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EuxapioTieg

Oa ABeAa, apxIkd, va euxapioTAow Bepud Tov Ap. ZTaPoUAN Mewpylo, KaBnynTrA Tou
THAPaTog Mnxavikwv H/Y, TnAemikoivwviwy kal AIKTOwv, KUplo emIBAETTOVTA TNG
OIMMAWMATIKAG MOU €pyaaiag yia TNV CUPTTapAcTaCn Kal TNV €UTTIOTOCUVN TTOU JOU
£€0€1EE KATA TNV eKTTOVNON TNG DITTAWPATIKAG pyaciag, aAAd kal KaB 6An Tnv didpKeIa
TWV OTTOUdWV HOU.

ETriong, 6a nBeAa va ekppAow TIG EUXAPICTIEG JOU KAl TNV EINIKPIVA HOU EKTIUNON OTO
TTPOCWTTO TOU TTPOEdPOU Tou TUAMATOS Ap. Mtroldavn lMavayiwTtn yia TNV EUTTPAKTN
UTTOOTAPIEN TOU KAl TNV Kaipia CUPBOAA Tou 0TV OAOKARpWON TwV OTTOUdWYV HOU.

A6 kapdiag BEAW va ek@pdow TNV euyvwuoouvn pou atov Ap. AadaAidpn Aviwvio
yla TNV KaBodrynor Tou oTnv eKTTOVNON TNG £PYOOIAG, TNV ATTEPAVTN UTTOMOVI TOU,
TNV QUEPIOTN UTTOOTAPIEN TTOU YOU XAPICE KAl TNV TTiOTN TOU — PEYaAUTEPN Kal aTTd
TNV OIKA JOU - TNV aTTOKTNON TOU JITTAWMPATOS JOU.

TéNOG, BEAW va guxapioTiow TNV cUluyd PoU, TNV OIKOYEVEIG Jou Kal 6AoUG 6001 [E
OTTOIOVONTTOTE TPOTTO CUVERAAAV OTNV ETTITEUEN TOU GTOXOU HOU.
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To mpoBAnua TG TotTroBETNONG KEAIwY VLSI gival yvwaoTo 611 gival éva TTpoAnua NP
(0€ PN-VTETEPUIVIOTIKO TTOAUWVUUIKO XPOVO). ‘Eva eupU Q@AcUa EUPETIKWY aAYyOopiOuwyY
uTTdpxel oTnv BIBAIOYpa@ia yia TNV OTTOTEAECUATIKN BIEUBETNON TWV AOYIKWY TTUAWV
oe éva TOITT VLSI. O o16X0G¢ TNG TTapoUcag epyaciag eival va TTapoucidoel pia
OAOKANPWUEVN PEAETN TWV BIOPOPWYV TEXVIKWY TOTTOBETNONG KEAIWY, PE EUPAOT OTIG
standard cell kar macro placement. [Névte Bacikoi aAydpiBuol yia TOTTOBETNON KEAIWY
Ba oulntnBouv: simulated annealing, force-directed placement, min-cut placement
Kal evolution-based placement. O1 dU0 TTPWTEG KAACEIG OAYOPiIBUWY oPeilouv TnV
OVOMQGCia TOUG GTOUG QUOIKOUG VOUOUG, N TPITN KAGGCN €ival avaAUTIKEG TEXVIKEG, KAl N
TETAPTN KAAON Twv aAyopiBuwyv TTpoépxeTal aTrd PIOAOYIKG @aivoueva. e KABe
Katnyopia, o Bacikdg aAyopiBuog egnyeital pe katdAAnAa TTapadeiypata. Ettiong Ba
oudnTHOOULE TIG EQAPHOYEG TWV aAYOPIBPwWV.

"evikoi Opol: Zxediaon, Emdéoeig

MpbdoBeTeg AeCeic kai gpacels kAeidid: VLSI, TomoBétnon (placement), didragn
(layout), @uoikog oxediaouds (physical design), xwpoBétnon (floor planning),
simulated annealing, oAokAnpwpéva KukAwpaTa (integrated circuit), yeveTIKoi
aAyopiBuol (genetic algorithms), avaykaoTikd odnyouuevn Ttotrobétnon (force-
directed placement), min-cut, TTivakag TTUAwv (gate array), TpoTuTio KeAi (standard
cell).
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Eicaywyn

Ta epyaAeio oxediaong OTOXEUMEVO yIa UTTOAOYIOTEG eival IKavd TTAéov va
auTopartoTroifjoouv  0An Tn dladikacia €E6dou TTOU akoAouBei TO OTAGdIO TOU
oXedlaopoU Tou OAOKANPWHEVOU KUKAWMOTOG. AuTO KaTéoTn SuvaTtd Kupiwg HE
TN XpAon Tivaka TUAWv (gate array) kol pe 10 oOXedlaopod standard cell,
o€ OuvOuaouo e €CuTTva TTAKETO AOYIOMIKOU yid QuTopaTtn TOoTToB€Tnon Kai
OpoupoAdynon. To ZxAua 1a o&eixvel €va TOIT TTOU XpPNoldoTrolel TV dIdTagn
standard cell, T1O0 oOToio TepIAauBdvel  KATola  pakpd  UTTAOK  (macro
blocks). Ta Tmpétumra oToixeia (standard cells - Eikéva 1b)  civai
AOVIKEG HOVABEG ME MIO TTPOOXEDIAOUEVN €OWTEPIKN dlATagn. 'Exouv oT1abepd
OWog, OAAG  dla@opeTikKG  TTAGTN, avdloya PeE T ASITOUPYIKOTNTA  TWV
evoTATwY (modules). TotroBetolvral Ot YPAUMUES, ME KavaAia OpopoAdynong
N Kevd avApeca OTIG O€IpEG  Kal  Trpoopifovtal  yia  Tn  Oleubétnon  Tng
olaocuvdeong METAEU TwWV OUVIOTWOWV Tou TOITT. Ta TumKkd KeAld ouvABwg
oxedidfovral €10l WwoTe n dlacuvdeon TnG I1I0XUG KAl TnG yeiwong va eivai
opigévria  OoT0  AvWw Kol KATW dkpo Tou  KeAiou. Otav 1O KEAIG
TommoBetoUvTal S&iTTAa To €va oTo AGAAo, o1 diacuvdioelg dnuioupyolv  Hia
ouvexy diadpopry oe kKABe ypaupn. Or Aoyikég eicodol Kal  €Eodol  Tou
KeAIOU €ival Ol1abBéoiueg OTIC akideg (pins) 1 oTa TepUaTIKA KATA  WAKOG
Tou Gvw N Tou KATw dkpou (1 kol Ta OU0). Eivar ouvdedepéveg pEow
ETOINWY  BlaoUVOEoEWY 1 KOAWDdIwvV péoa atmd Toug dIauAoug dPOUOASGYNONG.
O1 ouvdéoelig ammd pia ypauun otnv GAAn yivovral €ite péOw Twv KOABETWV
OlaUuAwVv  KaAwdiwong OTIC aKYEG TOU  TOITT  €TE  XPNOIYOTIOIVTAG  KEAIG
feed-through, TToU givai KeAIG OopIouEVOU Uyoug ME
odlaouvdéoelig TTou Ta dlatpéxouv  KABeta. Ta Macro blocks €ival  Aoyikég
Movadeg OxI OTnV TUTTIK HOP@r Twv KEAIWV, OUVABWG peyaAUTepa aTrd Ta
standard cell, kai TOTTOBeTOUVTOI O€¢ oOTOIAdATIOTE POAIKA TOTTOBeTia ToU
OAOKANPWEVOU.
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Eikéva (1a) Aiataén standard cell ue macro blocks
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H Eikéva 2 &¢ixvel éva TOITT TTOU XpnoiJoTrolei oxedloopd pe gate array. EOdw 1O
KUKAWWO atroTeAgital povo atd BepeMIddeIg AOYIKEG TTUAEG, OTTwG n TTUAN NAND, Oxi
MOVO TTPOOXEDIAOHEVEG AANG TTPOKATAOKEUAOUEVES WG Wia opBoywvia cuaToiia, Pe
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opifévTia Kal KaBeTa KavaAia dpopoAdynong METAEU TwWV TTUAWY ATTOKAEICTIKA yia TIG
dlaouvdéoelg. 'ETol, 0 OXeDIAOPOG €vOG TOITT OVAYETOl OTO OXEDIAOUO TWV
Ol1aouvoECEWY CUPPWYA PE TO OIAYPAPUA ToUu KUKAWMATOS. OPoiwg, n KATaoKEUN
evOG TTpocapuoouévou (customized) Toim amaitei pévo Ta otddia masking yia Tn
didragn NG dlaouvdeong.

Eikéva 2 Aidgragn gate array
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VERTICAL CHANNEL

To ZxAua 3 deixvel £va Tpito oTUA didTagng TOITT, TO OTTOI0 XPNOIYOTIOIEI JOVO macro
blocks. Autd Ta PTTAOK WTTOPEI va €XOUV aKAVOVIOTO OXAUATA KOl PEYEDN, va pnv
TaIPIG{ouV PETOEU TOUG OE TOKTIKEG YPAMMES Kal OTAAEG. T GAAN pIa @opd, 0 XWPOG
yUpw atrd Ta KEAIA a@AveTal yia TNV KAAwdiwaon. MNa pia AETTToUEPR TTEPIYPAPH TWV
oTUA diaTagng, o¢ite Muroga [1982] kai Ueda et al. [1986)].
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Eikéva 3 Aigragn macro block
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To TPORANUa TNG TOTTOBETNONG PTTOPET Va OpIoTEI WG £¢1GS. AauBdvovTag utToywn €va
NAEKTPIKO KUKAWPA TTOU OTTOTEAEITAI ATTO KEAIG PE TTPOKABOPICHEVES EI00BOUG Kal
€€0O0UG TToU aAAnAocuvdEovTal e Eva TTPOKOBOPIOUEVO TPOTTO, VO KATOOKEUAOETE
Mia didTagn TTou va Oeix Vel TIG BECEIG TWV KEAIWV £TOI WOTE TO PAKOG TWV KAAWDIwV
Kal To p€yebog TNG didTagng va gival Ta eAaxiota duvatd. To apxIkd TTPORANPa gival n
TTEPIYPAPN TWV KEAIWYV, a@oU auTd artroTeAouvTal atrd did@opa oxriuaTa, didgopa
MEYEDN, dlagopeTikda terminal locations kai netlist, kai 1o WG Ba diapopPwBoUv ol
OI00UVOEDEIG HETAGU TWV TEPUATIKWYV KAl TwV KEAIWV. H £€£000¢ gival KATAAOYOG TwV X
Kl Y-OUVTETAYHEVWV VIO OAEG TIG evOTNTEG. To ZxNUa 4 pog divel Eva TTapdadelyua
TOTTOBETNONG, OTTOU TO KUKAWWA TOU oXARuaTtog 4a TotrobeTeital oto standard cell
OTUA d1aTagNG TOU ZXNUaTOG 4b. To ZxAua 4c artreikovifel To OVTEAO TOTTOBETNONG
Checkerboard oTo o1moio 6Aa Ta keAId uTTOTIBETAI OTI Eival TETPAYWVA KAl ioOU
MEYEBOC Kal OAQ Ta TEPUOTIKA UTTOTIBETAI OTI BpioKovTal OTO KEVTPO TwV KeAIwv. ‘ET0l,
TO MNKOG TNG OUVOEONG ATTO TO £va KEAi 0TO GAAO €ival pia povada.

Institutional Repository - Library & Information Centre - University of Thessaly
08/12/2017 18:43:58 EET - 137.108.70.7



Eikéva 4 TommoB£Tnon Twy KEAIWV: 0pICUOG ToU TTPORANAMATOG.

(a) €icodog: netlist
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(c) 1o povtéAo checkboard
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Ol KUplo1 0TOXOI £VOG aAyopiBuou TOTTOBETNONG gival va EAaXIOTOTTOINBEI TO OUVOAIKS
€UPBadSOV TOU TOITT KAl TO CUVOAIKO EKTIHWMEVO PAKOG TWV KaAwdiwyv yia 60Aa Ta neta
(nets). Mpétrel va BeATIOTOTTOIEI TNV XPON MIag OeSONEVNG TTEPIOXH TOU TOITT VI VO
XWpPAel TTEPICOOTEPN AEITOUPYIKOTATA. [PETTEl VO EAaXIOTOTTOINOEI KOl TO UAKOG TWV
KaAWOSIwV TTPOKEINEVOU va PEIWBOUV 01 XWwPNTIKEG KABUGTEPNTEIG TTOU OXETICOVTAl E
peyGAa neta waoTe va eTTITaxuvoupue TN Asitoupyia Tou ToiTT. O1 aTOX0I aUTOoi
ouvdéovTal oTevd PeTaEU TOUG yia TOUG TPOTTOUG oxedlaopou standard cell kai gate
array, 6edopévou OTI N CUVOAIKA TTEPIOXT TOU TOITT €ival TTEPITTOU ion PE TNV TTEPIOXN
TwV gvothTwv(modules) cuv Tnv TrepIoxr TTou KataAauBdveral atrd Tnv diacuvoean.
2 UVETTWG, N EAAXIOTOTTOINON TOU PINKOG TwV KAAWDIWV gival TTePITTOU 1I00dUVAUN PE
TNV EAAXIOTOTTOINGN TNG TTEPIOXKG TOU TOITT. 2TO OTUA oXedIaooU macro, Ta
akavovioTa peyEBn macros dev Taipidfouv TTavTa padi kar katrolo didoTnua
omrataAiétal. Auto diadpaparticel onuavtikd poAo oTov KaBopioud TNG OUVOAIKNG
TTEPIOXNG TOU TOITT, Kal £Xoupue €va trade-off (atmd k&tmou Ba xdooupe) peTAgU TNG
€AAXIOTOTTOINONG TNG TTEPIOXNG KAl TNG EAAXIOTOTTIOINONG TOU PAKOUG TWV KAAWDIWV.
> € OPIOPEVEG TTEPITITWOEIG, UTTOPEI VA XPEIAOTOUV KATTOIO SEUTEPEUOVTA UETPA YIA TNV
atrédoaon, 6TTwWG N EAAXIOTOTTOINON TOU PAKOUG TWV KOAWDIWV O€ HEPIKG KpioIHa
neta, au¢dvovTag, OUWG, TO CUVOAIKO PKOG Tou KaAwdiou.

‘Eva GAAO KPITAPIO yia pia atmodekTr) ToTmoBETnon eival o1 Ba Tpétrel va givai
TTPAKTIKA duvatov, dnAadn, (1) o povadeg dev Ba TIPETTEl va ETTIKAAUTITOVTAI,
(2) 6a TpétTel va BpiokovTal eviog Twv opiwv Tou TOITT, (3) Ta standard cells Ba
TIPETTEI VO TTEPIOPICOVTAI OE OEIPEG Kal O TTPOKABOPIoPEVEG BEOEIg, (4) oI TTUAEG o€
éva gate array 6a mpéTTel va Treplopifovial o€ onueia Tou dikTUou. Eival koivi
TIPOKTIKA VA OPICOUME HIO GUVAPTNON KOOTOUG Il MIO QVTIKEIMEVIKI) OuvdAPTNON, N
otmoia Ba aTmoTeAsital amd 1O ABPOICPA TNG OUVOAIKOU EKTIMWHEVOU HPAKOUG
KaAwdiou, TIG dIGPOPES TTOIVEG AAANAOETTIKGAUWNG EVOTATWY, TNV CUVOAIKN TTEPIOXN
TOU TOITT, K.0.K.. O 0T6X0G TOu aAyopiBuou tival va KaBopioel yia ToTTobETNon WE TO
eAdyioTo duvaTo KOOTOG.
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Opiopévol ahyopiBuol ToTroBETNONG TToUu TTEPIypd@ovTal €dw, eival KataAAnAol yia
standard cells kai gate arrays, MPepIKOi OAyOpIOuol €ival TTIO  KATAAANAOI yia
macroblocks kai pepikoi €ival kKatdAAnAol kai yia Ta dU0. ZT0 £yypa@o auTo, n AEEEIC
evotnta (module), keAi (cell), kai oToixeio (element) xpnoigotrolouvTal yia va
mepiypdyouv eite éva standard cell eite pia MOAn (4 éva macroblock, €dv o
aAyopiBuog utropei etmiong va xpnolipoTtroin®ei yia macros). O1 Aé€eig macro kai block
XPNOIYOTTOIOUVTAl WG ouvwvUua oTtn B€on Tou macroblock. H xprion Toug egapTdral
€TTiong ammdé TNV XPron Toug OTIG avagopés. Opoiwg, neto (net), cupua (wire),
dlacuvdeon (interconnect), kai n ypauun onuarog (signal line) xpnoiyotrolouval
ouvwvupa. Or1 6pol diapopewaon, ToTmoBEéTnon, kKal n Aucon (o010 TPORANUA NG
TOTTOBETNONG)  XPNOIKMOTTOIOUVTAl WG CUVWVUMPA, WOTE VA QVTITTPOCWTTEUOUV [id
avdaBeon TwV EVOTATWY OTIG QUOIKEG TOTTOBETiEG TTAvWw OTO TOITT. H OpoI aKpOdEKTES
(pins) kai TepPaTIKO (terminal) avagépovTal o€ TepuaTikG Twv modules. O aKpOdEKTES
TOU TOITT ava@épovTal wg pads.

H tommoBétnon evotAtwy eival éva NP TTpoBAnpa Kal, Katd CUVETTEIQ, OEV UTTOPEI va
AuBei oe TOAUWVUPIKO Xpoévo [1980 Donath; Leighton 1983, Sahni 1980].
MpooTraBwvTag va TTAPOUME Mia POovadIK AUon atmd Tnv agloAdynon Tng KAbe
ouvartng ToTToBETNONG WoTe va AdPoupe To KoAUTEpo Ouvatd atroTéAecua Ba
XPEIOoTEl XpOvo avaAoyo HE TO TTAPAYOVTIKO TOU aplBuou Twv povdadwyv. AuTA n
MEBODBOG egival, CUVETTWG, aduvato va XPENOIYOTToINOEl yia KUKAWUATA HPE PEYAAO
ap1Buo modules. MNa va Wdageig péow evog apiBuou utrown@iwv AUcEwV TOTTOBETNONG
OTTOTEAEOMPATIKA, XPEIACeTal va xpnoigotroinBei €évag eupeTikdg alyodpiBuog. H
TTOI0TNTA TNG ETTIKPATOUCAG TOTTOBETNONG €6apPTATAl OTTO TOV EUPETIKO OAyOpIOuO.
2NV KOAUTEPN TIEPITITWON, MTTOPOUME va eAmmifoupde OTI Ba PBpoUlpe MIa KAAR
TOTTOBETNON HYE PAKOG OUPUATOG APKETE KOVTA OTO €AdXIOTO duvaTd, XWwpPig Kauia
€yyunon yia Tnv emiteuén Tou amoAuTa ehayiotou. O oTOX0G TNG TTAPOUCAG Epyaciag
givar va eicaydyel Tov avayvwoTtn oToug O1d@opoug aAyopiBuoug TTou  €xouv
KATOOKEUQOTEN  yIa TNV €TTIAUGN aUTOU TOU UTTOAOYIOTIKA SUCETTIAUTOU TTPOPRAARUATOG
Kal va avaAuoel TNV ammédoaot| Toug.

H &iadikacia NG TommoBEéTnoNng akoAoubBeital ammd auth Tng dpopoAdynong, dnAadn,
TOV KaBopIopd NG dIdTagng Twv dlacuvdéoewyv Péow Tou dlaBéoipou xwpou. H
eupeon NG PBEATIOTNG SpopoAdynong o€ uia TommobETnon eival emmiong, éva NP
TPORANPa. TMoAAoi aAydpiBuol AsiToupyouv €TAVAANTITIKG WE T PeATiwoNn TNG
TOTTOBETNONG Kal, 0 KABE BAa, uTToAoyifouv TO PAKOG CUPPATOG MIOG evBIANEONS
dlapéppwong. Aev gival eQIKTO va dpouoloyeital KABe evdidueon diapdpewan Kai
va KaBopideTal N ToIdTNTA TNG. AVT QUTOU EKTIMOUME TO PAKOG TOU KOAwdiou.

Tagivopunon Twv AAyopifpuwyv TotroBéTnong

O1 aAyopiBuol ToTT0BETNONG PTTOPOUV VA XWPEICTOUV O¢ OUO HEYAAEG KATNYOPIEG:
OouIkAG ToTToBETNONG (constructive placement) kal  €TavaAnTITIKAG  BeATiwoNg
(terative improvement). H constructive placement, eivar pia pébodog TTOU
XPNOIYOTTOIEITAI YIO va ONUIOUPYACEl I TOTTOBETNON aT1rd TNV apXn. ZTnv iterative
improvement, ol aAyopiBuol EEKIVOUV aTTO I apxIKA TOTTOBETNON KOl ETTAVAANTITIKG
TNV TPOTTOTTOIOUV O€ avalnTnon PEIwPEVou KOOTouG. EAv pia TpotToTroinan odnyroel
O€ PEiwan Tou KOOTOUG, YivETal ATTODEKTH, OAAILIG OTTOPPITITETA.
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O1 apxikoi aAyopiBuol constructive placement o€ yevikég ypaupég Baoifévioucav o€
Bepehidelg kavoveg ouvdeoIuoTNTaG. MNa TTapddelypa, deite Fukunaga et al. [1983],
Hanan [1972a], Kambe et al. [1982], Kang [1983], Kozawa et al. [1983], Magnhuson
[1977], ka1 o Persky et al. [1976]. Tumkd, éva seed-module emmAéyeTal Kai
TOTTOBETEITAI OTNV TTEPIOYT dIATALNG TOU TOITT. TOTE Ta AAAa modules etmAéyovTal éva
KGBe @opd avaloya e Tn oOUVOECH TOug OTIC NON UTTApXouoeg €voTnTeG (Ol
TTEPIOCOTEPO TTUKVEG OUVOEOVTAI TTPWTEG) KAl TOTTOBETOUVTAI O€ KEVEG BEOEIG, DITTAA
ota modules TTou £xouv \dN TOTTOBETNBE, £TC1 WOTE TO PAKOG TOU KOAWDIoU va gival
TO eAaxI0TO. TETOI0I AAYOPIOUOI gival yevIKA TTOAU ypriyopol, aAAd cuvABwg odnyouv
o¢ OI0TAGEIG XAUNANG agiag. AuTtoi ol aAyopiBuol xpnolyoTrololvTal CAPEPA Yia ThV
Tapaywyn piag apxikng TomoBétnong. O kUpiog AGyog yia Tn XpAon Toug €ival n
Taxutnta Toug. KatavoAwvouv pia apeAntéa ToooTnTa XpOvou UTTOAOYIOUOU O€
ouykpion HE alyépiBuoug iterative improvement kal TTapéxouv éva KAAO onueio
ekkivnong yia autoug. O Palczewski [1984] oulntd TNV TTOAUTTAOKOTNTA QUTWY TWV
aAyopiBpwv. Mo Tpdopartol alyépiBuol constructive placement, 6TTwg o1 ApIBUNTIKES
TEXVIKEG BEATIOTOTTOINGNG, TOTTOBETNONG WE dlaxwpIouo, Kal pia force-directed Texvikn
Tou oulnTaue €dw, atTodidouv KaAUTepn di1ATagn, aAAd ammaitolv TTOAU TTEPICCOTEPO
Xpovo otnv CPU.

O1  aAy6piBuol iterative improvement ouvABw¢ TTOPAYoUvV KOAEG OUVONKEG
TOTTOBETNONG, OAAG  aTTaiTolv  TePAOTIO  XPOvo  uttoAoyiopou. H Mo atminf
ETTAVOANTITIK) OTPATNYIKA PeATiwoNg evaAAdooetal pe Tuxaia emAeypéva Ceoyn
EVOTATWY Kal atrodéxeTal TNV aviaAAayr] av kataAfyel o€ peiwon kdéoTtoug [Goto kal
Kuh 1976, Schweikert 1976]. O aAy6piBuog Tepparti¢etal 0tav dev UTTAPXEI TTEPAITEPW
BeAtiwon petd atrd évav peydAo aplBud dokiywy. Mia BeATiwon TTavw O€ auTdv TOV
aAyopiBpo eravaAauBaveTal ge TNV BeATiwon TNG €TAvVaANTITIKAG S10dIKOCIAg Kal TN
BeATiwon TNG Pe TO GBpoIoUa TwV ETTAVOANYWEWY TTOU £YIVAV PE DIOPOPETIKEG APXIKEG
OIAPOPPUWOEIG Kal JE TNV eATTIOO va emTITEUXOE pIa KAAR dIAPOPPWON C€ YIa aTTd TIG
OoKIuéG. ETTi TOU TTapdvTOog 0 Mo dnuo@IAAG aAyopIBuog iterative improvement givai o
simulated annealing, o yeveTikdg aAydpiBuog, kai katroleg force-directed TeEXVIKEG
TOTTOBETNONG, TIG OTTOIEG CULNTOUUE AETTITOUEPWIG OTIG AKOAOUBEG evOTNTEG.

ANeg mOavég Tagivounoelig aAyopiBuwy yia TOTTOBETNON €ival O VIETEPUIVIOTIKOI
aAyopiBuol kal o1 aAyopiBuol moavoTATwy. AAyopiBuol TTou Aeiroupyoulv pe Bdon
TOUG KAVOVEG TNG OTaBePrG OuvdeCIUOTNTAG 1 QOPPOUADG 1 kaBopifouv Tnv
TOTTOBETNON Ao TNV ETAUON €CICWOEWY  Eival VTETEPUIVIOTIKOI Kal TTavia Ba
TTapdyouv TO idI0 ATTOTEAECHA yIa €va OUYKEKPIMEVO TTPORANUa TotroBétnong. Ol
TOavoTIKOi aAyOpIBuoI, avTiBeTa, AsIToupyoUuv PE Tuxaia €£ETaon SIANOPPUOEWY Kal
MTTOpEl va TTapdyouv  SIOQOPETIKO aTToTEAEOUa KABe @opd Tou Tpéxouv. Ol
aAyopiBuol constructive placement gival ouvBwg VIETEPUIVIOTIKOI, VW OI AAyOPIOUOI
iterative improvement gival ouvriBwg TTBavoTIKOI.

ExTIuACEIG yIa TO MAKOG KaAwdiou

lMNa va KAVOUME MIa KOAA €KTiMNON TOu MAKOUG Tou KaAwdiou, Ba Trpétrel va
eCeTAoOUPE TOV TPOTTO PE TOV OTTOIO YiveTal N OpOPOAdYNON OTNV TTPAYHOTIKOTNTA PE
TN BonBeia Twv gpyaAeiwv dpopoAdynong. Zxeddv OAa Ta gpyaAeia dpopoAdynong
Xpnoigotoiolv TNV yewperpia  Manhattan, dnAadfy pévo o1 opilévTieg  Kal
KATOKOPUPEG  YPAPUEG  XpnoldoTTolouvTal  yia  va  ouvdéoouv OuO  Onpeia.
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EmmpooBeta, duo emimeda (layers) xpnoiuoTrolouvTal. ZT0 €va layer emTpéTTovTal
MOVO OpICOVTIEG YPAMPEG Kal OTO GAANo layer pévo katoképugeg ypagpés. H
ouvTouOTEPN SI0OPOWN VIO T OUVOEDN €VOG OET AKPODEKTWY [adi, eival n Steiner tree
(Zxnpa 5a). Ze autr) TN HEBODdO, éva auppa PTTopEl va dlakAadileTal o€ OTTOI0ONTTOTE
onueio Katd unkog Tou. H péBodog autr) ouvrBwg dev XpnoIdoTIolEiTal aTrd TOUG
OpopoAoynTég, Adyw TNG TTOAUTTAOKOTNTAG TOU UTTOAOYIOHOU TOGO TOU [PBEATIOTOU
onueiou dlakAGdwWOoNG, 600 Kal TNG TTPOKUTITOUCASG BEATIOTNG BIAdPOMNG atrd TO
onpeio dIAKAGdWOoNG yIa TOUG OKPODEKTEG. AVT aUTOU, OI €AAXIOTEG OUVOECEIG TOU
spanning tree kai ol ouvdéoelg aAuaidag eival ol MO CuXVA XPNOIMOTTOINKEVEG
TEXVIKEG oUvdeONG. MNa alyopiBuoug tmou uttoAoyiCouv 10 dévTpo Steiner deite Chang
[1972], Chen [1983], kai Hwang [1976,1979].

O1 eAdyioTeg ouvdEDEIG TOU spanning tree (ZxAHa 5B), emTpétTouv diakAddwaon Povo
OTIC B€0€IC TwWV AKPOOEKTWV. Apa, Ol aKPOOEKTEG CuvdEéovTal OXnuati(oviag To
eAdyioTo spanning tree. O1 aAyopIBuoI UTTAPXOUV YIa TNV TTOPAaywyr) Tou eAAXIOTOU
spanning tree, dedopévng Tng netlist kal Twv cuvTeTayuévwy Tou KABe KeAiou. ‘Eva
Tapadelyua eAdxIoTou spanning tree gival kail o aAyépiBuog Tou Kruskal [1956].

O1 aAucidwTég ouvdéoelg (Zxnua 5Sy) dev emTtpérmouv Kauia OlakAddwon. Kdabe
OKPEODEKTNG OUVOEETOI HE TOV ETTOMEVO, OXNMATICOVTOG MIa aAucida. AUTEG ol
OUVOEDEIG €ival TTIO EUKOAO VA EQAPUOCTOUV O€ OXEON ME TIGC CUVOEDEIG TOU spanning
tree, aAAG KaTaAfyouv o€ Aiyo HOKPUTEPES DIGOUVOEDEIG.

O1 ouvdéoelg source-to-sink (ZxAua 5d), 61rou n £€£odog evog module cuvdéeTal OAeG
TIG €10000UC ME CexwploTd KaAwdia, eival n 1o amAf va egappooTtei. Mtmopouy,
woT600, va KOTaAlyouv o€ UTTEPPOAIKO PAKOG OlooUvOeonS Kal O€ ONUAVTIKA
oupeopnon kKoAwdiwv. Q¢ ek TOoUTOU, QUTO TO €idOG OUVOEONG XPNOIUOTTOIEITAI
oTravia.

Mia atrodoTIKr] Kal GUXVA XPNOIMOTToIoUMEVN HEBODOG yIa TNV EKTIMNGN TOU HUAKOUG
KaAwdiou cival n péBodog semiperimeter. To Prkog Tou KaAwdiou TTpooeyyifeTal Ao
TO MIOO TNG TTEPIPETPOU, TOU HIKPOTEPOU OpBoywviou 0ploBETNONG TTOU TTEPIKAELIEl OAa
Ta pins (ZxAua 6). MNa v koAwdiwon «Mavxartav», n PéBodog autr divel TO
aKpIBEG pNKOG KaAwdiou yia 6Aa Ta neta two-terminals kai three-terminals, uttd Tov
0po OT Katd Tn OpoupoAdynon Oev umtdpxel uttépBacn TG oploBéTnong Tou
opBoywviou. MNa Ta neta four-terminals, oTn XeIPOTEPN TTEPITITWON, N EKTIUNCON TNG
pEBOSoU semiperimeter TTPORAETTEI KOAWDIO PrKoug 33% HIKPOTEPO TOCO aTTd TNV
TIPOYHATIKI) aAucida ouvdeong 60O Kal atmd To ATTOTEAECUA TOu spanning tree. lNa
neta pe TTEPICOOTEPQ PINS KAl PE TTEPIOCOTEPES OUVOEDEIG «{IYK-CayK», TO PAKOG TOU
KaAwdiou TTou uTToAOYiCel 0 semiperimeter ival YeVIKA JIKPOTEPO ATTO TO TTPAYHATIKO
MAKOG Tou KoAwdiou. AANwOTE, auTh n HEBODOG TTaPEXEl TNV KAAUTEPN EKTIUNON YIA
TO TTIO QTTOTEAECHATIKO oUOTNUa KaAwdiwong, 1o dévipo Steiner (Steiner tree). To
o@aAua Ba eival peyaAuTtepo yia minimal spanning tree kal akopa PeyoAUTEPO Yia
ouvdéoelg aluaidwy. ZTnv TPaén, TAVTWG, Ta KUKAWPaTa two kal three-terminals
givar Mo Kolvd. AKOun, yia Ta O TTOAUTTAOKO netda, To PAKOG Tou KaAwdiou
semiperimeter gival pia KaAr ekTipnon, kKaBwg dev Ba Ppiokovtal 6Aa oTn XeIPOTEPN
TTEPITITWON TNG HEBGDOU.
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Eikéva 5 ZxAuata kaAwdiwong. (a) Steiner tree — uRkog kaAwdiou = 10. (b) T0
eAdyIoTO spanning tree — pAkog KaAwdiou = 11. (¢) O1 aAuoIdWTEG OUVOETEIG — PAKOG
kKaAwdiou = 12 (d) O1 ouvdéaoeig source-to-sink — uikog kaAwdiou = 19. O = n TTNyA,
X =n kataBé6pa
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Mepikoi atrd Toug aAyopiBuoug TTou TTEPIYPAPOVTal OTN TTAPAYPAPO 4 XPNOINOTIOIOUV
TO E€UKAEIDEIO PKOG KAAWDIOU 1) TO TETPAYWVO TOU EUKAEIDEIOU Prikoug KaAwdiou. To
TETPAYWVIOUEVO HAKOG KAAWDIOU XPNOIUOTTOIEITAl VI VO EAAATWOOUNE TO XPOVO TTOU
QTTAITEITAI YIO TOV UTTOAOYIONO HIOG TETPAYWVIKAG PiCag Kal yia UTTOAOYIOUOUG KIVATAG
uTTOOIaOTOANAG O€ OUyYKpIon ME eTTeCepyacia akepaiwyv. BeAtioTotroinon TOU
TETPAYWVIOUEVOU HUAKOUG oUpuatog Ba dlao@alioel OTI TO €UKAEIdEI0 PAKOG Tou
KaAwdiou €xel BeATIOTOTTOINBEI.

Eikéva 6 Mrikog kaAwdiou pe semiperimeter

i —
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1. Simulated Annealing
1.1 AAyo6piBpog

O Simulated Annealing [Kirkpatrick et al. 1983] civar katd mmaca mlavotnTa N Mo
KOAG aveTtTuypévn pEBODBOG TTou eival dIaBECIUN ONUEPA YIO TNV TOTTOBETNON TWV
modules. Eival oAU xpovoBdépa aAAd divel dpioTa atroteAéopaTa. Eival e§aIpeTIK
yla Tnv emmiAucn kdBe ouvduaoTikoU TrpofBARuaTog BeATIOTOTTOINGNG, OTTWG TO
TPOBAnua Tou Traveling Salesman [Randelman kai Grest 1986] 1j yia TTpoBAfuaTa
VLSI-CAD, 1o PLA folding [Wong et al. 1986], diaxwpiopoUu [Chung kai Rao 1986],
opopoAoynong [Vecchi kar Kirkpatrick 1983], Aoyikfi e€AayioTotroinon [Lam kai
Delosme 1986], floor planning [Otten kai van Ginnekin 1984], 1} ToTOB£TNONG.
Mtropei va BewpnBei pia BeATiwpévn €kdoon Tou aAyoépiBuou TG atAAg Tuxaiag
avtaAAayAg Ceuywyv. AuTOG O TeAeuTaiog aAyopiBuog éxel Tnv TAoNn va KOAAAEl o€
TOTMKA €AdxioTa. Ag¢ umtoBéooupe, vyia TTapAdelyua, KATtd Tnv €KTEAECN Tou
aAyopiBuou avraAdayrg C{elywv, ouvavtaue dia Olaudp@Wan ToU £xel TTOAU
MEYOAUTEPO KOOTOG aTTO TO BEATIOTO KOl Kapia avraAAayr Ceuywyv Ogv PTTOPEl va
MEIWOEI TO KOOTOG. Agdopévou OTI 0 aAyopiBuog déxeTal evaAlayég povov €av
UTTAPXEl MIa pEiwan Tou KOOTOUG Kal dedopévou OTI €6TACEl Pdvo Celyn KOUPBwWY, dev
uTTdpxel TPOTTOG TTepaITépw PeATiwong amd Tnv utmdpyxouca diapdopewon. O
aAyopIBuog cival TTayIdeUPévog O€ IO TOTTIKN BEATIOTN dlaOPPWaON, N OTToia YTTOPEi
va eivar @Twxn. H Treipa deixvel o011 autd oupPaivel apketd ouxvda. lNa va
atmmopeuxBouv TéTolou €idoug TOTTIKG PBEATIOTO XpelaldpaaTte évav aAyoplBuo TTou
TTEPIOBIKG DEXETAI KIVAOEIG TTOU £XOUV WG ATTOTEAEOPA pIa alénon Tou KOOTOUG. To
simulated annealing ké&vel akpIBwg auTo.

1.1 ANy6piBpog

A typical simulated annealing algorithm
is as follows:

PROCEDURE Simulated Annealing;
initialize;
generate random configuration;
WHILE stopping _criterion (loop_count, temperature) = FALSE
WHILE inner_loop_criterion = FALSE
new_configuration +« perturb(configuration);
AC +  evaluate(new_configuration, configuration);
IFAC <0 THEN new configuration + configuration
ELSE IF accept(AC, temperature) > random(0, 1)
THEN new_configuration « configuration;
ENDIF
ENDIF
ENDWHILE
temperature + schedule(loop_count, temperature);
loop_count «< loop _count + 1;
ENDWHILE
END,

H BaoikA diadikacia oto simulated annealing cival va déxetal OAEG TIG KIVAOEIG TTOU
€XOUV WG atroTéAeopa Tn heiwon Tou K6oTouG. OI KIVATEIG TTOU £€X0UV WG ATTOTEAEC A
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TNV auénon Tou KOOTOUG Eival aTmOdEKTEG WeE Tnv TMBavoTnTa TNG MEiwoNng 6Co
aug¢dvetal 10 KO60TOG. Mia  TrapdueTpog T, TOU  ovopddetal  Bepuokpaaia
(temperature), XpPNOIMOTTOIEITAI VIO va €AEyXEl TNV TIBAVOTNTA ATTOOOXNG KIVNOEWV
TTou augdvouv 1o KOoToG. Ooo uywnAdTepo eival 1o T, 160G TTEPICOOTEPES TETOIEG
KIVIOEIG  yivovTal aTTOdEKTEG. 2TIG TTEPICOOTEPEG UAOTTOINOEISC TOU  TTAPOVTOG
aAyopiBuou, n mMOavoTnTa ammodoxng divetal amd 10 TUTTO exp(-AC / T), 6mou AC
givar n avénon Tou KOOTOUG. TNV aApXN, TO temperature €xel puBUIOTEI O€ TTOAU
UWNAN TIUR, WOTE Ol TTEPICCOTEPEG ATTO TIG KIVIOEIG VA YivovTal OEKTEG. 2T OUVEXEIQ,
n Beppokpaacia peiwveTal oTadiakd, waoTeE Ol KIVAOEIG auénong Tou KOOTOUG va £X0UV
AiyoTEPEG TNIBAVOTNTES VA YivOUV ATTOOEKTEG. TENIKA, N BEPUOKPOTIA UEIWVETAI OE MIO
TTOAU XQUNAR TIUA, WOTE va yivovTal OeKTEC HOVO KIVAOEIG TTOU TTPOKOAOUV TN PEiwan
TOU KOOTOUG, KAl 0 aAyOpIOUOG oUyKAivel o€ £va XapnAo K6oTog dlapdpewong.

To Perturb dnuioupyei pia Tuxaia ekdoxn NG TpExoucag dlaudpPwang. Autd PTTopEI
va mreplAauBdvel petakivnon evog module oe Tuxaia B8€on, apoifaia avraAliayn
Béowv dUo modules, TTEPICTPOPN KAl KATOTITPIOWO €VIOG TWV OPiIWV TTOU ETTITPETTEI N
YEWWETPIa TNG diaTagng, r otroladnTToTe GAAN Kivnon ptropei va PETARAAEI TO PKOG
Tou KaAwdiou. lMNa Ta standard cells ocuvABwWG ETITPETTETAI O KOTOTITRIOUOG TTEPI TOV
Kataképu®o afova, evw yia Ta macro block emrtpémeral mepioTpopr 90 poipwv A
KATOTITPIONOG YUpW Kal atmd Toug duo agéoves. Mia ocuvdptnon pe range-limiting
MTTOPEI va eQappoaTEi, N oTToia YTTopEl apXIKA va €TTIAEEEl TO module va ueTakivnOei,
Kal OTN GUVEXEIQ va TTIAECEI Evav TTPOOPIoHUO PECQ O€ £va KABOPIoUEVO EUPOG ATTO TN
Béon TTpoopicuoU yia autd. Autd yiveTal ouvhiBwg yia va auénbei To TTOoOoO0TO
atrodox g TWV KIVATEWV.

H A&ioAbynon a&iohoyei v aAhayry oto KOOTOG, XPNOIMOTTOIWVTAG Tn HEBO0dO
semiperimeter. [Na va egoikovouriooupe xpoévo otnv CPU, n aAAayr} 0TO PrKOG TOU
KaAwdiou ptropei va uttoAoyioTei oTadiakd. AnAadr, o uTToAoyIoUOG YiveTal Hdvo yia
Ta neta TTou guvdiovTal Pe Ta cells TTou éxouv peTakivnBEi.

H Amodoxn eival n mBavoTIK ouvapTnon atmmodoxg TTou KAAEiTal 6Tav T0 KOOTOG
au&avetal atrd pia ouyyuon .Kabopicel €ite va amodexBei pia kivnon r ox1, avaloya
ME TNV augnon Tou KOOTOUG Kal Tn Bepuokpacia. ZuvABwG gival N eKBETIKA cuvapTnon
TTOU TTEPIYPAPETAl TTOPOTTAVW. OANG uTTopei va eival Kal OTroladiTToTE AAAN
ouvdapTnon.

To Schedule, civai To TTpdypapua TG PETABANTAG Temperature, To otroio divel TRV
ETTOPEVN WG OUVAPTNON TOU aPIBUOU TwV ETTAVOANYEWY ) TWV TTPONYOUUEVWYV TIMWV.
MNa mapddeyua, n ouvdptnon T;.q = 0.1T; , YTTOPEI va XPNOCIKOTTOINBE yIa KOETIKN
Meiwon Tou temperature.

To Inner_loop_criterion gival T0 KPITAPIO TTOU ATTOPATICE! yIa TOV apIOud TwV SOKIPWY
o€ KABe temperature. ZuvBwg 0 apIBUOS TwV KIVAGEWYV TTOU ETTIXEIPOUV ava KEAI o€
KAO¢ Ty Tou temperature gival ¢d0uEVOG.

To Stopping_criterion TepuartiCel Tov aAyopiBuo 6tav 1o temperature r 0 apIBuog Twv
eTTavoAAWEWY €XEl POACE! Pia KaTwTaATN TIUA.

Agv utTapxouv OTaBEPOi KAVOVEG Yyia TNV apxIKA Oepuokpacia, TO WUKTIKO
Xpovodidypapua, n moeavoTiK cuvaptnon atrodoxng, N 1o stopping criterion, ouTe
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UTTAPXOUV OTTOIOIBNTIOTE TTEPIOPICHOI yIa TO TUTTO KIVAGEWY TToU Ba XpnoipoTroinbouv
-heTtatémon, aviaAAayr, TTEPIOTPOYr, Kal oUTw KaBeghg. H  ToidtnTa g
TOTTOBETNONG KOl TOU XPOVoUu eKTEAEONG €EQPTATOI OTTO QUTEG TIG TTApaPETpous. Mia
KOA €TIAOY TWV TTAPAUETPWY WTTOPEI va odnynoel o€ pia KaA totrobEtnon o€
OXETIKA OUVTOPO XPoVIKO OdldoTnua Asitoupyiag. H peyaAltepn TTpOKANCN TOU
aAyopiBuou simulated annealing €ykerrar oTnv €0pecn €vOg eviaiou GUVOAOU Twv
TTOPOAUETPWY KOl CUVAPTAOEWVY TToUu divouv ,0TaBepd ,TTOAU KOAEG AUOEIS yia pia
MEYAAN TTOIKIANIA  KUKAWMATWY, XPENOIYOTTOIWVTAG TTAPAAANAa  eAdxIoTO  Xpdvo
uttoAoyIouoU.  ApxIKA, ol gpeuvnTég  eMAECavE QUTEC TIC TTOPANETPOUG KAl
ouvapTthoelg auBaipeta. MNpoo@aTa, wWOoTOOO0, APKETOI EPEUVNTEG £XOUV KAVEI HIO
auoTnen oTaTIoTIKA avaAuon Tou simulated annealing TTpokeiyévou va avtAfoouv
Mo KATGAANAeG ouvapThoelig. H Evotnta 1.3 divel TIg TTapapéTpous Kal AEIToupyieg
TTOU xpnoigotrolouvtal otov Timberwolf, éva yvwoTd TTOKETO TOTTOBETNONG KOl
OpopoAdynong . H Evétnta 1.4 aoxoAcital ue GAAEG EVOAANAKTIKEG AUCEIC VIO QUTEC TIG
TTOPAUETPOUG KAl AEITOUPYIEG.

1.2 Asitoupyia Tou simulated annealing.

Edv 10 simulated annealing ekteAeital yia éva peydAo Xpovikd dIdoTnua Kal PE TO
KatdAAnAo  xpovodidypaupa  wuéng, civar  eyyunuévo OTI Ba  OuykAivel o€
€va oAikO eAdaxioTo [Mitraetal, 1985, van Laarhoven kai Aarts1987]. Auti) n evoTnTa
eényei yiati auto 1oxUel. AUo gival ol avahoyieg TTou didovTal yia va ETTEENYAOOUV TV
AgIToupyia autoU Tou aAyopiBuou.

2Tnv TPWTN avaloyia, ammd Tnv oTroia 0 aAyopiBuog Traipvel 10 dvoud TOU, TO
simulated annealing ouykpivetal ye Tnv diepyaaia TomoBETNONG o€ PETAAAA. Edv éva
METOAAO €xel TTOPAPOPPWOEl Kal £XEl aTEA KPUGTAAAIKA dopr, évag TPOTToC yia TNV
QTTOKATAOTAON TNG ATOMIKA TOTTOBETNONG eival va BepuavBei o€ TTOAU uywnAR
Bepuokpaaia, Kal 0Tn CUVEXEID va WuxBei TTOAU apyd. Ze uwnAn Bepuokpacia, Ta
dTohO  €XOUV ETTAPKI KIVNTIKI €VEPYEIQ YIO VO OTTAOOUV OTTé TIG TPEXOUOEG
eo@aApéveg Toug Béoelg. KaBwg 10 UAIKO dpoailel, Ta aTopa olyd-oiyd TrayidevovTal
Kal apxi¢ouv va Traipvouv TIG owaoTEG B€oelg oTo TTAEyua. Edv To UAIKG wuxeTal TTOAU
ypriyopa, Ta atopa dev £XOUV TNV EUKAIPIA VA TTAPOUV TIG CWOTEG CUVTETAYHEVEG OTO
TAEYMQ, Kal €701 KATOWUXOVTAl EAATTWHATIKA €viOG TNG OOMAG TOU KPUGTAAAOU.
Opoiwg, otn simulated annealing o uwnAn Bepuokpaacia, uTTAPXOUV TTOANEG TUXQIiES
TTapaAAayEG OTNV ApXIKn dIapOpPwoT). AuTo divel OTa KENIG TTOU €ival 0 EOQOAUEVN
TTEPIOXN TNV €uKaipia va aTmrooTracBouv atrd Tnv apxiki Toug Béon. Kabwg n
Bepuokpaaia pelwveTal, Ta KEAIG apyiouv olyd-oiyd va trayideuovtal o€ PEATIOTEG
Béoeig .

>1n deUTePN avadoyia, n dpdon Tou simulated annealing ouykpiveTal ye pia PTTaAa o€
MIa Aopwdn ékTaon, péoa o€ éva KouTi [Szu 1986]. Xwpig otroladntroTe dlatapaxh, n
MTTaAQ Ba KuAfoel oTo AO@o PéEXP! va Bpel éva Adkko, 6TTou Ba oTapaTtioel yia TTavTa
TTAPOAO TTOU 0 AGKKOG PTTOPEi va gival WnAdG Kail X1 KATW-KATW oTn KOIAGda. MNa va
EXOUME TN MTTAAQ KATW-KATW OTn KOIAGSQ, TO TTAaicio TTPETTEl va KouvnBei éviova Kai
OPKETA £TOI WOTE N YTTAAA va dlaoyioel TNV YnAoTePn Kopupry 010 dpouo Tou. Kartd
TNV idla oTIiyun, TEETTEl va kouvnBei eAa@pd £T01 WaTe OTAV N PTTAAG @TACEl OTO
KATWTEPO onueio Tou AdQou  va unv uTropei va Byel. MNpétmer emiong va kouvnBei
YIO OPKETA JAKPU OIACTNUa £T01 WOTE VA UTTAPXEI UWnAn mOavoTnTa va @Tacel aTo
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KATWTEPO OnNueEio Tou AOGQou. AUTA T XOPOKTNPIOTIKG MPETa@pPAlovtal APECO
o€ TTAPAPETPOUG aAyopiBuwy. H duvaun n n mpadtnta Twv dovioewv KabopideTal
ammd TNV MOavoTiK ouvdptnon oTrodoxng Kal Tnv apxik Oepuokpacia, kar n
O1dpkela Twv dovAOEWV eEQPTATAI OTTO TO WUKTIKO XPOVOdIAYPAUHUA KAl TO KPITHPIO
EOWTEPIKOU BpOXOU.

1.3 Timberwolf 3.2

To Timberwolf, TTou avamTuxbnke amd Tov Carl Sechen kai Tov Sangiovanni-
Vincentelli eival éva eupéwg XPNOIPOTTOIOUUEVO Kal IBIQITEPA ETTITUXNUEVO TTOKETO VIO
ToTToBETNON KAl dpopoAdynon Pacioyévo oto simulated annealing. AlQQOpETIKEG
ekdooeIg Tou Timberwolf €xouv avattuyBei yia Tn ToTroB€TNoN standard cells [Sechen
1986, 1988b, Sechen kair Sangiovanni-Vincentelli 1986], macros [Cassoto et al.
1987], ka1 yia To floor planning [Sechen 1988a]. H ékdoon 3.2 yia Ta standard cells
Ba TepIypaQei £0W.

To Timberwolf k&vel Tnv TOTT06£TNON Kai TN dpouoAdynon o€ Tpia oTddIa. ZTO TTPWTO
oT1adIo, Ta KEAIA €ival TOTTOBETNUEVA €TGI WOTE va EAAXIOTOTIOIEITAI TO EKTIMWUEVO
MAKOG KaAwdiou xpnoigotroiwvtag simulated annealing. 210 deUTEPO OTADIO, TA KEAIK
€10AyovTal, OTTWG OTTAITEITAI, JE TO PAKOG TOU KaAwdiou va gival To eAdyIoTo duvaTo
Kal TTéAI, Kal TTPOKATAPKTIKG yiveTal global dpouoAdynon. 10 TpiTo OTAdIO, YivovTal
TOTNIKEG OAAQYEG OTNV TOTTOBETNON OTTOUBATTOTE €ival duvaTOVv va Pelwdei o apiBudg
TWV KOMMATIWV KOoAwdiou TTou atraitouvTal yia KoAwdiwon. 21N oulAtnon TTou
akoAhouBei Ba aoxoAnboupe katd kUplo Adyo upe TO OTAdIO 1-TOTTOBETNON.
NetrTopépeleg  yio 10 UTtOAoITTO  TOou  aAyopiBuou  divetar  otov  Sechen
[1986, 1988b] ka1 Sechen kai1 Sangiovanni-Vincentelli [1986].

O1 TTapdueTpol TTOU XpPnolgoTrolouvTal yia To simulated annealingtou Timberwolf
£XOUV WG €€NG.

1.3.1 Zuvdptnon Move Generation

AUo péBodol xpnolyoTroloUvVTal yia Tn Onuioupyia véwv ouvBéoewv amd Tnv
TpExouoa dlapopYwon. Eite éva keAi eMAEyETAlI TuXaia KAl PETATOTTICETAI O€ Mid
Tuxaia Béon oto TOIT, 1 U0 KeAId emmAéyovTal TuXaiwg kal evaAAdcoovtal. H
atrédoon Tou aAyopiBuou TTapatnendnke va e¢apTdTal aTto TO r, OTTOU I 0 AOYOG TwV
METATOTTIOEWV 0€ KOUPBouUG. MNeipauaTika atroteAéopaTta Tou divovtal ato Sechen kai
Sangiovanni-Vincentelli [1986] avagépouv 0TI 0 OAyOpIBPOG €xel TNV KAAUTEPN
gTTidoon 6tav 3 <r <8.

Katotrtpiopdg KeAIou Tepi Tov opigdvTio d&ova yivetal €Tmiong, aAAG povo étav pia
METATOTTION QTTOPPEITITETAI KAl POvo o€ Trepimou 10% autwy Twv TTEPITITWOEWV
emAéyeTal Tuxaia. EmimTAéov, pia Oepuokpacia eEapTwHEVN A0 TO TTEPIOPICHO
€UPOUG XPNOIYOTIOIEITAI IO VO TTEPIOPICElI TNV ATTOOTACN E£TTi TNG OTTOIAG £va KEAI
pTTOpEl va KivnOei. Apxikd, To €UpOg TNG TTEPIOPIOCUEVNG EUPREAEIOG  €ival DITTAACIO
atmd TO €UPOG TOU TOITT, £TOI WOTE yIA MG O€Ipd atmd uWnAég Bepuokpacieg dev
€XOUNE KavEva TTEPIOPIOHO. To eUPOG pEIWVETAI AoyapIBUIKA Pe Tn Bepuokpaacia:

18

Institutional Repository - Library & Information Centre - University of Thessaly
08/12/2017 18:43:58 EET - 137.108.70.7



log T
Lyy(T) = L“'V{Tl‘}l_ug’f'
1

log T
Lwﬂ{T} = LWH[TJ}]UB,—T
1

O1TToU Lyyy(Ty) Kai Ly y(Ty) €ival n €mBUPNTEG APXIKEG TIMEG TOU KOATAKOPUPOU KOl
opIovTIou eUPOG TTaPaBUpPoU Ly (T) Kai Ly y(T) , avrioToixXa.

1.3.2 Cost Function

H ouvdptnon KOoToug €ival TO ABPOICHO TPIWYV CUCTATIKWY: TO KOOTOG WAKOG TOU
KaAwdiou, C;, n TTOIV] ETMKAAUWNG TWV OTOIXEIWY, C,, KAl N TTOIVR} TOU WIAKOG TNG
YPapuNG eAéyxou, Cs.

To uAKog Tou KOOTOUG KoAwdiou C; uTttoAoyileTal xPNOIYOTTOIWVTAS Tn HEB0SO
semiperirneter, ye oTAOUION TWV KPICIWY BIKTUWY Kal aveEdptnTn OTABUION TNG
opIgoVTIag Kal KABeTNG KaAwdiwong yia K&Oe neto:

Cy = > [x())Wy (i) + ¥(D) Wy (i)],

niets

otrou x(i) kar y(i) €ival Ta katakGpu@a Kai opifovTia {euyn Tou opBoywviou BIKTUOU
opioBétnong, kai Wy (i) kar Wy (i) eivar Ta Bapn Twv opICOVTIWV Kal KABETWYV
Ceuywyv kKoAwdiwong. Kpiolya neta eival exeiva mTou TTpETTEl va BeATIOTOTTOINBOUV
TTEPICOOTEPO ATTO TG UTTOAOITTA, | AUTA TTOU TTPETTEI VA TTEPIOPICETAI OE €Va OPICHEVO
MEyIOTO MAKOG AOYyw Tng kabBuaTtépnong Oiadoong. Edv éxouv TommoBetnBei o€
MEYOAUTEPO BApOg, 0 aAyopiBuog Ba ToTToBeTHOEl KATG TIPOTiUNON Ta KEAIG TTOU
ouvdéovTal JE Ta Kpiglya neta Kovtd To €va 0To GAAO O€ HIa TTPOCTIABEIN VO PEIWTEI
10 K6OTOG. EdVv Ta neta egakoAouBouv va uTtepPaivouv To PEYIOTO PWAKOG OTNV TEAIKA
TOoTTO0£TNON, TO BAPOG TOUuG MPTTopPEl va auénBei kal o aAyopiBuog TpExel gavd.

AveEdpTtnta opifévtia kal kataképuga Bdpn divouv o010 XpHoTn Tnv €ueAigia va
EMAELEl OUVOEDEIG TTPOG Mia KaTelBuvon o€ oxéon ue AAAn kateuBuvon. 'ETol, 0Tn
TeExVOAoyia OITTAOU  peTrdAAou, Otou eival duvaTtdév va oToifaxBolv  kal va
TPOPOdOTNBOUV OTNV KOPUPA TwV KEAIWV Kal dev KATaAAPBAVOUV Kavéva ETTITTAEOV
XWpPo, o€ KABeTa feuyn PtTopei va do0B¢i TTpoTipnon (MIKpOTEPO PBApog). Katd tnv
@dacn TnG dPOoPoAdYnoNG, autd Ta keAId cuvdéovTal Pe Kateubeiav Tpo@odoaia avri
yla opigovTia Ceuyn KoAwdiwong péoa atd KavaAia, kal €101 TTOAUTIPOI XWPEOl
KavaAiwy diatnpouvtal eAeUBepa. AT TNV GAAN TTAcupd, o€ TOITT, OTTOU N KaTeuBeiav
Tpoodoaia tival datravnpr atrd TNV ATTown TNG TTEPIOXNG, TTPOTIUATE TA OPICOVTIA
KaAwdiwaon kal Ta opIfovTia (euyn OIKTUWV va AapBdavouv XapnAotepo Bapog. Auto
eAaxioToTrolEl TOV apIBuo atreubeiag TPo@odOCIWY TTOU ATTAITOUVTA.
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H T1oivip emk&Auwng oTtoixeiwy, C,, €ival TTApaBOAIKA OTnv T000TNTA  TNG
ETTIKAAUWNG:

c, = WEE{U[LJ}F.

otrou 10 O (i, j) €ival n emK&AuWn PETALU TNG i Kal j-00TOU KeAIOU, Kal To W, €ival To
Bapog autng Tng TToIvAG. Mapatnprnénke 61 1o €, ouykAivel oto 0 yia W, = 1. H
TTAPABOAIKT) OUVAPTNON TTPOKOAE HEYANEG ETTIKOAUWEIG TTOU TTPETTEI VA TIHWPENBOUV
Kal, WG €K TOUTOU TIG ATTOQEUYOUME TTEPIOCOTEPO aTO TIG MIKPEG. MOAOVOTI n
ETMKAAUWN KEAIWV BeV ETTITPETTETAI OTNV TEAIKI) TOTTOBETNON KOl TTPETTEI VO aQaIpeDEi
ME PIa EAAXIOTN METATOTTION KEAIWVY, XPNOIUOTIOIEI APKETO XPOVO UTTOAOYICHOU YIia va
aQaipéoel TNV ETMKAAUWN yia KAOe TTpoTeIvopevn Kivnon. YTrevBuuiouue 0TI TO PIAKOG
KaAwdiou uttoAoyietal oTadiokd. Edv mmdpa TTOANG KeAMId UETATOTTIOTOUV O€ MIA
TPOCTIABEIa va aQaIPECOUNE TNV  €mMKAAuUwn, Oa Tépel TApa TIOAU  xpovo
uTTOAOYIOUOU VIa va TTPOCdIoPIOTEN N METABOAR OTO UAKOG TOU GUPMATOG. MNa autd 1o
AGYO o1 aAyopIBuol eTTITPETTOUV TNV €TTIKAAUWN KaTd TN didpkela Tou annealing aTré 1o
va éxoupe penalize. H emKkaAuwn TTPOKAAEI JOVO €va PIKPO CQAAUQ GTO EKTIMWHEVO
MAKOG KaAwdiou. Ooo n emKkAAuwn €ival PiKpr, autd To CQAAPa Ba gival PIKPO.
EmmAéov, o1 MIKPEG ETTIKOAUWEIG TEIVOUV VO  €EOUDETEPWVOVTAlI OE OPKETEG
emavaAfyelg. ‘ETol, gival o cwaoTo va Kavoupe penalize ag peyAAeg ETTIKAGAUWEIS TTIO
duvatd atd O,TI KAVOUUE OTIG PIKPEG ETTIKAAUWEIG PE TR XPAON MIAG TETPAYWVIKNG
ouvaptnong.

H 1ToIvr) Tou PAKOG TNG YPOUMNAG €Aéyxou, Cs, €ival pia ouvdptnon Tng d1a@opds
METAEU TOU TTPAYUATIKOU WAKOUG YPAMMAG KAl TOU €ETMOUUNTOU WAKOUG YPAMMNAG.
Teivel va €§10W0El T PAKN YPAPUWY audvovTag To KOOTOG, vV Ol GEIPEG £X0UV AvIoa
MAKN. Ta dvica pAkn ypaupng odnyouv e oTTaTdAn Xwpeou, OTTwG QaiveTal OTo
2xAMa 1a. H mToivA divetal atrd Tn oxéon

Cy=W, S | Ly - Lgl,

OTToU Ly €ival To TTpaydanikd PAKOS YPOUUAS, Ly €ival To £mMBUUNTO YAKOS YPAUMNAG,
Kal W5 gival 1o APOG aUTAG TNG TTOIVAG VIO TNV OTTOIA €XOUE TTPOETTIAEYUEVN TIUA TO
5. Meipauata deixvouv OTI N XPNOIUOTIOIOUPEVN TUVAPTNGN TTAPEXEI KAAO EAEYXO, ME
TENIKA PAKN YPOUUWY €VIOG 3-5% Tng emBupntAG TIUNAG. AtroteAéopara amd dUo
Teipdpara mmou didovral atmd Toug Sechen kai Sangiovanni-Vincentelli [1986],
Ogixvouv pia peiwon OTo PAKOG oUpUATOg OTav €10MXON n TToIvA yia TO PAKOG TG
YPappng éAeyxou.

1.3.3 Kpitiipio ecwTepIkou Loop

2¢ K&Be Bepuokpacia, Evag oTabepds apiBudS KIVAoEwY avd KeAi eTTixelpeital. Autog
0 apIBPOG €ival pia TTAPAPETPOG TTou KabopileTal amd To XpAoTn. To TEAIKO URKOG
OUPPOTOG EAATTWVETAI POVOTOVIKA KOBWS 0 apiBuog KivAcewv avdé KeAi augdvetal.
KaBwg 0 apiBudg Twv KIvioewy auédveTal, n YEiwon OTo TEAIKO PAKOG Tou KaAwdiou
eEAATTWVETAI , KaI TTapaTeipouvTal PeyGAeg auénoeig oto xpovo CPU. O BEATIOTOG
apIBUOG KIvAoEwv ava KeAi eCaptaTtar amd To PEyeBog Tou KukAwpatog. Ta
Tapadelyua, yia €va KUKAwpa 200 keAiwv,100 KIVAOEIG avd KeAi ouvioTOvTal
oupewva ue Tov Sechen [1986]. IMNa éva kKUKAwua 3000 keAiwy, 700 KIVACEIG ava KEA
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ouvioTévTal, Ol OToieg JeTa@pPAlovTal o€ €va OUVOAO 245.7 ekaTOMPUpPIO
ATTOTTEIPWVG. To ZxNua 7a deixvel TO TEANIKO URKOG TOU OUPUATOG WG OUVAPTNON TOU
apIBuoU Twv KIvAoewv ava KeAi yia éva TTpopAnua 1500 keAiwv. Kabwg o apiBuog
TWV KIVACEWV ava KeAi aufdvetal TTépa atmd TO CUVICTWHPEVO CNUEIO, N KAWTTUAN
EMTTEDWVETAI TTPOG TA £6W, TTPOKOAWVTAG £T01 PIKPA TTEPAITEPW PBEATIWON aAAG pe
TEPAOTIEG AUEAOEIS OTOV XPOVO UTTOAOYIOHOU. To ZxNHa 7 deixvel TN OUVICTWOO TOU
apIBPoU KIVAOEWV ava KEAi WG cuvapTNOT TOU PEYEBOUG TOU TTPORARPATOG.

Eikéva 7 (a) EvaAAayr) petagu mmoidétntag kail xpovou CPU oTto Timber-Wolf

SO0D00
Méoo
urikog i
KaAwoiou
BOJOOD o
Tonoon -I
B00000 ¥ =T T T T T a—
] 106 200 dap 400 500

Kivijoeig avd KeAi

Eikéva 7 (b) Mpoteivopevog apiBudg KIvAoEwv avd KeAi
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1.3.4 Xpovodidypaupa yugng Kal KPITAPIO SIOKOTTAG

To xpovodidypaupa Yusews utropei va €gnynBei atmd pia avaloyia pe n dladikagoia
NG KPUOTAAAwONG. MNa va emiteuxBei pia TEA€Ia dopr KPUaTAAAoOU, gival onuavTiké
yUpw atrd 1o onueio TNEEWG, N BepUOKPATIa va PEIWVETAI e TTOAU Bpadl pubud. H
annealing dladikaoia &ekiva og gia TTOAU uywnAr Bepuokpaacia, T; = 4.000.000, €101
WOoTE 01 TrEPICOOTEPEG aTTO  TIGC KIVACEIG va  yivovtal OekTéG. To  WUKTIKG
XPOVOJIAYPAPUA AVTITTIPOCWTTEUETAI ATTO TNV £§i0Won

T =ul(T)T,

otrou a(T) sival TTapAuUETPOS pubuoU Yueng, n otroia KaBopileTal TTEIpAPATIKG. ZTNV
apxn, n Beppokpacia peiwveral paydaia [a(T) =~ 0,8]. ZTn cuvéxela, oTo PECO UPOG
Bepuokpaaiag, n Beppokpacia peiwvetal Bpadéwg [a(T) = 0.95]. H peyaAuTepn
emmegepyaaoia yivetar o€ autd TOo €UPOG. ZTNV KAipaKka xaunAng Bepuokpaciag, n
Bepuokpaaia peiveTal kal TTAAI Taxéwg [a(T) = 0,8]. To TTPOKUTITOV XPOoVOdIAypalUa
Wugews @aivetal oto ZxNua 8. O aAyoépiBuog TepuatiCel 6tav T <0.1. Auto
atroteAeital atmd 117 o1ddia BeppoKpaciog.

Eikéva 8 Timber-Wolf 3.2 xpovodidypapua yuéng

102 i e r — . —
0 20 40 80 80 100 120

ApIBPOG eTTOVAANYNG

1.3.5 Amédoon

To ZxAua 9 O&cixvel MIa TUTTIK KAPTTUAN BeATiotommoinong. Katd TI¢ TTPWwTEG
ETTAVAANWYEIG UTTAPXEI TOOO TTOAU Tuxaia diatdpagn ye To KOOTOG va augdveTal. Kata
TO TTPWTO AMICU TNG dladpoung, dev uttdpxel Kapia BeAtiwon. Autr n diatapaxr ivai
ATTOPAITNTO va OTToQUYEl T Trayideuon o€ ToTTkA BéATIoTa. OTav n Beppokpacia
MEIWVETaI, TO KOOTOG apyiCel va peiwvetal. H amédoon tou Timberwolf ouykpibnke pe
£va TTPOYPAPUA TTOU avaTITUXBNKE eUTTOPIKA Yia Tn TOTTOBETNON Kal BacifeTal v JEPEI
oTnv aAyopiBuo min-cut. Me tov TmberWolf emreuxOnke 17-37% MIKPOTEPO WAKOG
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oUppaTog yia Biounyxaviké KukAwpata TTou Kupaivovtalr 469 éwg 2500 keMid. To
2500-keNiov KUKAwpa atraitei 15 wpeg xpovou 1ng CPU oe éva IBM 3081K. ¢
ouykpion MeE Xelpokivntn didtagn yia éva 800-keAi kKUKAwpa, pe Tov Timberwolf
EMTEUXONKE pIa KOTA 24% pEiwON TOU PNAKOUG TOU KAAwDIoU PE 4 WPES TOU XPOVOoU
NG CPU o¢ éva IBM 3081K.

1.4 Npéo@ateg BeATiwoeig oto Simulated Annealing

Mpdogara ol epeuvnTéG £XOUV apyioel va avaAUouv TV atrddoon Tou aAyopibpou Kal
va  eAéyxouv TNV AEIToupyia Twv TTAPOUETPWY  XPNOIUOTIOIWVTAG OTOTIOTIKEG
pHEBOOOUG. 'Exel avagepBei w¢ Kal OeKATTAAOIA  ETTITAXUVON O OXEON HME TIG
TTIPONYOUUEVEG EKDOOEIG.

1.4.1 AtroteAéopara Twv MBavoTikwyv ZuvapToewv ATTodoxNg

Or1 Nahar, Sahni, kar Shragowitz [1985] meipapaTioTnkav e TIG 20 SIOQOPETIKES
TOAVOTIKEG OUVAPTACEIG ATTOBOXAG Kal Ta TIPoypduuaTa  Bepuokpaciag Trou
Taparifevral dw. 21N AioTa, gi €ival n ouvaptnon amodoxng, C;, Kal C; eival Ta
Tponyouueva Kal véa K6oTn, Kal 10 T) €ival TO K,, PAMO OTN Bepuokpacia.

(1) Metropolis g1 =exp [-(C; — C)/Tq]
(2) 'E€I Beppokpaaiec Metropolis gk =exp [—(C;—C)/Ty] 1 sks6
(3) Zuvexng g1=1
(4) BApa Movéadag g1 =1 kaig, =05
(5) Mpappikn 91 =T1G;
(6) TeTpaywVIKnA g1 = T,C?
(7) KuBikn g1 =TiC}

exp —i)—l
(8) EkBeTikA g1 =———

e—1

(9) 'E&I BepPOKPOTIEG YPOAUMIKEG Ir = T C; 1 <k<6
(10) ‘E€I BEpUOKPATIES TETPAYWVIKEG r = TxC? 1 <k<6
(11) 'E€I Beppokpacieg KUBIKEG gk = Ty C? 1 <k<6

exp(%)—l
(12) 'E€I Bepuokpagie eKOETIKES Ik = # 1 <k<6
(13) F'pappikn diagopd 91 =T1/(C; =)
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(14) TeTpaywvikr] diagopd g1 =T1/(C; — C))?
(15) KuBIKr] dlagopd 91 =T1/(C; = C)?

exp(T;/(Cj—Cy))-1
e—1

(16) EkBeTikr} diagopa g1 =
(17) 'E&I BeppoKpaoieg YPAUUIKAG IOPOPAg i = T/ (C; = Cy) 1 <k<6
(18) 'E&I Beppokpacieg TETPAYWVIKAG dlagopds  gx = Ty /(C; — C)? 1 <ks<6

(19) 'E€I Beppokpaacieg KUBIKNG dlapopag i =T/ (C; — C)® 1<ks6

exp(Tr/(C;—C))-1
e—1

(20) 'E€I Bepuokpaaieg eKBETIKAG dlIaQOPAg Ik = 1 <k<6
MNa ™ ouvaptnon Tou BrpaTog Povadag Kal TIG £€1 ouvapTAoEIS TNG Bepuokpaaciag,
000nke icog xpbdvo uttoAoyiopoU og KABe Briua.

Autég o1 ouvaptnoeig dokiudotnkav oto Net Optimal Linear Arrangement problem,
TToU €ival Katd pia d1IGoTacn 1I008UVANO Tou TTPORAAPATOG TOTTOBETNONG KEAIWY (cell
placement). Ze OAeg TIG GUVAPTACEIG OOBNKE iI00G XPOVO UTTOAOYIOHOU, KABWG yIvoTav
Kal oUyKpion oTn heiwon Tou K6aoToug. Ta atroteAéopaTta @aivovtal oto ZxAua 10. To
oxAMa Ogixvel €mmiong pia oUYKPION HPE TOV €UPETIKO aAyopiBuo Goto [1977] Tov
Cohoon kai Tov Sahni [1983]. H kaAUTtepn €1mido0n TTAPOUCIACTNKE ATTO TNV  Gvod0o
TWV £€1 BEpPOKPACIWY, TNV OTABEPJ, KOl DIAPOPES KUPBIKEG OCUVAPTHOEIG.

Eikéva 9: KautruAn BeAtioTtotroinong yia TimberWolf 3.2
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Eikova 10: ZUykpion diapdpwyv ouvapTiocwy atrodoxnc m 6 sec ¥ 9 sec o 12 sec
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1.4.2 Z1aTioTiKOG 'EAgyxog Twv Annealing Parameters

Av éxoupue pia péBodo yia TNV €€aywyr Tou XPOovodiaypAuPaTOS TWV TTAPANETPWY
Wugng amo  JIo OTOTIOTIKA  avdAuon Tou idlou Tou TIPOBAAUATOG, TOTE TO
XPOVOBIAYPAPUa WUENG, avTi va eTTavakaBopieTal, UTTOPEI va TTPOCOPUOOTEI yia TO
KGO TTPpORBANKa TToU TTPETTEI VO TTIAUBEI, KaI TO annealing JTTOpEi va TTPOXWPENOCEI PE
Taxeic puBuoug. Tétoieg Trpooeyyioelig ovoudlovral adaptive simulated annealing
algorithms. O Aarts et al. [1985, 1986] kai o van Laarhoven kal o Aarts [1987]
Xpnolgotrolouv T Bewpia  Twv  oAucidwv  Markov yia  va aviAjoouv TO

xpovodidypapua woéng. Mapdpoieg ek@pdoelg avattuxBnkav atd Huang et al.
[1986].

2nueloypagia

R ={ry, T2,0001000000 T|R| } €ival n dlapdpewaon Tou XWPou, To UVOAO OAWV TwV
mOavwyv ToTToBETHOEWY, OTTOU TO i, TTPOCdIoPIfEl JovooriuavTa yia dlaudpewan, r;,
gival n i, O1aragn diavuouaTtog, divovTtag TIGC CUVTETAYUEVEG OAWV TWV EVOTATWY TNG
i-0o0TNG TOTTOBETNONG , €,, £ival N i-00TN povada oTo didoTtnua [0, 1]R!,

I ={ilrieR}={1,2,...,i,..,|R|} €ivai TO oUvOAO TwV ETIKETWV dlIaUSPPWONG,
C:R —R ¢ival n ouvéptnon k6oToug, n otroia ammodidel éva mpayuatiké apiBud C(r;)
yla KABe diapdpowan i € Ix €101 WOTE OG0 XaunAdTepn N TiuA Tou C, TG00 KaAUTEPN
givar n avriotoixn Slaudpewan. O aAyopIBuog UTTopPEl va Pop@oTToiNdel w¢ Hia
akohouBia aAucidag Markov, k&Be aAucida atroTeAsiTal amd piIa  akoAouBia
OIAPOPPUWCEWY YIa TIG OTToieg N MOavoTNTa PETGRAoNS amd TN dlaudpPwaon i oTn
dlapopewaon j divetal armmd Tov TUTTO
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8,(T)

A, (T)P, if i #j
IR |

1= > Au(T)P,(T) ifi=]
k=1

LR T

6tou To Py, eival n mBavéTtnTa diatapaxng, dnAadn, n mOaveTNTa TApaywyng uiag
Slopopewaong j amo pia dlapopwon i (avegaptntog Tou T) . A;(T)  eival n
mBavotTnTa atmodoxng, dnAadn, n mMoavoTnTa amodoxng NG diaudpewaong j €av 10
ovuoTnpa gival o€ diapdpewaon | kal T gival n Bgppokpacia. H mlavotnTa diatapaxng
ETIAEYETAI WG

1
if jely,

R,
0 ifj¢l,

OTTOU R;, €ival N dIAUOPPWON UTTOXWEOU Yia TN dIAPOPPWOT i, TO OTToI0 OpIdeTal WG
T0 diIdoTnua  OAwv  Twv  OIOPOPPWOEWY TIOU  UTTOPEl  va  emTeuxBouv
amdé TN Olauodpewaon i he pia povo diatapaxh. AuTh €ival o opoiduopen
KATavourR TTBavoTATWY YIa OAEG TIG DIOUOPPWOEIG OTOV UTTOXwPOo. H mlavoTtnta
a1Tod0XNG ETTIAEYETAI WG

_".J‘q'"lf‘:llr_.I .
exp| — ) if AC, >0

1 if AC,, < 0,

AU{T) =

6mou AC;; = C(rj) — Cr; . Aut) n ékepaon eival yvwoTr wg To Kpitipio Metropolis
(Metropolis Criterion). Ao Tn Bewpia NG aAucidag Markov TTpokUTITEl OTI UTTAPXEI
éva povadikod diavuoua icoppoTriag q (T) € [0, 1]'B! mrou ikavoTroigitan yia 6Aa Ta

for all iely: ll.im e’e(T)=q"(T).

Av gekiviiooupe atrd oTroladnTToTe dIaPOPPWaOn, i, Kal eKTEAEooupE L diatapaxég
ME L — oo, T0Te N mMOAvVOTNTA va KaToANgouue o€ kardoTaon j divetal amo 1o q;(T)

Tou Odlavuoparog Icoppotriag. 'Etol, 10 didvuopa 1coppotriag g (T) Siver Tnv

KaTtavour Tng meavotnTag yia Tnv eueavion kabe katdoTaong o€ IcoppoTia. lMNa Tig

TIPEG TwV Py Kal A;;(T) TToU d6BNKav TTapaTravw,

-AC,
T

q,(T) = qn(T}exP(

§
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OTTou iy €ival n €TKETA TNG PEATIOTNG dlouopewong kKal 10 qo(T) civalr €vag
TTaPAYoVTag KAVOVIKOTToiNoNG TTou divetal atmd Tov TUTTo

1
T = — )
qﬂ( ) .H:. ﬂ'c.’ k
S
k
ETriong €xoupe:
lim (e &
lim (e,0(7)),
L—+om
= i T
tim ¢,(T)
_ IR, |~ EJ-EIR“
{:} if J?‘E 'arh

OTTou TO R, €ival TO OUVOAO Twv PEATIOTWY BIAPOPPWOEWY, OnAadr, Ry =
{rieR|C(r;) = C,,}. 'ET01, yia alucideg Markov amreipou prikoug, 10 guotnua Ba
TETUXEl MIa ammo TIG BEATIOTEG OIQUOPPWOEIG PE Mia OPOIOPOP®N  KOTAVOUNA
mOavoTATWwy, KAl n meavotnTa Tng €TmiTeugng UTToREATIOTNG (Suboptimal )
dIaPOPPWONG gival PNdév.

Apxikn Bspuokpacia. Mia otabepry apxikr Bepuokpacia T, dev XPNOIKOTIOIEITAI.
Avt 'autoU, n apxikn Oepuokpacia €xel pubupioTEl €TOl WOTE va  EMTEUXOEI
Mia €mBupnt apxikr mOavotnTa amodoxng, xo. EdAv 10 my kol 710 m, €ival o
QpPIBUOG Twv MPEXPI TWPa dIOTAPAXWY TTOU 0dnNyouv O€ MEIWOoN TOUu KOOTOUG KOl
augnon Tou KOOTOUG, QVTIOTOIXWG, KAl AV TO  AugavOuEVO KOOTOG diatapaxwy m,
gival amodektd oUP@wWva PE TO KpITHpIo Metropolis, T0TE 0 CUVOAIKOG apIBUOG Twv
OIAPOPPWOEWY TIOU  gival  aTTOOEKTOG  €ival mq+ my, exp ((AC [/ T)
AuTO divel To x5 WG

m, + mzexﬂ—ﬁCKT}

Xo = m|+m2 ’

H e€iowaon pmropei va Eavaypagei yia Tov UTTOAOYIOUO TNG apxXIKAG Bepuokpaaciag atmo
TNV €MOUUNTH TIUA TOU Xg:

B —— m2 -
T, = AC'YIn .
s Xo — {1 = In:'m1

ommou AC*t eival n péon TIUR OAWV TWV OQUENCEWV OTO KOOTOG, QYVOWVTAG
TIG MEIWOEIG OTO KOOTOG. TO apXIKO cuoTnua TTapakoAouBeital katd Tn dIdpKeIa evog
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apiBuou  diatapaxwyv TPIV attd TNV €vapén TNG TIpayuatikig  diadikagiog
BeATioTotTOiNONG. =eKIVWVTAG e T = 0 , YETA aTTO KABe dlaTapaxh M vEA TIUA yia
TNV T1 uTTOAOYiCeTal OTTO TNV AVWTEPW EKPPAOCT.

2Uh@wva pe Tov Huang et al. [1986], T0 cuoTnua Bewpeital apketd (e0Td OTAV TO
T >>0, 61T0U O €ival n TUTTIKA aTTOKAION TNG OUVAPTNONG KOOTOUG. E¢ ou Kal N apxIKnA
Bepuokpaaia Aappaveral wg Ty = ko, 6Tou k=-3/In(P). AuTtd €mMITPETTEI OTNV APXIKA
Bepuokpacia T va eival apkeTd uwnAr woTte va Oéxetalr pe moOavotnTa P pia
IaPOPYWON YE KOOTOG 30 XEIPOTEPO ATTO TO TPEXOV. Mia Tutmikr) Tiuf Tou K gival 20
yia P = 0,9. lMpwrtov, 0 xwpog diaudpewang £xel diepeuvndei yia Tov TTPocdIopIoud
TNG TUTIKAG oTTOKAIoNg TNG ouvdaptnong KoOoTtous. H  apxik  Bepuokpaaia
utToAoyiZeTal PETA.

Mrwon Ospuokpaociag. Ol TTEPIOOOTEPEG EQAPUOYEG  XPNOIUOTTOIoUV
TTPOKABOPICHEVESG PEIWTEIG Bepuokpaaiag, KATI TTou Ogv €ival BEATIOTO yia OAEG TIG
OlapopPPWOEIC €vOG KUKAwpaTtog. ‘Eva  Tétolo  xpovodidypappa  woeng odnyei
o¢ oAuoideg Markov petaBAntou prkoug. O Aarts et al. [1986] ocuvioTd Tn XpPAON
oTtaBepoU  PAKOUG via TIG aAucideg Markov. Autd Jmopei  va  €mITEUXOEI
XPNOIYOTTOIWVTAG TNV TTOPAKATW £€icwaon Peiwong Bepuokpaciag:

In(1 + 8)T, ) '

T£+] = Tr(l + 301.

OTTOU 0 , €ival N TUTTIKA aTTOKAIOTN TG OUVAPTNONG KOOTOUG £wg TNV Beppokpaacia T;,
Kal To & gival évag PIKPOG TTpayuaTikOg aplBudg TTou gival PETPO YIa TO TTO00 KOVTA
givar Ta dlavioparta 100pPOTTiaG gy METALU Toug UoTepa atrd duo OIadOXIKEG
ETTAVOANAWYEIG:

1 - "-II][Tz}

= =1+ 4.
146 f.'u[Ta}

O Huang et al. [1986] xpnoiyotroince 10 PEOO KOOTOG Ot Oxéon MPe TNV log-
temprature KauTUAN yia Tnv kaBodriynon Tng ueiwong Tng Bepuokpaaiag €101 WOTE
TO KOOTOG VA PEIWVETAI JE OPOIOUOPPO TPOTTO. Q¢ €K TOUTOU,

T AC
T =T, exp( )

Hz

n e€iocwaon autn €xel TPoEABEI atrd Tnv £¢icwaon TNG KAioNg TNG KAPTTUANG avoTITnoNng
yia ¢?/T? . Ta va diatnpcoups TN quasi-equilibrium, n peiwon Tou k6oTOUC B
TIPETTEI Va gival MIKPOTEPN aTTd TN TTPATUTTN ATTOKAION TOU KOOTOUG. [Na AC=-A0 A1,

\T,
Ty = Tooxp( -~ 2).
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Tummkd, A = 0,7. O Aoyog T;.1/T; | T, dev emmpémmeTal va TmECEl KATW atmd éva
OPIOUEVO KATW OpIo (TUTTIKA 0.5) TTpOKEIEVOU va aTTOTPATTEI N OPACTIKA MEIWON TNG
BepUOKPOTiag TTOU TTPOKAAEITAI ATTO TNV ETTITTEDN AVOTITNON TNG KAPTTUANG O0€ uWwnAn
Bepuokpaaia.

Kpiriipio Aiakomrrig. To Kpitriipio dIakoTrrg diveTal atmod Tov Aarts et al. [1986] wg

ac(r) T | _

T o(ry) |t
OTTOU €4, €ival £va PIKPOG BETIKOG apIBUOG TTou ovopAdeTal n TTAPAPETPOG OTOTT , KAl N
C(T,) civar n péon TP TG ouvdaptnong kéotouT ¢. H katdoTaon autr Baciletal
OTNV TIPOEKTACN TOU OMAAOTTOINUEVOU PECOU KOOTOUG C,T; TTou AauBAveTal KATa TN
O1dpkeia Tng dladikaciag PeATIoToTToINONG. AUTOC O UEGOG OPOG UTTOAOYICETal ETTI MIa
ogipd aAucidwv Markov, WoTe va peiwBoUv o1 dlakupavoeig Tng C(T4).

H moAummAokdérnta mpayuarnikoU XpOvou Kai Ta TTEpauanika amoreAéouara. O
aAyopiBpog Aarts et al. [1986] €xel TToAuttAoKOTNTA O(|R| IN|R]), 6TTO0U |R| TTPOEPXETAI
atré 10 PnRKog Twv aAucidwv Markov, kai 0 6pog aTo In|R| gival éva dvw 6plo yia Tov
apIBuo Twv PnuaTwy TNG Bepuokpaciag. O pnxaviopodg diatdpagns PTTopei va
ETTIAEYEI TIPOOEKTIKA, £TO1 WOTE TO PEYEBOG TNG DIAPOPPWONG TWV UTTOXWPWYV Va gival
TTOAUWVUMIK o€ oxéon Me Tov apiBud Twv PETABANTWY TOu TTPORAAPATOG.
Katd ouvétreia, o annealing algorithm ptropei mavra va oxedlaoTel va €XEl XPOVIKN
TTOAUTTAOKOTNTO TTOAUWVUIKA O€ OXECN WE TOV apIiBud Twv PETABANTWV.

O aAyo6piBpog Huang et al. [1986] €xel dokiyaoTei 0€ KUKAWwpaTa peyEéBoug 183 €wg
800 keAiwv. Odnyei oe e€oikovounan Tou xpovou CPU katd 16-57% oe ouykpion JE
Tov Timberwolf yia tepitrou TNV idia 1T01I0TNTA TOTTOBETNONG. O XPdvog CPU  TTOU
XPEIGOTNKE gival TNG TAgews Twv 9 wpwv o€ évav VAX 11/780 yia éva kUkAwpua 800
KEAIWV, VW TO idI10 KUKAwa atraitei 11 wpeg pe Timberwolf 3.2.

1.4.3 BeAmiwpévo annealing algorithm og TimberWolfSC 4.2

O Sechen kai Lee [1987] spdpuocav éva ypryopo aAyopiBuo simulated annealing
w¢ Pépog Tou TimberWolfSC €kdoong 4.2, o otroiog gival 9-48 QopEG TTIo YPryopogs
ammd 6, T NG ékdoon 3.2. Q¢ cuvéttela autoU Tou aAyopiBuou, n ToTmoBETNoN €Wg
3000 keMid pTTopEi va yivel og €va Micro VAX 1l workstation og Aiyotepo atro 24 wpeg
xpovo CPU. O1 TTapAueTpOI TTOU XPNOIUOTTOIOUV £X0UV WG £EAG.

Kooro¢ Acitoupyiag. H Tummikl oOuvapTnOon KOOTOUG QTTOTEAEITAl QT TNV
NUITTEPIMETPO TOU WAKOUG TOou KaAwdiou, pe puBuIdpeva BApn yia KATAkOpU@a Kal
opICOVTIa neta Kal TIOIVEG VYia ETTIKAAUWN KAl €AEYXO WAKOUG YPOUHWY £XOUV
epapuooTei. H kKwdikotroinon, woTtdoo, gival TTOAU TTI0 atTodoTIKN. INa TTapddeyua, n
KIVI)O€IG TTOU TTPOKAAOUV HIa JEYAAN TTOIVH) QTTOPPITITOVTAI XWPIG va XAOOUWE XPOvo
CPU yia ekTeTAPEVO UTTOAOYIONO TOU PIKOG TOU KOAWDIOU.

TévaAn smikaAuwng. KaBe oeipd xwpiletal o€ un emkaAuTITopeva bins. H tToivi
emMKAAUYNG C, €ival ion pe To dBpoiopa TNG atroAuTNG d1a@opds YETAEU Tou TTAATOUG
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bin, w(b), ka1 Tou cuvoAikoU TTAGTOUG TOou KeAIOU TTou Téuvel To bin w.(b) . H 1TOIVA
EMKAAUYNG OiveTtal amod Tn oxéan €, = W, P, , OTTOU n TT000TNTA TNG ETMIKAAUWNG
divetal atmo

Fp= bZ |w(b) — w(d)].

ins

H ouvdptnon autl p1Topei va aglohoynBei ypriyopa, €1reidf] o aAyépiBuog dev
XPEIaleTal va Kavel avalntnon HEow OAwV TwV KEAIWV TTPOKEINEVOU va KaBopioel Tnv
emkaAuywn. To w.(b) cival yvwoTo yia 6Aa Ta bins. OtoTte éva KeAi PETAKIVEITAI, TO
w.(b) evnuepwveTal yia OAa Ta KEAIG TTou eTTnpedalovTal.

H &iadikacia tou simulated annealing efaptaTtalr éviova amod 1o Bapog, W,, Tou
OiveTal g€ auTh Tn TIOIVI] OTO OUVOAIKO KOOTOG Acitoupyiag. Q¢ ek TOUTOU, éva
apvnTiKG oUoTNPa avadpaong  €xel evVOWMOTWOEl yia Tov €AeyX0 QUTAG TNG
TTAPAUETPOU BUVAMIKA KaBWwG TTpoxwpd To annealing:

] P, - P}
Wo(i+1) = max[{}, Wy(i) + ——— |,

| i

étmou Py kai PI eival n Trpayuartiky kai n TR O0TOX0C TNG TTOIVAG ETKAAUWNCG,
kKai  Lp eival 10 €mBuunTd WAKOG YPOPWAS. AuTO aufdvel TNV ToIvA, €4v n
ETMKAAUYN €ival geyaAuTePN ATTO TNV TIUA OTOXO0G, OIAPOPETIKA TO YEIWVEL. H 10aVIKN)
TIUA OTOXO0G TNG ETMIKAAUWNG EXEI EUTTEIPIKA KOBOPIOTEI:

I'I'I"IEH'll

i ].
szll.4-1.15_ ILR,

OtTou i gival n TpExouoa €mavAANWN, KAl i,4, €iVOl O APIBPOG TWV ETTAVOANYEWV
(Tiyéc Beppokpaaiag) TTou XpnoiuoTroisital. Autd divel pia Ty otéxoc 1.4 Ly ot
UYNAEG BEPPOKPOTIEG, OTAV | K ipmar - KOBWG n Beppokpacia peiveral, o EAeyxog
YIVETQI TTI0 OQIXTOG KOl O OTOXOG ETMKAAUWNG MEIDVETOI JEXPI N TEAIKA BepuUoKpaaia
yivel 0.25Lp .

Moivy otov ‘EAgyxo Tou Mrkoug Mpaupng. Mia TTapdpoia apvnTikr avatpo@oddTnon
OTO BUVAMIKO EAEYXO €xEl XpNOIUOTTOINGET yia Tn ouvapTnon €Aeyxou TnG TToivly OTO
MAKOG YPOUMNAG C3 = W3Pp, OTTOU TO Pg Oivel TN Sla@opd PETALU TOU TTPAYHATIKOU
Kal Tou €mBuunToU PNAKOUG TNG ocIpdg. Biopnxavikoi oxedlaoTéEG ouaTrivouv OTI N
MEYIOTN dlaKUpavon oTa PMAKN YPOUUAG atrd Tnv €mBuunTt Ty Ba pétrel va gival
péoa 010 3%. To mpdypapua TTpooTrabei va emTUXEl QUTO TO OpPIO, PE Tn OuvexXnh
METABOAN Tou Bdapoug W3. H apvnTikh avatpo@oddTtnaon TnG ouvdaptnang eAEyxou
gival TTapouola Je EKEivVN yia TNV TToIVA €TTIKAAUWNG:

30

Institutional Repository - Library & Information Centre - University of Thessaly
08/12/2017 18:43:58 EET - 137.108.70.7



P, - P}
Py

Wy(i+ 1) = max(ﬂ, Wyli) +

6mou Py kai Ph: eival ol Trpayuatiki TR Kal N TIMA OTOXOG TNG TIOIVAG, KOl

i ,
P;:;= [5 —4——|tLg,

e H T

otou C cival n dla@opd Tou PEOOU MAKOUG YPAUMNAG. EBW €XOoupe TIG ApPXIKEG
Kol TENIKEG TIPEG Twv PR

Pi(0) = 5{Lp, and  Pi(in.) = tLg.

lMpowpn Amoéppiwn Néwv Kivjosewv. Evw aflohoyoUue KIVACEIS , N TIOIVA
uttoAoyileTal TTpIv TO PUAKOG Tou KaAwdiou. Av pia Kivnon empBapuveral Ye PEYAAN
TToIvA, €ival meavo n kivnon auth va amoppl@bei. Qg ek TouTou, dev UTTAPXEl VONUO
yla TOV UTTOAOYIOHO TOU MPRKoug KaAwdiou yia TéToleg KIvAoelS. O uttoAoyIouog TG
TTOIVAG KAvel 600 €va KAGoua Tou XpOvou TTOU OTTAITEITAI yIa TOV UTTOAOYIOUS Tou
MAKOUG KOAWDIOU, ETTONEVWG TTPOWPN ATTOPPIYN TETOIWV KIVACEWY PEIWVEI ONPAVTIKA
ToV XpOvo uTttoAoyiopou . Ta mpéwpn amoppiwn, n oAkayiy otn Toivp AP
uttoAoyigeTai:

H mBavotnta ammodoxng exp (- AC/ T) , cival pikpdTEPN ATTO €va KOTWTEPO OPIO €,
oTav

ﬂ'P }|'&C1.m1n| + T|lnf|’

OTTOU AC jpin €iVQI N HEYOAUTEPN MEIWOT TOU PAKOUG TOU KOAWIOU TTOU avapevoTav
ammd TV Tpéxouca emTavaAnywn. Av n TTOIVAp TTOU UTTOAOYIZETOI IKAVOTTOIED QUTH TNV
aviodtTnTa, n afloAdynon Tepuartifetal. ©a ATav €mOBuuntd va HEYIOTOTTOINBEI
0 OpPIBUOG TwV ATTOPPIYEWY VWPIC yia va eoikovouriooupe xpovo CPU. Auto,
woTO00, aufdvel €mmiong Tov aApPIBPO Twv AavBaouévwy  KIVAOEWY TTPOwPENG
améppiyng - TOU  AavBaopéva TepuaTioTnkav, evw Ba  ETTPETTE va  yivouv
0ekTéC. MNa TO OKOTO auTO, MIa KOAN €KTIUNON TNG QvapevOUevNg MEiwong
ot MAKOUG KOAWdIOU ACqmin  OTTQITEITAI. AV n peyaAUTepn TIUA Tou ACq min
NTavV OTNV TTPONYOUUEVN ETTAVAANWN, QUTH XPNOIMOTIOIEITAI WG EKTIMNON, TO 0@AAUA
gival apkeTd peyaAo, agou ouciacTIKd To AC; Kupaivetal amd emavaAnyn o€
emmavainyn. MNa

lﬁcl min“}l
=|ac,(i - 1)| + 1.80(i - 1),
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n Tpéwpen amoppIYn Tou OPAAPOTOG eival PIKpOTEpn atmd 1%, 6mou AC (1 — 1)
kai ofi - 1) e€ival n péon TIMA KOl N TUTTIKA OTTOKAION OAWV Twv apvnTIKWV
TINWV Twv AC TTpIV TRV eTTavaAnyn i . Me auth TRV TIPA TNG ACq jmin (1) KaI e € = 1/3,
Taipvoupe TNV aviocoTnTa  yiIo  TO  TeOT TNG  €yKalpng  ammoppIyng

AP>|AC (i — 1)+ 1.80(i — 1) + T.

Move Generation. H Ttponyoupevn HEBOdOG TNG diatApnong MIag oOTabepAg
avaAoyiog PETAEU TwV PETOTOTTIOEWV OTIG BIacuvoEaelg £xel dlakoTrel. H akdAoubn
dladikaoia XpNOIKMOTTOIEITAl VIO TNV TTAPAYWYI] KIVACEWV.

‘Eva keAi emAéyeTal Tuxaia, kal pia Tuxaia ©éon éxel €mAeyei WG TTPOOPICHUOG.
Av 0 TTPOOPICHOG gival KEVOG, YiveTal n TOTTOBETNON, aAMIWG ekTeEAEITal avTaAlayr. Mia
véa ouvapTnon range-limiting €xel xpnoigotroinBei, n otroia epIopidel Tn Kivnon evog
KeAIOU oTn yeirovid Tou. AuTO TTPOKAAECE HIa dpapaTKn BeATiwon OTO TTOCOCTO
a1rod0XAG KIVAOEWYV, £COIKOVOUWVTAG £T01 XPOVO TTOU OTTOTAAIOTAV OTNV AgIoOAGYNoN
KIVI)OEWV TTOU 0TO TEAOG Ba £TTPETTE va aTToppIpOoUyV.

Tpoid Oepuokpaciag. To TPo@iA Tng Bepuokpaoiag civar 10  PBaACIKO
XOPAKTNEIOTIKG auToU Tou aAyopiBuou. H dpapaTtikh BeATiwon otnv atmmodoxr Tou
TTOOOO0TOU TWV VEWV KIVAoEWV Adyw TNG ouvdptnong TTou odnyei o€ BEATIWPEVES
KIVIO€IG, auTh KOBIOTA TTEPITTO va EEKIVIIOOUME TOV OAYOPIOUO e TTOAU uwnAn
Bepuokpaaia. To TTPOYIA TTOU XpnOIUOTIOIEITaI BEpUOKpaTia gival

T, = 500
Ti+1 = 0 98Tl 1<|<120

(Zuykpivere pe Timberwolf 3.2, émmou T4 = 4.000.000) ‘ET1o1, o id10G apiBuog Bnudtwy
ylo TN BEPPOKPOTIOG CUPTTUKVWONKE € €va MIKPOTEPO €UPOG. H TeAIKA Bepuokpaaia
givalr apeTaBANTN.

Amodoxry PuBuou EAéyxou . \NOyw TnG €upeiag TTOIKIANIOG TwWV KUKAWMPATWY TTOU
TTPOKEITAI VO TOTTOBETNBOUY, éva TIPOYPAPUG HE MIa OTaBepry Oeppokpacia Oev
TTapdyel TAvia  KATAAANAN TiuA Tou TTOO0OTOU OTTOO0XNG TWV VEWV OUVBECEWV.
MapatnpeRbnke 611 0 16avIKOG puBudg atrodoxng Nrav 50% otnv apxn (i = 0) kai
MEIWBNKE O0TO PNdEV 0 XauNAEG BepUOKPATieES (i = ipay)- N va emiTEUXOEI QUTOG O
puBuGG TToooOTOU ATTOOOXNG, APVNTIKOG EAEyX0G avadpaong £xel Tmapacyebei. To
10aVIKO TTO00C0TO aTTOd0X NS TOU TTPOQIA diveTal atmd

. i
p! = 50 [1 — - ) :
i’max
AuTO TO TTPO@IA etTITUYXAVETAI PE TNV KAINAKWON TNG aAAayr oTo kéoTog, AC:
AC" = sAC,
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otTou p, kai pT gival n TPAYPOTIKA TIUA Kal N TIA 0TOXOG TOU TTO000TOU OTTOSOXAC.
AuTo aMAalel TO s Katd 2.5% s yia 1% atokAion Tou p, Kai pT .

O aAy6pIBuog dOKINAOTNKE O€ €C1 BIOPNXAVIKEG KUKAWPATWY Kal BpEBnke va eival 9-
48 @opég o ypriyopog amod Tov Timberwolf 3.2, pe pia eAa@puws KaAUuTepn
ToTroBETNOoN. EAEyxONnke etTiong kal atmdé Ta MCNC kpitipia agloAdynong, Kabwg Kal
TO MAKOG KaAwdiou TTou eARYOn RTav 10-20% kaAutepo atmd dAAoug aAyopiBuoug. O
XPOVOG TTOU QTTAITEITAI yIa TNV €TTITEUEN AQUTAG TNG BeATiwong, waoTdoo, dev dideTal.

Kdatroia dAAa onuavTikd ava@opEg yia ToroBETnon keAlwv atrd simulated annealing
givar Bannerjee «kai Jones [1986], GIDAS [1985], Greene «kai Supowit
[1984], o1 Grover [1987], Hajek [1988], Lam kai Delosme [1988], Lundy kai Mees
[1984], Mallela kair Grover [1988], Romeo kai Sangiovanni-Vincentelli [1985], Romeo
et al. [1984], and White [1984].
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2. TomroBérnon Force-Directed

O1 Force-Directed aAyopiBuol ToTroB£Tnong cival TTAoUCION G€ TTOIKIAIa Kal dla@épouv
oc peydAo PaBud oTic AeTrTouépeleg epapuoyns [Hanan kai Kurtzberg [1972a]. O
KOIVOG TTAPOVONQOTHG O aUTOUG Toug aAyopiBuoug gival n péBodog uttoAoyIoHoU TNG
Béon o6mou éva module TTpéTTel va TOTTOBETNOEI, TTPOKEINEVOU va eTTITEUXOE 1I0AVIK)
ToTmoBéTNOoN . H pébodog auTr €xel wg akoAouBbwg.

E¢etdoTte KGBe dedopévn apyikn TotroBETnoNn. Ag uttoBécoupe OTI Ta modules TTou
ouvoéovTal PE Ta neta €€aOKOUV pIa €AKTIKA duvaun To éva TTdvw aTo GAAO (Zxnua
11). To péyeBog TnG duvaPNG TTou dnuioupyeiTal JETAEU OTToIWVONTTOTE dUO Modules
gival euBEwg avaloyn TTPOG TNV aTTé0TACN PETALU TWV PHOVAdWY. OTTWG KAl OTO VOUO
Tou Hooke yia tn &0vaun TTOU aoKeiTar atmd Ta TeVIwWMEVA €AATApPIa, n oTaBepd
avaAoyiag €ival To dBpoicpa Twyv Bapwyv atrd 6Aa Ta neta TTou Ta CUVOEOUV GUECQ.
Edv Ta modules o¢€ €va T€ToI0 OUCTNUA ETTITPETTOTAV VA KUKAOQOPOUV eAeUBepa, Ba
KivoUuvTav TIpOoG Tnv KarteuBbuvon Tng dUvaung HéXpl To oUoTnUa va ETITUXE
I00ppPOTTia 0€ KatdoTaon eAAXIOTNG evépyelag, dnAadr, YE Ta eAATAPIO OE €AGXIOTN
Tdon (n omoia €ival I60dUvaun PE EAAXIOTO PMAKOG GUPMOTOG), Kal JE PIa PNOEVIKA
ouvioTapévn duvaun o€ Kabe evotnTa. Q¢ ek ToUTOU, OI PEBODBOI ToTTOBETNONG force-
directed Bacifovral otnv Kivnon Twv POVAdwWV OTNV KOTEUBUVON TNG GUVOAIKNG
OUvauNg TTOU aoKEiTal TTAVW TOUg £wg OTOU auTrh N duvapn gival PndeEv.

Ag utrobéooupe €va module M;, eival ouvdedepévo e To module M; atmo éva net ny;
€xovrag Bapog wy; . Ag UTTOBECOUPE OTI s;; QVTITIPOCWTTEVEI TNV ATTOOTOCN OTIO TO
M; oto M;. Tote n kabapn dUvapn oTnv evoTnTa diveTtal aTmo

F, = Z w, 8, .
J

Edv n x kai y ouviotwoeg Tng duvaung £¢10wvovTal 0To Pndév,

Z wu{x_r -x,) =0,

J
E wu{y,.l - Jrr} = 0.
o

‘ET01, 01 ouVTETAYUEVEG yIa TO BUVAMIKO PNBEVIKO onueio oTtoxou yia To module M;,

oivetal atrd
_ Ea WX, =
(xpoo= S 0= %,
e Bl ¥
{ } 1‘;_.-" w‘.n'}:! 5’
YifF=0= o013 . = X
= 1‘—\. . i
L,

34

Institutional Repository - Library & Information Centre - University of Thessaly
08/12/2017 18:43:58 EET - 137.108.70.7



Eikéva 11: H TomoBétnon force-directed

Resultant larce

AUTEG 01 e€lowaelg eMOEIKVUOUV TNV OPOIOTNTA UE TN BAon Twv e§lowoewy, dnAadr),
€qv Ta TUAMATA cuvdéovtal Pe To Mi, utroTiBeTal 6T gival padeg TTou £xouv Bapog wij,
TOTE N B€0N-0TOXO0G PNOEVIKAG dUvaung Tou Mi, gival To KEVTPO TNG BapUTnTag AUTWV
TWV TUNPATWV.

2.1 Texvikég TotmroBérnong Force-Directed

O1 mpwTeg UAoTToINOEIGC TOUu aAyoplBuou TotroBéTnong force-directed éyivav oTn
Oekaetia Tou 1960 [Fisk et al. 1967]. Ymrdpxouv TTOAAEG TTapaAAayEG O oxéon HE
onuepa. Mepikég Tmapalayég eivar douikoi aAyopiBuol, evwy katrolol BacifovTal o€
iterative improvement.

2TIG OOMIKEG HEBOBOUG dev UTTAPXEI KAMIa apxIKr TOTTOBETNON, Ol CUVTETAYMEVEG TIG
KGBe povadag avrigeTwTriovTal wg PETARANTEG, Kal n kaBapr) dUvaun TTOU AoKEITal
o€ KABe povada arro OAeg TIG GANEG povadeg e€lowvetal pe 10 pndév. Me Tnv
TauTOXPOVN ETTIAUCN QUTWY TWV EEICWOEWY, TTAIPVOUNE TIG GUVTETAYUEVEG OAWY TWV
MOvAdwyv. Ze pia TETOIa UAOTTOINGN, TTPETTEI va AN@OEi HEPIMVA YIa va atToQeuxBei n
TETPINPEVN AUON Xi = Xj Kal'yi =Yy] yia OAa Ta i, j, n otroia, AapBdavovrag utrdéyn 10
MOVTEAO spring, IKAVOTTOIEI TTPOQAVWS TNV ouvlnikn pndevikng duvaung. ‘Eva dAAo
TPORANPO OE QUTH TNV TTPOCEYYION Eival 0TI 01 £§I0WaeIg PNdEVIKAG dUvVaUNG €ival un
YPOUMIKEG, €TTEIdA N dUvaun EapTdTtal aTTd TNV atréoTach, HE TNV EukAcideia peTpIKn
atréoTaon va  TEPIAaUBAvEl  TETpAYWVIKN piCa, &vw n amoéotacn Mavydarav
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mepIAapBavel améAuTeg TIMES. O Antreich at al. [1982] divel éva TTapdadeiypya NG
HEBOBOU eTTIAUONG TETOIWV EEICWOEWV.

2Ti¢ emavaAnTITIKEG pEBOSOUG, pia apxIkh AUon dnuioupyeital €ite Tuxaia i amo
K&rrola AGAAn Oopikl uEB0do. ToTe, pia povada eTmIAEyeTal Oe KAGBe Ypovo,
uttoAoyifeTal TO onueio-oTéxX0G UNdEVIKAG dUVANNG aTTo TIG TTAPATTAVW £EICWOEIS, KAl
yiveTal TTPOCTTGBEIO yIA VO WETAKIVAAOOUUE TN povada OTO Onueio-oTtdxo f va tnv
EVOANAOOOUPE ME TV PHOVADA TTOU TTPONYOUUEVWG KATOAAPPBAVEI TO onpEio-oTOXO.
Autoi o1 aAyopiBuor ovoudletal etriong forced-directed relaxation ) forced-directed
pairwise relaxation.

Edw, éva TpoBAnua cival, va atro@acicoupe Tn aeipd Je TNV oTToia Ba eTTIAEEOUE TIG
Movadeg vyia Tn METABACN TOUG OTOV TOTTO TIPOOPICHUOU. ZTIG TTEPIOCOTEPES
UAOTTOINCEIG, ETTIAEYETAI N PMOVAdO MPE TO 10XUPOTEPO OIAvUCUA dUVAUNG. 2€ AAAEC
UAOTTOINOEIG, O HOVADBEG eTTIAEyovTal Tuxaia. & GAANEG, oI PovAadeg €TTIAEyovTal WE
Baon Tnv ekTipnoN TNG CUVOEONG TOUG.

‘Eva GAAo TTpOBANuUa TTOu UTTAPXEl €ival TO TTOU va PETAKIVAOOUME TNV ETTIAEYMEVN
Movada e€dv 1o dImmAavo slot otn Béon-0T1dxo pNdevikAG dUvaung eivar ndn
KateIAnuuévo, Tou katd Tdoa mlavotata OBa eival. Mia Adon eivar va TO
METAKIVIIOOUUE aTn TIANCIECTEPN OloBEaIUN €AeUBepn Béon. AANG n TTANCIECTEPN
eAeUBepPN BEan uTTOPEl Va gival TTOAU POKPIA, O€ OPICUEVEG TTEQITTTWOEIG. AUTHA €ival
MIa  pEBOBOG TTPOCEYYIoONG Kal, OTNV  KAAUTEPN TIEPITITWON, Oa  XPelIaoTouv
TTEPIOOOTEPEG ETTAVAANYEIG VIO VA ETTITEUXOEI pia KaA Auon.

H &eutepn AUon civar va uttohoyiooupe Tn B€0n-0TOXO HIOG HOVAdAG OTTWG
TTEPIYPAPETAI TTOPATTAVW, OTN CUVEXEID VO afIOAOYrioOuUuE TNV aAAaQyr] OTO WAKOG
KaAwdiou fj 0To KOOTOG OTAV N HovAda eVAAAACOETAI PE TN QUTAV TTOU BPIOKETAI OTN
Béon oT1ox0g. Edv umtdpxel peiwon oto PAKoG Tou KoAwdiou, n aviaAlayn yivetal
atrodekTh, aAAIWG artroppitrTeTal. Eival avaykaio va agloAoyriooupe 10 PAKOG TOU
KaAwdiou €TTe1dn ival TBavé o€ pia TTpooTTddela va yivel evaAAayr TNG TTIAEYHEVNG
Movadag Ye pia povada Trou BpiokeTal RN 0TO ONPEIO-OTOXO TNG, VO 0dNYOOUNE TNV
Movada Trou SIWXVOUME TTOAU HOKPIA KAl ETTOMEVWG N Kivnon auTh JTTopEl va
00nNyAoel o€ aTTWAEIEG avTi yia KEPDOG.

H 1pitTn AUON €ival va eKTEAEGOUPE PIa Kivnon KUPPATIOPOU, dnAadn, va eTTIAEEOUME TN
MOVAda TTOU TTPONYOUMEVWG KATEAARBE TO onuEio OTOXOG yia TNV €TTOPevN Kivnon. H
diadikaoia auTr ouveyifeTal Ewg OTOU TO onuEio OTOXOG WIag povadag Bpebei o€ éva
Kevo slot. 2Tn ouvéxela, Jia vEéa Povada ETTIAEYETA.

H 1étaptn Auon eival va uttohoyicoupe 10 onueio otéxog atmmd kABe povada, oTn
ouvéxela, va avalntioouue Ceuyn povadwv, €101 WOTE TO ONMPEIO OTOXOG MIAG
Movadag va gival TToAU KovTa aTnyv TpExouaa Béan TG GAANG povadag. Edv yia autég
TIG evOTNTEG €ival duvaTh N evaAiayn, TOTE Kal ol dUo Ba TTépouv TNV €mBuuNTh B£0n
Kal Ba €0upE KOIVO OPENOG.

H méuTtn Adon xpnoigotroiei eravaAauBavoueveg dOKIMOOTIKEG avTaAAayéG. Av n
avTaAAayr MEIWVEI TO KOOTOG, €ival ammodekTod, aAAiwg Ba atroppipbouv. H ouvdptnon
KOOTOUG 0TV TTEPITTITWON aUuTA €ival To dBpoIcPa TwV SUVAPEWY TTOU ETTEVEQYOUV ETTI

36

Institutional Repository - Library & Information Centre - University of Thessaly
08/12/2017 18:43:58 EET - 137.108.70.7



Twv evotTwy. Eva mapddeiyua NG xprong twv dUo TUTTWV TWV CUVAPTAOEWV
duvapung yia aviaAAayr Csuywyv divetal otov Chyan kai Breuer [1983].

O Hanan et al. [1976a, 1976b, 1978] oulntd kal avaAuel emmTd aAyopiBuoug
TOTTOBETNONG, CUMTTEPIAQUBAVOUEVWYV TPIWV WE TEXVIKEG TOTTOBETNONG force-directed.
Ta Tteipapatik@ amoteAéopata divovralr oto Hanan [1976a], kai or aAyopiBuol
ougnTtouvTtal oto Hanan [1976b], Johannes et al. [1983], Quinn [1975], kai oT0 QUInn
and Breuer [1979] BpiokovTal epappoyEG Tou alyopiBuou force-directed.

2.2 Napddeiypa

OewpnoTe éva KUKAwPa TTou atroTeAeital atrd evvéa povadeg, pe Tnv netlist va
SlapopPPWVETAl WG EENG:

Net1={1 3 4 8 9}
Net2={1 56 7 8 9}
Net3={2 4 56 7 9}
Net4 ={3 7}

To KATWTEPO OPIO YIa TO WAKOG TOu KaAwdiou yia 1o TTapddelyua autd eivar 15,
uTToB£TOVTOG OTI KGBE TTAdNUG aTTd To £va Net ato dAAo civar 1 povada (1T1.X., To Net
1 TTpéTTel va gival TOUAAXIOTOV 4 POVADBEG, TTPOKEINEVOU VO ouvdeBoUV 0€ aUTO TTEVTE
TEpuaTikoi otaBpoi). Na va dcigoupe TTwg n force-directed TommoBEéTNON SOUAEUE! ,
EEKIVAPE PE pIO Tuxaia TOTTOBETNON ME éva UnKog ouppaTog 20, 6TTwg Qaivetal 01O
2xAua 12a. Ztov Trivaka 1 divetal n PARTpa ouvdeong. AUo eTTavaAnyelg @aiveTal
Aetrropepwg aTtov lMivaka 2. Z1n TpwTn €TavaiAnyn, 1o module 9 emAéyetal oav
module ToTT00£TNONG, dedopévou OTI €xel TN PEYOAUTEPN ocuvdeoipotnTa, 14. To
onueio otdxog civar To (1,1,1), XpNOIMOTIOIWVTAG TO KEVTPO TOU TUTTOU BapUtnTag YE
TIG evdeigeig atov MNMivaka 1 wg Bapn. Q¢ ek TouTtou T0 Module 9 peTakiveital oTn B€on
(1, 1), apAvovtag Tnv apyikn Tou Béon (0, 1) kevr). H TeAeuTaia otrAn Tou lMivaka 2
divel pia evdiaueon TtommobéTnon. To module 8, TTou TTponyouuévwg PPICKOTAV OTO
onueio (1, 1), éxerl emAeyei yia Tnv eméuevn kivnon. O oT1éxog cival 1o onueio (0.9,
0.9), aAAd dev ptTopouue va 1o TotroBeTAcouuE oTo (1,1) ammd Tn OTIyunA TToU 1dn T0
module 9 BpiokeTal ekei. Q¢ ek TOUTOU, AUTO TOTTOBETEITAI OTO TTANCIECTEPO KEVO Slot
Tou (0, 1). Tétre 10 module 7 emAéyetal yia TOoTOBEéTNON, Kai n dladikagoia
emmavalapBaveTal. To TeEAIKO atmoTéAeopa @aivetal otnv Eikova 12b. To atrotéAeopa
gival pia BeAtiwon 010 PRKog oUpPATOG KATé 3 HOVADEG.

Eikéva 12: MNapaderypa tommobETnong force-directed
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i o
I
T

(a) Tuxaia apyikr) ToroB€TNON Pe KaAwdio purikoug 20

)

(b) TeAhik TOTTOBETNON PETA ATTO BUO ETTAVAANWEIG ME KAAWDIO urikoug 17

Mivakag 1 H pATpa cuvdeoiydtnTag yia 10 Topadelypa tng ToTroBétnong force-

directed
Maodules 1 2 3 4 B [ T 8 a ¥
1 li] il 1 1 1 1 1 2 2 ]
2 0o 0 0 1 1 1 1 0 1 5
3 1 0 ] 1 0 1] 1 1 1 ]
4 1 1 1 0 1 1 1 1 2 ]
B 1 1 o 1 1] K 2 1 2 10
B 1 1 1] 1 2 ] 2 1 2 10
7 1 1 1 1 2 3 [i] 1 2 11
2] 2 0 1 1 1 1 1 0 2 9
g g 1 1 2 2 83 2 2 O 14

|
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Mivakag 2: O1 mpwTeg dU0 eTTavaAAWEIS yia To TTapadelyua Tng ToTmoBétnong force-
directed

Selected Target
Iteration Module Point Cose Flaced at Result

125
1 9{Seed)  {1.1,1)  Oeccupied (L1) 498
1-7

8 (0.9,09)  Locked (1,0

Tl
o b2
=1 Oy &

T (Seed) Locked (1.1,1.2) Abort

= o L
= -0 -
=1 3 A

6 (Seed) Locked {1.2,0.%) Abort

2 9 (Seed) (1.1, 0.9) Same Mot moved

e |
ook | oo e
“Smon | amen

T(Seed) (1.1,1.2)  Occupied (1.1}

s ]
[+ - I K
L~ =

g (0.9, 1) Lockad (2.0

Ll =]
s R
1= -

6 (Seed) Locked (1.2,0.9) Abart

[l -
06 =1 b3
=] =r = ]

5(Seed)  Locked  (1.2,0.7) Abort

[
[
L == =]

2.3 Goto’s AAyo6piBog TotroBéTnOoNg

O aAy6piBuog Goto podTEIvE KaTd KATTOI0 TPOTTO KATI JOVadIKO yia Toug aAyopiBuoug
TommoBétnong force-directed [Goto 1981, Goto and Matsuda 1986]. Autdg o
aAyopIBpog atroTeAsital ammd éva apyIKO TUAMA TOTToB€TNONG Kal atmd éva TUAWA
eTavaAnTITIKAG BeATIWONG. To TUANA TNG APXIKAG TOTTOBETNONG ETTIAEYEI EVOTNTEG YIA
TOTTO0£TNON PE BAon Tnv ouvdeoipdtnTa. OTav €MAEYETAl PO povAdad, TOTTOBETEITAI
oTn Béon 1Tou ammodidel To EAAXIOTO duvaTO PRKOG KaAWSIOU Kal OEv PJETAKIVEITAI KATA
TO UTTOAOITTO TNG APXIKAG @ACNG TOTTOBETNONG.

To TuAPa TNG eTTavaAnTITIKA  BEATIWONG XPNOIMOTIOIE IO YEVIKEUPEVN TEXVIKN force-
directed relaxation otnv otoia dlepeuvwvTal 01 evOAAAyEG BUO 1 TTEPICOOTEPWV
Movadwv péoa oTtnv e-yermovid (e-neighborhood) ¢ diauéoou piag povadog.
AlGuecog piag povadag ovouddletal n Béon oTnv OTToia TO WAKOG KaAwdiou Twv
OIKTUWV TToU ouvdéovtal Pe Tn povada eival 1o eNdyioTo. H e-neighborhood tng
OIAUETOU PIOG JOVAdOG OPICETAl WG TO GUVOAO TWV €-B£0€wV yia Tn povada, 6TTou To
MAKOG TOU KaAwSIoOU TTOU OXETICETAI JE QUTA €XEI TIG MIKPOTEPEG € TINES. O aAyopIBuog
Goto pag deixvel 0TI To TTPORANUA eUpeong TG dlauéoou Kal TnG e-neighborhood eivai
OIaXWPICIPO O€ X KAl Y, KOl ETTOUEVWG N X KAl Y OUVTETAYUEVES TNG DIGUECOU PTTOPOUV
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va UTTOAOYIOTOUV aveEdpTNTa TO £va ATTO TO GAAO XPNOIMOTIOIWVTAG TOV GAYyOpIOuo
Tou Johnson kal Mizoguchi [1978].

H A-neighborhood piag dedopévng dIapudp@wong OTO XWEO opifeTal wg To GUVOAO
TWV OUVBECEWY TTOU UTTOPOUV va AngOouv aTtd TNV OUYKEKPIUEVN dlaudppwon HE
KUKAIK evaAAayn Kail yia Oxl TTEpIcCOTEPES ATTO A povades. Mia diapdpewaon AéyeTal
OTI gival A-optimal (ToTTka BEATIOTN) av gival N KAAUTEPN duvATH C€ HIA TETOIA YEITOVIQ.
H diadikaoia avrikatdotaong TnG TPEXOUOAS OIANOPPWONG HE HIO  KAAUTEPN
olapopewaon amd Tnv  A-neighborhood kaAeitar TOmIKA peETapoOpewon (local
transformation).

O mAAPNG aAyopiBuog ToTToBETNONG €XEl WG aKOAOUBwWGS. Mia TTpwTn TOTTOBETNON
Tapdyetal. EkTeAeital yevikeupévog force-directed relaxation yia va atmmoktnOei pia A-
optimal diapdpewaon. Edv o 6edouévog xpodvog UTTOAOYIoHOU Oev €xel €€avTAnDEi, n
oladikacia etravaAapBaveral ge AAAN apxikr TotToB£TNaN. To KAAUTEPO ATTOTEAECHUO
OAWV TWV BOKIYWYV €ival auTtd TTou Yivetal atmodekTd. AKoAoubei n eupeTikr) diadikaaia
avalATnong TToU XPNOIYOTIOIEITal YIa TNV €Upean TnG A-optimal diaudpewaong.

H diadikaoia atroTeAeital atrd KUKAOUG avTaAAayng povadwy, TTou eTTavalapBavovral
€WG OTOU dev UTTAPXEl TTEPAITEPW PBEATIWGN. ZTNV apXA TOU KABE KUKAOU avTaAAayrg,
MIa povada TtotrobéTnong (M) emAéyetal kKal evaAAdooeTal o€ OOKIHACTIKA BAon pe
OAeg TIG evoTNTEG M (i) OTnVv €-neighborhood (1 <i <g). EGv uttdpxel pia peiwon Tou
MAKOUG KaAwdiou, n evaAAayr] atrodidel Tn PEYIOTN MEIWON WG ATTOOEKTH, Kal O
KUKAOG avtaAhaynig Teppatifetal. Edv dev utTtdpxel Peiwon Tou PRKoug KaAwdiou, pia
TPITTAR evaAAayr] dokipdadetar petaiu Tou module M TTou ToTrOBETEITON , €va module
M (i) amd Tnv g-neighborhood kai evdg module M (ij) Tng e-neighborhood Tou M (i) (1
<i, j <€). AuTS éxel w¢ aTroTéAeoua €2 SOKIUEG OTIG OTTOIEG Ol HOVAdES evaAAdaoovTal
ME KUKAIKAQ o€ipd M — M(i) - M(ij) - M. Edv uttdpxel pia peiwon o010 PAKOG
KaAwdiou, TOTE n avraAhayry TTou divel TO €AAXIOTO MNAKOG TOoU KaAwdiou YiveTal
aTTo0EKTH, KOl 0 KUKAOG avtaAAaynig Tepparti¢etal. AlIoQopETIKd, yia KABe i, 10 j = j;,
TTO0U Bivel TO EAAXIOTO PNKOG TOoUu KaAwdiou Ba etmAeyei yia TTepaitépw emeepyaaia.
To emépevo BAPa gival va TTPooTTabrnooude avtaAAayEéC TEOTApwWY PETAEU Twv M,
M(i), M(ij;) ka1 TG povadag M(ij;k) otnv e-neighborhood Tou M(ij;) (1 <i, k <g).
AuTto TGN 0dnyei og €2 KOUPOUS TNG HoPPASc M — M (i) » M(ij;) » M(ijk) — M.
EmAéyoupe 10 k TOU 0OnyeEi OTO €AAGXIOTO MAKOG KOAwdIOU YIO TTEPAITEPW
emeepyaoia. H dadikacia autry emavalapBavetar €wg OToU O €vaAAQYEG
TwWV A oToixeiwv va €xouv egetaoTtei. O1 mMOavEg aviallayég su@avifovtal wg éva
0évtpo oto oxAua 13a. O1 evaAAayEG TTou 0dnyouv OTo EAAXIOTO URKOG KaAwdiou o€
KGBe PBAua avTITPOoWTTEUOVTAl ATTO TIG OUVEXEIC YPAMMEG, €VW  EKEIVEG TTOU
QVTITTPOOWTTEUOVTAI ATTO TIG OIOKEKOUMUEVEG YPANMPEG eyKaTAAETTOVTAL. YTTAPXEl NOVO
Mia ouvexng ypaupn ammo KABe KOPPBO eKTOG TNG pidag M.

H TTapdueTpog € avTiTpoowTrelel TO €UPOG Tou dEVIpPOU avalntnong, Kai 10 A
avTITTpooWwTTEVEl To BAaBog Tng. Kabwg T1a € kai A augdvovtal, n A-optimal
dlapdppwon yivetal KoAuTepn, aAAG utt@pyxel €mmiong o peydAn augnon oTov
XpoOvo uttoAoyiopou. O Goto aAyopiBuog TTapatipnoe o1l € = 4-5 kai A = 3-4 gival o
KAAUTEPOG CUUPBIBACUOG WETAEU TTOIOTNTOG TOTTOBETNONG Kal XPOVOU UTTOAOYICHOU.
AuTd Ta atroTeAéoparta eAneOnoav atmo Treipduata o€ éva KUKAwua pe 151 modules.
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Mo IKavoTToINTIKA TOTTOBETNON MEYAAUTEPWY KUKAWMATWY, Wia uwnAdTEPN TIUN TOU €
Kal TOU A PTTOpPEI va gival atrapaitnTn.

Eikéva 13: Zxéoeig force-directed (a) 6évdpo avalntnong (b) avraAdayrp A = 3 (c)
avtoAAayA A = 4
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2.4 AvaAuon

Mrtropei va atrodeixBei 0TI n eAAXIOTN EVEPYEIAKI KATAOTOON TOU SUVOUIKOU JOVTEAOU
Oev Oivel TTAvTa TO BEATIOTO PAKOG CUPMOTOG Kal avTiIoTPOPWS. Ag €EETACOUNE TO
Tapadelypa oto XXAMa 14a, O1TTOU pia povada ouvdéetal e duo neta atrd Ta
aploTepd Kal atrd €va neto atmd Ta 6e€id. H TtommoBeoia zero force Ba cival og pia
amoéoTaon 10 povadwy ammod Ta apioTepd Kal 20 povadwy atod Ta de€id, atrodidovTag
éva pnkog ouppatog 40. MNa BEATIOTO pAKog KaAwdiou, n povada Ba TrpETTel va
TOTTOBETNBEI AKpa apioTePd, didoviag €va PAKOG oupuatog uoévov 31. Opoiwg,
Bewpeiote €va module va cuvdésTal pe €va neto ammd apiotepd Kai éva neto atrd Ta
0e€Id (ZxAua 148B). Av kal n povada ptropei va TOTTOBETNOEI OTTOUdATIOTE KOl N
TETUINEVN va Pnv €TNpPeddel 1o PAKOG Tou KaAwdiou, n force-directed péBodog
TOoTTO0£TNONG Ba gival AokoTrn TTEPIOPICOUEVN OTN KEVTPIKN TOTTOBETIa, EKTOTTICOVTAG
iowg KatTola AAAN evoTNTA TTOU TTPOYMATIKA Ba £TTPETTE va gival aTn B€on auTh.

NAOGyw TnNG KANPOVOMIKAG @UONG TOu KEVTPOU TnG @QOppag BapuTtntag Trou
xpnoigotroigital, o1 yéBodol force-directed Teivouv va TotToBeTOUV OAa T modules
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OTO KEVIPO TOU KUKAWPaTOG. To amotéAeopa eivalr TTépa TToAAoi deopoi  Kai
OKUPWOEIG, UE OAEG TIG EVOTNTEG OUVEXWG VA €KTOTTICOUV T KeVTPIKA modules.
2UVOAIKGQ, €ival pia oXeTiké KaA péBodog TomoBEéTnoNng povadwy. OTav TeAcioTroIinBei
OwWOTA KOl 0€ OUVOUAOMO PeE GAAEG OTPATNYIKES TTOU aulnThBNKav TTapatmdvw, Oivel
KaAG atroteAéopata. AANG gival uTtode€oTEPN OTNV TTOIOTNTA TG AUONG JE annealing
simulation .

Eikéva 14: MpoBARpata pe v TotroBétnon force-directed

-— g 20 »

Mimmum Force, wire length = 40

- ] — 29 -
——o
i la)

Mimmum Wire length = 31

(b}
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3. TomroBéTnon pe Partitioning

H TomoBétnon pe dlaxwpiopd  €ival  yia  onuavTikh — Katnyopia ToTToBéTtnong
aAyopIBuwy Tou  Baoiovral oe emmavaAaupavopeva  TuAuata  evog  ©0B€vTog
KUKAWMOTOG O€ TTUKVA OUVvOEdEUEVA UTTOKUKAWMATO €TO1 WOTE O apiBuég Twv
OIKTUWV va peiwBouv atrd Tn diapépion Kal va eAayioTotroinBouv. ETtriong, pe K&be
OlapépIon TOU KUKAWMATOG, N OlaB8éaiun Trepioxr) Tou TOITT diapoIpdleTal eVOAAGE
otnv opIfOVTIa Kol TNV KA&BeTn katelBuvon (ZxAua 15). Kdabe uttokUKAwua
Ba avartebei o €va dlapépiopa TNG TTEPIOXAG Tou ToITT. Edv auth n dladikaoia
ouveXIoTel PEXPIC OTOU KABe UTTOKUKAwua @TaoeEl va atoTeAsital amd pia povo
povada, ToTE KABe povada Ba €xel xaptoypapnbei o€ pia yovadiky BEon Tou TOITT.
O1 TreploodTEPEG TOTTOBETHOEIG EOW Twv partitioning aAyopiBuwy, i Twv Mini-cut
aAyopiBuwy, XpNoIYOTTOIOUV KATTOIO TPOTTOTTOINMEVN HOP®N EUPITIKWY aAyopiBuwv
tou Kernighan-Lin [1970] kai Tou Fiduccia-Mattheyses [1982] heuristics yia
KataTunon, ocite emiong Schweikert kar Kernighan [1972].

O aAy6piBuog Tou Kernighan-Lin yia Katdtunon €xel wg akoAoUBwS. =eKIVAOTE JE
£va TUXAio apyxIKO XWPIoHa TToU Xwpilel To GUVOAO TwV Povadwy ae dUo {Eva aUvoAa
A kai B. AgioAoyrote 10 KOWIYO oTa neta (0 apIBPOg Twv SIKTUWY TTOU CUVOEOUV
evoTNTEC OTNV A Kal evOTNTEG OTN B Kal Wg €K TOUTOU €X0OUV KOTTEl ATTO TN dIauépion).
MNa 6Aa 1a Ceuyn (a, b), aeA, beB, Bpeite TN peiwon g oTo net cut TTou Aaupaveral
amd TNV evaAlAayh a kal B ( Kivoupal To a oto o€t B kal 10 b oto oer A). To g
ovopdadletal kEPOOG TNG  evaAAaynig. Av g > 0, TOTE n aviaAAayn €ival EUEPYETIKN.
EmAEETE TO Celyog povadag (aq, by) ME TNV UWNAOTEPO KEPDOG g1 . AQPAIPEDTE TO ay
Kal T0 by ammd 1a A kai B, kair Bpeite T0 vEo avwTaTto 6pIo g, yia pia aviaAAayr] Katd
ceuyn (ay, by). Zuvexiote auth TN diadikaacia PExpIg étou Ta A kai B gival adeia. Bpeite
Mia K Tigf TéTola WOTE TO OUVOAIKO KEPOOG va MEYIOTOTIOIEITAI, KAl evaAAdooovTal

e
G = E] g,

Ta avrioToixa Ceuyn povadag (aq, by), (az, by)...... (ay, b,). ETavaAdBere aut T

oladikaoia péxpr G >0 kai k>0.

To ZxAua 16 dcixvel éva Tmapddeiyya TOoTToBETNONG HE dlaxwpiouo. To oxAua 4
Ocixvel 1O KUKAwpa va  ToTro@eTeital KAl TIGC  EMMOUPNTEG  TTEPIOXEG
yla Ta pads. Auté To KUKAwpa etravelAnuuéva dlapepifeTal  OTTWG @aiveTal oTnv
Eikéva 16. e kdBe oT1ddIo, 0 apIBPOS Twy BIKTUWV TTOU TEUVOVTAI ATTO TN YPAPUA-
TOMN €AaYIOTOTTOIOUVTAI, KOl TO UTTOKUKAWMOTA Ba ToTTo0eTnBOUV Ot 0opIlovTia N
KaBeTa pépn Tou TOITT. H TTpOKUTITOV TOTTOBETNON (ZXAMA 4C) aTTodidEl £va OUVOAIKO
MAKOG oUpuaTtog 43 (yia ouvdETEIS aAUTidwV).
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Eikéva 15: H 1Tepioxn Tou TOITT XWwpPIoPEVN O€ KABETN Kal opidovTia didTagn

Eikéva 16: Alapépion Min-cut Tou KUKAWUATOG TNG €IKOVAG 4Db.

13

[N A ——

DS
PR

- ==

44

Institutional Repository - Library & Information Centre - University of Thessaly

08/12/2017 18:43:58 EET - 137.108.70.7



3.1 AAyé6pi18pog Breuer

O aAy6piBuog TOU Breuer [1977a, 1977b] civar amd TIC TTPWTEG €QAPPOYEG ME
OlaXWPICUOU yIo TNV TEXVIKH TNG ToTroBétnon. EAaxiototolgital o aplBudg Twv
OIKTUWV TTOU KOBovTal OTav TO0 KUKAWPG KOBETaI o€ KABE eTTavAANWN pe dedopévo Eva
OUVOAO YPAPUWY KOTTAG. Otwpouue pia oelpd atrd modules va cuvdéovtal Pe éva
o€t OIKTUWYV. 'E0TW € €ival gia ypapun mou diacxicel Tnv emmi@Aveia Tou ToITT. Av éva i
TEPIOTOTEPQ OTOIXEIO OUVOEDEPEVA OE Eva neto s gival oTn Pia TTAeupd Tou € Kal éva
I TTEPICCOTEPA OTOIXEIO €ival aTrd TNV AAAN TTAeupd Tou C,TOTE KATA T OPOPOAdYnon
Tou &IKTUOU ,TOUAdYXIOTOV pia ouvdean TTpETTel va dlacyioel TN ypauun ¢. H ypauun
KOTTNG C AéyeTal OTI KOBelI TO neto s. MNa pia dedopévn ToTToBETNON, N TIUA TOU C, TTOU
oupBoAi¢eTal pe u(c) gival 0 CUVOAIKOG apIBPOG TwV BIKTUWV TTou Ba KOTToUV atrd TO
C. O aKOAOUBEC OUVOPTAOEIG QVTIKEIHEVWV £xXouv avaTTuyOei
yia pia mini-cut ToTrTo0€Tnon:

(1) OAIkO net-cut .

AuT] n ouvapTnon avTIKEIWEVWY  Bewpei TO OUVOAIKO apiBud Twv OIKTUWV va
KOBovTal atrd OAEG TIG YPANPEG-KOTTAG TTOU dIapEPICOUV TO TOITT.

No(o) = 3 v(e),

OTToU TO GBpoIcua gival To OUVOAO TwV KATOKOPUPWV Kal opIfOVTIWY YPAUUWY
KOTTNG. OewpeioTe €va KAVOVIKO O€T KOTTAG YPOUMUWY WG TN GUANOYH TWV YPAPHWY
KOTTAG METALU KABe ypappng kal kaBe oTAANG Tou KABe slot. ZTn ouvéxela,
€EAAXIOTOTTOIOUUE TO OUVOAIKG apiBud Twv BIKTUWYV TToU KOBOVTAl XPNOIKNOTTOIWVTOG
auTtd TO OUVOAO TWV YPOAPMWY KOTTAG €ival 1I000UVAPO PE TNV €AAXIOTOTIOINGN TOU
semiperimeter (MIOA-TTEPIUETPOG) PNKOUG KaAwdiou. MNa pia emmionun amodeign, deite
Breuer [1977a,1977D].

(2) Min-max cut value ouvdaprnon avriKEINEVWV.

>1n Texvoloyia standard cell kal gate array, T0 TTAGTOG TOU KAVOAIOU, KOI ETTOPEVWG N
Teploxy Tou TOITT, €&aptdtal ammd TO MEYIOTO OPIBPOG Twv  BIKTUWV  TTOU
OpopoAoyouvTal HEOw €VOG KAVAAIOU OE OTTOIODATIOTE OnUEio ) TO PEYIOTO net-cut
ylo KGBe ypauur KOTAg diauécou Tou KavaAiou. H @opua authg Tng ouvdaptnon
QVTIKEIHEVWV €ival

N.AmM)= 3> maxu(c),

channels ©=C,

otTou C, gival éva oUVOAO YpauuWY KOTTAG TTou opiovTal o€ OAOKANPN TO i KOVAA.
2NMEIOTE OTI yIa QUTA TN ouvAPTNON AVTIKEIUEVWY , HOVO TO net-cut oTnv TTUKVN
TTEPIOXT OUMPOPNCN Tou KavaAioUu dpopoAdynaong ival onuavTikr, Kal 0 aAyopiBuog
Ba TTpooTTabnrioel va eAaxioToTroiNoEl autd TO PEYIOTO net-cut , akdun Kal €IS BAPOG
TNG aUgnong Tou net-cut o€ AANEG KEVEG TTEPIOXEG TOU KAVAAIOU.

(3) Sequential cut-line ouvdprnon avriksipévwy.
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Av Kal Ol TTOpPATTGvVW OCUVOPTACEIC QVTIKEIMEVWY TTaPoUCIdlouv  KAAUTEPA TO
TPORANUa TOTTOBETNONG , €ival UTTOAOYIOTIKG BUCKOAO va yivel ehaxioTotroinon. Mia
TPITN CUVAPTNON AVTIKEIMEVWY WG €K TOUTOU TTapouaiadeTal , n oTroia gival eUKOAO va
ehayioTotroinBei, aAAG dev divel BEATIOTN TOTTOBETNON O GUVOAIKO eTTiTTedo. OTTWG
UTTOONAWVEI TO OVOMO TNG, TO QVTIKEIMEVO TNG €ival va KAVEl €va KOWIUO  Kal va
ehayioTotroinBei 10 net-cut, YETA va KOWEI KABE yKPOUTT {avda Kal va EAAXIOTOTTOINCEI
TO net-cut pe OEPOCHO O QUTEG TIG YPOUMEG-KOTTAG KAl PE TNV E€MQUAAEN TWV
TTEPIOPICPWY TTOU AdN €MIBAAAOVTOI ATTO TNV TTPONYOUMEVN TOUN, KOl OUTW KABEENAG.
ZnNMEIoTE 0TI, Adyw NG diadoxIkng (4TAnoTn) @UoNg auTtrig TG ouvdptnong, oev
€YYUATAI OTI 0 OUVOAIKOG apiBuog Twv SIKTUWYV TTou Ba KOTToUV atro OAEG TIG YPAMMPES
KOTING Ba eAaxioToTroinBouv. Q¢ ek TOUTOU, N EAAXIOTOTTOINCN QUTAG TNG CUVAPTNONG
Oev eival 100dUvapn Pe TNV €AAXIOTOTIOINCON Tou semiperimeter (MIOH-TTEPIPETPOG)
MAKOUG KaAwdiou .

3.1.1 AAyo6pi0puol

O Breuer éxel digpeuvnoel dU0 Baoikoug alyopiBuoug TomoBéTnong. Kabe évag atmod
QuTOUG Toug aAyopiBuoug atraitei pia dedopévn akoAouBia ypauPwWyY KOTTAG TToU
dlaxwpifouv TO TOITT, £T01 WOTE KABE TUAMO TTEPIEXEI MOVO éva slot. TNa va gipaoTe
OUVETTAG ME TO OUPPBOAICUOG Tou Breuer, otnv akoAoubn oulhtnon, T UTTOTUAUATO
ammd TO TOITT TToU OnuioupynBnkav atrd 1n dladikacia Siaxwpiopou ovoudaloval
blocks. Autd dev TTpETTEl va guyXEeTal e Ta macro blocks .

AAyopi16uog Cut Oriented Mini-Cut Placement. =ekiviioTe ge 0AOKANPO TO TOITT KAl
éva OedOPEVO OET YPAUPWY KOTTAG. AQAOTE TN TTPWTN cut-line va xwpioel To TOIT o€
dUo blocks. Etiong, xwpioTe T0 KUKAWPO 0€ dUO UTTOKUKAWUATA TETOIA (WOTE TO net-
cut va ehaxioToTrolgital. Twpa XwpeioTe OAa Ta PUTTAOK TTOU TEUvovTal atmd Tn deUTEPN
YPOUMA TOUAG, Kal XwPioTe TOo KUKAwWa avTioToixa. ETravaAaBeTe autr Tn diadikaoia
yia OAEG TIG ypaupEG KOTIAG. H dladikaaia auTr) TrTapouciddeTal oto ZxXAUa 17a.

O aAyopiBuog autdg avridaupaverar Tn dIadOXIKA CUuvAPTNON QOVTIKEIUEVWY TTOU
TTEPIYPAPETAI TTOPATTAVW. ZTNV TTPAEN, WOTOCO0, 0 AAYOPIBUOG auTdg dev divel TTAvTa
KaAG atroTeAéopata AOyw Twyv dUo TTpoAnudTwy TTou cuvdéovtal e autd. EEeTdoTe
10 ZXAua 17a. Evw kd@voupe Tnv cut-line €, , TTPETTEl va xwpiocoupe Ta PTTAok A kai B
TToU dnuioupyABnkav atd 10 € Tautdxpova. MNpwTov, av uTTapxel évag TPOTToG yia
va Ta Xwpiocouue S1ad0xIKA, 0 XPOVOG UTTOAOYICHOU Ba aTToBNKEUTEI WG ATTOTEAECUA
NG Meiwong Tou pey€Boug Tou TTPOoRARuaTos. EKTOG autou, pia diappor) UTTopEi va
TTPOKUWEI 6Tav TTPOCTTaB0UNE va Xwpioouue Ta UTTAOK A Kal B xpnoipotroiwvTtag tnv
idla ypapun KotmG. Av ol gvétnteg Tou A TTou TOTTOBETOUVTOI TTAvw aTTd TO €,
QTTAITOUV pIa PEYAAUTEPN TTEPIOXH OTTO O, TI T AVTIOTOIXA OTOIXEiO OTO B, TOTE €ival
aduvaTov va dixotounBouv Ta A kal B pe Tnv idia ypauuf KOG, Kai Eva pn BEATIOTN
partitioning TTPETTEl Va yivel BeKTO. Na va atmo@euxBei autd 1o TTPORANUA, évag GAAOG
aAyOpIBPoG TTapouciadeTal OToV OTTOI0 KABE PTTAOK SlaxwpideTal XpNOIUMOTTOIWVTAG TO
KaBéva pia EEXwPIOTN YPOUUA KOTTAG.

Eikéva 17: O aAyopiBuog min-cut Tou Breuer.
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AAyo6pi6uog¢ Block-Oriented Min-Cut Placement. Zg autév Tov aAyopiBuo,
emAéyoupe pia cut-line va dlaxwpioel T0 TOITT 0 OUO TIEPIOXEG. 2T OUVEXEIQ,
emMAEyoupE €va EeXxwpIoTO cut-line yia kEBe Treploxn Kal SIAUEPICOUNE TIG TTEPIOXES
mepaItépw. H diadikaoia emmavalaupBaveral éwg 6Tou KABe UTTAOK atroTeAEiTal atrd
MOVO €va slot. Edw, S1a@QopeTIKEG TTEPIOXEG PTTOPOUV VA £XOUV DIAPOPETIKEG YPOUMES
KOTTNG, OTTwg @aivetal oTnv Eikéva 17b. Znueiwaote T TTAéoV Oev EAAXIOTOTTOIOUME
OI1adOXIKG TN OUVAPTNON AVTIKEIHEVWY, OPOU dEV KAVOUUE OPOIOUOPPES TTEPIKOTTEG OE
OAO TO TOITT.

O1 ypappEéG KOTIAG yia Tn SIQUEPION TOU TOITT YTTOPEi va €TTIAEXB0UV O€ OTTOIOdATTOTE
aAMAnAouyia. O Breuer éxel dwoel Tpelg aAAnAouyieg (ZxAua 18), o1 otroieg €ival ol
TAE0V KOTAAANAEG yia TPEIG BIOPOPETIKOUG TUTTOUG diaTtagewy. AuTd gival wg €ENG:

(1) Aiadikacia roro0értnong Quadrature.

& autév ToV aAyopIBuo n pEBodOG dlaxwpliopou dieCdyeTal TTPWTA O€ €UPOG, ME
evaAAaoooueva kaBeta kal opiovTia cuts . Auti n dladikacia aTTelkovideTal OTO
Zxnua 18a. Me kGBe Topr, pia Treploxn uTtodialpEiTal o€ dUO i0EG UTTOTTEPIOXES . AUTA
n MEBodOG eival KATAAANAN OTav uttdpxel uywnAr TTukvoTnTa SpopoAdynong oOTo
KévTpo. lMpwTa yiveTal KOTA péOA OTO KEVTPO Kol €AAXIOTOTTOIWVTAG TO net-cut, n
oup@OPNON OTO KEVTPO MEIWVETAL. AuTH €ival oruepa n 1o dnuUo@IANG akoAoubia
KOTTAG YPAMMWY YIa min-cut aAyopiBuo.

(2) Bisection Placement Procedure.
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21n Sdiadikacia autr), To TOIT OIxoTopEiTal (Xwpiletal oe dUO i0EC UTTOTTEPIOXEQ)
eTTAvEINNUPEVO PE OPICOVTIEG YPAUMEG KOTING €wg OTou KABe uTroTTEPIOX VO
atroTeAeital ammd pia povo oegipd. Autr) n dladikacia avaBéTel kaBe oToIxEio OE Mia
ogIpa Xwpig va diopbwvel Tnv B€0NG TOu. TN CUVEXEIA, KAOE ypauurn Xwpiletal o€
QU0 KaT 'eTTavaAnyn PEXP! va TTPOKUWEI OTI KABE UTTOTTEPIOXNAG TTEPIEXEI HOVO éva slot,
Kal €701 OAa Ta KIvnTd modules é€xouv TotroBeTnOci (Zxua 18B). Auth ival pia KaAn
MEBODOC yia ToTToBETNoN standard cell. Autd dev onuaivel, WoTOCO, OTI eyyudTal TV
e\aXIOTOTTOINON TOU PEYIOTOU net-cut avd KavdaAl.

Eikéva 18: H aAAnAouyia xwpiouartog atov aAyopiBuo Breuer.
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(3) Slice Bisection Procedure.

Mia GAAn oTpaTnyikr TOTTOBETNONG €ival va diaxwpioel éva KAatdAAnAo aplBud Twv
MovAadwyv atrd TIG UTTOAOITTEG TOU KUKAWMATOG KAl VO TOUG TOTTOBETACEI O€ pia oeipd
(o€ @éteg) pe opigdvtia Toun ypauuns. H diadikacia autr emavaAlapBaveral Ewg 6Tou
KABe povada £xel avatedei o€ pia oeipd. ToTe ol povadeg o€ KABe oeipd atTodideTal O€
OTAAEG pE BIXOTOUNON, XPNOIMOTIOIWVTAG KABETEG YPANMPES KOTTAG (ZxrMa 18¢). AuTh
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N TEXVIKN €ival N o KATAAANAN éTav uTTdpxel uwnAR TTUKVOTNTA SI0CUVOECEWG OTN
TTEPIPEPEIQ.

3.2 Dunlop AAyé6piBpog kai  Terminal Propagation

Ortav diapepifoupe éva KUKAWPO A éva TUAUA evOG KUKAWMATOG o€ OUO Hépn, Oev
gival apkeTd va €CeTAOOUNE POVO TA €0WTEPIKA Nneta TOU KUKAWWPATOG, Ta OTToid
MTTOPEl va TEPvVOVTAl PE TN YPOuuA KOTTAG. AIdTI Ta neta cuvdéovtal Pe eEwTePIKG
TEPMATIKA 1) pe GAAa modules o€ dAAa diapepiopata (oe uwnAOTEPO £TTITTESO) KAl B
Tpétrel €mmiong va egetaoTouv. O Dunlop kal Kernighan [1985] 10 ékavav auto Pe pia
MEBOSO TTOU ovopddletal diadoon Tepuatikou(terminal propagation). To ZxAua 19
arreikovicel Tnv avaykn yia diadoon TepuaTikol. To Zxnua 19a deixvel TNV TTPWITN
Olaipean oAdkAnpou Tou KukKAwpaTtog o€ OUo TuApaTa. Av éva module eivai
ouVvOEedEPEVO O Eva EWTEPIKO TEPHATIKO 0TN OECIG TTAEUPA TOU TOITT, Ba TTPETTEI KATA
TIpoTiunon va avateBei otnv degId TTAeUPA TOU TOITT, KAl avTIOTPOPWS. Av auTdg O
TTEPIOPIOHOG dev AapBavoTav uttown , TOTE KABE AUICU TOU KUKAWPATOG Ba utropoulce
va €ixe avarteBei ge otroladAToTe  TTAEUpd Tou TOITT. To ZxAua 19B O&¢ixvel TO
ATTOTEAEOPA PETA QTTO QPKETEC ETTITTEDOQ dlaUEPIONS. ‘Eva OUYKEKPIUEVO neto €xel
KeAIG TTou ouvdEovTal o€ autd o€ TuRuata A, B, kai C, éTtwg @aivetal. Otav autd Ta
THAMOTA dlaXWwPIOTOUV TTEPAITEPW, Ba ATAV TTPOTINOTEPO Va TOTTOBETABOUV aUTA Ta
KeEANIG oTO KATw MIcS Tou A, aAAG oto Tavw piIcd Tou C. H avdbeon oto B dev
eTTNPEddel 10 Pnkog oupuatos. O Dunlop kair Kernighan [1985] espdpuocav Tn
d1adoaon TeEpUATIKOU WG EENG.

Ocwpoupe TNV kKatdoTtaon otav A diaxwpileTal KGBeTa Kal Ta net connecting cells 1,
2, ka1 3 oto A ouvdéovtal €mmiong hue AAAa keAIG oTta B kai C. Tétoia KeAIG o€ AAAEG
KATOTUACEIG UTTOTIOETOI OTI €ival OTO KEVTPO TWV TTEPIOXWYV TWV DIAPEPIOPATWY TOUG
(onueia X kar Y oto oxnua 19c) kai avrikaBiotavralr amd dummy keAid oTa
TANCIE0TEPO onueia oTa auvopa Tou A (T1.X , o1o X', Y'). Twpa, Katd Tn SIAPKEIa TNG
KATATuNoNG, T0 net-cut Ba eAayioTotroinBei av Ta keAid 1, 2, kail 3 ToTTo8eTNOOUV OTO
Katw pioé tou A. Mia tapéuoia diadikacia yia 1o B dev Ba amodwoel kapia
TpoTiunon (ZxAMa 19d), éTmwg TpoBAETETAI OTTO TA TTAPATTIAVW.

MNa va kavoupe d1adoaon TEpUATIKOU OTABPOU, 0 dIOXWPICHOG TTPETTEI VA YiVEl TTIPWTA .
Aev uttdpxel AOyog diaxwpIopoU HIoG OPddag O AETITOTEPO KOl aKOUN AeTTTOTEPA
ETTTEDO XWPIG va yivel dIaXwPIoCPOG Kal Twv AAAWV opddwy, agou Ot auTr] TNV
TepimTwon dgv Ba uTTadpyXouv TTANPOYOpPIEG BINBETINEG OXETIKA UE TO OE TTIO YKPOUTT
MIa govada TTPETTEl KATA TTPOTINGN va avaTedEi.

O aAyo6piBuog cival o€ TTAPAYWYIKA XPNoN WG HEPOG €vOG QUTOUATOU CUCTANOTOG
oxedlaopou. O aAyopiBuog £xel dokipyaoTei o€ éva ToIT Pe 412 cells kol 453 nets.
Atrodidel og TrepIoxEG eviog 10-20%. O xpovou Tng CPU éxel avagepBei TG 14¢NG
¢ 1 wpag oe évav VAX 11/780. O xpovog CPU ptropei va BeATiwBei onuavTikd
xpnoigotroiwvtag Tov  Fiduccia-Mattheyses [1982] ypappikoUu Xpdvou €UPETIKO
dlaxwpIouo.
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Eikéva 19: Terminal Propagation
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3.3 Quadrisection

O Swuaris kai Kedem [1987] é€xouv Trpoteivel Tn XpAon Tng quadrisection
avti Tng bipartitioning va diaipéael To TOITT KABETA Kal 0pICOVTIO O€ éva eviaio OTAdIO
diaipeong  (ZxApa 20a), katoAAyoviag o€ pio aAnBiva diodidotarn diadikaoia
TOTTOB£TNONG, AVTi va TTPOCapPUOCOUV Pia povodiaaTtaTtn diadikagia diauépiong yia va
A0oel 170 diodidoTaTto TPORANPa TotroBéTnong. O quadrisection aAyopiBuog TTou
xpnoigotoigitar gival pia emékracn Tou Kernighan-Lin [1970] kai tou Fiduccia-
Mattheyses [1982].

>¢ avribeon pe 10 Kernighan-Lin aAyopiBuo Tmou TTepIypa@ETal TTAPATTAVW, Eva
module og éva TETAPTNUOPIO PTTOPEI va evaAAdooeTal ye modules o€ OTTOIAOATIOTE
atd Ta AAAa TpEIg TeETapTNUOpIa. AuTd divel 12 TTivakeg KEPDOG, EKACTO TWV OTTOIWV
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QVvTIOTOIXEI O€ éva CeUyog TETAPTNUOPIA. Z€ KGBE BAMa, emAEyovTal auTtd Ta euyn yia
avtaAAayr TTou divouv TNV uynAdTEPO KEPDOG.

H ouvdpTtnon kéoToug uttoAoyileTal wg €€NG. AQROTE Ta KEAIG TTOU CUVOEOVTAI E GTO
net n kal ToTmoBeTABNKAV OTO TETAPTNUOPIO K va onuavBolv wg ag(n) . Tote 1O
didvuopa cell-distribution yia 1o neto €ival

a(n) = {a,(n), a;(n), az(n), a,(n)}

2¢e ouvduaouo ue kKABe neto cival didvuopa resident flag
B(n) = {B1(n), B2(n), B3(n), Bs(n)}

£TO1 WOTE

1 if ag(n) >0

ﬁ' nj)=
xln) 0  otherwise.

‘ETo1, To K ouoTatiké Tou Bi(n) Ocixvel Katd OO0 KATTOIO KEAI TTOU CuvdEeTal
ME TO neto n gival oTo TeTapTNROPIo K. H ouvdptnon K6oToug opieTal wg

W = Z u"u{ﬁ(‘n]}'

neN

otTou w, (B (n)) €ival To KOGTOG TOou dIKTUOU N. Edv duo A TTEPIcTOTEPA CUCTATIKA TOU
B(n) cival un pndevikd, TOTE UTTAPYXOUV KEAIA TTOU CUVOEETAI PE TO €V AOYyW heto oTa
avtioToixa TETAPTNUOPIA, Kal TO neto €xel kotrei. Ta Papn wy Kal w, OuvdEéovTal
ME TO 0pIOVTIO KAl KABeTO net-cut, avtioToixa. O1 OXETIKEG TIUEG TwV eV AOYW Bapwv
dgixvouv TNV TTPOTIUNOT oTNV Kateubuvon NG KaAwdiwong. ZUPewva Pe Tov Suaris
kar Kedem [1987], oc 1exvoAoyia SITAOU Kai TPITTAOU WETAAAOU, OTTOU OXEDOV TO
oUvoAo Tou SI00TAMATOG YUpw atrd Ta KEAIG UTTOPEI va Xpnolgotroindei yia tnv
KaAwdiwaon, Ba trpoTiyoucape TNV KABETN (TTdvw atmd 10 KeAi) KaAwdiwon. Autd Ba
dlatnpARoel Xwpo yia Tov diauAo, 0 0TToiog SIAQOPETIKG Ba atraliTouvTay yia avoiyuaTa
opifévTiag kaAwdiwaong. 'ETol, o€ TETOIEG TEXVOAOYIEG, TO w,, GUVHBWS opifeTal TTOAU
MIKPOTEPO ATTO O, TI TO Wy,.

Av 6Aa Ta modules Tou cuvdéovral o€ éva neto eival oe€ 0pPICOVTIWG YEITOVIKA
TETAPTNUOPIA, TOTE TO KOOTOG wn(ﬂ(n)) = wy, . MNapopoiwg, €dv gival oe KatakdpuPa
VEITOVIKG TETAPTNUOPIA, TOTE W, (B(n)) = w,, . Eav Ta modules eival diaywviwg oe
atrévavTl TETaPTNUOPIa A &V £xouv dlaveunBei o€ TTapatTavw ato Tpia TETaPTNUOPIA,
T67E W, (B(M)) = wy, + w,, . EGv Ta modules ouvdéovTtal o€ €va net n KATavépovTal
TAVW Kal OTa TEOOEPA TETAPTNMOPIA, UTTAPYXOUV dUOo TBavég dlacuvdeong HoTifa,
éva  pe éva opifovTio Kal dUO KATAKOpU®A cuts Kal N GAAN pe €va KABeTo Kal dUOo
opifévmia cuts. EAv w, <wj; OTTWG TTEPIYPAPNKE TTOPATTAVW, Ba eTTIAEEOUPE TO
TPWTO WOTiRO Kol wy,(B(N)) = wy, + 2w,
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Edv n ouvaptnon kéotoug w,(B(n)) cival TETOIO WOTE VO PTTOPEI VA UTTONOYIOTEI
amdé 10 B(n) Ot ypaAPPIKO XpOvo, uTTopEl va artrodeixBei 611 o quadrisection
OAYOpPIBUOG TPEXEl €TTiIONG O€ YPAUMIKO Xpdvo. To uttéAoImmo Tou aAyopiBuou
dlapépiong eival idlo 6TTwg oTo Fiduccia kal Mattheyses [1982] kai Kernighan kai Lin
[1970Q].

H pébodog diadoong TeppaTikou gionxbn atréd tov Dunlop kai Kernighan [1985] €xel
eTTekTOBEl yia TO quadrisection 6TTwg @aivetal oto ZXAHa 20b. To oxAua deixvel Ta
TMAPATA 5 KAl 6 TTOU TTPOKEITAl VA SIaXwWPICTOUV

Eikéva 20a: Quadrisection
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Eikéva 20b: Terminal propagation o€ Quadrisection
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KATA PAKOG TwV OIOKEKOPUEVWY Ypapuwy Kal Ta cells B kar D o€ auTég TIG TTEPIOYES
ouvdéovtal pe Ta cells A kal C og GAeg TTEPIOXEG. Z€ auTO TO TTapddelyua, 6a ATav
WeENIPO va Béooupe To B 0TO KATW apIoTEPS TETAPTNHOPIO TNG TTEPIOXNG 5, OTTWG
@aiveral, kal To D o1to dvw A KaATw BeCI6 TETAPTNUOPIO TNG TTEPIOXNS 6 (dedouévou
OTI N akpIBng B€on Tou C dev éxel akdun kabopioTei). Terminal propagation yiverair pe
TNV ToTT06£TNON dUO €1dWwv dummy cells — ToTTroBeTnuUéva Kal v PEPEI TOTTOBETNUEVA
o€ KaTdAAnAeg Béocig. 'ETol, otnv TrepIoxn 5, n emidpacn Tou A eKTTPOCWTTEITAI ATTO
éva dummy cell X keAi ToTmoBeTNPéVO OTO KATW apIoTEPS TETAPTNUOPIO. To dummy
cell Ba €AEN 1o B aTo idI0 TETAPTNUOPIO, WATE va PEIWBEI TO net-cut. ZTnv TTEPIOXN 6,
10 C cell TTou avTiITTpoowTTelETal ATTO PEPIKWG TOTTOBETNUEVO Y cell, TTou TTEpIopideTal
oTo Avw Kal KATw O¢e&i TeTapTnuopio. Autd Ba €AEn To D o¢ éva amd autd Ta
TETAPTNUOPIA.

MAnpoopieg OAIKAG dpouoAdynong XpnoiuoTrolouvTal €TTioNG yia Tn BeATiwon g
ATTOTEAEOPATIKOTNTAG TNG BIAdoong TeppaTikou. MNa mapddeyua, oto 2xAua 20b, Ta
KeAIG TTOU cuvdéovTal OTO D10 neto Bpiokovtal Kal OTa TEGCEPA TETAPTNUOPIA KAl
ouvdiovTal OTTwG Qaivetal. Edw, 1o A kal To B Ba mrpérrel va emrnpedoouv o €vag Tn
Béon dAou péow Terminal propagation , kai €11 Ba TTPETTEl va 1I0xUCEl Kal yia To B
kai C . E@béoov dev uttdpyel aueon ouvdeon petatu A kal C, woTdoo, dev UTTAPXEI
avaykn va Ta diadwaooupe (propagating). Metd atmd kaBe Brua diapépiong, Ta KEAIG
o¢ OIOQOPETIKA TETAPTNMOPIA ouvdéovtal oe €va HOTIBO TTou divel To €AAXIOTO
KOOTOG, OTTwG ouldntrOnke TTapatrdvw. Oco n diauépion TTPoXwped, auTd Ta POoTiRa
ouvdeong divouv OAIKAG dpouoAdynong &€vipo yia KaBe neto. Katd tn @dacn Tou
Terminal propagation , povov ekeiva T modules Trou €ivalr Aueca ouvoedepéva
MeETaU Toug TToAAaTTAaoIdlovtal. Ta BEAn deixvouv Tnv emidpaocn Tou Terminal
propagation. Na TTapdadeiypa, 1o KeAi C Ba TTpETTEl va wOEiTal TTPOG TO Avw aPIOTEPO
TETAPTAMOPIO OTAV N TTEPIOXNG 7 Ba TepaxioTei o€ 4 Tapdyia (quadrisectioned).

O aAyopiBuog €xel ulotroinBei wg pépog Tou VPNR xwpou kal Tou TTOKETOU
o1adpoung. lMpokatapkTikG — Teipdauara  deixvouv 6Tl 0 OAyopIBuog  autdg
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ouykpiveTar euvoikd o€ oxéon pe Tov  Timberwolf 3.2. Ta didgopa
TUTTOTTOINMEVA  KUKAWPATA KEAIWY, O OAYyOpIOPOG auTOg aTTEdWOE HIa  TTEPIOXN
o010 5% NG TTEPIOXNG TTou TTapdayeTal amd Tov Timberwolf. O aAyopiBuog autdg,
€VTOUTOIG, KATAQEPE TNV idia TToidTnTa diaTagng 50-200 @opég Mo ypAyopa oTrd o, T
o Timberwolf. O xpOvog ekTEAEONG TTOU avaAQEPONKE gival TG TAENG Twv 1.4 AeTTTWV
yia éva 304-keAiwv KUKAWPa kal 1 wpa yia éva 2907-keAiwv KukAwpa og éva VAX
8600.
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4. ToroBETNON HE TOV YEVETIKO aAydpiBuo

O VYeveTIKOG aAyopIBuog eival €vag TTOAU 10XUPOG aAyopIBuUOG BEATIOTOTTOINONG,
0 OToiog Aeitoupyei Pe TN Miunon TG @uUOIKAG diadikaciag Tng  €EENIENG
WG MECO, TTPOXWPWVTAG TIPOG TO PBEATIOTO. loTopikd, TTponyrnke Tng simulated
annealing [Holland 1975], aAAG POAIG TTpOC@ATA €XEI EQAPUOCTEI EUPEWG YIa TNV
etTiAuon TpoBANUaTWY 0t  dIAQOpPoUG TOoWEIG, CuPTTEPIAAPBavouévNG TG
TommoBétnong VLSI [Grefenstette 1985, 1987]. O aAyopIBpog gekivad Pe Pia apxIKnA
oglpd Tuxaiwv dlauopPWoewy, TTou ovoudlouue mAnOuouog (population). Kébe
dropgo otov TANBuopo e€ival pia oglpd ammd oUPBoAa, ouvABwe HiIa duadikn
oupBoAooelpd TTou avTITTPOoWTTEUE! Pia AUon oTo TTPORANUa BeATioToTroinong. Katd
TNV dIdpkela KABe eTavaAnwng, Tmou ovouddleTal yevid (generation), Ta ATopa OTOV
TpéEXOVTa TTANBUCHG agloAoyouvTal XpNOIMOTTOIWVTAG TO PETPO TNG KATaAAnAdrnTag
(fitness ). Me Baon autA TNV TIPN TNG KATAAANAGTNTAG, avedpTnTa AToNa ETTIAEYyOVTal
atrd Tov TTANBuopud duo KABe @opd, wg yoveic (parents). O1 o KaTAAAnAol £xouv
MIa uwnAoTEPn TOavoTnTa va  €mmAeyolv. ‘Evag apiBudg YeEVETIKWY  QOpEwvV
€QapuolovTal OTOUG YOVEIC yia Tn Onuioupyia VEwWV aTOMWY, TTOU ovopdalovTal
aTTOYOoVOI, OUVOUAZOVTOG T XAPOKTNPIOTIKA Kal Twv dUO yovéwv. OI TPEIG YEVETIKOI
QOpEic TTou XpnolPoTTolouvTal ouvrBw G gival or: crossover, JeTAAAagn (mutation), kai
avacTtpo@r (inversion), Ta oToia Trpoépxovral Kat ‘avaloyia amd Tn BIOAOYIKA
dladikacia TG €EEMIENG. O1 ev AOyw @opeic TTepIypA@ovTal UE  AETTTOPEPEIES
TTAPOKATW. ZTNV CUVEXEID, afloAoyouvTal O aTTOYOVOl, KOl MIa VEQ YEVIG OXNMaTICETAl
ME TNV ETTIAOYI MEPIKWY YOVEWV KAl aTTOoyOvVwY, Kal TTAAI ue BAon Tnv KAtaAAnASTNTa
TOUG, £TO1 WOTE va KpaTtnBei 1o yéyebBog Tou TTANBuCOU oTaBEPO.

AuT n evoTnTa €ENYEi yIATI OI YEVETIKOI aAyOpIOuOoI £Xouv TOOO WeYAAn eTTITuXia OTO
ouvOeTo TTPOPRANUA BEATIOTOTTOINONG OCOV OQOPA OXAMUATA KAl TNV €TTIOPACH TWV
YEVETIKWV operators o€ autd. ATuTTa, Ta OUPBOAQ TTOU XPNOIYOTTOIOUVTAl OTIG
oupBoAooEIpEG Twv AUCEWV gival yvwoTd wg yovidia (genes). Autd eival Ta Baoikd
OopIké oToIxEia pIag AUONG KAl avTITTPOCOWTTEUOUV TIG 1010TNTEG TTOU KaBIOTOUV Wia
AOon dia@opeTik atmd TNV GAAN. MNa Tapddeiyua, oto TPORANPA TOTTOBETNONG TWV
KEAIWV, oI TA&IVOPNPEVES TPITTAETEG TTOU ATTOTEAOUVTAI OTTO T KEAIA KOl TIG QVTIOTOIXES
OUVTETAYUEVEG TOUG, UTTOpoUV va BewpnBouv wg genes. Mia cupBoAooeipd AUoEwy,
n otroia amoTteAsital amd Ta yovidia, Aéyetal xpwudowpa. Eva oxnua eivar €va
oUVOAO yovidiwv TTou ouvBEéTouv pia pepikA Auon. ‘Eva mapddeiypa Ba ATav yia utro-
ToTToBéTNON (subplacement), TTou oTToTeAEiTal ATTO OTTOIOVONTIOTE APIOUO TETOIWV
TPITTAETWY, un AapBdavovTtag utroyn Ta utrdAoiTra Ta KeAId. ‘Eva oxfua ge m aToixeia
KaBopiopoU Kal «dev pag voiadel » yia TIG uttoAoIreg n-m  B€aeig (6TTwg éva m-cell
subplacement o€ éva n-cell TpOBANPa TOTTOBETNONG) UTTOPET va BewpnBei wg €va (n -
m) — Ola0TACEWY UTTEPETTITIEdO OTN AUon yia 10 Xwpo. OAa Ta onueia oe autd T0
utrepeTTimedo  (AnAadn, OAeg o1 JIAUOPQPUICEIC TTOU TTEPIEXOUV TO OEeOOUEVO
subplacement) cival oTiypIdTUTIO TOU OXAMOTOG. Znueiwaon €dw OTI TO subplacement
Oev xpelddetal va yeIrviadel QUOIKA, OTTwG £va opBoywvio patch Tng TePIoXNG Tou
ToIm. MNa moapddeiypa, éva KoAd subplacement ptropei va atoteAsital amd duUo
ouvoedepéva  TTUKVA  KEMIA O€  YEITOVIKEG TTEPIOXEG.  TMapopoiwg, €va  KaAo
subplacement ptropei emiong va atmoteAeital atréd éva KeAi aTnv dkpn TNG £1I00d0U TOU
OIKTUOU Kal €va KEAI 0Tn GKpn TNG ££600uU TTou gival OPwWG TOTTOBETNUEVA OTA AVTIBETA
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akpa Tou ToITT. Kal Ta dUo autd subplacements 8a cupdAouv otnv uwnAn ammédoon
Tou aTépou TToU Ta KAnpovouei. ‘ETol, éva oxfua €ival pia Aoyikr) kair X1 QUOIKA
opadoTroincn Twv TPITTAWY KEAIWV-CUVTETAYUEVWY TTOU €XOUV MIO OUYKEKPIMEVN
oX£0N WE TV TOTTOBETNON.

Omrwg avagpépbnke TTAPATTAVW, O YEVETIKOI TTAPAYOVTEG dnuIoUpyoUV Mia vEQ YEVIA
dlapopewoswyv ouvdudlovtag Ta schemata (1 subplacements) amd yoveig Tou
emAEyovTal aTTd TNV TPEYXOUOA YeVIA. AOYW TNG OTOXAOTIKAG dladikaciag €TTIAOYNG, Ol
KataAANAOTEPN yoveic , O OToiol  AvauéveETal va  TTEPIEXOUV  KATTOIO  KOAQ
subplacements, cival mOavo va TTapdyouv TTEPICTOTEPOUG ATTOYOVOUG, KOl Ol KOKOI
YOVEIG, oI oTToiol TTEPIEXOUV KATTOIO KaKG subplacements, eival miBavd va mmapdyouv
Alyotepoug  atroyovous. ‘ETol, otnv  emopevn yevid, O QpIBUOG TWV  KOAWV
subplacements (1 uynAng kataAAnAéTNTaG schemata) Tteivouv va augnbouv, kai o
apIBUOC TwV Kakwyv subplacements (xapnAAg kKaTtaAAnAdTNTAG schemata) Teivouv va
MelwBouv. ‘ETol, n KAataAAnASGTNTA TOu ouvoAou Tou TTANBuopoU BeATiwveTal. AuTOg
gival 0 BacikGG uNxaviopog TNG BEATIOTOTTOINONG ATTO TOV YEVETIKO aAyOpIOuO.

KaBe drouo oTtov TTANBUC O eival éva TTapddelyua Twy 2™ oxnuaTwy, 6TTou n €ival T0
MAKOG TNG KABE aTopIKNG oUpBoAooEIpds. (AUTO gival I000UVOUO WE HIO TOTTOBETNON
€vog n-KeAloU TTou TrepIhauBaver 2™ subplacements otrolioudnmoTe peyéboug. ) ‘EToal,
UTTApxXEl évag TTOAU PEYAAOG QPIBPOG OXNUATWY TTOU EKTTPOCWTTOUV  €va OXETIKA
MIKPO TTANBUOPO. AoKIiudlovtag évav vEo aTTOyovo, £XOUME HIO KATA TTPOCEYYIOoN
EKTIUNON TNG KATAAANAOGTNTOG OAWV TWV OXNUATWY TOoU 1 Twv subplacements.

Eikéva 28: H mapadooioki p€6odog Tou crossover.
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Chromosomal Rep. Physical Layout

‘ETtol, pe kéBe véa dlapodpewaon Tou €CeTAleTal , O aApPIBUOG Tou KaBevog atrd 2™
oxnuaTa Tou Trapoucidfovral otov TTANBuopo  pubBuifeTal avaloya pE TNV
OKOTOAANAGTNTG  Tou. AuT n  €midpacn €xe&l OVOMAOTEl WG  EYYEVNG
TTOPOAAANAICPOG  TOU  yeveTIkoU  aAyopiBuou. KaBwg OAo  kal  TTEPICOOTEPES
dlapoppwoelg dokipdlovTal ekei €¢w, OI OXETIKEG avaloyieg Twv  SloQopwv
oXNUATWY oToV TTANBUCPOG avTavakAoUV Trn KATAAANASGTNTA TOUG TTEPICOOTEPO KAl E
MeyaAUTepn akpiBela. OTtav éva kKatdAANAo oxAua €iI0ayeTal 0TOV TTANBUCUS péow
evOG atroyoévou, kAnpovoueitalr  amd GAAoug ot 81adoxn YeVEd, CUVETTWG KAl N
avaAoyia TG oTIG auénoelg Tou TTANBUCoU. ZeKIvG va odriynon otnv €¢odo Ta

56

Institutional Repository - Library & Information Centre - University of Thessaly
08/12/2017 18:43:58 EET - 137.108.70.7



AlyoTEPO TAIPIAOTA OXAMUATA, KAl O JECOG OPOG TNG KATAAANAGTNTAG TOu TTANBUCOU
ouveyicel va BeATILOVETAL.

O1 yeveTikoi TTapdyovTeS Kal N GNPogia Toug JTTopouV Twpa va £€nynbouv.

Crossover. O Crossover ival o KUpIOG YEVETIKOG operator( xeIpIoTAG). AsiToupyei o€
OUOo dToua TaUTOXPOVA Kal TTapAyel aTToyovoug JE TO OUVOUAOHO oxnUatwy atmo
Toug dUo YyoveiG. 'Evag atrAog TpOTTOg yia va €TTITUXOUPE crossover Ba eival va
eMAEEOUPE éva Tuxaio OnueEioO KOTTAG Kal va TTAPAYOUUE  OTTOYOVOUG HE TO
OUVOUOOWNO TOU TUAMATOG TOU €VOG YovEQ OTA aPIOTEPA TOU OnueEiou TOUAG HE TO
TMAMO TOU GAAOU yovéa oTa Oe€id Tou onueiou KOTAG. AuTth n  péEBodOog
Aeiroupyei KaAd pe TN TapdoTtacn ouuBoAocelpdg bits. To Zxnua 28 divel éva
TTOPAdEIYUA TOU Crossover. € OPIoUEVEG EQAPHOYEG, OTTOU Ta OUPBOAA aTo solution
string &ev utmopoulv va eravaAng@Bouv, auth n PHEBodog dev UTTOPEI va eQaPUOCTEL
Xwpi¢ TpotrotToinoeig. H TotmoBétnon eival éva TUTTIKO TTPORANPA Topéa OoTToU QUTEG
0l OUYKPOUOEIG UTTOPOoUV va cuuBouv. MNa apddeiyua, 0TTws @aiveTal oto ZXHHa 28,
Ta keAIG B kai F eravaAapBavovral, kai Ta keAid H kai | €xouv peivel €Ew. EmmALoy,
XPEIACOUaOTE €iTE €va VEO crossover operator TTou AEIToupyei KaAd yia autoug Toug
TOMEIG TOU TTPOPBAAUATOG 1 IO PEBODO yIa TNV €TTIAUCH QUTWY TWV OUYKPOUGEWV
XWpIg va TTPOKOAEI OnNUAVTIKA uTToRAOuIoN oTnv amrédoon
NG dladikaciag avadntnong. H  amdédoon  Tou  yeveTiIkKoUu  aAyopiBuou
eCapTdtal oe peyaho Babud amd Tnv amdédoon TOU Crossover operator TTou
xpnoigotroigital. AiIGgopol crossover operators TTou UTTEPVIKOUV autd Ta TTPoBAAuaTa
TTEPIYPAPOVTAI OTIG AKOAOUBEG EVOTNTEG.

Otav 0 aAyopiBuog €xel TPEEEl yia KATTOIO XPOVIKO BIAoTnPa, Ta ATOPO TOU
TTANBuCoPOU avapéveTal va gival JETpiwg KaAd. ‘ETol, 6tav 1o oxrfuata amd duo TETola
dropa épxovtal Padi, TO aTmmoTEAEOUA OTOUG ATTOYOVOUG MTTOPEl va gival aKOUN
KOAUTEPO, OTTOU O€ QUTA Tn TTEPITTTWON YivovTal atmodekToi oTov TTANBUCoUO. EKTOG
autoU, ol KOoTAAAnAolI yoveig éxouv pia peyaAutepn  mBavoTnTa  dnuioupyiog
atmmoyovwy. Auth n diadikacia emTPETTEl OTOV AAYOPIBUO VA €EETACEI TTEPIOOOTEPEG
OIQUOPPWOEIG OE IO TTEPIOXA ME MEYAAUTEPN PEON KATAAANASTNTA, WOTE TO BEATIOTO
va utropei va  TrpoadiopioTel  Kal, TNV idla oTIyuA, va  €EETOOTOUV  PEPIKEG
Slapopewaoelg 0 AANEG TTEPIOXES TNG BIOUOPPWONG XWPOU, WOTE AAANEG TTEPIOXES UE
UWnAr atrédoon HECOo GPO va PTTOPOoUV VA avaKaAupBouv.

Eikéva 29: Mutation
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H Tmoodtnta Tou crossover eAéyxetal amd Tov crossover rate( OUvTeEAEOTNG
dlaocTaupwong) , 0 OTToiog opPICeTal WG O AOYOG TOU apIBUOU TwV ATTOYOVWY TToU
TTapdyovTal o€ KABe yevid pe To PéyebBog Tou TTANBucoU. To crossover rate kaBopilel
TOV AGYO TOu apIBuoU Twv avalnTACEWV OE TTEPIOXEG ME MECT UWNAR KaTaAANAGTNTO
ME TOV apIBUo Twv avaldnTnoewyv o GAAeG TTEPIOXEG. 'Eva uwnAGTEPO crossover rate
emTPETTEl TNV €€epelivnon TTEPICOOTEPOU TOU XWPEOU AUCEWV KOl HEIWVEL TIG
mOavOTNTEG TNG KABIZNONG yia €va WeUTIKO BEATIOTO, AAAG av auTo To rate gival TTOAU
uwnAoG, autd odnyei oe pio oTTaTdAn Tou Xpoévou UTTOAOYIoHOU yIa TNV €¢epelivnon
eNGXIOTA EATTIOOPOPWY TTEPIOXWYV TOU XWPEOU AUCEWV.

Mutation. H petdAAagn (Mutation) eivai €évag background operator, o otroiog dev €ivai
Gueoa uTTeUBuVOG yia Tnv TTapaywyr véwv amoyovwy. lMapdyel oTadiakd Tuxaieg
aAAayég oTOug aTToyOovoug TTou TTapdyovTal atrd Tov crossover. O pnyxaviopog
ouvnBéaTepa XpnoiyoTroigital Katd euyn aviaAAaywy OTTwG QaiveTal oTo oxnua 29.
AUTOG dev gival évag pnxaviopog yia Tuxaia e¢ETaon VEWV DIAPNOPPWOEWY OTTWG Kal
o€ AA\oug emmavaAnTTikr BeATiwong aAyopibuoug. Ze yeveTikoug aAyopiOuoug, n
METAANOEN €guttnpeTel TO Kpioiyo pOAo NG avTikatdotaong Twv yovidiwv Trou
xavovtal a1ré Tov TTANBUoPO Katd Tnv didpkeia TG diadikaaiag eTTIAOYNAG, £TO1 LWOTE
Va UTTOPOUV VA DOKIPMOOTOUV O€ éva VEO TTAAICIO 1) va TTapEXEl Ta yovidia Ta OTToia dEv
ATav TTOPWV OTov OpxIkKGé TIANBuopso. AnAadh 6cov agopd TO TTPOBANUA TNG
TOTTOBETNONG, €va yovidlo TTou OTTOTEAEITal aTmd €va TPITTAG £TOINO KEAI KAl Twv
OUVOQWV 100VIKWY CUVTETAYUEVEG TOU, WTTOPEI va PNV €ival TTOPOV G€ OTTOIOOATTOTE
amd Ta ATopa oTtov TANBuopd. (AnAadn, OTI OUykeKpIpgéva KEAIG JTTOPEI va
ouvdEovTal PJE PN-I0AVIKEG CUVTETAYUEVEG O€ oxéon WE OAa Ta GAAa dtopa.) Ze auTh
TEPITITWON, To crossover amd pévo Tou dev Ba BonBroel, di16T civar pévo €vag
MNXaviopdg KANPovouikoTNTag yia Ta uTtdpxovta yovidia. O mutation operator
TTAPAYEl VEEG TPIABEG KUTTAPWV-OUVTETAYUEVES. EAV 01 VEEC TPIADEG CUUTTEPIPEPOVTAI
KOAQ, ol SIGUOPPWOEIG TTOU TTEPIEXOUV QUTEG dIaTnPOUVTAl, KOl QUTEG o1 TPIGdES Ba
e€atmAwBouv og 6Ao Tov TTANBUCHO.

O pubpog PeTaANGEEWS OpiCeTal WG TO TTOCOOTO TOU CUVOAIKOU apIiBuou Twv yovidiwv
Tou TTANBuUoPoU, Ta oTroia eival peTaAlaypéva oe KABe yevid. ETol, yia éva n-cell
TPEOBANUA TOTTOBETNONG , WE £va pEyeBog TTANBUGHOU N,), 0 CUVOAIKOG apIBUGG TwY
yovidiwv gival nN, , kal nN,R,, /2 Cglyn KOUMPBWV TTou eKTEAOUVTAI yia TO mutation
rate R,, . To mutation rate eAéyxel To puBud pe Tov OTTOIO €I0AyovTal VEQ yovidia

58

Institutional Repository - Library & Information Centre - University of Thessaly
08/12/2017 18:43:58 EET - 137.108.70.7



€VTOG TOou TTANBUGPOU yia dokiun. Edv gival TToOAU xaunAd, T1é1e TTOAAG yovidia TTou Ba
nTav xproiya moTé dev dokiudoTnkayv. Edv eival répa TToAU uwnAod, Ba uTTGpxEl TTAPO
TTOAAEG TUXaieG diaTapay£g, ol atmmoyovol Ba apyioel va xavouv Tnv opolidTNTA TOUG JE
TOUG YOVEIG, Kal 0 aAyopiBuog Ba xdoel Tnv IKavoTnTa va pabaivel atmd Tnv 1I0Topia
NG avadnTnong.

Inversion (Avaorpoen). O inversion operator Traipvel éva Tuxaio TUAMO O€ HIO
oeIpd AUOEWY Kal avTIoTPEQPEI TO TEAOG yIa TO TEAOG

Eikéva 30: Inversion
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Chromosomal Rep. Physical Layout

(Zxnua 30). H epyaoia auth TTPOYMOTOTIOIEITAI KOTA TETOIO TPOTIO WOTE VO PNV
TPOTTOTIOINCElI T AUCHN TTOU QVTITTIPOCWTTEUETAI OTTO TN CUMPoAocelpd, avt 'auTou,
TpoTroTTolEl JOvVo TNV avatrapdoTaon TNG Auong. 'ETol, Ta oUpBoAa mmou ouvBéTouv
TN oupBoAoceipd TTPETTEN va £XEI MI epUnveia aveEdpTnTn atmd Tnv Béong Toug. AuTd
pTTopei va emrteuxBei ouvdéovrag €va oelplokd apiBud pe KABe OUPBOAO OTN
oupBolooeipd Kal epunvelovTag Tn cupfoAooelpd pe oeBacud o€ autoug TOUug
O€IPIaKoUG aplBpolg avti Tou &¢giktn Tou Trivaka. Otav éva oUpBoAo KiveiTal oTo
TTivaka, 0 o€IPIOKOG apiBUOG KiveiTal yadi Tou, €101 WOTE N EpuNveia Tou cuPBOAoU va
TTOPAMEVEL QUETABANTN. ZTNVv TTPOBANMO  TOTTOBETNONG KUWEAWV , N X-Kal Y-
OUVTETAYUEVEG TTOU atroBnkevovTal e KABe KeAi ekteAoUv auTr Tn Aeimoupyia. ‘ETol,
Oev €xel onuacia Tou To TPITTAG KeAi-ouvTeTayPéVn PPIOKETAI OTO TTiVOKA TOU
TANBuapoU, Ba £xel TNV idia epunveia ue autn TNG QUOIKAG dIdTagng.

To TmAeovékTnua TOU inversion operator eival 10 okOGAouBo. YTTApYXOUV KATTOIEG
ouGdeg 1010TATWY, N yovidiwy , Ta oTToia Ba gival ETWEEAAG yIa TOUG ATTOYOVOUG Va
KAnpovourioouv padi atmmd Tov €£va yovéd. TEToleg Opadeg yovidiwv, Ol OTToIEg
AAANAETIOPOUV yIa va auéndei n IKavoTNTa TWV ATTOYOVWY TOUG TTOU KANPOVOuoUV,
ovopddletal coadapted. IMNa Trapdadsiyua, av 1a KeAIA A kai B gival otevd cuvdedepéva
METAEU TOUG Kal 0 yovéag 1 €xel Ta yovidla (4, x4, y1) Kal (B, x,,y,) OTTOU (x1,¥1) KOl
(x,,y,) €ival YEITOVIKEG TTEPIOXEG, Oa €ival TTAEOVEKTIKO YyIO TOUG OTTOYOVOUG VO
KAnpovounoel kal Ta dUo auTtd yovidia atrd £va yovéa woTe PETA T KEAIG crossover A
Kal B va TTapapeivouv o€ YEITOVIKEG TTEPIOXEG. Av dUO yovidia gival KOVTA OTN YPAUMN
AOoewy, £xouv PIKPOTEPN TTIBAVOTNTA Va Xwpiocouv OTav O inversion operator xwpioel
10 string o€ dUo TPAUaTa. 'ETol, YE TO QVAKATEPA TWV KEAIWV yUpw aTTO TN YPOUUnA
AOoswv, n avooTpo@ry emTPETEl TPIAdEG Twv KeAWvV Tou  €ival AdN  KaAd
TOTTOBETNUEVEG OE OXEon To €va TTPOG TO AAAO va BpioKkeTal KOVTa TO €va oTO AAAO
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oTto string. Auté aufdavel Tnv mlavoTnTa OTI, OTAV O XEIPIOTHG crossover Xwpicel
OIAPOPYPUWOEIG YOVEWV O€ TUAUATO  yIa va TIEPACEl OTOUG QTTOYOVOUG, TO
subplacements 1Tou ammoteAouvTal aTTd TETOIEG OPAdEG Ba TTEPACOUV avETTA@A aTTO
ToV €va yovéa (1 dAAo). AuTh n pEBOSOG eITPETTEI TOV OXNUATIOUS Kal TNV €TTIRiwon
TwV 101aiTEpa BeATIOTOTTOINUEVWY Ssubplacements TTOAU TTpIv atmd Tnv BEATIOTOTTOINON
NG K&Be oAokAnpwpévn ToTToBETNON OTav auTr £Xel oAokAnpwBei. O inversion rate
givalr n mBavéTNTa TNG EKTEAEONG AVAOTPOPNG 0€ KABE AToPo KATA TN dIGPKEID KABE
YEVEAQG. EAEyXEl TNV TTOOOTNTA TOU OXNHOTIOPOU piag ouddag. MNdapa TToAU avaoTpoen
Ba £xel wg atroTéAeapa TN diatdpagn Twv opddwy TTou €xouv AdN OXNUATIOTE.

Selection (EmiAoyn). Metd Tn dnuioupyia atmmoyovwy, XpelalouacTe pia diadikaaia
EMAOYAG yIa va €TMAEEOUPE TNV €TTOMEVN YEVIAG ATTO TO OuvOUAoud GUVOAO TwV
YOVEWV KOl TwV atroyovwy. YTTApxXel PeydAn SIa@opeTIKOTNTA OTIG AEITOUPYIES
ETMIAOYAG TIOU XPNOIUOTIOIOUVTAl OTTO  dIAPOPOUG  €PEUVNTEG. AUTH N evoTnTa
OUVOTITIKG TTapaBéTel KAtoleg atrd autég. Or akdAouBeg evoTnTeEG divouv TIG
OUYKEKPIPEVEG AEITOUPYIEC TTOU XPNOIKOTTOIOUVTAl KUPiwg OTouG aAyopiBuoug. Ol
TPEIG PEBODBOI €TTIAOYAG TTOU XPNOIPOTToIoUVTal TTI0 OUuXVa €ivar o competitive(
avtaywvioTikég), random ( Tuxaiog), kal o stochastic(0ToXaoTIKOG).

>Tnv competitive selection( avraywvioTiKA €TTIAOYH), OAOI Ol YOVEIG KOl 01 aTTOyOVOl
avtaywvifovtal JETagu Toug, Kal Ta P KataAAnAGTEpa dToua etmIAEyovTal, 6TTou P €ival
TO péyeBOG TOUu TTANBUGOU.

21NV Tuxaia €tmAoyr, 0TTwg utTodnAwvel To évoua, Ta droua P eTIAEyovTal TUXaia, HE
opoIduop@n TBOavOTNTA. MEPIKEG POPEG auTd gival TTAEOVEKTIKO, YIaTi hJE QUTOV TOV
TPOTTO O TANBUOPOG dloTnpei TNV TTOIKINOPOP@iIa TOu TTOAU TTEPIOCCOTEPO KAl N
avalntnon dev cuykAivel o€ Eva TOTTIKO BEATIOTO. Me KaBapd competitive selection, To
oUvoAo Tou TTANBUCOU UTTOPE Ypriyopa va ouykAivouv o€ AToua TTou €ival EAaQPWG
Ola@opeTIKG a1Td Ta AAAQ, Kal PETA O aAyopiBuog Ba xdoel Tnv IKAvOTNTA TOU VO
BeATioToTrOIROEl TrEpaITEPW. (H KatdoTaon autr) ovopadetal TTpéwpn oUykAion. MoAIg
OupBei autd, o TTANBUCPOGS Ba TTAPEI TTOAU XPOVO VIO VA avVAKTACEI TNV TTOIKINOJOP®ia
Tou péoa amd Tnv apyn diadikacia TG peTdAAagng.) Mia tapaAlayl autig Tng
MEBOSOU cival n dlaTENon TNG KAAUTEPNG JIANOPPWONG Kal n  €mmAoyr; Tou
utTOAOITTOU TOU TTANBUCOU TuXaia. AuTo €¢ac@alidel OTI N KOTAAANAGTNTA Ba augdvel
TTAVTA JOVOTOVA KAl EPEIG DEV TTPOKEITAI TTOTE VO XAOOUNE TNV KAAUTEPN dlIOUOPPWOnN
TToU €xoUupE NN Bpel, atmAd etTeldr dev emAEXONKe atmd Tnv dladikacia Pe TN Tuxaia
emAoyn.

H ZtoxaoTikA €mAoyn cival Tapdéuolio pe Tn diadikaoia TTou TTEPIYPAPNKE TTOPATTAVW
yla Tnv €mAoyl Twv yovéwv yia To crossover. H mBavétnta €mmAoyng tou KABe
atépou gival avaAoyn pe TNV KATaAANAGTNTA Tou. AuTh n H€BodOG TTEPIANaBAvEl TOCO
TOV avTaywviopd 600 kai TUxn.

Comparison with Simulated Annealing . Téoo 10 simulated annealing 600 o
YEVETIKOG OAyOpIOuoG gival uttoAoyIoTIKG evTaTikoi .O YeEVETIKOG aAyopiBuog, OpwG,
EXEl OPIOPEVEG EVOWMATWHEVESG AEITOUPYiEG, OI OTToieg, av aglotroinBolv CwaoTy,
pTTopEl va odnyrfioouv o€ onuavtikl egoikovounon. Mia diagopd eivar o1 TO
simulated annealing Acitoupyei uévo o€ pia diapuopPwaon o€ pia Povada Tou Xpovou,
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EVW) O YEVETIKOG aAyopiBuog diatnpei éva peydAo HEPOG Tou TTANBUCuOU Twv
dlapopewoewy ToU  €xouv  BeATioToTroiNBei  Tautoxpova. ‘ETOI, O YEVETIKOG
OAYOpPIBUOG eTTW@EAEITAI OTTO TNV EUTTEIpIO TTOU ATTOKTA OTO TTAPEABOV ammd Tnv
eCepelivnon yia AUCHN TOU XWPOU KAl JTTOPEI va KATEUBUVEL Wi TTIO EKTETAMEVN £PEUVA
O€ TOMEIG ME XaunAr péoo k6oTog. Aedopévou 0TI To simulated annealing Asitoupyei
MOvo o€ pia dlaudpewaon KEBe @opd, £XEl MIKPH 10TOpIO va XPNOIUOTTIOINCEl yIa va
HAGBel atrd TO DOKIYEG OTO TTAPEABOV.

Tooo 1o simulated annealing 660 Kal 0 YeveTIKOG aAyOpIBuog dIaBETOUV uNXavIoUoUg
yla TNV atro@uyr] trayideuong oe TotmKA BEATIOTA. 2TO Simulated annealing, autd
YiVETQI QTTOPPITITOVTAG TTEPIOTACIOKA MIG avwTePn SIOUOPPWaN Kal aTTodEXOMEVOS
Mia katwTePn .O yeveTIKOS aAyopIBuog €TTioNng, BacileTal o€ KATWTEPES DIAUOPPWOEIG
WG €va PECO aTTOQUYAG €0QOAUEVWY  BEATIOTWY, OAAG dedopévou OTI €xel €va
0AOKANPO TTANBUC S aTTd SIOUOPPWUAEIG, O YEVETIKOG OAYOPIOUOG UTTOPEI VO KPATACEI
KAl VO ETTECEPYAOTEI KATWTEPDA DIAUOPPWOEIS XWPIG VA XACEI TIG KAAUTEPES €€ AUTWV.
EEGAAOU, OTO yeVveETIKO aAyopiBuo K&Be véa dlapdpPwan €ival KATAOKEUOGPEVN aTTO
OUO TTPONYOUMEVES DICUOPPWCEIS, TTPAYHA TTOU anuaivel 0TI o€ Aiyeg €TTAVOANYEIS,
OAeg o1 DIOPOPPWOEIG OTOV TTANBUCUO £XOUV TNV guKalpia va CUPBAAAOUY PE Ta KOAG
XOPAKTNPIOTIKA TOUG yia va oxnuatioouv pia superconfiguration. 210 simulated
annealing, kK&B¢e véa puBuion oxnuarti¢etal atrd Pia Jovo TTaAId dIapopewaon, TTPAyHa
TTOU onuaivel OTI Ta KAAd XOPOKTNPIOTIKA TwV TIEPICOOTEPWY Ot Mia OPAOTIKA
Ola@opeTIK dlaudppwaon ToTE dev avauelyvoovTal. Mia diaudpewon €ite yiveral
QaTTOOEKTA f ATTOPPITITETAI WG OUVOAO, aVAAOYQ JE TO CUVOAIKO KOOTOG TOU.

ATTIO TNV apvnTIK TIAEUPd, O YEVETIKOG OAYOPIOUOG OTTaITEl TTEPICCOTEPO XWPO
MVAUNG 0€ oUykpion Pe Tov simulated annealing . MNa mapddeiyua, os éva TTpoRAnua
1000 TotmoBetioewg KuweAwv Ba atrairouoe péxpl 400kb yia va atmmobnkeloel €Eva
TANBuopo Twv 50 Slopopewoewy . MNa peTpiou ueyéBoug TTpoBAAuUaTa , QUTA N
aTraitnon PvAung Oev PTTopEi va amoTeAéoel onuavtikd TTPORANPA, dIOTI EUTTOPIKOI
oTaBpwv gpyaoiag €xouv 4MB A TTEPICCOTEPO KUPI pvAun. MNa Ta KUKAwPaTa NG
Tédéews Twv 10000 KeAWV, O YEVETIKOG AAYOPIBUOG avapéveTal va €XEl Mia HIKpR
mocotnTa emmAéov emBdpuvan oe aehMidoTroinon o€ ouykpion Pe To Simulated
annealing , aAAG e€akohouBei va emiTayxlvel Tn BeATIOTOTTOINCN TTOU OQEIAETAI OTNV
QTTOTEAEOPATIKOTATA TNG dladIkaoiag avalnTnong.

O vyeveTIKOg aAyopiBuog eival pia véa kal Ioxupr TexvikA. H emTuyia tng peBoédou
autng e€€aptatal ammd TNV KATAAANAN  €mAoyr] Twv dIa@Opwyv  TTAPANETPWV
Kal ouvaptioewyv  Tou eAéyxouv dladikaoieg OTwg METAANAEN, €TmAoyn, Kai
crossover. Eav o1 ouvapTtnoeig emAexBolv owoTd, Ba £xoupe Hia KAAR ToTToB£TNON.
To onuavTikoTeEpo TTPORANMA OTOV OXESIOONSG EVOG YEVETIKOU aAyopibuou yia Tnv
ToTmoBéTNON mModules civar n €mAoyr] Twv MO KATAANAWY CUVOPTACEWY yia TO
TPORANPa autd. ‘Eva peydAo pépog TnG épeuvag ornuepa dieEayeTal o€ auTtd. TNV
EVOTNTO QuUTH, TPEIS aAyopiBuol ocudnTtouvtal, oi Cohoon kai Paris [1986], o Kling
[1987], ka1 0o Shahookar kai hkzumder [1990].MepicodTEPN OOUAEIA €XEl Yivel O€
auTov TOV Topéa atro Tov Chan kar Mazumder [1989]
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4.1 Genie: Genetic Placement Algorithm

O oaAyopiBuog Genie Odnuioupyrbnke amd Toug Cohoon kai Paris [1986]. O
WeudOoKWAIKAG OiVETAI TTOPAKATW:

Ta akéAouBa ival pia TTEPIypa@r YEPIKWY aTTd TIG AEITOUPYIEG TTOU XPNOIUOTTOIOUVTAI
o1o Cohoon kai Paris [1986] kal Ta aTToTEAETPATA TOUG.

(1) H apxikr} kataokeur) Tou TTANBuUouOU.

O Cohoon kai Paris [1986] poTteivav dUo peBddoug yia Tn dnuioupyia Tou apyikou
TANBuopoU. O TTPWTOG €ival va KATAOKEUAOTEI 0 TTANBUOPOG Tuxaia. O deUTePOG €ival
VA XPNOIMOTTOINCGOUME Mia ATTANCTN TEXVIKA OUCTASOTIOINCONG VIO VA TOTTOBETAGOUNE
Ta KeNd. ‘Eva net emAéyetal Tuxaia, Kal oI POVAOEG OuvdEOvVTal UE QUTO Kal
ToTroBeTOoUVTAI O€ pia netlist oeipd. ZTn cuvéxela, Eéva GAAo neto ouvOedEUEVO UE TNV
Mo TTPOCPATA TOTTOBETNUEVN Jovada eTTIAéyeTal, Kal n dladikagia eTavaAapBaveral.
MeipapaTikeg TTaPATNPNOEIG Ogixvouv oT o] QApPXIKOG TTANBUC NGOG
KATOOKEUOOPEVO aTTd opadoTroinon eival KataAANAGTEPOG, aAAd ouykAivel ypriyopa
o€ éva ToTTIKO BEATIOTO. QG €K TOUTOU, OTOV TEAIKO OAYyOPIBO, £XOUV XPNOIUOTTOINOEI
éva MIKTO TTANBUCHO, €va PEPOG TwV OTToIWV €ival KOTOOKEUAOHEVOS aTrd KABe
pEBODO.

(2) Zuvaptnon BaBpoAdynong.

H ouvdptnon BaBuoAdynong kabopilel Tnv kataAAnAéTnTa Tng TotroBétnong. H
ouvdptnon PabuoAdynong o Tou Xpnoiyotroigital otn Genie XPNOIYOTIOIEI TN
OupBaTiki ocuvapTnon HAKoug KaAwdiou pe Baon Tnv oploBETnon opBoywviou. Aev
evOIaQEPETAl VIO ETTIKAAUWN KEAIWV 1 PUAKN YPAMPWY, AOYyw Tou OTUA dIAGTagng TOU
mivaka TTUAwv. QoTé00, evOIaPEPETAl N XPrION Tou KavaAioU va gival avouoiopop®n.
AuTO yiveTal wg €EAG:
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‘EOTW L;, va gival n TTEPINETPOG TOU BIKTUOU i, I Kal C €ival 0 apIBPd TWV YPAUPWY Kal
oTNAWYV, avtioToIxa, h; €ival 0 apIBUOG TWV dIKTUWV TTOU TEUVOUV TO OPICOVTIO KAVAAI
i, v; €ival 0 apIBUGS TWV BIKTUWVY TTOU TEUVOUV TO KABETO KaVAAI i , s, €ival n TUTTIKA
aTroKAION TOU h;, s, €ival N TUTTIKF atTOKAION ToU v; , h KaI U €ival n yéon TIUA Tou h;,
Kal TOU v;, QVTIOTOIXA,

-

hl’
={h+—ﬁ—sﬁ if h+s,<h,
0 otherwise
v,
:{ur-ﬁ-—su if v+s <,
otherwise
Tote
'1 ] r lﬁ e—1
o= =S L+ S his S 2
2!—-1 =1 =1

AuT n ouvdptnon BabuoAdynong TIHwpei OAa Ta KAvAAID TTOU €XOUV HIO TTUKVOTNTA
oTn KaAwdiwan tepIoccdTEPO atmd pia TUTTIKA atrokAion Tavw atrd Tnv péon. ‘ETol,
evBappuUVEl YIa TTIO OUOIGPOPYN KATAVOWN TNG KaAwdiwang.

(3) Parent choice function.

H ouvdptnon €mAoyng yovéa emAéyel Ta Ceuydpla yovEéwy. TE0OEPIG EVOANAKTIKEG
Aooeig  éxoupe €dw. (1) Cfeuyog Mo Tuxaiog O€IpAg HE TO  KATAAANAOTEPO
aAQapIBuNTIKG, (2) va emAEgouv Toug OUO Yyoveig Tuxaia, (3) €TMAELTE yoOvEig
OTOXOOTIKA, OTTOU N TOavoTNTa Tou KABE aTOPOU TToU ETTIAEYETAI WG yovEQG Eival
avaAoyn e TNV KATaAANASTNTA Tou, Kai (4), To oToio cival 1O idl0 pe (3), aAAG
EMTPETTEI JOVO TA ATOPA HE AVW TOU PHECOU OPOoU KATAAANAGTNTAG va avaTtTapayxBouv.
H ouvdaptnon KataAANAGTNTAG TTOU XPNOIYOTTOIEITAI £DW €ival

n otroia €ival 1I00dUvaun yia TN Afyn Tou apoifaiou KGOTOUG Kai yia TV €ouGAuvon
€101 WOTE N XaUNAOTEPN KATOAANASTATA va eival 1. Av n kaAuTtepn dlauopewaon
ouvduadeTal Pe pia Tuxaia, o TTANBuoudg XAvel ypriyopa Tnv TTOIKIAOUOP®Ia TOU
Kal 0 aAyopiBuog ouykAivel o éva @TwxO TOTTIKO eAGXIOTO. ZT0 GAAO GKPO, av Ol
yoveig emmAEyovTal Tuxaia, UTTAPXEl MIKPN PBeATiwon META OTTO QPKETEG YEVIEG
Kal w¢ €K ToUTOU Oev UTTAPXEI OUYKAION 0€ pia KaAf TotroB€étnon. H oToxaoTIkEG
ouvapTtnoelg (3) kai (4) TTapdyouv Ta KOAUTEPA ATTOTEAECUATA.

(4) Crossover Operator.
O xelpIoTrG crossover TTapdyel ammoyovoug aTrd Toug yoveig. AUo crossover operators
éxouv Ndn Teplypagei. O TTPWTOG €TAEyel éva Tuxaio module e, Kal QEPVEI TOUG
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TEOOEPIG KOVTIVOTEPOUG YEITOVEG OTOV yovéa 1 O€ YEITOVIKEG UTTOO0XEG OTOV yovéa 2
VW QEPVEl 0€ aTagia eAAXIOTA TIG AAAEG evOTNTEG. TN va TO KAVETE AUTO, Ol EVOTNTEG
TTOU KATOAQNBAVOUV TIG YEITOVIKEG BECEIG TOU e, GTOV YOVEQ 2 PeTaToTTiCOVTal TTPOG TA
€Ew Mia B€on ava povada xpoévou o€ pia Kivnon aAucidag éwg OTou dia Kevrh Béon
BpeBei (Zxnua 31a). To amotéAeopa auTtou eival o1 To patch tou aTtroTteAcital
aT1d TIG EVOTNTAG e, KOl TOUG TEOTEPIG YEITOVES avTiypd@eTal attd Tov yovéa 1 aTov
yovéag 2, Kal ol GAAeG evoTnTEG MeTaTOTTICOVTAl KOTG MIo B€0n TTPOKEINEVOU va
onuIoupynBei xwpog. O delTEPOG XEIPIOTAG ETTIAEYEI £va TETPAYWVO TTOU ATTOTEAEITAI
ammd evotnteg KxK atmd tov yovéa 1, otmou k eival évag Tuxaiog aplBuog ue péon
olakUuuavon 3 kai 1, kai 7o avTiypd@el oto yovéa 2. Auti n uéBodog Teivel va
ETTAVOANABEI KATTOIEG HOVADEG KAl VA aproel £6w KATToIEG AAAEG. T1a va atro@euyBOei
QUTA N oUYKPOUOT, Ol EVvOTNTEG TTOU PBpickovTal oTo TETPAywvo patch Tou yovéa 2,
OANG Ox1 oTo patch TOU yovéa 1, Kal Ol OTTOiEG TTPOKEITAI VA AVTIKATAOTABOoUV
QAVTIYPAQOVTAI OTOUG XWPEOUS TwV PJovAadwy TTou gival 0T1o patch Tou yovéa 1 aAAG Oxi
oTo patch Tou yovéa 2, TO OTOi0 KATA OUuvETTEla €UTTOdIfeTal OTTO TO VO Yivel
dublicated (XxAua 31b). MNeipdpaTa euvoouyv Tov dEUTEPO operator.

(5) ZuvapTtnon emAoyng.

H ouvdpTtnon emAoyng kabopilel TToieg diapoppwaoelg Ba emBIWOoUV GTNV ETTOUEVN
yevid. O1 Tpeig Asitoupyieg TTou €xouv dokipdoel gival (1) va TTIAEGETE TNV KOAUTEPN
oglpd Kal p -1 Tuxaieg oupPBolooElpég yia TNV ETMIRIWON TOUG OTNV ETTOUEVN YEVIQ,
OTTOU p €ival To PE€yeBog Tou TTANBUCHOU, (2) va €mAeyolv Tuxaia p oupBoAOCEIPEG,
(3) va emAéCoupe ocupBOAOOEIPEG OTOXAOTIKA, WE TNV TTIBAVOTNTA TNG ETTIAOYK TOUG VO
givar avaAoyn 1Tpog T KAtaAAnAOGTNTa. Ta atroteAéopaTa €ival TTaPOUOIa PE EKEivVa
TNG oUVAPTNONG €TTIAOYNG Yovéa. Av €xouv eTTIAEYEI N KaAUTEPN Blapdpewaon Kai p - 1
Tuxaieg OlOPOPPWOEIG, O TTANBUCUOG XAvel ypriyopa TnV TTOIKIAOPOP®Ia TOU Kal
OUyKAivel oe éva @TwxO TOmKO €Adxioto. H ouvdptnon Tou €TmAéyel KAOe
Olaudppwaon p, Tuxaia r autr) TToOU TOAVOTIKA €UVOEI TNV ETTIAOYI TWV UWNAOTEPWYV
o€ BaBuoAdynon diapopPwaoewyv atrodidouv TTOAU KaAUTEPQ.

(6) Mutation Function (Zuvdptnon HETGAAOENG).

AUO evaAAaKTIKEG AUoelg (1) EktéAeon pia oeipdg Tuxaiwv evalAaywv kal (2)
XPNOIUOTIOINOTE PIa ATTANCTN TEXVIKN yia TN BeATiwon Tou KOOTOG TOTTo0€TNONG. O
atrAnoTog operator emIAéyel €va module eg , og neto Z kal Wwaxvel yia éva module e;
OTO iBI0 neto TTouU gival TO TTAEOV ATTOJOKPUOPEVO OTTO TO e;. TO e; KATOTIIV EPXETOI
KOVTG OTO eg, Kal T e€KTOTTIONEVO mModules Ba petatommoTouv éva didoTnua KAbe
Qopa pEXPIGC OTou MiIo Kevry Béon BpeBei (ZxAua 32). 'ET0l, n TTEPINETPOS TNG
op108£TNong opboywviou Tou BIKTUOU Z peIwvETal TTAPAAANAG PEIWVETAI EAAXIOTA KOl
TO UTTOAOITTO TNG TOTTOBETNONG.
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Eikova 31: Crossover og Ginie
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Eikéva 32: Greedy mutation
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lMeipauarika AmoreAéouara.

H ouykpITIKI) attodoon Twv dIAQOPETIKWY TTAPAAAAYWY TWV YEVETIKWY operators €xel
mepiypagei Tapatrdvw. O aAyopIBuog SOKINAOTNKE OE TTEVTE KUKAWMPOTA pe 36-81
KeAId. H ammédoon ouykpiBnke €vavtl evog aAyopiBuou simulated annealing eTTiong
kataokeuaopévo atmmd Cohoon and Paris. O aAyépiBuog Genie AapBdvel Tnv idia
TTOIOTNTA TOTTOBETNONG 0 U0 TTEPITITWOEIG KAl £€WG 7% XEIPOTEPN OTIG UTTOAOITTEG
TPEIG TTEPITITWOEIS. O apiBudg Twv dIAPOPPWOEWY TToU £EETACTNKAY, WOTOCO, ATAV
MOVo 28% yia éva KUKAwPA, 50% yia 800 KukAwpata, kal 75% yia duo KukAwuara. O
TIPAYHOTIKOG XpOvog TNG CPU dev dOONKE.

4.2 ESP: Evolution-Based Placement Algorithm

O Kling [1987] ka1 o1 Kling kair Bannerjee [1987] avémTuéav €vav evolution-based
OAYOpPIBUO  TTOU  XPNOIYOTIOIEI  ETTAVOANTITIKA TNV akoAouBia PeTdAAagng, Tnv
agloAdynon, TV Kpion, Kal TNV avakatavopr.O aAyopiBuog Asitoupyei yovo o dia
olapopewaon kabe oTiyur). O1 evoTnTeEG OTN JIAPOPPWACT QVTIMETWTTICOVTAI WG O
TTANBUOPOG. Mia peTdAAaEN eival pia Tuxaia aAAayry oTnv ToTToBETNON. H eKTipnon
kaBopilel To goodness Tng TOTTOBETNONG TNG KABe evoTNTAG, OnAAdr, N ATOMIKN
OuVveEIoPOPA TNG Povadag Tpog To koaTog. O Kling xpnoiuotroinoel autd 1o PETPO
TNG KoAoouvng avti TG Topadooiakng KATAAANAGTNTOG OTOUG  YEVETIKOUG
aAyopiBuoug. H ouvdaptnon kpicewv (judgment function) moavoTikad kabopilel av pia
Hovada TTPETTEl va agaipeBei Kal ek véou va ¢avatotroBetnBei | Oxi Bdoel Tng agiag
TOU goodness. 2Tn @Acn TNG aVOKATAVOUNAG, OAEG Ol EVOTNTEG TTOU QQAIPEITal KATA
v judgment @don TotmoBeToUvTal Of Vvéeg TIEPIOXEG. O1  aAyopiBuol  TTou
XPNOIMOTTOIOUVTAl VIO TNV €KTEAEON QUTWYV TWV CUVOPTACEWV TTEPIyPAPovTal
AETITOPEPWG TTAPAKATW.

MerdaAAaén. H MetdAAagn vyivetal pe Tuyaia evaAAayr) evog opiopévou apiBuou
Ceuywv modules xwpig va AapBdveral utTtdwn n €midpaar) Toug otnv ToTToBETNoN. H
Olepyaoia PETAAALNG eAEyxeTal atmd dUO TTOPAPETPOUG TTOU TTAPEXOVTAl ATTO TO
XPNoTn -Tnv mBOavOTNTA EPPAVIONG TNG METAAAAENG Kal TO TTOOOOTO TOU OUVOAIKOU
apIBUoOU Twv EVOTATWY TTOU TTPOKEITAlI va PETAAAaXBoUV. AUTEG oI BUO TTOPAUETPOI
KaBopifouv Tov apIBPd Twv PETAAANACEWY TTOU ekTeAoOUVTal KATA T OIAPKEID KABE
ETTAVAANYNG.

AéioAoynon. H agiohdéynon eival pyia cuvBeTn diadikagia Kai gival To Kpiolyo Bripa o€
autov Tov aAyopiBuo. OTrwg ava@épbnke Trapatrdvw, kabopilel To goodness Tng
TOTTOBETNONG TNG KABE evoTNTA, £T01 WOTE O QTWXA TOTTOBETOUPEVEG €VOTNTEG
MTTOpOUV va a@aipeBolv yia tnv katavour. O Kling éxel TTporteivel dIAPOPES
oladikaaieg yia Tnv agloAdynon Tng agia Tng goodness.

MNa Ttivaka TUAWY, n goodness kABe povadag utrohoyideTal wg o AOyog Tng
TPEXOUOQG TIMAG ME TNV TTPO-UTTOAOYIOTIKA 18aVIKN TIPA. H ekTiunon Tng TpéXoucag
TINAG PBagcifeTal oTO TPOIOV TNG oUvOeoNng ME AAAEG povadeg Kal Tnv apoifaia
aréoTtaon amd autous. 'Eva  mapdBupo agloAdynong aTroTeEAOUUEVO OTTO  TIG
KAvoVIKOTTOINKEVEG  apolfaieg  ammooTdoelg Mavydtav ammd 10 KEVTIpo  (TTou
ovoualovtal Bapn) civar precomputed omwg @aivetal oto ZxAua 33a. MNa va
aglohoyqooupe TNV TPEXOUCO TIUA MIOG PovAadag i, To TTapdBupo agioAdynong
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ETTIKEVTPWVETAI TTAVW aTTd auTo. MNa 6Aa 1a j modules ue Ta otroia gival cuvoedeEVO,
TO GBpoicua

r,= Z cr_.lw_,l“

uttoAoyigetal, 6TToU ¢;; , €ival N OUVOEDIUOTNTA TNG POVADAG TTOU agloAoyeiTal OTo |-
0016 module kal w; gival T0 BAPOG TTOU AVTIOTOIXEI 0TV aTmooTacn. To Zxnua 33B
Ociyvel éva TTapdadelypa Tou UTTOAOYICHOU TNG TPEXOUOoAg TIMAG yia €va module . H
TPO — UTTOAOYIOTIKF 10avIK TIUA AaupBavetar pe pia TTapdpoia  dlodikaoia
UTTOAOYIOUOU, OAAG €DdW) OAeg o1 evOTNTEG TTOU OuvdEovTal O0TO module TToU
aglohoyeital utroTiBeTalr 6T TOoTTOBETOUVTAI GTNV APECN YEITOVIA TOU, £TCI WOTE Ol
MOVAdEG e TN HEYOAUTEPN CUVOECIPNOTNTA VA TOTTOBETOUVTAI TTANCIECTEPA TTPOG AUTO
(Zxnpa 33c). AuTto cival To dvw 6pIo yia TNV TpEXouoa TIUA, n oTroia Ba uTTopouce va
emTeuxBei povo ammd Ta KaAUuTepa ToTroBeTnuéva modules , Ta oTroia £xouv OAa
OUVOEDENEVEG EVOTNTEG OE TTOPAKEIUEVES BEDEIC.

lNa Tta standard cells, Tpeig péBodol €xouv TTPOTABEl. ZTNV TTPWTN, N OMOKEVTPEN
MEBOBOG KUKAOU (ZxAMa 34), N TTEPIOXA TwV EVOTATWY TTOU CUVOEOVTAI E POVADA i
uttoAoyiZetal. O1 opoKeVTPOI KUKAOI TTOU 0pifovTal OTn CUVEXEID ETAT WWOTE O VIOOTOG
KUKAOG KOAUTITEI N QOopEG auTh TNV TTeploxn. Bdpn éxouv ekxwpnBei oToug KUKAOUG
atrd 100% yia Tov eowTePIKO KUKAO Kal 0% yia Tnv TTEPIOXN €6W ATTO TOV EEWTEPIKO
KUKAO. H Tpéxouoa Tiun evog KeAIOU | TTpoadlopifeTal atrd To GBpoIoua

F= Z c!jw_."'

Omou ¢;; givar n ouvdeaipotTa pe 10 j-00T6 cell kal w; gival To BApog TNG KUKAIKAG
TTEPIOXNG OTNV OTToia BpioKETAI TO pPin TOU j-00TOU KEAIOU.

H deuTepn nEBODOG agloAdynong yia Ta standard cells Bacifetal 010 eAdXIOTO dUVATO
opBoywvio oploBETnong yia éva dixtu. To eAdxioTo opBoywvio yia KaBe dixTu
uttoAoyileTal ge TNV TOTTOBETNON OAWY TWV EVOTATWY TTOU CUVOEOVTAI JE TO €V AdYyw
OixTU OTIG TTANCIECTEPA YEITOVIKES TTEPIOXEG. Ma va uTToAoyioeTe Tnv goodness TiunR
€vog ToTroBeTNUéEVOU module , n atréoTaon Tou aTTd TO KEVIPO BAPOUG Tou BIKTUOU
uttoAoyiCetal. EGv Bpioketal evidg Tou ehaxioTou opBoywviou oploBETnong, n TIUNA
goodness ¢ival ato 100% . AIQQOpPETIKG, €ival 0 AOyog Tou opiou Tou BEATIOTOU
opBoywviou TOU OIKTUOU ME TIG OUVTETOYUEVEG TOU KEAIOU Trou [piokovTal
TTANCIEOTEPQ TTPOG KEVTPO TOU DIKTUOU .

H Tpitn péBodog yia standard cells Bacifetar otov AOyo TOu TPEXOVTOG MAKOUG
oUppaTog Twv BIKTUWV TToU ouvdéovTal OE éva KEAI PE Ta avTioToIXa BEATIOTA KN
KaAwdiwv. To goodness utroAoyietal atmo 10 €00 6pO AUTAG TNG avaAoyiag yia OAa
Ta neta Tou cuvdfovTal PE TO KEAI TTou aglohoyeital. To aTToTEAEOPA OTn OUVEXEID
KAVOVIKOTTOIEITal O0TO €Upog 0-100%. Aut n Oiadikacia Oivel Ta KAAUTEPO
arroteAéoparta yia standard cells.
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Judgment (Kpion). Ztn @don 1ng Kpiong, modules 1Tou Bpiokovtal g Kok B€on
a@aIpoUVTal yio avakaTavour. H mlavétnTa atmoudkpuvong JIag eVvOTNTAG QUEAVETAI
600 10 goodness Tou pelwveTal. To goodness TnG K@Be povadag ouykpiveTal o€
oxéon Me €vav Tuxaio apiBud. Edv 1o goodness eival PIKpOTEPO ATTO TOV TUXAIiO
apIBUO, AUTO ATTOUAKPUVETA.

Avakaravoun. H avakartavour €ival éva Kpiolpo uépog Tou aAyopiBuou. O1 evoTnTEG
TTOU a@aIPOUVTaI TTPETTEI VO OVAKATAVEUNOOUV OTIG EAEUBEPES TTEPIOXES £TOI WOOTE VA
BeAtiwBei n  TOoTOBETNON. O1  evdTNTEG TIOU  TIPETTElL VA AVOKATAVEPNBOUV
TagivopouvTal avaAoya e Tn ouvOETPOoAOYia TOUG Kal TOTToBETOUVTAl, HIa KABE Qpopd.
To goodness Tng KGBe povadag ae OAeg TIG eAeUBepeg BEaeig aglohoyeital. To module
TotroBeteital oTn Béon TTou divel TN KaAUTePN TIW goodness. ‘ETol, 01 TTI0 TTUKVA
ouvoedepéveg Povadeg Ba TTApel TNV KAAUTEPN €TTIAOYA yia TNV ToTToBegia Katd Tn
OIdpPKEIA TNG AVOKATAVONG.

MpoKaTAPKTIKA OTTOTEAECMUOTA OTTO  TTEIPOUATIKA aTToTEAéOPATA  dgixvouv OTI O
aAyopIBpog va eival pia Tagn peyéBoug ypnyopdtepog atmd 6, T To simulated
annealing , ye ouyKpicIUn TTOIGTNTA TOTTOBETNONG.
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Eikéva 33: H 1iun evaluation of goodness atov aAyépiBuo Kling
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Eikéva 34: Acitoupyia ouOKeEVTPWY KUKAWV

4.3 GASP: Genetic Algorithm for Standard Cell Placement

O1 ouvTdkTeG TOU TTAPOVTOG £YYPAPOU €XOUV €QAPUOOEl TTPOCPATA £va YEVETIKO
aAyopiBpo yia cell placement (GASP) [Shahookar kai Mazumder 1990] wg €¢AG.

4.3.1 AAy6piIBpog

To didypaupa pong yia GASP divetal oto ZxApa 35. TMpwta, évag apxIKog
TTANBUOUOG dlapopPwoewy Kataokeudletal Tuxaia. OAa ol eMINEPOUG DIAUOPPWOTEIG
oTov TTANBUCPG avTITTPOoWTTEUETAl  aTTO €va OUVOAO TEOOAPWYV BIAVUCHUATWY TTOU
TTEPIEXOUV TOV apIBUO Twv cells , TIG X Kal y-CUVTETAYUEVEG, Kal Evav augovta apiBuo.
O1 ouvteTaypéveg Twv KENIWV TTpoadlopileTal ue TNV TOTTOBETNON TOUG TEAOG hE TEAOG
oTIg ocIpéc. O ocIplakdg apIiBUOS XpNOIKOTTOIEITAl yIa va TTapakoAouBoupe To KaTd
mpooéyyion slot atnv Quoikn Trepioxn dIATagng oTnv oTToia KABe KeAi €xel avaTebei.
To uéyeBog Tou TTANBUCPOU TTapéxeTal aTTd TO XPHOTN Kal KaBopilel TNV avTioTpoen
OX£0N METALU TOu XPpOVOoU ETTEEEPYATIAG KAl TNG TTOIOTNTAG TOU ATTOTEAEOUATOG. ATTO
TNV TTEIPAPATIKN TTapaTApnon, O1amoTwenKke o1 évag MIKPOG TTANBUouOS Twyv 24
OlapopPPWOoEwWY £dwae TNV KaAUuTepn amodoon. KdaBe dropo agiohoyeitar yia va
TTPoodIopicoupe TNV KATOAANAGTNTA Tou. H kataAAnAdTtnTa ivar apoifaia kai yia 10
MAKOUG Tou oUppaTog. [MoIvég yia Tov €AeyX0 TNG YPAMMAG KOl TO WAKOG TNG
ETTKAAUWNG TwV KEAIWV eV XpNOIUOTToloUvTal. AvT 'auTou, PETG atrd Tn dnuioupyia
MIOG VEQG OlopOpeWONG , Ta KEAIG eTTavatrpoodiopifovial  yia va a@aipebei n
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EMMKAAUWN. AuTO yiveTal eTT€IdN N a@aipeon TNG MKAAUWNG dev TTaipVEl TTEPICCOTEPO
XPOVO UTTOAOYIOPOU , 0 OX£0N WE TOV TTPOCBIOPICHO TNG TTOIVAG ETTIKAAUYNG. ETTEIdN
KATd PECO OPO Ta WICA KEAIG PETAKIVOUVTAI TAUTOXPOVA, N TTAsiown®ia Twv dIKTUWV
eTnpeddeTal. ETmA£ov, TO NAKOG CUPPATOG TTPETTEN va UTTOAOYICeTal EEQVTANTIKA, KOl
OEV ETTITUYXAVETAI £EOIKOVOUNON ETTITPETTOVTAG VA £XOUME ETTIKAAUWN.

2TnVv apxn TG KABE yevid, N avaoTpo@r] eKTEAEITAI yIa KABE AToPO, PE TTIBAVOTNTA ioN
ME TO inversion rate. Na 10 OKOTTO AuTd, BUO onueia TOPNG KabBopideTal Tuxaia, Kal To
TUAPO WETAEU TOug oTOo Trivaka Twv cells avaoTpégeTal, Yadi e TIC CUVTETAYMEVEG
KAl TOUG aUgovTeg aplBpoug (oxnua 31). XTn cuvéxela To crossover AauBAvel Xwpa.
AUo aTtoua TToU emmIAéyovTal aTTd Tov TTANBUouS Tuxaia, Pe Pia TBavoaTnTa avaioyn
NG KATAAANAGTNTA Toug. Mpiv atmd TO Crossover, ol OEIpIaKoi apiBuoi Tou deUTEPOU
yovéa euBuypapuicovTal e TNV idia aAAnAouyia OTTWG eKEiVOI TOU TTPWTOU YovEa, £TOI
Ta KEMIG OTIG id1EC BECEIC TOU TTiVAKAG QVTIOTOIXOUV O€ TTEPITTOU TIG idIEG BECEIC €TTi TOU
TOITT. 27N CUVEXEIQ, TA TUAPATA avTaAAdoooUV PETAEU TOUG YOVEIG, £T01 WOTE YIa KABE
Béon oTo chip, 1o TTaIdi va kKAnpovopei éva KeAi ammd Tov éva yovéa ) Tov GAAo. H
oladikacia auth eTavaAauBaveral €wg OTOU O ETTIBUPNTOG apIBUOS aTToyOVWY EXEI
onuioupynBei. O apIBUOS TWV aTTOYOVWYV avd yevid, N, kaBopiletal amrd To crossover
rate

6mou N, eival 10 péyebog Tou TANBUOPOU Kal R, €ival TO TTOOOOTO CroSSOVEr.

Aedopévou 0TI 0 apIBPOS TWV SICPOPPWOEWY TTOU EEETAOTNKAV dlaTnpEiTal oTabepdg,
O TTPAYMATIKOG ApIBPOG TWV YEVEWV QUEAVETAI KOBWG TO Crossover rate JEIveTal:

_ N.o N,
g Ns o
6t1ou N, eival 10 pé€yeBog Tou TTANBUCHOU Kail Ny, €ival 0 apiBUdg TwV YevEwY TTOU
kaBopilovTal atrd TO XProTn.

KdaBe amdyovog €xel petalaxBei pe mOavotnta ion pe 10 pubuod petdAAagng. H
MeTdAAagn atroteAcital atmmd Ceuyn avtaAAayng. Avo duo KeAIG eTTIAEyovTal O€ TuXaia
o€1pd Kal avTaAAdooouV TIG TOTTOBETIEG TTOU UTTAPXOUV OTOUG TTIVAKEG, APrivovTag Ta
diavuopaTa pe TIg ouvTeTaypéveg apetaBAnta (Eikdva 30).

Metd 1O crossover kai Tn METAAAQEN, n KataAAnAdTNTa TOU KAOBE aTTOYOVOU
agloloyeital, Kal o TTANBUOPOG yia TNV ETTOPEVN YEVIA ETTIAEYETAI ATTO TOV OUVOUAOHO
TWV YOvEwV Kal Twv otroyévwy. Tpelig péBodol eTmAoyng €XOuv  OOKIMOOTEN:
QVTOYWVIOTIKA €TTIAOYr, OTTOU €TTIAEyOvTal O KOAUTEPOG OTTd TOUG YOVEIG KAl O
KaAUTEPOG aTTO TOUG ATTOYyOVOUG, ME Tuxaia €TmIAOyr, Kal PE Tuxaia emAoynl NG
dIaTrPNoNG TOU KAAUTEPOU ATOHOU.
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4.3.2 Crossover Operators

To crossover gival n KUpIa PEBOBOG TNG PEATIOTOTTOINONG OTOV YEVETIKO OAYOPIOUO
Kal, oTnv  TepImTwaon TG  TomoBétnong, Acimoupyei ouvdudloviag  KAA&
subplacements atmmo dU0 dIAPOPETIKEG TOTTOBETATEIG YOVEWYV VIO va dNUIOUPYROEl HIa
véa ToTToBETNOoN. Na va avTigeTWTTIOOUUE TIG OUYKPOUCEIG TTOU PTTOPEI va aupBouv
OTO KAQOOIKO crossover, TTpWTOV TIPETTEI VO &vav TPOTTO va cuvdudooupe dUo
OIAPOPETIKEG TOTTOBETAOEIS XWPIG OUYKPOoUOElg, OeUTEPOV VA XPNOIKOTTOINCOUUE
Kamola péEBodO yia Tnv eTTiAucn Twv diagopwy Tou TIPoKUTITouv. H atmmédoon
TPIWV I0XUPWY crossover operators £Xouv ouykpiBei Treipapatikd. Avo arréd autoug, o
Order kai o PMX, dia@£pouv wg TTpog TNV HEB0dO eTTiIAUCNG TwV dIAPOPWY TOUG, EVW
o Cycle crossover cival éva conflictless operator.

Order Crossover. O aAyopiBuog order crossover gival wg akoAoUBwg. ETAECTE éva
onueio TouAg otnv TUXN. AVTIypAWTE TTiVAKA TUNMATWY  TTIPOG TA ApIOTEPA TOU
onpeiou Topng otrd Tov éva yovéd OTOUG aTToyovoug. epiote 10 uttOAoITTO (O€EH)
TMAMG TOU TTivaKa atmoyovwy e Tn PETABaon péow Tou OeUTEPOU yoveéd, ATTod TNV
apxn MEXP! To TEAOG Kal TN TTAIPVOVTAG TIG EVOTATWY TTOU £UEIVAV EKTOG, UE TN OEIPA.
‘Eva rapadeiypa mapoucidleTal ato ZxAua 36a. O ev AdOyw operator peTa@épel Eva
subplacement a1Té TOV TTPWTO YOVEQ XWPEIG Kauia aAAayr), META, yia TNV €TTIAUCH TWV
OUYKPOUCEWY, CUUTTIECEI TO DEUTEPO YOVEQ £EAAEIPOVTAG TA KEAIQ TTOU PETOAPEPOVTAI
atroé TOV TTPWTO YOVEQ Kal WETATOTTICOVTAG T UTTOAOITTA KEAIG TTPOC TA QPIOTEPA,
XwpPic va aANagel n oeipd Toug [Davis 1985]. X1n Ouvéxela, avtiypagel TO
OUMTTIEOPEVO OEUTEPO YOVEQ OTO UTTOAOITTO JEPOG TOU TTIVAKA TWV ATTOYOVWV.

PMX. PMX [Goldberg kai Lingle 1985] onpaivel Partial Mapped Crossover(Jepikwg
xaptoypagnuévo Crossover). YAotroigital wg €EAG. ETTIAESTE £va Tuxaio onueio TopNg
Kal va BewpnoTe Ta TUAKOTA TToU dNPIoupyndnkav PETA TNV KOTI o€ dUO YOVEIG WG
MEPIKA XapToypd®non Twv KEAIWYV TTOU TTPETTEI va avTaAAGCGOOVTal OTOV TTPWTO Yovéa
yia Tn dnuioupyia Twv atroyovwy. MdapTe avrioToixa KeAIG atrd Ta TUAUOTA KOl TWV
OUO yovéwv, TOTTOBETAOTE QUTA Ta KEAIG OTO TTPWTO YOVEQ, Kal KAVTE avTaAAayn.
EmavaAdpete auth tn diadikacia yia 6Aa Ta kKeMId oto TuApa. ETol, éva keAi oTo
TMAMO TOU TTPWTOU YoVvEa Kal éva KeAI oTnv idia BEan oTo deUTePO yoveéa Ba kabopioel
ma KEAIG TOU TTPWTOU Yovéa TIPETTEl va avrtaAAayouv yia va dnuioupynBei ol
artréyovol. ‘Eva Tapddelypa TTapouciadetal oto Zxnua 36b.

Cycle Crossover . O cycle crossover [Oliver et al. 1987] €ival pia TpooTrdBeIa yia va
eCaAgiyoupe TIC OUYKPOUOEIG TWV KEAILWV TTOU OUVABWG TTPOKUTITOUV O€ Crossover
operators. 2Toug atmoyovoug TTou TTapdyovTal atmmd cycle crossover , KABe KeAi ival
oTtnv idia B€on 6TTwG Tav oTov £éva yovéa A oTov AAAo. lNa cycle crossover , Eekivape
atTod 10 KeAi oTn Béon 1 Tou yovéa 1 (1 otTo108TTOTE AAAO ONUEio ava@opdg) Kal va To
avTiypdywoupe otn Béon 1 Twv atmmoydvwy. Twpa oKePTEITE T Ba GUNPEI 0TO KEAI OTN
B8éon 1 Tou yovéa 2. O atmdyovog dgv PTTopEi va KANPOVOuNnoel autd TO KeEA atmd
yovéa 2, epdoov n Béon 1 otoug amoyovoug €xel yepioel. 'ETol, autd 1o KeAi Ba
TPETTEl va avalnTtnBei oto yovéa 1 Kal va TTEPACEl OTOUG ATTOYOVOUG OTTO EKEI.
Y1roBétovTag 0TI autd TO KeAi BpiokeTal oTo yovéa 1 oTn TotToBecia x . ToTe, Tepvd
oToug atmoydvoug oTn ToTrobeaia X . AMG TOTE TO KeAi oTn Béon X OTO yovéa 2 dev
MTTOPEl va TTEPAOoEl OTOUG ATTOYOVOUG, €TOI TO KEA TTEPVA €TTiIONG ATTO TO Yovéa 1.
Autr] n &iadikacia ouvexiCetal €wg OTou €Xoude OAOKANpwaoel évav KUKAO Kal
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@Taooupe o€ £va KeAi TTou €xel AdN TTEPACEL. 2T CUVEXEIQ, ETTIAEYOUME €va KEAT atto
TO yovéda 2 va TTEPACEl OTOUG ATTOYOVOUG Kal TTEPVAME aATTO €vav OKOPN KUKAO,
TTEPVWVTAG Ta KEAIG aTTO TOV Yovéa 2 oToug atmoyovougs. ‘ETol, og evaAAaocooueEvoUg
KUKAOUG, O aTTOyovoG KAnpovouei KeAId atmd evaAAAKTIKOUG YOVEIG, Kal Ta KEAIG
ToTroBeTOUVTAI OTIG i0I1EG BE0EIC OTTWG ATAV OTOUG YOVEIG aTTd TOUG OTToIoUG €ixav
KAnpovounoel. ‘Eva mapddeiyua didetal oto Zxrua 36¢.

4.3.3 MelpapaTikKd aroTEAECHATA

2TIG TTEPIOCOTEPEG TTEPITITWOEIG, €iTe 0 PMX €iTe 0 cycle crossover gixav TIg KAAUTEPES
emMOO0EIG, EVW O order crossover fTav o XeipoTepog. O cycle crossover Bpébnke va
givar eAappwg kaAutepog amd 6, 1 o PMX. O kaAUtepog CUMPBIBOCHOS TwV
TTapauETPWY fTav, crossover rate 33%, inversion rate 15% kalr mutation rate 0.5% .
AUTEC O TINEC XpnoldoTroinBnkav o€ OAa Ta €TTOMEVA TTEIPAPOTA. 2€ OAEG TIG
TTEPITITWOEIG, N competitive selection Twv KOAUTEPWY YOVEWV Kal  ATTOyOvVWY va
OUUTTEPIANPOOUV OTNV €TTOUEVN YeEVEQ aTTodeixBnke OTI €ival KaAUTepn oTrd O, TI
OAEG Ol AANEG OTPATNYIKEG. ZTa OXNMATA 37a-C £XOUNE TIG YPOAPIKEC TTAPACTACEIG TTOU
Ocixvouv Ta YOounAOTEPQA Kal peoaia  KOOTN  KaAwdiwong o€ KABe  yevid
Kabwg n BeATioTotroinon mpoxwpd. O Adyog yia Tnv Kok amdédoon Twv ueBodwv
Tuxaiag  €mMAOYAG PTTOPEl va @avei eueavwg . AKpIBwg OTTwg eival duvatov va
ouvOUaoTOUV Ta KOAG XOPAKTNPIOTIKA Twv dUO YOVEWV YIO VO OXNUATIOOUME €va
KaAUTEPO ATTOYOVO , €ival €TTIONG OUVATOV VO OUVOUGCOUNE TO KOKA XOPOKTNPICTIKA
TWV YOVEWV Kal va dnuIoupyAooupE €vav TTOAU Kako atmdyovo. Av auToi ol atTdyovol
yivouv OekTOi 0€ I Tuxaia BAon, oTo KOAUTEPO KOOTOG OAAG Kal OTO PHECO KOOTOG
oTov TTANBUCO Ba gixaue QUEOPEITEIG, OTTWG QaiveTal oTo ZXAUa 37¢. O1 aTTWAEIEG
Tou €xoupue oOTnv Tuxaia dladikacia uTrepPaivouv  KATd TTOAU  OTTOIOdNTTOTE
TIAEOVEKTNMO €XEI ATTOKTNOEI, KAl 0 aAyOpIBUOC TTaipvel TTOAU TTEPICTATEPO XPOVO Yia
va ouykAivel, Otav emitpémmoupe Tnv dlotApnon TG BEATIOTNG AUong padi pe Tuxaia
€mAoyr, To0 KOOTOG TNG BEATIOTNG AUONG QAIVETAI VO PEIWVETAI JOVOTOVIKA. TO pECO
KOOTOG TOU TTANBUOUOU QUEOMEIWVETAI AKOMN, WOTOOO0, KAl N OUYKAION €ival TTOAU
Bpadutepn o€ oxEaN WE TNV AVTAYWVICTIKY ETTIAOYH.

Comparison with TimberWolf. H armédoon tou aAyopiBuou cuykpibnke pe Tov 3.3
Timberwolf yia mévre KUKAwpata mmou Kupaivovtal atmd 100 éwg 800 keMid. MéTuxe
TNV idla ToIdTNTa TNG TOTTOBETNONG O€ TrEpiTTou idlo xpovo CPU. Ymdpxouv dU0
evolapépouaes dIaYopPES, EVTOUTOIG.

O GASP T1réTuxe pia TTOAU ypriyopn BeATiwan oTnv apxr, OTn CUVEXEIA, OUWG £TTECE
emmimedo, OTwWG aTteikovifeTal oto ZxApa 38. Amd Tnv GAAn TTAEUpd, yia Tov
Timberwolf 10 KkOOTOG QUEAVETOI OTIC TIPWTEG ETTAVOAAWEIG MHE TIG UWNAEG
Bepuokpaaicg, Kal MIKPR BEATIWON €MTUYXAVETAI KOTA TO TTPWTO PICO TOU TPEEiUaTOG.
AuTo onuaivel 6T €av dev xpelddeTal Pia TTOAU uywnAng moidéTnTag ToTToBETNoN &ev
eival atmapaitnto, 0 GASP Ba gival TTOAEG QopPES TaXUTEPOG.

Mia &AAn diogopd eivar o1, av kair o1 xpovol CPU nrav ouykpioiyol , o GASP
eCétaoce 20 - 50 @opég AlyoTepeg dlapopPwaoeEIS yia Tnv idia TToIdTNTA TG
TOTTOBETNONG. AUTO TO TTAEOVEKTNUA avTIoTaBOuileTal ammd 1O UTTEPROAIKA HEYAAO
Xpoviké didoTnua agloAdynong, To OTTOIO gival n cuu@opnong Tou aAyopiBuou. Ze
simulated annealing, kivoUvTal pévo dUo keAid KABe @opd, €101 WOTE POVO HEPIKA
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neta mTpémel va afloAoyouvtal yia va TTPOCOIOPIoTEl N PETABOAAR OTO WAKOG TOU
KaAwdiou. 210 GASP, oxeddv TO NAMIOU TWV KEMWV METAKIVOUVTAI TAUTOXPOVA,
Kal TO PAKOG KoAwdiou TTpETTel va uttoAoyicBei eEavTAnTIKG. AuTtd TTaipvel 62-67%
Tou Xpdvou Tng CPU, evw TO crossover Traipvel Jovo 10 17% Tou Xpdvou.

Eikéva 36: Crossover operators o GASP.
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Eikéva 37: Zoykpion pebddwv GASP.
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5. Zupgtrepdopara

270 £yypa@o autd oulnthBnkav TTévTe Katnyopieg aAyopiBuwy VLS| tommoBétnong
module . O simulated annealing €ival cpepa o TTI0 dNUOPIAAG HETOEU TWV EPEUVNTWV
Kal €ival o KaAUTepn O100£01MOGC OAyOpIBUOG atrd Tnv atown Tng TroIdTNTOG
TOTTOBETNONG, OAANG  XpelddeTal  UTTEPPOAIKO  Xpdvo UTToAOyIOUOU. 2ulnTHoauE
Tov aAyopiBuo Timberwolf 3.2 omd Tov Sechen, BeATiwoelg TTOU €yivav OTO
Timberwolf 4.2 , kai GANeg TTPOOPATEG ECEAIEEIC, OTTWG TWV TTEIPAPATWY OXETIKA WE TO
TTPOYPAPua Wyugng armod tov Nahar et al [1985] kal Tnv avdAuon Tng aAuaidag Markov
atré Tov Aarts et al.

O1 Min-cut aAyopiBuol katéxouv Tn 0eUTepn Béon Ocov agopd Tnv TroIdTNTA
TOTTOBETNONG aAAG Ba uTTopoUucav BavoTaTa gival ol KaAUTePOI aTTtd TNV atmown TNG
oxéong koéoToug / atrédoong, dedopévou OTI gival TTOAU TaxuTtepol atmd O, TI O
simulated annealing . Autoi ol aAyoépiBuol Bacifovral g€ pia atrAf apxr, Ol OUAdES
TWV KEAIWYV TTOU €ival TTUKVA OUvOEeDEPEVESG ETALU TOUG Ba TTPETTEI va TOTTOBETNBOUY
KoOvTG padi. ‘Etol, amod eravelAnpuéveg SIOUEPIOEIS TOU OUYKEKPIPEVOU DIKTUOU YIa TNV
eAayioToTroinon Tou net-cut kal KABe @opd TToU TTEPIOPICEl TIGC UTTOOUAdES TTou Ba
TOTTOBETNBOUV Ot BIAPOPEG TTEPIOXEG TNG OIATALNG, TO WAKOG Tou KaAwdiou eival
ehayioTotroinuévo. Or aAyoépiBuol Tou Breuer €xouv oulntnBei o€ autd To £yypago,
Madi pe BeATiwoeig 6TTwg diddoon TeppaTikoUu atrd Tov Dunlop kai Kernighan [1985],
Kal quadrisection atrd Tov Suaris kar Kedem [1987].

O1 Force-directed aAyopiBuol AsitoupyoUv pe TN QUOIKA avaloyia Twv Jalwyv TTou
ouvdéovTal pe springs,0mTou 10 cUoTnua Ba Teivel va akivnToTroinBei otnv eAdxI0Tn
KaTadoTaon evépyelag, PeE eAAXIOTN TGON OTA SPrings, €ite o€ Opoug TTPORANPATOG
TOTTOBETNONG, TO MAKOG Tou KoAwdiou va elaxioTotroicital. O1 Force-directed
aAyopiBuol utrapxouv amd 1n dOekaegtia Tou 1960 kal ATav aTTd TOUG TTPWITOUG
aAyopiBuoug TTOoU Xpnoigotroidnkav yia Tnv TommoBétnon Mia tAouoia  TToIKIAIa
atrd €QAPUOYEG £XOUV avaTITUXOEi Ta TeEAeuTaia Xpovia, cuputrepIAauBavouévng g
OopIKAG (e€iowan eTTiAuong) peBOdou yia Tov TTPOCdIOPICHS HIOG EAAXIOTNG EVEPYEIDG
lapopYwWaong amd 1o PNdév Kal dUo TUTTOUG ETTAVOANTITIKWYV TEXVIKWY, O £€Vag
aTToTeAEITal ATTd TNV €TMIAOYN EVOTATWY, £va KABE QOPAa Kal yia Tov KaBopiopd MIag
1I0avIkG TOoTToBeTiag yia autoug amd TO force consideration kai n  &AAn
Tou aTtroTeAeiTal amd Tuxaia / €¢aviAnTik avtaAAayr) katd {euyn, PE aATTOdOXN
TWV KOAWV KIVACEWV KAl aTTOppIYn TWV KOKWV KIVAoEwV, Kal TTaAI ue Baon To force
consideration. Mia €1TIOKOTINON TWV BIAPOPWYV TEXVIKWV TTOU XPNOIMOTIOIOUVTAI EXEI
000¢i, padi pe éva deiyua alyépiBuou Kal éva TTapddelyua SIKTUOU va OTTEIKOVICEl TN
Agiroupyia Tou aAyopiBuou. O Goto’s GFDR aAyopiBuog éxel emtiong oulntnoOsi .

H tommoBétnon eival éva mpoBAnua BeATioTotroinong, kal péBodol 6TTwg o Simplex, o
Quadratic Programming, kai n Penalty Function pébodog €xouv TTapadociokd
xpnoigotomnBei  yia  dIdQopa  YPOUMIKA KAl PN YPOWMIKG  TTpoBAnudaTa
BeATioTotroinong. lMepaitépw, 1O TPORANPA TNG TOTTOBETNONG WTTOPEI €TTIONG VO
Olapop@wBei pe GpPoug Tou TTPOPRAAUATOC TNG TETPAYWVIKAG EKXWENONG, TO OTI0I0
MTTOpPEl va AuBEi pe TN pEBOBO Twv IBIOTIUWY. ZUVETTWG, Ol BIAPOPES £PYATieS TTOU
XPNOIMOTTOIOUV QUTEG TIG TEXVIKEG €xouv oulntndei KATw aTrd TNV KATNyopia Twv
QPIBUNTIKWY TEXVIKWY BEATIOTOTTOINONG. TO KOIVO XAPOKTNPIOTIKO OAWV QUTWV TWV
TEXVIKWV €ival OTI dev Treplopifouv TIG evOTNTEG OTA onueia Tou OIKTUOU 1 Twv
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YPOMUMWY, WG €K TOUTOU, €ival MO €QapPOcIya yia macroblocks atmé 6, 11 ye 1a
standard cells 1| Tivakeg TTUAWY, av Kal N AUon TToU dnUIOUPYEITAl PE APIBUNTIKES
TEXVIKEG UTTOPEI va €TTEEEPYAOTEN TTEPAITEPW KAI VO XOPTOYPOPNOEl TIG EVOTNTEG OTA
MO KOVTIVA grid points.

H 1eAIKi KAGon Twv aAyopiBuwyv Tou culnTRBnkav dw eival oI YeVETIKOI aAyopiBuol,
TTOU, av Kal eQeupébnke oTtn Oekaetia Tou 1960, dev eixav xpnoiuoTtroinBei yia
TOTTOBETNON PEXP! TO 1986. O yeveTIKOG aAYOPIBUOG €XEl MIO £EAIPETIKA ATTODOTIKN
avalntnon Kai TeEXVIKA PeEATIOTOTTOINONG yia TTpoBAAuaTa pE éva PeYAAO Kal TTOIKIAO
XWPO avagATnon, Kabwg Kal Ta TTPORARUATa OTTOU TTEPICOOTEPA OTTO £va QUOIKA
XOPAKTNPIOTIKA XpeialeTal va BeATiIoToTToINBOUV TauTOXpova. O YEVETIKOG aAyOpIBOg
emmegepyddleTal €va oUVOAO €VAAAQKTIKWY TOTTOBETAOEWY Madi Kal dnuIoupyei pia véa
ToTToBETNON Yyia dokIuf, ouvduddoviag subplacements amdé &Uo0 TOTTOBETACEIG
yovEwV. AUTO TIPOKOAEI TN KANPOVOMIKOTATO KAl Tn OUCCWPEEUCN TWV KOAWV
subplacements amoé Tn pia yevid otnv emmouevn. MNMpokaAei mmiong TNV avauign Twv
KOAWYV  XOPOAKTNPEIOTIKWY OPKETWY  OIAPOPETIKWY TOTTOBETACEWY TToU  yivovTal
Tautoxpova He atTroTéAeoua 1o apoifaio égelog. ‘ETol, n avalitnon péoca armmod To
XWPO AUcewv €ival eyyevwg TapdAAnAo. To TpoBAnua NG  TOTTOBETNONG
TTAPIOTAVETAI PE TN MOPPN €VOG YEVETIKOU KWOIKA, KABWGS Kal Ol YEVETIKOI operators
AEITOUPYOUV g QUTOV TOV KWAIKA, dev oUVOEOVTaAl GUECO HE TN QUOIKA didTagn. Autd
gival gia onuavTikr) atrokAion a1rd Toug cupBaTikoug alyopiBpoug ToTtoB£TNoNG TTOU
IOXUouv QUECO Ol METAOXNMATIOMOI PE TNV Quoikh OiaTagn. AuTOG O Eeyyevng
TTAPAAANAICHOG TOU YEVETIKOU aAyopiBuou ptropei, woTtdoo, va eival éva duvnTiko
TPOPRANMPA, €KTOG av éva £EUTTVO OUCTNUA avatTTapdoTaong €xel oXedIAoTE yia va
QVTITTPOOWTTEUEI TN QUOIKH TOTTOBETNON WG YEVETIKO KWOIKA, 0 AAYOPIOPOG UTTOPEI va
atrodeIxOei avaTToTEAEOUATIKOG. 2TO £YYPOPO AUTO, TPEIG EQAPUOYEG TOU YEVETIKOU
aAyopiBuou TTOU EeTTEPVOUV QUTA TTPORAAUATa PE BIAQPOPETIKOUG TPOTTOUG £XOUV
TTEPIYPAPEI.

O NMivakag 5 gival pia TTpooeyyIOTIK) GUYKPION TNG atTodoong Twv aAyopiBuwy TTou
oudnTtouvTal €dw. O Tivakag 6 divel To XpOvo eKTEAEONG Kal TNV aTTdd00N OPICHUEVWV
atré Toug aAyopiBuoug. To PAKOG TOU KAAWDIOU 1 TTEPIOXH TOU TOITT OTn OTHAN Twv
emMOOCEWV €ival KavoviKoTToINpévo. AuTd Ta &edOEVa UTTOPOUV va dWOOoUV Pévov
MEPIKEG OUYKPIOEIG, aA@OU OIAQOPETIKA papers €xouv OwOoEl ATTOTEAEOUATA O€
OI0POPETIKA KUKAWMPOTA Kal £XEl XPNOIMOTTOINBEI S1a@OPETIKO UAIKO uttoAoyioTh. Mia
TPOoTTABEIa €XEl Yivel va OuadOTTOINCOUKNE TA OTOIXEID CUP@WVA JE TO UAIKO TOu
UTTOAOYIOTH TTOU XPNOIUOTTOIEITAl.
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Mivakag 5. ZUykpLon aAyoplOuwyv tomobétnong

Algorithm Result quality Speed
Simulated annealing Near optimal Very slow
Genetic algorithm Mear optimal Very slow
Foree directad Madium . . . good Slow . . . medium
Numerical optimization Medium . . . good Slow . .. medium
Min-cut Good Medium
Clustering and other
eonstructive placement Poor Fast

Mivakag 5. ZUYKpLoN XpOVoU EKTEAEONC aAyOpLOUwWY TomoBETNONG

No.of CPU Computer

Implementation algorithm  cells  hours hardware Performance Hefereno:
Huang et al. Simulated 469 142 VAX 11780 Wire lengths [Huang et al, 1566]
TimberWolf 3.2 Annealing 4689 3 within £4%

Huang 800 10.42

TimberWolf 3.2 B0 107

Dunlop and Mincut 412 1 VAX 11/780 Comparable to [Drunbop and
Kernighan manual layout Kernighan 1985]
Quadrisection  Min-cut 173 001 VAXS600 Chipares = 111 [Suaris and Kedem 1987]
TimberWoll 3.2 173 0.63 Chip area = 1.0

Quadrisection T 0.1356 Chip area = 0,81

TirmberWalf 3.2 T 178 Chip area = 1.0

Prowud-2 (Gausas- 1438 0.014 VAX B&H0 Wire length = 0,83 [Tsay et al. 1988]
Proud-4 Seidel 1438  0.027 Wire length = 0.9

TimberWolf 3.2 1438 2 Wire length = 1.0

TimberWolf 4.2 1438 0.9 Wire length = 0.84

Proud-2 2816 0.08 Wire length = 0.80

Proud-4 4816 0,18 Wire length = 0.91

TimberWolf 3.2 a48168 - Wire length = 1.0

TimberWolf 4.2 3816 6.69 Wire length = 0.83

Proud-2 28277 0.8B6 Wire length = 1.0

Proud-4 28277 1.66 Wire length = 0.962

ESP Evolution 183  0.43 Sun 3/75 Wire length = 1.0 [Kling 1987]
Timkser Walf 3.2 183 2.7 Wire length = 1.0

GASP Genetic 468 110  Apollo- Wire length = 1.0 [Shahookar and
TimberWalf 3.2 465 i1.3 D 4000 Wire length = 1.02 Mazumder 1990]
GASP 800 125 Wire length = 1.0

TimberWalf 3.2 B00 137 Wire length = 0.87

Mapd Tnv artrioteutn TroIKIAia Ol0BE0IuwyY  aAyopiBuwy, atTodoTIKr) TOTTOBETNON
module TTapapével HEXPI OTIVUAG €vag atmmaTnAdg oToxog. Ta TrepioodTEPA ATTO TA
EUPETIKA TTOU €XOUV DOKIPMOOTEI KATAVAAWVOUV UTTEPBOAIKEG TTOOOTNTEG Xpdvou CPU
Kal Trapdyouv pPn BEATIOTa Trpoidvta. Méxpr TTpdo@arta ol uttepBoAIKoi  xpovol
UTTOAOYIOUOU €ixav atrayopeUael TNV €TTECEPYOTIA TWV KUKAWHPATWY UE TTEPIOOOTEPES
Ao MEPIKEG XINIAOEG povadeg. Ta TrpwTa atmmoTeAéoparta, Ocgixvouv OTI AuToi ol
aAyopiBuol €xouv TNV IKavOTNTa va TTapdyouv oxedov BEATIOTEG TOTTOBETNOEIG O€
€UAoYO0 Xpovikd dIGCTNUA UTTOAOYIGHOU.

To TmapakdTw €ival pia Aiota atrd GAAEG €PEUVEG KAl GEUIVAPIA YIa TNV TOTTOBETNON
cells oe xpovoloyikiy oeipd: Hanan kai Kurtzberg [1972], Press [1979], Soukup
[1981], Chew [1984], Hu kair Kuh [1985], Hildebrandt [1985], Goto kai Matsuda
[1986], kai Press Karger [1986], Sangiovanni-Vincentelli [1987], Wongetal [1988], kai
Press kai Lorenzetti [1988].

Robson [1984] kai VLSI [1987, 1988] AioTa OIEOdIKWY EPEUVWIV YIO EUTTOPIKA
0106¢01yo Aoyiopikd autopatng didragng. O1 €peuveg deixvouv o1 n force-directed
TOTTOB£TNONG ATAV O aAyOpIBUOG TTou eTIAéyaue o€ cuaTruaTa diabéoiya 1o 1984
[Robson 1984]. To 1987 kai 1o 1988, BAémmoupe éva piypa Tou force-directed
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aAyopiBuou, ToUu min-cut, KaBwg kal Tou simulated annealing[VLSI 1987, 1988].
20Pewva he TNV épeuva Tou 1988, pepikd atrd autd T CUCTAPOTA PTTOPOUV VO
XpnoigotoinBouv yia va TomobeTicouv Kal va dpopoAoyrhoouv pia BdAacoa atrd
TTVAKEG TTUAWYV e TTEPIoOOTEPEG cuaTolxieg ammd 100.000 1TUAeg, oe TPITTAG PETAANO,
XPNOIYOTTOIWVTAG PEXPI TO 80% Twv dlaBéoipwy TTUAWYV [VLSI 1988]. Mia GAAn Tdon
ed@avr) atd autég TIG €peuveg cival OTI oxedov OAa Ta CUCTAPATA PTTOPOUV VO
TPECOUV Ot emMTPATTECIOUG OTOBUOUG epyaciag-Sun, Apollo, 3 Microvax. 'ETol, Ta
auTopaToTTOINUEVA oUCTAMATA DIATAENG €ival EUPEWG DIABETIUQ.
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