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«Ymehbvvn ANAmon un AoyYOKAOTNG Kl OVOANYNC TPOCSHTIKNG VOV

Me 7pn emiyvodon TOV GCUVEREIOV TOL VOUOL TEPT TVELUOTIKOV OIKUOUATOV, Kol
YVoPILovTag TIC GLUVETEIEC TNG AOYOKAOTNG, ONAGVE® LIEHBLVA, KOl EVOTTOYPAP®S OTL 1] TOPOVCU.
gpyacio pe titho "Evplotikég mpooceyyicelc oto mpoPAnua vouyonoinong ymwpobetuévov
OAOKANPOUEVOY KUKAOUATOV" amoterel TPOIOV aLGTNPE TPOCOTIKNG £PYACIOG Kol OAEG Ol
nYéC omd TIG omoieg ypnowonoinca dsdopéva, 10ésg, @pdoelg, mpotdoelg N Aélelg, ette
emokpPOC (OTWC LVLAPYOLY GTO TPMOTOTLTO 1| UETAPPUCUEVEG) €iTe UE TOPAPPUGCT), EXOLV
dMNAwBel KaTAAANAC Kot EVOIEKPITO, OTO KEIUEVO UE TNV KATAAANAN TOPUTOUTY KOl 1) GYETIKN
avagopd mepthapPdvetal 6to TUNUG TOV BIPAMOYPUPIKOV avaQop®Y UE TANPN TEPLYPOUP.
Avorouave TANp®S, ATOUKE Kot TPOSMTIKG, OAEG TIG VOUKEG KOl O10IKNTIKEC GUVETELEC TTOV
dVVaTal Vo TPOKLYOLY GTNV TEPITTMOOT KATA TNV 0moio, amodelybel, daypovikd, 0Tt 1| epyacia
QLT N TUUC TG OEV LOL aviKEL 01011 ivarl TPO1dV AOYOKAOTNG.
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Evxaplotieg

Apywkd, Oa MBera va evyaplomo® Tov kafnyntn Tov TUNUaTog ITAnpoopikng tov
IMovemotuiov Osocoiiog k. Aadartdpn Avidvio yio v exifieym katl v kabodiynon mov
LOV TTOPElYE KATA TNV EKTOVNGOT TNG OWTAMUATIKNG OV EPYAGIiag.

Eriong, 6a n0eka va evyopiomom tov k. loavvidn Ztavpo yi v mopoydpnon
TPOYEVEGTEPT G EPYOCIAG TOV, HEPOG TNG OMOING ¥PNOIULOTOONKE OTNV TAPOLGA EPYACIQL.

Téhog, Ba MBEAA Vo ELYOPICTNCM TNV OIKOYEVEWD MOV KOlL TOLG (IAOVUG POV Yoo TNV
CLUTAPACTAGCT] TOLG KAB' OAT T1) OIEPKELN TOV GTOVODV LOV.
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Iepiinyn

YKomog NG mapovoag epyaciag elval 1 VAOTOINGT LPIOTIKOV HeBGd®V Yo TO TPOPANUO
TNG VOULUOTOIMGONG TOV YOPOBETNUEVOV KEMODV TOV OAOKANPOUEVOY KUKAOUITOV KATO TO
010010 ¢ DuoKng oyxediaonc. H apyikn ywpobetnon Twv KeMOV ExEL TPUYUATOTOMOEL e TOV
aryopBuo Gordian, ®61060 TAPOLGSIALOVTAL ETKOAVYELS LETAED TV KEMOV.

Yuovnbwg, v v emilvon tov  mpoPAnudtev  Pertictomoinong  ¥pNOOTOIOVVTOL
aAyOopIOUol  HOOMUOATIKOD  TPOYPUUUATIONOD. QoTO60, OpKETO CLYVO KATAPEDYOLUE OF
EVPIOTIKEC UeBOOOVG 01 OmoiEC ATOGKOTOVY GTNV €VPEST UI0G VTTO-PEATIOTNG ADGNC 6 GUVTOUO
YPOVIKO  Odotnua. Xty mapodoo  EPYOcio, YPNOLOTOOVVTOL EVPICTIKEG HEBOdOL oE
ouvovacud pe Tov ahydpiBuo Tetris yia tn vouuoroinen tpodturmy kemav (standard cells).

YUVOMKA, vAomomBNKay TEcoEPLS UEDODOL, €K TV OTOIMY Ol TPELS YPTCLUOTOIOVY TOV
aiyopiOuo Tetris yo. ™MV mOpAy®YN WOG VOLUNG Tomobémong tov keMdv. Ot téooepig
uébodol cuvykpivoviar PETOED TOLE MG TPOG TO GLUVOMKO HNKOC KOAMOIOL Kol Tov ypovo
EKTEAEOTC.
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Abstract

This thesis considers the problem of legalizing the cells of integrated circuits using heuristic
approaches. The global placement of the cells has been performed with the Gordian algorithm
but the solution contains overlaps.

Typically, mathematical programming algorithms are used to solve optimization problems.
However, we often resort to heuristic approaches which find a quick, sub-optimal solution. In
this thesis, heuristic methods are used in conjunction with the Tetris algorithm for the
legalization of standard cells.

In total, four methods were implemented, three of which use the Tetris algorithm to produce
a legal placement of the cells. The four methods are compared in terms of total wire length and
runtime.
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1 2XEAIAXH OAOKAHPOMENQN KYKAQMATQN

1.1 Ewaywyn

X710 Ke@AAalo avtd mopovcidlovral kdmoleg Pacikéc Evvoleg Kot dadikacieg mov
a@opoLV TN oyeodiacn ohokAnpouévey KukAopdtov. eprypdoetal n pon oyedioong Tov
OAOKAN POUEVOY KUKAOUAT®V Kol OTveTal EUpacn 6T 01ad1kacia TS PUOIKNG oyedlaong,
omv omola eotdlel M moapovoa epyacia. Emiong mapovcidloviar to epyaAcia
auTopaToTompéEVN S oyediaonc EDA.

1.2 Zxedlaomn oAOKANPWUEVWV KUKAWUATWY

H oyedlaon orokAMpouiveoy KUKAOUATOV OTOTEAEL OVTIKEIUEVO UEAETNG T®V
Hiektpordymv Mnyavikdv kot yopiletar oe 600 Katnyopieg: v avoroyikn oyeodiaon
(analog IC design) ka1 v ymoetakr oyediaon (digital IC design).

H ymouoxn oyedlacn oAoKANpOUEVOY KUKA®UATOY, otV ortola, eoTidlel n mapodoa
epyaoia, &xel ™G oTOYO TNV TAPOYWYN KUKAOUOTIKOV otolyeiov ommg pvnueg (RAM,
ROM, flash memories), kpoeneéepyaotéc (microprocessors), FPGAs (Field
Programmable Gate Array) kot ASICs (Application Specific Integrated Circuits).
Emievrpoveron kuping:

e o1 AOYIKT] 0pHOTNTO TOL KUKAMUATOS

®  OTI LEYIGTONOINGT TNG TUKVOTNTAG TOV KUKAMDUOTOG

®  OTNV TOMODETNON TWV GTOLYEIDV ETGL MGTE TO, GY|ULATA POAOYLOV KO ¥POVIGLOV VU
SPOLOAOYOVVTOL ATTOTEAEGIOTIKA.

Ta oloKANPOUEVE KUKADUOTO OomoTeAoUVIOL omd MAEKTPIKG oTolyela  Ommg
TpovloTop, OVTICTAGES KOl TUKVOTEC, TO OMOlo &ivol GLUVOEOEUEVO, £TGL DGTE VO
oynuatiCouv éva kokAmua. Zoppotikd, o apBudc tov tpoviictop mOL TMEPIEXEL £val
oroKANpoOuEVO KUKA®UO (BoBuog ohokANpmong) amoteAel O8ikTn TNG AEITOLPYIKNG
moAVTAOKOTNTAS Tov. Emiong, o apibuog twv tpoviictop avd povido em@ivelag Tov
OAOKANPOUEVOD KUVKADOUOTOC (Tukvotnto otoyyeinv) yopoaktnpilet ™ otdbun g
TEYVOLOYING.

Me 10 mépooua TOV YPOVOV, TO OAOKANPOUEVE KUKADOUOTO OTOKTOUY OAO KOl
UEYOADTEPN TOALTAOKOTNTA EVA 1) EMPAVELS TOVG cvppikviveTat. TTAéov, &va kOKAmUA
VLSI é&yetl 11¢ daotdoelg mov eiye maiaidtepa éva kikiopa LSI Oupoimg, ™ dekaetia
tov 1980 o emefepyaotng €vOC VTOAOYIOTN TEPIElYE UEPIKEC EKOTOVTAOES YIMAOEC
TpoviicTop evid TAEOV, TEPIEYEL OloeKaTOppLPa TPpavVEicTOp.
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2y mOpoKAT® €KOVO omelkovifeTal o apBudc TV TpaviioTop TOL TEPIEXOVTAL
OTOVG WKpoemeEepyaoTEG oplopévayv yvoot®y CPU. Tnv mpdtn 6€om, avauesa 6Toug
EMECEPYAOTEG TOV TAPAYOVTOAL Y10 EUTOPIKY ypMom, KatorouPdver o emelepyactng g
Intel o onoiog amoteieiton amd 7.2 dicekatoppvpla tpaviicTop.

Processor 4 | Transistor count ~ Date of introduction Designer ¢ Process # Area #
32-core AMD Epyc 19,200,000,000 2017 AMD 14 nm 4x 192 mm?
Centriq 2400 18,000,000,00004%] 2017 Qualcomm 10 nm 398mm?
32-core SPARC M7 10,000,000,000142! 2015 Oracle 20 nm
IBM z14 Storage Controller 9,700,000,000 2017 IBM 14 nm 696 mm?
POWERS 8,000,000,000 2017 IBM 14 nm 695 mm?
22-core Xeon Broadwell-E5 7,200,000,0001411 2016 Intel 14 nm 456 mmz
IBM z13 Storage Controller 7,100,000,000 2015 IBM 22 nm 678 mm?
Xbox One X (Project Scorpio) main SaC 7,000,000,000040 2017 Microsoft/AMD 16 nm 360 mm2
IBM z14 6,100,000,000 2017 IBM 14 nm 696 mm?
18-core Xeon Haswell-E5 5,560,000,0002°] 2014 Intel 22 nm 661 mm2
61-core Xeon Phi 5,000,000,0003¢1 2012 Intel 22 nm 720 mm2
Xbox One main SoC 5,000,000,000 2013 Microsoft/AMD 28 nm 363 mm?
8-core Ryzen 4,800,000,000037] 2017 AMD 14 nm 192 mm2
15-core Xeon Ivy Bridge-EX 4,310,000,0000%5 2014 Intel 22 nm 541 mm?
Apple A11 Bionic (hexa-core ARM64 "mobile SoC") 4,300,000,000 2017 Apple 10 nm 89 mm?
12-core POWERS8 4,200,000,000 2013 IBM 22 nm 650 mm?
IBM z13 3,990,000,000 2015 IBM 22nm 678 mm?
Apple A10 Fusion (quad-core ARME4 "mabile SoC") 3,300,000,000 2016 Apple 16 nm 125 mm?
10-core Core i7 Broadwell-E 3,200,000,000634] 2016 Intel 14 nm 246 mm439
8-core Itanium Poulson 3,100,000,000 2012 Intel 32 nm 544 mm?

Euwcova 1: Api@uog paviiorop oe yvworég CPU

H poaydaio. avénon g TOALTAOKOTNTOC TOV OAOKANPOUEVOYV KUKA®UATOV EiyE
npoPrepbel to 1975 amd tov Gordon Moore, o omolog vroothpile OTL O APOUOS TV
tpaviictop o€ Eva OAOKANP®UEVO KUKAMUE B0 dtmhacidleTan kGBe dVo ypdvia. Avth
dotvmwon, 1 omola eivor yvowot) ¢ "Nopog tov Moore", &xel emainbevtel and Ta
YEYOVOTO, OTMG PAIVETAL GTNV TOPAKAT® gkova. Qotdco, ailel vo onuelndel 6t1 and 10
2015 o pvBuog ¢ avéEnomg Tov aplBuod TV TpaviicTop oe £va, OAOKANPOUEVO KUKA®UX
&xel apyloet va emPpadtverat.

H oloéva avéavopevn moATAOKOTNTA TV OAOKANPOUEVEY KUKAOUATOV GAAG Kot Ol
aVAYKEG NG ayopds, 1 Omolo MAVTO OOITOVGE TO, OAOKANPOUEVE KUKADUOTO VO
mopdyovrol  polikG Kol o ypnyopo,  odnynoav oty avomTvén epyoieiov
avTopaTomompéEVN S oyediaonc (automated design tools).

12
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Microprocessor Transistor Counts 1971-2011 & Moore's Law
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Eucova 2: Anerxévion tov Népov tov Moore

1.3 Epyaieia CAD

O ¢6poc Computer-aided design (CAD) ava@épetar oV ¥pNon MAEKTPOVIKMOV
VTOAOYIOTMOV KOTA TN OdKacio oyedtaocuol evde avtikelévon. Ta epyaieion CAD
gkovay TNV eueavion tovg tn dekaetio tov 1980 katl ypnooroodvial gvpeéms yoti
TPOGPEPOLV:

® aVENON NG TUPAYOYIKOTNTAS TOV GXEOINGTOV 0TI KABIGTOVV TN drodikacio TG
oYe010eMC O EVKOAT KOl AYOTEPO YpovoPopa

e [edtimon g mowdMTOG NG oYedlaong, KOBMG EMTPEMOLY  UEYOADTEPN
AETTOUEPELN OTA GYEOLD,

e cUKOA OVTOAAOYY] TANPOQPOPIOY TOL OPOPOLV TO OVTIKEIUEVO aVAUESH GE
oLVEPYULOUEVEG OUAOEC ETIGTNUOV®V

e Onuovpyia Pdomg 0E00UEVOV UE TANPOPOPIEC TOV APOPOVY TO CVTIKEIUEVO Kot
BonBolv 61OV TPOYPUUUATIOUO TOV TUPAYDYIKGOV O1001IKACIHV

Ta epyorein CAD mov ypnolpuomoobvtal Yo TOV  GYEONCUO  MAEKTPOVIKGDV
KukAopatov, etvor yvootd ¢ EDA (Electronic Design Automation). Ta epyaieian EDA
etval mAEoV amapoitnTa Yoo THV LAOTOINGT €VOC OAOKANPOUEVOL KUKAMUATOS KOl
YPNOYOTOIOVVTAL Y10, TY| GXEOIAGN, TOV EAEYYO KOL TV EMUANOELGN TNG AEITOVPYIKOTNTOG

13
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TOV. ZTNV €VOTNTO TOL OKOAOLOEl yivetan pio 16TOpIKY| avadpoun otny e&EMén tov
EPYOAEIDV AVTOV.

Ewcova 3: 3D CAD model

1.4 Epyaieia EDA

Apyixd, 1 oxedlacn TV OAOKANPOUEVOV KUKA®UATGV YIVOTAV 010 XEPOC A TOLG
oxe0100TEC. OVGLOOTIKG, YIVOTAV 1] YPAPIKT GVATAPACTACT TOL KUKADUOTOS CULPOVO, UE
™V Niextpovikn meptypaen tov. H yvootdtepn etopeio exkelvng g emoyng nrov m
Calma, n omola onuovpynoe to wpotvro GDSII to omoio ypnoiponoteitar aKdun Kot
oTLEPOL.

1o, péca ¢ dekaetiag Tov 1970 dpyisav vo, avarTOeeoVTal KOO TPpOIe Epyareio
Yo TNV S1EVKOALVET NG OladIKaGiag TG Tomobétnon (placement) Kat TG SpOHOAOYNON G
(routing) &vOg KUKAGDUOTOC, dNAOON THV ETAOYN TOV KOTAAAMA®V onueiov o v
TOMOBETNON TOV KUKA®UATIKOV oTolyelmv evtdg ¢ mEPoyng mov katohapuPdver to
OAOKANPOUEVO KUKA®LAL.

To 1980 1 mpwtomoplaxn onuocicvon "Introduction to VLSI Systems" tov Mead kot
Conway é0eoce ¢ 1060 TNV YpNoN AOYISUIKOD Y10 TNV KATOOKELT] OAOKANPOUEVOV
KukAopatov. Etol Eekivnoe 1 avartuén Aoylopikol Tpocopoimeonc, Yeyovog mov ey ¢
amotéleoua TV avénon NG TOALTAOKOTNTUC TMV KUKAMUATOV 7OV UTOopovsay Vo
oYe010.6TOVV QAL KOl TV TOPAYMYN 7O OEOMICTOV KUKAOUATOVY, KOBOE UTOPoUcE Vo
yivel emaAnfevon TG G®OTNG AEWOLPYIOS TOLC TPV TNV EVOPEN TNG TOPAYWOYIKNG
dadkaciog.

Tnv 1610 mepiodo, dpylcov vo, TAPAYOVTOL TA TPADTU EPYUAEIN CUTOUATOTOUUEVNC
oyedilaong yio oxkadnuaikovg okomote. To dnpogiréstepo amd avtd nTav to "VLSI Tools
Tarball" mov avamtbybnke amd 10 Tavemiotnuo tov Berkeley ol mepiehdPave
epapuoyég oe meppairov UNIX yuo tov oyedlacud tov VLSI cuomudtov eketvng g

ETOYNG.

Qo1660, N avartvén tov epyaieiov EDA dev elye edponmbel axoun o¢ Propumyovia.
O etaipeieg Tov KAGOOL OVETTLGGOV HOVES TOVG Ta epyaieian EDA mou ypnoipuonolovcoy
Y10, TOV GYEOLUGUO TOV OAOKANPOUEVOV KUKAOUOTOV 7oV Kataokevaloy. ZTadlokd,
OUMG, Ol GYEdCTEC TTOV £pYALOVTAY GE AVTEG TIC ETOIPELEC dpyioay va 1OpLOLY TIG O1KEG

14
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TOVG EMYEIPTOELS TTOV EOIKEVOVTAY GE ALTO TOV TopEN. MeTaéy dAlmY, 15pLONKaY Kol ot
etalpeieg Daisy Systems, Mentor Graphics xot Valid Logic Systems, ot omoieg
OTTOTEAECAY TIC CNUOVTIKOTEPEG ETAPEIEC TG EMOYNG TOL OPUGTNPLOTOIOVVIAY GE QLTOV
TOV KAAOO.

To 1984 dpyioe va avarticcetor 1 Verilog o¢ vyniob enimédov YAOooo TEPTYPUPNS
VAoV kol to 1987 éxave v eppdvion ¢ 1 VHDL. Ot yA®ooeg avtég dpyloov va
YPNOYOTOOVVTUL OO TOVG TPOSOUOINTES, Ol 0moiol S1Palay TIC EVIOAEC TNG EKAGTOTE
oyedlaoN g Kot Tpocouoinvay T AErrovpyla TG TPOKEWEVOL VO Yivel 1| emaAnBevon ¢
YHvtoua, Gpyloe kot M ovdmrtuén teov mphtov epyoisiov Aoywng ovvBeong (logic
synthesis).

YT1¢ pépeg pag, vapyovy ddpopa epyoieion EDA mov kaAVmTOUV OAQ TO GTAOLN
oxe061aoM ¢ EVOC OAOKAN POUEVOD KUKADUATOS. APYIKE, TPUYUUTOTOIEITAL 1] TEPTYPAPY| TOV
KUKADUOATOS UE XPNOT KATO10G YADOOUS TEPTYPUPNS VAIKOV 6€ EMIMEOO KEMMV, TA OTOiN
etvau TeEXvoAOYIKG OvVEEAPTNTA. XTT GUVEYELD, LE TN ¥PNON TOV KatdAINAnV BA10NKOV,
yivetor M wpooopoimon NG Aertovpyiog TOL KUKAMUATOS Kal, TEAOG, TAPEXOVIAL Ol
TEMKEG TPOJIAYPUPES Y10 TIC GLVONKEC AEITOLPYING TOV.

1.5 Topelg epappoyng twv epyareiwv EDA

Ta epyaieio. EDA mov €yovv avamtuyBel yio va KaADWoUV 10, 6Tad1o TG oXe01aeng
EVOC OLOKANPOUEVOL KUKADUATOG EIOTKEVOVTAL GTOVE OKOAOVOOLE TOUEIC:

o Zyeolacuog (Design)
o High Level Synthesis
o Logic Synthesis
o Schematic Capture
o Layout

e Ilpocopoimon (Simulation)
o Logic Simulation
o Behavioral Simulation
o Hardware Emulation

e Avdivon kot Erain6evon (Analysis & Verification)
o Functional Verification

o Formal Verification
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o Equivalence Checking
o Static Timing Analysis
o Physical Verification

e Karaoxevn (Manufacturing)

o Mask Data Preparation

1.6 Pon oxedlaong OAOKANPWUEVWV KUKAWUATWVY

H Swdikacio wov axoiovbeitar yioo TV oyeodiacn evog OAOKANPOUEVOL KUKAMDUOTOS
ovoudleton pon oyedioong (design flow) ko oamotereiton amd moArd Pruarta. Ta
ONUAVTIKOTEPA, OO QVTE EIVOL TA TOPAKATE:

1.

10.

Feasibility study & die size estimate: mpocO10pIGUOC TOL GTOYOL KO TOV
AETOVPYIKOY  TPOSIOYPUPAOYV, EKTIUNGN TOL KOGTOVE TUPOUYMYNG KOlL TOV
SbécIumV TOPWVY, EKTIUNGCT TOV QUGIKOV OlUGTACEMY TOL OAOKANPOUEVOL
KUKADUOTOC

Functional verification: emaAn0gvon ¢ Aoykng ¢ oyedioong

RTL design & simulation: meptypa@r TOL KUKAOUOTOC GE EMIMEOO KATAYWPNTOV
KOl TOUPOUOImoT) TOV

Logic simulation: mpocopoimon g Attovpyioag NG oyediaong YN CILOTOIOVTAG
KATOAANAO AOYIGUIKS

Floor planning: oynuoTiky avomapdcoTact TG TPOIUNG TOTOAOYINS TOV TUNUATOV
G oyediaong

Layout: avomapdotact Tov OAOKANPOUEVOL KUKADUOTOC UE YEMUETPIKE CYNUATO,

Static timing analysis: avdAVGY TOL ¥POVIGHOD TOV OAOKANPOUEVOL KUKAMUUTOC
yopic va, 01eéaybel Eava mpocsopoimaen ¢ Acttovpyioag Tov

Layout review: emavelétaon g owdraéng, kol av kpibel amapaitnto, yivetan
avaTPOPOJOTNGT TPONYOUUEVDV PtV

Design for testability: ypron texvik®V cyedioeng Tov SLELKOALVOLY T S1UdIKaGTo
EAEYYOL TNG 0pON ¢ AEITOVPYING TOV OAOKANPOUEVOL KUKADUOTOC

Automatic test pattern generation: gbpeon TG KATAAANANC aAAnAovyioag e16650L M
omola, avdioyo pe v okolovBio mov mapdyetar oty €Eodo, Ponbd otov
EVTOMIGUO EAAATTOUATIKOV KUKAOUAT®V
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11. Design for manufacturability: Tpomomoinon Tov KUKAOUATOS TPOG O1EVKOAVVOT)
NG TOPAYMYIKNG S1001KaciaG, SLVNOMG Y10, LEIMGT TOL KOGTOUG TUPAYWOYNG

12. Mask data preparation: HETATPOTN TOV YEOUETPIKOV GYNUATMV TOL AVOTAPIGTOVV
TO. GTOLYEID TOL KUKADUOTOG GE EVIOAEC TOL UTOPOVV VAL YIVOLV KATAVONTEC Omd
évav photomask writer

13. Wafer fabrication: 1 d10d1Kacion KATackeLC TOV O16KIOL TOL OAOKANPOUEVOL
KUKADUOTOG, 1 omoilo  meplAapufavel  TexVIKEG ynMIKNG  ybpoéng Kot
POTOMOOYPUPIOG

14. Packaging: 10 diokio TomobBeteital oe o avOeKTIK Guokevacio TOGo Yo TV
TPOooTUGior Tov and POOPEC OGO KOl YL TNV €UKOAN TOMOOETNGN TOL 68 KAMO10
cLOTN IO

15. Device characterization: TpoyUOTOTOMGOY| LETPNGEDY GTO KUKAMUA UE KATOAANAL
Opyova Y10, TOV KABOPIGHO TMV YUPUKTNPIOTIKOV TOV

16. Yield analysis: cvAioyn otoyeinv mov Ponbodv 6Ttov eviomioud 0GTOYIDV TOVL
KUKADUATOG e oKomd TN S10pOHmct Tovg

Qo1660, Bo uTopovoe vo. yivel chvoym ¢ 01001KaGiag o8 Tpio 6TAOW:

1. Zyedioon ot sminedo sveTinatog (System level design): oe ovtd 10 6TAd10
yivetor M oOAANYN ¢ 10€0C TOL KUKAMUOTOS ond TOLG GYEONOTEG,
TPAYUATOTOIEITOL O  TPOGAIOPIGUOS TOV  GTOYOL KOl TOV  AETOVPYIKOV
TPOSOYPUPDOV TOL, Yiveron extiunomn Tov TPOPANUATOV 7oL EVOEXETAL VA
TOPOLGIOGTOVY Kt a&10AOyoOVTOL EVOAAOKTIKEG 10€EC Y10 TNV €m{ALGN TOLC,
amogaciletal moleg nuebddovg emainbevong Bo akoAovONBoLY Kol eKTIUATAL M)
(QLOIKN 01ACGTAGT TOV OAOKANPWUEVOL KUKAGUHOTOS. To omotéiecua ovTng Tng
Sdikaciog etvorl Eva TPMOIUO LOVTEAD TO O0moio Umopel va, Teptypagel e ) xpnon
YAOGOOHV VYMAOL emimédov, omwg C, C++ ka1t MATLAB, kot va, Tpocopotmdet.

2. Aoywn oyedioon (RTL design): ce ovtd T0 6TA010 YpnoUOmTOlEiTal KAmO
YAOGGoO TEPLYPaPN VAMKOV, Omwg 1 Verilog koau 1 VHDL, ywo v meptypagr tov
KUKADUATOG GE EMMEOD KOTAYMPNTDOV. XTN GULVEXELN, YIVETUL TPOGOUOIMOT TNG
AETOLPYIOG TOV KUKADUATOC MOTE VO EMAANOEVTEL 1] AVAUEVOUEVT] AELTOVPYIO TOV

(7. ypOVIGULOG).

3. ®vown oyeoiaon (Physical design): ce avtd 10 6TAOI0 YpnouonolEiTal 1
Aoy oyediaon oe ouvovacuod pe o PPpiobnkn mov meprouPdver TIg
SloBEoIES AOYIKEG TOAEC Y10, TV VAOTOINGT] TOL OAOKANP®OUEVOL KUKAMUATOG.
KaBopilovrar o1 woieg mov Ba ypnouonmombovy, 1 amoITOVUEVT EMPAVELD, TO.
onueio 6oL Bo TomoBeTNOOVY Ta GTOLYEIN KOl 1| LETAED TOVE KAA®OImOT).

17

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 17:38:30 EEST - 3.135.194.212



1.7 dvown oxedlaon

Kotd 10 otddo g @uoikng oyedloong, to omoio avnker oto back-end g
Sdikaciog oyxedlaone, TPUYUUTOTOIEITUL 1] YEMUETPIKY OVOTUPACTUCT] TOV GTOLEIDV
TOV KUKADUATOG.

H ¢@uowr oyedioon Pociletar oto netlist mov mpokvztel amd TN Swdikacio g
hoyune ovvBeong (logic synthesis), oniadn tn Odikacio kaTd TNV omoio N oyediacn
uetappaleral amd HDL oe éva, netlist 6 eninedo TuA®OV 10 omolo mpocdiopiletal amd yio
teyvoroyikn PiProdnkm. To netlist mepiéyer mAnpopople oyetTikd pe T KEMA, TIC
OUVOEGEIC TOVG, TNV EMPdveln. Tov KOAOTTOLY K.4. Opicpéve YVOGeTA epyaieion ov
y¥pnowonotovvTat Yo, T ddikacia g cvvbeonc eivar to Cadence RTL Compiler kot to
Synopsys Design Compiler. Mévo o6tav mpaypatomombetl n exaindevor tov netlist wg
TPOC TN AEITOVPYIKOTNTO KOl TOV YPOVISUO TOL, WIOpel VO GUVEXIGTEL TO GTAOI0 TNG
(QLGIKNG oyediaomc.

2TV TOPOKATO EKOVA TOPOVSIALOVTIOL TG, CNUOVIIKOTEPO ERUEPOLEC PriLaTa TOV

GUVOETOLV TO GTAD10 QTO:
w

Il Fioorpianning

EEES o

b

Eucovo 4: Biuaro katé, o 614010 THS PUOIKRS OYedioons

1. Floorplanning: & avtd 10 Priuo EKTIUATAL O GUVOAKOE ¥DPOG TOV ATAITEITOL Y10, TV
TomoBETNON TV PACIKOV AETOVPYIKOV HOVAO®MYV TOL KUKAMUATOS Kol 1) 6Ecn Tovg
evtog g olubéoiung emdvelog. H emioyn tov Oéocemv elval (OTIKNG onuociog
KaBh¢ emmpedlel To KOGTOC Kt TV odO00T] TOL OAOKANPOUEVOL KUKAGUOTOS. Mia
KOKT ETAOYT TOV BECEMV UTOPEL VO 0ONYNGEL G GTATAAN YDPOL 1| CLUPOPTGN TNG
dpoporoynen¢ (routing congestion).
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Eucovo 5:Floorplan evég oloidnpapévon koklduarog

2. Partitioning: X& ovtdO TO PHUA 1 OLVOMKN EMPAVEIXL TOV OAOKANPOUEVOL
KUKADUOTOS Olalpeiton 6e vromeployec. Me tov Tpdmo outd O1EVKOADVETOL 1|
dwoeilpton] Tovg Kol UmopolV Vd, EKTEAEGTOVUV EVKOAOTEPO, Ol OlUOIKOGIEC TOV
placement ka1 Tov routing.

3. Placement: e ovt6 10 Pruo emAéyetal  PEATIoT) BEom Yoo TNV TOMOBETNON TOV
KEMAOV evTOg TG mpokabopiouévng emipdvelog. H emhoyn tov 6écenv Tov KeEMDV
nailel omovdaio poho kaBMOG emnpedlel TNV KATOVOUN TNG BepUOTNTAG, TO UNKOG TMV
KaA®OI®V, TNV KATAVAA®GT 16)YVOC K.6. ZINV YEIPIOTN TEPIMTMOT|, OTOL TO UNKOG TV
KoA®OlmV elval dve TOv emiTpentoy Opiov, 1 VLAOTOINGOT TOV OAOKANPOUEVOL
KUKADUOTOG kobioTatal adbvar.

4. Clock Tree Synthesis: Evd) ota mponyovueve Prjpate to cNUo TOL POAOYLOU
Bewpeitar 0avikd kal oev AauPdvovtar vaoym to delays, oe ovtd to Priua
TpUyUaTOTolEiTOL 1 eAayioTomolnon Tov skew (TapauOPP®SN TOL POAOYLOD) KOl TOV
insertion delay.

5. Routing: X& avt6 10 Prjua TpocTiBeviol ot KAAMOIDGELS TOV GUVOEOLY TO. GTOLYEIN
TOV KUKADUOTOG, Ommw¢ opilovror amd 1o netlist. To routing yivetan o 600 6TAdIO.
porta, epopudletar to global routing 1o omolo vmoAoyilel U TPOGEYYIGTIKN
dpoporoynon v kéOe net kot o detailed routing To onoio mpocodiopilel emaxpPag Ta
uovondria (routes) 6€ GLYKEKPIUEVO LETAAMK( CTPOUATO.

Global Routing Detailed Routing

Ewcove 6:Global routing xou detailed routing
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6. Physical Verification: To Prjuo avtd amoterel 10 TEAELTAIO GTASIO TNG PUGIKNG
oyedlaomnc, OOV TPAYUUTOTOLEITAL O EAEYYOC TG 0pBOTTAC TNG oYEdlACNC TOL £)EL
mapayOel.

Optouévo and 1o gpyareia EDA mov ypnoiponoobvtal yloo TNV LAOToinorn g
Sddkaciog g puotkng oyediaomg etvar:

e Synopsys (Design Compiler, IC Compiler)

e Mentor Graphics (Olympus SoC, Calibre)

e Magma (BlastFusion)

e Cadence (Cadence Encounter RTL Compiler, Encounter Digital Implementation,
Cadence Voltus IC Power Integrity Solution, Cadence Tempus Timing Signoff
Solution)

2y mopakdTe €KOVe TOPoLGIALovVIal OVOAVLTIKOTEPO, TO PHUOTO TNG QUGIKNG
oyeodlaone, xobmdg kol Ta epyarcic EDA mov ouvBmg yproipuomolobvral yio v
vAOTOINGN TOVG.
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Timing
analysis
and
power
analysis

S->Synopsys
C-Cadence

RC Extraction

Timing Analysis
Signal Integrity (S1) Analysi
(sign off)

. . $-Design Compiler
Gate level netlist C-RT Lgcompue':

v or whdl

S-JupiterkT
C-S0C Encounter-NanoPlace

Floor Planning
/O constraint File, &spect Ratio, I/O to core
ClearenceFlip, Abut, Double Back

SRR S-JupiterXT
Paltltlonlng C-S0C Encounter-First Encounter
Logical Groups, Clock

Groups

S-JupiterXT, PrimePower, PrimeRail
C-S0C Encounter-First Encounter

Power Planning
Caore Power Ring, Macro Power
Ring, Straps, Trunks

S-Jupiter¥(T, Astro
C-S0C Encounter-First Encounter

Placement
Preplace Optimization-HFN Synthesis, Inplacemen
Search and Refine, PostPlacement Optimization
before CTS-HFN Resynthesis, Fix Setup

S-JupiterXT, Astro
C-S0C Encounter-First Encounter

Clock Tree Synthesis
Buffer Sizing, Relocation, Fix Hold, Post
placement optimization after CTS

S-Jupiteri(T, Astro

C-S0C Encounter-NanoRoute
Timing and Congestion Driven, net Constraints;
Global Route, Track Assignment, Detail Route
earch and Repair, Post Route Optimizatios

S-JupiterXT, Astro
C-S0C Encounter-First Encounter
DFM ;

Notch Filling, Metal Filling

S-StarRCXT
C-Fire and lce

v oor .db netlist

GDs 1l

S-PrimeTime N S-Herculis
:CeltIC -Assura

Physical Verification
{sign off)

Formal Yerification
(sign off)

S-Formalit

Ewcova 7:Pos e pooikhg oyedioons
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2 XQPOOETHXH OAOKAHPOMENQN KYKAQMATQN

2.1 Ewaywyn

To xe@diaio avtd oavoeépetal otn yopobétnon (placement) Tov kKeMov, 1n omola
amoTEAEL VAL A0 TO, OTUAVTIKOTEPX PHaTa. TG QLGIKNG oyediaonc. 'ivetan avagpopd ota
EMUEPOVC OTAOIL ©TO omoio vmodlupeital To TPOPAnua tov placement Kot
mapovstalovial 600 amd TIG dNUOPIAESTEPEC HUEBOSOVE TOL YPNGOTOLOVVTIOL KOTE TO
o10010 Tov global placement kot Tov legalization TV kKeEMDV.

2.2 XwpoBemnon (placement)

Kotd 10 610010 TG Y0pobémong, emiéyetor | PEATIoTn BEom yia TV TOTOBETNOM
TOV KEMOV evid¢ Wog kaBoplouévng empdvelog (core area) MPOKEIUEVOL VO,
ehayliotomomBel n TN WI0G OVTIKEWEVIKNG cuvaptnong. Aniadn, to epyaieio mov OBa
ypnowonomOel yioo v ywpobémnon (placer) xoheitar, apevoc vo TOTODETNGEL TA
OTOEIN TOV KUVKADUOTOC €TO1L OGTE Vo UV vapyovy emkaivyelg (overlaps) petadd
QUTOV KO, APETEPOV, VA PEATIOCEL OPIGUEVES TAPAUETPOVG TTOV ¥pNLovy Beitinon dote
TO KUKA®UO VO, TANPOL TOVG 6TOYOVE TOL £yovv TeBel. ZuvNOMC, TO YUPAKTNPICTIKG TOL
emdéyovral Pertinong elval Ta TUPUKATO:

e Total wirelength: H chayictomoinon Tov GUVOMKOL HAKOLE TOV KOUA®OI®V
AmOTEAEL TOV ONUAVTIKOTEPO OTOXO TOV epyarcimv placement. Avtd cvufaivel
YTl TO UNKOC TOV KoAMOImV emmpedlel 10 HéEYEBOC TOL OAOKANP®UEVOL
KUKAMDUATOS, KOl ETOUEVAMS, TO KOGTOC TOPAYMYNG TOL KAOMG Kot TNV KATUVAA®GN
1oyvoc¢ kot to delay.

e Timing: O xbkAog TOL porOYIOVL Tpocdlopiletal amd TNV KOBVGTEPNGN TOL
ueyoAvtepov povomatiov (critical path). ‘Eva epyaieio placement mov amookomel
oV PBEATIOON TOL ¥POVIGUOD TOL KUKAMUATOG, TPEMEL Vo eéacpaiicel TV un
vrapén povomatiod ue kabvotépnon ueyokvtepn amd aut Tov critical path.

e Congestion: H chayictomoinon tov cUVOMKOD UNKOLG T®V KOAMSI®OV TPETEL VAL
TpaypaToromBel yopic va TpokAndel "cuvooTiouos" KOAMIIMV 6TIC VITOTEPIOYES
TOV OAOKANPOUEVOL KLUKADOUOTOS. H ocvppdpnon tov xoimdiov umopel va
ooMyNoel o LREPPOMKEC TUPOUKAUWES O©TN OPOUOAOYNGN 1 VO KOATOGTNGEL
adLVOTN TN GUVIEST KATOLWV GTOLYEIMV.

e Power: H ghoyiotonoinen g KatovdAmong 16y0vog TpovmobiTel TNV TonobEtnon
TOV GTOLEI®MV £TC1 MOTE VO KATUVAADVETAL 060 TO duvaTdV Alydtepm 16y 0C.
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O placer, ypnowomoiet To netlist Tov TPoEkvye amd TO 6TASIO TNG AOYIKN G ohVOEGNC

Kol po texvoloytkn PipAlodnkn mpokeévou vo voroyicet o opbn odraln (layout).
21T1 GUVEYELD, TPAYUOATOMOLEL TIC PEATIGTOMOMGELG KO, OV ¥PELUCTEL, AVOUTPOPOJOTOLVTAL
TPONYOVUEVO friHaTa TG 6XEO10GTC TOV OAOKANPMUEVOL KUKAMDUATOC,

To layout mov mpokLATEL OC amoTéAeoua TG OldIKaciag Tov placement avikel og

Kémola, amd TIC Katnyopieg mov meprypdpovral mopakdte. Kabéva and ta layouts &yet

SpoPETIKOVE TEPLOPIGHOVE KO TAEOVEKTILLOTAL.

1.

Gate array: Yndpyouv TovoUolOTLTEG, TPOoKADOPIoUEVEG BECELS GTIC OTOlEG UITOPOVY
v tomofetnBolv ta keMA, dNAadN OAo Ta KEAMA £yovv TO 1010 VYOG Kol TAATOG.
Eniong, vrapyovv kovéiia yio To KaADOLY TOL EVOVOLY T0, KEMJ.

Sea-of-gates: [Topouola mepintmon pe to gate array, pe tn Sopopd 6Tt 0ev LILAPYOLY
KOVAAMQ Y10 TNV KaAmoimon.

Standard-cell (zpotvna keMd): AmoteAiel T nuoglAéctepn katnyopia. Oia ta keMG
EYOoLV 10 1610 VYo OAAG pmopel va dlapépovy oe mAdtog. Ta keMA TomobeTobvtal g
TPOKAOOPIGUEVEC YPOUUEG Ol OTTOIEG OMEYOVV GUYKEKPIUEVT] ATOCTOUCT HETAED TOUG.
21y mopovca epyasio ypnouonoleital auto to layout.

Mixed-cell: TTapouolo mepintwon pe 1o standard-cell, pe ™ ow@opd OTL TA KEALE
TOIKIAOLY TOGO ®C TPOC TO TAUTOC 060 KOl ¢ TPOG 1O VYos. Eva kel pmopel va
emekTeiveTal 6€ mopamdve amd pia ypauun (macro block).

General-cell (Macros): Aivel otov oyedlootn TAnpn ehevbepia yioo TV TomoBETHON
tov kemov. Ta keMd pmopoldv va, £xovv omotodnmote UEyebog Kol Umopovv va
tomobetn 0oV 0moLONTTOTE EVIOS TNG O1UOEGIUNG TEPLOYNG.

';------l-:- E:EF&Em«a 'ill'llllllll :‘:‘I: ..-|||Ill'| ?Eil;:;;tmmﬂ
- [ C= - b .m g :

Bl BER " i iy m naw P

M O0|s u . .D:I:ID:D:“ .

= 1 mim{m|( a . .[I]I II“ I :

(a) » (b) | ©
-~
1| e i
* (IO D - s |
: : :[ eillig
- [T : =] ) [

(d) (e)

Eucovoa 8:Layout Models

(a) Gate array. (b) Sea-of-gates. (c) Standard-cells. (d) Mixed cell. (e) General-cell layout.
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To Tpofinua ¢ x@POBETNOTG VIOJIUIPEITOL OE TEVTE KATNYOPIEG:

1. Global placement: To KeMd TonoBeTOoVVTOL 0G0 TO dVVATOV O KOVTE, 6TIC "dOVIKES"
TOVG BEGELS, MGTOGO, VAAPYOLY EMKAAVYELS UETAED TV KeMav. H dadikacia pmopel
Vo eTovOANQOel puéypt va TopayOel Eva oyeTIKG KOAO 0mOTEAEGUA.

2. Final placement: T'tvetat Peitiotomoinon towv 6£6E®V TOV KEMMOV TOL EYOLV
TpokOeL oto mapomave Pruo. To arotéreocua avtig g dwdikaciog etvor, cuvndmg,
1 TEMKT] TOTOBETN O TOV KEADV, YOPIC EXKAAOWELG.

3. Area minimization: FEmygipeiton m choylotomoinon TG @EPOYNG 7OV
katolopuPavouy ta kedMd. To mpofinua avtd avnkel oy Kotnyopia twv NP-hard
TpoPANUdTOV.

4. Legalization: Edv eakoiovBobv va vmbpyovv emikaAbyelg petalld tov KeEMDV,
epapuolovior Teyxvikég voppomoinong v v e€drenym touvs. H mapovoa epyacio
UEAETA TETOL0L EI00VC TEYVIKEG.

5. Post optimization: EQoppoyn teyvikov yo v Peitictomoinon g TeMKNG Adong,
aAAalovtag T BEomn EAIYIGTOV KEMMDV.

H napovoa epyacia emkevipoveral ot dodikacia tov legalization wpdtuonmv KeEMDY
(standard cells). H apyikn tomofémon tov keMdv evidg ¢ SabEcung mepLoyns, Exel
TpaypatoromBel pe tov aryopibuo Gordian o omoiog meprypdgetal oTnVv EmOUEVN
evotnra.

2.3 Global Placement pe ™ péBodo Gordian

O Gordiant! omotedel é&vav amd TOLg  SNUOPIAEGTEPOLC  AAYOPIOLOVS  TOV
ypnowonotovviat yo. To global placement kai eivon owtdg 0 omoiog ypnoloTomONKe
GTNV TAPOVCH, TEPITTOOT).

Ta dVo Packd yopaxtplotTikd tov elvarl 6Tl Tpayuparonolel global optimization oe
KéOe Pruo kol 0tL dnpovpyel OmMOKAEISTIKE 0pOOYDVIEC TEPIOYEC KATO TOV SIOUEPICUO
NG TEPLOYNG.

Ta Prjuatd tov meprypdpovror w¢ eENG:
e TomobBémon OAMV TV KEMOV EVTOG TNG O10M0EGIUNG TEPLOYNG.

e Anuovpyio opad®V KEMOV YPNCILOTOIOVTAS TEXVIKES TUNUATOTOMGNG THPDOVTOG
TOVG KaVOVEG KABOMKTG PeATioTonoinong Tov £xovy Tebel.
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Y10 mopdoElypo TOL  aKOAOLOEL,

Av 01 ouddEC KEMOV TTOV EYOLV TPOKVWYEL AMOTEAOLVTOL OO OPIBUO KEM®DV
UIKPOTEPO OO aVTOV MOV £xel mpokaBoploTel, TOTE Yyivetral TomoBETnon TOV

KEMOV 6TOV S100E61UO0 YDPO.

o Gordian e@apuoletar oe &va KOKAOUO

amOTEAOVUEVO 0t EKA KEAL e EAdYIGTO Op1OUO KEMAV avd meployn 160 pe Tpia.
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Toyoio tomobérnon TV KeM®V eviog TG
Swabéoyung meproyng. Hepuerpud
Bpiokovtou to I/O pins.

1° partitioning

2° partitioning

3° partitioning

Eucova 9:1lapéoeryua spapuoyig tov Gordian
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Ta keEMA avomapicTavtal ®¢ onueia, aAAd 6TIS TPUYUATIKEG O1UCTAGELS EVOEXOUEVIC
VO DTTAPYOLY EMIKOAOWELS. AV petd 1o 30 partitioning VAGPYOLY EMKAAVWYELS, TO, KEALL
uetatomiovTal vIOg TG TEPLOYNG TOVE ETOL MOTE ALTEC VA EEAAEIPOOVV.

2.4 Noppomoinon (legalization)

H yopobétnon mov mpokiznrel and v dwwdikacio Tov global placement, eivor pio
apyIKN TOMOBETNON TOV KEMOV Kol eival TOAD TOAVO Vo VIGPYOLY ETKAADYELS HeTAED
QUTOV M Vo, VIAPYXOLY KEAME Tov Pplokovial ekTdC TOV Opldv TG TPOKABOPIGUEVTC
nepoyne. H owadwcasio tov global placement pmopel va emavaingbel opiopévec Qopeg
TPOKEWEVOL Vo TapayOel £vo, KOADTEPO AmOTEAEGUA, OAAL CPKETO GLyVE omotteitol N
ypnon epyoreiov  voppomoinong (legalization) vy tnv mnpn edhenym tov
EMKAAVYEDV.

‘Exovv avamtuybet dtapopeg pébodot yoo ) oladikacio tov legalization. Opicuévol
a6 Toug o drdedouévoug akyopibuovg etvar o Tetris, o Abacus, o Jezz, o HiBin kot o
BonnPlace.

Yovnbwmg, Yoo v emiAvon tov TPOPANUATGOY PBEATIGTOTOMGNG YPTCILOTOI0VVTOL
aAyOop1Bpol OO UATIKOD TPOYPOUUATIGHOD. QO6TOGO, GpPKETE GLYVA KATOPEVYOLUE GE
EVPLOTIKEC HeBOOoVG o1 omoleg Pacilovrar 6T ONUIOVPYIKY GKEYN TOL OVOPOTOL Kol
otV kowvn Aoyikrn. Ot uéBodotl aTéG amocKOmovV STV EVPEGT HLa VTO-PEATIOTNG ADONC
6 GUVIOUO YPOVIKO SlUoTNUO. ZINV TOPOLGH £PYOGIC, YPNOIUOTO0UVTUL EVPICTIKEG
uébodotl oe cuvovaoud pe Tov aryoplBuo Tetris Yo T VOULOTOINGT TPOTLR®Y KEMDY
(standard cells).

2.5 Legalization pe ™) pé6odo Tetris

Mia, omd TIG ONUOPIAESTEPEG TPOGEYYIGEIS Y1 TNV d10d1IKAGI TG VOUUOTOINoNS TV
keM®v, etvar o akydpduog Tetris2 To Puaté Tov cuvoyilovron wg e&nc:

o To&wounon Tov keMdV o€ avEoVGa S1ATAEN MG TPOG T CUVTETAYUEVN X.

¢  YTOAOYIGUOG TOV KOGTOVE HETOKIVIIONG TOV KEMOU o& KuBepio, amd TIG YPOUUUES
oTIg omoieg vrdpyel dabéoun Béon. To ko6oTOC VIOAOYIlETOL WG M EVKAEIdEIL
amootoot HeTall TG opyIKNG Kol TNG LIOYN QLG TEMKNG BEonc.

e TomobBémomn 1oV KeAOD 6TV TPDOTN SOESTUN BEGT TNG YPOUUNG UE TO HUKPOTEPO
KOOTOC.

e Evnuépoon g Tiung tg npmmg Stabéciung 6Eong g emtAeyUEVIG YPOUUNG.

O oAyop1Buog autde elvar amAdc, amoTeEAEcUATIKOC, EDKOAOS GTNV VAOTOINGT] TOL Kol
EVOEIKVLTOL Y10 OAEC OYEOLACELS. XPNGIUOTOIEITOL ¢ UETPO GUYKPIONG Y10, GAAOLG
aAYOPIBLOLE KOl £YOVV TAPOVGIUCTEL S1APOPEC TAPUAAAYEC TOV.
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IMopaxdro, Tapatifetal 0 YevdoKMAKAS TOV AAYOPIOOL:

{C} = cells to be legalized

Sort cells in C by their coordinate X
for i=1 to the number of cells in C do
best = max_cost;

for j=1 to the number of rows do

LM = leftmost of row j

if LM + cell_sizeX < core_area_width
CP = current position of the cell

cost = displacement of moving cell i to LM from CP
if cost <= best

best = cost;

best_row = j;

end if;

end if;
end for;

Move cell i to best_row;

Update leftmost LM of best_row;

end for;
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3 MEOOAOIIIOY YAOIIOIHOHKAN

3.1 Ewaywyn

Ot pébodotl viomombnkay YPNOIUOTOIOVTINS TV YAMoca mpoypauuaticpod C. Ot
TANPOPOPIEC TTOL TTEPTYPAPOVY AETTOUEPDS EVO KOKAMUO AVTAOVVTAL OO apyelo. T0 omoia
TEPIEYOLY TA OVOUOTO TOV KEMAV, TIC SIUGTAGELS TOVG, TIG oLVOESELS HeTalh Toug (nets)
Kol TIC apylKéC Toug Bécelg eviog e owbéowng mepoyng. Ta pins Ppickovian
TEPWETPIKA TNG core area Kot £yovv mpokabopicuéveg Bécelg ol omoleg 0ev aArdlovv
Katd T dwdkacio Tov legalization.

3.2 Tlpwtog aArydplBuog

Ytov aryopBuo owto, Eekvdpe amd 1O net Pe Ta TEPIGSOTEPA, KEAD, TOTOBETOVE TA.
KEMA TTOL VKoLV GTO het ypnotuomoldvTog Tov aryopiduo Tetris ko cvveyilovue pe to
enopevo o€ PEYebog net.

Apyixd, yiveron TaEvounon TV net o¢ TPog TNV TN connectivity, 1 omoia, ONAOVEL
TO TAMB0C TOV KEMMDY TOL AVNKOVV 6TO net. XT1 cLVEYEL, o€ KABe net evromilovue ta
KeMd to omola 0ev eivarl terminal Kot To TOTOOETOLUE GTNV TPOKABOPIoUEVN TTEPLOYN
¥pnowonolmvag tov aryopiuo Tetris. Ta keAld woL aviKOLY GE TOPATAVE® amtd £va, net,
apkel vo TortoBenBovvy Ty TpOTN popd ov Ba. eeTacOovy.

2TOV TUPOKAT® WYELOOKMIKA TEPTYPAPOVTAL TA. PAcTKA PriHaTa TOV aAYOp1OUOoU:

{N} = All nets
Calculate connectivity of nets in {N}
Sort nets in {N} by their connectivity value
for i=1 to the number of nets in N do
{c} = cells in each net that have not been already placed
if |c| > o
Apply Tetris for cells in {c}
end if;
end for;
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3.3 AgUTtepog aAyoplBpog

Y& autOv TOV aAYOPIBLO ONUIOLPYOVUE KoTnyopies amd nets oviroyd UE TO TOGA
KOwa KeMA £yovv uetacy tovg. Tomobetoue ta keMA ToL KéOe net Eekivovtag amd To
net UE TOVC TEPICCOTEPOVC GLGYETIGUOLC Kot cvveyilovpe pe ta vadrowma. o o
legalization T@v nets ypnouomoleital o arydpiduog Tetris.

I va evromicovpe o KOwd keMd petald tov net, Tpémet yio. Kabe KeM Tov net va
eréyCoupe av avrkel Kal og kdmolo aAro net. Kabe popd mov evromilovpe éva Koo kel
uetalh Vo net, EVNUEPOVOLE TNV TIUN TOL TTEGIOV connectivity kol oto 60O nets. X
ocuvéyeln, a@ov yiver talvounorn Tov nets Pdacel Tov connectivity, apyilovue va
tomobeTodue To KeEMA TOL KdOe net ypnoipomoidvtog Tov aryopduo Tetris. Ta keAd mov
VKoLV 6g Tapomdvem omd éva net, apkel va tomoBetnBolbv v TpodIn Popd mov Oa
eetacOovy.

O yevdok®O1KaE TOV aAYOPIOULOL TUPOVGIALETOL TAPAKAT:

{N} = All nets
Create net categories
Sort nets in {N} by their connectivity
for i=1 t to the number of nets in {N} do
{c} = cells in each net that have not been already placed
if |c| > o
Apply Tetris for cells in {c}
end if;
end for;

3.4 Tpltog aikyoplBuog

O aryop1Buog autdc efetdletal 68 KUKAMUOTO TOL TEPLEXOVY KEME TTOL GLVOEOVTAL
TO TOAD pe Tpia pins. Bpiokovue mola KeEMA €xovv pins oTa nets oL AVNKOLV KOl TO
tomobetodue omv koAvtepn duvarr 6éon. H tomobétnon tov vrdiomwv keMbv
Tpayuatonoleital pe tov aiyopibuo Tetris.

Apyxd, evromilovpe T0 KEMA OV AVNKOLVV G€ nets mov mepiEyovv pins. Ta keMd
aVTé TOTOOETOVYVTOL KOVIA GTNV TEPIUETPO TNG TPOKAOOPIGUEVNG TTEPIOYNG, ETCL OCTE VO,
etvan 660 10 dLVATOV O KOVTA GTA. PIns.

YuyKeKpEVa, TA KEMA OV cuvoéoviat e 1 pin 1o omoio Ppicketol oty KAT® 1|
EMOVO TAEVPA TNG TEPLOYNG, TOTODETOVVTAL GTNV TPOTY 1| TEAELTALO YPAUUT OVTIGTOLXO.
Ta keMd mov cvvdéoviar pe 1 pin mov Ppickerar oy apiotepn 1 6e1d TAgLpd TG
TEPLOYNG, TOTOBETOVVTOL otV TTPpdTN Owbéoun Béon oto apiotepd (leftmost) 1 deéi
(rightmost) Gkpo ¢ KATGAANANG YPOUUNG. AV 1 YPOUuY Ogv &YEl YDPO, EMAEYETAL
KOTO1 YEITOVIKT).

INoa ta keMd mov cuvoéovtal pe 2 pins Bpickovue To HEGO TNE gVBeiag TOL GLVOEEL TOL
2 pins. O1 cuvteTayuéveg Tov PéEGOL eivar x = (x1+x2) /2 kar y = (yl+y2)/2
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Mo 1o keMd mov ouvvoéovtor pe 3 pins, PPICKOVUE TIG GULVIETAYUEVEG TOL
BapbkevTpov 1oL TPIYOVOL IOV GynuatileTal av Bempnoovpe OTL Ta, pins PpicKovial GTIC
KOPLPEG TOL TPrydvov. Ot cuvietayuéveg Tov Papidkevipov vroroyiloviolr cuvopTnoeal
TOV GUVIETAYUEVOV TOV KOPLYAOV TOv Tprydvov: x= (x1+x2+x3) /3 «xo y =
(yl+y2+y3)/3

Kot o115 dv0 epmtdoelc, 1 cuvretayuévn y fonba 6tov vToroyiopd TG KATdAANANG
YPOUUNG EVD amO TNV TIUN TNG CLUVTETAYUEVNC X amo@acilovue av 1o keAl Bo TomobetnOel
oV TPOT 0100Ec1un BEon 610 aplotepd N 610 deél Akpo ™C YPouunS. Av 1 ypauun dev
EYEL YDPO EMAEYETOL KATOL0L YEITOVIKT).

Téhog, epapudletor o aryopBuog Tetris yio ta evamopeivavto keMd. QoTdG0, emelon
Ol YPOUUEC EVOEYETOL VO, TEPLEYOLY KEME TOCO GTO aplotepd 060 Kal 610 0eél Akpo,
tportontoovue tov Teris epapudlovtag Tov EAEYYO TOL QPOIVETAL GTOV TOPAKAT®
YELOOKMOIKA, Y1 VO, EAEYEOLE AV 1] YPOUUT EXEL XDPO Y10 TO KeM ov e€etdlovue:

LM = leftmost of row j
RM = rightmost of row j
if (RM - LM) >= cell i sizeX
CP = current position of cell i
cost = displacement of moving cell i to LM from CP
if cost <= best
best = cost;
best_row = j;
end if;
end if;

O yevdok®O1KaE TOV aAYOPIOUOL TAPOVGIALETUL TUPUKAT:

{C1} = The cells that belong to nets with pins

{C2} = Remaining cells

Sort cells in C1 by coordinate X

for i=1 to the number of cells in C1 do
Find the pin(s) that are connected to cell i
Find the preferred row for the cell (calculate coordinate Y)
Find if the cell should be placed to the leftmost or rightmost of
the row (calculate coordinate X)
Place the cell
Update leftmost or rightmost of the row

end for;

Apply Tetris for cells in C2
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3.5 Tétaptog aAydplBuog

2TOV CLYKEKPIUEVO aAyOpBu0, Eextvape PAlovTag Ta KEMA TNV KATAAANAN YPOLUY,
N omoia &yel mpokOyel amd v epapuoyn tov Gordian kotd ™ Swdikacio Tov global
placemnt Tov keEMdV. Ze KGO ypapuun, evromifovpe T0 KeVIpIko KeEM Kal TO TomobeTovuE
07O UEGO TNG YPOUUNG. X1 cLvEXELa, apyilovue va tomobetobue aplotepd (leftmost) kot
de&1d (rightmost) to VTOAOITO KEAG. ZE TEPIMTMOT| TOL YEUIGEL 1] YPOUUT), EAEYYOVUE EQV
UTTOPOVLE VO, TO UETOKIVI|COVUE GE KAMOlM YEWOVIKN. AV TO KeEM mpog uetaxivnon
Bpioketal aploTepd TOL KEVIPIKOV KEAIOD, TO TOMOOETOVUE GE KATOWO YPOULUY TOV EXEL
Swbéoiun Béom ota apiotepd. Opoimg, av to KeAl Bpioketal de€1d TOL KEVIPIKOV KEAMOV,
TO TOTOBETOVUE GE KATO0, YPApUT OV €Yl S1aBEotur BEon ota deéid.

Mo x6Be ypoapun, TPETEL VO EVIOMICOLUE TO KEAME TOL TNG CGVAKOLV KOl VO
VTOAOYIGOVUE TO GUVOMKO UNKOC OV KOTUAUUPBAVOLV TO KEMA OTOV TomoBeTnBovy ot
oepd. 'Etot pmopovue va ympicovpe Tig YPOUUES 68 000 KaTnyoples:

1. oe exelveg OMOL OAOL TO. KEAMG TOLC YWPOVV OTN YPOUUY, ETOUEVOS OPKEL va
UETUKIVI|GOVUE TA KEME, EVTOG TG YPUUUNG Y10, VO 0TO@UYOVUE TIC ETIKAAVYELS

. c { OOV T owler i Mo I TIOLLE TPET
2. ko1 og ekelveg omov mapovoidleton "vrepyeiiion” KeEM®V, ETOUEVD Emel va,
UETUKIVI|COVUE TA KEAME TOL TEPIGGEVOLY GE YEITOVIKEC YPOUUUES

[Mpdta, o oAydpiOuog eEoleipel TIC EMKOADWELS TOV KEMOV OTNV TPAOTN KaTnyopio
YPOUU®VY Kl cuveyilel pe T 6g0TEPN Kt yopia.

Ta frjuata Tov aAyOp1IBLoL TEPTYPAPOVTOL TAPAKAT.

{C} = all cells
for i=1 to the number of cells in {C} do

place cell i to the row defined by Gordian
end for;

//step 1:legalize the rows where the length of the row's cells is <=
coreAreallidth
for i=1 to the number of rows do
Calculate total length of cells in row i
if length_i <= coreAreaWidth
{cl} = the cells that belong to row i
sort cells in {c1} by coordinate X
find middle cell and place it in the middle of the row i
for j=1 to the number of cells in {c1}

if cell_j_centerX < coreAreaWidth/2
place cell j to the leftmost of row i

else
place cell j to the rightmost of row i
end if;
end for;
mark row i as legalized
end if;
end for;
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//step 2:legalize remaining rows, by moving cells that don't fit in to
neighboring //legalized rows
for i=1 to the number of rows do
Calculate total length of cells in row i
if length_i > coreArealWidth
{c2} = the cells that belong to row i
sort cells in {c2} by coordinate X
find middle cell and place it in the middle of the row
for j=1 to the number of cells in {c2}
if cell_j_centerX < coreAreaWidth/2
if leftmost - cell j sizeX > @
place cell j to the leftmost of row i

else
find a neighboring legalized row
end if;
else
if rightmost + cell_j sizeX <= coreArealWidth
place cell j to the rightmost of row i
else
find a neighboring legalized row
end if;
end if;
end for;
mark row i as legalized
end if;
end for;
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4 YYMIIEPAXMATA

4.1 Ewaywyn

Ye avtd 1O KEQPAANIO TOPOLSIAlOVTOL TO. GMOTEAEGUOTO OO TNV EKTEAECY TOV
aAyopiBumv mov vioromOnkav. Ta pueyédn mov cuykpivovron eivar to half-perimeter wire
length (hpwl) kou o ypovog extéheong tov arydpiduov o ms. To half-perimeter wire
length etvail  nu-mepipetpog 1oL opboywviov Tov TEPIKAEIEL AN TA KEMA TTOL AVIKOLV
og €va, net kot vroroyileton pe tov eéng tpdmo:

e Bpickovue 0 pKpOTEPO 0POOYHVIO TOL TEPIKAEIEL OAOL TOL KEALQ TOL AVI|KOLYV GTO
net

e TlpocBétovpe To mAdtoc (AX) kot Hyog (AY) tov opBoymviov

A “2-point net” A “4-point net”
y:5 y y:5 - L‘L—-—L!
a[ [ ImCE i
L A I —— | I a
AX=3-1=2; 1 } AX=4-1=3; * 3 e | ,. { \
e NN IS aY=5-1=4. [ 2| || M
0 ’ 0
xx0 1 2 3 4 x0 1 2 3 4

Ewcova 9:Yroloyiouog hpwl

IMa tov éleyyo Tov puebddmv mov viomombnkay ypnoorombnkay to. ISPD04 IBM
Standard Cell Benchmarks®! Ta yopoxtnpiotikéd tov KUKAOUGTOV Qoivoviol GTOV
TOPAKATO TIVOKAL:

Kokiopo | Initial HPWL (e6) | Ap. kshav | Ap. nets | Ap. ypoppdv
ibmO1 2.679 12506 14111 96
1bm02 6.693 19342 19584 109
1ibm03 8.742 22853 27401 121
1bm04 10.156 27220 31970 136
ibm06 7.722 32332 34826 126
1ibm07 15.965 45639 48117 166
ibm08 14.616 51023 50513 170
1bm09 15.759 53110 60902 183
ibm10 32.677 68685 75196 234
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4.2 ZUYKEVTPWTIKA ATIOTEALOPATA

Y10V TUPOKATO Tivaka Topovc1dlovTal T0 CUYKEVTPMOTIKE OTOTEAEGUATA, TG EKTEAECNC
TOV aAyopiBumy.

1% 25 3og 4og
aiyoprBpog aAiyopBpog alyépBpuog aAiyoprOpog

Final Time Final Time Final Time Final Time
HPWL | (ms) | HPWL (ms) HPWL (ms) HPWL | (ms)

ibmO1 7.133 35 7.118 18191 7.536 2351 4.205 49

Koxkiopa

1bm02 12.804 58 12.757 | 53001 10.601 11948 7971 55

ibm03 17.524 74 18.835 | 70601 16.090 11844 | 11.342 102

1ibm04 27.507 110 24.027 | 93840 12.473 19881 12.648 97

1bm06 24.446 108 24.728 | 133353 | 24862 | 32327 | 11.331 125
ibm07 38.288 185 36.960 [ 273499 | 38.828 | 74548 | 20.502 173
ibmO8 41.762 216 43.504 | 367432 | 29985 | 95661 19.550 256
1ibm09 49.943 235 52.683 | 489388 | 44.012 | 105224 | 23.702 268

ibm10 80.300 377 91.781 | 795229 | 79.056 | 195967 | 42.668 355

10 ypdonua mov akorovBel, ameucoviCetan To hpwl mov mapdyet yia kdbe KOKA®UA O
KéOe oAyoplOpoc. XLVOMKA, O TETAPTOC GAYOPIOHOC elval aLTOC TOL TOPAYEL TO
uikpodtepo hpwl, kobmhg mpocmabel va dotnpnoetl Ta KEMA 060 TO OLVOTOV TANGIEGTEPU
oTIC aPyIKEG BEGELC TOV TPpoEkLYaY amtd Tov aAyopBuo Gordian.

Half-perimeter wirelength

100.000
90.000
80.000
70.000
60.000
50.000

40.000

30.000

20.000 I

s—_— N
me= 10 BEO0 REER HRI

0
ibm01 ibm02 ibm03 ibm04 ibm06 ibm07 ibm08 ibm09 ibm10

HoAy. 1 HEaly. 2 alAy.3 Haly. 4
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Y10 yphenua wov akoroLBel, ameikovileTal 0 ¥pOVog EKTEAEGTG TOV KGOE ohyopiBuov
vy kaBéva amd ta KukAopato. O dgbtepog alyopiBuog elval autdg mov amotel Tov
TEPIGGOTEPO ¥POVO, KOBMG Y10 kéBe KeEM mov avnkel oe éva net mpémel va ereyybel av
avikel Ko o dAio nets. Emiong, opxetd peydio ypovo ektéheong €xel Kal O TPitog
aAyOP1BUOG, 0 0mol0g EAEYYEL AV £va, KEAM GLUVOEETAL LE KATOLO pin.

Xpovog ekteAeonc (ms)

100000

10000
1000
10
0
1

ibm01 ibm02 ibm03 ibm04 ibm06 ibm07 ibm08 ibm09 ibm10

o

o

HoAy.1 Holy.2 HoAy.3 HoAy. 4

35

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 17:38:30 EEST - 3.135.194.212



5 MEAAONTIKEX EITEKTAXEIX

Ot aAyéplBuol OV TAPOLGIACTNKAY YPNCIUOTOINGOY TNV apylkn dwdTaén mov
TPOEKLYE amO TNV EQUPUOYT TOL aAyopBuov Gordian kotd T Owdikacio tov global
placement. QoT6G60, B UTOPOVGAE VO, YPTCILOTOMGOVUE KATOIOV GAAO OAYOPIBLO KOt
VO LEAETN|GOVUE T GLUTEPIPOPA TOV AAYOPIOU®V GE AVTEC TIC TEPITTOGELG.

Emumiéov, o1 aiyopiBuol ypnoyonomdnkay e cuvovacud pe tov aryopiopo Tetris
vy 1o legalization Twv kKeMdv. Avt' autob Bo pmopovoe v, ypNGIULOTOmBel KATO10¢
GAAOG adyopBuoc.

Eniong, o tpitog arydpiBuog Ba. umopovoe va, enektabel £T61 MOOTE Vo UTOpEl va
EPUPUOCTEL KOl 6 KUKAMUOTO TO, OTOI0 TEPLEYOLY KEALD TOL GLVOLOVTOL UE TOPATAVD
amo Tpia pins.

Téhog, ot aAyopBuol Ba pmopobcoov vo TPOmoTomBoly £TG1 MGTE VO, UTOPOVY V.
kdvouv legalization e oyedidioelg mov mepiEyovy Kot dAio layouts, ektd¢ amnd standard
cells.
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8 Ymouvnua

AxohovBel 0 kdOKAG TOV aAYoplOU®Y TOL VAOTOMONKOY 68 YADGGU TPOYPUUUATIGHOD

C.

o TNV avomapdctocn TmV KEMOV YPNGWOTOLEITOL TO struct:

struct cell t {
char name [MAX STRING LENGTH];
double centerX; //position of the center
double centerY; //position of the center
double sizeX;
double sizeY;
double coordinates x;
double coordinates y;
double area;
short terminal;
short fixed;
bool placed;
char orientation[3];
int lewvel;
int index;
double clique weight;
bool wvisited;
bool already checked;
double distance;
double displacement;
struct distance info t distance info[9];
struct cell t *next;
int square id;
int degree;

int net ent; //the number of nets that the cell belongs to

int nets index[3]; //indices of the nets array

T'o v avomtopacToch TOV nets ypnGWOoTOoleEiTal TO struct:

struct net t {
int connectionsCtr;
gtruct cell t **connections;
int connectivity;

} *nets;

T v avomopAcToch TOV YOUULOY YO CLULOTOLEITAL TO Struct:

struct row t{
double x1;
double x2;
déeuble yl;
double y2;
double area;
double density;
double left most;
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double right most;
bool legalized;
b

YUVOPTNGELS OV ¥PNGLUOTOOUVIAL Y10, opylkomoinon / evnuépmon TvAKmV Kol

ueTaANTOV:

A% 1 *
/* Marks all movable cells as "unplaced" and "unchecked". */
void init cells info() {

dmt.

for (i = 0; 1 < movablesCtr; i++) {

movable cells list[i]->placed = false;
movable cells list[i]->already checked = false;
movable cells list[i]l->net cnt = 0;
}
}

foe 2 Ry
/* Initializes the net ralated info. */
void init nets info() {

int 1 = 0;
for (i = 0; 1 < netsCtr; i++) {
nets[i].connectivity = 0O;
nets[i] .hasPin = false;
}
}
4% 3 *y

/* Initializes the row related info. */
void init rowslist() {
int number of rows = (int) (coreAreaHeight / stdCellHeight) ;

rows list = (struct row t **)malloc(number of rows * sizeof(struct
row t *));
TE. 1.8
for (i = 0; i < number of rows; i++) {
rows list[i] = (struct row t *)malloc(sizeof (struct row t));
rows list[i]->x1 = 0.0;

coreAreaWidth;
i * stdCellHeight;
(1 * stdCellHeight) + stdCellHeight;

rows list[i]->x2
rows list[i]->yl
rows list[i]->y2

rows list[i]->density = 0.0;
rows list[i]->area = stdCellHeight * coreAreaWidth;
rows list[i]->left most = 0;
rows list[i]->right most = coreAreaWidth;
}
}
/* 4 */

/* Initializes the arrays used in 4th algorith which contain info about
the rows. */
void init arrays(int *rowcount, double *rowlength, struct cell t
**rowcells, int ROWSIZE) {

int 1 = 0;

int number of rows = (int) (coreAreaHeight / stdCellHeight) ;

for (i = 0; i < number of rows; i++) {
rowcount[i] = 0;
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}

rowlength[i] = ;
rows list[i]->legalized

false;

}
for (i = Q3
rowcells[i]

i < ROWSIZE;
NULL;

i++) {

}

J* B F

void refresh cell coordinates(struct
imt
for (j = 0; j < count; Jj++) {

cells arrayl[jl->coordinates x

cell t **cells array, int count) {

cells arrayl[jl->centerX - (cells arrayl[jl->sizeX L 2.0);

cells arrayl[jl->coordinates y

cells arrayl[jl->centerY - (cells arrayl[jl->sizeY / 2.0);

Advop1Quoc Tetris

void basicTetris (double coreHeight,

double coreWidth, double cellHeight,

struct cell t ** movable cells, int movable cells cnt) {

int 1 = 0;
int j = 0;

double best = 0 3
double cost = o 2

int best row = 0;

leftCtr L

il oty =
rightCtr = 0;

inkt

int number of rows =

quicksort (movable cells,

0, movable cells cnt - 1,

(int) (coreHeight / cellHeight) ;

ST

for(i=0; i < movable cells cnt; i++){

best DBL MAX;

for(j = 0; j < number of rows

;oJ+H) o

if(rows list[j]l->left most + movable cells[i]->sizeX >

coreWidth) {

continue;

cost

2+0)) s
if (cost <= best){
best costs
best row -

}

movable cells[i]->displacement
rows list[best row]->left most - (movable cells[i]->sizeX / 2.

sqrt(pow((rows list[j]->left most +

(movable cells[i]->sizeX 1 2.0) - movable cells[i]->centerX), 2.0)
pow((rows 1list[j]l->yl + ((rows list[]j]l->y2 - rows list[j]->y1) £
movable cells[i]->centerY,

+
0)) -

abs (movable cells[i]->centerX -

)) +

abs (movable cells[i]->centerY - rows list[best row]->yl -

((rows list[best row]->y2 - rows list[best row]->yl) {2
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movable cells[i]->centerX = rows list[best row]->left most +
(movable cells[i]->sizeX / 2.0);

movable cells[i]->centerY = rows list[best row]->yl +
((rows list[best row]->y2 - rows list[best row]->yl) f 2.0) 3

refresh cell coordinates(movable cells, movable cells cnt);

rows list[best row]->left most = rows list[best row]->left most
+ movable cells[i]->sizeX;

}

}

Ipmtoc aiydpiBuoc

void legalizer 1 () |
o il ol i o B
init cells info();
init nets info();
init rowslist();
//calculate the number of movable cells in each net
calculate net connectivity();
//sort nets in descending order by their connectivity number
netMergeSort () ;
//legalization
legalize cells();
}

/* Calculates the number of movable cells for each net

in the nets array and stores it at connectivity member variable.
o
void calculate net connectivity() {

int i, gz

for(i = 0; i < netsCtr; i++) {

for(j = U; j < nets[i].connectionsCtr; j++) {
if('nets[i].connections[]j]->terminal) {
nets[i].connectivity++;

}

}

void legalize cells() {
int i, j, movables count;
struct cell t ** movables;

for(i = 0; i < netsCtr; i++) {
movables count = 0;
movables = (struct cell t **) malloc(nets[i].connectionsCtr *
sizeof (struct cell t *));
for(j = 0U; j < nets[i].connectionsCtr; j++) {

if(('nets[i].connections[]j]l->terminal) &&
('nets[i].connections[]j]l->placed)) {
movables [movables count] = nets[i].connections[]];
movables count++;
//mark this cell as placed
nets[i].connections[j]->placed = 1;
}
}
// do not run tetris for trivial nets (with zero-unplaced cells)
if (movables count > 0) {
basicTetris (coreAreaHeight, coreAreaWidth, stdCellHeight,
movables, movables count);
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}
}

free (movables) ;

Agbtepoc aryop1Buoc

void legalizer 2() {
LAAREE Anfs
init cells info();
init nets info();
init rowslist();
//calculate connectivity
calculate connectivity between nets();
//sort nets in descending order by their connectivity number
netMergeSort () ;
//legalization
legalize cells();

void calculate connectivity between nets() {
//find how many cells each net shares with other nets

for(int i = 0; 1 < netsCtr - 1; i++) {
for(int j =1 + 1; j < netsCtr; j++) {
for(int k = 0; k < nets[i].connectionsCtr; k++) {
for(int 1 = 0; 1 < nets[]].connectionsCtr; 1++) {
if(strcmp(nets[i].connections [k]->name,
nets[j].connections[l]->name) == 0) {

nets[i].connectivity++;
nets[j].connectivity++;
break;

Tpitoc arydp1uoc

void legalizer 3() {
int number of rows = (int) (coreAreaHeight / stdCellHeight) ;

int cells with pins cnt = 0; //the number of cells that belong to
nets with pins
int 1 =0, 3 =0, k=20,

gtruct cell t **cells with pins;
struct cell t **cells without pins;

//initialize info
init cells info();
init nets infol()
init rowslist();

//find how many cells belong to nets that have pins

cells with pins cnt = cells in nets with pins();

cells with pins = (struct cell t
**)malloc(cells with pins cnt*sizeof (struct cell t *));

//the remaining cells are (movablesCtr - cells with pins cnt)
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cells without pins = (struct cell t **)malloc((movablesCtr -
cells with pins cnt) *sizeof (struct cell t *));
//store cells to arrays
for(i = 0; i < movablesCtr; i++) {
if (movable cells list[i]->net cnt > 0) {
cells with pins[]j] = movable cells list[i];
4+ B B B
} else {
cells without pins[k] = movable cells list[i];
k++;

}

//sort cells in cells with pins array in ascending order by X
mergeSort(cells with pins, 0, cells with pins cnt);
//find best position for each cell that belongs to nets with pins
best position for cells(cells with pins, cells with pins cnt);
//apply tetris for remaining cells
newTetris (coreAreaHeight, coreAreaWidth, stdCellHeight,

cells without pins, movablesCtr - cells with pins cnt);

free(cells with pins);
free(cells without pins);

}

/* Marks the cells that belong to nets with 1 or 2 pins.
@return the total number of cells that belong to nets with 1 or 2
pins. Cells that belong to more
than one net with pin, are only counted once.
*
int ¢ells in nets with pins() {
int i, j, k;

int pin cnt = 0; //total number of cells that belong to a net with
pins
for(i = 0; i < netsCtr; i++) {
for(j = 0; J < nets[i].connectionsCtr; j++) {

//if the net has a pin
if(nets[i].connections[]j]->terminal) {
//go through the list of cells
for(k = 0; k < nets[i].connectionsCtr; k++) {
if('nets[i].connections[k]->terminal) {
//store the index of the net
nets[i].connections[k] -
>nets index[nets[i].connections[k]->net cnt] = i;
//update net counter for the cell
nets[i].connections [k]->net cnt++;
//update count that stores total number of cells
that belong to a net with pin
if ('nets[i].connections[k]->already checked) {
pin cnt++;
nets[i].connections[k]->already checked =

true;

}
}

break; //because the net has at least one pin

}
}

return(pin cnt) ;
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}

/* Finds the best position for each cell that belongs to nets with 1 or
2 pinss

@param cells with pins an array of cells that belong to nets with
pins

@param cells with pins cnt the length of the array */
void best position for cells(struct cell t **cells with pins, int
cells with pins cnt) {

int 1 = 0;

gtruct e¢ell t **ping;

for(i = 0; 1 < cells with pins cnt; i++) {
//create array for storing the pins
pins = (struct cell t **)malloc(cells with pins[i]-

>net cnt*sizeof (struct cell t #*));
//find the pin(s) that belongs to the same net with the current

cell
find pins(pins, cells with pins[i]);
switch (cells with pins[i]->net cnt) {
case
//if the net has one pin place the cell closer to that
pin

//place the cell as close as possible to the pin
place cell one pin(pins, cells with pins[i]);

break;

case
//place the cell in (yl1 + y2) / 2
place cell two pins(pins, cells with pins[i]);
break;

case 3
place cell three pins(pins, cells with pins[i]);
break;

default:
printf("Pin count %d \n", cells with pins[i]->net cnt) ;
break;

}

free(pins) ;

}

void find pins(struct cell t **pins, struct cell t *cur cell) {
int j =0, k= 0;
struct met t *cur net;

for(j = 0; j < cur cell->net cnt; J++) |
//find the net we are looking for by looking up its index in the
el dnfo

cur net = &nets[cur cell->nets index[]]];
//in that net, find the pins
for(k = 0; k < cur net->connectionsCtr; k++) {

//by checking if the cell is terminal
if (cur net->connections[k]->terminal) {
pins[Jj] = cur net->connections [k];

}

}

void place cell one pin(struct cell t **ping, struct cell t *ecur cell) A
int number of rows = (int) (coreAreaHeight / stdCellHeight) ;
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//find the cells in that row

int ROWSIZE = movablesCtr / 20;

// the number of cells in the row

int *rowcount = (int *) malloc(number of rows*sizeof (int)) ;

// the length of the cells that belong to the row

double *rowlength = (double *)
malloc(number of rows*sizeof (double)) ;

// the cells that belong to the row

gtruct cell t **rowcells = (struct cell t *¥%)
malloc(ROWSIZE*sizeof (struct cell t ¥*));

int preferred row;

double X coordinate;

//find the preferred row for the cell depending on the pin's

orientation
if(strcmp(pins[0]->orientation, "FS") == 0) {
//if the pin is at the top of the area
preferred row = (int) (coreAreaHeight / stdCellHeight) - 1;

//the last row
while ((rows list[preferred row]->right most -
rows list[preferred row]->left most) < cur cell->sizeX) ({
preferred row--;
}
}

else if(strcmp(pins[0]->orientation, "N") == 0) {
//if the pin is at the bottom of the area
preferred row = 0; //the first row

while ((rows list[preferred row]->right most -
rows list[preferred row]->left most) < cur cell->sizeX) ({
preferred row++;
}
}
else if(strcmp(pins[0]->orientation, "E") == 0) {
//if the pin's orientation is E
preferred row = pins[0]->centerY / stdCellHeight; //the same row
with the pin
if( (rows list[preferred row]->right most -
rows list[preferred row]->left most) < cur cell->sizeX) ({
preferred row = find new row(preferred row, cur cell);
}
rows list[preferred row]->left most = rows list[preferred row]-
>left most + cur cell->sizeX;
}
else if(strcmp(pins[0]->orientation, "FW") == 0) {
//if the pin's orientation is FW
preferred row = pins[0]->centerY / stdCellHeight; //the same row
with the pin
//printf ("\npreferred row : %d\n%d",
preferred row,number of rows);
if( (rows list[preferred row]->right most -
rows list[preferred row]->left most) < cur cell->sizeX) ({
preferred row = find new row(preferred row, cur cell);
//printf ("\nnew row : %d\n", preferred row);
}
rows list[preferred row]->right most = rows list[preferred row]-
>right most - cur cell->sizeX;

}

//place the cell in the preferred row

if (X coordinate <= coreAreaWidth /2.0y ¥
cur_ cell->coordinates x = rows list[preferred row]->left most;
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rows list[preferred row]->left most += cur cell->sizeX;

}

else {
cur cell->coordinates x = rows list[preferred row]->right most -
cur, cell=->gizeX;
rows list[preferred row]->right most -= cur cell->sizeX;
}
//cur cell->coordinates x = X coordinate;
cur cell->centerX = cur cell->coordinates x + (cur cell->sizeX ¥
) ;
cur cell->coordinates y = rows list[preferred row]->yl;
cur cell->centerY = cur cell->coordinates y + (stdCellHeight / 2.0);
cur cell->placed = true;

}

void place cell two pins(struct cell t **pins, struct cell t *cur cell)
{

int number of rows = (int) (coreAreaHeight / stdCellHeight) ;

int 1 = 0, preferred row, neighboring row;

double preferred row Y;

double X coordinate;

preferred row Y = (pins[0]->centerY + pins[l]->centerY) 7 2.0y
preferred row = (int) preferred row Y / stdCellHeight;
//because the pins are placed outside the area
if (preferred row >= number of rows - 1) {
preferred row = number of rows - 1;
while ((rows list[preferred row]->right most -
rows list[preferred row]->left most) < cur cell->sizeX) ({
preferred row--;
}
}
if (preferred row <= 0) {
preferred row = 0;
while ((rows list[preferred row]->right most -
rows list[preferred row]->left most) < cur cell->sizeX) {
preferred row++;
}
}

X coordinate = (pins[0]->centerX + pins[l]->centerX) / 2 :

//place the cell in the preferred row

if (X coordinate <= coreAreaWidth f 2 ) |
cur_ cell->coordinates x = rows list[preferred row]->left most;
rows list[preferred row]->left most += cur cell->sizeX;

}

else {

cur cell->coordinates x = rows list[preferred row]->right most -
cur cell->sizeX;

rows list[preferred row]->right most -= cur cell->sizeX;

}

//cur cell->coordinates x = X coordinate;

cur cell->centerX = cur cell->coordinates x + (cur cell->sizeX 7

)

cur cell->coordinates y = rows list[preferred row]->yl;

cur cell->centerY = cur cell->coordinates y + (stdCellHeight f 2y ;

cur:cell—>placed = true;
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vold place eell three pins(struct cell £ **ping, struert ¢ell t
*cur cell) |
int number of rows = (int) (coreAreaHeight / stdCellHeight) ;
int 1 = 0, preferred row, neighboring row;
double preferred row Y;
double X coordinate;

//centroid of the triangle

preferred row Y = ( /3) * (pins[0]->centerY + pins[l]->centerY +
pins[2]->centerY) ;

preferred row = (int) preferred row Y / stdCellHeight;

//because the pins are placed outside the area
if (preferred row >= number of rows - 1) {
preferred row = number of rows - 1;
while ((rows list[preferred row]->right most -
rows list[preferred row]->left most) < cur cell->sizeX) ({
preferred row--;
}
}
if (preferred row <= 0) {
preferred row = 0;
while ((rows list[preferred row]->right most -
rows list[preferred row]->left most) < cur cell->sizeX) {
preferred row++;
}
}

X coordinate = ( /3) * (pins[0]->centerX + pins[l]->centerX +
pins[2]->centerX) ;
//place the cell in the preferred row
if (X coordinate <= coreAreaWidth / 2.0) {
cur_ cell->coordinates x = rows list[preferred row]->left most;
rows list[preferred row]->left most += cur cell->sizeX;

}

else {
cur cell->coordinates x = rows list[preferred row]->right most -
cur cell->sizeX;
rows list[preferred row]->right most -= cur cell->sizeX;
}
cur cell->centerX = cur cell->coordinates x + (cur cell->sizeX /
)i
cur cell->coordinates y = rows list[preferred row]->yl;
cur cell->centerY = cur cell->coordinates y + (stdCellHeight ] 2.0);

cur cell->placed = true;

}

int find new row(int cur row, struct cell t *cur cell) {
int number of rows = (int) (coreAreaHeight / stdCellHeight) ;

e 1 = 1
bool found = false, foundl = false, found2 = false;;
int bestl, best2, best = -1;

while (!'found) {

if(cur row - i >= 0) {
if ((rows list[cur row-i]->right most - rows list[cur row-i]-
>left most) > cur cell->sizeX) {
bestl = cur row - i;
foundl = true;
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}
}

if(cur row + i < number of rows) {

if ((rows list[cur row+i]->right most - rows list[cur row+i]-
>left most) > cur cell->sizeX) {
best2 = cur row + 1i;
found2 = true;

}
}
if (foundl && found2) {
if( (rows list[bestl]->right most - rows list[bestl]-
>left most) > (rows list[best2]->right most - rows list[best2]-
>left most)) {

best
} else {
best = best2;

bestl;

}
found = true;
}
else if(foundl) {
best = bestl;
found = true;
}
else if(found2) {
best = best2;
found = true;
}
else {
i++;
}
}
return best;

}

void newTetris (double coreHeight, double coreWidth, double cellHeight,
struct cell t ** movable cells, int movable cells cnt) {

int 1 = 0;
int j = 0;
double best = 0.0;
double cost = o 2
int best row = 0;

int leftCtr = 0;
int rightCtr = 0;

int number of rows = (int) (coreHeight / cellHeight) ;
quicksort (movable cells, U, movable cells cnt - 1, 'X');

for(i=0; i < movable cells cnt; i++){
best = DBL MAX;

for(j = 0; J < number of rows; Jj++){
if( (rows list[j]->right most - rows list[j]->left most) <
movable cells[i]->sizeX) {
continue;

}

49

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 17:38:30 EEST - 3.135.194.212



cost = sqrt(pow((rows list[j]->left most +

(movable cells[i]->sizeX 1 2.0) - movable cells[i]->centerX), 2.0) +
pow((rows 1list[j]l->yl + ((rows list[]j]l->y2 - rows list[j]->y1) / 2.0)) -
movable cells[i]->centerY, 2.0));
if (cost <= best){
best = cost;
best row = j;
}
}
movable cells[i]->displacement = abs(movable cells[i]->centerX -
rows list[best row]->left most - (movable cells[i]->sizeX / 2.0)) +
abs (movable cells[i]->centerY - rows list[best row]->yl -
((rows list[best row]->y2 - rows list[best row]->yl) £ 2.00) 5
movable cells[i]->centerX = rows list[best row]->left most +
(movable cells[i]->sizeX / 2.0);
movable cells[i]->centerY = rows list[best row]->yl +
((rows list[best row]->y2 - rows list[best row]->yl) f 2 0) &
refresh cell coordinates(movable cells, movable cells cnt);
rows list[best row]->left most = rows list[best row]->left most

+ movable_ceils[i]—>sizex;
}
}

Tétoprtoc arydpOuoc

void legalizer 4() {

int i = 0, mid pos = 0;
//number of cells of a row that moved to neighboring rows
int moved cells = 0;

int number of rows = (int) (coreAreaHeight / stdCellHeight) ;

/* ROWSIZE: The estimated number of cells that could fit in a row.
It should

be a large enough number but smaller than movablesCtr. */

int ROWSIZE = movablesCtr / 20;

// the number of cells in the row

int *rowcount = (int *) malloc(number of rows*sizeof (int)) ;

// the length of the cells that belong to the row

double *rowlength = (double *)
malloc(number of rows*sizeof (double)) ;

// the cells that belong to the row

struct cell t **rowcells = (struet cell t **%)
malloc(ROWSIZE*sizeof (struct cell t ¥*));
double offset = 0.0;

i dbintail oflle b ok o)

init cells info();

init rowslist();

init arrays(rowcount, rowlength, rowcells, ROWSIZE) ;

//place cells to their default row and calculate the length and
number of cells of each row
calculate rows (rowlength, rowcount);

//first, legalize rows where rowlength <= coreAreaWidth (all cells
s M
for(i = 0; i < number of rows; i++) {
if(rowlength[i] <= coreAreaWidth) {
//find the cells that belong to the current row
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find cells in a row(rowcells, rowlength, rowcount, i,
ROWSIZE) ;

//sort cells according to X-coordinate

mergeSort (rowcells, 0, rowcount[il]) ;

//find the index of the middle cell

find middle cell(rowcells, rowcount[i], rowlength[i],
&offset, &mid pos);

//place the middle cell in the middle of the row

rowcells[mid pos]->centerX = (coreAreaWidth -
rowlength[i])/2.0 + offset + (rowcells[mid pos]->sizeX / 2.0);

rowcells[mid pos]->coordinates x = rowcells[mid pos]-
>centerX - (rowcells[mid pos]->sizeX I 2.0);

//legalize the row
legalize single row(rowcells, rowlength, rowcount, i,
mid pos) ;
//mark this row as legalized
rows list[i]->legalized = true;
}
}
//then, legalize the remaining rows, by moving cells that don't fit
to neighboring legalized rows
for(i = 0; 1 < number of rows; i++) {
if(rowlength[i] > coreAreaWidth) {
//find the cells that belong to the current row
find cells in a row(rowcells, rowlength, rowcount, i,
ROWSIZE) ;
//sort cells according to X-coordinate
mergeSort (rowcells, 0, rowcount[il]) ;
//find the index of the middle cell
find middle cell(rowcells, rowcount[i], rowlength[i],
&offset, &mid pos);
//place the middle cell in the middle of the row

rowcells[mid pos]->centerX = (coreAreaWidth -
rowlength[i])/2.0 + offset + (rowcells[mid pos]->sizeX [ 2.0);

rowcells[mid pos]->coordinates x = rowcells[mid pos]-
>centerX - (rowcells[mid pos]->sizeX f 2.0)

//legalize cells to the left side of the area

legalize cells to the left(rowcells, rowlength, rowcount, i,
mid pos, &moved cells) ;

//legalize cells to the right side of the area

legalize cells to the right(rowcells, rowlength, rowcount,
i, mid pos, &moved cells);

rowcount[i] -= moved cells;

rows list[i]->legalized = true;

}

/* Calculates length and number of cells for all rows.

Places cells to their "default" row depending on the centerY
codidinate.

@param rowlength the length of the row

@param roucount number of cells in the row

o
void calculate rows (double *rowlength, int *rowcount) {
bk 1 g -
int number of rows = (int) (coreAreaHeight / stdCellHeight) ;
int cur row = 0, j = 0;
bool foundRow = false;
for(i = 0; i < movablesCtr; i++) {
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cur row = 0;
foundRow = false;
while (cur row <= number of rows && !foundRow) {
if (movable cells list[i]->centerY <= rows list[cur row]->y2
&& movable cells list[i]->centerY >= rows list[cur row]->yl) {
// if cell's centerY is within the row, place it in this
row
movable cells list[i]->centerY = rows list[cur row]->yl
+ (stdCellHeight / 2.0);
movable cells list[i]->coordinates y =
rows list[cur row]->yl;
// update info related to current row
rowcount [cur row]++;
rowlength[cur row] += movable cells list[j]->sizeX;
foundRow = true; // stop searching row
} else {
// else check next row
cur row++;

}

/* Finds the cells that belong to a row and stores them in rowcells
array.

@param rowcells an array where we store the lists of cells

@param rowlength an array where we store the length of each row

@param rowcount an array where we store the number of cells of each
row

@param cur row the row we are examining

@param ROWSIZE the maximum number of cells that could fit in a row
#f
void find cells in a row(struct cell t **rowcells, double *rowlength,
int *rowcount, int cur row, int ROWSIZE) {

int 1 = 0;

// initialize info for current row
rowlength[cur row] = 0.0;
rowcount [cur row] = 0;

for(i = 0; i < movablesCtr; i++) {

if (movable cells list[i]->centerY < 0.0 ||
movable cells list[i]->centerY > coreAreaHeight) {
printf("cell center out of core area\n");

}
if (movable cells list[i]->centerY == rows list[cur row]->yl +
stdCellHeight/2.0) {

rowcells[rowcount[cur row]] = movable cells list[i];
rowcount [cur row]++;
rowlength[cur row] += movable cells list[i]->sizeX;

/* Finds the index of middle cell in the given row.
Places the cells in line until we reach length = coreAreaWidth / 2,
that 18 the middle of the line.
@param rowcells an array where we store the lists of cells
@param rowcount the number of cells of the row
@param rowlength the length of the row
@param offset the length of the cells when placed in a line
@return the index of the middle cell in the rowcells array
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*7
void find middle cell(struct cell t **rowcells, int rowcount, int
rowlength, double *offset, int *mid pos) {

ink 1 = 0;

(*offset) = 0.0;

(*mid pos) = 0;

for(i = 0; i < rowcount; i++) {

(*offset) += rowcells[i]->sizeX;
if ((*offset) >= rowlength/2.0) {

(*offset) = (*offset) - rowcells[i]->sizeX;
(*mid pos) = i;
break;

}

/* Legalizes a single row where rowlength <= coreAreaWidth. */
void legalize single row(struct cell t **rowcells, double *rowlength,
int *rowcount, int cur row, int mid pos) {

TRE o = s

//update row info

rows list[cur row]->left most = rowcells[mid pos]->centerX -
(rowcells[mid pos]->sizeX L 20 5
rows list[cur row]->right most = rowcells[mid pos]->centerX +
(rowcells[mid pos]->sizeX / 2.0);
//first, place remaining cells to the left of the middle cell
for(i = mid pos - 1; 1 >= 0; i--) {
rowcells[i]->centerX = rows list[cur row]->left most -
(rowcells[i]->sizeX/2.0) ;
rowcells[i]->coordinates x = rowcells[i]->centerX -
(rowcells[i]->sizeX / 2.0);
rows list[cur row]->left most = rowcells[i]->coordinates x;

}
//then, place remaining cells to the right of the middle cell

for(i = mid pos + 1; i < rowcount[cur row]; i++) {
rowcells[i]->centerX = rows list[cur row]->right most +
(rowcells[i]->sizeX / 2.0);
rowcells[i]->coordinates x = rowcells[i]->centerX -
(rowcells[i]->sizeX / 2.0);
rows list[cur row]->right most = rowcells[i]->coordinates x +
rowcells[i]->sizeX;
}
}

/* Tries to add a cell to the left most of the row. If the cell does
not fit, it is plaged in a neighbeoring
legalized row. */
void legalize cells to the left(struct cell t **rowcells, double
*rowlength, int *rowceunt, int cur row, int mid pos, int *moved cells)
int 1 = 0, neighboring row = 0;

//update row info

rows list[cur row]->left most = rowcells[mid pos]->centerX -
(rowcells[mid pos]->sizeX L 2.0);
for(i = mid pos = 1; 1 >= 0; i--) {
//if the cell does not fit in the row, find a neighboring row
if ((rows list[cur row]->left most - rowcells[i]->sizeX) < 0.0)

{

{

find neighboring row(cur row, rowlength, rowcells[i]->sizeX,

&neighboring row, LEFT) ;
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//place cell to the found row

rowcells[i]->centerY = rows list[neighboring row]->yl +
stdCellHeight/2.0;

rowcells[i]->coordinates y

rowcells[i]->coordinates x

rows list[neighboring row]->yl;
rows list[neighboring row]-

>left most - rowcells[i]->sizeX;

rowcells[i]->centerX = rows list[neighboring row]->left most
- (rowcells[i]->sizeX/2.0);

//update row info

rows list[neighboring row]->left most = rowcells[i]-

>coordinates x;
rowcount [neighboring row]++;
rowlength[neighboring row] += rowcells[i]->sizeX;
rowlength[cur row] -= rowcells[i]->sizeX;
moved cells++;

}

else {
//else place the cell to the current row
rowcells[i]->centerX = rows list[cur row]->left most -
(rowcells[i]->sizeX/2.0) ;
rowcells[i]->coordinates x = rowcells[i]->centerX -
(rowcells[i]->sizeX / 2.0);
rows list[cur row]->left most = rowcells[i]->coordinates x;

}

}

/* Tries to add a cell to the right most of the row. If the cell does
not fit, it is placed in a neighboring
legalized row. */
vold legalize cells to the ridght(struet cell t **roweells, double
*rowlength, int *rowcount, int cur row, int mid pos, int *moved cells) ({
int 1 = 0, neighboring row = 0;

//update row info

rows list[cur row]->right most = rowcells[mid pos]->centerX +
(rowcells[mid pos]->sizeX / 2.0);
for(i = mid pos + 1; i < rowcount[cur row]; i++) {

if ((rows list[cur row]->right most + rowcells[i]->sizeX) >
coreAreaWidth) {
find neighboring row(cur row, rowlength, rowcells[i]->sizeX,
&neighboring row, RIGHT) ;
//place cell to the found row
rowcells[i]->centerY = rows list[neighboring row]->yl +

stdCellHeight/~ ;
rowcells[i]->coordinates y = rows list[neighboring row]->yl;
rowcells[i]->centerX = rows list[neighboring row]-

>right most + (rowcells[i]->sizeX/2.0) ;
rowcells[i]->coordinates x = rows list[neighboring row]-

>right most;

//update row info

rows list[neighboring row]->right most = rowcells[i]-
>coordinates x + rowcells[i]->sizeX;

rowcount [neighboring row]++;

moved cells++;

rowlength[neighboring row] += rowcells[i]->sizeX;

rowlength[cur row] -= rowcells[i]->sizeX;
}
else {
rowcells[i]->centerX = rows list[cur row]->right most +
(rowcells[i]->sizeX/2.0) ;
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rowcells[i]->coordinates x = rowcells[i]->centerX -

(rowcells[i]->sizeX / 2.0);
rows list[cur row]->right most = rowcells[i]->coordinates x
+ rowcells[i]->sizeX;
}

}
}

/* Finds the first available legalized row above or below the current
row that has room for a cell of sizeX.

(Legalized rows are rows that have been legalized in the previous
step of the algorithm and have rowlength <= coreAreaWidth,

so they may have room for more cells.)

@param cur row the current row

@param rowlength an array where we store the length of each row

@param sizeX the size of the cell to be placed

@param neighboring row for storing the index of the row where the
cell should be placed

@param side an integer indicating that we are placing a cell to the
left/right of the middle cell in order to check if
34
void find neighboring row(int cur row, double *rowlength, int sizeX, int
*neighboring row, int side) {

int number of rows = (int) (coreAreaHeight / stdCellHeight) ;

double min, minl, minZ2;

int i, best row, bestl, best2;

int limit, offset, row up, row down;

bool foundRow, foundUp, foundDown;

//init wvalues

minl = min2 = rowlength[cur row];
bestl = bestZ = cur row;

foundUp = foundDown = false;
offsst = 1;

limit = 4;

foundRow = false;

while (! foundRow) {
//check for room in cur row = i where i = [offset, limit]
for(i = offset; i < limit; i++) {
//first check cur row + i
if(cur row + 1 < Humber_of_rows && !'foundUp) {
//if we are searching the left side of the area

if(side == LEFT) {
if(rows list[cur row + i]->legalized &&
rows list[cur row + i]->left most - sizeX >= 0) {
minl = rowlengthl[cur row + 1i];
bestl = cur row + 1i;

foundUp = true;
}
}
//if we are searching the right side of the area
if(side == RIGHT) {
if(rows list[cur row + i]->legalized &&
rows list[cur row + i]->right most + sizeX <= coreAreaWidth) {
minl = rowlength[cur row + 1i];
bestl = cur row + i;
foundUp = true;
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//then check cur row - i

if(cur row - i >= && !'foundDown) {
if(side == LEFT) {
if(rows list[cur row - i]->legalized &&
rows list[cur row - i]->left most - sizeX >= 0) { //? <=7
min2 = rowlength[cur row - 1i];
best2 = cur row - i;
foundDown = true;
}
}
if(side == RIGHT) {
if(rows list[cur row - i]->legalized &&
rows list[cur row - i]->right most + sizeX <= coreAreaWidth) {
min2 = rowlength[cur row - 1i];
best2 = cur row - i;
foundDown = true;
}
}
}
if(foundUp || foundDown) {
break;

}
}
//if no row was found, increase offset and limit values and

search again

if('foundUp && !foundDown) {

offset = limit;

limit += 2;

foundRow

false;
}
else {
foundRow = true;
//if 2 rows where found, choose the one with the smallest
rowlength
if (foundUp && foundDown) {
if(minl < min2) {
best row = bestl;
}
else {
best row = best2;
}
}
else if (foundUp) {
best row = bestl;
}
else if (foundDown) {
best row = best2;
}
else {
printf("best row not found\n");
}
}
}
if(best row < 0 || best row > number of rows) {
printf("best row out of area %d\n", best row) ;

}

(*neighboring row) = best row;
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