop APKETA YPrIYOPO WOTE VA XPNOIKOTTOIEITAI ETTAVOANTITIKA EVTOG TNG
Baoikng diadikaoiag BeATIOTOTTOINONG.

2.4.1 Napadeiypa TpoTroTToinong AoyiKng Soung.

Ag uttoBéooupe Ot xpeldletal va uAoTToiooupe uia TTUAN OR duo
EI000WV KATW ATTO €£va OUYKEKPIMEVO XPOVIKO OpIo. 2TO TEAOG AUTNG TNG
dladikaoiag Exoupe dUO eVOAANAKTIKES ETTIAOYEG OTTWG QaiveTal 0TV €IKOvVa 3.

>
a >_b

Ewoéva 3:Evorhaxtikég viomomjoeis puag toing OR

Mpokeigévou va ouykpivouue TIG OUO auTEG UAOTTOINCEIG TTpWTa Ba
TIPETTEl VO TTPOCAPPOCOUNE Ta PEYEBN TwV TPAVEiOTOP TTOU TIG ATTOTEAOUV WE
KPITAPIO TNV KaBuoTEpNon TTou BEAOUKE va €xel auTry n ToTToAoyia Kal Ba gival
Kolvr] Kal yia TIg duo Trepimtwoelg. H péBodog tou logical effort[69] Ba
xpnoigotoinBei yia autd Tov OKoTd. lNa Tnv e€@apuoyn TG HeBddou
Bewpnoape OedoPEVN TNV XWPENTIKOTNTA TTOU KOAOUVTAl va odnyrioouv ol
TOTTOAOYiEG KABWG Kal TNV KaBuoTépnon TTou BEAOUNE VA TOUG TTPOODWOOULE.
O T1pOTTOG PeE TOV OTIOI0 €CAYAME TIG TIMEG TNG XWPENTIKOTNTAG KAl TNG
kKaBuoTtépnong Oa avaAuBei TTapakdTw. MNa Tnv wpa ag Bewprioouue OTI
BéAoupe atTAG va Bpoupe TTola aTTd TIG OUO TOTTOAOYIEG €ival N KAAUTEPN WG
TTIPOG TNV OTATIKA KATAVAAWOTN Kal KATw aTtro TIG TTpoava@epOEioeg oUVONKEG.
Agdopévng NG kKaBuoTépnong 1mou BEAOUPE va €xel TNV TTUAN aAAd Kal TNG
XWPNTIKOTNTAG TToU BéAoUpE va 0dnNyHOOUPE UTTOPOUUE VA OPICOUME TA
MEYEDN TwV TpavdioTop OTTWG AuTA Qaivovtal oTnv eikéva 4. H egaywyn autwyv
TWV OTTOTEAEOPATWY £yIve PE TNV XprAon TG peBOdou Tou logical effort[69]
BewpwvTtag OTI OAeG O1 TTUAEG gival opoldpopea CuyiopEveg. Me autd Tov
TPOTTO e€ao@alicaue OTI oI U0 UAOTTOINCEIS TNG APXIKAG TTUANG Ba €xouv Tnv
idla kaBuoTépnon.
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Baoifopevn 1TAéov oe OedOMEVEG TIMEG yia Ta PeyEBn TpavdioTop TO
ETTOMEVO Priua eival 0 XAPAKTNPIOWOS TNG KABe TTUANG WG TIPOg TNV
kKaravadAwon. Ta amoteAéopaTta auTthg TG d10dIKACIag gaivovTal OToV TTivaKa
1.

Vdd

Vdd 2.66 vdd

4 S

7.3
‘l[ 4 Gnd
Vdd 7.3
3.65
4 -
2.66 7.3
Gnd
v
Gnd 1.33 Gnd
Gnd

Ewova 4: Meyé0n tpaviicTop Yo Tig 2 viomoumjoelg

=ekdbapa n uhotroinon NOR-NOT ecival avwTepn atrd Tnv deUTEPN WG TTPOG
TNV KATavAAwaon oTATIKAG I0XUG TTAPOAO TTou £XOUV Kal ol dUo Tnv idla
TaxuTnTa.

Mivokag 1:ZraTtikn] EVEPYELN TOV OLUPOPETIKAV VAOTOU|GEDY

Algvospa NOR-NOT | NOT-NAND
1600V

0 0 11.65 19.93

0 1 12.30 18.60

1 0 12.30 18.60

1 1 17.26 17.26

lNvetar TAéov  @avepd OTI OPICPEVEG  TOTTOAOYiEG WTTOPOUV VO
atrodwoouV AIYOTEPN KATAVAAWOTN OTATIKAG 10XUG aTTd KATTOIEG 1I00OUVAES
KATW a1Tod TIG iBIEG ATTAUTAOCEIS YIA TaXUTNTA Kal Ba gixape pia aiodntrh peiwon
OTNV  OUVOAIKA) OTATIKA 10XUG TOU KUKAWMPATOG Qv WTTOPOUCOUE va
TIPOOBIOPICOUNE EVOANAKTIKEG TOTTOAOYIEG YIA T KOMMPATIO TOU KUKAWMATOG
TTOU VO KATAVOAWVOUV AlyOTEPN EVEPYEIA WE TNV idIA TAXUTNTA.
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2.5 Tomik avadéunon TotroAoyiag

H mrpoTeivopevn diadikacia yia eEAAYIOTOTTOINCN OTATIKAG KATAVAAWONG
dlaipei TO0 KUKAWPA O€ MIKPA UTTOKUKAWMPOTA Ta oTroia Ba €xouv To OXNHa
AOyIKOU Kwvou ¢€vog, oplohévou atrd  Tplv, BABoug Kal cuoTnuaTiKA
TIPOOTIABEI va Ta AVTIKATOOTACEI PE 100OUVAUA UTTOKUKAWMPATA TTOU €XOUV
MIKPOTEPN KATAVAAWGON OAAG PE TRV id1a 1) aKOPA KAl KAAUTEPN ATTOd00N WG
TTPOG TNV TaXUTNTa. ‘Eva didypapua 1ng d1adIkaciag QaiveTal oTnyv €iIKova 5.

ApxIKr €i0000¢ TnG dladikaaoiag eival éva dounuévo standard-cell KUKAwPa TO
oTToio €x&1 NOn vivel synthesized. K&Be keAi Tng standard cell BIBAIOBAKNG €xEl
TIPO-XOAPOKTNPIOTEI WG  TTPOG OTATIK KATavaAwaon Kal  kabuoTtépnon
(utroevoTnTa 2.5.1) kKo e€€dyetal €va povréAo €xovtag 1o TTAdTog (W) Twv
Tpav(ioTop OQV TIOPAPETPO. 2TO APXIKO KUKAWUA YivETAl MIa  EKTiUNON
KATavaAwaong Kal Xpoviopou péow static timing analysis w¢ onueio ava@opdg
yIO TNV OUVEXEIQ.

MNa Kabe KOPPO TOU KUKAWMATOG, EEKIVOVTAG aTTO aUTOUG KOVTA OTIG £10000UG
KAl ouvexiCoviag TTpog autoug KOovTd OTIG £€000uUG KAvoupe pia Depth First
Search (DFS) d1a0xion Tou KUKAWHATOG OTTOU UAPKAPETAI £vaG KOUMATI TOU
AOYIKOU KUKAWMPOTOG O€ OXNUA KWVOU TTOU TTEPIEXEI £vav, KABopIouEvo atrd
TOV XPNoTn, apiBud Aoyikwyv emmmeEdwy. [VeETAl PO EKTIMNON TNG OTOTIKAG
EVEPYEIAG TTOU KATOVAAWVETAI ATTO AUTOV TOV KWVO, OTTWG E£TTiIONG Kal TNG
KaBuoTépnong ammo kdbe €icodo wg oTnv €¢odo. H Aoyikry ouvdptnon Tou
KWVOU €gAyeTal, AtTAOTTOIEITAlI KOl BACN QUTAG dnUIoUPYouUVTal EVOAAOKTIKEG
I000UVapEG TOTTOAOYiEG (uTToevoTNTa 2.5.2). MNa KAGBe 10080vaun ToTToAOYia
yivetal avaAuon kal eUpeon Twv PEATIOTWV MeEYEBWYV yia Ta TpaAVEiOTOP
(utroevoTnTa 2.5.6) OTnV OTOIa  QIATTIOTWVETAI KOl QV N OUYKEKPIMEVN
TOTTOAOYiQ UTTOPEI VA EKTTANPWOEI TIG OUYKEKPIYEVEG XPOVIKEG aTTaiTioelg. Me
O0edopéva TTAEoV Ta UEYEDN Twv TTUAWYV €EAYETAI KOl TO TTOOO KATAVAAWONG
OTATIKAG EVEPYEIAG TTOU KATAVAAWVEI AUTr) n TotroAoyia (uttoevotnTa 2.5.7). Av
TA XPOVIKG OpIa TNEOUVTAI KAl N KATAVOAOKOUEVN EVEPYEIA €ival AiyOTEPN aTTO
TNV UTTAPXouoa TOTTOAOYid OTO KUKAWHA TOTE YIiVETAI QVTIKATACOTAON TNG
TTAAIAG TOTTOAOYIAG ME TNV VEQ N OTIoia €I0AYETAI OTO KUKAwMA. AuTh n
d1adIkaoia oTnv CUvéXEID Ba £QAPUOOTEI KAl OTOUG ETTOPEVOUG KOPPBOUG £wg
OTou TTEPAOEl atmd OAOUG TOUG KOPPBOUG TOU apXIKOU KUKAWPATOG.

TeAIKA yiveTal avaAuon wg TTPOG TNV KATAVAAWON OTATIKAG EVEPYEIAG
KAl KaBuoTéEPNoNnG Tou OAIKOU KUKAWHATOG yia va OIATTIOTWOEI TO TTOO0CTO
BeAtiwong evw epapudleTal Kal €va BAPa eTTaAnBeuong yia va emRERAIWOEI
OTI TO VEO KUKAWMA €ival I00OBUVANO PE TO APXIKO.
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Analyzing initial circuit. i
Compile net-ist. Check h J
for ermors. Convert all Selecl node
cells to one-level gates. Topology Extraction
and analysis
Logic Function
Extraction
Logic Function
Optimization

:

Equivalence topologies
Extraction and

Leakage Analysis

Characlerization
Analyze gates. Best Topol
Extract logic funclion Select ooy

and LUTs.

Perform Zero-Delay
logic simulation for a
high veclor inputs.
Store node resulis.

YES
i}
NO Replace old topology
Extract gates leakage with new one
current and estimate
circuit total leakage

POowWer.

v

Delay Analysis

Perform Delay analysis
on each gate. Extract
Delay LUT.

Find new total leakage
curmment and compare

Perform slatic liming
analysis. Compute

node’s delay, slack
delay and number of
lavels in slowest path.

Ewova 5: Avaypoppa dwadikaciog
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2.5.1. XapaKTnpIoHOG YIO OTATIKN EVEPYEIA KAl KOBUOTEPNON).
H 1o atmmodoTikr Kal TTPOKTIK MEBODOG yia eKTiUNOon TNG OTATIKAG
EVEPYEIOG TIOU KOTAVOAWVEI MIA TTUAN  €ival péow Twv PEBOOWV TToU
TTEPIYyPAPovVTal oTa [65] Kal [66]. AkoAouBwvTag auTh TNV dIadIKOoia KAVOUNE
MIa avaAuon o€ eTTitredo TpaviioTop o€ KABE AoyIKr TTUAN yia OAeg TIG duvaTtd
dlavuouara €106dou TnG. Baoi{duevol otnv peBodoAoyia Tou [65] ptTopouue
va €¢ayoupe Ta peupaTa OIOPPONG AVEEOPTHTOU TOU POVTEAOU TEXVOAOYIQG.
AvtioToixa BéBaia  uttdpxel Kal n duvartdtnTa ouvdeong ME  KATTOIA
OUVYKEKPIPEVN TEXVOAOYIa OTTOU N €gaywyr Twv PEUNATWY dIapPONAG YiveTal
Méow piag dladikaaoia TTPo-XapakTnPEIopou pe xprion piag SPICE unxavig yia
akpipela. 210 TEA0G auThg TNG dladikaoiag cupTTAnpwvouue éva lookup table
(LUT) pe TIG TIHEG TOU peUOTOC dlappong yia KaBe duvatd diavuoua €l00d0u
OTTWG QaiveTal OoTNV €IKOVA 6. AUTOG O TTIVOKOG XAPOKTNEICEI TNV CUYKEKPIKEVN
TTOAN Kai €ival avaAoyog Pe Ta PeyEdn Twv TpavlioTop TToU TNV aTTapTiouv.

O xapaktnpiopdg wg TTPog TNV KabuoTépnon Pacifetal otnv pEBOdO
Tou logical effort kai ptTOpEi va TTpocapudletal KABe @opd avaloya PeE TNV
XWPNTIKOTNTA TTOU 0dNYEi N TTUAN aAAG Kal Ta ueyEOn Twv TpavioTop.

(_I e T
1 . } "f" LEAKAGE VALUES FOR MAND IMPLEMENTATION
Input wector | Subthreshaold (Fale BTBT
A - ‘ 00 930 | 1165 | 0.01
0l ThHS 12 30 n,al
‘ al ] T0% 12,30 0,0l
B 11 3.84 9,30 0,01

Ewova 6: ITivakag oTatiko) peopatog

2.5.2. KaBopioudg TotroAoyiag.

Omwg avoeépbnke Kal o TTAvw, KABe KOPPOG TOU KUKAWMATOG
avoAUeTal pE OKOTTO TNV  avadounon Tng AOYIKAG Tou  Tnv  odnyei.
XpNOoIYOTTOIWVTAG €vav KOPBO TOU KUKAWMOTOG oCav OnueEio  ava@opdg
OnUIoUPYOUNE évav KWVO aTTO TIG TTUAEG TTOU TOov odnyouv diacyifovrtag To
KUKAWMQ TTPOG Ta TTiow PeE péBodo didoxiong 1Tpog 10 BdBog(depth search
first DSF) yia éva ouykekpiyévo, kaBopiopévo amd Tov XpnoTn, apiOud
emmmEdWYV. O1 TTUAEG TTOU €1I0AYOVTAl OTOV KWVO, MAPKAPOVTAl KAl aTTOTEAOUV
TNV apxIKr ToTToAoyia avagopds. EtiAéyovtag évav peydAo apiBud emimédwy
yla ToV Kwvo Ba dnuioupyoUloape pia HeyadAn Aoyikrp ouvdpTtnon, KATI TTou e
TNV o€ipd Tou Ba £dive évav avTtioToixa HeyAAo aplBud atmd 1000UVaUES
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ToTToAoyieg. AuTh n €&ENIEN Ba odnynoel o€ onUAVTIK augnon Tou XPOvou
ekTéAeong yia Tnv dladikaoia kKaBwg KABe TotroAoyia Ba TTpéTrel va avaAuBei
w¢g TTPOG TNV atrdédoon Kal Tnv oTaTikh evépyela. ATTO Tnv AAAn pepId n
eMAOY €vOG PIKPOU aplBuou emmTEdwWV Ba Treplopicel TNV duvartotnta yia
ETMTEVEN KOAWV ATTOTEAEOUATWY KABWGS N avaluon Ba TreplopideTal o€ TTOAU
MIKPO ap1Bud TTUAWYV TOU KUKAWPATOG KABE Qopd.

Ortav kaBopiCoupe TNV TOoTTOAOYIA, dNAADK ETTIAEYyOUHE ATTO TO APXIKO
KUKAWMG TIG TTUAEG TTOU TnVv atmrapTifouv, TIPETTEI va KOBOPIoOUPE Kal TIG
€10000UG TNG. ANUIOUPYWVTOG €VAV KWVO PE CUYKEKPIPMEVO APIOPO ETTITTEOWV
Oev KaAUuTIToupe KAtrola TTpoAfuaTta TTou utropei va avadeixtouv. ‘Eva 1€T010
TPORBANUA gpgaviCeTal OTav £vag KOUBOG TTou aTToTeEAEI €i0000 TNG TOTTOAOYIAG
atroTeAei TNV 010 OTIYHN Kal E0WTEPIKO KOPPBO TNG. A TRV AVTIMETWTTION TOU
TIPORBANMATOG TTPETTEI TTPWTA VA EVTOTTIOOUME TNV EPPAVIOT TETOIWV KOUPWV
KAl va ouvexiooupe Tnv didoxion TTpog Ta TTiow yia 6ca emTTAéov oTAdIa
xpelaotei. OTTwg @aivetal Kal otV €IKOva 7 apxifoupe atrd €vav KOURo
avagopdg (Reference node) kai diacyiCoupe TNV TOTTOAOYiQ TTPOG TA TTICW YIA
éva TTpokaBopliopévo BABog 3 emTTEdwWY. ApXIKA attd 1o povoTtrar (at,a5,a4)
opifoupe TOuG KOUPBOUG 2 Kal 3 oav €I00d0UG TNG TOTTOAOYIAG. ZTNV OUVEXEIQ
Eekivwvtag TTGAI amé Tov KOPBO ava@opdg Kal PEoW TOU POVOTTaTIoU
(a1,a2,a3) 6étoupe TOV KOUPBO 1 ocav €icodo TnNG TotoAoyiag. To TTPORANPa
edw eival 61l 0 KOUPOG 1 atroTeAel eOWTEPIKO KOUPBO TNG TOTTOAOYIOG KABWG
gival €£000¢ TNG TTUANG a4 TTou £xel 10000UG TOUG KOUPBouG 2 kal 3. H Auon o€
autd 1O TIPOPANUa eival va ouvexioouue Tnv Olaoxion (6cov agopd TO
povotraT (a1,a2,a3).

A ™~
a
s az2 Reference node

—_— ./ — _,\

node2 — ™ node 1 .
;07 33 /
node3 — / L/

a4 R af

Ewova 7: Evpeon opiov g Tomoloyiog

O1av €10AyOUhE KOPMWATIO TOU KUKAWMOTOG OTOV KWVO TIPETTEl va
EXOUME UTTOWN OTI O€ TTEPITITWON AVTIKATAOTAONG OAEG O ECWTEPIKEG TTUAEG
TOU KWVOU Ba TTpETTel va atmouakpuvBouv. QoTdco utrdpyxel n moavotnta va
EXOUME €vav €0WTEPIKO KOPPBO TTOU va odnyei TTUAEG €KTOC TNG €TTIAEYHEVNG
ToTToAoyiag. Av cupBei KATI TETOIO TOTE Ol TTUAEG TTOU 0dnyouv aQutdv TOV
KOUPO Oev UTTOPOUV VO QTTOPOKPUVOOUV KaBWS n Aoyikr) TTou odnyei TIg
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ECWTEPIKEG TTUAEG XPEIACETaI VO MEIVEL. 2€ AUTEG TIG TIEPITITWOEIG E€ival
AVATTOPEUKTO VA XPEIOOTEN VA KPOTACOUME €va HEPOG TOU KUKAWMATOG
ava@opdg yia va OlaTNPAOOUPE TNV  AOYIKI OCUMTTEPIPOPA  €KTOG  TNG
OUYKEKPIPEVNG TOTTOAOYIOG. ATTO TNV AAAN PEPIG OPWG auTd TO KOPMPATI TOU
KUKAWMOTOG Ba €xel TTAéov AIyOTEPN XWPENTIKOTATA VA 0odnyrnoel Kabwg ol
EOWTEPIKEG TTUAEG TTOU 0dNyouoe TTpIv Ba atropakpuvBouv. OTTwg @aivetal Kal
omnv €ikéva 8 ol TTUAeg a1l éwg a8 armoteAouv pia TotmoAoyia. QoTtdéoo o
KOuBog 1 Tou eival n €6000¢ TNG TTUANG a4 odnyei pia TTUAN ekTOG TNG
OUYKEKPINEVNG TOTTOAOyiag. Av ol TUAeG a4d,a7,a8 Tou KUKAWMATOG
agaipeBouv TOTE N Aoyikr TTou €3Ive 0 KOPPBOG 1 oTnv €CWTEPIK TTUAN Ba
xa0¢i. MNa va avTigeTwmaoTel autd 1o TTPORANUA Ba dnuioupynBoulv avTiypapa
Twv TTUAWYV a4,a7,a8 kal Ba avatebei o autd va 0dnyouv TNV eEWTEPIKNA TTUAN,
EVW Ol OPXIKEG TTUAEG Ba agaipeBouv atmd To KUKAwWaA. Ta avTiypaga Twv
TTUAWV WOoTOO0 Ba €xouv PIKPOTEPA PEYEBN KaBwg Ba xpeidleTal va odnyouv
MOVO TIG TTUAEG TTOU BpioKovTav eKTOG TNG TOTTOAOYIAG.

% .
a6 ad L,:/ 2 ;;5
_7/ —‘ - Reference node
node 3 node 2 2y
node 4 :. a3 —/7/\
a7 ’:. node 1 al
node 5 ’- a4

a8

.__:C_
external
gate

Ewéva 8: [Ipopinpa eEmtepikng cvvoeoipdtnrog

2.5.3. E¢aywyn AoyIKAG ouvapTnong Kal EAaXIOTOTToINo.

H péBodog egaywyng Tng Aoyikng ouvdptnong evepyei faon uiag DFS
d1doxiong TNG ToTToAoyiag eKIvwvTag TTAvTa atrd Tov KOPBO avagpopds aTnyv
KOpU® TOU KWwvou. AUTO ETTITUYXAVETAI XPNOIMOTTOIWVTAG TOUG [BaCIKOUG
duadikoug ouvteAeoTég (AND, OR kai NOT) paoilopevo TnG AoyIKA
ouvdpTtnon K&Be TTUANG katd Tnv DFS didoxion. To BaBog kdbe didoxiong
KaBopiletal atmmd TIG €10000UG TNG TOTTOAOYIAG OTTWG AUTEG OPIOTNKAV PE TOV
TPOTTO TTOU TTEPIYPAPNnKe TTapatrdvw. Otav ouvavtnBei katd Tnv didoxXion £vag
TETOI0G KOPPBOG N didoxion oTapaTdel. Na KAOg TTUAN TTOU CUVAVTANE KATA TV
didoxion TNG TOTTOAOYIAG QTTOTIMOUPE TNV AOYIKA TG OuvapTNOn Kal Tnv
XPNOIUOTTOIOUME YIa va dnUIOUPYACOUNE TNV AOYIKA ouvaptnon Tou KOPBou
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aAvaQOpPAg XPNOIMOTTOIWVTAG TOUG CUVTEAEOTEG (+) yia Aoyikr) OR, (*) yia AND
kal (NOT) yia avtioTpo@r|. ‘Eva TTapadelypa 1Tou deixvel TTwWG AEITOUpyEi auth
n dladikaaoia @aivetal oTNV €IKOvVa 9 41ToU éva TUANA TNG AOYIKNG ouvApTNONG
ecayeTal kata Tnv d1A0XION Tou povotraTiou (a1->a2->a3->a4). Na kabe Brpa
TNG OIA0XIONG QAIVETAI PIA ATTEIKOVION TNG AOYIKAG ouvdapTnNoNnG OTTWG EXEI
eCaxOei €wg ekeivn TNV OTIyPR. ZTNV €IkKOva 9(a) utroAoyiletal n AoyIKA
ouvapTtnon TnG TTUANG al. Ze autd 1o onueio ol TTUAEG a1 kal a2 BswpouvTal
€icodol oTnV TTUAN al. Ztnv €ikova 9(b) diavuovtag akopa éva TTiTTeEdO TTPOG
Ta oW n TUAN a2 avtikaBiotatal amd TNV ocuvaptnon tTng. H diadikaoia
ouvexiCel Ye aQuTOV TOV TPOTTO £wg OTOU QPTACElI OTIG €I00DOUG TTOU OTNV
TIPOKEINEVN TTEPITITWON €ival oI kKOuPol x kal y. O DFS aAyépiBuog Ba kavel
TNV idla diadikacia yia TIG TTUAEG a5 kal a6 péxpl n Aoyikrp ouvapTnon Tou
apxIKoU KOPBou ava@opds va TrePIEXEl JOVO TOuG KOPBOUG €100d0u TNG
TOTTOAOYIOG.

Rataranca nooa

_|>.._’ al

ab

@) 7 =NOT(a2)+ NOT(a5)

(b)  F=NOT(NOT(a3)*NOT(at))+ NOT(a5)

(© F= NOT(NOT(NOT(ad))* NOT(a6)) + NOT(a5)

W) F=NOT(NOT(NOT( NOT(J) +NO T(yj)) *FNOT(ab))+ NOT(ab)

Ewova 9:E&aywyn cuvaptnons vro-KuKAOROTog

H egayouevn ouvdaptnon avoAuetal Paon 1810TATWY TG OUadIKNG
AAyeBpag OTTwg petaoxnuatioud De Morgan, €CdAeiyn SITTAAG avTIOTPOYNG,
KAl TwV BaCIKWV PETAOXNMATIOWWY TNG Boolean dAyeBpag Kal PETATPETTETAI
o€ popen Disjunctive Normal Form (DNF) 1Tou €ival ouciaoTikd oe dBpoioua
YIVOMEVWYV. 2TNV OUVEXEIQ YIiVETAI EAAXIOTOTTOINON TNG OUVAPTNONG ME XPron
NG pEBOdou Quine-McCluskey 610U Kal n eAayioToTroINUévn ouvdptnon Ba
EXEI KAl QUTA TNV JOp@r] aBpoiouaTog YIVOUEVWV.
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2.5.4 ESaywyn 1000UVANWY TOTTOAOYIWYV

‘Exoviag ocav Bdon Tnv €AaxiOTOTTOINUEVN OUVAPTNON TTPOXWPEOUUE
oTnV dnuIoupyia PIa apxIKAG TOTTOAOYIOG, UTTOWA@IAS va AVTIKOTAOTAOEl TNV
NoN utrdpyxouoa. AedoPEVOU TNG HOPPNS TNG EAAXIOTOTTOINKEVNG OUVAPTNONG
N UAOTTOINON TOU KUKAWMATOG MTTOPEI va Yivel EUKOAQ PE TNV XpHon Miag
TUANG OR oTnv Kopu@r}, akoAouBoupevn atrd TTUAec AND, pia yia kaBe 6po
yivopévou kal TTUAeg NOT o1Tou XpelddeTal avTioTpo@r Katolog €ic6dou. H
apxiknp doun Ba xpnoiygotroinBei cav BAcn Kal PE PETATPOTTEG TTAVW OTIC
TTUAEG QUTAG TNG TOTTOAOYIAG PTTOPOUPE VA €EAYAYOUNE €vav PEYAAO apIOuo
aTTO 1I000UVAUEG TOTTOAOYIEG.

‘Exoupe uAoTroijoel pia PJEBodo TTou eQapuolel TIG TTpoavapepBeioeg
METATPOTTEG TIAVW OTNV  APXIKI TOTToAoyia, HE OAoug TOug duvaTOUG
OuVvOUAOHOUG Kal atToBnKeUOVTAl EKEIVEG TIG TOTTOAOYIEG TTOU TTETUXAIVOUV TNV
KaAUTEPN atrdédoon 6OWV agopd TNV OTaTIK KatavadAwaon. Otrwg gaiveTal Kal
otnv €ikéva 10 yia Tnv vAotroinon piag XOR ocuvaptnong F = X ¥ n apxikn
ouvaptnon oe popen DNF eival F= X'Y XY. H apyiki ToToAoyia Trou
eCayetal gival autr) TTou @aivetal otnv eikéva 10(a). Eilodyoupe évav duadikd
apiBud N ywneiwv Tov otroio amrokahoupe Ncounter étrou N gival o apiBuodg
TWV TTUAWV TTOU UTTAPXOUV OTnV apXIKA TotroAoyia TTAnV Twv TTUAwv NOT.
AvTioTolxiCoupe atrd éva wneio Tou Ncounter o€ KGO pia TTUAN TNG APXIKAG
TotmroAoyiag. Me Tov Ncounter va €xel apyIkr Tiufp «000» apyi¢oupe atro tnv
apxIkn TotroAoyia (a) kar o Ncounter perpdel €éwg Tnv TIPR «111». MNa kAaOe
TIuRl Tou Ncounter €€dyoupe Kal aTTd MIA 1I00OUVANN TOTTOAOYIO KAVOVTOG
petatrpori De Morgan oe k@Be TTUAN TNG aApXIKAG TOTTOAOYiag OTTOU TO
avTioToixo bit Tou Ncounter gival ‘“1°. Auti n diadikacia Ba pag dwoel GAoug
TOUG ouvduaououUg ueTatpoTtwyv De Morgan tTou Ba utropoucav va yivouv
otV apxikf TotmoAoyia (a). Xtnv ekova 10(b) kar (c) ¢@aivovrar duo
oTiyuiotutta NG Oladikaoiag otTmou o Ncounter €xel TipEG «100» kar «110»
QVTIOTOIXO. 2TO CUYKEKPIYMEVO TTapddelyua autrp n péBodog Ba egayel 273
OnAadr 8 1000Uvaueg TOTTOAOYIEG, OAEG DIAPOPETIKEG METAEU TOUG.

H TakTIKA autr) emTpétmel amd TV apxIK Kal gévo ToTToAoyia va
yvwpifoupe Tov apiBud Twv 1I00dUVaPWY TOTTOAOYIWY, BeBaiwvel OTI KABE pia
atrd AUTEG TIG TOTTOAOYIEG Eival ovadikr atrd Tnv dmmown OTi dev UTTApXEl AAAN
TAUTOONUN evw Bivel TNV duvaTdTNTA VA TTPOCDIOPICOUNE TNV KABE Pia atrod TIG
I00OUVANEG TOTTOAOYIEG KOITWVTAG POvo Tnv apxik kar tov Ncounter. H
TEAEUTAia 1I010TNTA PANIOTA ETITPETTEI KAl TNV TTapaAAnAotroinon v 6Ang
Ol0dIKaoiag He OXETIKA aTmrAO TpoOTTO. AUTO Yyivetal PeE TOV OlANOIPACHO
dladikaoiag avaluong o€ TTapAAANAoug UTTOAOYIOTEG OivovTag oav apXIKA
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oedopéva TNV apxIKh ToTToAoyia Kal ToO oUVOAO Twv TIJWV Tou Ncounter TTou
BéAoupe va avaluBouv ekei. AuTd Ta OToIxEia €ival apkeTd yia va e§axOei
ETTAKPIBWG N avtioToixn o€ KABe Tiur Tou Ncounter 1IcodUvaun ToTToAOYiIa KOl
ATTO EKEI KAl TTEPA VA CUVEXIOTEI N d1adIKACIa XAPOKTNPEIOPOU KABE ToTToAOYiag
WG TTPOG TNV KatavaAwaon.

MNcounter Necounter

000 100
F=u |.-1r,'/ / F=x xory 1 /
(a) Ncounter (b)

110
F=x xary /

(c)

Ewova 10:EEaymyi] 16000vapmv ToTol0YIOV

2.5.5 Meiwon ap1Opou 1060wV TwV TTUAWYV

Eival yvwoTd otov Topéa Twv Wynelokwy OTI Yo OTATIKY TTUAN TTOAAWV
€1I000wV OUVABWG aTTodidel TTIO APYEC WETAPAOCEIS ATTO MIO QVTIOTOIXN ME
AiyoTepeg. E1dikd yia Tig kKAaoikég uhotroifoelg TTUAwyv TutTou NAND kai NOR
auTd 1oXUEl KABWG Kal yia TIG OUO TTEPITITWOEIG N UTTaPEn TTOAWV €106dwv
peTappdletal o€ TTOANG TpaviioTop O€ O€lpd OTTOTE KAl O€ MEYOAUTEPN
KaBuoTépnon. [MpoKeINEVOU va QVTIMETWTTIOTEl AUTO TO @AIVOPEVO, OTAV
ouvavtdrtal g€ Jia ToTToAoyia, TTUAN OTTou 0 apPIBPOG Twv €1I00dwWV TNG €ival
TAvw a1rd OUOo UTTAPXEl N OuvatoTNTA VA «OTTACEI» O MIKPOTEPEG XWPIG
QUOIKA va aAAACel N ouVvOAIKA AOYIK) CUPTTEPIPOPA TNG. 'ETOI yia TTapadeiyua,
OTTwG @aivetar kar otnv €ikova 11 pia TUANG NAND Ttecodpwyv €1000wv
MTTOPEI VO OTTA0EI O€ TPEIG TTUAEG TWV OUO €1000WV ) € dUO TTUAEG e dUO Kal
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TPEIG €1I0000UG QVTIOTOIXA. Z& OAEG TIG TTEPITITWOEIG N AOYIKH ) ouvAPTNON TTOU
divouv otnv £¢odo cival n idia. ATTAG av n apxikn €ivai (abed)’” T16TE OTNV
mepiTrTwon (i) €ival ((ab)(cd))’ ki otnv TrepiTrTwon (i) €ivalr (a(bcd))’ 1ToU
ouUCIaoTIKA gival n idia.

Ewoéva 11:Avdomacn adAng moAL@OV 1660V

Mia TTOAN ptTopEi va d1IacTTaoTEl he TTOAAOUG TPOTTOUG. 2TO TTAPATTAVW
TTapadelypa @aivovral pévo dUo atrd autoug aAAG OTnV TTPAYMOTIKOTATA Eival
TTOAAOI TTEPIoCOTEPOI. MAAIOTA O TPATTOG TTOU B4 Yivel N évwon WE TIG E10000UG
dlagpopoTrolei TIG TOoTToAOYieS. 'ETOI yia TTapdadelyya otnv Trepitrrwon (i) g
eiIkdvag 11 Ba gixape GAAN TotroAoyia av otnv Béon TG €106d0ou a PAlauE TNG
€ico0do b, GAAN TrepiTTTWON yia TNV ¢ Kal AAAN yia Tnv d. Fivetar gavepd 6T1 10
TTARB0G Twv 100dUVAPWY TOTTOAOYIWV apXidel va yivetal TTOAU peydAlo. Autd
TToU KAvoupe AoITTOV gival va @TIAEoUNE évav eUpuoTIKO aAydpiBuo TTou Ba
UAoTTOIEl HOVO €KEIVES TIG TOTTOAOYIEG TTOU BewpnTiIKG Ba dwoouv To KAAUTEPO
atmmoTéAeopa. ‘ETol Aoimmév autd TTou KAvel 0 aAyopIBuog eival va oTrdel Tnv
TTOAN PE TETOIO TPOTTO WOTE VA EUVOEI €va JOVOTTATI TTOU TTIBAVWG VA AVAKEl O€
éva Kpioluo povotrdr. Otrwg @aivetal otnv eikova 12 éxoupe pia TTUAn NAND
TEOOAPWYV €1000wV. Méow auTtg TNG TTUAEG TTepvdel éva Kpiolpo (i oxedov
Kpiolyo) povotraTl kal Oiépxetal amd Ttnv €icodo A. Auté Tou Kdvel O
aAyopiBuog eival va otrdcel TNV TTUAN €101 WOTE va atmeAeuBepwael autd TO
MOVOTTIATI 000 TTIEPIOOOTEPO  MTTopPEl. Ta TIC AAAeg  TpeIg  €10000UG
OUYKEVTPWVOVTAI OE MIA TPITA TTUAN N oTToia PHAAIOTAO eV ATTOKAEIETAI O€ HIO
TEPETAipW avaAuon va dlaoTTacTel Kal authl KaBwg €xel mavw amd duo
€10000uG. AuTA n didoTtraon dgv Ba gival N povadikn TTou Ba yivel o€ AuTr) TNV
TTOAN TNG ToTToAOYIOG, Kal eV gival kav BERaIo 6T N BEATIOTN TEAIKA TOTTOAOYIQ
TTou Ba eTAeyei Ba euTTEPIEXEl KAl AUTH pEOA. 'Exel woTOOO TTOAU KOAEG
TIPOOTITIKEG QTTO ATTOWn OTI EAeUBEPpWONKE 600 TO dUVATOV TTEPICTOTEPO TO
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KPIOIJO POVOTTATI KABWG TTEPVA JOVO HIa TTUAN OUO €1000wv. ATTO TNV GAAN
EKEI TTOU UTTAPXOUV OI PEYAAEG TTUAEG eV UTTAPXOUV PEYAAEC QTTAITHOEIS O€
TaxutnTa. ‘ETol Ba avaykaoToUPE va PEYOAWOOUME VIO va KAVOUUE ypriyopn
MOVO MIa MIKPR) TTUAN TTOU TpaRdel AiyOTEPO pPeUpA €V TIG MEYAAEG Kal
KEVEPYOPOPEG» TIUAEG TTOU Oev  TMECOVTAl I1I0IAITEPA OTTO  XPOVIKA Opla
MTTOPOUME VA TIG JIKPUVOUUE.

f
-

A

A B C D BCD

Ewova 12:Aidomacn Toing pe 0vora KPicipov TRRaTog

ATIO TNV PEXPI TwPA TTEPIYPAQN TNG dladIKaAaiag yiveTal gavepd OTI N TTPWTN
I00OUVAUN TOTTOAOYIQ TTOU ATTOTEAEI avaTTapAcTaOn TNG €AAXIOTOTTOINKEVNG
ouvaptnong Ba eival kal autr] TTou Ba TTEPIEXEl TTUAEG TTOAAWV €100DdWV,
avaloya BéPaia pe TNV ocuvdptnon. ‘Etol Ba KaAuwoupe éva eupu @Aoua
TTEPITITWOEWYV YIa TNV mOavry BEATIOTN TOTTOAOYia TTOU TTEPIEXEI TOOO TTUAEG
TTOAMWY 600 Kal TTUAEG AiywV €100DWV.

2.5.6 Xpovikl avadAuon ToTroAoyiwv

H kKaraokeur piog 1000Uvaung TOTTOAOYIOG TTPETTEl va Yivel KATW aTTd
OUYKEKPIPEVOUG TTEPIOPIOHUOUG. AUTOI OI TTEPIOPICHOI £XOUV VA KAVOUV KUPIWG
ME XPOVIKEG KOBUOTEPNOEIS OAAG Kal PE XWPNTIKOTNTES. TO XPOVIKO TTEPIBWPIO
(signal lag) atmé kdBe €icodo TTpog TNV €000 TTPETTEI va avaAuBei EexwpioTd
Kal TO TEAIKO atroTéAecua Ba Trpétrel va eEaa@alidel 0TI N KaBuoTéPnon Tou
KOuPBou ¢€godou Oev Ba odnynoel o0e auf¢non TnNG kKabuoTépnong Tou
KUKAWMOTOS. H kKaBuoTtépnaon atmd KABe POVOTTATI TTPOG TNV €000 TOU UTTO-
KUKAWMOTOG yia KABe TotroAoyia, 6co n oxedioon eival akdpa avecdptntn
TEXVOAOYiOG, €CapTaTal KUpiwg atmmd Ta pey€édn Twv TUAwv. Kam avrioTtoixo
IOXUEI KAl JE TNV OTATIKN KATAVAAWGON N OTTroia gival avaAoyn Twv JEYEBWYV Twv
TpavdioTop, OTTWG @aiveral oTnv ouvaptnon (9). Emopévwg n eupeon Twv
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BEATIOTWYV MEYEBWYV TwV TTUAWV TNG KABE TOTTOAOYIAG ATTOTEAEI KABOPIOTIKO
TTAPAYOVTA YIA TOV YIA TNV CUUTTEPIPOPA TNG TOTTOAOYIAG Kal TV KATAVAAWONG
nG.

I'_[-’ES—[-’r;._i
n¥Vy (9)

leunthreshola = ."-*-'I}Coxg TTEEI fe
O BaoikdTepog 0TOXOG €ival va BpeBouv Ta EAAXIOTA PJEYEDN TWV TTUAWV
Tou Ogv TTaAPAPIAlOUV TOUG XPOVIKOUG TTEPIOPIOPOUG. Eival onuavrtiki n
ETTITEVEN PMIKPWV PEYEBWY TPaVEioTOP KABWG £T01 ETTITUYXAVETAI KAI JEIWON TNG
KaravaAwong oTaTIKAG 10XU0G Kal €vag TPOTTOG YIa va TO KAVOUUE auTo €ival
EKMETAAAEUGPEVOI TO XPOVIKO TTEPIBWPIO TTOU €XEl 0 KABe KOuPog. OTTwg
ava@EéPBNKE Kal TTIO TTPIV UTTAPXEl VA XPOVIKO TTEPIBWPIO TToU KABe KOpPBOg
EXEl WOTE VA XAPOKTNPIOTEI TO JOVOTTATI OTO OTToio avAkel Kpiolpo. Mévo av
avikel AdN OTO KPIiOIYO POVOTTATI TOTE TO XPOVIKO TTEPIBWpPIO cival pndév.
Méow TnG aAAQYAG Twv HEYEBWV JTTOPOUME va  OIOUOPPUOOUUE TNV
KaBuoTtépnon KABe TOTTOAOYIAG KAl EKPETOAAEUOUEVOI QUTO TO TTEPIBWPIO
MTTOPOUHE va KEPDIOOUME Aiyo PIKPOTEPA TPAVIOTOP.

Katd tnv avdAuon tng TotroAoyiag yivetal yia Tagivounon oAwv Twv
MOVOTTATILV avaAoya PE TO TNV KABuoTEPNOoN TTOU €XOUV, PE AUTO TTOU €XEI TN
MIKPOTEPN VO OTTOTEAEI TTPOTEPAIOTNTA HAG. ZAV KOBUOTEPNON MOVOTTATIOU
ouoIaoTIKA ava@epOPaoTe OTNV dIAQOPA AVANESO OTOV PEYIOTO XPOVo AQIENng
TOU OAMATOG OTNV €i0000 TOU WE TOV QVTIOTOIXO XPOVO AQIENG oTnv ££0d0.
MpokerTal yia TNV KaBuoTépnaon TTou BEAOUNE va TTPOCOWOOUUE OTO HOVOTTATI
Kal OXl 0€ KATTOIO TTOU METPACAME TTAVW OE QUTO a@ou dev €xel DIaNOoPPWOEi
TTAAPWG aképa. MpooBéToviag oTnv KaBuoTépnon TNG €£Od0U TO XPOVIKO
TTEPIOWPIO TNG OUCIOOTIKA EXOUME MHIa PEYOAUTEPN KABUOTEPNON POVOTTATIOU
TNV OTIoi0 UTTOPOUME va TTPOCOWOOUNE OTNV KABE 100dUvaun TOoTToAOYia
XWPIC va emmnpedoouphe TNV  OUVOAIKN KaBuoTépnon TOU KUKAWWMOTOG.
MeyaAUTePO TTEPIBWPIO KABUOTEPNONG METAPPACETAI KAl O PIKPOTEPA PEYEDN
TpavdioTop KATI TTOU OONYEi MO KOVTA OTOV OTOXO WOG TTOU Eival peiwon TNV
oTaTikKAG KatavaAwong. ‘Evag amapdBarog kavovag 1miong €ival n pn avénon
TNV OUVOAIKNG XwWpnTIKOTNTAG KABE KOPPBOU €100060U O OXEON WE AUTHV TTOU
gixe apxikd. Mia Trapafiaocn autou Tou Kavova Ba odnyouce o€ auénaon TNG
KaBuoTépnong o€ auTr] TNV €i00do KATI TToU PTTopEl va ByAaAel To TEAIKO
KUKAWMO EKTOG TTPOdIAYPAPWY OOWV a®opd Tnv ouvoAikiy kabuoTépnon. Av
éva JOVOTTATI OV PTTOPEI va aTTodWOEl TNV OTTAITOUNEVN KABUOTEPNON XWPIg
va TTapapIadel autov Tov Kavova ToTe diaypa@eTal.

H xpovikii avaAuon Tng TotroAoyiag yivetal o€ duo emitreda. NpwTta
avoAUOUNE TO KUKAwpa uttoAoyifovrag Tnv OUVOAIKN KaBuoTépnon KdAbe
KOuPou. Otwpolpe OTI TO APXIKO KUKAWPO TO OTT0i0 KaAoOUPOOTE va
BeATioToTrOoIOOUKE €xel AON UTTORANBEI Og KATTOIOU €idOUC PBEATIOTOTTOINGN
TOUAGXIOTOV WG TIPOG TOV XPOVO. 2KOTTOG MOG €TTOMEVWG Ogv €ival va
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TIPOXWPAOOUUE O€ TTEPETAIPW MEIWON TNG KABUOTEPNONG TOU KUKAWMATOG
aAANG o€ peiwaon TG OTATIKAG KaTavAAwong diatnpwvTag Tnv KabuoTtépnon
avaAAoiwTn. ETtriong mrpétrel va avaeepBei €dw OTI atraiteital ol £€£0d01 Tou
OUVOAIKOU KUKAWMOTOG va 0dnyouv KATTOIO XwPENTIKOTNTA, JIOPOPETIKA Ba
MTTOPOUCAPE ATTAG VO PEIWOOUUE OHUOIONOPPA Ta HEYEBN OAWV Twv TTUAWV
¢wg Ta Opia TNG TEXVOAOYIOG XWPIG TNV TTAPOUIKPA  METABOAN NG
KaBuoTépnong. Na Tov utTToAoYIoNO TNG KABUOTEPNONG XPNOIUOTTOIOUME évav
aAyopIBuo oTaTIKAG avaAuong xpovou Bacifépevo 0To JovTEAO KaBuoTEPNONG
Tou logical effort. YAotroioaue etmiong évav aAyopiBuo eupeong Twv AGBog
povotratiwy (false paths) trpokeiyévou va €xoupe Tnv akpIfr eKTipnon NG
KaBuoTEPNOoNG TOU KUKAWPATOG.

‘Exovtag utroAoyioel Tnv KabuoTEpNon TOU KUKAWPATOG TTPOXWPEOUUE
oTnv avaAucon Tou Xpovikou TTepIBwpiou KABe KOUBou. OTTWG avagEépaue Kal
MO TTAVW oav TTEPIBWPIO opifoupe TNV ETTITTAEOV KABUOTEPNON TTOU ITTOPOUNE
va TTPOCOWOOUNE OTAV TTUAN XWPIg va augnBei n uéyiotn kabuoTtépnon Tou
KUKAWMOTOG. MpoKeITal yia PIa TTOPAPETPO TTOU Ba EKUETAAAEUTOUUE KATA ThV
€l0aywyn MIag véag TOTToAoyiag oTov OuyKeKpIpévo KOPPBo. O TpdTTog TTou Ba
Yivel N eKUETAAEUON TOU TTEPIBWPIOU O KATTOIO KOPBO dev TTPETTEl va Eival
ammoAUTOG KaBWGS €101 Pndevilel TNV avTioToixn duvaTOTNTA TWV UTTOAOITTWV
KOUPwWV TTOU Bpiokovtal OTO idlI0 PJOVOTTATI O€ IO YTTPOCTIVO ETTITTEDO. AUTO
TTOU KAVOUUE O€ AUTr TNV TTEPITITWON €ival Padi JE TO XPOVIKO TTEPIBWPIO Va
atmoOnKeUOUNE yIa KABe KOUPBO TOV apIBUS TwVv AOYIKWYV ETTITTEOWV UTTPOCTA
TOU TTOU QVTIOTOIXOUV OTO WOVOTIATI TTou €dwaoE autd TO TTEPIBWPIO, OTO TTIO
apyé uovotrdn dnAadr] TTou TTEPVAEl aTTd TOV OUYKEKPIMEVO KOuBo. 'ETol
EKMETAAAEUOPOOTE HOVO €va  TTOOOOTO TOU TIEPIBWPIOU  TTOU  €XOULE,
QA@AVOVTAG TO UTTOAOITTO YIO TOUG ETTOUEVOUG KOPBOUG.

2.5.7 EUpeon 100aVIKWV HEYEBWYV TTUAWV

MNa Tov UTTOAOYIOPO Twv BEATIOTWY MPEYEBWV TwV TIUAWV €VOG
MovoTraTioU epappofouue pia TapaAdayr Tng ueBodou Tou logical effort [69]
TTOU TTaPEXEl Eva atTAd PHOVTENO yia UTTOAOYIONO KaBuoTEPNOoNG Kal €ival TTOAU
TIPOKTIKO YyIa €UPEON TWV MEYEBWV TwWV TTUAWV €vOog povoTtratiou. AuTA n
MEBOodOG TTapéxel TG e€lowoelg (10), (11) kai (12) o1 oTroieg utroAoYyiCouv TNV
BEATIOTN KaBuOoTEPNON TTOU €va POVOTTATI PTTOPEl va TTapéxel. 2tmnv (12)
utroAoyiceTtal o 6pog electrical effort 0 otToiog e€apTdTte ATTO TIG XWPENTIKOTNTEG
€€O6O0oU Kal €100d0ou. 2TnVv (11) utroAoyiletal 1O logical effort Tou povoTtraTiou
kal TNV (10) uttoAoyiletal n BEATIOTN KABuUOTEPNON TTOU UTTOPEi va dwaoel £va
MOVOTTATI.

D = NF¥ 4+ P (10)
F =GEH (11)
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I'J-I:li.l.
H = (12)

H «kAaooiky péBodog Oewpei o1 otnv  egiowon (12) 1600 n
XwpNTIKOTNTA €600V OCO Kal N XWPENTIKOTNTA 10000V £VOG OVOTTATIOU Eival
oTa0epEG Kal péow auTwv Kal Twv (11),(10) utroAoyiCel Tnv kaBuoTEpnon.
21NV OIKA PAG TTEPITITWON OKOTTOG OeV €ival N eUPECN TNG KABUOTEPNONG OAAG
N €TTiAUON TOU CUCTAPATOG yia dedopévn KabuoTépnon n otroia Ba pag dwaotel
Ta eAAXIOTO PEYEDN yia TNV TTiITEVEN TNG. H {nToupevn kKaBuoTépnon GAAwOTE
€XEl UTTOAOYIOTEI PE TNV HEBODO TTOU £ENYNBNKE TTIO TTPIV JE TNV EKUETAAAEUON
TOU Xpovikou slack, omrdte OKOTTOG €ival n €UPECN TWV PEYEOBWV TWV TTUAWY,
oupTTEpIAaPBavouévnG Kal TNG XwpnTIKOTNTAG €10000U TOU POVOTTATIOU, TTOU
Ba dwaoouv auth) TNV KabuoTépnon.

H avdAuon Tng TotToAoyiag ataitei va epappooTei auth n diadikaoia o€
OAa Ta povoTtrdaTia TnG, atmd KAbe €icodo otnv £€60d0. OTTwg avapEpOnKe Kai
TpIv 0 TPOTTOG Tou Ba yivel aut n avaAuon €ivar Pe Tagivounon Twv
povoTTaTIwV avaAoya Ye TNV KaBuoTEPNON TTOU KABE UOVOTTATI TTPETTEI VA EXEL.
H avdAuon Ba &ekivrioel atmd TO JOVOTTATI TTOU TTPETTEI va €XEI TNV MIKPOTEPN
KaBuoTépnon, KaBwg autd Ba €xel Kal TO TTo OUOKOAO £pyO0 MIOG KAl N
TTapapiaon Twv XPOVIKWVY TTEPIOPICUWY Ba BEcouv eKTOG UTTOWNEIOTNTOS YIA
QVTIKOTAOTOON TNV OUYKEKPIPEVN TOoTTOAOYia. Av Katd Tnv avaAuon auénBei n
XWPNTIKOTNTA TNG €10000U TOTE N TOTTOAOYia eV PTTOPEI va EKTTANPWOEl TOUG
XPOVIKOUG TTEPIOPIOUOUG OTTOTE ATTOPPITITETAI.

Eteidn n epapuoyn Tng peEBOdOU yiveTal o€ éva POVOTTATI Kal OXI O€
OAOKANPN Tnv TOTTOAOYia TTPETTEl va  TTPOCEEOUME TO  TTPOPRANUA TTOU
dnuioupyeital ye TNV dI0OUVOEDN TWV TTUAWYV. ZUYKEKPIYEVA N HEBODOG TOU
logical effort atraitei kard TV TpoTTOTIOINON TOU MPEYEBOUG MIAG TTUANG va
TPOTTOTTOINOOUV AVTIOTOIXA KAl Ol YEITOVIKEG TTUAEG Ol OTTOIEG €XOUV KATTOIN
KOIVA] €i0000 MPE TNV TPOTTOTTOIOUMEVN TTUAN. MNa va atToQUYOUUE VA €XOUME
aANoiwon Twv PeYEBWYV Twv TTUAWV attd avAAucn VYEITOVIKWY HPOVOTTATIWV
ETTIKEVIPWVOUME TNV avdAuon kKABe @opd O€ OUYKEKPINEVO KOPMATI TOU
MovoTraTioU e¢ac@aliovtag OT1i 0 aAyopiBuog dev Ba epapuooTEl o€ KATTOIO
TTOAN TTapattdvw atmd pia @opd. AuTto yivetal BewpwvTtag OTI TO YEyeBog KABE
TTUANG TTOU dIOUOPPWVOUE gival oTaBePO yia To uTTOAOITTO TG diadikaciag Kal
OTTAUE TO KABE POVOTTATI O KOPMPATIA TTOU OEV TTEPIEXOUV TETOIEG TTUAEG. ZTNV
TTEPITITWON POG KABE ToTTOAOYIO Ba £XEI TNV HOPPN PIAG EVOC YPAPOU-OEVOPOU
OoTTOTE OAA TO PovOTIATIa Ba apyiouv atrd KATToIa €i0000 TNV TOTTOAOYIOG KOl
Ba kataAfyouv €ite oTnVv £€£0d0 TNG TOTTOAOYIAG €iTE O€ KATTOIO OTABEPN, VIO TO
utToAoITTo TNG d1adikaaoiag, TTUAN. H eikdéva 13 d€ixvel TNV o€Ipd he TNV OTToia
TA JOVOTTATIA PIOG TOTTOAOYIOG avaAuovTal.
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Hoforenoe node:

inputh

inp i

secand path

Ewova 13:Awapdpooon peyedov tomoroyiog

H oeipd pye tnv omoia 6a avaAuBouv Ta POVOTIATIA €ival ONUAVTIK.
MpwTa TTPETTEl va avaAuBouv Ta PJOVOTTATIO PE TNV MIKPOTEPN KaBuoTEpnon
(ammé cicodo oe €€000) KaBWG TMOAVA avVAKOUV TIIO KOVTA OTO KPIioIUO
MOVOTTATI. Zav €vdeign NG BapuTnTag yia KABe povoTraTl Bewpoupe Tov Adyo
TNV KABuoTéEPNOong Tou w¢g TTPOG Tov aApIBud Twv TTUAWV o€ auto. 'ETol 1O
MOVOTTATI ME TOV MIKPOTEPO OUVTEAECTH KaABuoTéPnOon-ava-truAn €xel TO
OUOKOAOTEPO €£pYyO Va KAVEL, OTTOTE Kal avaAueTal TTpwTo. 'Exovrag kabopioel
TO MOVOTTATI TTou Ba avaAuBei yvwpiouue Tnv KaBUOTEPNON TTOU TTPETTEI Va
TOU TIPOOOWOOUNE. 2TNV €IKova 13 yia TTapddeiyya otnv avaiuon Tou
TTPWTOU POVOTTATIOU N aTTaITOUEVN KaBuoTépnon €EAYETAl ATTO TNV XPOVIKN
ammoéoTaon TNG KaBuoTépnong PETALU TnG €€OO0U Kal TNG €l00dou inputl, ol
OTTOiOI aVTIOTOIXOUV O€ KOPPBOUG TOU apXIKOU KUKAWMOTOG Kai givalr ndn
TTAAPWGS XOpakTNPIoPEVOL Xpovikd. Me 10 TéEAOG TnG dladiKaoia OTO TTPWTO
MOVOTTATI €XOUV XAPOKTNPIOTEI TTPOG TNV KaBuoTtépnon OAol ol KOuBol Tou.
2tTnv avdAuon Tou OeUTEPOU povoTTaTiou cav kKabBuoTtépnon €¢6dou Ba
Bewprjooupe TNV KaBuoTépnon TTou €xel N €i00d0¢ TNG TTUANG a2 TTOU QVAKEI
OTO TTPWTO YovoTTaTi. Me autd Tov TPOTTO N avdAucon Tou KABe povoTtraTiou dev
Ba odnynoel o€ aAAoiwon TOu  XpovIoPoU  KATTOIoU  GAAOU  evw
EKMETAANEUOPOOTE TIANPWG OTIOI0 XPOVIKO TTEPIBWPIO UTTAPXEI O KABE
E0WTEPIKO KOPBO TNG TOoTTOAOYIag

2.5.8 YTOAOYIONOG OTATIKNG KATAVAAWONG

Omwg  avagépbnke Kal TTPWTUTEPA KABe TOTTOAOYiO TTPETTEl VO
XOPOKTNPIOTEI WG TIPOG TNV KATAVAAWON TIPOKEIMEVOU VA  UTTAPXEl N
duvatoTNTa AUEONS OUYKPIONG. ATTO TO KEQPAAQIO TOU UTTOAOYIOWOU OTOTIKAG
EVEPYEIOG YVWPICOUPE OTI O TTIO AKPIRNS TPOTTOS YIa va Yivel auTtod gival Péow
Miag Monte Carlo diadikaciag n otroia Ba KdAvel AoyiKA TTPOCOUOIWGCN Tou
KUKAWMOTOG yia éva ouvolo amd dlavuoupata €106dwv. H egaywyn NG
KaravdAwong kd&Be TUANG Ba yivel o€ ouvduaoud pe Evav  TTivaka
KaravaAwong OTTOU QVTIOTOIXEI TNV TIM TNG OTATIKAG EVEPYEIAG ME TO
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avtioToixo Oldvuopa €00dwv. Me autdv Tov TPOTTO MUTTOPOUME €UKOAA VO
XOPAKTNPIOOUYE WG TIPOG TNV KatavdAwon To KABe UTTO-KUKAWMG TTOU
e¢eTdCoupe atrAd Pe To va TTPOCBOETOUUE TNV KATAVAAWON TNG KABE TTUANG TTOU
EMTTEPIEXETAI O€ AUTO. ETTiong TO id10 10XUEI KAl yia KABE utTown®Ia TOTTOAOYIQ.
‘ExovTtag utroAoyioel Tnv doun TNG Kal £QAPPOCEl TO avTioToIXO PéEyeBog o€
KAOE TTUAN PTTOPOUUE va €CAYOUUE TNV KATAVAAWON TNG XPNOIMOTIOIWVTAG TV
QVTIOTOIXN TEXVIKN. &€ KABE KOUPBO TOU APXIKOU KUKAWMATOG UTTAPXElI €vag
KATaXwpnTtg 0 otroiog atmmoBnkeuel TIG AoyikEG TINEG KaTd Tnv Monte Carlo
TIPOCOOIWaoN divovTag Pag €101 TNV duvaTdTNTA VA TTPAYHATOTTOINCOUNE TNV
idla diadikaoia yia KGBe ToTToAOYIa KAl va EEAYOUNE TNV OTATIKY 1I0XU TTOU ThV
xapakTtnpilel. Me auty TNV H€BOSO ETTITUYXAVETAI OKPIBEIO OTA ATTOTEAEOUATA
KaBwg OAeg o1 TOTToAOYiEG TuyKpivovTal yia Ta idia dlavuouaTa €l00d0u.

2.5.9 AvtiKaTtdoTaon TotroAoyiag

Otav Bpebei pia TotroAoyia n otmoio ammodidel kKaAUTEPaA Ao Mia
uTTdpyxouca TOTToAoyia TOTE YiveETal AVTIKOTAOTOON TNG UTTAPXOUCAG ME TNV
véa. H diadikaaia avTikardoTaong yiveral oTa TTapakdaTtw Pruara:

1. AQ@aipeon TTUAWYV UTTOKUKAWMPOATOG EKTOG EKEIVWV TTOU OEV UTTOPOUV
va a@aipeBouv(BA eikova 8).

2. Eiocaywyn kai d1acUvOEean TwV VEWV TTUAWV TNG TOTTOAOYIOG.
3. Aloapéppwaon XwpnTIKOTATWY KOUPBWV £10000U TOTTOAOYIAG.

4. YToAoyIOPOG VEAG XPOVIKNG KaBuoTépnong Kal TrepIBwpiou OTIG
€10000UG TOU UTTOKUKAWMAOTOG.

5. Alaudéppwon TIMWV XPOVIKAG KaBuoTépnong Kal TrepIBwpiou yia
TOUG VEOUG KOUBOUG TNG TOTTOAOYiaG

6. Alauopewon PeyEBWYV TWV TTUAWV TNG TTAAIAG TOTTOAOYIOG TTou dev
MTTOpECAV va atTouakpuvBoUuVv(BA ikéva 8).

7. ZUUTTARpwon  Kataxwpentwyv  Aoyikwv  Tiywv  Monte  Carlo
TTPOCOPOIWONG TWV KOUPBWY TNG VEAG TOTTOAOYIOC.

8. AmoBnkeuon dedopévwv OTaTIKAG KaTtavadAwaong K&Be TTUANG OTTwG
€€xOnoav oTov TTPO-XOPAKTNPICHO.

Metd atmd authy Tnv diadikacia €Xoupe utToAoyioel yia KABe KOUPo TNG vEag
TOTTOAOYIAG TNV KABUOTEPNON KAl TO XPOVIKO TTEPIBWPIO EVW YIA TIG TTUAEG TNG
TNV OTATIKA evépyela. Eival mBavov katd Tnv diadikaoia eupeong PEyEBWV Twv
TTUAWV va diapopewdnkav £101 WOTE TO TEAIKO ATTOTEAECHA va 0drynoe o€
MEIWON TNG XWPENTIKOTATAG TWV £I000WV TOU UTTOKUKAWMOTOG. AUTO 0dnyei o€
MEiwon TNG KaBUOTEPNONG OTOV AVTIOTOIXO KOUPBO €106d0u OTToTE, dEdOPEVOU
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OTI TO UTTOKUKAWWMAQ €XEI OTNV XEIPOTEPN TTEPITITWON TNV idla KaBuoTEPNoN UE
TNV TTponyouuevn ToTroAoyia, odnyei kKal O€ peEiwon TNG  OUVOAIKNAG
KaBuoTépnong Tou KUKAWMPOTOG. 2uvhnBwg pia Tétola  €EEMIEN, av  Kal
armrpoouevn gival kKahodexouuevn atrd Tov oxedlaoTh. Av Ouwg atmd TNV AAAn
dev gival emBuunTh, yia Adyoug TrapaBiaong Tou hold time cuvrBwg, ptropei
VO QVTIUETWTTIOTEI KAVOVTAG OIAQOPETIKY) TTPOCEYYION TOUu BEPATOG €UPEONG
MEYEBWV TOTTOAOYIOG PE ElI0QYWYNA PIAG ETTITTAEOV TTAPAPETPOU, TNG dIATHPNONG
TNG XWPENTIKOTNTAG TWV EI000WV OTA idIa ETTITTEDA.

2.5.10. AtroTteAéopaTa

H a&loAdynon Tou aAyopiBuou €yive TTavw o€ €vav apiBUO KUKAWPATWYV
amo Ta KUKAwpata avagopdg ISCAS 89. H diadikaoia 1Tou akoAouBriBnke
ATav ouvBeon Twv KUKAWUATWY atro emiredo RTL 1mmou Bpiokdvioucav pe Tnv
XPON TOU TTIO EUTTOPIKA KATALIWHUEVOU €PYOAEIOU O AQUTO TOV XWPEO, TOU
Design Compiler (DC) 1ng etaipiog SYNOPSYS. H Ttrpodiaypa®ég Tmou
066nkav otov DC katd Tnv ouvBeon fTav, TPWTWV Yia EAAXIOTN KaBuoTépnon
Kal OeuTePOV yia €AAXIOTN OTATIK KoTavAdAwaorn. XpnoIJoTroinonke pia
autooxédia BIBAIOBAKN pe pia TTANBwpa duvatwy KeAlwv oTnv d1dBeon Tou DC
XOpaKTNPIoUEVA TTANPWS TOOO WG TIPOG KabuoTtépnon 600 KAl wg TTPOG
OTATIKA KATAVAAWON. ZTNV CUVEXEID T KUKAwpata Tou €dwoe o DC wg
atmroTéAecua TTEpacAV aTrO TO OIKO HAG €PYAAEIO OTTOU €QAPPOOTNKE N
dladikaoia Tou etmavaoxedlaouou. [Mpémmel va ava@epBei 0TI oI TINEG TWV
KaBuoTEPAOEWYV Kal TNG OTATIKNAG KatavadAwaong TTou gixe €¢dyel o DC yia kGBe
KUKAwpa Oev xpnolgotroinénke o€ auti Tnv @Aaon oAAd Ta KUKAWMPOTO
aglohoyndnkav atrd pndevikr Bacn. O aAyopIBUOC €PAPPOOTNKE MIa QOpPd
TAVW 0€ KABE KUKAwHa Kal cav €000 d6ONKe €va vEo KUKAwpa yia KEOe
TTEPITITWON HE ETTAVAOXEDIAOMEVN QOMN XPNOIMOTTOIWVTOG ATTOKAEIOTIKA KAl
MOvo Ta KeAIG TTOU UTTRPXaV oTnV apXIkh BIBAI0BNAKN TTou £BAetre o DC. Ta véa
KUuKAwpata aflohoynbnkav ek véou atrd Tnv TAaTQOppa Tou DC  Kai
TTOPAKATW TrapouaialovTal yia KABe TepiTrTwon ol diagopés. H xprion g
TAaTQOpuag Tou DC yia TNV EKTIPNON TwV ATTOTEAECUATWY KAl TOU TTOOOO0TOU
BeATiwong KABE KUKAWMOTOG ETTEAEYN KABOTI TTPOKEITAI VIO TO TTIO KATALIWWEVO
EPYAAEIO OTOV XWPO KAl TA ATTOTEAEOPOTA OTTWG KAl N AgIOTTIoTia TOu gival
EUPEDG aTTOOEXTH.

O1 atokAgioglg TTou gu@avifovrtal OTOV XPOVIOWO TOU KUKAWMOTOG OTTWG
TTAPoUCIAlovTal  OTOV  TTivaKa 2 O@e&ilovial oTovV  OIA@OPETIKO  TPOTTO
TPOOEYYIoONG Tou PovTéAou kaBuoTépnong. Or atrokAioeI gival TTOAU HIKPEG
Kal Katé péoo 6po NG 1agng Tou 0,5%. H peiwon otnv oTaTikh KatavaAwon
wOoTOOO0 TTAPOUCIACEl ONUAVTIKA UEIWON av avaAOyIOTOUME OTI TA KUKAWUATO
e€nxbnoav amd Tov DC pe Tmpodiaypa®éc yia TNV €Aaxiotn duvarn
KaTtavaAwaon autou Tou €idoug.
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MMivakag 2: Zvykprtikd awoteréopata pe Tov Design Compiler

Leakage Leakage
S208 | 43.63 | 10890.42 43.75 | 9951.35 -0.275% 8.623%
S382 | 50.95 | 23302.20 51.23 | 21760.73 -0.550% 6.615%
S400 | 48.0 | 23868.32 48.0 | 23083.04 0.000% 3.290%
S420_1 | 49.25 | 19833.98 49.43 | 17982.06 -0.365% 9.337%
S$510 | 53.45 | 16296.53 54.05 | 15375.31 -1.123% 5.653%
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KepdAaio 3

NMpoocopoiwTég YN@PIaKWV KUKAWNATWY

3.1. MpooouoIWTESG TTPWTNG YEVIAG — SPICE

To epyaAcio SPICE Oewpeital kal ofuepa 10 Blounxavikd TmpoTUTIO
O0WV a@opd ToV TOUED TNG TTPOCOUOIWONG TOOO TWV WNPIAKWY, 600 Kal TWV
avaAoyIKWV KUKAwPATwy. EIBIKG n TTpocéyyion Tou atrévavtl oTa Wnoelokd,
TTOU yiveTal o€ eTTiTTedo TpavioTop, cival OTI KAAUTEPO UTTAPXEI ATTO ATTOWN
aKpiBelag amoTeAeopdTWyY. H ouvexiCouevn 1A0N OUWG TWV  YNEIOKWY
OAOKANpwUEVWY va akoAouBouv Tov vopo Tou Moore €dw Kal Xpovia, €XEl
odnynoel 1o TARBOG Twv TpavioTop TTOU TA ATTAPTICOUV VO @TACOUV OE€
TEPAOTIOUG apIBPOoUG, KaBioTwvTag TNV dIadikaoia TTPOCOUOIWONG TOUG ME
auTdév Tov TPOTTO aduvarn.

Nna tv 1otopia 10 SPICE 6mmwg kai 6Aa 1a gpyaAcia authg TNG
Katnyopiag déxeTal oav €icodo €va netlist Tou TrepIypd@el Ta OTOIXEIQ TOU
KUKAWMOTOG (TpavdioTop, QVTIOTACEIG, TTUKVWTEG K.T.A.) KOBWG Kal Tov TpOTTo
dlaoUVvOECNG TOUG Kal £EAYEl ATTO QUTA PN-YPARMIKEG DIAPOPIKEG AAYEBPIKEG
eClowoelg Tpog eTiAucn TTou divouv TIC TACEIC Kal T PEUPATA  TOU
KUKAWMOTOG. ZUYKEKPIUEVA YIa KABE XPOVIKA OTIyurR, avdAoya pe 10 BAPC
Tpooopoiwong, 710 SPICE dnuioupyei €va ypauUIKO POVTEAO PETATPETTOVTOG
€l0AQyovTag €701 TOOO TA YPAMMIKA OToIXeEia (avTIOTACEIG, TTUKVWTEG, TThvia)
000 KOl T MN-yPAPPIKG (Siodol, TpavlioTop) o€ €va yPAPPIKO ouoTnua
TVAKWY attd TNV AUCN TOU OTToIoU €€AyEl TIG TIMEG TWV TACEWV KAl TWV
PEUMATWY YIQ TNV ETTOPEVN XPOVIKN OTIYHA, OTTWG QaiveTal oTnV €IKOva 14.
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nodal  branch  branch
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tindal
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A 13 b

Ewova 14: Yroloyiopog mapapéTpov KUKAORATOS PE

EMIAVOT CVGTNUATOV GUGTINATOG TLVAKMV

O1 ouvaptiocelig Tou  €€AyovTal  Eival  PN-YPOUMIKES  OIOPOPIKES
aAYEBPIKEG OUVAPTAOEIG TTOU AUvovTal pE XPron "TTETTAEYHEVEWV" HEBOOWV
oAokApwong (implicit integration methods), Tng peBddou Tou Newton kai
apaiwv TIVakwv[9]. Mia cuvdaptnon Aéyetal “memmAeypévn” étav 0 €UPECOG
OPIOMOG pE BdAon Tov oTroio TTapéxeTal O¢ divel auéowg TNV EVOEIEN TwV
TPALEWV TTOU TTPETTEI VO EQAPPOOTOUV OTIG QVECAPTNTEG PETARANTEG yIa va
BpeBei n avrioToixn TIUA TNG ouvapTtnong (1m.X. AvrtioTpopn uEBODdOG TOU
Euler). Tétoiou €idoug ouvapTACEIG XPNOIUOTTOIOUVTAl EUPEWG OTA EPYaAEgia
TIPOCONOIWONG NAEKTPOVIKWY KUKAWUATWV.

MNa éva KUKAWPa TTou Oev TTEPIEXEI MN-YPOUMIKA oTolxeia n diadikaoia
gival atmAr] Kabwg Ta XapAKTNPIOTIKA TwV OTOIXEIWV TTOU TO ATTOTEAOUV Oev
aAAGCouv OTTOTE N €UPECN TWV TINWV TAONG KOl PEUPATOG YIiVETAI MPE TNV
€TTiAUCN TNG TTAPATTAVW OUVAPTNONG ME TIG NEBODOUG TTou avagEpbnkav. Ta
TTPoBAAMATa OUWG apxifouv aATTO TNV OTIYUA TTOU MPN-YPAPMIKA OToIXEi
eMTTEPIEXOVTAI  OTO  KUKAwpa  (Siodol-Tpaviiotop). Ekei 1o mpdyuata
TEPITTAEKOUV KOBWG avaloya pe TNV KatdoTaon Asitoupyiag KABe TEToIOU
oToixeiou dlapopPwveTal avaloya Kai o Trivakag G. KaBe gopd 1Tou KaTd ThV
OIdpKEIa TNG TTPOCOMOIWONG £0Tw Kal éva oToIXEio aAAGgel kaTdoTaon TOTE
0AOKANPOG o Trivakag TTpETTEl va EavauTtrohoyioTei. Eival rpogavég Aoimmév Ot
yla éva kabapd ywnelokd KUKAwPQA, TO OTTOI0 UTTOPEI va TTEPIEXElI TEPAOTIO
apiBud atmd Tpaviiotop Ta otroia Ba aAAdlouv OlOPKWG KATAOTACEIS, N
amodoon Tou SPICE peiwverar dpapatikd, o€ PBabBud 1mou n xprion TOU
OUYKEKPIPEVOU EPYOAEioU, av Kal TTOPAMEVEI ECAIPETIKA aKPIBAG, va Bewpeital
TIPAKTIKA acUP@opn £wg aduvarn.

3.2. NpooopolwTég deUTEPNG YEVIAG — Fast-SPICE
Av kal To SPICE Bewpeital akéua Kal CAPEPA ALETTEPOAOTO OE ETTITTEDO
OKPIBEIOG QTTOTEAECPATWY UCTEPEI ONUAVTIKA OTOV TOMEQ TOU XPOVOU TTOU
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ATTAITEITAI YIO TNV EKTEAECN TNG TTPOCOMOIWONG, 0 PBaBud tmou KaBIoTd TNV
XPon Tou atrd TTPAKTIKA acUh@opn £wg aduvaTn, €18IKA OTaV TO KUKAWMPO dev
givalr piIkpd. H dnuioupyia Twv avTioTolXwv TIIVAKWY Kal N €TAUCH Twv
eClowoewyv o¢ KABe Bripa Tng TTpooopoiwong eival Yo TTapa TToAU “Bapid”
dladikaoia atmd TTAeUpAg UTTOAOYIOTIKAG TTOAUTTAOKOTNTAG. H avaykn yia 1o
TIPOKTIKEG AUCEIG OTOV TOPEQ TWV TTPOCOPOIWCEWY 00 ynoE 0TNV dnuIoupyiag
MIag OeUTEPNG YEVIAG TTPOCOUOIWTWY TTOANOI €K TWV OTTOIWV AVIKOUV OThV
“XapaktnpIoTIKA” katnyopia Twv Fast-SPICE trpocopoiwTwy. MoAAEG aTTd TIg
ONUEPIVEG EQAPUOYEC OTOV TOPED TWV epyoaAeiwv oxediaong (Electronic
Design Automation i aAAiwg EDA) Baciovtal o€ Fast-SPICE TTpOCONOIWTEG
Ol OTTOI0I OUWG £PXOVTAI PE APKETOUG TTEPIOPICHOUG Kal CUUPBIBACTIKEG AUCEIG.

3.2.1. MAeovekTApATA

Ta onuavTikoTepa TTAcovekTiuaTa Twv Fast-SPICE epappoywv gival n katd
TTOAU peYOAUTEPN TOXUTNTA KAl Ol EIWMEVEG ATTAITAOEIG UVAUNG O OUYKPIOoN
mavta pe To SPICE 1Tou XpeiddovTal yia TNV TTPOCOUO0IWON TWV KUKAWUATWYV.
AuTh n KaTnyopia gpyaAgiwv €IBIKEVETAI KUPIWG OTA WN@PIAKA KUKAwPaTta. H
emiAuon woTéoo €vOG avaloyikoU KOUMOTIOU WPTTOPEi va €MITEUXOE peE TNV
EVOWMATWON AvTIOTOIXWV AEITOUPYIWV Kal GAYyOopiBUwWY KaBw TTPOKEITAl KATA
KUpIo AOYO VIO YPAUMIKA KUKAWMOTA, €TTEKTEIVOVTAG £TOI TIG dUVATOTNTEG
TIPOOOPOIWONG O€ OuvOUaoud YWNPIOKOU-avaAoylkoUu KUKAWPaTog(mixed
mode design).

3.2.2. MglovEKTAHOTO

H peiwpévn akpipeia, o oxéon pe 1o “arrdéAuto” TTou Tapéxel o SPICE
QATTOTEAEI TO ONUAVTIKOTEPO WEIOVEKTANA AUTHG TNG KATNYopiag epyaAciwyv. Av
Ol ATTAITACEIG O€ QUTOV TOV TOPEX €ival UWPNAEG TOTE N xpron evog Fast-SPICE
EPYAAEIOU iIOWG Va PNV atToTEAE TNV TTI0 £vOEdEIYPEVN AUON. TIG TTEPICOOTEPES
POPEGC WOTOCO HIA ATTWAEIA AiywV TTOOO0OTIAIWY JovAdwY O€ akpifeia gival
apeAnTéa 6Tav ouvodeUETAl E UEIWON KATA dUO TAEEIG HeyEBOUG TOu
ATTAITOUMEVOU XPOVOU EKTEAECNG TNG TTPOCOMOIWONG. YTTAPXOUV ETTIONG KAl
KAtTolol GAAoI TTapdyovTeg TTou eTnpedlouv Tnv amédoon Twv Fast-SPICE
epYaAciwv Kal dev TTPETTEN va ayvonBouv:

e H Umap¢n TmMviwv JTTOpPEI va TTPOKOAECEI ONUAVTIKA MEiwon oTnv
ammoédoon av eEaITiag Toug dnuioupyouvTal @aivopeva TAAAVTEUONG
(6mwg oupPaivel oe RLC kukAwpata). EmmakdAouBo piag T1éTolog
OUMTTEPIPOPAS aTTO QUTO TO QAIVOUEVO Eival N EKPNKTIKF augnon Tng
OpacTnPIOTNTAG TOU KUKAWMATOG KaI, avaAoya, TnG OTTAITOUPEVNG
UTTOAOYIOTIKAG TTPOCTTABEIAG, KATI TTOU EKTOEEUEI TOV XPOVO EKTEAECNC.
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e [a va emToxouv kKaAutepn atrédoon ol Fast-SPICE TTpOCOUOIWTEG
eNAYIOTOTTOIOUV TO QQIVOUEVO TnG oUCeuéng (coupling) MPETAEU TwV
oToixeiwv. Mevikd gite ayvoeital, €ite AUVETAQI JE TTPOCEYYION avAAoya e
TIC TTPpodIaypa@ég TTou €0e0ce 0 xprnoTng. Mévo o€ TTOAU Kpioiua
KOMMATIO TOU KUKAWWPATOG Kal Kupiwg o€ coupling capacitors Ba yivel
TTAAPNG avaAuon. EmiTAéov, 60wV agopd Ta YNPIoKA KUKAWUOTA, JIx
avadAuon autou Tou @aivouévou ota MOS Ttpavdiotop padi pe To OiKTUO
dlavoung 10xUog (Tpogodoaiag yia Ta PMOS kai yeiwong yia Ta NMOS)
Ba e€avtAfoel TIG SUVATOTNTEG TOU TTPOCOPOIWTH.

o TéAoOGg, iOWG TO peEYOaAUTEPO TTPOPRANUA TTOU TTAPOUCIAlOUV AUTA T
epyaAcia, €ival OTl yia va OoUuAéwouv Bewpouv TO OIKTUO OIAVOMNG
IOXU0G oav 1I9avIKO Kal UTTopoUv va deXTOUV POVO pia oTaBeprh TIUN
Tpo@odocriag Tavw atrd kaBe block. H 1TpooBrkn evog ypauuikou
KUKAWMOTOG TToU Ba évwve OAeG ouoiaoTIKG TIG TTUAEG Ba avdykadle To
eEPYOAEio va O&l OAOKANPO TO KUKAwPQ oav pia evidia povada Ba
e€aAeipe TNV Baoikr 181I6TATA Tou dlaXwpIoKoU Kal avaAuong Povo o€
MIKPOUG “evepyous” TOUEIG TOU KUKAWMATOG TTOU Ba £EnynOEi TTapakaTw.
OuolaoTikd Ba uetétpetre TNV Fast-SPICE unxavry oe amAd SPICE ue
OAeg TIG PN €mMOUPNTEG 1010TNTEG, OTTWG QUTAG TOU PEYAAOU XpOVou
eKTEAEONG. AVOAUTIKA PEAETN auToU Tou TTPORARPATOS AAAG Kal TPOTTOI
QVTIMETWTTIONG TOU ava@épovTal oTo KEPAAaio IR-drop analysis.

3.2.3. Baoikeg 1816TNTEG

O1 Fast-SPICE T1pocopoiwTéG  avamTuxbnkav  apxikd@ yia  va
TIPOCPEPOUV TTPOCOUOIWOEIS UYNAWY ETTIOOCEWV UE KUPIO TTPOCAVATOAIOHO
Ta YNQIAKA KUKAWMOTA. QOTO00 PE TOV KAIPO TTPOoO0TEBNKAV Kal duvaTOTNTES
TIPooopoiwong avaloyikwy Kal mixed-signal KUKAwPATWY. Me v TTapodo
TOU XPOVOU Ta PEYEDN TWV WYNPIOKWY KUKAWHATWY £yivav TTOAU peydAa yia va
pTTopécel To SPICE va avTetre€éABel OTIG ATTAITAOEIG TNG TTIPOCOUOIWONG AOYyw
TWV TTEPIOPICHWYV TTOU €BETAV OI ATTAUTAOEIG O€ UVHN KOl ETTECEPYAOTIKA 10XU.

H otpogry mmpog Toug Fast-SPICE TtrpocopolwTég ekivnoe peE TNV
diatriotwon 6T ptopei va  emiTeuxBei  emTayxuvon NG d1adikaciag
TIPOOOPOIWONG ME EKPETAAAEUON TWV IOIAITEPWY  XAPAKTNPIOTIKWY  TWV
WYnYIoKwY KUKAwUATWY. Ekeivn Tnv 1Tepiodo, péoa otnv dekaetia Tou 80, n
TEXVOAOYia €ixe @TAOEl Ta €TTiTTEdA TOU €vOG HIKpou (1000 vavoueTpa) yia 1o
MAKOG TNG TTUANG €vOg TpaviioTop. & auTd Ta eTTiTTeda 0 Xpdvog diadoong Tou
OoNuaTog péoa atro Tnv TTUAN ATav 0 KUPIOG TTApAyovTag TTOU XaPaKTAPIZE TNV
OUPTTEPIPOPA TOU KUKAWMATOG O€ avTiBeon e, yia  TTapddeiyua, Tnv
KabuoTépnon OTIC Yypauuég dlaocuvdeong. H Baoikri AeIToupyikdTnTa O€E pre-
layout emmiTredo pe eAdxioTn TMPooBrkn RC XOpaKTNPIOTIKWY OTOUG KOUPBOUG
TOU KUKAWMATOG yia BeATiwoN TOu UTTOAOYICHOU TOU XPOVIOHOU ATAV Ta apXIKA
OUCTATIKA yia TNV Kataokeun Twv TpwTwyv Fast-SPICE epapuoywyv. Me pikpég
OXETIKA YPAMUEG OlaouvdeEOoNng Kal uE TAon TpoYodoaiag Kovrda oTta 5V
@aivoueva O0TTwG oUleutn XwpPENTIKOTATWY OTIG YPAMMKEG 1 TITWON TAONG OTO
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OikTUO TpoodoaUiag cixav dapeAnTéa €TTidpacn oOTnv  AsIToupyia  Tou
KukAwpatog. H Baoiki xprion yia tnv otroia trpoopifétav Ta Fast-SPICE
epyaAcia nTav o€ KukAwpata atroteAoupeva ammdé MOS T1paviiotop, e
ehayxiota RC ortoixeia (avaAoylk@ pPeE TO TIOOOOTO  ETTdOpPACNG OTNV
OUMTTEPIPOPA TOU KUKAWMATOG) Kal OXeOOV PNOEVIKA @aivopeva oUleugng
METAEU OTOIXEIWV KAl KOPPBWV.

H mpwTtn Kaivotopia TToU €QOpUOOTNKE yia TNV €mTAXUVON TNG O1adIKACIOg
ATAV N JETATPOTIA TOU TTPOCOUOIWTA O€ event driven, va avaAuel dnAadn povo
TA KOMPATIO TOU KUKAWPATOG OTA OTToia TTAPOUCIAZETAI KATTOI dpacTnpIidTnTa
Kal yio 600 XpovIKO didoTnua autr dlapkei. Me autdv Tov TpOTTO ETTITUYXAVETAI
ONUAVTIKI MEIWOoN TWV aVAAUOUEVWY OTOIXEIWV a@ou eEeTalovTal HOVO auTd
TTOU BpiokovTal OTO KOUUATI TOU KUKAWMOTOG TTOU AVOAUETAI PE ONUAVTIKO
0peNOG TOOO Ot XPOVO €KTEAEONG OCO KAl OE€ XWPO MHVAPNG Yo Tnv
Tpooopoiwon. MNa va yivel autd atraiteital avaAuon Tou KUKAWMATOG Kal
EVIOTNIONOG TwV €EapTACEWV Ot TOTTIKO €TmiTredo. Me autdév TOV TPOTTO
ETMITUYXAVETAI VA AVOAUETAI JOVO TO KOMMATI €KEIVO TOU KUKAWMATOG TTOU
OpACTNPIOTTOIEITAI ATTO MIA PETAPBOAR TNG TAONG €vOG KOUPBOU TTAvVW atrd éva
opio (threshold). Oco peyaAuTepo gival autd 1o 6pio TOOO PEYAAUTEPN €ival KAl
N TaxUTNTA TTPOCOUOIWONG ME AVTIOTOIXO OMWG AVTIKTUTTO OTNV OKPIREIa TwvV
ammoteAeopdTwy. Me autriv Tnv diadikacia TMITUYXAVETAI TTEPIOPIOUOS TOU
MEYEBOUG TOU KUKAWMATOG TTOU avaAueTal, €101 WoTE va TrepIAauBdvel uévo Ta
KOUMATIO TTOoU €ival evepyd. To KEPDOG O€ peiwoNn TTOAUTTAOKOTNTAG Eival TTOAU
MeEYAAO av avaloyioTei Kaveig OTI N dpaaTnPIOTNTA O £Va YN@PIAKO KUKAWUO
€ival OXETIKA OUYKEVTPWHEVN TOOO Ot XwpPo 0600 Kal XPOvo, KATI TTou
OUVETTAYETAl UAOTTOINON €VOG TTOAU MIKPOTEPOU TTiVOKA TTPOG ETTIAUCN O€
avTibeon pe To SPICE 10 oTroio avaAugl oAOKANPO TO KUKAwHA o€ KABE Brua.

Mia deUTEPN TTPWTOTUTTIA ATAV O TTPOXAPOKTNPIONOS yia kKGBe MOS
Tpav(ioTOp HE UTTOAOYIOPO TWV OXETIKWYV OVAAUTIKWY OUVOPTACEWV KOl
ATTOBNKEUON TWV QOPTIWY, PEUMATWYV KAl XWPENTIKOTATWY TTOU TTPOEKUTITAV OF
Tivakes. 'ETO1 yia TNV UAOTTOINON AUTAG TNG TTPOCEYYIONG O CNTOUPEVEG TIUEG
eCayovral €ite WG €Xouv €iTE TPOTTOTTOIOUVTAI XWPEIC Vva  aTTaITEITAl
ETTAVUTTOAOYIONOG TOUG.

Baoifoueva o€ autég TIGC TeEXVIKEG o1 Fast-SPICE e@apuoyég
arroteAoucav TNV o AgIOTTIoTn AUCN YIO TTEPICOOTEPO ATTO MIa 15eTia Kal
povadikr) evaAAakTiK Auon atrévavti oto SPICE. OAeg o1 peydAeg eTaipieg
Tapaywyns epyaAeiwv CAD €xouv kal ammd pia TTpOTACN OE AUTH TNV
Kartnyopia.

3.2.4. Eptropikég epapuoyég Fast-SPICE
4. NanoSIM (Synopsys)
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5. UltraSim (Cadence)
6. FineSim Pro (Magma)
7. AuSim (Nascentric)

3.3. NpooopolwTéG TPITNG YEVIAG — hierarchical simulation :

‘Eva BApa mépa amd Tig duvatotnteg Twv Fast-SPICE e@apuoywv
KAvouv Ta epyaleia Tou Bacifovtal oTnv avadAuon TG ECWTEPIKAG IEPAPXIAg
TOU KUKAWMPATOG, €va €i00G TIPOCOMOIWONG TTOU  OVOMACZETal  1IEPAPXIKA
Tpooopoiwaon (hierarchical simulation), kol Ta gpyaAgia TTou TNV £@apuolouv
aviKouv o€ pia 01K Toug Kartnyopia. [MpwTapxIKOG OKOTIOG QUTAV TG
KATNyopiag epyaAciwv ATav va €0TIGOOUV OTNV OXediaon PVAPNG KAl OTOV
ToMéa TNG €maAnBeuong, apyoTepa OPWG  ETTEKTABNKAV OTnV  avaAuon
QAVOAOYIKWYV OAAG Kal PIKTOU CANOTOG KUKAWMATWY KABWG Kal o€ UAOTTOINOEIG
MeyAAwv wneiakwyv cuoTnudtwy SOC T1Tou pTTOpEl va TTEPIEXOUV OEKADES
EKATOPMUPIO  TpaviioTop. Av Kal aQutd Ta KUKAwpata €ivar  oxedov
QATTOKAEIOTIKA WN@IOKA, Ta KPICIPOTEPA KOUMPATIA aTTO AmTown a1mddoong Kai
EAEYXOU eVOEXETAI VA gival avaAOYIKA.

MeTayevéOTEPEG TPOTTOTTOINCEIS TTPOCBECcAV duvaATOTNTEG VIO  OTTOOOTIKNA
TTPooOoMoiwon post-layout KUKAWUATWY avaTpo@OodOTOUNEVN HE XPNOTIKEG
TTANPOPOpPIES yIa Toug KOPPBoug dlavoung 1oxuos. H avaAuon tTng TITwong
Tdong ota dikTua dIavoung 10XUoG Kal n avaAuon Tng agloTroTiag €vog
KUKAWMOTOG €xel AAAwaoTe onuepa 1B1aitepn Bapltnta eEaitiag Kal Twv
XOPAKTNPIOTIKWYV TNG XPNOIUOTTOIOUHEVNG TEXVOAOYIAG.

3.3.1. Flow Problems

Edw kai Aiya xpovia n OUpBaTIKEG TeEXVIKEG o€ Mia  dladikaoia
OXedIaoPoU  €xOouv  XAO€l TNV  IKAvVOTNTA TOUG  YIA  OTTOTEAECHUATIKO
XOPakTNPIOUO Kal TTPORAEWNnS mOavwy atroTuxiwyv. Me 1o va avaAuouv éva
KUKAWPQ oav €va 0UVOAO OTTO UTTOKUKAWMPATA, Ol OXEQIOOTEG OEV UTTOPOUV VO
éxouv Mo TTAAPN €IKOva Tng oxediaong KaBwg xAvouv TTOAAEG KPIOIUES
TTANPOYOPIEG KUPIWG XPOVIOUOU, OTTWG race conditions. XwpPiG avOAUTIKEG
TTANPOPOpiES yia To post-layout KUKAwua o1 oxediaoTég dev gival o Béon va
EVTOTTIOOUV QVETIOUUNTEG AAANAETTIOPACEIC PETALU OIOPOPETIKWY TUNHATWYV
TOU KUKAWMATOG TTOU UTTOPEI va 0dnyroouv oTnv atroTuxia tnG oxediaons. H
avaAuon NG Kpioiung d1adpopng YivETal ayvowvTag TNV UTTAPEN QAIVOREVWY
o0leung peTalu TpaviioTop Kal KOPPWY TOU KUKAWMOTOG KaBWG Kal To diKTUO
Tpo@odoariag kal yeiwong. O oxedlaoTég PBacifovial oe avaAuoEl§ TNG pre-
layout pop@r¢ Tou KUKAWMATOG €XOVTag £T01 avokpifr aTToTEAEOUATA KAl
EANITTEIG TTANPOPOPIES YIA TO KUKAWQ.
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3.3.2 MAgovekTAMATA

Na T1a peydAa KukAwparta, OTTOU N akpifeia €ivar {nTouuevn, TA
EPYAALIa AUTAG TNG YEVIAG TTPOOPEPOUV UYWNAN a1tddoon Pe PEYAAN akpiBela,
YPNYOPQ Kal JE PIKPEG ATTAITAOEIS o€ pvAun. H Baoikh 10€a Ticw atmdé autd Ta
EpyaAcia cival n avriypa®r kal n  emavaypnoigotoinon Twv  SPICE
TTOPAPETPWY OTTWG AUTEG £XOUV JovTeAOTTOINOEN 1] avaAuBei TTIo TTpIv. AUTEG Ol
TTOPAPETPOI TNG TTPOCOPOoIWoNG KaBopifovtal amd Tov XprnoTtn Kai Eival
OXETIKEG PE TOV TPOTTO dlACUVOEONG, TA WOVTEA TTOU XPNOIMOTTOIOUVTAI, TIG
€1I0000UG K.0. AUTA n TeEXVIKN PpPioKel €UKOAQ €@APPOYA OTIC OUYXPOVEG
OXeOIOOTIKEG QVAYKEG KABWG QvTATTECEPXETAI O OTTAITACEIS YIa MPEAETN
emiopaon o€ avaloyikd TepIBAANov, co-simulation, kai yia back-annotation
flows. TloAAéG ammd QuTéG TIC TTAPAUETPOUG KaBopi(ouv OUYKEKPIPEVA
XOPAKTNPIOTIKA TNG TIpooopoiwong, Oivoviag €101 oTov OXedIAoTH Tnv
eAeuBepia va emAéyel avaueoa o€ akpifeia kar TaxUuTnTa, av Kal TTAEOV N
ouyxpovn oxedlaoTiky Tdon €ival n Bewpnon Tou “‘havpou KouTiou” PE TNV
yvwon TG €CWTEPIKAG CUUTTEPIPOPAS TOUG VO BEWPEITAI QPKETH YIO ETTITEUEN
ATTOOEKTNG OKPIBEIOG KAl KAAOU XPOVOU TTPOCOMOIWONG.

XapakTnpIioTIKG deiypa Kal Kupiapxog MEXP! OTIYMAG auTou TOu TOMEQ
givar To epyaAeio HSIM kartaokeuaopévo ammd Tnv eTaipia Nassda, €va
EPYOAEiO TTOU €xe€l TNV OUVATOTNTA VA EVOWMATWVEI TTANPOYOPIES YIa T
TTapacITIKA o€ pre-layout 1epapxikég diataéelg netlist. Av kal To HSIM douAeuel
Kal pe etritreda netlist, N xpon evog 1EpapXIKOU JOVTEAOU ETTITAXUVEI OE TTOAU
MeydAo Babud tnv diadikacia Tpooouoiwong. ‘Eva KUKAwPA TToU PE ETTITTEDN
ouvdeopoloyia Ba xpelaldTav yia TTpocouoiwaon 2,5 PEPESG, ME IEPAPXIKES
MEBODOUG Ba XpeIaOTEl HOAIG HIa HE BUO WPEG.

Baoikdé péAo otnv emiteuén auTthg TG BeauaTikng PeATiwong oTng TaxutnTag
TTpooopoiwong Traiel n PEBODOG €AAXIOTOTTOINONG TWV TTAPACITIKWY TTOU
d1a8étel To HSIM. Mg autr TNV TEXVIKN TEPAOTIA SiKTUQ TTAPACITIKWY UTTOPOUV
va Trepypag@ouv e 1coduvaua RC  kukAwparta, emrayxuvoviag €10l TNV
dladikaoia TTpocouoiwong KaTd pia Ta¢n peyEBoug evw TrTapdAAnAa diatnpouv
TNV okpiBeia og emieda mapatAnoia pye tou SPICE. Me autiy tnv pébodo
MTTOPEl va emTEUXOEi eAayioToTToinON OIKTUWY TPOPOBOTIag PE TTEPICTOTEPO
atmd 100 ekaTopuupIa OToIXEIQ 0€ 1I000UVAPA KUKAWPaTa Twv 500 XIAIGdWV.
‘ETOI JE TOV CUVOUAOHO TWV TEXVIKWVY TNG EAAXIOTOTTOINONG TWV TTAPACITIKWV
KOl TOU IEPAPXIKOU MPOVTEAOU TTPOOOPOIwoNG, O TrpocouolwThS HSIMplus
EMTPETTEl OTOUG OXeDIOOTEG va  TTpayuatoTroiouv full-chip, o€ emiTedo
TpavlioTop Kal pe akpifeia SPICE tTpooopolwaoels ae OAOKANPpwHEVA TTOAAWY
EKATOPMUPIWY TpavdioTop Ot TTOAU AlydTEPO XPOVO aTTO QUTOV TTou Ba
xpelalovrouoav Je TIG KAAOIKEG ueBddouc. (Eikdva 15).

3.3.3. lNepropiopoi
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Otmwg kal ota Fast-SPICE epyaAcia €101 kal €dw 1O TTPOBANPA TOU
@aivopévou Tng ouleugng (global coupling) armmoteAei Tnv  peyaAuTepn
TIPOKANGCN Kal yia auTh TNV Katnyopia epyaAciwv. O1 TEXVIKEG EAAXIOTOTTOINONG
Kal N avarpo@oddotnong 6edopévwv AAXIOTOTTOIOUV TNV aKPIBEIa KaBWS N
MovTeAoTToinon  TNG OUCeugng  yivetal  €TMIAEyOVTOG  KATIOIEG  OTIYMIAIES
TTOPAPETPOUG OI OTToieg Ba TTepdoouv OTa e€AaxIOTOTTOINUEVA HOVTEAA. [a
MEYAAQ KUKAwpATA, OTTOU N €AAXIOTOTTOINON €ival ONUAVTIKY, TETOIEG
TTAPADOXEG 0dNYoUV O ONMUAVTIKEG TTOAAEG QOPEG ATTOKAIOEIS. AUOTUXWGS N
MOVN ETTIAOYA YIA QVTIMETWTTION AuTOoU TOU QAIVOUEVOU gival N JOVTEAOTTOINON
Tou pe Ta TpPoéTUTTa Tou SPICE, kdm TTou Opwg odnyei o€ ATTaITHOEIS Yid
TEPACTIA UTTOAOYIOTIKN) 10XU KAl UTTEPBOAIKA HEYAAO XPOVO eKTEAEONG.

HSIM ( post-layout)

Simulation
time Fast-spice

HSIM ( pre-layout)
HSIM plus (post-layout)

Spica

Transistor coum

Ewova 15:Xpovog pocopoimeng 6g oyéon pe

70 TA00G TOV TPAVEioTOP TOV KUKAAROTOG

3.3.4. Baoikég Asitoupyieg

Mia TTpwTnN TTPOCEYYION TOU IEPAPXIKOU POVTEAOU, N OTToIa EiXE YiVEl
yvwoT w¢ “lepapxikn eAaxiototroinon TvAakwv - Hierarchical Array
Reduction (HAR)” €yive amd 10 gpyaAeio Nanosim tng Synopsys. Auti n
TEXVIKA] TTPOOPICOTAV YyIa Xpion o€ OXEOIAOEIG KUKAWHUATWY HVAPNG KOl
Baoiletal oTo yeyovog OTI n dlEyEPOEIG TTOU OEXOVTAI TA BACIKA KEAIG EVTOG TOU
KUKAWMATOG €ival TTAVOUOIOTUTTEG. APXIKA TO KEAIG WVAPNG a@aipouvTal Kal
epapudleTal  eCwtepikr)  Oléyepon OTo  KUKAwpa. Auty n  diéyepon
QVTITTIPOOWTTEVEI TIG AECEIC TTOU Ba €l0éABouv KAl TIG YPAPUEG TTou Ba
gvepyoTroinBouv Kal KataArjyouv TTévw oTa KEAIG YVAPNG. ZTnv deUTEPN QAon
TNG TIPOCOoMoiwoNG  €l0dyovtal  OTIYMIOTUTTA  TwWV  KEAIwv  TTou  Ba
dpacTnpioTroinBouv evw T UTTOAOITTO  €iTE  TTAPOAEITTOVTAI  €iTE  YivETQI
ouyxwveuon. MNa tTnv akpipeia TTPOKEITAl yia VAV AQUTOUOTOTTOINKEVO OTATIKO
TTPOXapaKTNPEIOUSG TNG BIBAIOBNAKNG HE EQAPPOYH OUYKEKPIMEVWY DIEYEPOEWV
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oTa KeAIA. H peiwon Tou TTANRBOUG TWV CTOIXEIWV €ival ONUAVTIKI KOBWG £TOI
MTTOPEl va emiTeuxBei au¢non Tng atrddoong Tng TTPOCOPOoIWoNG Kal TTIo
atrodoTIKr) dlaxeipion TNG MvAUNG. AuTH n TEXVIKN BEPaia €Xel KAl KATTOIEG
aTTOKAIOEIG 0€ B€uaTa UTTOAOYIOHOU XPOVIOHOU Kal TWV TIHWV TWV PEUNATWY,
yla autév Tov AGyo O XapoakTnpiopdg tnG PBIBAIOBNAKNG TTpétrel va eivail
TIPOOEKTIKOG KOl OKPIBAG WOTE va KpATHoel TIG OTI0IEG ATTOKAIOEISC O€
atrodeKTd, yia TNV oxediaon, 6pia.

2€ OXEON ME TNV TTAPATIAVW TEXVIKI, O OAYOPIOPOG TTOU XPNOIUOTIOIEI TO
epyaAeio HSIM cival 1o atmmodoTIKOG Kal 0 €UKOAA  €QAPUOCIPNOG O€
TEPIOOOTEPA €idN oxedlaoewyv. H dlagopoTtroinon auty o@eiletal oe dUO
KQIVOTOMIEG TTOU £QapuOlel auTO TO EPYAAEIO O1 OTTOIEG €ival O1 EGAG:

* lepapxikn) amoBnikeuon. Me auTth TNV TEXVIKN o1 eTTavaAauBavOoueveg
QTTEIKOVIOEIG, €VvTOC TnG oxediaong, €vog Paocikolu BepeAiwdoug
oToixeiou (61Twg éva bit cell 4 pia TTUAN NAND 1 éva flip-flop), utropouv
va ammoBnkeubouv oav Jia Koivr atTeikévion Kal va avaAuBouv katd Tnv
EKTEAEON TNG TTPOCOMOIWONG XWPEIG VA TTPOKAAEITAI KATTOIA ATTWAEIQ O€
akpifela o€ TAONG, PEUMATOC, XWPENTIKOTNTEG 1 OTa OEUTEPOYEVI
TTapdywyd Toug.

» [somporphic matching, 6TTOU €ival N ATTOQUYN TTEPITTWY AVAAUCEWV
KAT& TNV TTpocopoiwon Otav eu@avifovral TTEPITITWOEIG OUOIONOPPWYV
UTTOKUKAWMPATWY KATW atro TIG idlEg eEWTEPIKEG ouvlOnKes. 'ETOI yia
TTOPAdEIYUA TA VYEITOVIKA KEAMIG WVAPNG u@ioTaVTAl TAUTOXPOVEG I
oxedov TauTOXPOVEG METOROAEC O€ TTOAU HeEYAANn KAiakKa Katd Tnv
TTpooopoiwon. Mg auti TNV TEXVIKN TIOPAAEITTETAI N avdykn yid
ETAVAANYN TwV  TTAVOMOIOTUTTWY  TTPOCOUOIWCEWY. To  HEYAAO
QAIVOUEVIKA OAAG Kal TTPOKTIKA TTPOBANPA AUTAG TNG TEXVIKNAG Eival n
€UPEDN TWV OMOIWV TTEPITITWOEWY QUVAMIKA aTTd TO TTPOYPAUMA. AuTO
YIOTi UTTAPYXOUV TTEPITITWOEIG TTOU €V OUO KOPUATIA @aivovTtal Ouola
(kau €ival yia 600 gipaoTte o€ pre-layout o1ddio) Katd Tnv PeTAROON O€
post-layout uttGpxel TTPOOBNKN TTAPACITIKWY OTIG YPAPUES dlaoUvVOEONG
TTOU XaAdel TNV opolopop@ia. OTToTe Pe auTd Ta dedouéva dev UTTOPEI
KAQVEIG va PaoioTei oTo OTI 0 oXedIOOoTAG Ba dwaoel Ye akpipeia TIg
TTEPITITWOEIG OUOIOUOPPWY CTOIXEIWV ] OTI AQUTH N TTANPOYOopPIa PTTOPEI
va e¢axOei eUKOAa atrd TNV ApXIKA TTEPIYPAPH TNG OXediaong.
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Hierarchical Storage

] Design Root
[ mamammamu | (Top Level)
[@11 off (@11 off [@]14 off [@14 off [@]154 off

Ewova 16:Igpapyiki] Avédioon

EmmAéov SAwv auTtwyv, 10 gpyaAeio HSIM €xel avamTugel évav véo
aAyopIBuo TToU ETTIAUEI TIC AVWTEPES IEPAPXIKES PaBUIdES ypnyopdTEPA ATTO TO
SPICE, pe eAdxiotn atrékAion o€ oxéon e 1o SPICE. EmirAéov, n TTpooBnkn
EVOG UNXAVIOWOU €AEYXOU Kal TTPOCAPHOYAS TOU BAWATOS avAAUCNG ETTITPETTE
TNV KOAUTEPN avAAUCN TOU ONUATOG O€ APIYWS avaloyikO eTTitredo. Autr n
TeAeuTaia TTPooONKn MAAIOTa gival Kpiolun kKaBwg emTpémel oto HSIM va
avayvwpifel, Xwpic Tnv TTapéuBacn Tou XPAOTN, TIOI0 KOWMPATIO TOU
KUKAWUATOG MTTOpOUV va TTPOCONOoIWB0UY ME nv xpnon
TTPOXaPOKTNPIoUEVWY look-up tables kai TTola xpeiadlovtal TTARPEN UTTOAOYIOHO
Kal avaAuon TNG XOPAKTNPIOTIKAG OUVAPTNONG TOU KUKAWMNATOG.

3.3.5. Eptropikég e@appoyég Hierarchical Simulation

Opiouéva TTapadeiyhaTa EUTTOPIKWY EPYAAEIWV TTOU XPNOIKMOTTOIOUV IEPAPXIKN
TTPOCONOIWON;:

HSIM (Synopsys)
NanoSim (Synopsys)
UltraSim (Cadence)
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KegpdAaio 4

NMpoocopoiwon Yn@PIaKWV KUKAWHATWY PE Xprion BiIBAI0BAKNG
TTPOXAPUKTNPIOHEVWYV HETARACEWV.

4.1. Eicaywyn.

H AetrTOuEPAG TTPOCOMNOIWGON TWV WNOIOKWY KUKAWPATWY avEKaBeV
atmroteAouoe éva Baoikd KouudT otnv diadikaoia oxedlaopou Kal UAoTToinon
TouG. MovTéAa uwnAnG akpieiag €xouv UAOTTOINDEI TTPOKEINEVOU VA SUWOOUV
OTOUG OXEBIAOTEG TNV dUVATOTNTA va ETTIRERAILCOUV TV AOYIKA CUNTTEPIPOPT
TWV KUKAWPATWY, KaBWC €TTIONG KAl VO EKTINACOUV ONUAVTIKES yIa TNV TUXN
TOU TTPOIOVTOG, TTAPAUETPOUG OTTWG gival n KatavAdAwaon kal n aglomoTia. Me
TNV TTAPOOO0 OPWG TWV XPOVWV Kal TNV OTABEPr TAON MEIWONG Tou PEYEBOUG
TWV OTOIXEIWV TOU TTUPITIOU TTaPOUCIAlovTal VEEC TTPOKANCEIG OTOV OXEDIOONO
TWV EPYOAEiWV TTOU XPNOIYOTTOIOUVTaI OTAV  QACN TTIPOCOUOIWONG TWV
OAOKANPWHEVWY. ZXeOIOOTIKOI TTAPAYOVTEG KAl QUOIKA @QOIVOUEVA TIOU Ol
MNXavikoi péXPl TTPOTIVOG €iTe dev Ta AduBavav utroyn €ite 1a ayvoouoav
TAéov TTaiCouv onuavTikG pPOAO OTnv €miTuxia  OxI TNG KATOOKEUNG.
Kataglwpéva oxedlooTIKA epyaAcia Tou Tpdo@aTou  TTapeABOVTOG  Oev
MTTOpOUV TTAéOV va eyyunBouv OTI Ta ATTOTEAEOUATA TTOU OEiXVOUV OTOUG
oXedIOOTEG €ival auTd TTou Ba douyv , 1l €0TW KOVTA O€ auTd , OTAV PETPOOUV
TO UAOTTOINUEVO KUKAWQ.

Mo TNV QVTIHETWTTION OQUTWV TWV VEWV ATTAITHOEWY N VEA VYEVIA
EPYOAEIWV TTPETTEI VO UIOBETAOEI KAl TEXVIKEG OTATIOTIKNAG TTpocouoiwong. H
AOYIK} TNG -MI0G TTPOCOMOIWONG- 1 avTioToIXa MIag atmAAG  avaAuong
KUKAWMOTOG TTAEOV OEV TTAPEXOUV OTOUG OXEDIAOTEG OAEG TIG TTANPOPOPIES
Tou Xpeiaovtal. MNa Tapddelyya otnv  avaAuon kabuoTtépnong €vog
WNQIAKOU KUKAWPATOG TTAPOUCIAfovTal KAIVOUPIEG TEXVIKEG OTTWG TO statistical
static timing analysis (SSTA)[76], 4 n avdAuon Tng TTWONG TAONG OTOUG
aywyoug Tpo@Podoaiag[77], TEXVIKEG TTOU EVOWMATWVOVTAI KAl OTA EUTTOPIKA
epyaAcia. ETtriong otov TOpéa TNG QIOTTIOTIOG TOU KUKAWMOTOG UTTAPXOUV
TEXVIKEG ekTipnong Tou soft error rate (SER) f Tng emidpaong Tng
nAekTpoueTavaoTeuong (electromigration) mévw o€ oToixeia Tou. Av Kal autd
Ta TTPORAAMATA ATAV ATTO KAIPO YVWOTA, MEXPI TTPOTIVOG fTav adlidgopa OTOUG
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oXedI00TEG AOyw Twv 'avoxwv' TTou Trapoucdiade n TeEXvoAoyia Tnv oTroia
xpnoligotrolovocayv. MNMAEov OUwS ATToTEAOUV ONPAVTIKA €UTTOdIA TTOU TTPETTEI vVa
QVTIMETWTTIOOUV.

O1 TeXVIKEG TTOU QTTAITOUVTAl YIO TNV QVTIMETWITION QUTWV TWV
TTPOBANUATWY €XOUV QUENUEVEG OVAYKEG O€ UTTOAOYIOTIKA I0XU KAl ATTQITOUV
OIOQOPETIKA TTPOCEYYION OTOV TPOTTO €TTAUONG TOUuG atmd TIC £WG TwpPA
KAQOIKEG HEBODOUG. O TTEPIOOOTEPEG ATTO AUTEG TIG TEXVIKEG OTTAITOUV
OKPIBEIO OTIC EKTIUACEIC TWV METPOUMEVWY TTAPOAUETPWY TOU KUKAWMATOG
KABwWG aioBnTEG aTTOKAICEIG PTTOPEI VO odNyrnoouv o€ evieAwg AavBaouéva
ouptrepdoparta. Na autd Tov oKOTTO UTTAPXEI TTPOTINON O€ OTATIOTIKAS QUONG
TIPOOCEYYION YIA TNV EKTIUNON TTAPAUETPWY, KUPIWG PEUPATWY TTOU dIOTPEXOUV
TO KUKAwMA. AUTEG OUWG OI TEXVIKEG ATTAITOUV TNV TIPAYUATOTIOINCN €VOG
MeyaAou TTABOUG TTPOCOMOIWOEWY TIPOKEINEVOU va ETITEUXOEI n €gaywyn
EVOG IKAVOTTOINTIKOU OpPIOPOU QTTOTEAECHATWY YIa OTATIOTIKI] avdAuon. To
MeyaAo TTAABOC Opwg TWV  TTPOCOMOIWCEWY KAl  KUPIwG O  XPpOvog
TIPOCOWNOIWOTG TOUG OTTOTEAEI OAUEPA TO PHEYAANO OTOiXNUA TTOU KaAouvTal va
QVTIMETWTTIOOUV Ol KOTAOKEUAOTEG epyaAegiwv CAD.

‘Eva gpyaAgio TTPOCOMN0IWONG CAPEPA OUWG £XEI VA QVTIMETWTTIOEI TO
QiIANUUa PETAEU agloTTIoTiag Kal TaxuTnTaG. Auo TTAPAPETPOI TTOU TO XAOMHO
METAEU TOUG MeyOAWVEl KABWG auidvouv oI ATTAITNOEIS OE  OKpifEIa
akoAouBwvTtag Tnv avaykn Tou  ETIBAAAEl n  dlopKWG  €EEAICOOUEVN
TEXVOAOyia. O1 UTTAPXOVTEG OAYOPIBUOI TTOU TTAPOUCIACTNKAY OTO KEQAAQIO 3
dcixvouv OTI éxel emTeuxOei onuavTikr TTPO0O0G OTOV TOUEA TWV EPYAAEIWV
CAD. MapoAa autd n avaykn yia emTaxuvon TG d1adikaoiag TTPOCOU0IwoNG
EVOG KUKAWMOTOG Oev ETTAWE VA TTIECEI TOU KATAOKEUOOTEG TWV EPYAAEIWV.

O mo Baoikég Tapdyovrag KabBuoTépnong, oTnv KAaoikh diadikaaia
TIPOOOPOIWONG, €ival 0 XPOVOG TIOU KATAVOAWVETAI OTNnV €TTAUCN TWV
eCIOWOEWV TIIVAKWVY TToU €XOouv €¢axBei, akoAouBwvtag katd PAcn Toug
kavoveg Tou Kirchhoff, o1 otroiol divouv 10 oTIyuiaio peuua kail Tdon. Avaloya
ME TNV akpiBela TTou CnTeital Ammd TOV XPNAOTN MEYAAWVEI KAl O XPOVOG
ekTéAEONG.

4.2. NMpooopoiwon ME XPRON TTPOXOPAKTNPIOHEVWV
METABACEWYV.

H TEXVIKI TOU TTPOXAPOAKTNPIOUOU TNG AEITOUPYIOG TWV OTOIXEIWV TOU
KUKAWMOTOG Ogv gival kaivoupla. H XpAon XapakTnpIoTIKWY TTIVAKwVY (look up
tables LUT) ecival gup€wg diadedopévn KUpiwg O€ TTEPITITWOEIG TTOU T
dedopéva €ival JEPOVWHEVEG TIMEG TTOU €EQPTWVTAI ATTO TNV AOYIKA TIPA TWV
KOUPBwV TTOU 0dnyouv To oToIxXEio | atmd ouvduaouo Toug. Eidikd katd tnv
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dladikaoia ouvleong €vOG KUKAWMATOG OV XPNOIYOTTOIOUVTAl  HOVTEAQ
Tpav{ioTop, TTOU ATTOTEAOUV Kal TO TTPWTAPXIKO OTOIXEiO UAoTroinong KdAbe
KUKAWMOTOG,  aANd  yivetar  xpAon  BIBAIOBnkwv  TToU  TTEPIEXOUV
TIPOXOPAKTNPIOPEVEG TIG BACIKEG TTUAEG, 1 Kal peyaAutepa blocks, atmmd Ta
oTroia Ba oTeAeXwOei To KUKAwpa. ‘ETol yia TTapddeiyua n BiBAIoBAKN TTou Ba
xpnoigotroinoel o Design Compiler Tng Synopsys yia va kdvel ouvBeon He
xprion standard cells, Trepiéxel LUTSs pe TIG TIUEG TwV PEUPATWY dIAPPONG TTOU
TTOPATNEOUVTAl OTNV TIUAN avAAoya ME TNV KATAOTAON, OUVOPTACEIS KOl
TTOPAPETPOUG WOTE VA PTTOPET va €€axBei N Aoyik TINA TNG eKAOTOTE ££OO0U
aAAG Kal N KOBuoTEPNON ava TTEPITITWOT, TIG ECWTEPIKEG DIOOTACEIG KAl TOV
OUVOAIKO Xwpo TTou KaTaAapBavel, aAAd kaBoAou TTAnpogopia yia Tnv
EOWTEPIKA ouvdeouoAoyia Twv NuIaywywv. A TNV KOTAOKEUN MIOG TETOIOG
BIBAIOBAKNG TO POVO TTOU XPEIAZeTal €ival va YivOuv KATTOIEG TTPOCONOIWTEIG
o€ ETTTEDO KUKAWWPATOG, OTO OUVOAO TwV KEAIWV TTOU Ba aTToTEAéOOUV TA
oTtoixeia TnG standard cells library, kal va TTEPAOTOUV KATTOIEG CUYKEKPIPEVEG
TINEG TTOU Ba egaxBouv oTtnv BIPAICONAKN. Mia Tétola BIBAIOBNAKN ouxva
XPNOIMOTIOIEITAI KOl YIA TTPOCOMOIWCEIC KABWGS TTEPIEXEI OAEC TIC POOCIKES
TTANPoopieg yia TNV AsitoupyikOTNTa Twv TUAWY. [MapdAha autd T1a
aTTOTEAEOUATA TTOU PTTOPEI va dWOEl €ival TTEPIOPICUEVA KAl ouvowilovTal o€
MIa AOYIKA TTPOCOMOIwON ME TNG OKPIBEIO TTOU TTAPEXEI TO OUYKEKPIUEVO
MOVTEAO KOBUOTEPNONG KAl HECEG TIMEC YIA TIC TTAPANETPOUG TNG KAaTtavaAwaong
I0XU0G.

Ta TeAeuTaia xpdvia TTapaTnpEiTal Pio TTPOOTIABEIO va ETTEKTABEI TO
MOVTEAO TOU TTPOXOPAKTNPIOMOU O€E TTIO MEYAAN KAiMOKO ME OKOTIO TNV
ouvatéTNTa  TTPAYUATOTTIOINCN TTPOCOMOICEWY ME OKpiBela  TTOU  va
TTpooEyyidel eTTITTEdO KUKAWMATOG OAAG pe ca@éoTartn BeATiwon otov Xpovo
EKTEAEONG.

4.3. Ta véa atroTeAéopara

2710 TTAdiola Tou IOAKTOPIKOU avaTrTUXOnKe pia kaivoupia peBodoAoyia
TTPOCOMNOIWONG WNPIOKWY KUKAWUATWY HE XPAON TTPOXOPAKTNPICHEVWYV
pMeTaBdoewv n oTroia yivetal o€ duo oTadIa. lMPOKEITal OUCIAOTIKA YIa TNV
avaTTuén evog epyaleiou yia duvauikny TTpooouoiwaon aAAd oe gate level pe
OKPIBEIO OUWGS CUYKPIOIUN ME TTPOCOUOIWTEG TTOU DOUAEUOUV O€ TTIO XOauNAd
etmitreda, aképa kal ge 10 SPICE, aAG pe xpovo ekTEAEONG avAAoyo evog
gate-level event-driven simulator. H 1exviK autr] €xel TTOAAG Kolvd pE Ta
IEPAPXIKA MOVTEAQ TTPOCOUOIWONG TTOU XPNOIKMOTTOIOUVTAl OTTd Ta OUYXPOVA
EPYaAgia TTPOCOPOIWAONG. ZUYKEKPIYEVA YyIa TNV dlECaywyr TNG TTPOCOHOIWONG
ATTAITEITAI VA TTPO-UTTAPXEI O TTANPNG XAPOKTNEIOWOS TwV TTUAWV TTou Ba
XPNOIMOTTOINBOUV YIa TNV KATOOKEUN TOU KUKAWPATOG. O TTpoxapakTnpiouog
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OUCIAOTIKA TWV TTUAWYV ATTOTEAEI TO TTPWTO OTABIO TNG TTPOCOUOIWONG Kal gival
Mia diadikagia n oTroia XpelaleTal va TTPAyHATOTToINOEI VO pIa Qopd OOV
givalr yvwotd amdé TV apxn Ta Tmlavd cells TTOU  pTTOpPOUV VO
XpnoigotroinBouv oTtnv oxedioon. Ze YeVIKEG YPAPPEG Ba  xpelaoTei va
oupTTEPINGBOUPE OTOV KATAAOYO TOV TTUAWV TTPOG XOPOKTNPIOHO TIG BACIKEG
OTATIKEG TTUAEG (inverter, nand, nor), €éwg £vav Aoyiko apiBud el00dwyv, Kal atro
ekei kal TEpa  Otrola  ETTITTAEOV  AOYIKI) OTATIKI) TTUAN OKOTTEUOUME VO
Xpnoigotroiooupe. O TTPOXAPAKTNPICHOG HIOG TTUANG UTTOPEI EUKOAA VA YiveEl
Me xpnion evog SPICE epyaAgiou TTpocopoiwong Kal XpeIAZeTal n TTEPIypa®n
oe emiTedo TPAVCioTOP Kal TO AVOAUTIKO HOVTEAO TTOU XpnolyoTrolgital. To
SPICE xpeidletal yia va €xouue akpifr] dedouéva yia TNV OUYKEKPIUEVN
METABaon Ta oTtroia atmroOnkevovTal o€ pia BIBAIOBAKN yia va avakTnOouv
apyoTEPA KATA TNV TTPOCOMOIWGCN E€ITE WG £XOUV €ITE PETA QTTO ETTECEPYQTIA.
AuTr n diadikacia gival OXETIKA xpovoBopa aANd xpelaletal va yivel uévo pia
@opd vyIa HIO OUYKEKPIMEVN TeXvoAoyia kaBwg n avriotoixn BiPAI0BRAKN
METABACEWY apou dnuioupynbei CUVUTTAPXEI JE TNV TEXVOAOYIQ Kal JTTOPEi va
Xpnoigotroindei yia 60eg TTPocouoIWCEIG BEAouPe o€ 600 BABOC xpdvou Kai
av yivouv.

To deUTEPO OTAdIO TNG dladIKACIAG €ival OUCIAOTIKA N TTPOCONOIWOoN
TOU KUKAWpaToG. ‘Exovrag otnv d1d6eony pag tnv BIBAIOBAKN PeTaBAoEwWY, N
TIPAYUATOTIOINON TNG TTPOCOMOIWONG Eival MIa €UKOAN, KAl TO KUPIOTEPO
ypniyopn oiadikacia. Mpdkerar yia o Tpooéyyion TUTTOU event driven
simulator 4 aAAMIWG evog TTpocopoIwTh HeTaRAoewV. Avaloya Je TIG DIEYEPOTEIG
TTOU TTapaTnPouUvTal OTIG £10000ug £vog cell Kal TG ouvdeouoAoyiag TOU PE TO
UTTOAOITTO KUKAWMA YIVETAI AvTIOTOIXION €vOg event oTo cell pye pia TepitTrTwon
otnv PBIBANIOBAKN YETABACEWY. 2TNV OUVEXEIA Ta OEDOUEVA TG CUUTTEPIPOPAG
Tou cell aré autd 10 event oTI¢ €1I0660UC TOU €ival AUECA TTPOCRACIYG Kal TO
MOVO TTOU MEVEL €ival VA YiVEl avTIOTOIXION TOUG OTNV OWOTH XPOVIKI TTEPiI0dO.
AtroTéAeopa TG OANG diadikaoiag eivar va €xouue yia KABe TTUAN Tnv
XOPAKTNPIOTIKA TOU PEUPATOS OTNV TPoPodoaia Tou, aAAd Kai yia K&Be KOuRo
TNV XOPOKTNPIOTIKN TNG TAONG O€ OXEOT UE TOV XPOVO.

4.3.1 BifA100QAKNn peTARACEWY

H TeXVIKA TOU TTPOXAPAKTNPIOUOU TWV METORACEWV Kal YEVIKA TNG
QATTOBNKEUONG TNG CUUTTEPIPOPAS EVOG OTOIXEIOU TOU €ival Pia TEXVIK N OTToid
EQAPPOLeTAI PE DIAPOPEG UOPPES OE APKETA ATTO TA UTTAPXOVTA EPYOAEIa TOU
euTTOpEiou €dw Kal apkeTd kalpd. Ooa epyaleia XpNOIPOTIOIOUV IEPAPXIKES
TEXVIKEG TIPOCOPOIWONG TO KAVOUV yid va €xouv Tnv Oduvardétnta va
opadoTtrololv T 1000UVAUA  OTOIXEID TOU KUKAWWPATOG (Ta oTroia  TIG
TTEPICOOTEPEG POPEG Eival avaTTapAoTacn Tou idIoU UTTO-KUKAWMOTOG). Me
QuUTO TOV TPOTTO MPTTOPOUV VA ETTAVAXPNOIMOTIoIoOUV Ta OedopEva ATTO TNV
TIPOCOMOIWON VOGS OTIYMIOTUTTOU AUTOU TOU OTOIXEIOU €iTe TTAvw OTO idl0, EiTE
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oe KAatolo Trapdépolo KABe @opd TToU gu@aviovTal OTIG €I00d0UG TOU
TTapouoleg dieyépoelg. MpwTn €P@EAVION AUTAG TNG TEXVIKAG EyIve ATTO TO
epyaAcio Trpooopoiwong Nanosim TG Synopsys pe Tnv péBodo HAR
(hierarchcal array reduction). Autrl n Aesitoupyia Bpiokel e@appoyr o€
UAOTTOINCEIG PVAMNG, OTTOU gu@avifovTal TTOANEG EKATOVTADEG 1 Kal XINIAOEG
KEANIG  pvAung(TTou  oTnv  oucia  atrotehouv  atreikévion  Tou  idlou
UTTOKUKAWMATOG MECA OTO KUKAWHAQ). 2TV OUVEXEID QUT 1N TEXVIKA
BeATILWONKE Kal TTAéov  XPNOIYOTTIOIEITAI OTTO  TA OUYXPOva  epyaAcgia
TIPOOOPOIWONG  €XOVTAG  QvVATITULEl  TEXVIKEG €Upeong OUVOUIKA Twv
I00OUVOUWY TOTTOAOYIWV TTOU MTTOPOUV va 0dnynoouv o€ JeEiwon Tou
KUKAWMOTOG TTPOG TTpocopoiwon. H peyaAutepn OuokoAia oe authy Tnv
TEPITITWON €ival n €UPECN TWV TTPAYMATIKA 1000UVANWY UTTOKUKAWPATWY
KaBwg¢ ptTopei dUO 1 TTEPICOOTEPEG ATTEIKOVIOEIG €vOG KEAIOU va HoIdlouv
OUOIEG, OI €EWTEPIKOI TTAPAYOVTEG OPWGS (XWPENTIKOTNTEG, TTAPAOCITIKA, TAon
Tpo@odoaiag) aAdlouv Ta dedopéva.

2TNV TIEPITITWON TOU TTPOXOPAKTNPIOMOU TWV METARACEWV Ta
Tpdypata  €ival  eAa@pws  Ola@opeTikd. [MAéov dev  PBaoi{OpacTte OTnVv
ETTAVEPPAVION PIAG idIAG TTEPITITWONG WOTE VA ATTOQUYOUUE TNV ETTAVAANYN
TWV avTioToIXwv uTtoAoyiopwy. ATd Tnv apxnl TG Oladikaciag Tng
TIPOCOPOIWONG £Xoupe NON XTioel pia BIBAIOBNKN HE OAEC TIG QTTAPAITNTEG
TTANPOPOpPIES TTOU TTIBAVWGS Va XpelaoTouue KaTé TNV €€ENIEN TNG diadikaaiag
TNG Tpooouoiwong. Baoikég Ttapduetpol Ommwg T KeEAIG Tou  Ba
XOPAKTNPIOTOUV, TTwG Ba KaBopIoTOUV Ol £CWTEPIKOI TTAPAYOVTEG, TO TTARBOG
TWV TTEPITITWOEWY, TO €PYAAEio TTou Ba xpnoipoTToinBei Kabwg Kal To TTwg Ba
YivETQI O OUOXETIONOG €vOG event pe pia TTepITITwon TG BIBAIOBAKNG, TTPETTE
va €xouv KaBoploTei EekABapa TTPIV TG apXf Tou TTpoxapakTnpiopou. Eivai
Tpo@avéG OTI N OAn diadikacia Ba xpeldletal ApKeTO XPOVO yia Tnv
TIPAyPaTOTToiNCN TNG, €I0IKA AV TO OUVOAIKO TTAAB0G TWV TTEPITITWOEWY Eival
MeydAo. ATO v AAAN Opwg pia Tétola BIBAIOBNAKN, av givalr cwoTd
uhotroinuévn, Ba ptopei va xpnolgotroigital ¢avd kalr Eavd yia OO0€Eg
TIPOCOUOIWOEIG XPEIAOTEI KABWG agou e¢axbei Ba aTTOTEAEI KOPMATI TIG
TEXVOAOYiag Kal Twv BIBAIOBNKWY TTOU Ba XPNOIUOTIOIOUME. ZKOTTOG AOITTOV
gival va eTTIAEGOUNE TIG TTEPITITWOEIG TOU Ba TTPOXAPAKTNPICOUNE £TO1 WOTE VA
KOGAUTITOUV TO OUVOAO TWwV avTioTolXwv METARACEWV TTOU Ba eugavioTouv
O0EG POPEG KAl AV TTPOCOUOIOOUNE £VA KUKAWUA.

H BIBAI0BAKN peTapdoewy xTiCeTal TTAvw o€ pia AAAn BiBAIoBRAkn
AOYIKWYV TIUAWYV, Ol OTToieC €ival Kal oI TIUAEC TTOU O oxedlaoTng Ba
XPNOIMOTIOINCEl OTNV UAOTTOINON TOU KUKAWWATOG, Kal Bacifovral o€ pia
OUYKeKpIMEVN TeExVOAoyia. Eival ouolaoTikd xTiopévn TTavw o€ OAa oTolxXEia
TTOU €X€l 0 XPNoTNG oTnVv dIABE0N yIa va KATAOKEUAOEI TO KUKAwMA. Av OTnVv
TTOPEIQ ATTOPACIOEl VA EVOWNOTWOEI KATTOIEG ETTITTAEOV AOYIKEG TTUAEG TTPETTEI
va €Qappooel TNV d1adIKACIa TOU TTPOXAPAKTNPIOUOU TTAVW KAl O€ AUTEG, EVW
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av arro@acioel va aAAGgel TNV XPNOIUOTTOIOUMEVN TEXVOAoyia TOTE Eival
UTTOXPEWMEVOC va eTTavaAdaBel Tnv dladikagia TTavw o€ OAEC TIC TTUAEG aTTO
TNV apxf. Autd av Kal akouyeTal “Bapu” atrd Atmoyn ATTAITACEWY O€ XPOVOo
UAOTTOINONG OEV ATTOTEAEI ONUAVTIKO TTPORANUA, KABwG o0 Kavovag eival ot
évag oxedlaoTAg €xel oTNV OIABE0N TOU HIO CUYKEKPIPEVN PBIBAIOBAKN TTUAWVY
O€ JIO OUYKEKPIYEVN TEXVOAOYIa PE TNV oTToia Ba TTopeuTei o€ OAN TNV por NG
oxedioong. Ta  auty Tnv  TeEXvoAoyiky  BIBAIoBRkn n  diadikacia
TTPOXaPAKTNPIONOU Ba yivel yia gopd Kal atmmd ekei Kal €TTEITa Ba ATTOTEAEI
emTAéov TTANpogopia TTou Ba Tnv akoAouBei. Aev Ba uTTdpyxel Kavévag Adyog
va eravaAngBei autr) n diadikaoia.

4.3.1.1 Kpiripia icoduvauiag ueraacswv

Baoik apx Tdvw oTtnv otroia atnpileTal auth n diadikacia ival oTl,
O0OWV a@opd MIa AOYIKR) TTUAN, av €QAPPOCOUNE OE OPIOPEVOUG KPIOINOUG
eEWTEPIKOUC TTOPAYOVTEG TTOU KaBopilouv Tnv GCUMPTTEPIPOPAE TNG TTUANG
TTapOMOIEG OIEYEPOEIG TOTE auTh Ba CUNPTTEPIPEPBEI Pe Tov idlo TpdTTO. ‘ETOI
BEAOVTOC va XOPAKTNPIOOUME TNV CUMTTEPIPOPA TNG TTUANG OTAV €XOUME
KAtTola AOyIKr) METARaoN TIPETTEl va KABOPIOOUUE TIG TIMEG QUTWV TwV
TTAPAUETPWY KAl N TTUAN Ba emmavaAapBdavel TNV CupTrEPIYopd TToU Ba
Kataypdywoupe KABe @opd TTou oI TTapAuEeTpol auToi TauTiCovTal. O1 €TTIAoyN
TWV TTAPAYOVTWY TTOU KOBOoPI(ouV TNV CUUTTEPIPOPA €VOG OOOHUEVOU KEAIOU
ATTOTEAE PIA TTOAU KPIOIUN KAPTTA yia TNV ATTOTEAEOUATIKOTATA TNG OANG
dladikaoiag. 2ta TTAdiold TNG OOUAEiag TTou EyIve yia TNV avATITUEN TOu
EPYAAEIOU Ol TTAPAUETPOI TTOU ETTIAEXTNKAV €ival Ol EAG:

ApPXIKN AOYIKA KATAOTOOTN.

Eicodog oTtnv otroia gu@avicetal n yetapaon.

Electrical effort. looUtal pe Tov Adyo TG XwPENTIKOTATAG TTOU 0dNnYEi N

TTUAN TTPOG TNV XWPENTIKOTNTA TNG 10000V TTOU PETARBAAAETAI.

4. Slope Delay €i06dou. loouTal ye Tov Xpdvo TTou Xpelaletal n uetadpacn
oTnv €icodo NG TTUANG yia va petapei avaueoa oto 10% kal oto 90%
NG Tdon TPOYodOUiag.

5. H 1don tpopodociag TTou BAETTEI N TTUAN.

W=

Av 0¢ g1 AoyIKA TTUAN TTpayhaToTToIinBouv dUO TTPOCONOIWCEIG UE iDIEG
TIC TTOPATTAVW TTOPAPETPOUG TOTE KAl OTIC OUO TTEPITITWOEIC N TTUAN Ba
oupuTTEPIPEPBEI pe TOV idlIo TpdTTO. OI1 €IkOva 17 deixvel TIC KUPNATOPOPQPES
TAOEWV KAl PEUPATOG OTTWG KATAYPAPOVTAI KATA TNV TTPOCOM0IWON YE XPrRon
SPICE evég avtioTpogéa. H €TIAOYH TwV OUYKEKPIUEVWY TTOPAPETPWY EYIVE
OE OPIOUEVEG TTEPITITWOEIG VIO TTPOPAVEIG AOYOUG, eV OE KATTOIEG AAAEG
XPEIAOTNKE TTEPIOTOTEPN avaAuon. ETriong utrdpxouv TTapAUETPOI TTOU, AV Kal
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eTNPEalouv w¢g évav Babud TNV CUPTTEPIPOPA TNG TIUANG, Ogv €XOuv
oupTTEPIAN@OEI 0TNV TTapatravw AioTa. H apxikh katdoTaon NS TTUANG agopd
TO QPXIKO OIAVUCHA TINWV TTOU £QAPUOCZETal OTIG €£10000UG TNG. Me autrh Tnv
TTANpo@opia kaBopifeTal n apxik KATAoTaon Twv TPaviioTop Kol TwV
EOWTEPIKWYV XWPENTIKOTATWY TNG TTUANG. AV Kal UTTAPXOUV TTEPITITWOEIG OTTOU
MOVO pe autd TO OedOPEVO dev UTTOPEI va KABOPIOTEI TTAAPWG N TIPA Twv
QOPTIWV TWV E0WTEPIKWYV XWPNTIKOTATWY TNG TTUANG, TTOU €ival Kal TO
{NTOUPEVO, WOTOCO BEWPOUNE OTI N ATTWAEIQ O€ AKPIBEIa TTou odnyEi autr n
Tapadoxn €ival pelwpPévn KaBwg TTepIoPIfeTal 0 TTOAU  OUYKEKPIMEVEG
TTEPITITWOEIG KAl Ol ATTOKAICEIG €ival TTEPIOPIOUEVNG EKTAONG.

Mia GAAn TTapAPETPOG TTOU XPEIAZETal VO OpicOoulE gival To electrical
effort(h). O 6pog auTdg XpNOIPOTTOIEITAI OTOV UTTOAOYIONO Tou logical effort[8],
MEBODOG N oTToia TTAPEXEN Evav YPRYOPO Kal EUXPNOTO TPATTO UTTOAOYIOHUOU TNG
KaBuoTépnong METAdOONG TNG TTUANG. ATTOTEAEl €TTioNg yia Pog €va akOua
KPITAPIO 1I00dUVAUIag TNG TTEPITITWONG METARAONG, OTAV £XOUME VA KAVOUUE ME
OpoIEG TTUAEG. ATTO TOov TUTTO UTTOAoyIoPoU TnG KaBuotépnong (13) ol
TapdueTpol logical effort (g) kai parasitics delay(p) otroteAouv TIUEG
eCapTwpeveg atmd Tnv dopr TG TTUANG OTTOTE gival idlEG OTAV KOITAUE TNV idia
TTOAN. H mmapduetpog tmou pével gival 1o electrical effort(h) (14) kai gival yia
Mag To KpITAPIO TTou Ba kabopioel 6T o1 YETARACN TToU YEAETAUE Ba £Xel TV
idla kabuoTépnon d1IGdOONG WE TNV avTioToIXn TTEPITITWON TNS BIBAIOBRKNG
METABACEWV.

d=gh+p (13)

ot (14)

input

To Slope Delay civai o xpovog Trou Xpeldletar n OiEyepon TTou
epapudleTal oTnV €i00d00 TNG TTUANG yia va PeTaRei HETAEU Twv TACEWV TTOU
loouvTtal he 70 10% kai 10 90% TnG TAONG TPoPodoaiag TTou PAETTEI N TTUAN.
OuolaoTikG eival pia évdeign NG kKAiong Tou onuartog dIEyePONG KATI TTOU
eTTNPEEAlel TNV cupTTEPIPOPA TNG. ETTiong n 1édon mmou BAETTEI N TTUAN aTTOTEAET
MIa aKOPa TTAPAPETPO KAl OUCIAoTIKA KaBopidel TRV TIUA TNG TAONG TTou BAETTEI
N XapaktnPEICOuevn TTUAN cav Tpo@odoaia, cav TAon OTO UTTOOTPWHA YIa TA
pmos aAAd gival Kal N Taon Tou Aoyikou 1 Twv €1I000wV.

‘Exoviag auté ocav Pdcon To €TMOUEVO KPIOINO KOMUMATI yia TOV
TTPOXAPAKTNPIOUO €ival n €mTIAOy TwV TIUWV TToU Ba xpnoiuoTtroinbouv o€
QAUTEG TIG TTAPANETPOUG.
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input-output voltage

Woltage()

timeips) <11

w 10° current consumption

Currant(A)

timeips) ™

Ewévo 17:Agdopéva mpoyapuKTpLopod EVOg aviioTpopEa

4.3.1.2 EmiAoyn mEPIMTTIWOEWY TTPOC TTPOXAPAKTNPICHUO

Na va eival amodoTikl n Tpocopoiwon Pe Xpnon PIBAIOBAKNG
peTaBdoewv Ba TTPETTEl yIa KABE TTEPITITWON PETAROONG TTOU EP@AVICETAI OTO
KUKAWMQ va UTTAPXEI JIa avTiOTOIXN TTEPITITWOTN TTPOXAPAKTNPICHOU TNG TTUANG
otnv umdpyxouca BiIBAICONAKN peTaBdocewyv. AuTO ouvertayetalr  OTI N
OUYKEKPIMEVN TTUAN TIPETTEL va €xel TTpocopolwbei, katd Tnv Odladikaoia
onuioupyiag TG PBIBAIOBAKNG, TOUAAXIOTOV MIa QOPA ME TIGC €ECWTEPIKES
TTOPANETPOUG  OTTWG QUTEG Ba  eU@AVIOTOUV  OTNV  TTPOCOMOIWCTN  TOU
KUKAWMATOG, 1} TOUAAGXIOTOV va UTTAPXElI MIA TTEPITITWON KOVTA O QUTEG TIG
eEWTEPIKEG ouvlnkeg. H emAoyn AoImTév Twv TINWV TWV TTAPAPETPWY KAl TOU
TARBoUC auTtwy gival TTOAU kpioiun diadikagia yia TNV owaoTh AIToupyia TNG
TTPOCOMoiwonNG. ETTiong o xprnoTtng dev PTTopei va yvwpilel €K TwV TTPOTEPWV
TTwS Ba KupavBouv auTég ol TTAPAPETPOI, €I0IKA a@oU O TTPOXAPAKTNPICUOG
O¢ev yiveTal yia €va OeOOPEVO KUKAWHA OAAG TTPETTEI VA €XEl TRV dUVATOTNTA
METAQOPAG O€ OTTOIOOATIOTE UAOTTOINON YiveTal PE XPron TnG avTioToixng
BiIBAI0BAKNG TTUAWY. OTTOTE N €TTIAOYN TWV TTAPAPETPWY TTPETTEI VA YivEl €TOI
WOTE VA CUNTTEPIAANPBAVETAI OAO TO €UPOG TINWV TTOU PTTOPOUV VA TTAPOUV Ol
eEWTEPIKOI AUTOI TTAPAYOVTEC KOl VO UTTAPXEl €vaC APIOPOG TTEPITITWOEWVY
evOIAuETa TTOU va Ea0@aAiCel OTI yia KABe TTIBavr TTEPITITwon PeTaRaong Ba
UTTAPXEI TOUAGXIOTOV HIO QVTIOTOIXN TTEPITITWAON PECa aTnVv BIBAIOBAKN TTOU va
EXEI “OXEDOV” TIG IDIEG EEWTEPIKES TTAPAUETPOUGS. To “oxedOV” gival auTo TTou Ba
KaBopioel Kal TO TTO00 ATTOKAIVOUV Ol TIHEG TWV OEDOUEVWV TTOU TPARAUE aTTO
TNV BIBAIOBAKN PE TIG TTPAYUATIKEG.
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H 18avik AUon yia va eAaXIOTOTTOINOOUKE TIG TIBavOTNTEG va BpeBouv
TTEPITITWOEIG N TTPOXAPOKTNPIOUEVWY PETARATEWY gival va OIEEAYOUNE, KATA
TOV dnuIoupyia TnG BIBAIOBNAKNG, évav apKeTA HeyAAo aplBud TTPOCONOIWCEWY
KOAUTITOVTAG £T01 éva €UpU @QACUA  TTEPITITWOEWYV HE TTUKVA  deiyuarta
evoldueoa yia KABe TTapAPETPO. To PeYAAO autd TTARBOG TTEPITITWOEWY OUWG
Oev gival Xwpi¢ KOOTOG KOBWG TTPoKaAEi avaloyn aufnon Tou XpOvou
dnuioupyiag NG BIBAIOBAKNG, Kal TO KUPIOTEPO OdNYEI O€ AUENON TOU PEYEBOUG
NG BIBAIOBAKNG TTOU TTPETTEI VA KOUBAAduE padi oe KABe TTpoocopoiwor. Autd
TTOU TTPETTEI AOITTOV va yivel gival va BpeBei pia xpuor] Tourn YE To €AGXIOTO
MéyeBog BIBAIOBNAKNG Xwpig onuavTik atmokAion oTtnv akpifeia. Kam T1éTolo
BéBaia  utropei va  a@ebei kar OtV Kpion TOU  XPROTN  KAVOVTAG
TTapapeTpoTTOINONUO TO PEyeBOg TNG BIBAIOBNAKNG PE avTioToIXn €TTICHUAVON
TOU KIVOUVOU OQAAPATOG.

MNa éva dedopévo TTANBOG TTEPITITWOEWY WOTOOO, YIa KABE TTAPAPETPO
TOU TTPOXOAPOKTNPICHOU, JNTTOPEI va oNPEIWBE BEATIWON TNG akpiBeiag av yivel
OwWOTOG OPIOCPOS TOU EUPOUG TWV TIMWV KAl TO ONPAVTIKOTEPO, TIG dlaKUPavong
Toug. ‘ETOl yia mTapdadeiypa TTpéTel va An@Bei uttdyiv 0TI 0€ éva KUKAWMPO
oTrdvia 8a CuvaVTHOOUNE TTEPITITWOTN TTUANG va odnyei éva TEPAOTIO, UTTPOOTA
o€ yia authv, @opTtio. Auté Ba cupBei, OxI yiaTi UTTApPxEl KATTOI0G PNTOG
TTEPIOPICPOG TTOU VA PNV ETTITPETTEI OTOV OXEDIAOTH va TO KAvEl, AAAG yiaTi
atrAQ €ival pia KAkry oXedIaoTIKA TEXVIKI odnyei 0€ Yeiwon TNG amrodoong Tou
KUKAWMOTOG. IMNa autd Tov Adyo emmAéyeTal €va evOIAUECO €UPOG TIMWV TTOU
eEM@aviCovTal Mo Oouxva o€ pia oxediaon Kal atro €KEi YiveTal TO JEYOAAUTEPO
MEPOG TNG ETTIAOYNAG TIMWV YIA TTPOXAPaKTNEIoWO. ‘ETol agAvovTal eAdxioTa
TEPIBWpPIa avdaueoa oe OIOOOXIKEG TINEG Kal yia KABE TTEPITITWON PETARAONG
TTOU EP@aVICETAl EVTOG AUTWYV TWV opiwv UTTépXel oiyoupa oTnv BIBAIOBRAKN Hia
KOVTIVA] TTOU Va TTANPOI TIG ATTAITAOEIG TOU “OXeOOV” TToU eitTape TTpIv. ATd Tnv
AAAN yia TIG UTTOAOITTEG BUVATEG TTEPITITWOEIG, £WG TO OPIO TTOU BECAUE YIa TO
MEyeBOC TNG BIBAIOBAKNG, YiveTal ETTIAOYN WE TTIO APAIES TIMEC EKTOG TOU €UPOUG
TWV OUXVA eP@avICOpEVWY. 'ETOI KOAUTTTETAI €va 000 TO OUVATOV PEYAAUTEPO,
OUVOAIKO €UPOG TIHWYV, OTTOTE KAI GTNV TTEPITITWON TTOU OUVAVTNOEI TTEPITITWON
METABaoNG €KTOC Tou “iIdavikoU” @ACUATOG YIa KATTOIa TTapAueTpo  Ba
UTTAPXOUV YEITOVIKEG VIO VO TNV XapakTnpioouv. ATTO TNV GAAN akOpa Kal av
O€ QUTH TNV TTEPITITWON Ol £EWTEPIKEG TUVONKES TTPOXAPAKTNPICHOU ATTEXOUV,
dev Ba odnynoouv Ot ONUAVTIK) ATTOKAION OTA  ATTOTEAEOUATA  TIG
TIPOCOPOIWONG KABWG €ival hIa TTEPITITWON TTOU EP@avideTal oTTavia KATd TNV
TTPOCONOIWON.

4.3.1.3 EmiAoyn 1coduvaung uerapaong

‘Evag event driven simulator 1rpooopoiwvel To KUKAwpa oe BABog
XPOvou avOAUOVTOG TA OTOIXEIM TOU KUKAWMATOG TIOU TTapoucidalovTal
OIEYEPOEIC OTIG €10000UG TOUG, OTTOTE AUTEG eP@avifovtal. 'ETol Kal oTov
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OUYKEKPIPMEVO TTPOCOUOIWTH OTAV EUPAVIOTEI pIa DIEyEPON OTIG E100O0UG HIAG
TTOANG evepyotroigital n diadikagia avaAuong TNG CUYKEKPIUEVNG METARAoNG
Kal NG €midpacng Tng TAvw oTnv TTUAN. AuTO yiveTal TTOAU ypriyopa
KOITWVTAG YUpw atrd TNV TIUAN TIG TIMEG TWV TTAPOAUETPWY TIOU E£XOUME
KaBopioel 611 opiouv TNV cupTTEPIPOPA TnG. KaBopifovtag Tnv TIPR yia TO
OUVOAO TWV TTOPAMETPWY QUTWYV PTTOPOUME ME OKPIBEIO va ETTIAEEOUME TNV
KAaTaAANAGTEPN  TTEPITTTWON a1md TNV PBIBANICBAKN TTOU  XapokTnpEifel TNV
METARaOoN TNG TTUANG OTTG TNV HIA KATACTACT OTNV GAAN.

O1 eCWTEPIKES TTAPAUETPOI TTOU KOITAPE XwpifovTal o€ dUO KATNYOPIEG.
2€ QUTEG TTOU €EQPTWVTAI ATTO TNV TOTTOAOYIO TOU KUKAWMATOG KAl N TIUA TOUg
gival dedopuévn yia pia TTUAN, KAl 0€ QUTEG TTOU £CapTWVTAl aTTd PN 0TaBEPOUg
Tapayovteg. ‘ETol otnv TTpWTN KOTnyopia £XOUupe TOV TUTTO TNG TTUANG, Tnv
XWPNTIKOTNTA TTOU AUTr 0dNyEi, TO OXETIKO PEYEBOG Twv TPaviioTOP TTOU TNV
ATTOTEAOUV EVW OTNV OEUTEPN EXOUME TTAPAYOVTEG OTTWG N APXIKI KATAOTAON
TWV €1000wv, n €ic0d0¢ TTOU TTapATNPEEITAI N PETABAon, N KabuoTépnon
METARBaONG TNG 10000V, N CTIYHIAIa TAOTN TPOYOdOCIAg TTou BAETTEI N TTUAN TNV
wpa TNG METARaoNG, n Taon NG €106d0ou. Tnv XPOoVIKr oTIYUR TNG diéyepong
QUTEG Ol TTAPAUETPOI €ival OAEG YVWOTEG KAl AUECA TTPOCRACIPEG OTTOTE N
emAoyr NG KATAAANANG mepimmtwong amd Tnv BIBAIOBAKN PTTOPEl va yivel
dueca Kal To Kupidtepo, ypnyopa. Autd BERaia e TV TTpouTTtOoBeon OTI
UTTAPXEI MIa avTioTolxn TTEPITITwon oTnv BIBAIOBNAKN METABACEWY TTOU va gival
KOVTA o€ autd TTou B€Aoupe. Av TO KUKAWMPO OKOAOUBEi KATToIEG BAOIKES
OXeOIOOTIKEG apxEC TOTE Kal OAeG o1 peTaBdoelg evidg TOUu KUKAWMOTOS Ba
KivnOouv péoa ota Aoyikd TTAQicla TTOU €XOUME OpicEl aTTO TO TTPONYOUMEVO
Ke@AAaio. ‘Exovrag “mrukvd” deiypata o€ autd Ta Tedia eival atmiBavo va
uttdpéel peTaBacn Tou va atrokAivel atmmd OAeC TIG TTEPITITWOEIC TNG
BiIBAI0BAKNG o€ BaBuod Tou va TTpokaAei TTPORANUa. To TTPORAnua apxilel va
onuioupyeital av n oxediaon Tou KUKAWMOTOG e@elyel amd autoUug TOUug
Kavoveg. Ekei mpémmel va oupBIfacToUhe PE TNV TTIO KOVTIVA TTEQITITWON N
oTToia OuWG, AOyw TNG aTréoTAONG METAEU TWV XOPAKTNPIOKEVWY TIHWY, Eival
mOavov va atmokAivel atmd TNV TTPAYMATIKA TTEPITTTWON. YTTApXeEl OHWS TO
TTAPHYOPO VIO YOG OTOIXEIO OTI TETOIEG TTEPITITWOEIG EUPAVICOVTAI OTTAVIA, EVW)
av TeEAIKA n, €0TW Kal MIKPr, AtmmwAEIa okpiBelag dev gival aTTOOEKT TOTE
uTTApXel Kai n Auon Tng KAiong piag SPICE pnxavng emToTTOU YIa €TTIAUCN TNG
“KAKNG” QUTAG TTEPITITWONG.

4.3.1.4 looduvauia Ouoiwyv NMuAwv

Mo mavw ava@Eépaue TTWG YIA TIC AVAYKEG TNG KATAOKEUNG TNG
BIBAIOOAKNG upeTaBdcewyv TIPETTEl va  emavaAaBoupe Tnv  dladikacia Tou
TTPOXAPAKTNPIOUOU YIa OAEG TIG TTUAEG TTOU UTTAPXOUV MECA OTNV QVTIOTOIXN
BiBAI0BNAKN. QoTdo0o auTtod dev cival atmdéAuTo. MTTopoUuE, PE TOV TPOTTO TTOU Ba
eENynoOoUPE TTOPAKATW, VA TIAPOAEIYOUPE TOV TTPOXAPAKTNPIOUO VIia HId
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KATNYyOpPIia TTUAWV XWPIG ETTITITWOEIS OTNV d1adIKaoia TTPOCOP0oIwoNG Kal TV
akpifBela Twv ammoTEAECUATWY. AUTO TTOU KAVOUUE Eival va OuadoTTOIoUHE TIG
OUOIEG TTUAEG TTOU OTNV ouaia TTPOKEITAI YIA TIG TTUAEG idlou TUTTOU WE TRV idla
TOoTTOAOYia TpavCioTop Kal 1oV idl0 Adyo peyéBoug yia kdBe Ceuydpl
QVTIOTOIXWV TPAVEIOTOP TOUG. OcwpouUpe OTI OAEG OI TTUAEG OXEDIAOTNKAV HE TO
idl0 povTéNo TpaviioTop Kal cav HPEYEBOG ava@ePOUAOTE OUCIOOTIKA OTOV
TTapdyovTta TTAATOG (W). INa TIG TTUAEG TTOU AVIKOUV O€ HIa TEToIa OUAda IOXUEI
OTI EpappofovTag o€ dUOo atrd auTEG e AOYo peyeBwv PeETagU Toug L, atmd pia
METABaon Kal pE i0lEC OAEC TIC TTAPAUETPOUG TIOU XOPAKTNPI(ouv Tnv
METABaon, TOTE KAl oI dUO TTUAEG Ba dWOOUV TTAVOUOIOTUTTEG KUUATOUOPPEG
Tdong oTov KOPPo €gOdou (oTmOTE Ba €Xouv idIEC OAEG TIG XPOVIKEG
TTOPAPETPOUG) EVW YIA TO PEUPA Ba £xouue BUO OUOIEG KUPOTOUOPYEG HE AOYO
METAEU Toug ioo pe L (eikdva 18) kaTl TTou €€dyeTal kal atrd TNV (15). Oa 1o)UEl
OTI yIO KABE XPOVIKA OTIYMR Ol TINEG TWV PEUPATWY TToU dlappéouv TIG OUO
TTUAEG Ba €xouv Adyo L OTTwg @aiveTal oTnv €ikova 18 ii.

Bdaoel autig TnG TTapartipnong MTTOPOUME va TTAPOAEIYOUUE TNV
d1adIKaoia TTPOXAPAKTNPICKOU YIa OAEG TIG TTUAEG TTOU AVAKOUV OE HId OPAda
EKTOG ATTO MIA, TO OTTOTEAEOPATA TIG OTToiag Ba atroteAouv Tnv Bdon yia Tnv
eCaywyn Twv TTANPOPOPIWYV Yia OAn TNV opdada. ‘ETol av ouvavirioouue Katd
TNV TTPOCOWPOIWGCN TOU KUKAWMOTOG TTEPITITWON METARAONG OE TTUAN TTOU dev
givar TTpoxapakTnEIoPéVn OAAG avAkel o€ pia Tétola opdda TOTE Ba
AVOTPECOUME OTA BEDOPEVA TTOU APOPOUV TNV OTToIa TTUAN TNG OPAdAG €XOUME
XOPAKTNPIOTEI KAl Ba Ta A&IOTTOINOOUUE WG EXOUME METARBAAAOVTAG POVO TIG
TIMEG TWV PEUPATWY TTOAAATTAQCIAOVTOG T PE TOV AOYO L Twv peyeBuwv Twv
Tpav{ioTop.
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Ewéva 18:Same transitions over two identical nand2 gateswith transistor’s width ratio 2. i) Voltage
waveforms are the same ii)Current waveform of the two nand2 cells (a), (b)

4.3.1.5 EmimrAéov TEPITITWOEISC TTPOXAPAKTNPICOU.

MNa Ttnv emiteu¢n PeyaAUTEPNG OKPIBEIOG OTa ATTOTEAEOUATA  TNG
TIPOOOPOIWONG  KpiBnke  xpAoIun n  TPooBeon  OTIC  TTEPITITWOEIG
TTPOXOPAKTNPIOKMOU TNG BIBAIOBAKNG MIA AKOUA TTEPITITWONG TTOU TTEPIEXEI
OMWG €va APKETA PEYANO OUVOAO UTTOTTEPITITWOEWY. ZUYKEKPIMEVA TTPOKEITAI
yid TO QQIVOUEVO VA €XOUUE OE MIa TTUAN OUO 1 TTEPIOCOTEPEG EI0ODOUG VO
aAAdCouv Aoyikr) KaTdoTaon Tautoxpova. Aev TTPOKEITAI yIA TNV TTEPITITWON UN
oAokAnpwuévwy peTapaoswy (glitches) tmou Ba avaAUooupe OTO KEPAAQIO
4.3.4.3 6tou oI PETABAOCEIS OTIC €1I0000UG TNG TTUANG QPTAVOUV WE MIKPA
Xpovikr dla@opd aAAd yia TIG TTEQITITWOEIS OTTOU Ol €icodol YeTaBaAAovTal
Tautoxpova. O AOGyog TIOU TIPOXWPNOCOUE O€ aQuTOV Tov  €TITTAEOV
TTPOXAPAKTNPIOUO  €ival  YIATI  OPKETEGC OTTO  AUTEG  TIG  TTEPITITWOEIG
TTapoucidlouv IBINITEPA XAPOKTNEIOTIKA (TT.X. TTOAU ypriyopn ueTdBacn otnv
€€000) TTOU Ta PEXPI Twpa TTEPIEXOUEVA TNG BIBAIOBAKNG dev utTopoucav va
KaAUWouv KaBw¢ Kapia aTrrd TIGC TIPOXAPOKTNPIOUEVEG METARAOEIC Oev
TTapoucidlel TTAPOUOIa CUUTTEPIPOPA TE IKAVOTTOINTIKO BaBuo.

Auti n Oiadikaoia Ba ouutTEPIAGBEI TOV TTPOXOPOKTNPIOHNO TWV
UTTaPXOVTWYV KEAIWV PE TTAVW aTTO PIa €i00d0 (0 avTiIoTpoPEag eEalpeital) Kal
yla 6Aoug Toug TBavoug ouvduaopoUg PETABAONG TNG TTUANG UE TOUAGXIOTOV
OU0 €K TwV 1000wV TNG va aAAdlouv katdoTtaon. @a avaAuBouv eTTiong ol
UTTOAOITTEG TTAPAMETPOI TNG TAONG TPOPODOTIAG KAl TOU POPTIOU TTOU OONYEI N
OUYKEKPIMEVN TTUAN. Aev Ba atroteAei  TTapdyovia  XopakTnpiopgoUu n
KabuoTépnon MeTABaONG TNG €10000U KOBWG KABE Mo PTTOPEl va EXEl
OIAQOPETIKA TIUA OTTOTE TNV APAIPOUNE ATTO TIC JETAPBANTEC XOAPAKTNPIGHOU.

O1 utméAoitrn  diadikacia  €ival  KoIvip  PE  AUTAV  TWV  APXIKWVY
TTEPITITWOEWV TTPOXAPAKTNPICUOU KAl TTEPIYPAPETAI OTO ETTOPEVO KEQAAAIO.
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4.3.2 Kataokeun BifAioBAkng Metafdoeswv

Otmrwg mTpoavagépaue n karaokeun TG BIBAIOBAKNG peTaBdocwy gival
Mia dladikacia TTou yivetal pia @opd Kal akoAouBei atrd Kel Kal TTépa TNV
TEXvoAoyIKA BIBAI0BNKN. ‘ETol og otroiadnoTe oxediaon yivetal ge Baon tnv
0elTePN MTTOPEI va e@apuooTei kal n avriotoixn BiBAI0BNKN petaBdoewyv. H
d1adIKaoia TNG KATAOKEUNG ATTAITEI 0av apXIKEG TTANPOPOPIES WIa TTEPIYPAPN
TWV TTUAWV TTOU Ba TTPOXapPaKTNPIOTOUV o€ TTiTTed0 TpavlioTop KABwWG Kal To
MOvTéEAO TTOU Oivel T XAPAKTNPIOTIKA TnG TEXVOAoyiag Twv TpavdioTtop. H
oladikaoia Ba vyivel pe yxprion evog SPICE epyaAegiou yia emmiteuén tng
KaAUTEPNG duvatng akpifelag. H Baoikh 10éa otnv OAn diadikacia eival va
XOPAKTNPIOTOUV, HIO TIPOG MIA, OAEG Ol KATAOTACEIG TIOU MTTOPOUV vda
eCaxbouv ammd Tov cUVOUAOUO TWV TIHWV TWV TTAPAPETPWY TTOU KOBOopicauE
OTO TTPONYyoUuEVO KEPAAaIo yia KABe TTUAN NG PBIBAIOBAKNG. Me autdv Tov
TPOTTO Ba ATTOPOVWOOUHE Ta dedouéva ThG KABE peTdBaong o€ éva eXwpPIoTod
apxeio omrdTe KAl n avaktnon Toug Ba cival atrAr uttéBeon. ZnUAvTIKOTEPO
MEANUO QUTA TNV OTIYUA €ival n €E0UOIWON TWV EEWTEPIKWY CUVONKWVY TToU
ETTNPEACOUV TNV CUMTTEPIPOPA TNG TIUANG O€ OXEOn ME TIG TIMEG Twv
TTOPANETPWY TTOU EMEIC BEAOUNE va TTPpoodwoouue o€ auTég. O TPOTTOG TTOU
Ba yivel auto TTPETTEl va €€A0@AAICEl TNV OWOTH KAl CUPQWVA PE TA TTPOTUTTA
OUUTTEPIPOPA TNG TTUANG aTTO TNV MIa OAAG va yivel Kal 0 600 TO duvaTOV
MIKPOTEPO XPOVO, KOBWG TOo TAABOG TwV TTEPITITWOEWY TIOU EXOUME VA
XapakTnpioouue dev a@rivel TTOANG TTEPIBWPIA Yo OTTATAAEG OE UTTOAOYIOTIKA
I0XU. O1 €§WTEPIKEG OUVONKEG TTOU £XOUME VA £COUOILIOOUNE VIO OUYKEKPIYEVN
AoyIkA TTUAN €ival TTEVTE OTTWG ava@Eépape Kal oTo KEQAAaio 4.3.1.1. 2& OAeg
QuTEG avAAoya ME TNV  TTEPQITITWON METARBOONG £XOUPE Vva  OWOOUE
OUYKEKPIMEVEG TIMEG ME OUYKEKPIMEVO TPOTTO WOTE VA  TTANPEOUV  TIG
TpoUTTo0é0¢eIc TTou Béoape. H egopoiwon KABe TTapAPETPOU TTEPIYPAPETAI
TTAPOKATW:

1. Apxik katdotaon : KaBopifel Tnv Aoyik TIUR yia KABe KOuPo
€10000U TNG TTUANG. H Tdon oTtnv otroia Ba Bpebei n €icodog yia Aoyikd
1 100UTaI YE TNV TIYA TNG TAONG TToU BAETTEI N TTUAN evw yia Aoyiko 0 n
€i0000¢ £xel TAON PNOEV.

2. Eiocodog 1mrou gpgavieral n peTaBaon : Ocwpouue o€ TTPWTN YAOoN
OTI 0¢ KABE TTPOXAPAKTNPICKO HPETABAONG TNG TTUANG €xoupe aAAayn
AOYIKAG KATAOTOONG O€ MIO €K TwV €1000wv. Avaloya pe 1O TIOIA
€i0000¢ £xel €TMIAEyEl O auTrVv Ba eQApPPOOTEN N PeTARaon atmmd TNV Pid
Aoyikr) karaotaon oTtnv  AAAn. Tllpémer €dw va Tovioouue O
TIPOCOUOIWVOUNE TIG OUVOAKEG TTOU UTTOTIOETAl Ba cuvavTrioel N TTUAN
EVIOC TOU KUKAWMATOG. Oa Atav AaBog AoItév va £papuOoouuE o€
QUTH TNV TTEPITITWON MIA PAUTTA VIO JETAROON KABWG auTtd atréxel atrd
TIG TIPAYMATIKEG OUVONKES TTOU Ba cuvavThoel n TTUAN. H Kataokeur tnv
Kupatouop®r TTou Ba pag dwaoel TNV TTpayuatikr JeTdBaon 1Tou Ba
0exOei pia Tétoia TTUAN péoa o€ €va KUKAwPA gival pia TTIo TTEPITTAOKN
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d1adIKaoia TToU TTEPIYPAPETAI AETTTOPNEPWG OTO KEPAAaIO 4.3.2.1

3. Electrical Effort : MNpdkeiTal yia pia TTAOPAPETPO OTTWG €ENYROCAUE KAl
TTAPATTAVW XAPOKTNPEICEl TNV XwPENTIKOTNTA TTOU 0dnyei n TTUAN o€
oxéon pe 10 péyeBog TnG. H povrteAotroinon autAg TNG TTAPAUETPOU
yiveTal e €va  PIKPO  KUKAWMO  PTTPOOTA atmmd TNV TTUAN  TTou
XOPAKTNPICOUUE KAl TO OTTOIO TTEPIYPAPETAI AETTTOUEPWS OTO KEPAAQIO
4322

4. KaBuoTtépnon petdpaong €106dou (slope delay): lMépav ammd Tov
KaBopioud TG €100d60u TTOU Oa eu@avioTei N UETAROON TTPETTEI VA
KaBopiooupe kal KATTOla  XapakTnpeioTikd TnG. H kaBuoTtépnon
METABaong Bewpeital ApKeTA yia TNV dla@opoTroinon METagUu Twv
MeETOBAoEWY KABWG €TTNPEeddel Kal TNV CUMTTEPIPOPA TNG TTUANG. O
TPOTTOG YE TOV OTTOI0 SIOUOPPWVETAI AUTH N TTAPAUETPOG TTEPIYPAPETAI
OoTO KEPAAaIO 4.3.2.1 oTnV TTEPIYPAPr) TOU KUKAWMPATOSG TTou Ba dwaotel
TNV METAROON.

5. Taon Tpo@odocoiag : H mTapdueTpog TG TdoNng €ival onuavtikg av
Bé\oupe va TpoocBéooupe OTO  gpyaAegio TV duvatoTnTa VA
oupTTEPIAGBEl TNV emTidpaon TnG TITWONG TNG TAoNG TPOPOdOoTiag aTnv
TIpooopoiwaor. MNMpoKeITal yia TNG TIWA TNG TAoNG TTou Ba BAETTEI N TTUAN
oTa £¢AG onueia:

*  Tpogodoaoia Twv TpaviioTop.

e Tdon oto uréoTpWUaA OTA pMOSs TpaviioTop.

e Tdon AoyikoU 1 OTIC €10000UG TNG TTUANG OTTOU dEV TTAPATNEEITAI
METARBaon.

* Taon évapéng R Anéng TN ETARAONG OTNV €i0000 TTOU EQPAPUOLETOI
n MeTapaon.

To TARBOC TWV TTEQITITWOEWY TIOU Ba TTPOXOPAKTNPICOUME yia HIa TTUAN
Io0UTAl JE TO YIVOUEVO TWV SUVATWY TIHWYV YIa KABE pia atrd TIG TTAPAUETPOUG
TTOU CUMTTEPIAGRBaUE TTIO TTAVW OTOV XapakTnpiopo. ‘ETol yia apdadeiypa yia
Mia Baoikr) TTUAN nand dU0 1000wV £XOUNE TEOOEPEIC BUVATEG KATOOTACEIG
eTTi OU0 €10660UC £TTi TOV APIBUS TWV TTEPITITWOEWY TTOU Ba GUPTTEPIAGBOUUE
otnv BIBAI0BRKN. Av kal n €mAoyr Tou TARBoug KABE TTapaPETPoU Eival
UTTOKEIMEVIKA) KABWG UTTAPXEI TO diAnuua hETaEU akpifelag kal pey€Boug Tng
BiBAI0BAKNG. Mtropei va diapop@uwveTal avaloya Pe To TTARBOG Twv TTUAWV
TTPOG XAPOKTNPIOMO KOl YEVIKWG TWV IDIAITEPOTATWY KABE oxediaong. Meta
ammd évav apiBud dokiywv Tavw ota ISCAS benchmark circuits emAExTNKE
yla TIG UTTOAOITTEG TTAPAPETPOUG va  CUUTTEPIAGBOUME Tov €€NG apIBud
TTEPITITWOEWV:

75

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 21:51:59 EEST - 3.149.214.94



MMivakag 3: Ap1Opég TEPTTOGEMV AVE TAPAUETPO TPOYOPUKTIPLGUOD

HoapdapeTpog 1A 00¢
YOPOKTIPLOHOV MEPUTTAOCEDV
Electrical Effort 11

Input Slope delay 15
Vdd supply voltage 5

4.3.2.1 Eéopoilwon pustafacnc etaédov

H kupatopopery NG 1dong piag TTARPNG METARaoNG oTnV AOYIKA TIUNA
EVOG KOPPBOU evidG TOU KUKAWMPATOG dev Ba £XEl TTOTE TNV Hop®N MIOG uBEgiag
ypauung. H petdBaon tng tdong 6a akoAouBei pia 1o opaAn TTopeia ue apyEg
METABOAEG OoTnV TIUA KOVTA OTnv apxA Kal T0 TEAOG TNG METAROONG Kal TTIO
ATTOTOMN OTA PEOA TNG, OTTWG QAVETAI OTNV €IKOVaA 17. Ta va TTETUXOUME Jia
TETOIOU €idoug peTABOON KataoKeudoape éva €10IKO KUKAwPO TO OTToio
ATTOKAAOUUE KUKAWMPA eEopdAuvong (smoothing circuit) Kal TTpOCOUOILVOVTOG
TO 60 TTAPAYOUNE TNV KUPOTOUOP®I] TTOU £TTIOUPOUME. TO KUKAWUA OTTOTEAEITAI
atro inverters kai gival dounuévo oe Tpia etrireda (Eik 19). Amd autd pdévo oTo
TTPWTO €TTITTEO TTEPVAEI TO OrUa TO OTT0IO, av Kail EEKIVAEI aav Pia oTadepn
METABaon £xovTag ouoiaoTiK& TRV Hop@r pauTTag, Ba Byel otnv £€€0d0 cav pia
oMaAR uetdpacn. To deuTepo eTTiTredo aTtroTeEAEiTAlI ATTO inverters evwPEVOUG
oTnv €icodo pe Toug KOPPoUG pEoa aTTd TOUG OTTOIOUG TTEPVAEI TO Orua.
Avaloya pe Tnv KaBuotépnon PeETABaoNng TTou BEAOupE va TTPOCOWOCOUNE
otnv eayouevn Kupatopop®n Kabopiloupe Kal TO PEYEBOG OAAG Kal TO
TARB0G autwyv Twv TTUAWV. OUCIAOoTIKA PJE AUTO TOV TPOTTO JIANOPPUIVETAI N
XWPNTIKOTNTA OTOUG KOPPBOUGS atrd OTTou TTEPVAEl TO A AUEOMUEILVOVTAS TO
QOopPTiO TTOU 0dNYoUV ol TTUAEG Tou TTPpWToU eTITTEdOU. OO0 PeEYAAUTEPO TO
@opTio TOCO pPeyaAUuTepn n OldpKela TNG METABaoNnG. TEAOG uTttdpxel €va
OUVOAO TTUAWV TPIiTOU €TTITTEOOU Ol OTTOIEG €XOUV TTPOOTEDEI TTPOKEINEVOU VO
ecoudetepwoouv 10 Qaivopevo Miller. MNa va egopaluvoupe TTEPAITEPW TNV
MeTARaon TTpocBETOoUpE Eva OeUTEPO OTADIO EEOUAAUVONG.
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Ewova 19:Kokhopa egopdrovong £16680v

Mépav atmd Tnv KaBuoTtépnon PETARaoNS £vag AAAOG TTapayovTag TToU
XOpakTNPiZel hia heTaBaon cival N Taon TPopodociag Kal CUYKEKPIKEVA N TAon
amdé Tnv omoia &ekivael 1) OoTnv OToia KataAnyel n Perapacn. Autdg o
TTapdyovtag UTTopei €UKOAa va povTteAoTToinBei pubpifovrag avrtioToixa TNV
Tdon 1ou BAETTOUV OI TTUAEG TOU TTPWTOU ETTITTESOU.

Me auTh TNV TEXVIKA WTTOPOUUE VO TTPOCOWOCOUNE OTnNV METABaCN Ta
XOPAKTNPIOTIKA TTOU €TTIOUPOUNE WOTE VA EQAPUOCTEI OTNV TTUAN TTOU BEAOUE
VO TTPOXOPOAKTNPICOUME. ZKOTTOG €ival n €miTeu¢n Twv OIOKPITWY TIHWV
KaBuoTépnong METARBAONG TTou €XOUpE KaBopioel atd TV apxr]. ZKOTTdg eival
N UTTapEnN TWV TTEPICCOTEPWY DIOKPITWY TINWV EVTOG £VOG €UPOUG TIMWYV TTOU
Bewpoupe OTI TTEPIEXEI TNV TTAEIOVOTNTA TWV TTEPITITWOEWY METABAONG OTO
KUKAwpa. ‘ETol yia mapddeiypa o€ pia texvoloyia twv 120 nm Bétoupe autd
TO €UPOG TWV IO MOavWV TIHWV METaU Twv 20 pico-seconds kal Twv 100
pico-seconds. Mépav aTTd eKEi TIPOCOUOILVOUNE PEPIKES AKOUA TIEG ME BrAua
+50 pico-seconds ew¢g 6Tou @Tdooupe Ta 300 pico-seconds TO OTTOIO €ival WA
TTOAU pEYAAN TIUA yia va BewpriOOUNE YE AO@AAEIQ WG PEYIOTN TTOU NTTOPOUE
va  TIpoxapaktnpiooupge. O aplBudg  Twv  TTEPITITWOEWV TTou  Ba
TIPOCOWUOIWOOUKE PE AUTH TNV TEXVIKA YIa PETARAOEIS 10000V I00UTAl PE TO
YIVOUEVO TwV BIAKPITWV TIHWV slope TTou cupTrepIAGBapE TTi TO TTARBOG TwWV
AVTIOTOIXWV TTEPITITWOEWY YIa TV TAon Tpo@odoaoiag. Me TIGC TeAeuTaieg
TTpodIaypa@ég TTou BEcaPe auto 1oouTal ue 15 OoTNV TTPWTN TTEPITITWON Kal 5
otnv deuTeEPn OTTOTE MIAGPE yia €va OUVOAO 75 TTEPITITWOEWV METABAONG
€10000U.
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4.3.2.2 E§ouoiwon xwpnrtikornrag e§6o0u.

Ka&Be TUAN €viOog TOU KUKAWMOTOG €xel va odnynoel  KATTola
XWPNTIKOTNTA TTOU KaBopifeTal atmd TNG MUTTPOOTIVEG TTUAEG Kal ATTO TOUG
aywyoug Olaouvdeons. H akpifeic mpoéheuon NG XwpentikdTNTag OtV
XpeladeTal va gival yvwoTr. MTmopoupe va BewpriooupE, Xwpig atTwAgla oTNV
akpipela, 0TI N CUPTTEPIPOPA WIaG TTUANG Ba eival n idia étav odnyei Tnv idla
XwpNTIKOTNTA  (Bewpwvtag OTI OI  UTTOANOITTEG  TTOPAPETPOI  TTAPAPEVOUV
oTa0epEG) akdPa KAl av  auTh aTToTEAEiTal aATTO  OIOQOPETIKA  OTOIXEIA.
Baoifouevol  0e  autrp TV TTOPATAPNON  TTPAYMOTOTTOIOUPE  TOV
TIPOXOPAKTNPIOKO XPNOIUOTIOIWVTAG TTAPOPOIa TEXVIKA YIO TNV XWPNTIKOTNTA
ME aQuTAV yia Tnv METABacn TnG €l00dou. Auti TNV @opd n OOun Tou
KUKAWMOTOG €¢opoiwong kaBopiletal atrd 10 av Ba utrdpéel petafacn otov
KOUPo €¢Odou TnG TIpOXApPOKTNPICOMEVNG TIUANG. H  TTpwtn  Kal 11O
evolapEépouaa TTEPITITWON (KABWGS KATAVOAWVEI TO TTEPICCOTEPO PEUMA) €ival N
TEPITITWON TTOU N £€6000G  METABAAAETal. TNa aAuTEG TIG TTEPITITWOEIC N
e€opoiwan yiveral he TNV TOTTOBETNON £VOC KUKAWMATOG OTNV £€000 TNG TTUANG
TTOU aTTOoTEAEITAI ATTO TTUAEG idIOU TUTTOU WE QUTHV TTOU XapakTtnpifoupe. H
@INOCOQia TOU KUKAWMATOG gival n idla he €va PEPOG TWV TTUAWY va Kabopilel
TNV XWPENTIKOTNTA KOl KATTOIEG VA XPENOIMEUOUV OTNV ATTOPAKPUVON TOU
@aivoyévou Miller. H exkdéva 20 Ocixvel Tnv ameikovion evog TETOIOU
KUKAWMOTOG €E0UOIWONG TNG XWPENTIKOTATAGS VI Wia TTUAN TUTTOU nand dUo
EI000WV.

Eg@ooov n TokTIKA TTOU aKOAOUBOUE gival va TTPOXAPAKTNPICOUHE OAEG
TIG TNIBAVEG TTEPITITWOEIC Ba UTTAPYXEI €va OUVOAO TTEPITITWOEWYV OTTOU 1 £€000G
TNG TTUANG dev Ba aAAAlel Aoyikr) KaTdoTaon. Av Kal O€ QUTEG TIG TTEPITITWOEIG
TO pelua TO OTIOI0 KATOVOAWVETAI E€ival MIKPOTEPO OATTO OTI AV UTTAPXE
MeETABaon, TTapoAa autd TIGC cupTtTEPIAaPBAvouue otnv BIBAIOBAKN. Z& AuTEG
TIC TTEPITITWOEIS WOTOOO OeV XPEIAleTal va KAVOUPE OAn auTh Tnv I0TopIa yia
TNV XWPENTIKOTATA TToU 0dnyei N TUAN KaBwg dev Ba uTTAPEEl ONUAVTIKNA
MeTaBOAR oTnv TAon TNG. 'ETO1 N TOTTOBETNON ATTAG €VOG TTUKVWTI] €iVal APKETNA
yla TOV TTPOXAPOKTNPIOMO  €TITaXUVOVTAG TTapAAAnAa  Tng dladikaoia
KATAOKEUNG TNG BIBAIOBNKNG XWpig atToKAICEIG OTNV aKPiBEIa.
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Ewova 20:Koxkhopa egopoimong yopnrikotntog

4.3.2.3 llpooopoiwon perapBacswy — E§aywyn dedouévwv

BiBAI0BNKNS

Na tnv egaywyn Twv oOedopévwyv TG BIBAIOBNAKNG peTaBdoewy
XPEIAZETAI N TTPOCOUOIWGCT TWV AVTIOTOIXWV KUKAWUATWY TTPOXAPOKTNPICUOU
TTou TrEpIypdenkav 1o Tévw. MNa TV Asiroupyia autr] Ba xPnNOIPOTIOINCOUNE
pia SPICE pnxavry TTPOKEINEVOU va TTETUXOUME TNV ATTaITOUPEVN aKpiBela.
E@ooov TrpokeiTal yia  OUVOUIKA TTPOCOMOIWON WETARBOONG TIPETTEl VA
KaBopiooupe 1O Briua TG avdAuong. H Aoyl PIKpoU Bripatog katd Tov
TIPOXOPAKTNPIOKNO Ba dwael PeyaAuTepn akpiBeia ammoTeAeOuATWY OAAG Kal
TNV duvaTOTNTA OTOV EKACTOTE XPOTN KATA TRV dIECaywyr MIa TTPOCOM0IWOoNG
va emAEyel Bripa TToAAatTAdoIo atrd autd NG BIBAIOBRAKNG KATI TTOU €UKOAQ
yivetal atmAd aAAalovtag tnv OslypdaTtoAnyia atrd TIG TTPOXOPAKTNPICHEVES
MeTaBdoelc. To  Tignua  Opwg  yia TNV €mMAoy  MIKpoU  BrPaTOg
TIPOXOPAKTNPIOKOU €ival va €xoupe PeYaAUTEPO HEYEBOC PBIBAIOOAKNG KABWG
€TMioNg KAl PeyaAUTEPO XpOvo yia Tnv dnuioupyia TNG. ATO TNV GAAN,
eMAEYyovVTAG YEYAAO PBripa dedopéva avTIOTPEPOVTAl KABWGS EXOUUE MIKPOTEPN
BIBAIOBNAKN, 0€ AIyOTEPO XPOVO OAAG pE AIYOTEPO AKPIBEIO KAl TTEPIOPICHEVN
ouvatétnta  €mAOYAS PAPATOC KaTtd Tnv Trpocopoiwon. H  diadikaaia
onuioupyiag TNV PBIBAIOBAKNG yiveTal o€ dUO QAcEIC. ZTNV TTPWTN @Aon Ba
Onuioupynboulv o1 KWOIKEG XAPOKTNPEIOPOU yia Tnv KABe pETABOON TOUG
otroioug Ba dexBei To SPICE kai Ba dnuioupyrioel avriotoixa éva apyeio
€€OdouU yia kABe TrepiTrTwon (eikova 20). TMpdkerrar yia pia xpovoRoépa
dladikaoia n oTroia OuWG PTTOPEl va eKTEAEOTEI Kal TTApAAANAa KaBwg ol
TIPOXOPAKTNPIOMOI €ival aveEdpTnTol PETALU Toug. MeTd 1O TEAOG QUTAG TNG
@aong éxoupe éva ouvolo atrd apxeia Ta otroia e€fxdnoav atreubeiag atrd 10
SPICE ka1 Tepiéxouv o011 TTAnpogopia xpeialdpaoTe yia TNV BIBAIOBAKN.
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2Tnv deuTepn QAaon uetagépoupe Ta dedopéva armd ta ASCII apxeia
Tou Ppiokovtal o GAAo format kdvovtdg Tnv dladikaoia avayvwong Twv
O0edopévwy atrd 1o TTPOYpaAPua ypnyopotepn. lMPakTiKG pe To TEAOG TNG
TTPWTNG AoNG £XOUPE OAa Ta dedopEva TTOU XpelalopaaTe yia TNV BIBAI0BRAKN
Ta otroia atmAd eival okOpTtia o€ TTApa TTOAAG apxeia. KaBe ¢@opd tTou Ba
xpelagoétav va diaBacTtouv Ta dedopéva piag PeTABaong Ba ETTPETTE va TA
@EépoupE atTd TOoV OIOKO KAVOVTAG avAyvwaon TOU avTioTOIXOU apxEiou, O
TTPOCBIOPICPOG TOU OTToiou KaBopideTal ammd TV UETABaoN TTou BEAOUPE va
opTwooupe. Autr) n dladikaoia PtTopeEi va TTapaAngBei ye avdyvwon Twv
dedopévwy TNG BIBAIOBAKNG Kal atroBrikeuong Toug o€ éva Tétolo format 1Tou
Ba dleukoAUvel TNV ypryopn MeTagopd atrd Tov dioko. ‘ETol yia mmapddeiyua
UTTAPXEl N duvaTtoTNTa VA CUPTTEPIANPOOUV OAa Ta dedouéva atrd OAEG TIG
TTEPITITWOEIG OE £€VA APXEIO TO OTTOIO Kal va “@OPTWVETAI” KATA TNV €KKivnon
TOU TTPOYPAPPaTOG. To TTPOPANUa TTou uTTopei va dnuioupynBei o€ auth Tnv
TEPITITWON €ival 0TI TO Pé€yeBOG TNS BIBAIOBNAKNG PTTOPEI va gival TEPAOTIO Kal
TEPA a1TO TOV XPOVO YIa va onNKwBei otnv pvrun 8a kataAauBaver kai Tapa
TTOAU XWpPO o€ auThv. Mia GAAN TOKTIKF) TTOU €QAPPOOTNKE €ival VO OTTACOUUE
TIG TTEPITITWOEIG AVAAOYQ PE TOV OUVOUAOHO TTUANG Kal TNG TTAPAUETPOU TOU
@opTiou TToU 0dnyei. Me auTd Tov TPOTTO Ba £XoupE éva oUVOAO aTTd apxeia, To
KABe €va ammd Ta otroia TTEPIEXEl OAEC TIG duvaTéG METORAOEIC yia KABE
TEPITITWON TTUANG, avaAoya OUWS PE ToV TPOTTO dlaCUVOEDNS TG YECA OTO
KUKAwMa. Auté 1Tou B€éAoupe va ekpeTaAAeutoupe €dw eival OTI PUTTOPOULE,
agou dlaBdooupe 10 netlist TOU KUKAWPATOG, va yVwPIiCOUUE TIG TTUAEG TTOU
QuTO TTEPIEXEI OAAG Kal TIC TTEPITITWOEIS POPTiou TTou 0dnyei kABe uia. Ol
UTTOAOITTOI  TTOPAYOVTEG TTOU OCUMTTEPIEAAPONCAV OTOV  TTPOXOPAKTNPICHO
(eicodol, Tpogodoaia, slope) aAAdlouv Ouvauika Katd Tnv €KTEAEON TNG
TIPOCOPOIWONG OTTOTE OEV UTTOPOUNE €K TWV TTPOTEPWYV VA YVWPICOUUE TTOIEG
armoé autég Ba ouvavTooupe Katd Tnv TTpocopoiwon. ‘Etol €éxoupe Aiyeg
TIPOOTTIEAACEIG OTOV BiOKO, PIa yia KABE dIAQOPETIKO OuvOUAOHO TTUANG Kal
XWPNTIKOTNTOG TTOU  TTEPIEXEI TO KUKAWMPA, OAAG  OTTOQEUYOUUE Kal va
QPOPTWOOUUE OTNV PvAun Oedopéva  yia TTEPITITWOEIG METARBACEWY TTOU
oiyoupa dev TTPOKEITAI VO OUVOVTHOOULE.
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Ewova 21:Transiotion Library Creation

4.3.2.4 lNepigyoucva BiAoOnNkns perafacewv.

OT1Tw¢g avagEépaue TTpIV KATA TOV TTPOXAPOKTNPIONSO TwV TTUAWY auTd
TTOU Oiyoupa XPEIQ(OUAOTE Eival O KUPATOUOP®H TOU PEUPATOG TTOU TPaRAEl N
TTUAN KaTd TNV petdBaon. H 1TAnpo@opia autr evamroTiBeTal wg €xel oTNV
BIBAIOBAKN yia va xpnoigotroinBei apydtepa Katd Tnv TTpocopoiwon. Mépa
atmdé auTtd OPWG UTTAPXE! Kal éva oUVOAO aTrd eTTITTAéOV TTANpo@opieg TTou Ba
XPEIAOTOUV TTPOKEIUEVOU Va agloTroinBouv ocwoTd Ta dedouéva TV PETARAoNG.
MpokelTal Kupiwg yia  TTANPOPOPIEG TTIOU  APOPOUV TOV  XPOVIOPO Twv
peTaBdoewv Kal xpeidlovtal yia dUo Adyoug. MNpwTov yia va YTTOPECOUNE va
EVOATTOBEOOUNE OWOTA  TIC KUUATOMOP®EG Twv  pPeUddTwy  Katd  Tnv
TIPOCOPOIWGCN TOU KUKAWMPOTOG OTOV Afova TOUu XPOvou Kal KaTd OeUTEPO,
atroBnkevoupe KAtTola dedouéva atrd TNV avAAUCn TWV OTTOTEAECUATWY TTOU
¢dwoe O TIPOXOPAKTNPIONOG KaABWwG OdlapopeTikd Ba  xpeialdtav  va
emavalauBaverar autry n diadikacia dIApPKWSG KATA TNV TTPOCOMNOIWON O€
ONMAavTIKO KOGTOG O0TOV XpOvo. OAEC auTéG oI TTANPOPOpPIES agopolv dedouéva
Xpovou. ‘Etol yia Tnv TTpwTtn TTEPITITWON aTTOoBNKEUOUPE TOV XPOVO TNG
d1ddoong TNG METARBAONG, TNV XPEOVIKN OTIYMA TTou apxilel n perdapacn otnv
€€000, TNV XpPovIKr oTiyur TTou autr) Bpioketal oto 10%, oto 90% TTOTE
TEAEIWVEl Kal AAAa Ta OTToia PE TNV OowaTr aglotroinon 6a BonBricouv oTov
OUYXPOVIOWO TNV HETARaoNG TTou Ba evatmroBEcouphe KATd TV TTPOCOMOIWOoN
TOU KUKAWMOTOG PE aUTHA TToU TTEPIEXEI N BIBAIOBAKN.
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lMNa TNV GAAN TTEPITITWON MPETPIETAI KAl OTTOONKEUETAI O XPOVOG TTOU
XPEIAOTNKE yia TNV HETABaon TnG €66Oou, 0t dIAPoPeS €KOOXEG, (KAAOIKN
ekdoxn kabuoTEépnong ueTapaong cival petagu 10% kar 90% g 1adong). Autn
n TTAnpo@opia XPeIAleTal OTnV TIPOCOUOIWON YIO TOV TTPOCOIOPIoNS TwV
XOPAKTNPIOTIKWY MIag PETABaoNG yia étav, oTnv TTopEia TNG TTPOCOU0Iiwong,
odnynoel karrola GAAN TTUAN. EmimmAéov pia TTAnpo@opia TTou atroBnkeueTal,
av Kal dgv gival amrapaitntn yia Tnv opOr Asiroupyia Tou aAyopibuou, ival ol
KUMATOUOP®N TAONG Tou KOUPBoU €50dou. AuTr n TTANPO®opia XpnoIhEUEl OTO
va eMTPETTEI TNV TTPOPBOAR 0TO TEAOG TNG TTPOCOUOIWONG TNG OTIVMIAIOG TAONG
OTTWG dlapopPwonke oe KABeE KOUPO. TEAoG, TTépav OAwV auTwy, BaciCOuEVOl
oTnv idla apxn mou £€acPaAilel TNV OPOoIGPOPPN CUUTTEPIPOPA TNG TTUANG UTTO
TNV €TTiIOPACN TWV iIdIWV EEWTEPIKWYV DIEYEPOEWY, NTTOPOUNE VA KAVOUUE €vav
MO AVOAUTIKO TTPOXOPAKTNPICKO UTTO TNV Atroyn OTI TO OTIYUIAIO PEUPA TTOU
METPAME pTTOPEl va OTTdoel O0€ peupa TPoYodOooiag TpaviioTop KAl PeUlA
uTToOTPWHATOS. Mia TéTola TTAnpogopia PTTopei va aflotroinBei otnv avdAuon
BopuBou 1 Tou signal integrity xwpic va em@épel KATTOIO €TTITTAEOV KOOTOG
oTOV XPOVO TTPOCONOIWONG i} OTNV GKPIBEIO TWV OTTOTEAECUATWV.

4.3.3 Aiadikacia NMNpooopoiwong KukAwparog

H diadikaoia TnG Tpocopoiwong OTTwG TTpoavagEPAE gival o gate-
level emimedo kar n ueBodoloyia opifel TNV xprion €evog event-driven
aAyopiBuou. MeBodoAoyieg Paoifopeveg o€ event-driven TTPOCOUOIWTEG
UTTAPXOUV OPKETEG Kal PE TTOAAEG DIAPOPOTIOINCEIG O€ ETTITTEDO AKPIBEIAG Kal
XPOvou ekTéAeong. ATTd auTég TIG HEBODOUG oI TTIo YPAYOPES aKOAOUBOUV TO
TPOTUTTO TOU assignable-delay gate-level logic-simulator evwy o1 o akpipeig
Kivouvtal oTta TpoTtutta Twv Fast-SPICE epyaAciwv pe dlaxwpiopod Tou
KUKAWMOTOG o€ “evepyd” partitions kGBe @opd kal avaAuon TTou QTAavel £wg
electrical level. Av Bswpriooupe OTI 01 BUO TTAPATTAVW TEXVIKEG OPIOBETOUV TOV
XWpPo dpdong Twv event-driven TTPOCOUOIWTWYV QaiveTal EEKABapa OTI UTTAPXEI
Mia dlapdyn METAU akpifelag Kal TaxutnTag. 2& 600 UWNAOGTEPO 1EPAPXIKA
ETTITTEdO YiveTal N TTPOCOPOIWON Kal 600 TTIo AatTAG TO HOVTEAO avaAuong Tng
KaBuoTéEPNOoNg Kal TNG CUMTTEPIPOPAS TWV OTOIXEIWV TOU KUKAWMATOG TOOO
EMTAXUVETAI Kal N O1adIKaoia TTPOCON0IWONG PE AVTIOTOIXO OUWG TiUNHA VIO
TNV OKPIBEIO TWV ATTOTEAECUATWV.

Méoa og autd TOoV XWPOo n Kaivoupia peBodoAoyia TTou avarTuxenke
TTPOOTIaBEl va cuvdudoel Ta KAAG atmd KABe dIaQopPETIKA TTpooéyyion. 'ETol
AeiToupyei o€ gate-level emmimedo, kKdm 1TOU auTtdpaTa aveBalel Tov TTAXN TNG
TaxUTNTAG TTPOCOMO0IWONG, VW HE TOV TTPOXAPOKTNPEIOUO KOUBaAdel padi Tou
TTANpo@opieg TTou pévo pe pia electrical level Tpooouoiwon Ba utTopoucav
va TTpokUWouv. [MAnpo@opieg TTou Xpnoihgeuouv otnv dnuioupyia éx1 POvo
EVOG aKPIPEC povTEAOU KaBuoTEPNoNG aAAG Kal AETTTOPEPOUG oVTEAOTTOINONG
TWV PEUMATWY Twv peTapaoswyv. Me autdé Tov TpoTTO n  diadikaoia
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TIPOCOPOIWONG  €ival  ypnyopdTtepn oKOPa Kal o1rd  TTOAAEG  ONUOYIAEIG
euTTOPIKEC UAOTTOINOEIC Fast-SPICE epyaAciwv xwpic va TAnpwvel 1o “Bapu”
TiuNUa TNG TTAPEXOUEVNG AKPIBEING.

4.3.3.1 Aoun Asdouévwv Meraaocswv

H uAoTtroinon Ttou aAyopiBuou €yive OTTWG TTPOAVAPEPAUE TTAVW OE
évav gate-level event-driven mrpooopolwTr. ‘EXovrag TIG TTUAEG oav KEVTPIKO
OTOIXEI0 TNG OONNG TOU KUKAWMATOG N TTPOCOMO0IWON YivETAI UE HOVTEAOTTOINON
TwWV PeETaBAoEwWVY o1 0TToieC dlaoXi(ouv To KUKAWHA oav évav KaTeuBuvOouevo
ypaenua Kal avoAuovriag KaBe TUANG o6tav TTapoucidlovtal events OTIG
€10000u¢ TNG. Oowv agopd Tnv doun Twv PeTaRdoewyY UTTAPXElI €va OUVOAO
amd Oedopéva TToU auTd KOUPBaAdEl Kal Ta OTToia XPNOIMEUOUV yia Tov
XAPOKTNPIOUO TNG OAAG KAl yIa TOV TTPOCBIOPIOHO TWV XPOVIKWY TTAPAUETPWV
TTou Xpeiddovral yia Tnv Tropeia Tnv TTpooopoiwong. Mia petdBacn oTo
KUKAWMO QVTIOTOIXEI O€ PIa ETTOKPIBWG OPICUEVN TTEPITITWON PETABAONG TTOU
uttdpxel otnv BIBAIOBAKN. MNa autd Tov Adyo cav TTpwTta dedopéva eival ol
TINEG TWV MPETARANTWY TToU KaBopifouv yia Trold OKPIBWG TTEPITITWON
mpokerTal. [Mé€pav armd Tov TUTTO TNG TTUANG, O OTT0IOG Eival BEBOUEVOG ATTO TNV
OoUA TOU KUKAWMATOG, €XOUME VA KAVOUME HE TIG TTEVTE TTOPANETPOUG OTTWG
auTég opioTnkav o1o KePAAaio 4.3.1.1. TAéov Opwg dev aTTOBNKEUOUUE TIG
METPAOIMEG TINEG AUTWV TWV PETARBANTWYV (TT.X. TTOOQ pSec XPEIGOTNKAV yia TV
METABaon) aAAG XPNOIUOTIOIOUME HIa JEBODO BEIKTODOTNONG OTNV AVTIOTOIXN
TIUQ OTOV TIVOKAQ TWV TIPOXOPAKTNPIOUEVWY  TIHwV. ‘ETol yvwpifoupe
aTtreudeiag Tnv TTANPoQYopPIa yia ToOV KABOPIoPO TNG TTEPITITWONG TNG METAROAONG
Kal £xoupe Gueca TTpOoBacn oTa dedoPéva YIa AUTAV OTTOTE TA XPEIGOTOUE.
EmmAéov xpeialdpaoTe KATTOIEG TTANPO®OpPieG TTou Ba pag Bondricouv va
TOTTOBETACOUNE TIC KUMOTOMOPYEG OTov Gova Tou XpOvou OTO OwoTo
dldoTnua. Auti n TTAnpogopia dev utropei va uttdpxel héoa otnv BIBAIOBAKN,
KaBw¢ atroTeAEl 101AITEPO XAPAKTNEIOTIKO KABE WETABAONG Kal yia AUTO TOV
Aoyo TTpétrel va Tnv KouPBaAdel padi Tng. O1 Baoikég TTAnpogopieg TTou KAOE
ooun petdpaong atmmobnkelel (Kar xapaktnpiCouv POVO TNV OUYKEKPIYEVN
METABaonN) gival o1 €EAG:

ApxIkA katdoTtaon TTUANG (input vector).

TeAikA katdoTaon TTUANG (input vector).

ApxIkA katdoTaon KéPPou e€6dou (Aoyikn TIUN).

TeAikA katdoTaon kOuPou ££6dou (Aoyikn TIUA).

Eicodog 1Tou £@Taoce 10 event.

Aciktng oTto event otov KOPBO €106dou TTOU TTPOKAAECE aQuTA TNV
peTGBaon.

AgikTng KaBuoTEPNONG PETARAONG €106d0u (input slope delay).

AgikTng KaBuoTépnong peTdpaong €¢ddou (input slope delay).

. AgikTng electrical effort.

0.Aciktng Tdong Tpo@odoaiag TTou PAETTEI n TTUAN TRV dIGPKEID TNG

oL N~

= ©®N
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METGRaONG.
11. Xpovikd onueio TTou n peTdpaon Tadong £§6dou gival o1o 50%.
12. Xpovikd onueia tTou n petdpaon tdong £€6dou cival 01o 10% kai 90%.
13. Xpovikd onueia Tou apyiel kai TeAeiwvel n PetdBaon (dpaoTnpidTNTA
PEUPATOC).

A6 auta Ta (1,3,5,6,7,9,10) Bewpouvtal yvwoTd TIpIV EEKIVAOEI N
avaAuon Tng YETARaoNG TTAvw OTNV CUYKEKPIYEVN TTUAN yIOTi €apTwvTal aTro
TNV METABacn oTnv €i00d0 TNG TTUANG TTou KOTEPOaoe TTpIv aAAd kal atrd
eCWTEPIKOUG TTapAyovTeG €iTe oTaBepoug (electrical effort) cite peTaBAntoug
OAAG GOXETOUG PE TNV CUYKEKPIPEVN WETABaoN (power supply). ATTO TNV AAAn
Ta (2,4,8,11,12,13) €ival TTANPOQYOPIEG TTOU TIG EEAYANE OE CUVOUQAOUO MHE T
oedopéva tTou APBav atrd TNV BIBAIOBAKN METARBACEWYV YIO TNV CUYKEKPIUEVN
peTGBaon.

Agv 1o0xU0UV OAO TO TTOPATTAVW YIA TNV TTEPITITWON TTOU N WETAROON
oTnVv €i0000 TNG TTUANG dev eTTIPEPEI pETABaon oTnv £¢o0do (6Tav dnAadn Ta 3
Kal 4 gival idla). Z& AuTEG TIG TTEPITITWOEI TO TTPAMATA €ival KATTWS OIOPOPETIKA,
atmmoé TNV atroywn OTI KATTOIEG ATTO AUTEG TIG TTOPAPETPOUG OEV €XOUV vOnua.
AUTEG €ival 60EC aQOPOUV PETPAOEIG OTNV WETARaoN Tng €§oddou (8,11,12)
KaBwg pia T€Tola JeTaBaon dev ouuBaivel.

2¢ évav event driven TTPOCOUOIWTH, N AVAAUCN TOU KUKAWMATOG
akoAouBei Tnv d1adoon TwWV HETARBACEWV OTO KUKAwHA. XTnV OIKIA HOG
TEPITITWON ETMAEXTNKE O OIAXWPIOUOG TwV TTIUAWV TOU KUKAWMPOTOG O€
eTiTTeda Kal n avadAuon KABe emITTEdOU LEKIVWVTAG ATTO TO TTPWTO. KpITAPIO
yld TOV UTTOAOYIONO TOU ETTITTEOOU TTOU QVAKEI KABE TTUAN OTTOTEAEI TO
MOVOTTATI JE TOV PEYOAUTEPO APIOPO evOIANECTWY OTAdIWY TTOU KATAARYEl OE
auTrjv. AvoAuovtag €1ol KGBe etmitredo Bewpoupue opbdG cav dedouEVo OTI
EXOUV XapakTNPIoTEl TTANPWG OAEG oI PETARAOEIS OTOUG KOPPBOUG 10000V TWV
TTUAWV TOU KaBWG Bpiokovtal o€ TTponyouueva etTitreda. Auti n diadikaoia
douAevel Bewpwvtag OTI N OOPr TOU KUKAWMATOG OKOAOUBEi ouvOUAOTIKA
AOVYIKA 1) akOPa Kal oUuyxpovn akoAouBiakr KaBws avaAUOUPE TO ouvOUAOTIKO
KOUMATI avAueoa OToug Kataxwpntés. Ma Tnv TTEPITITWON TTOU €XOUME
aoUyxpovo aKOAOUBIOKO KUKAWMA N TEXVIKA MTTOPEI va SOUAEWEI XWPIS KavEVa
TTPORBANUa pe xprion dpouoAoyntr “timewheel” 61Tou OAeg o1 petapdaoelg Ba
MTTaivouv o€ pia AioTa kal K&GBe @opd Ba avaAUeTal auTr) PE TOV PIKPOTEPO
XPOvo A@i¢ng TnG avtioToixng diEyepong oTnv €icodo. H avdAuon Twv TTUAWV
TOU KGO emTédou Ba yivel ae KABe pia EeXxwPIoTd, Xwpig KATToIa KPITHPIA YIa
KATTOIO OUYKEKPIMEVN O€Ipd Kal OAOKANPWTIK& yia KABe TTUAN. '‘Etol dev
XpeldleTal KATTola Tagivounon wg TTPOS TwV XPOVo APIENG Twv dIEYEPTEWVY OTO
ETTITTEDO 1} OTIOATTOTE GAAO.
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4.3.4 Aladikaoia TTpoocopoiwong

‘Exovtag avaAuoel OAa Ta TTapatTrdvw €xel RdN apxioel va @aveEPWVETAI
0 TPOTTOG YE TOV OTTOIO AEITOUPYEI O TTPOCOPOIWTAG. BAOIKOTEPO TTAEOVEKTNUA
NG MEBOBOU eival OTI Ol KUMOTOMOPYEG PEUPATOG KAl XPOVOU UTTAPYXOUV
€ToIueg o€ pia BIBAIOBRKN Kal dgv XpelAleTal n €TTiIAUCH KATTOIOU CUCTHPATOG
€CIOWOEWV YIa VO dWOEl TIG TIUEG, TTOOO HAAAOV O€ PN YPOUUIKG KUKAWMPA TTOU
TTEPIEXEI TPAVEIOTOP KAl O XPOVOG €Laywyng Kal €ImAuong autwyv Twv
eClowoewv Ba Atav utteEPPOAIKG peydhog. Movadikd CATnua o€ auth Tnv
dladikaoia gival n eupeon TNG 1I0AVIKAG TTEPITTTWONG HEoa oTnV BIBAIOBrKN TTOU
va TTEPIYPAPEl KaAUTEpa TNV KABe TrepiTrTwon. EmAEyovTag pia mepitrTwon
atrd Tnv BIBAI0BAKN TOTE OAQ Ta ATTAITOUMEVA BEDOUEVA YIA TOV XOPAKTNPICHO
TNG METABaONG €pXovTal O POP®r KUPOTOMOPQWY TOOO YIa TNV TAON TNng
€€600U 600 Kal yia To peUpa TTou TPARAEl N TTUAN. AUTEG O KUPATOUOPYEG
METABaoNG Ba evOowpaTWBOOUV O€ PIa CUYKEVTPWTIKN yia TACN KAl avTioTOIXO
MIa yia To pelua TTou TpaBdel n TTUAN oTtnv didpkela TnG TEPIodou. Ol
MOVOOIKEG QVOAUCEIG TTOU I00G XPEIAOTEN va YiVOUV OTIG KUPOTOUOPQEG gival
yIQ TIG MEV TAOEWG O€ TTEPITITWOEIG UN-OAOKANPWUEVWY PETABAoEWV OTTWG Ba
avaAuBei oto kepdAaio 4.3.4.3 Kal yid TNG KUPATOMOPQEG PEUUATOG O
TTOAAQTTAQCIAONOG TOUG PE TOV OUVTEAEOTH HEYEBOUG, OTTou XpelddeTal, OTTWG
TTEPIYPAPNKE OTO KEPAAaIo 4.3.1.4.

To peydAo Cntoupevo 0€ autd TO ONUEIO €ival N EVOWPATWON TWV
METORAOEWY OTO CWOTO CNMEIO TNG YEVIKAG KUMATOMOP®NG | AAAILOG N owaTn
evatroteor Twv 0edopévwv TTdvw OTov Agova Tou XPOVou. € TTEPITITWON
AGBoug oe autd TO onueio Ba xaAdoel O XPOVIOWOG Twv ueTaBdocwy, Ba
TTapacupBbouv Kal Ol €TTOUEVEG -0ONYOUMEVEG- WETAPRAOEIS, Ba aAAoIwBEi n
€IKOVO TNG KUMATOMOPPAC TOU OUVOAIKOU pelpatog Trou Ba Tpafdel 1o
KUKAwMGO Kal yevikd Ba odnynoel oe amwAeia akpifelag. MNa auté Tov Adyo
uttdpxel pia TTAnBwpa atmd dedopéva otnv PIBAICOAKN TTépav ammd  TIG
KUMOTOUOP®EG KAl TTOU OTTOOKOTTIOUV OTO va KaBopioouv, Pe akpieia, tnv
Béon oTov Ggova Tou XPOVou TTou TIPETTEI va TOTTOBETNOOUV Ta OedOMEVQ.
Aedopéva TOU  KaBopifouv  emmokpIBwG TV Béon  Twv  {NTOUPEVWV
KUMATOUMOP®WY WG TTPOG TNV KUPATOMOP®N TNG METABaong oTtnv €icodo. Me
autdé Tov  TPOTTO, avTioToixioviag TNV METABacn  €1060ou  TOUu
TTPOXAPAKTNPIOUOU HE TNV OIEYEPON TTOU TTPOKAAEI TNV PETABaON PEOQ OTO
KUKAWMO KAl yvwpifovTtag  eTTAKPIBWS  OTI  TTANPOQYOpPIia  XPOoVIoPoU NG
dIEyeponG €10000U XPEIACETAI, JTTOPOUNE VA TTPOCBIOPICOUNE PE aKpiBeia Tnv
Béon oTov XpoOvo Twv dedouEvwy TTou Ba £pBouv atrd Tnv BIBAI0BNAKN. MNMAEov
N €IKGvVa TNV TTPOCOPOIWONG Eival OTTWG QaAiveTal OTNV 22.
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Ewoéva 22:A1001k00io TPpocopoimong ne peTa@opd Ko

1000411101 KVPATONOPPAV 0Téd TNV PLfirodnKn

4.3.4.1 Kpirijpia gmiAoyng icoduvaung uerapaong.

ATTO Ta dedouéva TTOU AVAPEPAE TTIO TTAVW YIa TOV TPOTTO AEITOUpYiag
TNG TTpocouoiwong eival @avepd OTI n €mMAOYA TNG CWOTNAG TTEPITITWONG
MeTaBaong atmd Tnv PIBAIOBAKN atToTeAEl TTOAU Kpioluo TTapdyovTa yia Tnv
EMTUXIO TOU OAOU eyxelpApaTog. Tnv wpa TG avadAuong diIa TTUANG N
avTtioToixn Oladikacia €xel o€ TTPONyouldevo OTAdIO KaBopioel TTANPWS TIG
peTaBdoelg oToug KOuPoug €l06dou TnG. lMNa Tnv avdAuon TnG OUVOUIKAG
OUMTTEPIPOPAC MIAg TTUANG €xOupE BIABETIUES OAEG TIG TTANPOPOpPIES TToU Ba
XPEIAOTOUNE Kal TTOU agpopouv TG ueTaBdoclc oTig eil06doug TnG. ‘ETol yia Tnv
TTpodiaypa@ouevn PeTARaon otnv TTUAN, TTPIV KAV {EKIVAOOUUE TNV avaAuon,
yvwpiloupe TIC €EAC TTANPOQPOpPIEG, Ol OTToieC €ival ywpiouéveg o€ OUO
KATNyopieg avaloya Pe TO av n TP Toug KaBopiletal amd tnv OOun Tou
KUKAWWMOTOG 1 aTTO €EWTEPIKA METARBAAAOUEVOUGS TTAPAYOVTEG.

1. Aour KUKAWUATOG
a) TUTrog TTUANG.
b) ZxeTik&d peyéBn TpaviioTop wg TIPOG TNV avTioToixn TTUAN OTnVv
BiIBAIOBAKN.
c) XwpntikdTNTa QopTiou oTnVv ££0do TnG (fanout).
2. E¢wTepikoi TTapAyovTeS
a) ApxIKA kKatdoTtaon 1000wV (AOYIKEG TIMEG).
b) Eicodog 1Tou digyeipeTal.
c) KaBuoTépnon uetdpaong diéyepong.
d) Ty 1dong Tpo@odooiag katd Tnv dIGPKEIa TNG PETARAONG.

O1 TIHEG QUTWV TWV TTAPAUETPWY APKOUV Yia TOV TTARPN KaBopIouo TG
TEPITITWONG PETARAONG evidg TNG PIBAIOBAKNG TTOU TTEPIYPAPEI TNV QVTIOTOIXN
METABaon, 6TTWG auTh Ba cuvéBalveE OTO KUKAWMA. Z€ AUTO TO ONUEIO TTPETTE
va DIEUKPIVIOTEN TTWG YIa OAEG OXEDOV QUTEG TIG TTAPAUETPOUG eV XPEIAdETAl VA
KAVOUWE Kavévav UTTOAOYIONO yia TNV EKTiUNONn Twv TIWWV Toug. H apyIkn
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KATAoTOON UTTApXEl oav OeOONEVO PEG OTNV TTUAN, n €i00d0¢ TTou aAAACE!
KaBopiletal apéowg ammd TNV UETARaon €1l00d0ou, N KaBuaTépnon PETARAoNG
UTTAPXEl oav TTANPOQ@oOpIia eviOG TNG OOMPNG TTOU TTEPIYPAPEl TNV PETARAON
€10000U, KAl JANIOTO O POPYN OEIKTN TTPOG TNV KOVTIVOTEPN TTEPITITWON OTNV
BIBAI0BAKN. OCO0 yia TIG TTAPAPETPOUG TTOU APOPOUV TO QOPTio TNG £€6d0OU Kal
Ta PEYEDN TwV TPavCioTopP, QUTEG BPIiOKOVTAl EVTOG TNG OOMNG TTOU TTEPIYPAPEI
TNV TTOAN. H povn Ttrepimmtwon 1ou B€Ael Aiyo avdAuon €ival n 1daon
TPOPOdOCiag Kal auTd yiaTi TTPETTEI va EEAYOUNE ATTO TNV KUPOTOPOP®I) TTOU
TNV TTEPIYPA®El TIG TAOEIG o€ éva Xpovikd didoTnua Tou Ba dlapkéoel n
METARaON KAl a1t AQUTEG va BYAAOUUE YIO HECT TIUA.

‘Exovrag TTAéov KaBopioel TIG TIMEG TwV TTOPATTAVW TTAPAUETPWY O
KaBopIOWOG TNG TTEPITITWON PETARaoNG TNG BIBAIOBAKNG TTOU TTEPIYPAPEI TV
METARAON OTO KUKAWWA €ival AUECOG.

4.3.4.2 Msragopa dsdouévwy armo BiBAIoBNkn - Xpoviouog

‘Exovtag TTAéovV OeDOMEVEG TIC KUUATOMOPQPEG TTOU TTEPIYPAPOUV Hia
METARaON TTPETTEI VA TIG TOTTOBETACOUUE KAl OTO OWOTO XPOVIKO dIdoTAUA TTOU
Ba TTpayuaToTToINBouVv 0To KUKAWHA. Apwyds 0 autd atroTeEAOUV €va oUVOAO
atrd TTAnpo@opieg TTou uttdpyxouv oTnv BIBAIOBRKN Kal kaBopilouv TNV OXETIKA
Béon oTov dfova Tou XPOVOU TWV KUPATOUOPPWY PEUMATOS Kal TAoNG £€6d0U
TTOU €I0AYOUUE WE TNV AVTIOTOIXN KUPATOMOP®N £10000U TTOU EQAPPOCANE OTO
KUKAWMO  XapoKTNEIohMoU Katd Ttnv  dnuioupyia NG PiBAI0OAKNG TTOU
mepIypdyaue oto KePaAaio 4.3.2. E@doov apxIki Kal Bacik apxn yia Tnv
AgIToupyia Tou TTPOCOUOIWTH €ival OTI N TTUAN Ba CUPTTEPIPEPETAI OUOIOPOPPA
€101 Bewpoupe OTI KAl 0O XPOVIOPOG dev egaipeital ammd auTtrjv. 'ETol yia Tov
TTPOCBIOPICPO TNG XPOVIKNAG aTTOCTACNG TNG KUMATOPOPPNAS £¢60ou atmd Tnv
avTioToIXn TNG €10600U TTOU TNV TTPOKAAECE MPETPAME TNV dlaQOopd XPOVOU
avaueoa oTa onueia Tou n KaBe taon eival oto 50% TnG peTdpaong. Auti n
TTANPOPOpPIa EEAYETAI KATA TOV TTPOXAPOKTNPIOUO KAl aTTOONKEUETAI Padi PE Ta
uttohoitra dedopéva Tnv peTdpaong. Kard tnv @Aacn Tng TTPOCOoP0iwong,
YVWpPIiCovTag TNV XPOVIKN OTIyuA TTou n HeTaacn €lcodou cival oto 50%
(€0TW t_input)uTTOPOUPE VA UTTOAOYIOOUPE TOV QVTIOTOIXO XPOVO YyIia Thv
MeTaBaon TnG €€6dou (t_output) atTAG TTpooBETOVTAG OTNV APXIKA TNV TIKMA TNG
dlagpopdg 1ou APBe atrd Tnv BIBAICBAKN (delay).

putput I-:':'2;:11.':' +delay

2€ QUTO TO ONMEIO YVWPICOUPE TNV XPOVIKA CTIYHI TTOU N KUPJOTOPOP®N
TNG TIPOOOMOIWONG £€XEl MIO CUYKEKPIYEVN TIMN KAl QVTIOTOIXEI O€ Mia
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avTIOTOIXN XPOVIKI OTIYMA OTNV KUPOTOPOP@I TTou UTTapXel otnv BIBAIOBAKN.
‘ET0l yia va yivel cwoTd n TommoBétnon atd Tnv BiBAIoBNAKN otov dfova Tou
XpOvou TTPETTEl auTd Ta dUO onueia va cuutréoouv. ATTO autd TO OonuEio N
dladikaoia ecival TTAéov aTTAr] KOBWG £XOVTag €va KOIVO OnuEio ava@opag
OTOUG OUO Agoveg Tou XPOVOU UTTOPOUME E€UKOAQ va TTPOCDIOPICOUNE TO
XPOVIKO TTapdBupo péoca OTo oTtroio Ba  ToTroBeTACOUME TOCO TNV
KUMATOMOP®N TNG TAONS aAAG Kal avTioTOIXA TNV KUPOTOPOP®I TOU PEUPATOG.
Ouo1aoTIKA ETTIBIWKETAI VA UTTAPXE! N id1a oxéon YETALU TWV KUPATOPOPPWV
TAoewV €10000U-£€600U OTTWG auTh €xel €axOei KATd Tov TTPOXAPAKTNPEIOHO
Kal gaivetal otnv €ikéva 17. H diadikaoia yia Tnv TTPOCOM0iwon WIag TTUANG
QaiveTal oTnv €IkOva 23.

P

Insert cell's input
transitions into a list

|

Sort all input transions
according to time

|

Select an input transition
—> Define cell's initial and
final state

Load transition
data from library

Transition data
exists in memory?

Estimate time
window of the
transition

Y

Map waveforms
on time axis

finish with
input transitions?

Finish with cell analysis

Ewkéva 23:At0d1kacio Tpocopoimons KELOU
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4.3.4.3 AVTIUETWTTION N OAOKANPWUEVWYVY UETABACEWV.

21NV €WG TWPA TTPOCEYYION TOU OAyOopiBUOU OTNV CUMTTEPIPOPA TOU
KUKAWMOTOG  avaoAuoape TNV Pacikp  €0wTePIK  dpaoTnpidTNTA  TTOU
TTapouadiadeTal Kal gival o PETARACEIS TwV KOPPwWVY atmd TV Pia AOYIKN
KATAOTOON O€ PIa AAAN Kal TRV QVTIOTOIXN CUMPTTEPIPOPA TWV TTUAWYV. 2TNV
TIPAYHATIKOTNTA OJWG AUTH N KATtaoTaon dev gival TO0O 10aVIKr). AvTiBeTa, éva
QAIVOUEVO TIOU TTAPOUCIACETAlI APKETA OUXVA KATA Tnv Agitoupyia €vog
KUKAWMOTOG €ival Kal O UN-OAOKANPWUEVEG UETABACEIG TTOU OTNV AOYIKH TIUN
Tou KOuBou. Mia petdBacn n otoia TTPoKaAeiTal amd pia OlEyepan OTIG
€10000UG OAAG TTPIV OAOKANPpwOEi avaipeital amrd uia deutepn dlEyepon oTnV
idla | oe katmmola GAAN €icodo TNG TTUANG TTOU E€TTAVAPEPEl TNV €6000 OTNV
apxIkn TiuR 6TTwG Qaivetal otnv €Ikéva 9.

Auty n karaotaon arrokaAegital kai glitch [80]. Ymrapxouv duo TpOTTOI TTOU
MTTOPEI Va gpgavioTei éva glitch og pia TUAN. O TTpwTOoG €ival va dnuioupynOei
10 glitch o€ auTA TNV TTUAN, TO OTTOIO YiveTal PE TNV EUPAVION U0 YETABACEWYV
OTIG €I0000UG TNG ME TIOAU KOVTIVOUG XPOVOUG A@IENG Kal N AOYIKA
OUPTTEPIPOPA TNG TTUANG va odnynoel o€ auto. ‘Eva mapddeiyya dnuioupyia
glitch @aiveral otnv €ikova 24. O deUTEPOG €ival pe dIAdoon PECW TNG TTUANG,
OTToU 0€ auTr) TNV TrEPITITwon éva glitch @Tavel otnv €icodo pia TTUANG Kal
TIPOKAAEI pIa avAAoyn KatdoTaon oTov KOUPBo €§6dou. Me tnv dnuioupyia
evog glitch oe évav k6pBo autd apyiCel va diadideTal oTa eTTOPEVA AOYIKA
etitreda €wg OToU TO logical A To electrical masking va T0 £E0UdETEPWOTOUV.

o = <
20 2 >
8 2 — I ¥
5 §=1 O
> 20 - 7
34
=2 a
2 —
g
1.0 )
500.0m b
0.0 —
-500.0m ! | |
0.0 1.0n 2.0n i 3.0n time lSJ

500.0p 1.5n 2.5n

Ewova 24:Tapaderypa glitch 6g puo 76An nand2
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lNa évav event driven TTPOCOUOIWTA O OTTOIOG AEITOUPYEI OE ETTITTEDO
TUAWV n dlaxeipion evog glitch givar dUokoAn uttéBeon kaBwg TO electrical
masking artraitei 1I01aiTEPN avAAuon. 2€ YEVIKEG YPOUMEG N TOKTIKF TTOU
akoAouBeital Trepiypd@eTal oto [81] kai TTPOKEITal yia €éva  EEEIDIKEUUEVO
MOVTEAO TO OTTOi0 evepyoTrolgiTal Otav dnuioupyeitar €va glitch kard Tnv
O1dpKela  TNG Tpocopoiwong. AUt n  TIPOCEyyIon Ouws  BAETEl  TIG
KUMATOUOP®YEG oav €uBeieg YPANPES KOl TTPOOTTOBEI va eKTIUACEI TO TTAATOG
TOU €£€ayOuEVOU TTAAUOU.

21NV OIKIA Pag TTEPITITWON OUWG Ol KUPATOMOP®PEG OEV €XOUV TETOIO
OXAMa aAAG aTTOoTEAOUV YPOAYIKEG OUVOPTACEIS BAon Tou Xpovou. Kal ol duo
peTaBdoelg oTig €106d0u Ba TTaPAYoUV aTTO IO KUPOTOMOP®r oTnVv £€000, Kal
QVTiIOTOIXQ OTO peUua TTou Ba katavaAwaoel n TUAn. Mpiv TNV avixveuon Tou
glitch oupewva pe Tnv diadikacia Ba yivel avTiIoToiXIoN TwWV OAOKANPWUEVWY
peTaBdoewv oTov dova Tou XpOvou Xwpic va utrohoyiletal apxik& n PeTagU
Toug emKAAuywn. Otav diamoTtwOei o1 TrpokeiTar yia glitch TTpémmer va
ETTAVATTPOCOIOPICOUNE TOUG UTTOAOYIOUOUG yia autd Ta dUO events pe TNV
MovTeAoTTOinoN €vOg electrical masking 1600 yia Tnv dnuioupyia 60O Kail yia
TNV 01ddoon Tou glitch. To povriéAo pag avaAuel Tnv ouoxETion Twv OUo
METARACEWV KOITWVTAG TNG ETTIOPACNG TTOU €XEI N KABE YIa OTNV CUPTTEPIPOPA
TOU KOUBOoU £66O0U TNG TTUANG. H TTI0 onPavTIKN TTEPITITWON €ival QUTA TTOU KAl
ol U0 UETABACEIG OTIG €l0000UG TNG TTUANG TTPOKAAOUV aAAayry oTtov KOPBOo
€€Odou kabwg auth eival kal n aAnAouyxia tou Ba dwoel glitch. Otav
@TdoouphE O€ MIa TETOIO KATAOTAON QUTO TTOU YiveTal €ival OTI N TTpwTn
METABaon oTnv €£000 OIAKOTITETAI TIPIV QTACEI OTNV TENIKA TNG TIUA, EVW N
OeUTEPN UETAKIVEITAI TTPOG TA APICTEPG OTOV Aova Tou XPOVou OTTWGS PAiVETAI
Kal oTnVv €IKOva 25.

MNa va avrigeTwTtiooupe atroteAeopatik@ éva glitch mrpétrel TTpwTa va 10
TIPOOdIOPIcOUNE TTOTE euPavifeTal. AUO OUVEXOUEVEG PETAPRAOEIS PETABAOEIG
otov idl0 képPo civar mOaAvoe va ouvreAouv glitch étav uttdpxel pePIKA
ETMKAAUYN METACU TwV XPEOVIKWV OSIACTANATWY TTPAYUATOTToIiNONG KABE
MeETABaonG. Av evTOTIOTEI éva TETOIO QAIVOUEVO TOTE EeKIVA pia dladikaoia
utToAOyIoOpOU TOu TTAATOUG TOu glitch kol oTnv ouvéxela dlanopPwWong Twv
TOTTOBETNUEVWYV PETAPRACEWY OTIG £€0B0UG. AUTH N avAAucn UTTOPEI VO dWOEI
atro TTANPN €€0UdETEPWON TOU TTOAPOU (TTAATOG uNdEV) Ewg Kal dIaTripnon Twv
MeETaBAOEWY OTNV QpPxIK Toug B€0eig, Xwpic peTagopd Tng deUTEPNG TTIO
VWPIG. ZTnv €IkOva 25 TTapouciddetal £va mTapddelyua yévvnong evog glitch
otToU dUO peTaBdoEIC KATaPTAVOUV Kal OTIG dUO €10000U¢G pIag TTUAN nand pe
TOAU HIKpr) Xpovikh Olagopd. Katd Ttnv dladikacia Tng TTPOCOMoiwong
€EAYOUNE KOl TOTTOBETOUNE TIC KUPOTOMOPYEG £€000U OTTWG Ba cuvéBaivav av
Oev UTIPXE ETMIKAAUWN METOEU Twv peTaBdocwv. Kair ol duo petaBdoelg
€1I0000U TTPOKAAOUV METAPBaON OTnv £€000 OTIWG OKPIBWGS @aiveTal oTnVv
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eikéva 25. 210 emOpevo BANA avOAUOUMPE TNV OTTOOTOON METALU Twv OUO
TTOAMWYV €10000U TTPOKEIJEVOU VA UTTOAOYICOUWE TO TTAATOG TOU TTOAPOU OTNV
€€000. Zav TTAATOG TTAAUOU BewpoUE TNV XPOVIKH amrdéoTacn MPETAEU Twv
XPOVIKWV OTIYMWV OTTOU KABE pia atrd TIG dUO avTiBeTeG NETARATEIS €ival OTO
50% tn¢ Tdong Tpogodoaciag (Vdd).

gEww——_

08¢

output * a
glitch .
06} .

input1 /

output

output
s transition 2

%2 transition 1

-0.2 L 1 i I J
o 0.2 0.4 0.6 08 1

Ewéva 25:Movtehomoinon electrical masking

H ouvdpTtnon 1mou pag apéxel To TTAATog Tou TTaAuoU oTnv £€€000 €ival n

akoAouon:
MMivaxag 4: ITAdTog €ayépevov maipov
IMAdTog maipov e£660v YovOnkn
0 Win<dl
d2 —dl i +
W, — d1 —d2) (1 i ) d1<Win<d1+d2
d?

Win Win>d1+d2

otrou Win gival n amméotaon PETAEU TWV XPOVIKWY OTIYHWY OTTOU KABE pia atro
TIG dUO peTafdoclg oTIG 10000ug gival oTo 50% TNG TAONG TPOPODOTIAG EVW
d1kar d2 eivar o xpovog diddoong yia KABe petdBacn ammd Tnv €icodo Kal
MEOW TNG TTUANG ME TIG TIMEG TOUG va gival yvwoTéG atmd tTnv PIBAIOOAKN
peTaBdoewv. Av To TTAATOG Tou TTaAUOU TT€cEl 0TO 0 Bewpoupe OTI N OTIYUIGia
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METABaON TNG TAONG OTNV €6000 OtV £QPTOOE O€ ETTITTEdA TTOU VO UTTOPEI va
Bewpeital TTaAPSC aAAG avTiBeTa e€oudeTepwBNKe atrd 1o electrical masking.

4.3.5 2uykpITIKG armroteAéouara

To OUYKEKPIPEVO EPYOAEIO AVATITUXONKE PE XPAON AVTIKEINEVOOTPEPOUG
YAWooag TTpoypapuaTtioyou C++ Kal OKIUAOTAKE TTAVW OTO OUVOAO OXEDOV
Twv benchmark circuit ISCAS89 kai ISCAS85. lNa Tov XapakTnpioud Twv
MeTaBdoewv Kal Tnv dnuioupyia TG BIBAIOBAKNG XPNOIUOTTOINONKAV HOVTEAQ
SPICE ota 120 ka1 90 vavOueTpa v O TTPOXAPOKTNPIOUOS £YIVE PE XPAON
Tou HSPICE Trou €ival n SPICE pnxavA 1ng SYNOPSYS. EkteAécaue TTARPNG
OUVAMIKEG TTPOCOUOIWCEIG PE APXIKEG METARAOEIC 0 OAEG TIG €10600UG KAOE
KUKAWMaTOG. Ta amoteAéopata ouykpiOnkav pe 10 HSPICE, wg 1Tpog Tnv
OKpiBEIa Kal TOV XPOVOo eKTEAEONG.

Oowv agopd Tnv akpifeia TAPOAKATW @aivovtal dUO CUYKPITIKA
TTapadeiyyarta PeTagu Tou gpyaAciou pag kai Tou SPICE. Ze kdBe trepimTrTwon
TTpooopoIwlnke éva KUKAwPa atrd Ta benchmark circuits kKatw atod Tig idleg
OUVONAKEG WE TIG iIDIEG UETAPBATEIG EI00BWV KAl QUOIKA OTnV idla TexvoAoyia. To
Bua avdAuong tou SPICE civar 1 pico-second 1rou €ival idlo pe autd Tng
TTPOXaPAKTNPIOKEVNG BIBAIOBNAKNG. 2TIG EIKOVEG 26 Kal 27 TTapoucidalovtal Ta
atmmoTeAéopata TTou £dwoav Ta dUO epyaAegia o€ avTITTapdbeon yia To peUPQ
TToU TPpaRdAve ol TTUAEG atrd TNV TpoPodoacia. AvTioToixa OTIG €IKOVEG 28 Kal 29
TapoucidlovTal 0 avTITTaPABeon Ta OUVOAIKG pelPaTa TTOU MPETPRONKaAV
TAVW OTA UTTOOTPWHATA Twv TpavdioTop. Ta KUKAWMOTA TTOU ETTIAEXTNKAV
givar atmoé Ta ISCAS 89 benchmark circuits Ta S13207 ka1 S15850.
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5132@7

line 1
line 2

current(mA)

] 288 48a 3=1) =1=1) 1aE 1260

time(psec)

Ewoéva 26: Avtinapdfeon amoterhespdTov Yo

T0 6LVVOMKO pevpa petdfaong (S13207)

515858

T
line 1
a.2 -
( line &

\

current(mA)
]

time(psec)

Ewova 27:Avtinapafeon amotelecpatmv yio 1o

GVVOMKO pevpa petafaong (S15850)
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Ewéva 28: Avtimapadeon omotehespatov o
70 pedpa vrooTpdpaTog(S15850)
£12207-substrate
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AVTIOTOIXO YyIQ TOUG XPOVOUG €KTEAEONG @AIVETAI OTOV TTiVOKA 3 N
ETMTAXUVON TTOU TTPOCPEPEI N OIKIG Jag UAoTTOINON.

Mivakag 5: Avtutapafson ypovov ektéreong pe to HSPICE

Circuit Our tool HSPICE
$15850 0,5 minute 17 minutes

$15850_1 0,5 minute 19 minutes
$35932 1 minutes 53 minutes
S$38417 1,5 minutes 51 minutes
S$38584 2 minutes 1 hour 24 minutes

$38584 1 2 minutes 1 hour 43 minutes
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KepdAaio 5

MeAéTn SiIKTUOU S1aVOUNAG 10XUOG.

5.1. Eilcaywyn

‘Eva dikTuo dlavopng 10XU0G €ival TO KOPUATI TOU KUKAWMPOTOG TTOU
dlavépel TNV Tpopodoaia aAAd kal Tnv yeiwaon atmod TIG EEWTEPIKES ETTAPES TOU
OAOKANpwHEVOU 0€ OAO TA OTOIXEIO TOU KUKAWHATOG. ATTOTEAEI €va aTTAO
YPOUMIKO KUKAWPA atTd OI0CUVOETEIG TO OTTOIO €ival UTTEUBUVO YIa VA TTAPEXEI
TTavToU €VTOG TOU KUKAWMATOG Pia oTaBepr TAoN Tpo®odoaiag TTou XPEeIAdeTal
Ta KeAia yia va Asitoupyrijoouv cwoTd. Or1 diapkeig €maAnBeuon OPwG Tou
vOouou Tou Moore TTou B€AEl TNV PEIwWOoN TWV PEYEBWY TWV OAOKANPWHEVWYV,
TNV aU¢non Twv OUXVOTATWV AgIToupyiag oAAG Kol TV augnon T1ng
KatavaAwong Twv KUKAWPATWY odnyei oTnv dnuioupyia PeydAwyv TTOCOTATWY
PEUPATWY TTOU PEOUV EVTOG QUTWYV TWV BIKTUWYV 0€ BaBuod TTou va eTTnpeadeTal
N a&IéMOoTN ASITOUPYIQ TOUG. ZUYKEKPIPEVA YIa TEXVOAOYiEG KATw atrd 130nm n
TTAPEXOUEVN TTPOG TIG TTUAEG TAON aTTO TO BiKTUO UTTORABWICETAI ETTNPEEACOVTAG
TNV AEITOUPYIKOTATA TOUuG. H owaoTh Aeitoupyia Tou OIKTUOU TPOPODOUTiag
atroTeAei Baoikd TTapdyovta yia TNV opbr AsiToupyia Tou KUKAWMOTOG. TMa
auTd Tov Adyo n o Touéag TNG avdAuan TnG AsIToupyiag Kal TG agloTTIoTiag Tou
OIKTUOU OlaVOPNG 10XU0G atroTeAei BacikOtato KouudTm oTnv oxediaon
WNPIOKWY KUKAWUATWY UPNAWVY ETTIOOCEWYV OTIG JEPES PAG.

ASyw TNG WHIKAG avTioTaoNG TTOU TTAPOUCIACOUV O1 JN-IBAVIKOI aywyn
TOU OIKTUOU BIavOouAG I0XU0G eppavifeTal o€ TTOAG onueia Tou TITwon Téong n
otroia avagépetal kKal wg IR-drop. ETmiong éva peydAo Kouudr tnv TITwong
TAONG TTPOEPXETAI ATTO TA pins OIACUVOEONG TOU OAOKANPWHEVOU HE TNV
eEWTEPIKA TPOPODOCIa N OTToI0 UTTOPEI VO TTPOEPXETAI EITE PE TNV KAQOIKA
TEXVIKA] Twv wire-bond chips €ite va mpokerrar  yia C4 bump arrays o€
TexvoAoyia flip chip 61Tou o1 diaocuvdéoeig dev BpiokovTal OTIC AKPESG TOU
OAOKANPWHEVOU aAAG o€ aTTAWVOVTAl O€ PIa OAOKANEN ETTIGAVEIA TOU.

H eppdvion, oe éva KUKAwMA, MeEYGAWV TITWOEWV OTnVv TdON
TPo@odoaciag odnyei o€ Peiwon TG TaXUTNTAG METARAONG TWV TTUAWY, PEiwon
TWV avioXwv o€ B0puBO Kal yeVIKA UTTORBIBACUO Twv €MITTEOWY QEIOTTIOTIOG
TTOU PTTOPEI va 0dnNyrnoouv £wg Kal TNV TTARpN atroTtuxia Asitoupyiag. Etriong
Ol UYNAEG TINEG TWV PEURATWY TTOU OlaVUOUV TO IKTUO TTPOKAAOUV ONUAVTIKEG
TTAPAPOPPWOEIS TTAVW TOU AOYW TOU QAIVOPEVOU TNG NAEKTPOUETAVAOTEUONG
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TTOU €ival Kal autog évag TTapAyovTag aoToxiag Tou KUKAwPAToG. H peydAn
TTPOKANCN ETTOPEVWG OAMEPA YIO TOUG OXEOIAOTEG E€ival N KOTAOKEUN €VOG
agIoToTOU  DIKTUOU  Tpo@odooiag TO oToio Ba  Katavéuel TV Tdon
TPOQPOdOCIag XWPIG AULOMEIWOEIG, EIDIKA OTA  KPIOINO  KOWUATIA  TOU
KUKAWMOTOG evwy TTapdAAnAa va dlatnpei 10 TTARBOG Kal Ta ueEyEOn Twv
YPOUMWY OloOUVOECNG O€ XOUNAGQ ETTITTEdA  TTPOCPEPOVTOG  MIKPOTEPN
KatavadAwon kal kataAauBdavovtag Tov AlyoTepo duvaTtd Xwpo.

O1 xwpnTIKOTATEG AVAPETO OTOUG KOUPBOUG Twv BIKTUWV TPoPodoaiag
KAl yeiwong yvwaoToi Kal wg decoupling capacitors AeItoupyoUv oav TOTTIKEG
OUOKEUEG aTTOBrKEUONG @OpPTIOU Kal gival xprioigol oto va apBAuvBei T1o
@aivopevo Tou IR-drop. lMapaoiTikEg XwpeNnTIKOTNTEG HPETAEU TWV YPOUMUWY
METAAANOU TWV aywywv dlaouvOEoNG Kal XwPNTIKOTNTEG PeTagu Tou N-well kai
TOU UTTOOTPWHATOG, CUMPBAaAlouv emTTAéwv decoupling capacitance oTOug
aywyoug dlaouvdeons. AucTuXWG, aKOUa Kal auTr) n €mTTAéov XwpenTIKOTNTA
Oev €ival APKETA YIO va TTEPIOPICEI TO QAIVOPEVO TNG TITWONG TAoNg €VTOg
QATTOOEKTWV YIa TNV oXEdIaon opiwv.

H Baputnta 1ng emmidpaong Tou IR-drop o€ pia oxediaon augavetal amod
TO YEYOVOG OTI Ol TAOEIG TPOPODOTIAg TTOU AEITOUPYOUV TA OAOKANPWHEVA EXEI
méoel amd 1a S5V tou ATav ota 0,6pum oe 1.2V ota 0.13um. Ao Tnv AAAN
OMWG dgv I0XUEI TO D10 yIa TNV KATavAAWoN n oTroia OX1 HOVO OEV PEIWVETAI
OANG O€ YeVIKEG YpauNEG akOAouBEl augnTikh TTopeia KaBwg 10 TTARBOG TwV
TTUAWV €VTOG TOU OAOKANPWHEVOU augavel dIOPKWG. AUTO O€ YEVIKEG YPOUMEG
OnNUAivel EQOCOV N KATAVAAWGON TOU OAOKANPWHEVOU TTAPEPEIVE N idla VW N
TTAPEXOMEVN TAON PEIWONKE OTI TO PEUPA AUEABNKE KATA TOV idl0 TTapdyovTa N
iowg Kal peyaAuTepo. 'ETol yia peiwon atrd 1a 5V ota 1.2V 10 GUVOAIKO peUpa
Ba augnbnke katd €vav ouvreAeoT) 4,17. lMapdAAnAa o1 avtoxég Tng
oxediaong o€ TMTWOoeIG TAong Tou BIKTUOU €Xouv PelwBel. Mia TrTwon Tdong
TNG TAgewg Tou 5% oTa 5V 1poodoaciag avtioToixei oe 250mV evw oTta 1.2V
avTtioToixei oe 60mV. A6 Tov KAaoiko Tutro AV=IR n avtiotaon R tmpétrel va
MEIWOBEI KaTd TOV D10 ouvteAeoT) (4,17) av n éviaon Tou PEUPATOC ATAV
otaBepry. Aedouévou OPwWGS OTI O ATTAITAOEIS O PEUMA TOU KUKAWMATOG OXI
atrAda d¢ev gival n idla aAAd gival katd 4,17 peyaAuTepn TOTE AUTO OnUaivel OTI N
avriotaon R oT1o dikTuo Tpo@odoaiag TTpETTel va eival 17,4 QopéG MIKPATEPN
ota 0,13um atd o1 ATav ota 0,6um pdévo Kal Jévo yia va diatnpnBei n Trrwon
Tdong oTa idla TTocooTIaia eTTITTEdA. To ATTOTEAECUA €ival OruEPa n oxediaon
Tou OIKTUOU Olavoung TNG 10XUOG va OTToTEAEI PEYAAO TTapdyovia OTov
KaBopioud Tng emituxiag TG oxediaong. MapaAciwelc otov Kabopioud aAld
KUPIWG OTOV EVTOTTIONO Kal oTnv 810pOwan Twv TTPOdIaYyPAPUV TTOU TTPETTE
va €xel éva TEToIo OIKTUO Ba €xel apvnTIKA €TTiOpacn OTO TEAIKO QTTOTEAECUA
NG oxediaong.

AOGyw TOU @AIVOUEVOU TTOU QVAQEPOUE TTOPATTAVW KABWG Kal TNG
augnong otnv KartavaAwaon 10XU0G Kal oTnV TaxUTATA TTOU TTAEOV XOAPaKTNPICEl
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TIC OUYXPOVEG UAOTTOINOEIG HIKPOETTECEPYAOTWY UWPNARG amroédoong, o
TapdyovTtag di/dt TTou avTITTPOoWTTEUEl TOV pUBUO UETABOAAC TOU PEUNATOC,
atroTeAei éva onuavtik® ¢ATNPA yia Toug oXeDIOOTEG. AV Kal N OUVOAIKA pEon
KaravaAwon auavetal, Oev aTTOTPETTEl WOTOCO TNV OTTOTOUN METABOAR TNG
évraong Tou PEUPATOG ATTO TA KUKAWMOTA, avTiBETwg PAANICTO PTTOPEl va
odnynoe€l Kal o€ au¢non autou Tou QaivouEvou. O1 oxXedIaoTEG QVTIMETWTTICOUV
QUTEG TIG TTEPITITWOEIG PE ETTAVAOXEDIAON TwV PEYEBWYV Tou OIKTUOU OIAVOUNG
I0XU0G , evw BaacifovTal Kal oTnv Xpnon TTUKVWTWY, aKOua Kal otnv UTrapén
TTOPOCITIKWY  XWPENTIKOTATWY  TTPOKEIMEVOU VA  TTEPIOPICOUV TNV  ATTOTOWN
METABOAR} TOU PEUPATOG KAl TIC QVETIOUUNTEG TITWOEIS TAONG TTOU QUTO
TpokaAei. QoTtdéoo cival amapaitntog 0 UTToAoyIoOuOG TnG €vraong Tou
peUPaTOG 0 €va OIKTUO OIaVOMNG 10XUOG OIOQOPETIKA O OxedIaoTNG Ba
TTpoXwpd& oTa TUPAG pe avemmBuunTa atmmoTeAéopaTa TOOO OE TTEPITITWON
UTTOEKTIUNONG OCO0 KAl O€ TTEPITITWON UTTEPEKTIUNONG TOU PAIVOUEVOU.

5.2. Texvikég avaAuong

To 18avikd oe éva wnolokd flow Ba Atav n evowpdtwon Tou OIKTUOU
Tpo@odoriag va yivel 600 TO Ouvatov VvVwpiTEpa oTnv  avaAucn Tou
KUKAWMOTOG. KAt T€TOI0 Opwg dev gival KABOAOU €UKOAO €10IKA OTA TTPWTA
oTadia NG oxediaong Tou n ulotroinon Bpiokeral oe RTL emitredo. Auto yiari
N ava@Auon TnNg CUUTTEPIPOPAS TOU OIKTUOU TPOPODOCIiag ATTAITEI AETTTOUEPEIG
TTANPOPOPIEC TTOU PJOVO €XOVTAG PIO OUYKEKPIMEVN OOU KUKAWMNATOG WTTOPEI
va e€axBei. e RTL emitredo pia t€toia avaAuon dgv gival apkeTd akpIBAg yia
va BewpnBei agidémoTn kKabBw¢ n dour, OmOTE KAl N CUPTTEPIPOPAE TOu
KUKAWMOTOG, dev £xEl akOPa KaBoploTei. ATTO Tnv OTIYU TTOU TO KUKAwUA Ba
Exel Tepdoel TNV @Acon TNG ouvBeong kal Ba €xoupe €va TTAEyUa aTTd KeAia
MTTOPEI KAVEIC va TTPOXWPENAOCEI O€ JIa TEToIA avaAuon HE Tnv TTPoUTTO0eon
BéBaia OTI £xel KaBopioel TTANPWS g€ QUOIKS eTTITTESO Kal TO BiKTUO dIAVONNG
I0XU0G. TO onuEio OTTOU OI TTEPIOCOTEPEG TEXVIKEG avaAuong Tou power grid
apxifouv va avauelyvuovtal €ival 0tav €XOUME VIO TO WNPIOKO KUKAWMO
TouAdxioTov Tnv Treplypa®ry Tou o€ netlist Baociouyévo oe pia uttdpyxouca
TEXVOAoyia. H oUvdeor pe Ouykekpiuéva HOVTEAQ  TEXVOAoyiag  €ivail
ATToPAiTNTN YIO TNV KAAUTEPN EKTINNON Twv PEUMATwY TToU TpaRdel TO
KUKAwpa. Ooov agopd 10 dikTUO SIAVOUNS 10XU0G XPEIAZETAl Wi TTEPIYPAPN
O€ QUOIKO ETTITTEDO TTPOKEIMEVOU VO UTTOPOUV va €§ayxBouv e akpifeia ol
TTAPACITIKEG AVTIOTACEIG KAl XWPNTIKOTNTEG OE AUTO.

To peyoAUtepo  TPOPBANUa  oTnv  avdAuon €vOG  KUKAWMOTOG
ouptrepIAapBavouévou Kal evog OIKTUOU 10XUOG €ival To peydAo péyeBog
(ouvnBwg ekatopuupla  KOuPBol o€ €vav ouyxpovo eTregepyaoTtr). H
TTPOCOPOIWACN OAWV TWV KN YPAPUIKWY OTOIXEIWV TOU KUKAWWATOG Padi e TO
OikTUO 10XU0G €ival uttoAoyIoTIKG aduvato. O Adyog BpiokeTal oTtov TPOTTO
AgIToupyiag Twv €PYOAEiwV TTPOCOUOIWONG Kal OTIS TTAPAdOXEG TTAVW OTIG
otroieg Baaifovtal. ‘Etol yia ta gpyaieia TutTou Fast-SPICE, mmou douAelouv
oe emiTedo TpavCioTop, N TTPOOONRKN €vOG YPAPUIKOU KUKAWWPATOG TTou Ba
ouvedee OAa Ta KEAIG TOU WN@IGKOU KUKAWMOTOG Ba oTepouce Tnv Bacikni
1I016TNTA TOUG YIA DIOXWPICKO TOU KUKAWMATOG O TUAMOTA Kal avaAuon poévo
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oowv amd autd Tapoucialav dpaocTnpioTnTa. Oa utroBifale €10l TNV
ammoédoon Tou gpyaleiou, ammd dmown TaxutnTag, ota emimeda piag SPICE
MNXOVAG KABIoOTWVTAG TNV Xpron Tou acuu@oprn. AT TNV AAAn, Ta epyaAEia
TTOU QOUAEUOUV O¢ €TTITTEDO TTUAWYV OeV €ival OXEDIOOUEVA KAl OEV UTTOPOUV
aAyopIBUIKA va uTTooTnpPiCouv TNV TTPOCOAKN evog dIKTUOU Tpopodooiag. Me
autd T Oedopéva  yiveTal @avepd OTI dev uTTOpPEl va UTTAPEEl AuEON
TIPOOEYYION TOU TIPOBAAPATOG OAANG TTPETTEl va YiVEl PE KATTOIOV EPUECO
TPOTTO.

H o kAaoikr péBodOG TTpooéyyiong yia avdaAuon evog Wwn@lakou
KUKAWMOTOG oupTtTEPIAaUBavopévou Tou BIKTUOU TPOQOdOoCiac aTTalTel Tov
dlaxwpiopd TnG diadikaoiag o€ dU0 QACEIS. APXIKA TO PN-YPOUMIKO KOUUATI
TOU KUKAWWMOTOG TTPOCONOIWVETAI UTTO TNV Bewpnon OTI Tpo@odoTeiTal atmod pia
oTaBepr 1I0AVIKN TTNYR TPOYodOoCiag Kal atrd auTr) Tnv diadikacia e¢dyovtal Kal
atroBnkKevovTal Ta PEUPATA TTOU QUTO TPAPRAEL. TNV GUVEXEIQ, QUTO TO KOUUATI
MovTeAOTTOIEITOI oAV AveEdpTnNTeEG  TINYEG  TPOPODOOIAg, OTIG  OTTOIES
amodidovrar Ta pevpara Tou  €€AxOnoav amd TO TPWTO  BAMA, KOl
epapudlovtal TTAvw OTO YPAPMIKO OiKTUO OlavOMPNS 10XUOG TO OTTOIo Kal
TIPOCOMOIWVETAI. ATTO QUT TNV TTPOCOMOIWaN €gAyovTal oI TITWOEIS TAong
TTOU gp@avifovTal OTO YPOUMIKO OIKTUO OTO ONMEIA TTOU EQATITETAI PE TO
WYNI0KS KOPUATI TOU KUKAWUATOG.

Katd Tnv ektéAeon auTAg TnG diadikaaiag TrTapouaidleTal Eva TTpoRANUa
KOOBw¢G Ta peluaTa PE TA OTTOIO TTPOCOMOIWONKE TO YPAUMIKO OIiKTUO
e€nxbnoav amd Tnv TIPOCOMOIWCN TOU WN@PIOKOU KUKAWMATOG HE TNV
Bewpnon 611 N TPo@odoacia Tou gival I0AVIKA. TNV TTPAYUATIKOTNTA OUWS QUTAH
n mapadoxn 6ev 1oxUel, OTTOTE KAl Ta PeUuATA TTOU €€fxBNOAvV OTO TTPWTO
Brua oOev eival Ta TTPAYMOTIKG ME atmoTéAeoua auth) n dladikaoia va
TTAPOUCIACEl ONUAVTIKEG ATTOKAEIOEIS. AUTO QaiveTal Kal oTnv eiIkova 30 61Tou N
KUMATOMOP®N TOU peUPaTog utrtd TNV Bewpnon 18avikng Tpopodoaoiag divel
TTOAU peyaAUTEPN MEYIOTN TIWA, KATI TTOU Ba aAAoiwoel Ta aTTOTEAETUOTA TNG
TITWOoNG TAoONG KATA TNV TTPOCOUOoIWON Tou dIKTUoOU Tpogodooiag. Movo o€
KUKAWHATA TTOU TTAPOUCIACOUV MIKPEG, €WG  AVUTTOPKTEG, TITWOEIS TAONG,
OTTOTE KOl n oxediaon dev emNPeAeTal ATTO AUTO TO QAIVOPEVO UTTOPEI va
BaoioTei kaveic oTa amoTeAéopata TTou  Oivel pIa TETOIO TEXVIKA. €
TTEPITITWOEIG OPUWG OTTWG auTiG oTnv €lkéva 31 OTTou QaiveTal n Tdon OTO
KOUPBO Tou BIKTUOU TPOYOBOCIiag TToU TPOYODOTEI TO KOPUATI TOU KUKAWMNATOG
TTou €dwaoe To pelpa TNG eikdva 30 n TITwon Tdong €ival ONUAvTIKN, YIa AuTto
KAl N ATTOKAION TNG CUYKEKPIUEVNG TEXVIKNAG TTOAU PEYAAN. Z€ OXEDIAOEIG OPWG
uynAwv TTpodiaypa@wy OTToU Ta TTPAYHATA KIvoUvTal OTO OpIo, N oKPIBAS
EKTIUNON TNG TIPAYMATIKAG TITWONG TAONG TNG TPOQPODOCIaG OTTOTEAEI
TTANPo@opia peiovog onuaaciag yia Tnv e¢EAIEN TNG oxediaong.
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Ewova 30: Atéxkiion Kopatopopeav pevpdtov petadd 0empnong

WBUVIKIG TPOPOI0GINS KU TPOYRATIKNG.

Eival onpavTiké va tovioTei 0TI Ta pevpaTta TTou TpaRdel o€ KABe onueio Tou
OIKTUOU TO KUKAwMa dev gival aveEdptnTa PETagU Toug AOyw Tov €€QPTHOEWV
TTOU UTTAPYXOUV PETAEU TWV AVTIOTOIXWV TUNUATWY (blocks) TOU KUKAWMATOG.
Mia dladikaoia avTIJETWTTIONG autoUu Tou TrpoPAfuatog Baciletal oTnv
eCaywyn dIavUOPATWY €1I000WV Yia KABE aveEdpTNTO TUAMA TOU KUKAWMATOG
ME TNV XpNnon evog AOyYIKOU TTPOCOMOIWTA KAl XPNOIMOTTOIWVTAG OEiyhaTa
€1I000WV YIa TO OUVOAIKO KUKAwA. Eival TTOAU onpavTiké Bépa oTnv avaAuon
TOU QIKTUOU &I1aVOUNG 1I0XU0G 0 KaBopIoudS Twv SIaVUCUATWY €I00d0U TTou Ba
EQAPUOCTOUV YIO TNV avaAuon. ZTov ToPéa TNG MEAETNG TNV TTITWONG TAONG TO
nToupevo cival va BpeBouv ekeiva Ta Ceuyn €1060wv TToUu Ba dWOoOouV TO
MEYOAUTEPO OTIYMIQIO PEUMA, VW ATTO TNV GAAN OTNV avadAucoh TOU QaIVOPEVOU
TNG NAEKTPOUETAVACTEUONG TIOU YiveTal TTAVW OTO OIiKTUO 10XUOG, TO
EVOIQQEPOV ETTIKEVTPWVETAI OTIG €10000UG TTOU Ba dWOoOoUV TO HPEYAAUTEPO
MEOO peUpQ.
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Ewéva 31: [Ipaypatikn) Ttdon taong 6 képfo

OLIGVVIESTS TOV HIKTVOV TPOPOIOGiag.

5.2.1. Karnyopieg pebodoAoyiwv

H pébodor avdAuong Tou OIKTUOU Tpogodoaiag xwpilovral oe dUO
KATNYOPIEG, OTIC ECAPTNUEVEG ATTO €I0EPXOMEVA dlaVUOUOTA EI00DWV Kal OTIG
aveCdpTnTee amd auTtd. TNV TIPWTN TTEPITITWON  €XOUME va  KAVOUUE
OUCIAOTIKA PE MIa avdAuon avTioTolXn TNG OTATIOTIKNAG TTPOCOMNOIWVOVTOS TO
KUKAwpa yia éva 1TTARBo¢ diavuopdaTtwy €1000wv. To mTpoéRAnpa dpwg otnv
TTEPITITWON TNG avAAuong Tou dIKTUOU gival OTI, O€ aAvTiBeon PE TRV OTATIOTIKN
avaAuon via eKTignon evépyelag, Oev WAXVOUME yia uia TiuR TTou Ba
OUYKAIVOUV KATTOIO OTIYMA TA OTTOTEAECHATA TWV TTPOCOMPOIWCEWY, AAAG Yia
TNV TTEPITTTWON €KEivn TTOU Ba dwaoel TNV PEYIOTN TITWOoN TAoNG o€ KATTOIOV
KOuPBo Tpopodociag. To TPoRAnua edw PpiokeTal 01O yeyovog O dev gival
yVwaTo atrd TNV apxn 10 {euyog diavuoudtwy oTI £10600u¢ TTou Ba dwaoouv
Mia p€yioTn TITwon 1aong. EkTég atmd v ammibavn mTepiTrTwon va yvwpidel Je
KATTOIOV TPOTTO O OXEDIOOTAG £va TETOIO CEUYOG TIMWYV, TTPETTEI VA AVOAUCOUE
TO KUKAWPA yia €va peydAo Ociypa €1000wv Kal va aglohoyroouue Ta
ammoteAéoparta. MaA urdpxel n avaykn va 6o6olv amd Tov OxedIAOTH TA
dlavuopaTta ekeiva TTou, Bewpei Katd TV yvwun Tou, OTI €mPBapuvouv o€
MeydAo BaBud 1o KUKAwMG OTToTE Ba 0dnNyACOUV OTIC PEYAAUTEPES TITWONG
Tdong. Zav AUon o€ autd To TTPORANPa diagaivovTal TEXVIKEG TTOU KAVOUuvV
QTTOTINNGON TOU KUKAWMPATOG Kal €EAyouv auTouaTa €va agUVoAo PeTaRAoEwV
€1I000wVv TTOU BewpnTikA divouv Tnv HeyaAUTeEPn OpaOTNEIOTNTA OTOUG
KOUPBOUG Tou, OTTOTE Kal T JEYAAUTEPA PEUPATA OTOUS aywyoUs TPoYodoaiag,
OTTOTE TTBAVOV Kal TNV JEYAAUTEPN TITWON TAong o€ auTd Ta onueia. MpdkeiTai
OMWG yIa PEBOOOUC UTTOAOYIOTIKA QTTAITNTIKEG Ol OTTOIEC AEITOUPYOUV YIa
TUAMOTA TOU KUKAWMOTOG avTi yia TO OAOKANPWHEVO OUVOAIKA. ETTiTTAéov
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QUTEG OI TEXVIKEG AOyw TOU TTEPIOPICPEVOU apIBUOU Twv OEIYUATWY TTOU
AauBdvouv divouv ouvrBwv UTTOTINNUEVES EKTIMACEIC YIQ TNV TITWON TAONG
KOABwWG OTTAvVIa TTETUXAIVOUV TOV TTPAYUATIKO OouvOuaousd TTou Ba dwaoel Thv

MEYIOTN TIUN.

ATTO Tnv AAAn BéRBaia, kai eTeidr) dev €ival KABOAOU TTPOKTIKO Kal
€EUKOAO atrd TOV OXEDIAOTH VA TTAPEXEI MIA TETOIO TTANPOQOPIA, UTTAPXOUV
MEBODBOI o1 oTToieg AsiToupyolv Xwpig diavuopaTta €I06dwv 1 nNTave Tuxaia
dlavuouara mou e¢dyovTal TTOAU eUKoAa. AuTEC o1 TTpoaeyyioelg BaailovTtal o€
TEXVIKEG EKTIUNONG TOU WMEYIOTOU pPeUhaTOg TTOoU Ba Tpapdel kKGBe  Tou
KUKAWMOTOG XWPIC auTil n TIUA TTPONYOUMEVWG va  cupTtrepIAapBAveTal
ATTAPAITNTA OTA ATTOTEAECUATA TWV TTPOCOUOILTEWV.

EvaAAakTIKA  TTpocEyyion yia TV avdAuon Tou OIKTUOU TnG XPAong
mOavoBewpPNTIKWY MOVTEAWY, aveEdpTNTwV atmd CuyKekpiyéva diavuouaTa
€1I000WV, TEXVIKA AVTIOTOIXN ME AUTHV TNG EKTIUNONG I0XUOG N OTTOIa OUWGS OEV
MTTOPEI va EVTOTTIOEl TNV TTEPITTTWON €KEivn TTou Ba dwaoel TNV PEYOAUTEPN
TITWOoN TAoNG KABWG Kal TNV €KTAON QUTAG.

H kevipikr] @IAoco@ia OAwvV QUTWV TwV TIPOOEYYIOEWV TOU TPOTTOU
avaAuong Tou OIKTUOU TPo@odoriag €xXEl va KAVEI UE TNV EKTIUNON TNG
XEIPOTEPNG TITWONG TAONG TIOU TTOPOUCIAETAI OTOUG KOUPBoug Tou. To
@aivouevo TnG nAekTpopetavaoTeuong (EM) eivar éva egicou onuavtiké B€ua
KAl N TTPOCEYYIoH TOU BaoifeTal O TTAPOUOIEG TEXVIKES. AVTi yia Tnv TAON O€
KaBe kO6PPBo otnv EM n avdAuon €TMKEVIPWVETAI OTAV MEAETN TOU PEUPATOG
TWV KOUBwWV Kal avTi yia dvw opla otnv TITwon Tdon BeoTriovral épia oTnv
€VTOON TOU PEUNATOG.

5.3. EPTTOpIKEG TTPOOEYYiOEIG TOU TTPOBARMATOG.

OAeg oxedbdv o1 AUCEIC TTOU UTTAPYXOUV OTO EUTTOPIO OKOAOUBOUV Thnv
@IAoCOYia TOou OdlaXwpIoPoU TNG TIPOCOPOoIwoNg o€ OUO QACEIG OTTWG
ava@épBnke Tapatrdvw. To TPORANUa woTdo0o TNG ATTOKAIONG TOU PEUNATOC
TTOU €EAYETAI KATA TNV TTPOCOMOIWCN TOU WN@IOKOU KUKAWMOTOS Adyw TNG
AavBaopévng Bswpnong 1I0aVIKAG TAONG OV QVTIMETWTTICETAI OUCIOOTIKA O€
Kapia a1rdé autég. Mia TEXVIKA TTOU €TTIOILOKEI TOV TTEPIOPICHO TNG ATTOKAIONG
AOYW TNG Bewpnong 1IBAVIKAG TAONG €ival PE MIa ETTAVOANTITIKA dladikagia.
2UYKEKPIYEVA PETA TNV KAVOVIKI O1adIKOTia TTPOCON0IWONG TTOU WneIakou Kal
OTNV OUVEXEID TOU YPAPUIKOU KUKAWMOTOG n diadikacia emmavalauBaveral
MOVO TTOU QuTr TV QOPA TNV TTPOCOUOIWACN TOU WYNQPIAKOU KUKAWMPATOG avTi
yia 19avikf Tpo@odoaia €ICAYETAI MIA TIMA TTOU UTTOAOYIOTNKE OTTO TV TTPWTN
avaAuon Tou OIKTUOU TPo@odoaiag. AuTd €yIVE KAl PE IO TTPOCAPUOYH TWV
QVTIOTOIXWV EPYAAEIWV TTPOCONOIWONG va dEXOVTAI DIAPOPETIKEG TIMEG TAONG
TTAvVW atro Ta dIAPOPA CNUEI TOU KUKAWUATOG.

OewpnTIKA MIa TETOIO Kivnon ATTOOKOTTEl OTO va €XOuv KaTd TO OeUTEPO
TEPACUA, 01 TAOEIS TPOPOdOaiag TTavw aTTd KABE KOUUATI GTNV TTPOCOM0IWaN
TOU WNQIOKOU KUKAWMATOG, TIMEG KOVTA OTIG TTPAYMATIKEG. QOTOOO0 QUTH N
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MEBODOG Oev ptropei TTAAI va eCaAegiwel TO TTPOBANUA, avTIBETWG UTTOPET va
onuioupynaoel emtTAéov TpoBARpaTa. Kupiog Adyog yia auTto gival 011, aoxXETwg
TOU TTWG €¢Aayel TNV TIMR TAong KABe kOPBou Tou OIKTUOU, OEV UTTOPEI va
TTPOCBIOPIOTEI EUKOAQ HIa «CWOTA» TIPNA. MNa éva gUVOAO TTPOCOUOIWCEWY HE
OIaQOPETIKEG PETORBACEIC OTIG €10000UG gival aiyoupo OTI KABe petdBaon Ba
TIPOKAAEI Kal TNV dIKIA TNG TITwon Taong. Etmiong o€ éva ypaupikd KUKAwua
OTTWG €ival TO BIKTUO TPOPOdOTiag UTTAPXEl DIOPKNG CUOXETION METALU OAWV
TWV KOPPwWV TOu BIKTUOU Kal N TIUA TNG TAONG Ot KABe évav armd autoug
eTNPEedlel oAdkAnpo 10 dikTUuo. Eival Aoimmév ciyoupo TTwWG yia TO PeEYAAO
TARB0¢ atrd diaviopaTa UETARBACEWY OTIG €10000UG Ba AVTIOTOIXEI Kal aTTd
éva dIdvuopa TTTWOEWV TAoNG oTou KOPBoug Tou OIKTUOoU. Eival emTouévwg
AGBo¢ va giodyel KATTOI0G Pia oTabepr) TIUA 0 KABE KOUPO yiaTi, OTTOI KAl AV
givar autr), dev Ba avTIOTOIXEI OTNV TIPAYMATIKA TITWon TAong yia Tnv
OUVTPITITIKA TTAEloWN@ia Twv dIaVUOUATWY HJETABAcEwY €100dwv. Mia TéToia
Tpooéyyion @aivetar otnv e€ikova 32 omou USIM civar o Fast-SPICE,
emmédou Tpavliotop TTpocouolwTS TNG Cadence kar UPS(Ultrasim Power
network Solver) gival 0 avTioToIXOG TTPOCONOIWTAG TTOU XPNOIUOTIOIEITAI VIO TO
YPOUMIKO BiKTUO BIaVOUNG 1I0XU0G. TO HEYAAO PEIOVEKTAMA AUTAG TNG HEBOBBOUG
gival OTI OOUAeUEl PE OTATIKEG TIMEG QVTi yia KupaTtopop@eg. ETtiong, Otmmwg
Tapadéxetal éuueca kal n idla n Cadence, o transistor level TTpocoUOIWTAG
O¢ev gival apkeTA ypriyopog yia va avTeTTeEEABEl o€ uEYyAAOG UAOTTOINCEIC, €IOIKA
MaAloTa 6Tav aTTaiTeiTal n eTavaAnyn NG KABe TTPOCOUOIWaoNG.

Original Netlist

Power Grid Extraction

e
l‘_,..--""'_'___'_ _‘___'_“‘“--.._H
Tap Current
Signal Net s N Power Grid
USIM Simulator TP5S Simulator

3 VDD Value _//

IR Drop Report and Power Grid Waveforms 1

F

Ewkova 32:UltraSIM and UPS cosimulation

Mia dAAn TTpocgyyion cival n kataokeuy Fast-SPICE 1rpocouoiwTwy
Tou douAelouv oe emiTredo TpavlioTop Kal cuvuttoAoyifouv atreuBeiag Tnv
emidpacn Tou OIKTUOU I0XU0G. MAAIOTO yia Ta YPOUMIKA OTOIXEI TOU
KUKAWMOTOG €@apuolovtal €vag aplBuog atTAOTTOINOEWY JE OKOTTO VA KAVEI
TNV avAAUON TOU KUKAWUATOG EUKOAOTEPN BiVOVTOG PIKPOTEPOUG TTIVAKES TTPOG
etmiduon. QoTtdéoo kal autr) N Auon dgv uloBeTEITAI ATTO TOUG OXEDIAOTEG KABWG
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YIO OXETIKA PEYAAEG UAOTIOINOEIS O XPOVOG EKTEAEONG TWV TTPOCOUOIWCEWYV
givar uttepPoAIKG peydAog. AuTtr n TTpocEéyyion €QapuooTnke atrd 10 HSIM,
é¢vav Fast-SPICE trpocopoiwTt) TG Nassda 1Tou oTnv Tropeia ayopdoTnke
atmo TNV Synopsys[85]. To pyeyGAo HEIOVEKTNUA AUTAG TNG PEBODOU gival OTI,
TTAPA TNV OXETIKA WEYAAN akpiBeia TTou TTeTUXAivEl, €ival UTTEPPBOAIKG apyd
KaBwg atrd TNV pia douAeguel og eTTiTredo TpaviioTop, atro Tnv AAAn n oudeuén
TOU KUKAWMATOG PE TO IKTUO OIAVOWNG 1I0XU0G, OGO Kal av €xel atTAOTTOINBEI,
onuioupyei otnv Fast-SPICE pnxavry amwAgia tng BaoikAg 1810TATAG TTOU
€XOUV autd Ta epyaAcia, TG BIACTTIAONG TOU KUKAWMOTOG Of MIKPOTEPQ
partitions. Eival xapaktnpioTiké AAAwaoTe OTI 0TV AUCHN TTOU TTPOTEIVEI N idIa N
etaipia yia full-chip duvapuikr) avaAuon Ttou IR-drop dev cuuTtrepIAauBaveral To
HSIM aAAd aAAa epyaAcia TTou SoUAeUOUV O€ ETTITTEDO TTUAWV. [Ma TIG HEYAAEG
UAOTTOINOEIG KUKAWPATWY N TTPOTEIVOUEVN aTTO TNV €TAIpia AUCT TTEPIAQUPBAVEI
évav switch-level,assignable delay TTpocopoIWTr 0 OTTOIOG WE TNV XPHON TTPO-
XOPAKTNPIOUEVWY PETARACEWY €EAYEI TIC KUUATOUOPPEG TWV PEUMATWY OTTO
TNV dpacTtnpEIdTNTA TwV KOPPWV. OTTWe duwe @aiveTal Kal oTnv €Ikéva 33 T0
OikTUO BIavOUNAG 1I0XUOG Oev PETEXEI KABOAOU OTnVv avaAucon Tou Wn@Iiakou
KUKAWMOTOG TTaPd JOVO UTTaiVEl apoU €Xouv e€axBei TTANPWS T pEUPATA TTOU
autd Tpapacl. Eival @avepd emouévwg OTI aut n Auon Ba trapouciadel Tig
QATTOKAICEIC TTOU  TTAPOUCIACTNKAV OTA TTPWTA  KEPAAaia AOyw TOU N
uTTOAOYIOPOU TNG €TTiIdPOONG TNG TTPAYMATIKAG TITWONG TAoNG TOou OIKTUOU
OIAVOUNG 1I0XUOG OTNV CUPTTEPIPOPA TOU KUKAWUATOG.

54. Mé0odog Tpooopoiwong ME oU0leusnn  dIKTUOU
TPOYOod0oUiag.

210 TTAdiola Tou TTaPOVTOG OIDAKTOPIKOU avamTuxOnke uia pEBOdOG
QUVOUIKAG TTPOCOUO0IWONG EVOG YNPIAKOU KUKAWMATOG cuvUTTOAOYi(ovTag TNV
oupTTEPIPOPG TOou OIKTUOU Olavoung 1oxuog Travw o€ autd. H péBodog
AeiToupyei o€ eTTiTedO TTUAWV OTTOTE ETTITUYXAVOVTAI CNPAVTIKA UIKPOiI XPOVOI
EKTEAEONG eV N aKkpiBela TTapapével o€ TTOAU uwnAd eTTiTTedA, CUYKPIVOUEVN
akoua Kai autr) TTou mpoo@épel To SPICE. H pébodog Baailetal 010 epyaleio
TIPOCOMOIWONG TTOU TTEPIYPAWANE OTO KEQAAaio 4, évav event-driven, gate-
level, assignable delay, logic simulator 6Tou Opwg yia k&Be cell uttdpxel
TTAAPNG XapaKTNPIOUOS TNG PETABaong o€ transistor level o€ pia BiBAI0BAKN
TTPO-XAPOKTNPIOUEVWY  HETaBAoewy. To epyaAeio autd TTPOCOUOIWVEI TO
WYnelokd, HUN-YPAPUIKO KOMMATI TOU KUKAWMOTOG Kol AEITOUpPYE PE €vav
evaAaooouevo TpoTTo pe pia SPICE pnxavr) n otroia TTpo0OoNoIwVEl TO OIiKTUO
d1avoung 10XU0G TToU aTTOTEAEI £va YPauuIKO KUKAwua. H pébodog Asiroupyei
ETTAVAANTITIKA PE Ta OUO epyaAcia va evaAAdooovtal o€ KABe eTTavaAnyn
EKTEAWVTOG ATTO TUAMA TIG TTPOCOMOIwoNG. Ta atroteAéouata TTou divouv, O€
MOP®N] KUpATOHOPQWV YIa TAON Kal yia peUpha, Ppiokovidal Kovid oTa
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TIPAYHATIKA VIO TA OTTOI0 O JOVOG EVOAANAKTIKOG TPOTTOG va TTapayBouv gival he
xpnron e€ohokAipou SPICE aAAG o€ TTOAU TTEPICOOTEPO XPOVO.
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Ewova 33:Avalvon trdong tTaong om6 o PrimeRail tng Synopsys

H péBodog 1Tou uAotToinocape akoAouBei oav Bacikr TTPooEyyion TV
idla dladikacia TTou akoAouBouUv TTOAAG Ola@OpPEeTIKG epyaAgia Pe TO va
dlaxwpiel TNV TTPOCOUOIWOCN METALU TOU YPAMMIKOU Kal TOU HN-YPOUMIKOU
MEPOUG TOU KUKAwpaToG. H diadikacia autr) atmmaitei Tov TTPoodIopIcPO TNG
OlETTaPG METAEU TOu BIKTUOU 1I0XUOG KOl TOU Wn@Iiakou KUKAwuaTtog. ‘ETol ol
KOUPOI Tou BIKTUOU OTTOU EVWVOVTAI PE TO WnPlokd KUKAwua ovoudlovTtal tap
points evw yia TIG avAYKeS TIG diadikaaoiag, To peUupa TTou TPaRdel TO Yn@Iakod
KUKAwPa péoa amd kdBe tap point ovopdletar tap current. e KaBe
eETavAANWn TO €PYAAEIO TTPOCONOIWONG TOU KUKAWMPATOG UTToAoyiCel Ta tap
currents yia éva povo Briua tou xpdévou To PEyEBOC Tou OTToiou KaBopileTal
ammo €UAG. ZTNV apxn TNG TTPOCOMOIWONG, OTNV TTPWTN £TTAvVAAnYn, n Tdon
TPOoYodOoCiag BewpeitTal 1IBAVIKHA. ZTIG ETTOPEVES ETTAVAANWEIS N AVTIOTOIXN TIMNA
TNG TAONG CUVEXICEl ATTO EKEI TTOU OTANATNOE OTO TTPONYOUHNEVO BrMa.

O 1pocopoIwTAS Ba avaAloel To KUKAwUA BewpwvTag yVwaoTh TV TAoNn
Tpoodoaoiag yia kABe tap point kai Ba €gdyel Ta peuhaTA YIO £va MIKPO
Xpoviké didoTnua BewpwvTtag OTI N Taon dev Ba petaBAnBei. Eival Baoikd va
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XPNOIMOTIOINCOUPE HIKPO PBripa kaBwg £101 10XUEl n Bewpnon 611 n Tdon
Tpoodoaiag dev TrpoAafaivel va petafAnBei aAAG TTapapével otaBepry. H
€MAOYN ToU Briuatog atroTeAEl Kpioiun TTapdpeTpo TnG diadikaoiag. MNa pikpd
BriuaTa n akpifeia oTa ATTOTEAECUATA TTOU TTETUXAIVETAI €ival KOA aAAG uE
MEYAAO KOOTOG O€ XPOVO eKTEAEONG. ATTO TNV AAAN peydAo BAPa Ba emTayUvel
Mev Tnv dladikacia aAAd Ba odnyAoel o€ aTTOKAICEIG EEAITIOG TOU YEYOVOTOG OTI
n TGon Tpogodooiag dev pével oTaBepny (1 oxedov oOTabePr) KATA TNV
d1adIKaoia TTPOCOUOIWONG TOU WNQPIAKOU KUKAWMPOTOG. ZTOV OXETIKO XPOVO
GA\WOoTE TIOU YiveTal N TTPOCOMOIWON TOU WNQIAKOU KUKAWMATOG N
TTANPO@opiIa TNG TAoNg TPOPOdOTiag Pag gival ayvwaoTn. Na autd BacifopacTe
oTnv Bewpnon o1 yia YIKPO Ba peivel oTaBEP OTNV TIPN TTOU €iXE OTNV ApPXN
TNG diadikaoiag péoa oe KaBe emavalauBavouevo KUKAo. O1 KUkAol auToi Ba
OUVEXIOTOUV £WG OTOU VA PNV UTTAPXEI AANO dpaoTnpioTNTa OTO WNQPIOKO
KUKAwMA Kal 7o SiKTUO 10XU0G oTaBepoTTOINBEl 0€ HIa TIPA. ATTO TIG TIMEG TTOU
eCayape o€ KABE eTavaANTITIKO BANO CUUTTANPWYVOVTAI O KUMATOUOP®PES TOOO
TwWv Tdoewv 600 KOl TWV PEUNATWY OTa tap points Tou OIKTUOU OIAVOUNG
IOXU0G. TNV €lkéva 34 Ttrapoucidletal To OlAypauua TIG UEBOdOU pE TO
wneiakd trpooopoiwT (EDS) kar Tov SPICE 1TpocopoiwTh Tou BIKTUOU Vva
evaAAdooovTtal €wg OTOU OCUPTTANPWOEl pia oAOkAnpn Trepiodo¢ Kal TO
KUKAwMO oTaBepoTroinoei.

transition

library \
digital EDS SPICE Tap Point
netlist simulator IR-drop

input /
Power
Grid

vectors
Ewova 34:Avaypoppo eravoinatikig pedosoov

)

)

)

Tap Point
Voltages

)

MeTd atmd apkeTd TTEIpdpaTa €TMAEXONKE cav 10AVIKN TIUA yia TO Brua
TNG d1adIKACiag va gival ion he TNV PEON KaBUOTEPNON €VOG AVTIOTPOYED O
OTT0I0G 0dnyei XwPENTIKOTNTA ion PE TNV XwpPnTIKOTNTA €10600U TOU KAl VIO
1Idavikr) Tdon Tpo@odoaiag. MNa povréAa Texvoloyiag 90nm autd peTappaleTal
oc MIa TP Trepittou ota 20 pico-seconds. O TTPOCOUOIWTAG  €XEI
TIPOXOPAKTNPIoEl TIG PeTARAOEIS pE BAMA 1 pico-seconds OTTOTE UTTAPXEI
OPKETO TTEPIBWPIO VIO VA €EAYEI KUPATOUOPPEG PEUPATWY YIA AUTO TO MIKPO
d1GoTNHa.
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5.4.1. AtroteAéopara

21NV eikéva 35 aiveral N aitia TNG atrdékAIong oTnv KAAoIKr diadikaoia
TIPOCOPOIWONG PE 10aVIKr Tpopodoaia. H Kupatopgop®n a) ival To peUuha TTou
TpaBdsl To KUKAwMa o€ éva tap point Bewpwvtag 6T n Tdon TG TPOPOdOTIag
gival otaBepny kai 1daviky. H atrékAIon KUPiwg wg TTPOG PEYIOTN TIM aAAG Kal
w¢G TTPOG OIAPKEIO €ival KATI TTOPATTAVW ATTO QAvePr) O OUYKPION ME TNV
TIPAYMATIKA KUJATOUOP®N TOU PEUPATOG TTOU TTapouciddetal oto b). TEToleg
MEYAAEG OTTOKAIOEIG OTIC METPAOEIC TWV PEUMATWY 0ONnNyouv o€ MEYAAEG
ATTOKAIOEIG KOl OTO €TTOUEVO PBripa OTTOU YIiVETAI KAl N €KTiUNON TNG TITWONG
TdoNg OTTWG PaiveTal oTNV €IKOVA 36.

-e.o02 | = /\‘/ ;l |
1 ALY \ / /
—e.o0s |- ‘_\\ j ‘\U [
I EREIEEY VAN RV ]
f Y] V7 v

J R o&
-.083 | ". ‘;' . h I‘ /"'I\l} =
1/ =

-e.e1 |{ —

Tap Current (mA)

-e.o12 |-

-8.014 [ i B

-B.016

time(0.1ns)

Ewoéva 35:Kvpatopopen Tap Current.
a) [Ipocopoimon pe WaviKi TPoPodocia
b) Hpaypotucy Ty

Ta ammoteAéopaTa TTou Ba dwaoel N XpAoN TNG TAKTIKIG TOU a) JE 1I0AVIKEG OTNV
apxn TPoPodOCieC 0dNYEl 0€ UTTEPEKTIUNON TNG TITWONG TAoNG. Na va €XoupE
MIKPOTEPN OTTOKAION O¢ auTh Tnv dladikaoia Ba ETTPETTE O TTPAYUATIKEG
TITWOoNG TAoNG va ATAV YVWOTEG ATt TO TTPWTO PrPaA, KATI TO OTToio €ival av
OxI TTapdAoyo TouAdxioTov ATOTTO KaBwWg autd uTroTiBeTal 0TI WAXVOUNE OTNV
OAn diadikaacia.
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Ewéva 36:Kowpatopopen téong tpopodoocioc.
a) [Ipocopoimong KUKA®PATOS PE LOAVIKT] TACT KOl 6TV GUVEYELN TPOGONOiMGT power grid

b) npaypatucy Taon

ATTévavTl o€ auTo TO PEYAAO TTPORBANUA aKpPIBEIag Kal agloTTIoTiag Twv
aTroTEAEOUATWY N IKIA Pag UAOTTOINON £PXETAI VA QVTITTOPABECEI onUAVTIKA
aTroTEAEOUATA KOBWG O€ TTOAU PIKPOTEPO XPOVO ATTO AUuTOV TToU Ba aTTaITOUCE
10 SPICE €1meTE0XON N £€QYWYA TWV KUPATOUOPPWY HE TA ATTOTEAECUATA TTOU

@aivovTtal oTnv €Ikéva 37 yia Tnv Taon Tpo@odoaciag Kal aTnv €Ikova 38 yia To
pevua aTo tap point.

| | line 1
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o
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8.7 E
4O | I | i
a 18 2o 38 48 s5a &€
time(0.1ns)

Ewova 37: Anotehéopata pedddov cOykiiong yia Taon TpoPodocios ™S TPOS TNV TPUYHATIKOTNTA
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Tap Current (mA)
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Ewova 38: Anotehéopata pedddov ovykiiong yia tap current mg TPog TNV TPUYRATIKOTNTA

5.4.2. Xpbévog ekTéAeong

To emduevo TTOU TTPETTEI VO AVOAUCOUMPE O€ QUTO TO OnuEio gival o
XPOVOC eKTEAEONG O OTTOIOG ATTOTEAEI KAl TO PEYAAO PEIOVEKTNUA OAWV TWV
EMTTOPIKWY  €QAPUOYWY TIOU TIPoOoTTaBolv va TIpooeyyioouv TO  BEua
ETMIOIWKOVTAG OKPIBEIOG ATTOTEAEOUATWY. 2€ KABE eTTavaAnyn Tng d1adikaaoiag,
oTNV TTOPEia TTPOG TNV OUYKAION, €KTEAOUVTAI dUO TTPOoCOoUOoIWCElS. Mia oTo
WNQIAKO KUKAWUA KAl YIO OTO YPAMMIKO DiKTUO dlavoung 1oxuog. Oowv agopd
T0 OeUTEPO, TO YPAMMIKO KUKAWMPO autd apxIKa Ppioketal o€ TTepIypa®n
Quoikou emiTédou (layout) KaBwg €101 €¢ayeTal amd TA AVTIOTOIXO €PYAAEIA.
KaBoTI ypaPPIKO PTTOPOUME VA €GAYOUUE ATTO AUTO €va I00OUVANO KUKAWMO
ME OAa Ta BACIKA YPAPUIKA OTOIXEIA OTTWG AVTIOTACEIG, TTUKVWTEG KAl TTRvid.
Avdloya pe Tnv avdaAuon TTou BEAoulE va €XOUMPE PTTOpoOUME ATTO TO vd
OPKECTOUUE POVO O€ QVTIOTACEIG £WG KAl VO CUMTTEPIAABOUNE aKOua Kal Tnv
QAUTETTAYWYN. XPNOIUOTTOIOUNE €vav PETATPOTTEN TOU EUTTOPIOU YIO AUTO TOV
oKOTTO. AvaAoya Kal hE TIG OUVATOTNTEG TOU EPYAAEIOU PETATPOTTAG, PTTOPOUV
va Yivouv atTAOTIOINCEIS OTO YPAUMIKO KUKAWMPO PE OKOTTO TNV MEIWON Tou
apIBUOU TwV OTOIXEIWV TOU KABWG Kal TTapdAnyn 60wV €K AUTWYV TTNPEACOUV
eNAYIOTA TNV CUMTTEPIPOPA Tou (PE BEoTTion evog threshold). ZkoTrdg eival To
I000UVANO YPOUMIKO KUKAwUa TTou Ba egdyoupe va €xel 600 10 duvaTtdv
AiydTepa oToIxEia €101 WOTE va mTaxuvlei n dladikacia TNG TTPOCOM0IWONG
Tou. ETTiong yia éva ypaupIko KUKAwWPaA n d1adikagia TTpOCON0iwong atmd pia
SPICE unxavr utropei va yivel o€ TTOAU PIKPOTEPO XPOVO atrd OTI O€ €va dn-
YPOUMIKO. ETTOuéVWG N TTpocopoiwan Tou SikTuou Tpo@odoaiag ue pia SPICE
pMnxavA &gv atroTeAei TTPOBANPA OCWV aPopd TOV XPOVO EKTEAEONC.

O xpdvog ekTEAEONG TNG TTPOCONOIWONG TOU WNQPIAKOU KOUUATIOU TOU
KUKAWMOTOG  atmoTeAOUOE  TTAVTOTE TOV  PEYAAO TTOVOKEQOAO yIia  TOUG
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oxedlaoTéG. ANwoTe n xprion Twv Fast-SPICE e@apuoywyv TTou TTavw TOUg
BaoioTnkav OAa oxeddv Ta UETETTEITA EPYOAEIQ TTPOCOUOIWONG oPEiAovTal O€
MeEyAAo BaBud yia Tnv UTTAPEN autou Tou TTPORAANATOG AIOTTIOTIAS KABWG
ayvonoav emitndeg TNV UTTAPEN Tou OIKTUOU Tpo@odoaoiag. MNa va PTTopEoEl
éva epyaleio va ouptTEPIAGBEl To OIKTUO TPOPODdOTiag aTnv avaAucn Tou Kal
va dwoel aglotoTa atroTeAéopara TPETTEl va uTToBIBAcEl TNV TaxutnTa
ekTéENeoNg oe emimeda kKovid otou SPICE. Kapia éwg Twpa epappoyr 1Tou
O0UAeUEl o€ eTTITTEDO TTUAWV OV €ixe AVTIHETWTTIOEI AuTd TO TTPORANUA. OTTOTE
Madi pe Tov XpOvo ekTéAeonG TTPETTEI va An@Bei utTdéwn Kal N akpipela Twv
ATTOTEAECUATWY TTOU QUTO TO £pyaAgio Divel.

MapakdTw TTapOoUCIAleTal €va TTAPAdEIYUA TToU OEiXVEl TNV ATTOdOO0N
TOU aAyopiBuou oe oUyYKPION PE TNV POVAdIKK) EVOAAQKTIKF) €TTIAOYN TTOU £XEI
évag oxedIaoTAG yIa TNV JIECaYywWYr OUYKEKPIUEVWY ATTAITNTIKWY OE AKpiBEla
TIPOCOPOIWCEWV. A TNV TTPAYPATOTTOINCN YIOG OTATIOTIKNAG avaAuong o€ €va
WNQIAKO KUKAWPO cupTtTEPIAaPBavouévou dPwg Kal Tou SIKTUOU TPo@podoaiag
ATTAITEITAI N TTPpaydaTtoTroinon evog TAROOUG BUVAMIKWY TTPOCONOIWTEWY
TAvw o€ autd. To POVODIKO €pyaAcio TTou MTTOPEl va avtatreEEABEl OTIG
ammaitioelg yia akpieia givar To SPICE yia toug Adyog 1ToU avo@épBnkav
Tapatmdvw. ‘ETol Aoimmov e@apudoape éva TARBog 3000 diavuopudtwy e106d0u
OTO KUKAWUA KAl TTPAYHATOTTOINCAPE AVTIOTOIXEG OUVAMIKEG TTPOCOUOIWOEIG
ME xprion Tou gpyaieiou HSPICE tng Synopsys kal o€ avTimrapdbeon Pe TV
Okl Mag uAotroinon. To KUKAwWA TO OT0i0 €TMAEXTNKE ATav ammd 1A
benchmark circuits 10 6288 110U €ival £vag 16X16 TTOANATTAACIOOTAG Kal TTOU
atroteAeital amd kaTm Aiyotepo ammd 3000 1TUAeS. XpnoipoTtroienkav uovtéAa
TEXVOAOYiag 90nm evw TO OIKTUO OIAVOUNG 1I0XUOG PETAOXNMUATIOTNKE OE £Va
I000Uvapo RLC kUKAwpa. Me Ta OUYKEKPIPEVA TEXVOAOYIKA POVTEAD £YIVE KAl
0 TIPO-XAPOKTNPIOMOS TNG KEAIWV yia Tnv Kataokeur TnG PiIBAIoBAKNG
pMeTaBdoewv TTou xpeldletal ammd 1o OIKO pag epyaleio TTpooopoiwong. O
diadikaoia TTou akoAouBABNKe yia KABE epyaAeio TTEpIyPAPETAI TTOPOAKATW:

HSPICE: To ynoiokd KUKAwua kai 1o 100d0vapo RLC dikTuo diavounig
I0XU0G el0€pyovTal dIaouvOedEPEVA O Eva KOIVO APXEIO OTOV TTPOCOMNOIWTH.
O1 mrpooopolwoelg yia KABe didvuoua €106dwv YivovTal CEIpIOKA Kal Oxl
OIOKEKOMUMEVA, ME MIA EKTEAEON TOU TTPOYPAUMOTOG YAUTWVOVTAG €TOI TOV
XPOVO avAAuong TOU KUKAWMPOTOG Kal €Caywyng TwV TTIVAKWY PEUUATWY Kal
Tdocwv TTOU £TO1 YiveTal Jovo pia gopd. To HSPICE atroteAei pia atrd TIg TTI0
ypnyopes unxavég SPICE pe TexvikéG auénong BAMOTOC TTPOCOMOIWONG O€
OUVBNAKEC I00PPOTTIAG Kal yPriyopngs ETTIAUCNG CUCTNUATWY TTIVAKWV.

AiKid pag rpooéyyion: To Yyn@iakod KUKAwPA diveTal XwpIoTd atrd TO
OikTUO 10XU0G padi pe Tnv dieTTagn METAEU Toug. O aAydpiBuOg TTPOCOUOIWVEI
o€ KABe eTavaAnywn 1o Yyn@iokd KUKAwa yia 6Aa 1a diavioparta e1I06dwv yia
éva TUAMO TNG TTEPIODOU Kal OTNV CUVEXEIQ PE Ta peUPATa TTOU €EnxOnoav
TIPOCOMOIWVEI TO YPOUMIKO KUKAwpa e xprion tou HSPICE amd tnv
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KATtdoTaon oTnv otroia BPIoKOTav yia TO WIKPO auTtd XPOVIKO Ol1aoTnua,
ocipiokd yia kdbe didvuopa petafaocewyv. H diadikacia oTtapatdel yia Kade
dldvuopa peTaBdoewy OTav TTAYEN va UTTAPXEI OPaCTNPIOTNTA OTIG TTUAEG.

Ta ammoTEAEOPATA WG TTPOG TAON KAl pEUPA  PaivovTal oTnv €Ikova 37
Kal eIKOva 38 avrioToixa. To evIUTTWOIOKO OUWG OToIXEIO TNG dladikaciag ival
011 n Tpooopoiwon pe HSPICE xpeidotnke 3 BOOUABES vy e TNV OIKIA POG
MEBODO POAIG 3 wpes. MNpokerTar dnAadn yia emTadxuvon x168 og oxéon Ue 10
SPICE pe Tnv akpifela va KupaiveTal o€ TTOAU KOVTIVA eTTITTEdA TNG TALEWS TOU
5% o€ oxéon pe 10 HSPICE.
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KepdAaio 6

AglomrioTia KUKAwPATwV-EKTipnon sort error rate

6.1. Eilcaywyn

To @aivouevo Tou soft error atrd emmidpaon popiwv AA@a avapépOnke
yia TpwTn @opd atmd Toug May kai Woods [96] kal atrd T0TE £x€l KaTaBAnOei
ONUAVTIKR TTPOoTTABEIa oToV KAGDO TNG oxediaong KUKAWHUATWY NUIOYWYWV
yid  QVTIMETWTTION autoU Tou TrpoBARpaTog. Autd  TrepIAaupavel  atrod
TPOTTOTTOINON TNG OXEdIOONG YIO PEIWON TNG ETTIPPONG Kal TNG euaiocbnaoiag o€
eCwTePIK  akTIVOBOAia  €wg Tnv  TOTTOBETNON  €I0IKOU  €EWTEPIKOU
TIPOOTATEUTIKOU TTOU BwpakiCel TNV oxediaon Kal XpHon BEATIWHPEVWY UAIKWV

2av o@AAua (error) Bewpoupe €va onua r KATrolo 6ed0PEVO TO OTTOIO
€xel Aa@Bog TiunR. AGOn ptropei va TTpokAnBouv atrd eAaTTwpaTa otnv doun A
TNV OXEdIA0ON TOU KUKAWMOTOG, T OTTOId UTTAPYXOUV aTTd KATAOKEUAG, 1 AOyw
OTAdIOKAG KATAOTPOPNG TWV OIQCUVOECEWY KAl TWV  AYywywv TIou
OnMIoupyouvTal e ToV Kalpd Adyw dIa@opwy QaIVOPEVWY TTOU TTAATTOUV TNV
KaTaokeur) O0TTwg electromigration, Bepuokpacia k.a. ATé Tnv AAAn éva soft
error gival €tmiong éva onua f éva dedouévo To OTToIo €€l AGBOG TIUR aAAG
TTOU OEV CUVETTAYETAI EAQTTWHOTA OTNV OOUN TOU KUKAWMATOS. H TTapouacia
evog soft error (1 aAMiwg single event upset SEU) katd tnv Acitoupyia Tou
KUKAWWPOTOG OEV GUVETTAYETAI KOl OTI TO KUKAwUA £XEl KATTOI0 TTIPORANUa 1 OTi
gival AiyodTepo agIoTTioTo atrd OTI ATAV TTPIV.

Av evromoTei, €éva soft error ptopei €UkoAa va  SlopBwOEi
ETTAVAYPAPOVTAG Ta OWoTA Oedopéva oTtnv Béon Twv AAvBaopévwy.
2UOTAMOTA UWNAAG aloTrioTiaog  XpnoihoTtTololV d1opBwTEéS AaBwv yia va
evrotmriCouv kal va OlopBwvouv soft errors oe TpwTO XPOVO KATA TNV
AeiToupyia TOou KUKAWMATOG. QO0T600 0€¢ TTOAAG CUCTAMOTA €ival TTPAKTIKA
aduvaTov va TTpocdlopicbouv Ta owoTd dedopéva OTTOTE KAl O EVTOTTIONOG
Twv AaBwv oTnv AciToupyia Tou KUKAWPATOG Ogv gival €QIKTOC. ETmmTAéov
OKOUA KAl N €QapUOyn UNXaviopwy TTiAuoNnG AaBwv o€ deUTEPO XPOVO deV
atroTeAei TavTa AUon KaBwg PtTopEi va uttdpéel aoToxia TOU CUCTAUATOG
TIPOTOU Yivel N d16pBwaon o1roTe N diadikacia e1iAuong Tou TTPORARUATOG va
TepIANaUBAvVEl ETTAVEKKIVNON.

Ta soft error TmeplAauBavouv aAAayég oTnv  TTANpoopia  Tou
OUCTAMATOG (TTOU TTPOKEITAI YIa NAEKTPOVIO O€ €va Wn@IaKO KUKAWMPO
atmoBrikeuong) aAAG dev ouvettayetal aAAayéG oTnv OOMN TOU KUKAWMATOG
TTOU OTNV oucia €ival Ta dropa. Av Ta CwoTAd dedoUEVA ATTOKATAOTABOUV TO
KUKAwMa Ba ouvexioel va douAelel owoTd. Soft errors utropei va mmpokuywouv
O€ YPAMMEG METAQOPAG, WNOIOKA Kal AVOAOYIKA KUKAWUATA, HayvnTIKOUG
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diokoug K.a. OAANG  ep@avidovial KUupiwg O€  ATTOBNKEUTIKA OUCTHAUATA
nuIaywywyv. Ta soft error dev €xouv Kapia oxéon ME TA TTPOYPAUMOATIOTIKA
AGON.

6.2. Kpioipyo @oprtio

To av éva KUKAwpa Ba gival emTppeTt) o€ soft errors e¢aptaTal ammd TNV
EVEPYEIQ TNG EPXOMEVNG AKTIVOPBOAIAG, TNV YEWMETPIO TOU @QAIVOPEVOU, TNV
TOTTOBETIA TOU XTUTTANOTOG KAl TNV OXEDiO0ON TOU KUKAWMOTOG. 2XEDIACEIC UE
MEYOAUTEPEG XWPNTIKOTNTEG KAl MPEYAAUTEPEG TAOEIG TPOYOOOUiag Eival
Aiyétepo mBavd va  avTigeTwtrioouv TTPoRARuata. Autdg O CuvOUAOUOG
XWPNTIKOTNTAG KAl TAONG TTEPIYPAPETAI PE TNV KPIOIUN TTAPAPETPO QYOPTIONG
Qcrit WG N eAGXIOT PETABOAN NAEKTPIKOU @QOPTIOU TTOU XPEIAZETAI VIO VO
aAAGEel TO AoyikO eTTiTredo TOUu KOPPBou. MeydAn Tiu Tou Qe ONUAivEl Kal
Aiyétepa soft errors. ATTd TNV GAAN OPWG PEYAAO Qerie CUVETTAYETAI ETTIONG KA
MO APYEG AOYIKEG TTUAEG AAAG KAl PEYOAUTEPN KaATAVAAWON 10XUOG. TNV
Biounxavia n Taon gival yia Jeiwon Twv JEYEBWV TwV OAOKANPWUEVWY Kal TNG
Tdong TPOoYOdOoOiag, yia TTOAAOUG Kal TTpogaveic Adyoug, odnyei Opws o€
peiwon Tou Qerit. Na autd TOov AGYO n onuacia TTou divouv oI OXeBIAOTEG OTA
soft errors au¢dvel 600 TTPOXWPAEI N TEXVOAOYIO TWV NUIAYWYWV.

2e €va AOYIKO KUKAWMPO TO Qeit OPICETAI WG N €AAXIOTN TTO00OTNTA
PopTiou 0€ £vav KOUPBO TToU XPEIAZETAI YIa VA TTPOKAAETEI hIa ETARBOAA TAONG
TToU Ba peTagepBei oTnv £€€000 Kal Ba €xel apkeTr didpKeIa Kal PEyeBog yia va
@T1aoEl €wg TNV €6000 TOU KUKAWMATOG KAl OTNV €i0000 €VOG PAVTOAWTH.
Eg@ooov éva ynolakd KUKAwPa TTePIEXEl TTAPA TTOAAOUG KOUPBOUG Kal 0 KABE
Evag  €xel OIA@OPETIKA XAPOKTNPIOTIKA OCWV agopd XwpenTiKOTATA KAl
ammoéoTaon atd TNV £€£0d0 dev PTTOPEl va UTTAPEEI KOIVOG TTPOadIopIoudS yid
TNV agIomoTid OAWV TWV KOPPwWV OAAG TTPETTEI va  TTPOCDIOPIOTEI  MIA
METABANTA Quri VIO KABE KOUBO.

6.3. Aitia dnuioupyiag soft errors

Ymapyouv dU0 kartnyopieg soft error avdAoya pe Ta qiTia TTOU T TTPOKAAOUV.
AuTa gival:

e Chip level soft error.
» System level soft error.

21NV TTpwTn TrepiTTwon 1a chip-level soft errors cupPaivouv étav Ta
padievepyd ATtopa  OTO  UAIKO TOU  OAOKANpwuEVOU  dIACTTWVTAI  Kal
atreAeuBepwvouv cwpatidla GA@a péoa oTto KUKAwa. ETTeidr éva ocwuartidlo
AAQa TTEPIEXEI BETIKO POPTIO Kal KIVNTIKA EVEPYEIQ UTTOPEI ANO XTUTTAOE! £va
KEAI uVARNG va TTpokaAéael TNV aAAayr) TG AOYIKNG TIUAG TToU auTo Trepiéxel. H
OUVOAIKA atouikr) dpacTtnpiotnta BERaia cival TO0O aTTeEIpOeAdXIOTN TTOU Oev
ETTNPEACEl TNV dor Tou KUKAWMOTOG. Ta chip-level errors gival otravia Kabwg
N OUYXPOVEG MVNAMEG TTEPIEXOUV UAIKG TTOou €ival 1600 oOTaBepd TTou Ba
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XpelagoTav, o€ €vav TUTTIKO UTTOAOYIOTH ME MEYAAN MvrAun, TouAdyxiotov 10
XPOvIia yia va apxioouv Ta padlevepyd OTOIXEId TOU OAOKANpwuEvou va
dlaoTTWVTAl.

Ta system-level soft errors eu@aviCovrar o6tav 1a &edopéva TTOU
emmegepydlovTal péoa o010 KUKAWPa déxovtal Tnv emmidpacn BopuBou, Kupiwg
oTav PBpiokovtal OTIC YPOAUMES HETapopdc. O1 uttoAoyioTEG TTpooTTaBouv va
gpunvevoouv Tov B6puBo ocav bit dedopévwyv TO OTTOIO aAAOILVEI ThV
A€ITOoUpyia TOU OUCTAPATOG TTPOKOAWVTAG aoToxia R atrodrkeuon AAGBog
d0edopévwy otroTe To TTPOPANUa Ba eupavioTei apydtepa. O BOpUBOG aUTOG
MTTOPEI va TTPOEPXETAI OTTO TTAPAYOVTEG EKTOC KUKAWMATOG, OTTWG aKTIVOBOAIa
TEPIBAANOVTOG, 11 €VTOG TOU KUKAWMATOG AOYW @aivopévwy ouleugng,
MEIWPEVNG aKEPAIOTNTOG ONUATOG (signal integrity) kai GAAa.

6.4. Extipnon Soft Error Rate

Ta soft errors gugavidovral Kupiwg ae U0 TOMPEIC TOU KUKAWMOTOG.
Méoa oTa KeAia TNG PVANNG KAl OTOUG KOPPBOUG Tou AOYIKOU KUKAWMPATOG. ATTO
autd OOWV aQopPd TO TTPWTO KOUMATI N €PEUvA TTOU €XEl YiveEl O€ auTOV TOV
TOMEQ €ival EKTEVIG KOl UTTAPYXOUV EUTTEIPIKA JOVTEAA YIA TOV UTTOAOYIOUO TOU
TToco0oToU soft error (sort error rate)[86].

2TO KOUMATI TTOU a@opd TNV avTioTolXn avaAuon oTa AOYIKA KUKAWMATA TA
TTPAyHaTa TTEPITTAEKOUV TTOAU. H PEAETN TNG £TTIOPAONG TOU TTOAPOU PEUPATOG
TToU dnuIoupynRenke atrd Tn emidpacn Twv cwuaTIdiwy Kal N TOTTIKA avaAuon
TNG CUMTTEPIPOPAG TWV OTOIXEIWV TTOU ETTNPEACTNKAV TTEPIYPAPEI PYOVO TN
onuioupyia piag AavBaopévng METABOAARG TNG KATAOTAONG OTOV OUYKEKPIUEVO
KOUBO Kal OxI TNV €Tidpacn TIOU aUTO WTTOPEI va €XEl OTO AKOAOUBIOKO
KOUMATI TOU KUKAWMOTOG o1rdte Kal Ba ammoTtehouoe €va soft error. O
TTOPAYOUEVOG TTAAPOG TAONG OTOoV KOUPO €§0doU TNG TUANG Ogv  Eival
atmrapaitnto 611 Ba odnynoel o€ aAAoiwon TNG TIUAS TNG AOYIKNAG KATAOTAONG
EVOG MAVOOAWTI TTOU WTTOPEI va PPIOKETAI APKETA AOYIKA ETTITTEdA HPAKPIA.
YTTapxouv TPEIG TTAPAYOVTEG TTOU UTTOPEI va ATTOTPEWOUV €va event upset va
odnynoel o€ soft error kai o1 o1T0IOI €ival :

1. H nAeKTPIK) CUPTTEPIPOPA TWV TTUAWV.
2. H Aoyikil cuuTTEPIPOPA TWV TTUAWV.
3. O xpoévog a@itng NG METABOANG OTOUG HOaVOOAWTEG.

O mTpwTOG TTAPAYOVTAG APOPA TNV CUUTTEPIPOPA TNG TTUANG O€ NAEKTPIKO
eTitTedo 1TTou Ba dexBei oTNV €i00d0 TNG TNV OTIyHIaia peTdpaon. O deUTEPOG
TTapdyovTag TTOU PTTOPEN va atroTpEéWel éva event upset va yivel soft error givai
N AOYIKI KaTdoTaon OTNnV OTToia BPioKOVTAl Ol TTUAEG TOU KUKAWWPATOG TTOU
mpéTTel va dlavuoel To event éwg OTou @TACEl O KATTOIOV PavoaAwTr. OTTwg
QaiveTal Kal oTnv €IKOva 39 pia YeTGRacn PTTOPEI va aTTOKOTTE (TTEPITITWON Q)
N va tepdoel (mepimtwon B) amd pia TTUAN avaloya MPE TIC TIMEG TwV
UTTOAOITTWV €1I060WV TIG TTUANG. TENOG O TpiTOG TTapdyovTag TTou Kabopilel av
éva o@AAPa Ba TTEPACEl O€ €va OTOIXEIO JVAMNG €ival N XPOVIKA OTIYMA AQIgENg
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TOU TTOAPOU OTNV €i0000 TNG KABWG TTPETTEI VO CUMPTTECEI JE TOV OTIVUA TNG
OEIYUMATOANWIOG TOU PHAVTOAWT.

logic O

logic 1 —

S\ \vi

Ewova 39:Logic Masking

lMNa TNV €KTiPNon TNG ouxvoTnTag eu@dviong Aabwv oe KAtrolov KOuPo (soft
error rate SER) €xouv TTpoTOBEi OPKETEG TTPOOEVYIOEIG OE OIAPOPETIKA
aKpiBelag 6cwv agopd Ta cuvouaoTIKG KuKAwuarta. H katnyoplotroinon Tou
ava@EéPETal TTOPOAKATW:

a. AtreuBeiag Tmpooopoiwon evog SEU evidg Tou KUKAwPaTog. Epyaleia
oTTwg 10 SEMM [2] xpnoiuotroiouv Monte Carlo Trpocouoiwon yia tnv
EMTEVEN AKPIBECTEPWY ATTOTEAEOUATWY OAAG PE UWNAG Tiunua ToV
MEYAAO XPOVO EKTEAEONG.

b. AvauikTeg péBodol TTpooopoiwons. H Auon tTou Trpoteivel To Dynamo
[3] TTpooTTaBEl va PEIWOE! TIG ATTAITACEIG TNG TTPOCOPO0IWONG, APXIKA UE
MIa  OTATIK) TTPOCEYYIoN, KAl OTAV OUVEXEID TTPOCOWNOIWVOVTAS TO
KOMMATI TOU KUKAWMOTOG TTOU TTAPOUCIAdEl TNV Kpiolun dpaoTtnpioTnTa
O€ ETTTTEDO KUKAWMATOG, VW TO UTTOAOITTO TTPOCOUOIWVETAI O€ ETTITTEDO
Xpovou.

c. YBpidikég uéBodol oTmwg 10 SERA [89] aAAd kai To SEUPER_FAST
[90]. To SERA xpnoiyotroigi évav cuvdouaoud otrd pabnuatiké Kai
TEXVIKEG TTPOOOMOIWONG YIa va @TAcEl 0TNV ekTipnon Tou SER xwpig 10
KOOTOG TNG TIAAPOUG TIPOCOMOIWONG TOU KUKAwWATog. AuTd TO
TTETUXQIVEI EEOPOIWVOVTAG TIG TTUAEG METAEU TOU KOPPBOU TTOU CUUBaiVEl
170 SEU Kkal Twv €1060wv Twv pavoaAwTwy e 10000vVaPouUG inverters
Kal di1egayel TTpooopoiwaon o€ electrical level TTdvw oTo arrAotroinuévo
KUKAwpa. To SEUPER_FAST cival évag TTpocOuoIWTAG TTOU BOUAEUEI
o€ UYPnAoG emmitredo oxediaong OTTou Oev UTTOPEI va Yivel AETTTOUEPNG
avaAuon PEOW TNG TTPoooMoiwong aAAd uttoloyilel To SER pe xprion
MABNUATIKWY MOVTEAWV.

d. TpoocouoiwTég oe AoyikO eTTiTTedo PE xpron PoviéAou kabuoTtépnong.
Autr n katnyopia TreplAaupavel epyaAeia omwg 10 FAST [91], TO
ASSERTA [92] ka1 To ASSA [93] kai TTpooTraBouv va uttoAoyiocouv
Toug TpeIG Trapdyovteg (electrical, timing kai logic masking) TTOU
Treplopiouv éva SEU atrd 10 va TTeEpAcEl 0TO aKOAOUBIaKO KouudaTi. To
FAST ouvdualel Tnv xprion evog KAaoaikou event driven TTpOCOUOIWTA
yla €KTiNON TG TTopeiag diadoong kal atrodrikeuong evog SEU ue évav
TTPOCOUOIWTA PNOEVIKOU PovTéAOU Xpovou (zero-delay) evw ammd Tnv
GAAN XpNOIPOTIOIEITaI €VaG XPOVIKOG TTPOCOMOIWTAG YIa TNV EKTiUNON
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NG Oidpkelag kABe TraApyou. To ASERTA xpnOIMOTIOIED  TTIVOKEG
aAnBeiag yia Tov Tpocdlopioud Tou SEU, zero delay trpocopoiwth yia
TNV ekTipnon Tou logical masking, éva JOVTEAO PE XPHOoN PAUTTIAG VIO TO
electrical masking kai peAETN TNG dIAPKEIQG TOU TTOAPOU yia timing
masking. To ASSA XpnoIYoTToIEi £éva EKTEVEG XPOVIKO TTapAabupo yia
timing masking, ®&iadoon mBavoTnTag yia logic masking kal pia
KAUTTUAN atréppiyng BopuPou yia electrical masking.

OAeg o1 TEXVIKEG TTOU ava@épBnkav TTapaTTdvw €XOUV TA PEIOVEKTAMATA
TOUG €iTe o€ emmiTTedo aKPIBEIag, €ite o€ eTiTTEdO Xpodvou ekTéEAeong. ETTiTTAéov
TEIVOUV va TTEPIOPICOUV TOV EAEYXO TTOU €XEI O OXEDIQOTAG OTNV TTOPEI PIOG
oxedioaong kabBwg OAol oxeddv ol aAyopiBuol AsIToupyouv O€ dounuUEVa
KUKAwpata kal ox1 o€ kamola RTL trepiypar. ETtriong dev TTapéxouv oTov
oXedIaoTA TTANPOPOPIEG OXETIKA PE OAAAYEG OTNV dOUN TOU KUKAWMPOTOG TTOU
Ba odnyoucav ce eAaxioTotroinon Tou SER. To peyaAutepo TTPOBANUa TTOU
TTapartnpeeital oe epapuoyEg 0TTwg 1o FAST, 1o ASERTA, kal To ASSA éxel va
KAVEI JE TOV TPOTTO OIACUVOECNG TWV TPIWV TTAPAUETPWY TTOU ATTOTPETTOUV TNG
ammoBnkeuong evog SEU atrd karroio latch. Auté odynoe kai otnv xpron zero
delay TTPOCOPOIWTWY KAl EVOWMUOTWHEVWY MOVTEAWV yIa TNV EKTiUNON TOU
timing kai electrical masking.

Mia JIaQOPETIK) TTPOCEYYION TIOU AVOTITUXTNKE OTA  TTAQICIO NG
d1aTPIRNS TTapoUCIAleTal TTAPAKATW OTTOU Ol TTPONYOUUEVOI TTAPAYOVTEG TTOU
MEIWVOUV TNV akpifela TTeplopiovTal aloBnTd evw TTapAAANAQ ETTITUYXAVETAI
ONUAVTIKA €MTAXUVON OoTnv dladikacia Tng AOYIKAG TTPOoOouoiwong NG
d1ddoong Tou AavBaopuévou event. H trpoTeivopevn peBodoloyia BacieTal o€
évav Monte-Carlo zero-delay Aoyikdé TTpOCOMOIWT MHE  EMITTPOOBETES
duvartoTnteg dlaxeipiong Tou timing kai Tou electrical masking o€ xaunAd
ETTITTEDA TTEPIYPAPNS EVTOS TOU Kupiou flow Tou TTpocopoIwTA. AUTO ETTITPETTE
TNV BaBuoAdynon Tng emidpaong KABe TTapapéTpou oTnv ekTipnon Tou SER
KATI TTOU Oev ATav duvaTtov va yivel pe TIG TEXVIKES Twv ASERTA kai ASSA. H
Xpnoigotroloupevn peBodoAoyia €TTionNg ETMITPETTEI TOV TTPOCOIOPICUO TNV
«ANdBougy» peTaBOANG QopTiou, TNG diIAdoong TTAAPOU Kal HEBODOUG XPOVIKAG
avaAuong o€ dIAQOPETIKA ETTITTEDA OKPIBEIOG WOTE VA UTTAPXEI N duvaToTnTa
€AlYUOU PETAEU TaXUTNTOG TTPOCOMOIWONG Kal aKPiBEIag.

21OX0G auTNG TNG douAgiag cival va €iodyel Tov uttoAoyioud Tou SER
EVTOC evOG peyaAuTepou flow TTou va emiTpétrel TV dlaTTPAYNATEUCT TNG TIMAG
TOU ME GAAEG TTOPAMETPOUG TNG oxediaong OTTwG XPOvIoud, 10XUG, XWPO
KaBwg Kal peupa dlIappong.

6.5. AvaAuon Soft Error

Otwpolue OTI £€va akoAouBloKd KUKAWPO PTTOPEI va TTEPIYPOQPEi cav
évag Tmivakag atrd flip-flops 1Tou eAéyxovtal atrd €va poAdl Kal cuvOUAOTIKN)
Aoyikny avaueoa ota etritreda Twv flip-flops. Ocwpoupe etriong 61 10 Soft Error
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Rate evog kKukAwpartog ekppdadetal oav 1o TTooooTo Twv Single Event Upsets
(SEUs) tmou mmapoucidlovTtal eVvTOG TOU KUKAWMNATOG Kal «TTIAVOVTAI» aTTO Ta
otoixeia pviung, 6nAadn Ta flip-flops. Etriong Bewpoupe o611 €va SEU éxel
oTafepry MOavOTNTA va EPQAVIOTEI 0€ évav KOPPO KaTd Tnv OIApPKEIA HIOG
TEPIGOOU.

6.5.1 Electrical Modeling

‘Eva popiakd XTUTTNUA UWNANG EVEPYEIAG UTTOPEI va €MOpAcel PE TA
dropga Tou TTUpITiOU Kal va dnuioupynoel évav aplBud ammd  Ceuydpia
NAEKTPOViwv Kal oTTwv [94], Ta oTroia pTTopouv va aAAGEouv Tnv AoyikA
KATAoTOON TOU KOUBOoU. AUTO TO QAIVOUEVO UTTOPEI va povTeAoTToINBEl attd pia
TNy PEUMATOC PE EKBETIKA peiwon OTTwg oTo [95].

1(6) = 1, (7% — e™*/%)

Al0@OpeTIKA €TTiTTEdA OTNV I0XU TOU KUPATOG TTOU Ba XTUTIOEl TOV
KOO Ba dwoouv dIagopeTIKO apiBud atrd euyn NAEKTPOVIWV-OTTWYV KATI TTOU
avTikatoTTpileTal oTov TTapdyovta 5. O KGUBOG TOU KUKAWMATOS TTOU ETTARYN
MTTOPEI va gival €ite €£000¢ WIaG TTUANG E€iTE KATTOIOC ECWTEPIKOS TNG KOUPBOG.
Eg@ooov 10 £TTiTTed0 TNG EVEPYEID TOU KUPOTOG TTOU XTUTTNOE TOV KOPPBO Kal
TTPOKAAEoE TO AavBaopévo event gival pia Tuxaia TTAPAUETPOG, TO TTAGTOG TOU
TTOPAYOUEVOU TTAAUOU TAONG PTTOPEI va TTEPIYPAPET TTapdPOoIa oav Jia Tuxaia
TTAPAPETPOG ME MIO OUVAPTNON TTUKVOTATAG TBavoTnTag (probability density
function pdf) Trou ptTopEi va TpooeyyioTei atmd Monte Carlo TTpocouoIwoElg.

Mo atmAOUCTEUPEVEG TTPOOEYYIOEIG TTOU WTTOPOUV VA €QAPUOCTOUV
Tavw oTnv pdf 6TTwg Kal aTnv Tuxaia TI Tou TTAGTOUG TOU TTOAPOU (UTTOpPET
va BewpnBei 0TI TO TTAGTOG TNG KUPATOPOP®NG €ival oTtaBepn TR yia pia
0edouévn TTUAN).

2e autp tTnv OoUA&lId n avaAuon JTTOpPEl va yivel TO00 ME TNV
ATTAOUCTEUPEVN TTPOCEYYION TNG OTABEPAG TINAG 000 Kal he oTtrolodntroTe pdf
yla To TTAATOG TOU TTaApoU. 2TnVv deUTePN TTEPITITWON UTTAPXEl diddoon Tou pdf
Méoa O0TO KUKAwHA €wg TIG €10000uUg TwV flip-flop. Katd tnv mmopeia autAg NG
d14ddoong, 1o pdf petaBdAAeTal AaupdavovTag uttéyn 1o electrical masking kai
OTNV OUVEXEID XPNOIJoTTolEiTal oTov UuTToAoyiopd Tou SER. ATtrapaitntn
TTpoutré6eon eival n mepiypagry Tou pdf oe éva opiouévo atrd Tov XPRoTn
aApIOPO eTTITTEQWYV TTPOKEIMEVOU va gival dUVaTH n d1Gdoon YECA OTO KUKAWWA.
H peyaAutepn Ty KBavrotroinong UTTopEi va eival ion pe tnv 1ePiodo Tou
poAoyiou, KaBwg yia TTaAPoug peyaAuTtepou TTAATOUG TO timing masking dev
éxel kayia emidpaon. H diadikacia diddoong yivetal ue ouvduaoud logic Kai
electrical masking kal 8a avaAuBei avaAuTIKA TTAOPAKATW.

H mOavétnta Onuioupyiac SEUce évav kOuBo ammd  eEwTEPIKA

aKTIVOBOAia €ival avaloyn Tou peyéBoug 1o KOPPBou KaABWGS n 10XUG TOU
QAIVOUEVOU BewpeiTal OPoIOPOPPN EVTOG TOU KUKAWMATOG. AIQQOPETIKA YO
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TNV TIEPITITWON TTOU QUTO Ogv IO0XUElI TOTE XPEIAZETAI MIA TTEPIYPAPH TNG
KATAVOUNG TNG 10XUOG QUTAG TNG OKTIVOPOAIOG péoa OTO KUKAWMA Kal O€
oxéon Je KaBe koupo.

6.5.2 SER : Aiadoon kai Electrical/Logic/Timing Masking

AUTO TO KOUMATI aTTOTEAEI TO KUPIOTEPO MPEPOG QUTAG TNG OOUAEIAG
KOOWG EVOWMOTWVEI Ta TTAEOVEKTAMATA TNV  aVAUEIENG €vOG  Aoyikou
TIPOCOPOIWTH, OUWG €ival O TTPOCONOIWTAG AABWV TTOU XPNOIUOTTOIOUUE, OTNV
dladikaoia TTou akoAouBeital yia masking. ESdw eival akpifwg 10 onueio TToU
MTTOPEI va eu@avioTEl amTWAEIa 0TV OKpiBela AOyw Tnv povteAoTToinong N
KATTOIWV CUCTNPATIKWY AaBwv. AvTi va yivel dlaxwpIiouog TnG €midpaong Twv
TPIWV TTAPANETPWYV TTOU TTEPIOPICOUV TNV PETATPOTTA O€ error evog SEU, kal va
YiVEl €TTAVACUVOEON TWV ATTOTEAEOUATWY OTO TEAOG TNG dIadikaaoiag,
emMAEyETAl va  yivel Tautdxpovn avaAuon Kal Twv TPIWV YIA ETTITEUEN
OKPIBECTEPWY OTTOTEAECUATWY XWPIG avAyKn ATTAOUCTEUCEIG.

Otmwg o010 FAST kai oto ASSERTA, €101 Kal €dw yivetal xpron &vog
TTPOCOPOIWTA WNOEVIKAC KaBUOTEPNONG Yyia UTTOAOYIOWO TNG €mTidpacng Tou
logical masking otnv mlavétnTa uetatpotc Tou SEU oe AdBog. MapdAa
auTd, o€ avtiBeon de TIC GAAEC epapuoyEg, n emmidpacn Tou logic kai timing
masking &VOWMATWVETAI OTOV TTPOCOMOIWTH MNOEVIKAG KaBuoTéEpnong ME
OKOTTO va efaAcipel Ta AAON oTov UTTOAOYIONO TTOU eu@avifovtal OTIG €EAC
TTEPITITWOEIG:

1. 'Eva SEU va 1repva o€ repioootepa atrd éva flip-flop

2. Alo@opETIKOi Xpdvol AQIEng Kal TTBavoTNTEG £TTiIOPAONSG OE DIOPOPETIKA
flip-flop.

3. Alo@opeTIKOG TPOTTOG dIACXIONG TOU TTAAPOU KATA PIKOG OIAQOPETIKWV
MOVOTTOTILV OTO KUKAWHA atrd Tov KOUPBo ota ekaoToTe flip-flop.

Apou 1O pdf yia 1O TAGTOG €VOG TTAAPOU OTnVv TACON TOU KOPBOU
uTTOAOYIOTEI KAl SIOKPITOTTOINBEI TO KUKAWHA Ba deixvel OTTwg oTnv €Ikéva 40,
OT1ToU 0 TTAATN TWV TTAAPWY @TAvouv péxPl N etritreda. H mBavétnTa yia SEU
o€ auTd ToV KOPPBO UTTOAOYIOTNKE oav ouvdapTNON KE TOV XWPO ETTIOPACNS TOU
KOMBou.
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Ewoévo 40: Movteromoinon pdf

H povteAotroinon Tou SEU yivetal cav pia pyovr hetdpacn otnv AdBog Aoyikn
TIM TOU KOPPOU Kal TTAPAPOVI] TNG €KEI, KAl 0TV CUVEXEID DIEVEPYOUUE HIO
Monte Carlo Tpocopoiwon Tou KuKAWPaTog. O apiBuwyv Twyv vectors 1060wV
KaBopileTal atrd ToV XproTn Kai n moavotnTa KAbe e106d0u Tou ouvOUACTIKOU
KUKAWMOTOG KaBopiletal amd évav RTL T1TpocopoiwTr) TTPOKEIMEVOU VO
OUVUTTOAOYIOOUUE TNV ETTIOpACH TwV dIavVUOUATWY £10060u oTo SER.

TeAeiwvovtag Tnv Monte-Carlo Aoyikr] TTpoocopoiwon £Xoupe TTAEOV OTIG
€l06doug Twv flip-flops dlavuouara AoyiKwv TIHWV YIa TTEPETAiIpW avaAuon.
lMAéov O0€ AQUTO TO ONWEIO PTTOPEI va Yivel UTTOAOYIOPOG NG €TTidpaong Tou
logic masking oTig €i106doug Twv flip-flop. MapdAa autd xpeidlovral mITTAéOV
avoAuoelig kaBwg n emidpaon Tou electrical kai timing masking dev €xel
UTTOAOYIOTEI aKOUQ.

Mpokeigévou va povtehotroinooupe To electrical masking etmAéyoupe To
MovTéAo TTou xpnoiuoTrolei To ASERTA, av kai oTrolodATTOTE JOVTEAO WTTOPET
va XpnolgotroinBei xwpic va eTnpeddel Tnv uttoAoitn diadikacia avaAuong.
‘ETol 0 uTToAOyIONOG TOu TTAGTOUG TOU TTOAPOU oTnv €£odo utroAoyileTal
oUMPWVA JE TOV TTOPAKATW TTiVaKA:

Mivaxag 6: ITAGTog TOAPOV

MAdrog TTaApou £€66ou 2uvlnkn
0 Wi<d

2(w-d) d<w;<2d
Wi Wi>2d

OTToU W; €ival TO TTAGTOG Tou TTOAPOU OTnVv €i00d0 TNG TTUANG Kal d €ival n
KaBuoTtépnon d1ddoong Tng TUANG. Mpétel va Toviooupe €dw Ot autdg O
TiVaKAG €QAapPOZeTal 0 OAEG TIG TIMEG TOU TTIVAKA TTOU TTEPIEXEI TIG DIOKPITES
TINEG TOU pdf TOu TTAGTOUG TOU TTaAPOU(EIkKGVa 40).
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lNa 10 timing masking TTPocB£TOoUPE KATTOIEG BACIKES 1010TNTEG AvAAUONG
XPOVIOWOU utroAoyifovTag TNV PEYIOTN Kal TNV EAAXIOTN XPOVIKA OTIYHR AQIgng
TOU TTOAPOU 0€ KABE KOUPO. Oewpoupe OTI N yEvvnon Tou TTOAPOU CUMBaivel
TNV Xpovikp oTiyul 0. O uTToAOyIONOG TOU  XPOoviKoU  TTapaBupou
dpacTNPIOTTOINONG TNG ££000U KABE TTUANG YIVETQI JE TOV TTAPAKATW TPOTTO:

miny = min(min(6Aeg o1 eicodol oTnv TTUAN)) +d
maxo = max(max(0Aeg o1 €icodol oTnv TTUAN)) + d

OTTOU MiNny KAl max, €ival N PJEYIOTN KAl N EAAXIOTN XPOVIKA OTIyuf d@igng Tou
ONUaTog oTov KOPPOo £€600U TNG TTUANG. 2€ AUTO TOV UTTOAOYIOUO AauBdavovTal
uTTOWn MOvo ol €icodo OTIG OTToieg Ba TTapouciacTei dpacTnEIOTNTA TTOU
TIPOKANBNKe atrd To apxIKo AdBog event.

‘Eva onuavTiKO KOPUATI TTOU TTPETTEI VO ava@epBEi ival o1 dev UTTAPXEI
d1ddoon TnG TANPo@opiag Tou agopd TO TAAGTOG TOUu TTOAPOU 1 TOu
XPOVIOUOU OTIG £€600UG TwV TTUAWY TToU Ogv TTPOKEITAI VO PETABANBOUV atrd
170 SEU, o¢ avtiBeon pe TIG AAANEG TEXVIKEG TTOU QVTIMETWTTICOUV TO idI0 Ta
MOVOTTATIO aTTO OTTOU TTEPVAEI N B1IAdOON PE auTd TTou dev eTTnpedlovTal. AuTh
n dia@opoTToinon ouciacTIKG evioTTiCel kal eoudeTepwvel Ta false paths ammoé
TNV avaAuon Tou timing kai electrical masking.

‘Eva deUTepO onueio TTou TTPETTEl va emonuavlei gival o TpoTTog diaxeipiong
Tou pdf oTOUG KOUPBOUG GTTOU UTTAPXEI ETTAVATTPOCDIOPICPOG TOU TTAATOUG aTTd
0euTepOo path otnv avaAuon tou idiou SEU. Ze auth Tnv TTEQITITWON N TIPI TOU
TIAGTOUG UTTOAOYICETAI OTTO TOV TTAPAKATW TUTTO:

w; = max (W, Wi, )

OT1r0U W; €ival N avatrpocappoopévn TIPA Tou TTAATOUG TTAAPOU Kal Wi 1,
Wiz T TTAATN TWV JIOQOPETIKWY TTAAUWY TTOU avaAuovTal.

H mapamdvw avaluon e@appoletal oTIG £€000UG OAWV TWV TTUAWV
KaBwg TTpoxwpdel n diddoon Tou SEU éwg étou @Tdoel oTig €106d0oug Twv flip-
flop.

To TeAeuTaio BAPQ gival N ekTipnon Tng €Tmidpaong Tou timing masking
otnv meavoTnTa gu@aviong evog AdBoug. lMpokeipévou va emmTeuxdei autd
aTraITeiTal To TTAGTOG TOU TTAAPOU TToU TTapEXETAl HEOW Tou pdf, o eAdXIOTOG
KAl 0 MEYIOTOG XPOVOGS AQIENG KaBWGS Kal ol AOYIKOi TTiVOKEG OTO TEAOG KABE
TTPpooopoiwong oTIG €100doug Twv flip-flop.

lNa kabe karaxwpnon TAAToug TTaAuou oto pdf utroAoyiCouue Tnv
meavoTnTa va petatpatrei o€ AdBog kataxwpnon o€ katrolo flip flop. MNa ké&de
Kardotaon katd Tnv didpkeia NG Monte Carlo diadikaoiag eAEyXOUUE TTOIEG
ato TIG €106d0oug Twv flip-flop gival oe AdBog AoyikA katdoTaon atmod 1o logic
masking. ATTd auTég €TIAEYOUNE EKEIVEG OTTOU TO 1I000UVAUO TTAATOG TTOAPOU
O¢ev gival Pndevikd, autég dnAadr TTou O TTAAPOG dev eCoudeTepwONKe atmd TO
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electrical masking. TéAOG evWVOUNE TA XPOVIKA TTAPABUPa CUPPWVA HE TOV
TUTTO:

bit, .. = min(amo 6dovs Tovs smidsyusvous kopfovg)

bit, .. = max(amwo 6Aovs Tovg smdsypsvovs koufovg)

Katétmv autwyv n mlavotnta AdBoug trou divel To timing masking 6a 1couTal
ME :

Mivakag 7:IMBavétnTe LdBovg péom timing masking

mlavéTnra ouvlnkn

1 bityax - bitmin + Wi+ setup + hold > T

(bitmax - bitmin + Wi+ setup + hold)/T Ditmax - bitmin + Wi+ setup + hold < T

OTrou T eival n Tepiodog Tou poAoyiou, setup gival 0 Xpdvog TTou XpeldleTal To
flip-flop yia va avoi¢el kal hold o xpovog 1mou To flip-flop TTapauéver avoixTé.

H ouvoAiki mlavotnta va trepdoel To AdBog ofua oe kartolo flip-flop
IooUTAI JE TO ABPOICHA TWV TTAPATTAVW TTIBAVOTATWY YIa OAEG TIG TTEPITITWOEIG
NG Monte-Carlo avdAuong 1mpog Tov apiBud TWV TTEPITITWOEWY. TO TUVOAIKO
SER vyia éva SEU yia kd&mroiov k6uBo 1coUTal JE TO ABPOICHA TWV YIVOUEVWV
NG mMOavotnTag TG KABe Odlatpntig TIUAG TTAATOUG E£TTi TNV QVTiOTOIXN
OUVOAIKA TBavotnTa va «maoTei» atd Kamroio flip-flop. ZuykevipwTikd TO
ouvoAiké SER TOou KUKAWMPATOG 100UTAI ME TO ABPOICUA TOU YIVOUEVOU TWV
empépoug SER kdBe kOpBou emmi v mBavétnTa epedviong SEU Adyo
ETTIOPAONG KATTOIOU XTUTTHHATOG 10XUOG.

6.6. ATroteAéopata

H péBodog 1Tou TTeEpIypd@nke oTo KEQAAAIO 5 UAOTTOINONKE PE éva EPYAAEIO PE
xprion C++ kai SOKINAOTNKE TTAvWw OTA TTEPICOOTEPA ATTO TA OOKIUACTIKA
KuKAwpata ISCAS85 «kai ISCAS89. 31 TTEPITITWOEIS  CUVOUAOTIKWYV
KUKAWMATWY Bewpnonke n utrapgn flip-flop 1600 oTIg €106d0UG 60O Kal OTIG
e€ddoug Toug. lMNa T1o pdf BewpnBnkav déka(10) OdlokpITd eTTiTTEdA EVW
xpnoigotoi®nkav  10.000 diavuouata yia €icodor otnv  Monte-Carlo
TIPOCONOIWOTN, apPIBUOG TToU BewpeiTal TTAPATTAVW OTTO OPKETOG YIa v
eCao@alioel uwnAn akpiBeia ammoteAeopdTwy otnv pétpnon tou SER. Ta
atroteAéouarta gaivovTal oTov Trivaka 8.
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Mivakag 8:Xpévor extéreong o 1o kKokiopata avagopds ISCAS 85/89

Ovoua Ap1Buo6g ApiBudg ApIBu6S Xpbvog
KUKAWPOTOG KOUBwWV Eig6dwv TTUAWV DFFs EKTEAEONC
S27 17 4 13 3 <1sec
S208 1 125 10 115 8 <1sec
S208 149 10 139 8 <1sec
S298 169 3 166 14 1sec
S386 284 7 277 6 2sec
S382 196 3 193 21 2sec
S344 240 9 231 15 2sec
S349 224 9 215 15 2sec
S400 203 3 200 21 2sec
S444 211 3 208 21 2sec
S526 280 3 277 21 4sec
S526N 280 3 277 21 4sec
S420 252 19 233 16 1sec
S510 293 19 274 6 3sec
S420 1 313 18 295 16 2sec
S832 457 28 429 5 7sec
S820 443 18 425 5 7sec
S641 517 35 482 19 8sec
S713 539 35 504 19 9sec
S953 496 16 480 29 11sec
S838 1 641 34 607 32 8sec
S838 641 34 607 32 8sec
S1238 768 14 754 18 17sec
S1196 762 14 748 18 16sec
S1494 1213 8 1205 6 39sec
S1488 1211 8 1203 6 33sec
S1423 1008 17 991 74 51sec
S5378 3053 35 3018 179 5.9min
S9234 7002 19 6983 228 35.3min
S9234 1 7019 36 6983 211 34.5min
S$13207 9608 31 9577 669 1.1h
S$13207_1 9609 32 9577 638 1.1h
S15850 12115 14 12101 597 1.7h
S15850 1 12178 77 12101 534 1.6h
S35932 21278 35 21243 1728 7.8h
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