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ABSTRACT

This thesis describes the attempt to improve the optimization technique for circuit partitioning
problem. Partitioning the circuit into smaller subcircuits is required as the first step in IC physical
design automation inorder to reduce the connection among them. The better effect will reflect the
better routing area of the layout. Owing to the tremendous complexity of the recent VLSI chip,
the solution set to this problem is enormous accordingly. The optimization process may take a
long time to reach the desired solution when applying the simulated annealing directly.
Meanwhile, the huge storage is needed when the genetic algorithm is applied. The proposed
algorithm which is fallen into the class of the hybnid algorithm yields the improving speed with
moderate storage. The genetic algorithm is first used to find the initial solution. The solution is
then classified into upper and lower sets. The simulated annealing is next applied to the selected
set, where the cost function is considered. Experiment results have shown its advantages when

compared to the traditional optimization techniques.
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é Tl sy d.
Complete (Non-Deterministic Polynomial Complete) Wﬂ‘lun?’ﬁmﬂﬂﬂi%uﬁ’ﬂmﬁﬂaiﬂﬂﬁﬁs‘i
@ ' =
mﬂunmw*«gum Liﬁ&ﬂﬂgﬁ'lﬂ'l‘i‘ilﬂﬂ@ﬂﬁlﬂiLﬂuﬂi‘gﬁﬂl‘iﬂﬂli’]dﬂ'!'iﬁ‘EJﬂELUU’Nili‘i'J!J‘i’l’]\iﬂ'ltl
o = l& o ' 1 1 (- '
ﬂ'IWLL'UlIEJWTLIHﬂ ‘D’Qﬂaﬁlﬂw‘lﬂﬁllf’{ﬂﬂgﬂ"lﬂﬁﬂﬂﬂQN'Nﬂ‘iﬂi’ﬁﬁﬂﬁﬁaﬂﬂgﬂ’iﬂﬁ‘ﬂﬂ'é“lﬂﬂi}ﬂ'”%i

uarM 3oy leanguates

24 ﬂ'ISB?Jﬂ!L‘UU'NiJii?N1N‘§$ﬁ‘Uﬂ1ﬂﬂ1W

Circuit Design

Partitioning =

Yes can

Timing | size constraints re-fioorplan

Fiocorplanning
and
Placement

s No
I\ size violations
timing violations No
Yes Can be

fixed by
rerouting

Routing

Compaction

Extraction &
Verification

Fabrication

. 3
7 2.1 nansduAouMIEDNLUL TN TUTEAUMEN N
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nngtii 2.1 mavenuuueessmluszdumenm  wisilymesniily 2 amlng fie
2.1.1 UM 39@ 213 (Placement)
L4 ¥

mstansduminaniuiuaougatisveimsianuwuudwudu nendnnmiia

" o & o 1 A o
nauasHarAI A Fadlumsmidumifangauuaeanldanuenlaodsznuues
mwdyaraimua msvanadunisyeldisaansaden Tosmedygiudig ldazan
! ] o o d' - ol d'ﬂ ar 1 .
Ju dmFuswan m 2903 Temafifamsianeeesnaaiuld mt upulaelisauasesiilu

b

Rotation-Imaging 1@1& Mirror-Imaging N139A219AINITUINTG Wiring NINUAYDIIU 1Y
WmuedeIfiduniveudetuduiiqe vielinnumuunivveuduyeuderiosiiga n1sia

& | e 3/ 9 ¢ as @ ' ﬂ aa
Muagivanuivesdesniuniudiulasiaiig iazaimaianauioenilu 3 35 lay
A5179

Constructive Initial Placement (18 193903 19(55A 1) o150 5150 NABANIEH 1192403
usidosiuiiusuduusn

Branch-and-Bound Methods 11015612995 vinngu Ingje Wil undudeslaviiarsan
ANUFURUT Y

An Interactive Re-Placement Procedure 19511192995 in151)Asuniasudonlvanns
A '
1FounAD

2.1.2 ymimsienled (Routing)

- & v o o 1 A = c; [~ 5 & o ' [}

AomsiyoudonanTuA1eY taz O Miyou Tvsezifadu ldfaolensudiumi i

A 1 ar -l o . 1 P [ 9 e 9 9/
upuYBIIRIIIABLADIZAD MI WAL tTliueUvess ignianelIG sufeouds Jo
o & - 8/ 1 & o 3’ & - o 4‘4
Avuavesilgrimadon losdaszdes luiiansdnlsesiurasninndinisgen losuazeg
; o 4 4 2 a s & o

douveoulosmwdgaaldasudou denmisionloszivszaniamameslaiuvvegiu
UszdAnFamvesn1sinag uaglszaninmmayon loslaonse

uazngUi 2.1 szmnldhns Sanguniensniinguaisssdananetuneudauuaye

v
o ar

= ; = oo 4 £ o i & a’/’
ﬂduuiuﬂﬁ’lﬂﬂﬂl‘ﬁﬂﬂﬁ‘]i]Ulﬁﬂmuﬂ'ﬁﬂﬂﬂqu’Nﬂﬁ*‘NL{Iu‘UUQBHLHﬂ'ﬂ?NﬂﬁE]E)ﬂu'UU‘Ni]‘i
=

o & 7 o 1 ci aa = 1 as A.l -'5
'sau“luisﬂumﬂmw Na‘ﬂulﬂi]']ﬂﬂ'li‘ﬂﬂﬂQN’Nﬂiﬂﬂ‘ﬂzﬂﬂ‘nﬁWﬁﬂﬂﬂ1ii]ﬂ’JNLl,ﬁzﬂ'\SL‘]iBiJiﬂdﬂ

Hlszansniwn [14]

2.2 gluuunazmsmruaifyinsdANguII93 (Models and Definitions)
Pamnmsdanguiadiuilynnlsanniduiioundn Hywlszinni Lif3sms e 14ud

T 18 Tlaoassnelunamu SidealdiEnmawadlamonilynmis oty

famsaudle1ddw3snmslan M lunamyuw Fsdmeui l8nnnsudalusinSou

wiiauiludmouvesilyvudu [151(16]
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M3FUAUMITANGHIINTNINATUNY Circuit Network A2tn51 G(V.E) fagilfl 2.2 udag
20951U52NPUAWNIUTAHADI ALY @3 MMuA V (Vertex) MNUAKNTAUARLINITHAY
E(Edge) inuanuduiuiseniness 1 c, fluanuduiusvouduionlos (Edge) Midon
AB52M I3 Vertex i uaz j Amualiiduda (Cu) utiangu A uaz B 31 B = v-a 0214 c,, ilu

HAIIVBIMANUFURUTIZHINNAUAULINN Vertex

C.—IB o7 ZZCU (21)

1ed JeB

msuianguluiifiiduniy Two-Way Partitioning Problem feujsilymeoniduasina

vioanangu lavoifunanmsutwyy Bisection Avtaaznguiiiiavsiivunamim

U0 2.2 wARIMITUNLNGRIIT (Cireuit Network) #2005 17

aziunimwsﬁagiugﬂmm Hypergraph Qmmuﬁaunithznﬂaﬁmﬁuu'aﬂq'mm‘u
Bisection Two-way. Partitiofiing 92 |4 1nsuiiannsofiaty ldumuss MR INMIADY
gounufmnouiiangautivon. uanedaglit 23 moluns@fiswouasesinnn  Awmoui
annsaifatu Iddeniidudmaiiann atsfozmmniaentiudomiidenannn fufums
mﬁmﬂuﬁmm:ﬂumﬂunmﬁ‘sam?'aﬁqﬂ ﬁa‘lfuﬂu‘iﬁ'uﬁqﬂfhﬁqgﬂﬁmﬂ%“lumiaan

UV IVUDUOA TUIA
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cell net

a0 : a2 p2 ok
5 Q)
p1 Pl
© Hpergraph mgp (O
al a3 p3
(3) @
area at a3 p3

4 celis 3 pads 5nets. 13 pins. 7 modutes

cut line
I
? B
¢ a3 ¢

e a7 g3

4 + Ao | ! y AR AL A
3UN 2.3 msimuiyrimsianquaseifisns uasmsmidineufinatu

Ay oo ! . .
2.3 1whvisnens wamﬁummmsﬁ'ﬂnqn (Cost Function or Constraints)
(Y] U qye A v @ dd a 9 1o ' 3 9
Tymimsianguassiifidhmnuieszaanmuduiusinennmsdhunguiuilios
Eﬂl é ' 5 d‘ o ' 1 ar ﬂ’: o
NgadsszanalimsiFenlesmodgarassninenguuedinsanns  aaiudedvuaves
Uymindiiededio [16)[17)(18][19] nisaanamduiutalsuonszniunguiuliiosiiqa

(Minimize external wiring)

cost =Y wie) (2.2)

ece'V

- . [ (N A 1 1
w(e) M50 Weight UM Edge e voansasvsunusmauanuduiusseninngy W iy
° ,.:’ & a " 1 [ . < '
$1uuveudu Edge visvuainaninnisutisngy Headuidhnune (Cost Function) fifiam

o o o 1 ' o Ei 9/ 9/ 1 i ' 9
ANuAHESI T InguAataumsf 2.2 Sldininguesnidu k nguleold p) uans
1MUY Node u @n12g e €y mwnsnou 18wl e = (wv) uaz p) # pv) @wnsn

- d‘.
I.‘UU'H&]‘H qAuUNIIN 2.3
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Cost = > wie) (2.3)

Ve=(u,v)&p(u)=p(v)

Cost iflumasamosnamdniugssnienguitiiniy dremnsaaamnnuduiugi 14 oz
danadonsaamsnsmianawesdyg uuazaanai 19 lumsidon Tos

YUIAYBINGUATANLY (Bounded Size Partitioning) Msttiarsvseenidu 2 dauan'ld k
au uilym K-Way Partitioning Taea 'l iaﬁ'aﬁwewmﬂgﬂuﬁmTﬁu'ff‘i:iwuawmmm’

1 ' c; PN, 9 ]
AZ2993000 YUIAYDINVTOUN i Avua lay Zve,. s(v) Shuuavensdomily A wld

AuNIIN 2.4

Do S S A (2.4)

nstianguaeseeniluaesdau Taslivinamindusiiamsg den

|V,|:Zs(v)s[%2s(v)]=%|vi (2.5)

vel;

" ¥
Taod [V | uaz [7] duwnneveusa ¥, vzl awdau Handasesiamuafivuiaifsaiy
: n
aun1si 2.5 wwanzilihy n<o (2.6)

#1 n, uaz a Jusiumndnees ¥, uas ¥ awda
msdanguasssensziiaungivhlifadunsfiimswminvesdyanaanniga

1 ¥ "
(critical path) MBYIEHANIUIMATINITULNNGY MIUUINIDIWITYNIUITHIINGUAN

'
@/

{luesfilsznouiidiAgidesiosanlunsnse®msianguiees = (paritioning  high

performance circuits)

2.4 madalumsmmaeuiidiuuemag

mnn‘nﬁi‘]ﬁgmmﬁﬂntjmqmﬂui‘]tgmﬂmﬂw NP  Complete  (Non-Deterministic
Polynomial Complete) &4 1135 mslafildudilym 14 Tavassmeluan g ﬁu'fuﬂ:ym
msdanguasesiadiuilgmmsmmfimngaumolunaidmua sldindfonarin g
Aumismsaeg efiesmdmeuvesdlaymidang1d eriau

2.4.1 Kernighan-Lin algorithm

Kernighan-Lin algorithm [2][14][19] i1 iterative improvement algorithm ﬁm%’maﬁ'i‘]mﬂm

TWPP (Two-Way Partitioning Problem) (3u@u9nn1sutianguluniausn (initially partitioning)
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G(V.E) ilu 2 daufifiviianinu §ueanguiees (Vertex pairs) Hnsulaoudumanlian
Cost waonTangii 2.4 (a) misngueenidlu A {1234} 7 B = {5,6,7.8} Henguaangy
= = ar e i =

2393 N9z/Auunadns lumsann1ves Cost 1A 1Hann

D(i) = In_edge(i) — Out edge(i) 2.7
Taoh In_edge(i) tunnnuduiusszning Verex nmolunguifoaniu dau Out_edge(i) 1ilu
" o s 4 e 1 1 % o ol [V
manuduiuinegangy  msudilymiegluglves Square Matrix ¢ WAdWSYDIMITA

nquez 1diwa A o B Tagi (A] = B|=nuaz AN B % & fvuaves Costidlu T
i (2.8)

aeA heB

naansyeansudayvinzunaaseglugili 2.4 (v)

(a) Initial Bisections (b) Final Bisections

31N 2.4 nrsuyansliony bisection Taela KL algorithm

2.4.2 Fiduccia-Mattheyses Algorithm

Fiduccia-Mattheyses Algorithm [20] Wealw1191n35 KL TﬂﬂﬂguﬂidﬂWSgTU@:MGJ Vertex
dumsthoding Vertex 1#69 Adwngu Wumsuisnguuuivinayesnguiiaiu nséhe
Vertex i l¥msiainuesismsdgandt kL fnssadrdeyadsglii 2.5 dmsuns
donds Vertex faly Tnssadredoyafildluntsidon Verex o§lugas —pmax i +pmax &

[ =]
anemz1ly bucket

+pmax

MAXGAIN —

-pmax

sUn 2.5 Tnseadedayanisiienf1nevesds Fiduccia-Mattheyses

40623
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2.4.3 Component Replication
3/ - ) ¥ a a a A
13 19MATIA Component (vertex) Replication 1513 1#inatinvesnsiiuiIssasdnmie
Taaswoudumaliiovas  msudilygmimsianguniemisnguasesnn v eonidly
¥
V,.V,,....V, viugnivua 1l
VoV, =¢,i#j
3 (2.9)
Ur'=lVr' =V
° c: = b ' y o - & " 1
aW30aAi1UIUYEI nets WARTINAITNINNGYH Funanngilii 2.6 (a) Fuiumsutangu

2995011 1501/ Component (vertex) Replication LIAZ1iieiNg Inverters Nidiuns 1imatin

; = = ™
494 Component (vertex) Replication 92 18A331/7 2.6(b) 439119 Cost 93aA03 [21]

31]‘?] 2.6 M3aAA1 Cost 1A035 component (vertex) replication

2.4.4 Ratio Cut [22]

Ratio Cut Li‘lufi'%'n1suﬁ¢ﬂduﬁqnﬁn5ﬂﬂu Wei 1102 Cheng $ailu3% Metric Tnailunism
Fumisvesnguinismdona funvnguTaviilsfavuuiiig fu Taosmuali
Hypergraph G(V.E) uaz v C, Wudwnnduves edge ﬁtéﬂnﬁﬂ node i LAY j Taw (V1,v2)

" b
Wunguiignunia 921891 v2 = v-vi dafumounnuduiuseniengu Cosn m1ldn

Cor, = Z Z’ &, (2.10)
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; = o y‘ﬂ Cm'l & o ﬁ |
Ratio Cut R, Qﬂmwuﬂim U R, =7 VIV g V)] MUaiuyagosyes
R
V, 1z v, Mudiay
o o ] = 3/ as ! A vy ¥ = P P &
Fanasmstnuinuenlsudilymmsianguases el ldmnmmnzaunganuoniviio

9IN33M15AINA1NTY TS (TABU Search) [23] , FCB (Fuzzy-Clustering-Based) [24] tazdue)

2.5 agl

ar '

sy Y Yy ] 91 A4 o a & ¥
1NN lﬂﬂﬁ1]§]1ﬂ13ﬂuﬂglﬁu‘lﬂ'ﬂﬂiyﬂ'lﬂ'ﬁ'ﬁﬁﬂqu’)ﬁl'ﬂﬁuﬂfyﬁ'lﬂllﬂ']ﬂﬂumﬂﬂ]uvk’uﬂﬂ

o

1 Il b
we fvmninousznudinevmstenguiidngeediiiniuey umiuvineisdesldinann

b
s o =R

luminmnAeeuudlaendineunangs AaiudlAimsfumImaiasmIma s ay
a1eq inlfuddainsiangy amdmenfiafigalunatidimue nanldniymmsia
\ = ‘e & Tl acg  a
nauasendludymnsmmifimucay e hilidunontleanlduddowildlavasanivly
= 3 & & . - . - é
nawiY 33d0i01dEAEmsuATymaniuden. (Combinatorial Optimization Problem) 44l
3/ & edzl?!l vt’l ad o o a'unel, aa Aﬂ = aed
fofuraedt FiluundallezioueitiinssdaiuoasiIfuutan sudumataismsm
ardmouition i dgrimsnananga
nmsndaimstandinasitluilgmusnide iiefswenseonuuyI9955 N1
) o o | Yy Vo e o =
menmuuudaluia  uazdieansoudymnisianquld ladmeunanga  1umiedmwa
¥ o o 1 1 { 1 1 : o 4
dwimsdanauliamnuduiussyninnguesnumiosiga  IsaaWaADTHABNMI 1A
TRyt lidesoundy liimsianialmi uazdanadensienloaaseisau Tavzan
a3 3 2 Ay 1 g or T8 A 1 = Yt
il lumsien Toide lidesmanduimasenloslvidn - aaoaaulsesivenuuy 14

AINIHUIYDIT YR IN DY
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o ﬁ:'ldci
NITHIMADUNANGN

M AUKIHAANEAIHANNIT Optimization Problem e11150M1 14 lagmisimuaaniusi
[ 4 "W oA a
§111114 (Solution Space) nazilanFuiflmuo (Cost Function) thaiiumiiadalsumlums

3/ o deig ¥t o o o A ol o a v 9 o
Funwadns i misdduthwnvesnudiganeluifeulyiidmua Sududsnsimua

¥
o

o o : =1 Ve = 9 » o ar ]
aowznamniuiiunmsid lasdenaoug iifuanusdan Srdflandudmunelng
) ¥ A 1 ' o s = Qs T 9 o o °y i d’
Yoonit (iseunnin) milsduthwmino@n messeufuanuz Imiudandy luvidusuil
JUATUNNADIUET DU 91nM ANNI5 148 113150037 Local Search 130 Iteractive

9 = =

< w g 4 far a " '
Improvement Algorithm 111193 waan i Idvzigamnmieslaivegiuiinis eusala

HAANS 1A INdiAYIAY Global Optimal Solution Winala

A cCost function value

Local
oy minimum

Global
minimum

-
State

3‘1]?1 3.1 Local and Global Optimum

H 3 ] -1 =v—1 ' o o = o/ ;‘ e o o “‘
SsasalTia i uizauinaieds uadmsunauItel laAne13sd1a090auuans

Simulated Annealing Algorithm (SA) 1AL I51IUNAN Genetic Algorithm (GA) ¥INITDIVUADU
as [ o 1 Qo oy d' ¥ 9o d' = o a:dd' = o
Fordianmsduuazmsiduield lddmeunlndifsadnounanga maialunsmii

v a oda o %"] S = af.C gk !1 - ﬁ’ 1 v 9 ¥
aovvaauaazmanantanuindumsziunedestuna lunmsudilygmligndssdlsnm
ai T 0 5 - o ¥ L A
fininizay Janin1s Optimization I 1w unInuvIuegivyuIavesilaym Fudluuuy

¥

Exponential #3171 msudilgynitsdesld matiammizvewaazilagn (Heuristic Technique)

A g ¥ ¥ o a &4
wio limsunilgriuazainuazIanIvy
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3.1 3%01551@80521!!1&@?;& (Simulated Annealing Algorithm)

311 3Em3dinesdauuans

ﬁmsuaﬁ«i‘luzﬂnmwﬁaﬁm%’ uuAilayMuuy Combinatorial Optimization 1AY Simulated
Annealing ()4 Heuristic Solution Strategy Optimization 18w muzﬂunu %Qﬁﬁﬂ’h “Annealing
Algorithm ” A uINANUAAYES Kirkpatrick et al [2](3](5] Fanssinessaunanaldnyus
Ad10A Y Iterative Improvement %4 114 n15%1 Local Search Algorithm 41 E AT Metropolis

Algorithm 333§ 1aesdauuansiidnyuzmsiersaniidluuuunszdu (Uphil) niemsveu

td kd
o = o ¥

sudnoulniiina lisnidineuden wandeiinsandasuiidaduimuaudaznuii
fraoufiiu Local innutiiagtsnusnouiiaioonsula

13 am!ﬁuuna”nmiva"wmwﬁ‘inﬁﬁiﬁﬁaumsﬁam 10UFIa9 (Physical Annealing) 499
vowds Tauianudouruiuudadoeqan guugiasetdie wudigeaugadsnsiiaes
nszuuMIt At vy UY8eM1s Combinatorial Optimization [3][4](5](9]

{11091 N 10 MABN 1T 9IS BN ALY IO AB (Configuration) THINA 1 UAD
svuutiosiiae &eitunszaaunts 1a0aiinenioie s IAgA g a9 Thermodynamic
dmiuudazquugilunizyaumsaagungiial ﬂﬁ'wﬁnmiquunmﬁué‘hmt{mm 7%

msﬁqﬂ%’iu Metropolis Algorithms ﬁ&jﬂ‘ﬁ 4P

M = number of moves to attempt’
T =current temperature;
For m="1 to M{
Generate a random move, €.g., move a particle;
Evaluate the change in energy, AE:
it AE<0 /* downhill move : acceptit */
then accept this move , and update configuration;
else  /* uphill move raccept maybe */
accept with probability P = exp (-AE/T) ;
update configuration if accepted

END

gﬂﬁ 3.2 Metropolis Algorithm

Taaguunann3 Iterative Improvement M3nszAuuazszimdou Tudsdummialmi Tums

aaulUgad v aziinrsandn wasu AE MfannanuuanaseIanasnu lng
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o " ' a 0 ' ' o
fundsenuniinisndounlasly lumsiidinimiogendi 61 AE < 0 niewdsnuannsio
' 5 aq ¥y @ -4 o o o v 5l Y& o w
A1 Configuration 11 1#71 Cost (Wi uBamie7) fiamasaudesniuds wlyaniudmiy

4 o o [ [ ar - J o ¥ . 1

msnaou Tufidumualn &1 AE > 0 nSewdsnuiuiuivzoeusua1 Configuration 111
. ] ko "

msmuveandsunganlunmisnszdu szgniszanalas gungil T vauziiu o figungil

= = o ad e (- § a

qeq Temaiiazian1snszdu (Uphil) veandsnuszinnuas lugungiiidindiinezina
; : P g

Ton1afitiound1 Metropolis Algorithms 1194143111111 984 Boltzmann Distribution %4 lon1a

g

wSoauinzilufisziians Uphill vosvuandsnu AE a guuqii T Ao

Al

Placcept] = e (3.1)

o ' [ & 1 | °
Tanezfnuag a3 g mvesdav ey (Random Number (R)) ¥30g U324 0 83 1 uaziiy

¥
1515 uufevny Placcept] 81 R <P[Accept] 928015 UHAT]

cost

Global

States

317 3.3 nsnlilaigmdhmnenldnnismsiaosdaiuais

) o nz; “ q’: =t ' 4 oy ‘é o 1
111v0an13vausUNAzian1snszAUTSUSENTT gAIa0Ua1 (Landscape) H4N150015VIZDY
Tusavesruavgudana 1l uazeglusavesfeyaidmuald

o A o 9 a . =
msilszgnd 1435ms aesdauuadaieudilymilan Aesiinrsanis
o - 3/ ° = v da - '
n. st muaanuziiiuly 14 Wunisdmuadavewadwinozgnidend o
o o a’z‘ o o - n’:’ v
Hendudhning duiu Sensadmuadavesaauziidull idvmualduayldinila

o d o o

Smvesanuzsaudafezanasa i ldszezna lunsfumduas
o o = 2 M oar
v, Han¥uifl 11116 (Objective Function) i umniasiio Tanunmvesaniuglunis

4 ' n’: o e o ] ar ' y =1 a i
qlasuaniuzudazasaxasuiudosdrvramiailensuhvuelu menlSvumounuai
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Hansudhmunods Silafiuthmneidimuasumsiluiladduiiiedenisdnauuas
g SngUszasdnidesns
o 5Emsuldsuaniugiiivaninnlssgndldi 2 suvudaeiufie msdio (Move)
Az AU (Exchange) ﬂz'h’s'gﬂuuu'lﬂifuaq'ﬁuﬂmﬁ'numzuaaﬂa;msﬁuﬁﬁm
1. WU m'uquqmﬂqﬁ (Annealing Schedule) 130 Cooling Schedule Wuns AIURY
Argumqiidaliznoudae qungilisudu quvpiifiaans quugiiganio uazdmounts
wAvuua)as (Transition) AUNGUANIATUAMTATYOI Markov Chain Wgel 19 ITi1a0e00
uuads asaieeI¥smeusenuuilu Global Optimal Solution dlefimsnaasudSouiion
fmoulmifudmouiy #oinins S ouiouiianme
3.1.2 m‘:é’ﬁnq'mmﬂmﬂ“lﬁ%fmﬁamé'mmaéa
ms$randaiuadsdmsumsudilyministanguases (25](26] TagAnrsanmsudilym

apame i Enns Bisection AetidaynguiunziiviAm IfuninIndinasiun

31 3.4 Meddimeuiiihull Idnnnsununisianguasdaoni
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n. MIBUAUNITANGHIII9INAITUNUAIIINS Circuit Network 42803 1H G(V,E) A9

= & 1 = 4 o - 1

317 3.4 Fadaz99315Enoud N NUFAABINAIWAAT MNUA V (Vertex) UNUEINTALA

273951102 E (Edge) nnuanudniuiszningmes W ¢, dunnuduiuivouduionlos
(Edge) N¥0UADIZH 1A Vertex i 1AL j

o ¥ 1 ' & ° ' o o

v, fmualfidu Cutiiangy A uag B %4 B = v-A Ansmmailsndudhvinec,

fsrdudhmnoyeamssangunaesm 1691nn13 19 Ratio Cut [27] € 41 HunasmvBIAIANY

Fuiutszndranguitiniann Verex Aaaun1sii 32 uazvuianiiiuszninengaiua

Imbalance (A.B) AIAUNITN 33

S “2-2-Ce (3.2)

ted 1eB

Imbalance (A,B) = Size of A~ Size of B

=D sw)= ) s(v) (3.3)

ved veh

Tﬂﬂ‘ﬁ s(v) TR Vertex v
7. Accepting Vertex Moves : M fuinauvesinsilaouutiag (Move States) #omsni
41 dmsunisren Vertex V. gmﬁanadndué«wé’humﬂﬂzjwﬁa1ﬂﬁandn§u Raeiiiofinis
pouiumsfie Fan1sthwazgaueuiud) AGain Yosnimsenhiuguiniemaamninziy
04 Boltzmann Distribution Yiun 1 R Ane1agszr g 0 fia 115 hzweniufimouInives
msn/asialas AGain mingnamsuSoudeuilidaudmisfnoy Inidusnoudy
4. Stopping Criteria : muwﬁ'wmmsmzﬁwé UV T Wudifimuanisanaun
lnned OL i 0< 0L 1 FunouiTezngaiiogungiEudu (T, ) annsnudhgeud
3.1.3 MATAMSAIVRHRUNAN
i‘]nqﬁu‘lé’fﬁmsﬁnuﬁ%miﬁmmé’auuaﬁaﬁuaﬁun%umwLﬁ"awmumu?{"lmﬁ'mﬁuiu
Sosvnana lasmsiaueismsaiuauguvninuyIns @y Quick Annealing, Fast Simulated
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yoanguiiaiiniseunaufouming
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Genetic Algorithm preprocess
begin
create initial population of fixed size P
do
choose parent1 and parent2 from the population
offspring = crossover(parent1,parent2)
mutation(offspring)
local_improvement(offspring)
replace(population,offspring)
until (stopping criteria met )
report the best answer
end
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o {f—f;,,m for  MAX(f)
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M¥adgavesmsmmgaganiemgegavesmsmimdmgavesdynuiuam £, ualums

v
“

Aumifmonuns GA 2 liawisesgymdiqaveslym1d duiudsnmsdmua £, Y04

wiorst

(3.19)

GA Taosmuald
Ay rad & ey
Fooe = M0 hiangavesIas Tulounavualuguiv

warst

W = YUanINA1INT o8 1M IU AR LN



35

o . Al n‘ H 4 K 1 ol { J
£ = £ uguisudu uaznffounlasiefe £, iavu fAw=0
fo, 4B W FUARIMIN fw>0
o N : ' W ' ' 9 '
mssmuavmanthaaiuuanareiu 1 luudazaym Tasdmunnudvnaninaeeeeg
Tugaaf 169 10 JuARIUI
9. nUUIF Ay (Linear) HudnmsUsuaumnzau Taosmuald las Tulauniinin
iz avszdssiiinauiinan ey Iddudunuurihduinouinen sz gy
g/ [ o - 1 e 1 - (] c:a:lq; ﬂ ° 1
Rvoeirdoyadumas uazaiuquaimanahitezdu 1d1as Tulaundfigaiduimaum
voa1ns Ty Tguiidnnumnzaumay udadsumanumanganyeslas Tulauduq lu
AnvauzBuduAIaun1n 3.20
F =af+b (3.20)

]

= ' = o o Y
Tauiap = masiduaaidennsdmualvn F, =, naz F =C,, .,
= [ g/ = -:; = 1 - ':l ‘:;
£, Aoranudeyadumds , §,, Aoridayadunanae
=1 " ni - 1 ﬂ'd A
F,  Aomnmininzaundy, F, Asinmunzauiange uaz
c... Aosnauniwesing lnTsuilimanumuenumas
ko
msfudadudmiunsmmgegavesilavnivgiluguninn flas Tulgudinuldee
o a/ 1 - 1 dl ted as Al 3
Y5udadmIviismuizauaaas iazdring I laud hifesgnuivamnummngaulvigeiu
il hiRed nouiman i duldumadistinnmin i a ez b AMinamnaunsi 3.21

HasauMIN3.22 Mmudau

8 S * o
A AL N fms (3.21)
f hest f avg
* ¥ &
b o favg (fh«.\r midt -fm',u ) (3.22)

f!ms: = favg

A, HUUSAE M B UV LLIATTIU (Sigma Truncation) 11AM1sUTudaduuuuFudy
prmldiasn e auiuavluunds veamsduiiuns uaannsoudlvldlaons
s d‘ 1 . ‘: = Al 1 d’
galas Tulounuandrsninlas Tulsudulvg iyl Ansannnmauiisuuumnan

§IU(0) MINAUMIN 3.23

[~ (fug—c8) Sor MAX(f) (F<0) then F=0
T (fug+co)=f  for MIN(f) if(F<0) then F=0

Taoh ¢ = snouwhvesdrudisunumnasgiunimun




36

[l ¥
o = dudsauumasgvelszans luguiueg

papsize

=.| DS, = fug)’ | POPSIzE (3.24)

i=]

Famliudadnuuudadadsavunasgnaiiumsdivannuminzanldanos
FHuszoy c wiveadidsauunIATgIUINMIANUIMIIE AR AY fufonisfinsan
Tns Tu Tt efitimwn Tns Tu Tad LiuandreeinTas Tulawiidamuming aumaufunds

LEREERE 4 G :
szoy ¢ hwesduideauuinasgiu ¥ as Tulaui hilszgndans ) Tasmsunusnay
manzauily 0 i lFlidsmnzaunduay msfmuan ¢ douldegsznine (1.0,3.0] uag
Fasurumsdszynd 19 luuansymda

3.2.4.2 MIAMUABALUVOIIBIAINY (Ranking-based)

FunsaaidonTas lulaudunuioadiangui muam oy (mating pool) 193338
ﬁﬂﬂﬁlﬁﬂﬁﬂ'ﬂuﬁﬂuﬁiﬂuﬁquiJ‘lﬂIﬂi1‘1!I‘ﬁnﬁﬁlﬁu.lﬂiﬂumiﬂ’mﬂijﬂ‘i‘iiﬂﬂi551‘1111417'1
mav Taveay ldvsanans 1as Tnlaw el 1os T s lagniaas ss waufiman e
JrozgduldTuwoufiuinduly 551 Wi ps sy udsedmualiudas

Tns Tulwaiimmandesingduldnnnisinsondrun nudidgyvesninnuming auves
Tns TuTashurasiu A3sms Andenuuudisssideg 2 T5Anonldio T Ae uvuiSadu
(Linear) tagiiu1 laisdr i1 (Nonlinear)

3.2.43 I5MaguAMILY

Tunisadenduimunmeius (mating peol) Tagnisganaenins Tu Tauduuuua
mnnhaziuies du18isas Tas Tulow dsaasguldsuan Tas T Tawdnuuy Iigndes
audnauimandeinsdnBuday Tns Tulew 35adou19T0g 335 Ao mssraeauuunis
wyuade MsguaeiioiuAundy uazmsguastisuiuybinuni

3.2.4.4 madamsnuiadsennslni

mi'%"iwsﬁn%’usﬂuﬂi:mumsLﬁﬁﬂiz‘mmiu“lﬁu'mnmidw'ﬂaﬂIﬂﬂﬂcﬁniutm'ﬁ
muﬁfumuﬁhm Ha103 51wy

n. msduiiadszannsInsiuuialy ﬁlumsdwmninsTnimnimﬁﬁdm%uﬂau
199 vfannﬂﬂmmﬂuﬂsz&nmiu'lﬂﬁwmn'm’mﬂswmmviaziuﬁﬁmuﬂ dagaTas Tulay
;fu“lmjmﬂfjﬁmauﬁ'lﬁﬁwiwﬂim‘Inimuimﬁnﬁ'awmmsﬂ"uﬁ'umwm GA Tifimsiuiin

Tas InTauna 1l i ldifenmsgapdo s Tulaund

" ]
el A

. msduiialszanns v Tasinunlas Tu lauidiga (Eliism) iWlumsdivdgenms

Auiiailszans Insuuuia ) laonssner las Tulsuna 13 Tasnisaaasnlns luleunaves

sunn PBlugulnsidomsunuilas Tulawn lugvesjulni



37

' ¥
a. nsauiiadszains Iui Taesnyran 1z AINuU UG (Steady State with Duplicate
Reproduction : $8) Taun1sgmuadasinisadielns lulauiulni lavh 0<G <1
o ar o ' | G’: 45 ' e 1 4 o
(Generation Gap : G) §miumsdmuan G immzauiuiusgivuaazlem Faimou
| 4‘ 1 1 : 1 1 a 1 4
Tns TuTamiszgnadasiulns Tagsnudunousi1en ezimiiy popsize*G uaz Tns Tulaudaui
o = [ " et i ' o o £ o W
masRannadaaenngylas lulauidlujumawanudidgueslng Tulay Feazild
' P ' & @ ' & A

Tas T Todnen fialugunila lugdnuniiafiedulas Tulsuduuyy 1dnn
1 nsAuiiadszyins vy lassnuianiuzaaiuuy ludn (Steady State without
Duplicate Reproduction : SS W/0) 210113AUHUN13 Y03 GA unazTas Ty Tauguluin 143

¥ L . '
Tommilulas I laufimifouduniodiiulas luTsuguimld dufedmuiimanisne
! oA ol oW o &4 A P, Oy, S S v
quldvoalas TulaamitesimAumInuaNT OUIMIBUNUHSBTINY M1 GA 1zApe
y P E v

asuiums sy lng Tulidnfumaniuaoos aniunsnsiudadszans niiles

’ £
Snwranuzasiuuybigezgielims fumAineuues Ga diagluuy 1as ulaueien wn

e

—{

U

33 aj

M3 dEmsnuiianuazms Sassdanuanan i dyminsHimar uYo NI IANgY I

- g q’a’ ad & o re o c' A ﬁ 3 e - = ° e A
95 FaaaeIvuaenITofur Snms dusagaisidaie 1 lddweunlndifuedineuiaiiga

¥

: 3 ¥
Tawo oy ann15LSitYY Bisection Al s pUTuaBUN I TMINUDINIT037T 1AR

15190 3.1 sufoytusaunisiinuve I T aeddounaniuIsuLEAD

ninmavesdanuadlasiinhl ﬁé’nn]sggamgﬁﬁﬂiﬂﬂﬁ;ﬁl

° -~ 1 " = o a4 W [ 9 g
g ﬂ’]ﬂﬂﬂllﬁﬂl@ﬂﬂﬂﬂniqulﬂﬂﬂﬂ1ﬂﬂ‘utﬂﬂ] ® ﬂu147ﬂ’]ﬁﬂﬂﬂ1ﬂ1ﬂiﬂﬁ@ﬁ51‘3‘1]@\3"{]11!“111

(Single Solution ) fifiasnnsdsiaglduu Tasad

e nispouiudimeuiianInmsnSeumeoy 1nnquAYIA199 veailgm
- e - ' o © P 3 o = o
Gain W11 Gain 111 9208U5UMADUNA | ®  AUHIAIABLIINNIINIITUINIADUIIN
fgA9INNITHIAIRIAAYDI Cost Function naudmeuiauls  hildnnsand
é o é

moluszezamia aoulafdinaunii

o a ad 1 o a o 1 Vo
e fmougnwanlaeitnisquitouaz | @ AumAIABUNNRAGHEYOINGUAIAI

aaun udsndluiansuthwinevesilym

o s menlnmifivsdmouidoaluuday | @ msdsulgsdmenlujudauuiasn

v
MINILNIEN 115 Crossover L% Mutation 900151




38

1 v .
A19190 3.1 (@0) TsuisuTuasuMITUYesIsS1a0edauuaaInUIBIIULAN

o ] £
® Average Case Time Complexity flo mﬁau‘luiuqﬂma
; . R
o[n-‘ In n) Taof n iU 1uIuYDe Vertexes | @ AUMIMIABURINMIOIFHIAIG I MIIN
ANumInzauuaazAmoy luidazyu

- = 3 % A
n3alunsal Worst Case Time Complexity A0 3
® NN LINEAATU IR INDY

/
OI\ n" In n} - s m 3 = -
Tnunldnavunielndifosfmeun
doansnie luoneansuthnine
» i j L% o ] .q‘,
®  Time Complexity YUDYNUIIUIUTUN

o : = v 3 @
ﬂ"l'H'LJﬁulﬂﬂﬂﬂ\ﬂ‘m'}lﬂ'! HasIUNUN Y

112904 103 1 la

- = o = ' o : vq 9 J = ' o
21AN19 31 SA nsandaavasa luusnazmsnsgig Ml lddienvileanuslums

3/ = el a n’: J U - i  TU) = 1 - 1
Uszuaanatipuaznmissansuaniuz Inuiineiuvuey AGain 1181 AGain WINN YT

'
v o’ elet v "

' ' e " o
FUAUON3 07173701 19218 493 Boltzmann Distribution oundif1 R ATAI0Ysz U197 uans

3 : ' £ o 4 - " v
Wil as weeouiuanius hniwasiz Fuganuianiiogavailidiggud dewaldmsiszuia

3 & a = s & ¥ { O L5 kg 1 o " & 1
WA e nsanmutanms AunIRmeulaweonAnmIsquMIMae U INguUn T Ty
a1 Tagmaoui lddannnsafuanuduiuivesins s dnann immeaulujunon
v W ldmpeuhdvunmivnonisaamidiney Imininadadneiauna nseauiuimey
Tuudagganiondaz JUTLHANANITANTDNIATANVMINZTUTIGA DUHANTAAUAD
mnsoviann sansyeaziimion lvdreq 18w ualideiioas s drdmaudain 14 lunsm
Anouwning i iidedddnarlunisdnaana laserdondnnisiaiuiwy Bisection 11

=

q.¥e o = eJLlya- "o o ] Yo o
Lidwudmouinmmannaiu lauauniny NanimInueia Iuﬂ “!N‘H‘]hk]ﬂqu

: n!
&1 n ifuiavg [ p— (3.25)
n\(n
-1
2) ZJ
4 ! n!
&1 nitluavd N= : e 2 (3.26)
('_'t__).[_"_— ]1
2 I

FEmsnauianamsndreunnmsinsansaeunnnguineunitei ldnnnsdy
yfmeuAnMANNIveITouiAn  wandeninsanmidneuiidiiganinmsnnisend
aouisdneuder laonFsdunoumssauiufMAe LIRS S1a0sdauuany  ueT
nsfusmouiimas N iuad aziimsdadneufidousonitoani s mouRau

19 swazidonas ldiualuunn 4 aahl



unn 4

35n15Kan (Hybrid algorithm)

mﬂﬁ%msﬁaamé’nuuﬁﬁmmﬁimuﬁﬁn‘luuﬁﬂmﬂ1ms§'ﬂanmwﬂfu Wlumsud
i]tgmﬁé’fmmsﬁmanﬁﬁﬁqa (Optimal Solution) FmswauAaninninhdeRvesaesit
fanarnn 195 wiu Tﬂuﬁgﬂﬂizﬁﬁaﬁaﬁﬁ:ﬂ's"uﬂqufumu’?%msuﬁ'ﬂfgmmsiﬂﬂ'sjmws
YOIVLIUMTOBNLYVIINI TN NMEANIUUSA TR (IC Physical Design Automation) #

o o ' '

= a a aa 4; [ o da s - w P
flszaninmanety Taoman Tanadnifive tdiiuauduniutssnhanguidans oan

L

@ W ' & et 4 4 ' ' o 4
anuduiuTszniunguinatudnsdwadensaamodyguildivenloaazaanaly

o g et o

ﬂ.lll’)uﬂ'ﬁﬂﬁﬂllﬂujaﬂi‘i'n.ﬁniﬂ-iﬂﬂ-lW“UUﬂqunﬂalﬁ”ﬂq'lui’Jﬂl%?‘uu

ad
4.1 IEMINAY
e ' 1 A, & 1 el a o' ' a o &
SEnswauuavendy 2 dauwdn fo dufiiunsiinizideymuazdiuiiduduaou
mstau Supamsraseadamisudunnosuesilgritiiorlugvesnsvuazues
< ' o = A ' =)
Vaymadioaiiulas 1o Tsurianie AwuagiinTas Tulan teglugy luund
a e 2 -
TnsTnlnuderssnevdaeinifimfu 0 wis 1 Heihaegiumoatesiinnueives
d’; - il o o
TnsTuTas (Chromosome Length) Avusgsumsimuavesdaii mssmuailsnduany
minzauyaeilinesiaan msvmgegarionamsdqaveIanFun I Ty WD
- < ° & o
T HwAedunoum s NOLondIMiumIvInney
» | ¥
dauniugwvunounsinauszdiznerdoralsiuasutoy Al
4 1 § =4 c” bl J é =
a. sinmsuasdapnfeglugdvesTas luTamewuhiiilgpnddeunauguiannms
= e a oo :1 ° £ o Yo - - J 4
Su09 (nvert) Tnmstunadoniswealas Tula iild lddmpeunmusniaiuld 2 e 9
= 4 ° o = i ° a9 @ & = °
nngli 4.1 Wiedlumsaadwmimsoufilflunsgmismeuiiaesms Judeninisanm
aeufissyaiRsn Tavms qudenmirougausavielszmnijuusneeninlasiiilsdiiiin
(2 o oa o o~ A 4 ' 1@ o - - L4
usndoadiuiin@eriy WuAsonsudonduriminusadiu 0 WaganSadu 1 Mayad 14
o e - y & ¥ ' o
FEnistvzanmavesanuziiiu ) dmue  dunmsasaniuzsoudrsvesmsgumii
] = o o J o :;’ o I3 n’: 4 - o -
Aoy dawalfifamsvoniudimeniain dniudnaufmeeuimuaifannitnsiin1d
10

A1 nifhuavg N = ( (4.1)



40

o |
81 n 1w N = " (4.2)
(n + i) (n - l)
! !
2 2
Fitness value
r Y ° .
. o]
] L]
& [+] ® L ] =]
10000
o L ]
[ ] ]
(] ™ o e
(o ]
o . |
™ o |
L ] (] L ] Q
o L ]
o L
[ ] Q ] [ ]
(o] L ] e O oe
[e] L ]
(o] L ] (] ®
1 L] [} o e
State

Max Fitness is gain
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Problem Define
1. define cost function
2. define chromosome
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Initpopulation P chromosomes

‘First bit of all chromosomes are 1's

v

Calculate fitness of P chromosomes

§ = maximum fitness value

maximum fitness value to be equal to minimum cut cost value

main_gain = cos(S)

Initstate = chromosome of max fitness value

Yes No
[swp:Tst =t;'1

Accept Move = FALSE

1=
==k
o Yes :
] T=O0T | T2 Best Solution
/Y
No

I Yes

New = mutation(Initstate)

main_gain >= cost(New)

Again = {cost(New) - Cost(3))

: Accept the solution
: S = New
* | Accept_MOVE = TRUE

Reject the
solution
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pselect = F'./EF (4.6)
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Hybrid algorithm (Fmaxi,Fchrom,To alpha Maxtime, M)
Fmaxi is maximum fitness
Fchrom is string of maximum fitness chromosome
To is the initial temperature
alpha is cooling rate
Maxtime is the total allowed time for the annealing process
M represents the time until the next parameter update
begin Selection to random P chromosome
Fmaxi = Find to maximum fitness of P chromosome
T=To
S=Calculate_Gain(Fmaxi)
arrayS = Fchrom
Time =0
do{ Metropolis(S,arrayS,T,M)
Time = Time*M
T=alpha*T
Juntil(Time>= Maxtime)
output best solution found
end
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Fitness or Cut cost value
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0 ] + State
Max Fitness is main_gain

W number P chromosome is randomly selected
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mutation(array_chromosome)

begin random(postion_1,position_0 ) discharge first position
newchrom=mutation(array. chromosome(position_1,posttion_0 ))
return” newchrom

end
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random number for mutate position = 2,3,7.9
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§119u Vertex §unnisnouTiRna Raz 3T 1o Two Way Parition 11Uy
I Bisection

2995770818 SA GA HA
6 20 20 10
8 70 70 37
9 252 252 126
10 252 252 126
12 924 924 462
15 12870 12870 6435
16 12870 12870 6435
82 92378 92378 46189
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auyAlH§ 119U Node M50 Vertex finanun 5 @ dagilil 4.10 awnsamdmouiiiun

fin1san'18&48 Two-Way Partitioning N=2"-2 = 30 ey

net2
Logical Design a2
- " nett
([ X
a3
net3
Hypergraph
51U 4,10 e siIensuNIsTIAIYns 1Y
3% n! :
19111 IMADNLYY Bisection ; n='5 N= x 2  =20Ma0U
n+1 [ 7 & 1
2 2
e n! %
ASUUIA MO UL Bisection @ HA ;n=5 N = =10 AM0U
n+l 0= 1
2 2

9nnsuangu 1ag0Ifs Two-Way Partitioning UV Bisection HAZBJUUNANNITVDINTS
aa 9/ o d'. A o [ : dl = J d.l =t
wudianlaomsdhaiaamsnn 42 uaaslas lulauniedaumaounimuaninavukiew

27474 node ﬁ‘.lu 5 node
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Chromosome 1

Chromosome 2

Chromosome 3

Chromosome 4

Chromosome 5

Chromosome 6

Chromosome 7

Chromosome 8

Chromosome 9

Chromosome 10
Chromosome 11
Chromosome 12
Chromosome 13
Chromosome 14
Chromosome 15
Chromosome 16
Chromosome 17
Chromosome 18
Chromosome 19
Chromosome 20
Chromosome 21
Chromosome 22
Chromosome 23
Chromosome 24
Chromosome 25
Chromosome 26
Chromosome 27
Chromosome 28
Chromosome 29
Chromosome 30
Chromosome 31

Chromosome 32

al | a2 | a3 (a4 | a5
o o |o |o |o
0o |o |0 |0 |1
o o |o |1 |o
o |o o |1 |1
oo [1 |o |o
o o |1 |o |1
o fo-ly i la
o Pt T1 | |
o |1 fonlo]o
o |ia o
A~TT RN} E |4
o 1o 1]
Al D0/ g
574 (AR Y0 4
ALY V1 0
o ta /it
110 orde Vo
T T O O
el |ovt) Yo
v posle i |
TR RN A I S
v o T e
1 @il |o
iy, S
R ey
Rl
1|1 Jo |1 o
o S TR
e ()
(VRS T8 LY

o U P |
Whudmeud hiansanaduldian

* Bisection chromosome
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Fhudweu liausainatu 1diao
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HAN1INAABINIIVANGN IV INVVIAI UIAAel T THAD LIS

M3 ln

5.1 naadunNy ISPDYS Circuit Benchmark Suite
lumsnagaulszaniamItmsnaunuiItmsiiaedauuaduasIsMsIIULAnN VY
St 3
msudilyvinmsianguaees TaeléI995nAdoU9IN ISPD98 Circuit Benchmark Suite @9

mgdmiumsudgminsiangueesuuyda luiiA[34] - s1vaz@uaves ISPD98 Circuit

Benchmark t1aad14%13519% 5.1

M15190 5.1 uann i aAve e i i lunmsnaaou

Circuit # Cells # Pads # Modules | # Nets # Pins
(netlist.net)
EX8 8 0 8 19 25
EXQ 9 0 9 17 37
EX10 10 0 10 20 36
Qgr8 12 0 12 23 46
3kS 15 0 15 33 66
Clique 16 0 16 120 240
IC67 16 3 | 67 138 474
IC116 15 100 115 329 876
IC151 16 135 151 419 988
primary | 82 751 833 902 2908
primary2 108 2906 3014 3029 11219
test02 62 1601 1663 1720 6134
test03 58 1549 1607 1618 5807
test04 27 1488 1515 1658 5975
test05 56 2539 2595 2750 10076
test06 62 1690 1752 1641 6638
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131947 5.1 (AD) meqmﬁnﬁﬁwmasﬁ“l%"lumsmmu

circuit # Cells # Pads # Modules # Nets # Pins

(netlist.net)

bml 131 751 882 903 2910
19ks 161 2683 2844 3282 10547
Fract 149 0 149 147 462
Balu 801 0 801 135 2697

i A 9y o 1 L _ 3
Netlist 15211 a.net wum’fumu 5 YIINAUINANUIVBNAUAVUAVDI Circuit Benchmark

W
50azIDuARIN

ignored
a4 o q'.a 4!’ n’a q’:
#Pins #9114 pins NMNAYUNIYLAYDL Circuit Benchmark U1
o y o o fo’: 5 = &
#Nets dosnmududennioduiaanyAuiuF RaMUAYDY Circuit Benchmark WU

L
Modules ~AD$UILABEIINS cells nag pads ViamuaT iy Taognimuaawni

I

¥ ¥
=Pad offset ADVIUIUUDA pad M 4131AYD 23493 11 Circuit Benchmark 14 gmmué’auniwl

)3

#Cells A8 11193739311 9%uA IH Circuit Benchmark (1118970 #Modules - #Pad offset)

a0 a2 p2
& T—9—@
< { 4 0
..__
R a1 a3 p3
—@ 9
3 2 0

i 51 Leasiit1nesildnasoulaonsunudoni

L4 v il
Y4 circuit netlist TUANUMLILYD “a" Aodmfiiuiees ANuMINLYe “p” Aodauiilu
a g o W o & A i %
pad M3BuduamduTYeIINTindeIdUTULAAE nets HARIAIY “s” AWNINQIWY

A=A UIANUDI905 JARINAIAKNLIN .
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' d’
&19819 Netlist file 110 1WH 5.1 1J52n0UAW 4 cells , 3 pads, 5 nets 142 13 pins Netfile 1

funlddai
13

5

7

3
plsl
a0l
al |
a0 sl
a2l
a3l
alsl
a2l
a3l
a2sl
p21
alsl

p31

P 9 o 2 o o d . aa [ o 1 -
i]’\ﬂilj'ﬂ 58 me‘lmwumﬂ’nuﬁuﬂuwmumz node mna'lmmnz‘nmmemmn

o 0 qn' lg = 9 od =& a @ o "
suadn udlupsdindeesvinanginudumseiniuaaa 1¥Hud N0 EURITIEM I8 node

1&ou199aInu
B S,
Tty 23

g -’./ ! o \ A
i S P A | Sy
3—5—77' s “I' 5
St Ly X :
— 7§ —9
(EX8) (EX9)

e — P! T 4=
/ B o a0 = s Pt ‘; 1
/\ V s -;/.-*E ; g \ 7

SO (qgr8) (3k5)

st 5.2 uaasnnudniuiveadaz node 12493 EX8, EX9, EX10, qgr uaz 3ks 41310

= a
az1doa 114 netlist.net
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5.2 fedamsmauveallsunsy

Tsunsumsdanguaas ezl lade netistnet Fuihs Circuit Benchmark i 1dna113lu
A193197 5.1 WemmsmmanuduiusveadazTuadwes  Tdsunsuesihmssmdoyain
wonilszandeyasenitoyimsadiensrenamduniug (Adjacency table) YouiAnz Tua 2393
finaomy 1398 noammanuduiugsenhanguiignuts (Cut Cost 38 Cut Size) uag
na1°lumsﬁmuuameiamwsiﬂﬁueiaﬁ%ﬁ'lﬁ'ﬁmuﬂﬁﬁfuﬁa Simulated  Annealing
Algorithm (SA) , Genetic Algorithm (GA) 1iag Hybrid Algorithm (HA) wonudle1duaas
msuendineuvesnsudilyrinaiangueesvedaziseeniiu text document AMTOVD
Famsi 1919u sa.oxt. gadtxt, ha.oxe o 1AUaAEI0619n15MIAT Cut Cost uaznaunasluiees

qer8, 3k5 uaz Clique 13 lugali 5.3 eufiagilnsi2

B p:THESISC_PROG-ITESTZSA EXE
Please enter textfile to read :clique

i
4
4

pins= 240 nets = 120 modules = 16

CRR N i s 52 ooV A
1 1.1 1A A e el 2 N
1 1% 1= 19171 1851351 S 21 ~0 1
1 ¥ F 6al 1 ) 37NVl TR19%. A 1
1 f 8 8 Na‘addidilidtd 157 1
1 £ 8 411 W1V & 4N 4
1 98 1t €@ 410 108 YL
111 1111 08 1 1 1 ] b % ‘
1 10 i S = n.,ma..l.,cykoc.ml.rxsﬂa,\.uh |
111 1141114 1 +¢Please enter textfile to read :3k5 1
1 % 148 1+ 194 (7 28 1 o |
11111 111 1 1 1 «pins= 66 nets = 33 modules = 15 |
111111111111IBBU111BIBB.HI9
1 1 8% 179 1 13§ o0 @ Vs 0 49w
1 1+ A% 110 1 g NS R0 P 88 h ke 8
11111111111108ﬂ590339580
oD o 06 86 06 0 6 1 1 B O O 0 0 O
gobsR U0 sus\ts BT/ @00 8 O
P 8 0 9 0 & @0 0 0 9 0 0 0 0
ai | Q o 6.8 9 ¢ 0 @ 801000480
s P8 00 69 8 0B 0 0 00 0 O
iD:\!‘HE&I&C_I'ROG--!-TI.%TZ&.A.E‘f,[ 0 600068000600 8 00 8.9
Please enter textfile to read :qgr8 @ 8 0 0 g 6 0 0 8 86 6 B 8 1
. ® 8§ 0 0.0 0.6 0 0.0 0 0 0 0 0
pins= 46 nets = 23 modules = 12 e o 6 0 0 0 2 O O 0 O 0 8 0 O
811 11 08081 19 ("n 000008 000 40 0 8
1801 1189 6868008 8 Thag g I 9"Fe ¢ =00 0 08 8
1 19407 1 -0 8 kN1
“WoE T N e nl BE g m e o b
1 £33 18 -0 8 351
RN T 1 1Rt b
S asaae e e vkl .'fJ
P 8 0 1 0 11 01 0 0 0
1090 8 149 088
1 0 8 8 0 0 2 0 1 0 1 1
o 6 6 0 0 0 0 0@ 0 1 0 1
DU G e N T S B SR R TR

oL o

314 5.3 uARINIMIAIAIIIANUTURUTUDI39T g8, 3KS . clique
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#20019 qgr8.net “lu;ﬂir’i 5.2 ihoad1emineanuduRLT (Adjacency table) sz lddamsaadi
52 Tafluuuadsdmualfifuaaus (Column ) ¥89 node Y833 uazluaueu iy
1107 (Row) B4 node 4992993 1odredannuduiuies 1891 node2 Tuiaausiy nodel
Junauoadianudiuisulasliiaudy 1 danlumseiifisudy 0 mneauh node

ot o o A vt v w do
1un lunuaaauA iy node 819 Tunuaun lilinnuduiusiu

A15197 5.2 HAAIMITAIANUTURUT (Adjacency table) 9INAIDEIN qgr8.net

Column

Node | | L4 |5 |6 |T [T 10 11 12

1 071 TAUORNNINN\NO//8 40 Lt | 0 0
2 1 Po~hL RN 040 ¢ 407 | 0-+0 0 0
3 1 _lold-®A1 o J49FeSL0 | 0 0
4 LT LY [ Wkl 38 \LE Y 1Y 0 g8 0 0
5 L O\ P 0 obs \| T 07 3Q e 0 0
6|0 ¢ /N8 > o | § N g LT 0 0
Row 7 ot 0] /| 0P FKN ] O B Pl 0 0
. oN]Iod | & 4 ¥ AERDHAGA VN 2] N0 0 0
9 107 110) | q (W pesEaasyisscryigy y) 10}l 0 0
10 LIENOTL0 TORN0 £0 D | Y0 I 1
e ol 0_[ONB\#~T0 (a0 0 I
i?710 b WO (R0G) 0] 0N \E BT LA o 1 0

lug1il 5.4 urAsmIA WAL sEMINgU (CutCost) wazatndelumsiinunnis
M3 1a0IdaULART YIAIBY190T qgrs, 3kS, clique Az mave s N FuR U iRaN
mssanduuuanadiuns hduluglii s

lug1l#t 5.6 wazglit 5.7 naasmsmmALAURUEsEH NG (Cut Cost) (aznAURAY
Taems1433msioniiin ¥092993 qgrs, 3ks AauAmMIMAL Cut Cost Juusnlufsjugaihe
i Wadans i SoufieusanmdiugsznhenguCut Cosy Tugit 5.8 fagui 5.9
AR

Tugalit 5.10 wazgadi 5.11 anemsmAIn N diu sz handuuazaunds Tasns 14
SR MIHAUIINGI06197993 q@r8 1AL 3kS MuAIFY hWaANnTYeINIIANGUIRITIN AT

aswinfFoufouainnudiniugseniengy (Cut Cost) Tugili 5.12



File Edit Search

Time = 18

cutsizel = 14
cutsizel =10
cutsize2 =13
cutsized = 15
cutsized = 12
cutsizeb = 12
cutsizeb = 13
cutsize? = 14
cutsize8 =13
cutsize9 = 12
cutsizell = 12
cutsizell = 11
cutsizel2 = 12
cutsize13 =13
cutsizeld = 14
cutsizel5 =9
cutsizelb =13
cutsizel7 = 9
cutsizel8 =11

L

The difference is: 0.0000

EFile Edt Search

Time = 18

cutsizel = 20
cutsizel = 18
cutsize2 = 16
cutsize3 = 18
cutsized = B
cutsizeb = 18
cutsizeb = 18
lcutsize? = 20
|cutsizeB = 14
cutsized = 18
lcutsizel0 = 18
cutsizell = 20
|cutsizel2 = 20
cutsizel3 = 20
fcutsizeld = 18
cutsizel5 = 18
cutsizelb = 18
cutsizel7 =12
cutsizelB = 16

|

000000000000e+00 seconds

E‘ clique_sa - Notepad

Eile Edt Search Help

Time = 18

|cutsizel = 64
cutsizel = 64
cutsize2 = 64
cutsize3 = 64
cutsized = 64
cutsize5 = 64
cutsizeb = 64
cutsize7 = 64
cutsize8 = 64
cutsize9 = 64
cutsizel0 = 64
cutsizell = 64
cutsizel2 = 64
jcutsize13 = 64
cutsizel4 = 64
cutsizel5 = 64
cutsize16 = 64
cutsizel7 = 64
lcutsize18 = 64
The difference is: 1.50000000000000!

o

The difference is: 0.0000000000000000e+00 seconds

=

i
_j’ &

5 Qg8 cutcost = 9

3171 5.4 uARaA1 Cut Cost HAIIAUNABYDIINTT qer8, 35, clique Iaunisdiandaunany

HATHAAND M IANANVBIINT 3kS UAY qerd 1AYIT SA

Cut Costvalue

80

60

40

20

B4 2.3 45878 8910 1112184495 164718

e i

~&- qgr8

clique

a T : A o o Yt
517 5.5 1@AIA Cut Cost Y8295 qgrs, 3ks ua clique Minnmasailuns v lao]diins

apIdaLUARa
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[ | T MR

File [Edt Search Help

Generation 0

chromosome Ci Fitness pselect
immnmmnmw 18 6.000000 0.038933
100010010111011 16 8.000000 0.045424
{101100100001111 16 6.000000 0.052988
101100110100100 18 6.000000 0.061812
110001100101100 20 4.000000 0.072106
111110000010110 8 16.000000 0.084114
111011010100001 14 10.000000 0.098121
111011000101100 18 6.000000 0.114461
100110101101000 18 6.000000 0.133522
101010010110001 18 6.000000 0.155757

Generation 0

chromosome Ci Fitness pselect
100100001111 10 6.000000 0.038939
100110010110 13 3.000000 0.045424
101100101100 13 3.000000 0.052988
101011010001 15 1.000000 0.061812
111010100001 11 5.000000 0.072106
111000101100 12 4.000000 0.084114
110101101000 12 4.000000 0.098121
110010110001 15 1.000000 0.114461
110011000011 13 3.000000 0.133522
110011001001 14 2.000000 0988221

sum fitness = 76.000000
Generation 1

sum fitness = 27.000000
Generation 1

chromosome Ci Fitness pselect ichromosome  Ci  Fitness  pselect

010110101100 11 2.000000 0.038939 111110000011001 8 13.000000 0.038939
100101101010 12 1.000000 0.045424 1000100101110M1 16 5.000000 0.045424
101010111000 10 3.000000 0.052988 101100100001111 16 S.000000 0.052988
111001000011 9 4.000000 0.061812 101100110100100 18 3.000000 0.061812
111000010101 11 2.000000 0.072106 111110000011001 8 13.000000 0.072106
110100011100 11 2.000000 0.084114 111110000010110 8 13.000000 0.084114
111010011000 9 4.000000 0.098121 111011010100001 14 7.000000 0.098121
101010101100 10 3.000000 0.114461 111011000101100 18 3.000000 0.114461

100110101101000 18 3.000000 0.133522
101010010110001 18 3.000000 0.155757

1.000000 0.133522
1.000000 0.155757

110000110011 12
100101111000 12

|—| sum fitness = 68.000000

o By

' L4
31 5.6 idAINIIHYEIIIMTUIAN1UNTHIAL Cut Cost 7495 7 ger8, 3k5 AIATY

usnituda Ty

m ggrs_GA -Notepad

Eile Edit  Search Help i R B! Eile

g 35 _CA-N nu-pul

Edit Geech  Help

v

011110000001111

111000110100 10 1.000000 0.045424 Generation 9

101011100010 10 1.000000 0.052988 {chromosome ~ Ci  Fitness  pselect
111001001010 9 2.000000 0.061812 111110000011001 8 6.000000 0.038939
111000011100 11 0.000000 0.072106 011110000001111 10 6.000000 0.114461
110101100001 11 0.000000 0.084114 011110000001111 10 6.000000 0.114461
111010110000 9 2.000000 0.098121 011110000001111 10 6.000000 0.133522
101010111000 10 1.000000 0.114461 111110000011001 8 6.000000 0.072106
111010110000 9 2.000000 0.133522 111110000010110 8 B.000000 0.084114
111000100011 10 1.000000 0.155757 011110000110001 14 2.000000 0.098121

10 6.000000 0.114461

111110000010110 8 06.000000 0.084114
011110000001111 10 6.000000 0.133522

sum fitness = 12.000000
Generation 10|
chromosome Ci Fitness pselect
001111101000 9 2.000000 0.038939
100111100010 10 1.000000 0.045424

sum fitness = 47.000000
Generation 10

101011100010

10

1.000000 0.052988

chromosome  Ci

Fitness pselect

111001001100 g 2.000000 0.061812 111110000011001 8 8.000000 0.038939
011001111000 11 0.000000 0.072106 011110000001111 10 6.000000 0.114461
011001101100 11 0.000000 0.084114 011110000001111 10 6.000000 0.114461
111001101000 9 2.000000 0.098121 011110000001111 10 6.000000 0.133522
101010111000 10 1.000000 0.114461 111110000011001 8 8.000000 0.072106
111010011000 9 2.000000 0.133522 111110000010110 8 6.000000 0.084114
111001101000 11 1.000000 0.155757 011110000010101 12 4.000000 0.052988

011110000001111 10 6.000000 D0.114461
sum fitness = 12.000000 111110000010110 8 6.000000 0.084114
The difference is: 1.0000000000000000¢e+00 seconds (011110000001111 10 6.000000 0.133522

| sum fitness = 46/000000
The difference is: 1.000000000000000¢+00 seconds

Ly £

suf 5.7 uamamstinuYeadnisuiian lunsMam1 Cut Cost ¥932993 qgr8. 3k Tujuga

" ¥
Fouaziaasran1Flunmsninuniug



a7

//4\.“\
?,__'__,5" cut cost
T
: Pl ]
L ,/'z 5
2 R
R E,' Pl P2
=
(qgr8)
(a) (b) (c)

H 1 I:{ =Y J 1 ad ey
31 5.8 uaAINTIMYBAI Cut Cost YBIIII qgr8 finatuluugamoveddimanuian

o d ar ' =
uazHaAnsn1sIangu 135 GA

Mgt 5.8 (a) uazgli 5.9 (@) uraaaansigs W ldTandunazeng i 5.8 (b) Mgl
5.9 (b) AT THYDIM Cut Cost lugugaronazimanissanguitiiaann Tl Tsudai10

JARINaNS ANdINIRegUR 5.8 () uazgilit 5.9 () TavTBouiian

3,4,-3 B~ _ PN
TEp
2 > U T T » T T T T T 5 | ]
8 chiomosome
: i PIOPA B3 P4 B P6 PT PE PSRN
g
15- = )
B~ )
4~ 3 2 <
TP S,
0 =" cutcost = 10
3k5
Bk (a) (b) ()

" \ l:: b J ' =t o e
51U 5.9 uaAInswlvean Cut Cost YDII93 3kS funatulugugamnoveddimanuiian

uazHaansnsiangu lae3s GA

913107 5.10 (@) nazgUi 5.11 () namadsesidelilédanguuazngili 5.10 () gl
# 501 (b) uaAsns YDA Cut Cost NangafiAaAIBHaNIazthmanTIANGURhaN

AR IHANS SANGNI93AI3T 5.10 (¢) uazgUi 5.11 (o)



e
R
G
1:
oS
-~ a_
11
10"

(qgr8)
(a)

“ o

100100001111 t

100110010110 14 0.000000 0.045424 il

101100101108 15 0.890000 0.052980 {

101011910087 16 0.000000 0.061812
o

Wl hy
(110101101000 14 0.000000 0.858121 ¥
110010110001 15 0000000 0114461
110011800011 18 5400000 0133522
110011801001 11 0000000 &.155757

sum fitness = 0.000000
max ftness: 100100001111 cutsize: 16
absd & D00000 sbsB = 6.000000 culcosyS - 14

i
[0 random at position + 2
| |mutate is U

martate is 0
| neighbeur? ; 181100001110

=6, =6

meighbeur] : 181100001110

‘horisosetine
" jabsA = 6.000000 abeB ¢ 5.000000 cuicosyS] = 10
Mo

Jall cutgize = 19

Time = 18

futsize - 10

cutsize 0= 10

(b)

X4
B

Shis

eyl cafinnen ,'_T-_.,_._.
v T

{51

The gitference is: 0.9000090000000400¢ 100 scconds ;l

(c)

58

31# 5.10 imaamsianvesdinisnay Tuns A1 Cut Cost 192110 URAL V093997 qer8

uazpaawsmsdanqulanit HA

)= rors BRI £ e LI5[]

Iie L6 Gk ey i QM Gewch | Hep

Generanon 2) [Feighbowd ; 111111060808160 |
lciwomesome Ci Fiincss  pselest N1 10000091 00 '
Jhare1011 100110 18 5.000000 0.038939 sbsA = 1.000000 absB = 8.000000 cutcosd]S]| = 10

ffeadinaini o) 16 8.000000 0045424 M2
l101106108001111 16 0.000000 0052984
{1017001 10100100 18 5.000000 0.061812
1801100101100 20 4.000000 9272105
111110000018110 8 16.200000 0.084114
1111010100001 14 10.000000 D.0SE1Z)
h1ae 1000101 1 00 18 £.000008 0.114461
10011010110)600 18 §.000000 0133822
101071001011 0001 18 §.000000 D.1S57ST

|0 random uf positien - 12

|0 randam st position < 9
mutate is 1

) randem st positien - 8

1 random ot position - 10
mutate ts 0

maighbour? - 111118088100118

peu. b=t
sum Miness = 76.000000

imax fitness: 1111100000101 10 cutsize:
sbsA = 7.000000 sbsE = 8.000000 cutcosyS] - §

e wrd 0 1111108800001 10
111110000100110

sbad = 7,000000 absB = £ 000800 cuteas(S) = 17
10 randam ot pasitien * 1 Mo
10 random st position = 10
10 randam at pasition = 11
|0 randam at position = 14
mutate is 1 [Time = 18
[ random st position « & J
| random a1 posifion = 4 futeized = &
mutate bs 8 L1 jowsizel - 10

- 1o[x]

ol cuteire = 15

. M

T L& Geneh e
utsize < 19

L)

Time = 18

w
i1a)
L

culsizel = §
s e cutsizel - 10
cutsize? < 12
joutsized - 16
icutsized = 18
lutsizeS

=
~
(-]

Vo)
|
-

10~ loutsize16 = 18
lcutsize17 = 10
jensizeld = 12 1
{The giftcrence is: 1.000000000000D000C 00 scce _,!

(qgr8)

o e

(a) (b) (c)
31t 5.11 uermanmisihauuesIsmaney Tun1smiA1 Cut Cost uazIAURAY YDII993 3KS

o o [ 1 a
uazHadnsmMItangulavds HA
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Cut Cost value
20 e

15
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9 223 - BEB T 8 B A2 1301 15 A0 I 1h HNE

3UN 5.12 uaaans A1 Cut Cost ¥842497 qers tiae 3kS 11491035 N 1sHay

Tuguin 5.13 uaaslusunsunlsudilymnidanduaessunnmsila nedist file 1da
= ac @ ' 3 as P o o '
1NNITNITIANGUNNWYAINABINTAIIUN 5.15 nadwigouansog ugilns ilnidiu

ar = ~ Qs =t :’ =) 1 ¥ a:' ] :: -
3thenan (@unuvesa9es) & 2 & Fuasdumiiiy udasfunuilssinmnquiigninis 1iufe 2
& vunefis 2 nqu Aanaaelugalil 15.16 15.17 nag15.18 $1ABUAY Minimum Cut cost 1Az CPU

Time uansogludauvesamans

Fie Edt View Witdow Help Seti
D@ 5 a |

Ready ,r‘- i
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1720
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1601
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ad488 |
13581
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15451
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1s1

5381

10221
‘a10391
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al431

3761
ad410 |
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13471
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CutCoit=8 CPU time='1 seeonds NUM

g}lnsg [1c67) !E
L ,J pe EA! View imtow Help Sewp _ = o lﬁ_!i’

DS R beé @ s'?e

CuCon=69 CPU time= 15 seconds [NUM |

U4 5.16 uaAs WaAWEYBI2393 3kS uaz 1C67 Mimvangu et sA

61



TR R -

| o Bt gow Wodow top semp e e T N R
Dl ' 2| & %

CuCon=43 CPU time=9 seoands [ INUM ‘

EHAsg frest2] !E
| ) ge par view wintow Help | semp Y/ < 1325 o | 7-|5 1]

D @ e 0,8 R RAAT N 2 YT

CutConm 111 CPU itiaa w70, seiohl [ (Nm.i [ >

H Qo d 1 o o U =,
JUN 5.17 uaAe HAAWEUDIIDT primary1uag test2 MiNTANGY 1AYIT GA



63

%HM;— ftests) X
"] pite Bdit View Window Help Semp - =] X
D@d >R & 2
CutCost=77 CPU time= 95 seconds A NUM I Y

EHAsg - [fract] !Em ‘
u Eﬁu‘ Edit View Window 'Help' Setup - |5 _)_(_l

DaR a8 80

- e
CutCot=55 O s 3 v ot | b“"“ ir =

" Y o - ° s 1 =,
JUN 5.18 1AAI HAANTVDII90T test6 1A fractitinndangu Tauds HA
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3 "
s MUAmIE eI Re AN e AT waziBuadini e 5.3 wodniues

manuduRusYe a9 19 lun1snanosdanguees luudazas lduaasluasai 5.4

15197 5.3 LAAIAITIWDINSADS 11 GA , SA taz HA N1 luauide

Parameter of GA Parameter of SA by parameter of HA by Maxtime=20
By Maxtime=20 Maxtime=20
P Gen T, o M T, o P M
10 5,10 1000 9 5,10,15,18 | 1000 9 10 | 5.10,15,18

1 o o 2 A3 e .
M13197 5.4 UAAIHAANTA Avg Cut Cost (102 Minimum Cut Cost 411} Two Way Partitioning

Faeuis
Circuit Avg Cut Cost Min Cut Cost

SA GA HA SA GA HA

EXS8 1021 , 43 10.63 9 9 9

EX9 12.0 11.8 S A 10 10 9
EX10 16.9 17 16.6 16 16 15
Qur8 128 2 12.8 10 9 10

3k5 16.8 10.4 12.4 8 8 8
Clique 64 64 64 64 64 64
1C67 82.5 79.8 79.5 69 83 75
IC116 122 113.6 131 79 81 79
IC151 165.1 135.4 108 100 112 100
Primaryl 76 1954 69.2 54 39 54
Primary2 246 254.5 2024 156 123 150
test02 109 136 113 105 92 94
test03 108 85.2 91 59 58 60
test04 111 104 86 82 52 56
test05 150 167 117.6 107 42 T

test06 89.9 91.1 83 73 66 62 J




A131471 5.4 (AB) LAAIWAAWTAT Avg Cut Cost 112 Minimum Cut Cost 1LY Two Way

65

Partitioning Vi‘lﬂ W35
Circuit Average Cut Cost Minimum Cut Cost
SA GA HA SA GA HA
bml 77 589 71 58 51 58
19ks 194 179 153.2 132 108 124
Fract 55 55 55 55 55 55
Balu 27 27 35.1 27 27 27

4 o { d - (P = r e
i deyai ldumasanswilsumon U5ngnannaevent Cut Cost 1AZ minimum

. v
= o 1 Y o ' Sy a = 4 =t
Cut Cost 71 18vindatantsnareutiutaas1¥iiua F8nsnay Inadwsand1 nieaneq

o ad I3 @ ﬂ. - = e L} L} o A | d'
yTimiianidanuanaios Fwutianlasdaulvguesdtmoy saaasluguin 5.19 uazg

5.20

=h.

300

200

100

Cut cost value

£lsa
B ca
ClHA

Y ' 1 o w o n‘: ac ar "
71/ 5.19 uanans YA URTLANUAWUS (Avg Cut Cost) MITWIDVDINNNITAIDYIIN
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Cut cost value

200
150
SA
100 B ca
CIH
50 i

{ ' ¥
U7 5.20 naasnsua IR IAAYRIAIFNIUS (Minimum Cut Cost) NSEIMITUDYN DT

A0

¥ ' ¥
M1 5.5 LARIHAANTANIAINAY (Avg CPU ) UDINIAINTH

Circuit avg CPU(sec)

SA GA HA

EX8 N/a N/a N/a
EX9 N/a N/a ‘ N/a
EX10 N/a N/a N/a
Qgr8 N/a N/a N/a
3k5 1 1 0.96
Clique 0.9 0.8 0.8
IC67 2.75 24 25
IC116 10.3 5.8 7.4
IC151 b2 7.4 5.8
primary | 31 24 25
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" H r a
A13197 5.5 (AB) HAAIHAGWEAIAUNTY (Avg CPU ) YBINIAINIT

Circuit avg CPU(sec)

SA GA HA
primary?2 226 167 162
test02 98 65 67
test03 91 79 17
test04 85 79 64
test05 344 176 133
test06 105 84 71
bml 39 24 31
19ks 251 247 174
fract 5 3 2.3
Balu 23 21 21

4 SFeT AW RS =] 3 ) =
2INa15 190 5.5 el dmasuumasans widunSuuiisunamldlunisUssuianaves
o o ' - s 9 ) 1A ° o a ad
wia 3 35 dsngi Tasmdondi3snsnauaz Inanieon 1175 hnsedauLaawaz I

fifn ns i3 vuiflouamaona i (ave cpu) uapalugifii 521
Gut cost value
300
200

100

EX8 EX9 3k5 Clique .. primary1.. test02.... ..........19ks Fract Balu

. " i L
11 5.21 uamsniwlvasAndoa il (Avg CPU) Mamui5uann1395AI0619
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- d‘u L) & L) o
53n1swauitinauszsaanauazaailymidoamisanuilumsysznana iy

o &
FEAVHUI

EX Qgr8 circuit
SA char SA[vertex][8];

GA  char GA[10][13];

Generation 1........ to..........k generation
P chromosome = 10 a1 a2 a3 a4 a5 a6 a7 a8 a9allallall

0 0

0
0

chromosome 1
chromosome 2
chromosome 3
chromosome 4
parent 1
chromosome &
chromosome 7
chromosome 8
parent 2
chromosome 10

3

RS T
| O | O b [ ] Of =2
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HA char initialGen[10][13];
initial generation
1

char HA[13];

al a2 al a4 a5 a6 a7 a8 a9allallal2
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U \ . 4
5.4 M3IANGHIIDIN 1A INIBNMIOUY
nansAumdeyanuitomadiunsdanguisniaii ldnaiant wunidniiova
i ldlanuaulduahimidimsmsmeuimuizandleiuegranis waz 1A

v
nFsuisuiuitnaudina1n uansnasglugivesnsmunsfSuuieudsee 11

M13190 5.6 nanamsfFouiouradns lunmsudilgminissanguases laverds35ms FM.

AGG uag SIMPLE Eigenvector clustering Algorithm. Taw 100 two-phase FM cuts

1111 bisection [35].
Circuit Avg Cut Cost Min Cut Cost
FM AGG SIMPLE FM AGG SIMPLE
Algorithm | Algorithm | Algorithm Algorithm Algorithm | Algorithm
Primary1 83 75 80 58 56 35
Primary?2 296 253 231 238 184 147
test02 177 140 124 122 97 99
test03 126 105 99 76 23 61
test04 140 99 84 86 64 33
test0S 194 141 129 112 7 99 90
test06 926 78 88 69 65 69
bml 83 70 71 58 54 52
19ks. | ©.184 177 169 137 115 123

1NN 5.6 urmsnsfSeudfounadns lumsudilgvimsianguaes laverdivisns
FM(Fiduccia-Mattheyses). AGG(Lﬁu?]%ﬂ‘l'iﬁ'lﬁ%m Geometric Embeddings for Faster and
Better Multi-Way Netlist Partitioning 483 C.J. Alpert ling A.B. Hahng luunau ACMAEEE

Design Automation Conf. 11993 uaz3% SIMPLE Eigenvector clustering Algorithm ) [35]

' " [ ¥
Tugii 5.23 nazgit 5.24 TaviwanisuddgyrinstanguiaesnnaIs1an 5.6 NI avg
cut cost 11AZA1 minimum cut cost M3 19NTMTVUTHEVAVITMINANAINGTI TDNANTAT

dhiisneeusuimmonlda
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Cut cost value
400 —— Hives =

300

[ J¥ele
200

(] siIMPLE

CIHA

100

1 523 asnlfSsufiouanedevas Cut Cost 1 1491035 FM, AGG, SIMPLE tiag HA

Cut cost value
R0t o : =

200" =1t
150 NN
100
50

[]siMPLE

L1 HA

311 5.24 nslfSouifouaidigaves Cut Cost 1 1A91n35 FM, AGG, SIMPLE tiag HA.
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m31ad 5.7 manf3oudivuradns lunsudilyminisdanguases Taveduisns FM, LA3,

CLIP(FM.LA3) uag CDIP[36].

Circuit Avg Cut Cost of 20 runs Min Cut Cost of 20 runs
FM LA3 CLIP- | CLIP- | CDIP FM LA3 CLip- | CLIP- | CDIP
Alg Alg FM LA3 Alg Alg FM LA3
Primary! 74.9 68.5 65.8 61.8 61.5 47 52 52 o 52
Primary2 | 273.9 2334 2332 208.8 1932 212 149 149 142 152
test02 182.1 148.1 105.2 106.8 101.0 149 126 89 92 90
test03 106.8 106.2 123 71.6 66.8 75 80 57 57 57
test04 129.3 1172 7.0 129 L7 87 82 56 51 52
test0s 183.6 165.0 89.0 89 90.7 127 99 75 80 74
test06 94.2 84.4 70.1 70.1 718 67 70 60 60 60
bml 79.5 67.5 65.0 60.4 598 54 53 49 52 52
19ks 1.7 169.0 150.3 107 108 140 130 19 136.1 134.6
Balu 38.1 36,1 389 32,5 339 &’ 27 27 2 27

aINA3ei 5.7 namensSsuisunadns lunsdtlyminstanguases laveduiins
Fiduccia-Mattheyses(FM) 1A91nHa 111398489 C.M Fiduccia and R.M Mattheyses W55 msi
91AUUANMS  linear-time heuristic for improving network partitioning éaqﬂmuﬂaﬂu
ACM/IEEE Design Automation 113} 1982 . LA3 1159 Krishnamurthy's Look-Ahead st
WAL WD INATNITUDY min-cut t‘lﬁﬂ partitioning VLSI networks et B. Krishnamurthy uaggQn
ruorAad L 1MUNAILYBS IEEE Trans. On Comput [37] 141l 1984 75 CLIP(Cluster-oriented
Iterative-improvement Partitioner) Fmstmmsmh szgndldmineus miuisoun 18
%1 FM. LA3. PROP[37] (Recepient of the best-paper award) ﬁ‘:ﬂ CLIP tiag CDIP (Cluster-
Detecting lterative-improvement Partitioner) ®1373 AMIANYIS wnzt‘é’umﬁmﬁn"lé’mn [36]

Tuglit 5.25 uazgit 5.26 éimansuailgmmstangiisnsnnmsiei 5.7 Waih avg

cut cost L1AA1 minimum cut cost 113 130T IS vuBUAVITMIHANMINaUe WallsIngN

¥

" i aind A o o ' | and A
HA $aldhmsudigmilaeisieglunumnawsosonivld  Guuieli@ninisounlv

wSsumeuuinidn
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311 5.25 nsalufSouifouandswea Cut Cost N1AINTT LA3, CLIP-EM, CLIP-LA3, CDIP

Hae HA

[ Av
 JUN

O cur pv

Oaupias

B cor

& @
<8 N B

51/ 5.26 ns S viniuA1AIgAYD Cut Cost 11 1491075 LA3, CLIP-FM, CLIP-LA3, CDIP

iuae HA



M9 5.8 uanamsnfSouivunadns lumsudiyminisdanguaees Taverdsds SA.

Eigenvectro, Tabu, Clustering [38].

i

Circuit Avg Cut Cost
SA Eigenvectro Tabu Clustering
Primary| 65 63 72 61
Primary2 160 257 252 240

Cut cost value

300 — 3 e R = AR e L’r
: SA
200
. Eigenvectro
100 [ Tabu
[ Clustering
0

TN

primary 1 primary2

ci 2 - 1 P ni 3/ oy . K
31.!11 5.27 n3lfSsu oA undvues Cut Cost 11491033 SA, Eigenvectro, Tabu, Clustering

uaz HA

- = = o o b ar 1 ar  aned
NN 58 wamamsfSeumsuradns lumsudilyminsianguiees lave1duds

SA. Eigenvectro. Tabu. Clustering [38] az HA Tdiwanmisudilyninisdanguiseseinaisi

v
=

11 5.8 TawA1 Avg Cut Cost MadunImiliouivuiuiTnmsnaudinauannagli 5.27 wa

é\v;d r1 a o o d'qni Y ° e - o
N lﬁi uno SA mjszrmﬁmw“lum'smmmaumnqﬂms1:'111?11 Cut Cost #INANITOUQNUN

= - ' aa [ ' e o
nnlSoudioy @35 HA deeglunuyinauazeensyla



M1 5.9 msifSeuivuradwinisudilyrinisianguiens lave1AuiBn3 Fiduccia-

Mattheyses , Compaction Algorithm 118 Stable Algorithm [39].

74

Circuit Avg Cut Cost Min Cut Cost/ CPU
Fiduccia- Compaction Stable Fiduccia- Compaction Stable
Mattheyses | Algorithm | Algorithm | Mattheyses | Algorithm | Algorithm
Algorithm Algorithm
Prim] 54.45 43.95 18.20 29/3.4 17/7.3 17/29.7
Prim2 233.10 116.40 77.90 113725.27 77/69.3 77/176.35
test02 42.8 42.15 420 42/20.85 42/22.85 42/138.7
test03 88.75 68.95 39.55 46/15.01 39/21.85 39/66.45
test04 60.3 60.70 43.4 44/12.15 44/24.5 42/67.65
test05 70.70 95.45 422 42/33.10 42/58.05 42/156.5
test06 91.90 88.70 60.85 64/20.65 58/33.3 55/142.25
bml 46.40 48.35 1795 21/5.2 17/12.05 17/33.85
: 19ks 17345 165.15 91.0 127/44.45 93/75.95 80/228.8

VMW 59 narinsnlFemivuradnimsuilynimsianguaas lagerdeisms

Fiduccia-Mattheyses. Compaction Algorithm (Li‘lui"ﬁﬁuﬂ1ﬁmauﬁ1ﬁwnﬁ’wfﬁﬁua:Lﬂu?‘ﬁ'ﬁ

' L4 .
foul¥iumnnluilepiu deuedsniiiife Bui [40]) ing Stable Algorithm [39] MInAURGY

& &~ ! ¥ L d‘ i & o 1 y é
AnuFuiussendingudanaluzdi 5.28 snnuduiuiseningniovgeduansly

o - = ' @ - | e y '
3071 529 vuzuldil Compaction Algorithm vy WHaRWE RANIITMIsdUA 01U 1A

o 1o Amy = & = ° & A A
FauaismsiiiideidoluFevewnnldmamousuiegnngln

5.30

Compaction Algorithm 92 1fannunidsouaiiunldnlsouion

WNUNID

nan 1 lumsiinuvewmaz s lumsian 5.9 1édnaaeulanisleniv C Wounaaoy

A3 VY SUN SPARC station 11151 20 RUNs auITmsnauiunaasuuunisd PC

Taw Intel pentium 200MHz, 64 MB RAM
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Cut cost value
250

200

150

Hca

100 [] stable

50 DHA

517 5.28 nswlifSouifeuaunaoves Cut Cost 7 1891035 FMA, CA, Stable iaz HA.

Cut cost value

200 Y
|
150X~
100 M, —
T ﬁ B

50 ﬂ ' =g =l

O -

,bc\\ %\Q% %\Q,b‘ é@"b ,\03@
&€ - i Y

51U 5.29 nswlfSouivumdigaves Cut Cost 1 1491035 FMA, CA, Stable a2 HA.



Cut cost value

250
200 : it
150 - Hca
100 [ Stable
50 L] HA
0
Primaryl  Test02 test04 test06 19ks

519 5.30 AavfSuuioua CPU 91075 EMA, CA, Stable a2 HA.

A1519N 5.10 11/301AuU3T TS (Tabu Search bisection heuristic) 1U3T EIG1, MELQ. PROP,

GM (lag MLc [41].

76

Minimum Cut Cost

Circuit
EIG1 MELO PROP GM MLec TS
Algorithm | Algorithm | Algorithm Algorithm Algorithm | Algorithm
Primary1 75 64 47 47 52 45
Primary2 254 169 143 142 145 150
Test02 196 160 90 95 92 98
test03 85 60 59 62 58 60
test04 207 61 L3 49 49 69
test05 167 102 79 104 72 D
test06 295 90 76 94 60 63
bml 50 48 50 48 51 45
19ks 179 119 105 106 108 165




F

1NAINN 510 uanamsSouiousadnimsudilymmsdanguaees laverdisisnis
TS (Tabu Search bisection heuristic), EIG1[42], MELO[43], PROP[44], GM[45] uag MLc[46]
nngit 531 usmansmnSsufsusnnuduiuisznhenguiosgaveddimang  #

o - A o d' e ar 1 o .d
ruelumsie 5.10 FU33 HA Fammevuii1dends HA tuldudufimeuna

Cut cost value

400 EIG1
400 B veLo
200 L1 rProOP
100 Loewm

0 v
Q@Q’C\\ «Q'G"\& @"’@v \®§% Sl B A

31/ 5.31 p3sinfSeufienn1d1qaue Cut Cost 7 1A21NTT EIGT, MELO, PROP, GM, MLc,

TSuaz HA

c; =l =t o U - ar
Mm99 5.1 affsufsunamsuAilgmmsiangulagis FM Ay KBCP (47,

Circuit Avg Cut Cost 20 run Min Cut Cost 20 run
F&M KBCP F&M KBCP
Algorithm Algorithm Algorithm Algorithm
Primary|1 89.3 45.6 43 39
Primary2 390.5 138.3 150 123
Test02 130.6 95.5 108 85
test03 148.8 L7 85 63
test04 48.7 49.3 s 46
test05 49.2 483 43 45
test06 168.8 65.4 78 56
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1IN 5.11 namamsnlFeudeumadnimandayminmsianguases laso s Em,
KBCP (k-way balance-driven circuit partitioning) tHu38msvimnou Tavl¥mann1sues Fuzzy
AWMy K-way lumisiedl 5.11 snwamiud K=2 Wiy msdsznanavesaaed3 s
17399 SUN SPARC workstation 11018 Berkeley 4.2 UNIX OS

nnglit 532 uanansmiSeudsusundvanuduiuissneesds EM, KBCP ifioy
M3 HA  warlugdit 533 usmsnsmufouisumidigavesnnuduiussznievedds

FM, KBCP Uiyt HA

Cut cost value
500

400
300
200
100

Eem

M «scr
CIHA

317 5.32 nawlulSouidisuAundeuss Cut Cost 11491035 KCCP, KBCP uag HA

Cut cost value
200 - B SOSERE ] SSRRe - N, R

150

100
50

31U 533 nsmlnfSoufivumdigqaues Cut Cost 1 1A91n35 KCCP, KBCP taz HA



M5 5.12 WSsuifsuramsudilymmssangulasit Metis A Genetic Metis Tudau

Minimum Cut Cost, Average Cut Cost {iai¥ CPU time M3V 100 runs VOWARE

% [48).
Circuit Metis Algorithm Gmetis Algorithm
Min Avg CPU Min Avg CPU

Primary1 55 66 23 55 TR
Primary2 158 195 95 165 174 91
Test02 99 113 e 96 101 42
test03 61 76 42 65 74 39
test04 53 68 37 52 58 37
test05 107 125 70 109 117 69
test06 94 1177 59 97 121 55
Bml 53 65 23 54 59 22
19ks 116 132 59 112 116 59
Balu 34 47 26 32 38 24

517 5.34 na S vuiioua naoYes Cut Cost 11A1INTTH Metis Alg, Gmetic Alg Az HA.

Cut costvalue
0% )

| |
]

200 &% el - — o

i [ metis Aigorithm

i Gmets Algorithm
| Owa

Primary1 Primary2 Test02 test03  test04  testD5  1esi6 Bm1 19ks Balu
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Cut cost \alue

Metis Agonthm

B GretisAgoithm

Oka

319 5.35 nsmlTuuiigusid1gane Cur Cost 1 18910735 Metis Alg, Gmetic Alg itaz HA

Cutcostvalue

3 mes Algorithm
B Gmets Algorithm

OHaA

317 5.36 n3lfSoiioy CUP time 11891075 Metis Alg, Gmetic Alg tag HA

P =t o d o 1 @ ot

VAT 502 uamamsnfSeumsunaawimsudilgninissanguies laveruis
¥

Metis 5Hgniauelay G. Karypis uaz V.Kumar dlunisudilamilas Unstructured Graph

Partitioning and Sparse Matrix Ordering @‘fl’i]l‘l.mﬁmﬁu“lﬁ’ilm http://www.cs.umn.edu/~kumar
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AIUDNIBAD GeTnetic Metis (Gmetis) DINUNANNITVDY Genetic ﬂuamﬁtmmmm@xﬁmﬁu
189N [48]

Azt 5.34 nansnsliSouifouaunfonnuduiussEriNwesds Metis U Genetic
Metis Woufu3s HA wazlugUfl 535 uaasnswlifSeuifoumdigavesnnuduiug
seninvewmaziiandn #9335 HA MWfmeviitadwoniylduazddindon RUN 8n
mawadniveuilufiveniy 188 luszdunils

Tug1lft 5.36 uermansmifSouidfioy CPU time veaitam 3 10fi35 Metis U Genetic
Metis #1914 UUIA3DS Sun Space 5 @38 100 times 3319181 uns1szananaidni133 HA

N1 VUATY PC (Intel pentium 200MHz, 64 MB RAM)
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19199 6.1 uaensi)SouifouRI Ave Cut Cost 1111 Two Way Partitioning Y8435 HA iy

FFMIOUG  * LEAAIAT cutcost NAARIYA IWIAAZAIDEINNDI

Cireult Avg Cut Cost
HA SA GA M LA3 coip Compactio Gmetis Metis
n
EX8 10.63 *10.21 11.3 - - A - - =
EX9 ]S 12.0 11.8 . - . - - -
EX10 *16.6 16.9 17 - - - - -
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’Abstract: This paper describes an improved simulated annealing algorithm applied for graph balanced bipartitioning

problem, in particular for circuit partitioning problem. The new algorithm has incorporated the idea and procedure
required in a genetic algorithm Experiment results on industrial benchmark circuits show that the proposed algorithm is

superior to a conventional simulated annealing algorithm in both cut cost and run time.

1. INTRODUCTION

The partitioning problem is 2 NP-complete problem [1];
this means it is unlikely that a polynomial-time algorithm
exists for solving the problem. One must use heuristic
techniques for generating approximate solutions. One such
heuristic is the widely used simulated annealing but
abundant time of process. The circuit partitioning problem
is, in fact, a two-way partitioning problem which is tied
closely to a graph bisection model. Several optimization
techniques can be applied to find the best solution in order
to reduce the number of interconnections between groups
and to minimize and economize computational work load

[21.

In this paper, we propose a new  simulated
annealing algorithm (NSA) based on a conventional
Simulated Annealing algorithm (SA). To improve an
overall performance, an idea of Génetic Algorithm (GA) is
incorporated in some procedures. Trying to reduce the
solution set, NSA starts to reduce the solution set by half.
In any half, a small set of solution is randomly picked up.
GA is applied to find a best solution in such a set. The
obtained solution is consequently used as an (initial
condition of the SA. A newer solution generated by
mutation of a chromosome requires small storage in each
iterative processing.

In the next section, we outline problem
formulation and generic algorithms applied for partitioning
problem. An improved simulated annealing algorithm is
elaborated in section 3. Experiment and results obtained
when the NSA is compared to the conventional SA are
detailed before the paper conclusion.

2. PROBLEM FORMULATION AND
ALGORITHMS

As a t_:ircuit partitioning problem can be treated as a graph
Partitioning problem, then input of a VLSI physical design
Can be viewed as a hypergraph. A given
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Figure 1 Hypergraph and Graph

circuit hypergraph is first translated into an actual graph
before the application of optimization algorithms [3]. Let
graph G = (V,E), where vertex V={a,a,,...a,} and E is
the set of edges. As shown in Figure 1, when a circuit is
mapped into this graph model, cells are mapped into
vertices and nets are mapped into edges.

2.1 Simulated Annealing (S4)

SA is quite a standard tool for optimization
problems. It has an ability to jump out of poor local
maxima because of the allowing of an occasional uphill
move. A candidate solution is updated, continuously, until’
a termination condition is reached. In dept; starting at a
point in the search space, a random move is made. If this
move introduces a better point, such a move is accepted.
This is called a positive move. On the other hand, if it
introduces a worse point, the move is still accepted but
with a decreasing probability over time. This is called a
negative move. The negative move does allow SA to
escape from a local optimum, however it is possible that
SA could also miss a high-quality local optimum. A
solution is driven toward a settle point by the application
of a cool down temperature. To assure a really good
solution, the optimization process may take a long time

[4].

In the following subsection, a simulated
annealing algorithm for circuit partition is implemented.
The procedure is outlined in Figure 2. Start at the
temperature of Ty the algorithm iteratively compute the
gain to determine its move.

: cutsize
T Gain = =

ZIC]



!
\

cutsize is the number of interconnections between

‘groups, whilst |4| and |B| are the number of vertices in

Group A and B respectively. M is the number of move
states per iteration. A vertex is randomly selected to move
from its original group to another group. The acceptance
of move is refused if such a move result in an unbalanced
partition. In contrast, such a move is accepted if the
attempt has improved cur cost. Otherwise, a move is
accepted, with Boltzmann probability of acceptance which
depend on the system temperature 7. This is to keep the
solution from converging to a local optimum. The
algorithm will stop when £, converge to zero value.

Simulated annealing Algorithm
Begin
T=Te
lap=t
Cument_Gain = Calculate_Gain()
While tus > 0do
Accept_Move = FALSE
Forl=1to Mdo
Randomly select vertex V to move from one partition to another
New_Gain = Calculate_Gain()

A Gain = New_Gain - Current_Gain

If Accept_Gain_Change( A Gain,T) then
Current_Gain = New_Gain
Accept_Move = TRUE
Else refum V fo original partition
If Accept_Move then tup = &
Else fsup=1-1
T=T'a
End

Figure 2 Simulated Annealing algorithm

2.2 Genetic Algorithm (GA)

GA is also an iterative procedure applied to
several optimization problems. The algorithm begins with
the first generation with population of P chromosomes.
The following generations can be improved via the process
of crossover and mutation. A chromosome can be encoded
into a binary string of C genes. Each gene represents a
component, and the allele represents a group (0 or 1). Each
chromosome has a fitness value [S] which is considered
for parents selection. Parents are chosen and combined
through a crossover operation to produce an offspring.
This offspring is modified by a mutation process
(complement : zeroes become ones, ones become zeros).
The replacement scheme is used to select a member of the
population and replace them with the new offspring. A
new population and the evolution process are repeated
until certain condition is met. To store population record, a
an amount of memory which varies with the size of the
problem is required. For general application, the algorithm
requires a huge storage to store all possible solution.

Genetic Algorithm
Begin create initial population of size P
Repeat
Select parent1 and parent2 from the population
Offspring = crossover(parent1,parent2)
Mutation(offspring)
Update_population
Until stopping criteria met
Report the best solution

End

Figure 3 Genetic Algorithm
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A major drawback of a SA is its time consuming when one
wants to ensure a neatly good solution. Not much better
choice, a huge storage is sacrificed when one turns to a
genetic optimization. We, thus, look for an algorithm that
takes reasonable computation time, not so huge resource
consuming while offering a nearly optimal solution. The
proposing NSA is based on a conventional SA but takes
some good points offered by GA. The following
subsection is a rough basic concept of NSA.

Step I: starts with a set of P population. P chromosomes of
which the first bit is fixed at 1 or 0 are randomly
selected. As shown in Figure 4, the first group
comprises of chromosomes with the first bit value of 0
(represented by light color circles) and the second
group comprises all chromosomes with the first bit
value of 1 (represented by dark circles).

Fitness or cut cost value(max fitness = min cut cost)

/7

Max Fitness is main_gain
e Fi (the first bit of al s zer0 )
. » Second Datas (the first bit value of all chyomosomas is one )
& Chromosomes is selected

Figure 4 Physical demonstration of NSA

The cut cost value of each circle is obtained by
bisection method. It should be noted that a
chromosome length is corresponding to the number of
circuits. A vertex in the graph is represented by a gene
of a chromosome. The gene has a value of 1 if the
corresponding vertex is on the lefi-hand side of the
bisection and it has a value 0 if the vertex is on the
right hand side of the bisection. This is illustrated in
Figure 5 below)

2 it Coler e o a bk oies bion vl

Figure 5 meaning of white circle and black circle

Step 2: For a group being considered (the second group, in :

this case), the first bit of all chromosomes are fixed at
the same value. The number of all possible answers
can then be reduced by half; i.e.

M )

Ifn is an even

R PR A R i




€))

:»,ifn is an odd N= n!

D

the shaded area. Each chromosome has a fitness value,
a measure of the quality of the solution. The maximum
fitness of chromosomes can be selected and assigned as
a main_gain value (generate cut group; Figure 4). The
main_gain value divides the answer set into two
groups. Cut cost value of chromosomes in the first
group is less comparedtoﬁ:emain_gainvaluewhile
that of the sccond group is greatcr

mutation of many positions at a time.

" Step4: Taken into account the main_gain, a conventional

procedure for SA-like is performed. T is a cooling
factor o, where 0 < a < 1. The algorithm stops if there
have been no changes to the solution after Time equals
Maxtime.

NSA Algorithm(To,a,M,Maxtime)
(* To is the initial temperature
« (alpha) is the cooling rate
M represents the time until the next parameter update
Maxtime is the total allowed time for the annealing process *)
I* Fehrom is string of minimum cut cost chromosome */
Begin
Create initial population of fixed size P and fixed first bit (1 or 0)
Choose a Fchrom form P chromosomes
Main_Gain = cut cost value of Fchrom
Curmrent_Gain = Main_Gain
T=Te
Time=0
Do Accept_Move = FALSE
Metropolis(Current_Gain,T,M,Fchrom)
Time = Time-+M
T=T"a
Until(Time >= Maxtime)
Output Best solution found
End

Figure 6: New Simulated Anncaling (NSA)

As shown in Figure 7, chromosome mutation is
invoked in order to change the cut cost value. The nearly
obtained cost function is then compared to the main_gain.
If a new cost function higher than the main_gain, the
second group is considered and the main_gain is replaced
by the new cost function. Next step is to examine whether
a new cost solution is better than the current cost solution.
If so, a new solution is accepted. Metropolis accepts the
new solution on a probabilistic basis of Boltzmann
distribution. A random number is generated in the range of
0to 1. If this number is smaller than e2“T , where AC is
the difference in cost, the inferior solution is accepted.
Notice that in the mutation process, the first bit of a
chromosome is exempted (not reverse). This method
effects the fast accepted answer since the redundant set of
answer is ignored.
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Refer to Figure 4, consider P chromosomes located in’

r\A

Algorithm Metropolis (CmrenLGah.T.M.Fdlrm}
Begin k=0
Forl=1toMdo
do
New_chrom = Mutations(Fchrom)
New_Gain = Calculate_cutcost{New_chrom)
IfNew Gain > Main_Gain Then
K=1
AGain = New_Gain-Cument_Gain
if Accept_Gain_Change(AGain,T) Then
Cument_Gain = New_Gain
Accept_Move = TRUE
Else K=0
While(K!=0)

End

Figure 7: Metropolis of NSA

4. EXPERIMENT RESULTS

Experiment was carried out by using a subset of the
benchmarks obtained from the ACM/SIGDA suite given
in Table I [6] where the numbers of cells, Pads, Modules,
and Nets for each circuits are detailed. The algorithm is
implemented in C programming language and tested on a

486-66 based PC with 16 MB of RAM. Parameters for SA .

and NSA are summarized in Table II. The obtained
average results given in Table III are taken of twenty runs.
Table III shows the results of average cut cost, mincut and
average CPU time obtained from SA and NSA.

Table I Circuit specification

Circuit #Cells | #Pads | #Modules | #Nels
Qa8 12 0 12 23
3ks 15 0 15 33
Clique16 16 0 16 120
iC67 16 51 67 138
Table II Parameters used in SA and NSA
Parameters of SA
To a M Ts
1000 9 5,10,15,18 5,10
Parameters of NSA
P To o M Maxtimé
10 1000 8 5,10,15,18 510
Table IIT Average cut cost, Mincut and average CPU time of SA and
NSA
Cirouit ‘Avg cut cost Mincut CPU time(sec) |
SA NSA SA NSA SA NSA
Qgr8 103 95 5 5 na nfa
35 137 | 126 8 8 na na
Clique16 64 64 64 64 09 0.75
IC67 825 | 733 69 37 275 | 255

Shown in Table III, it is obvious that the total
quality (averages cut cost) of partitions obtained by the
New Simulated Annealing Algorithm is better that
obtained from a conventional Simulated Annealing

‘Algorithm. mincut of partitions obtained form both

algorithms are comparable. The New Simulated Annealing
Algorithm also shows its superior in term of computing
performance (n/a = very small and not notable).



5. CONCLUSIONS

An improved two-way partitioning algorithm is proposed.
Its behavior-s very stable for all circuits tested. The new
algorithm which is based on both simulated annealing
algorithm and genetic algorithms yields a comparable or
better performance compared to the conventional SA.
Experiment results show that our algorithm runs faster and
produces better cut cost.
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Abstract

This paper presents an hybrid algorithm (HA) based on
conventional simulated annealing algorithm (SA) and genetic
algorithm (GA). The proposed algorithm can be applied to
two-way circuit partitioning problem, in particular using
bisection method. It provides better cut cost and computing
performance. Experimental results on industrial benchmark
circuits showed notable improvement over published
algorithms.

1. Introduction :

Circuit partitioning problem has become more important
in VLSI design [1][2] as the whole circuit site is getting
larger. Partitioned circuit can be slightly different since the
problem belongs to the class of NP-completes. In order to
obtain the better solution, rather than using only a
conventional simulated annealing algorithm, this research
has corporate some steps of another known optimization
procedure, Genetic Algorithm. The objective is to reduce the
number of interconnections between groups with minimal
and economic CPU time [3]. Let G = (V,E) be a graph,
where V is the set of vertices and E is the set of edges, when
a circuit is mapped into this graph model, cells are mapped to
vertices and nets are mapped to edges. The partitioning of G
is a bisection problem for two-way partitioning. Let C;; be the
capacity of an edges connecting vertex i and vertex j. (A,B)
denotes a cut that separates a set of vertices A from B = V-A

[4]. The capacity of this cut is equal to C ;; = ZZCU ;
ied jeB

In section 2, we explain the general idea of using
simulated annealing algorithm and genetic algorithm for
partitioning problem. In section 3, a combination of both
algorithms, hybrid algorithm, is introduced. In section 4 we
report the results of our experiments and compare the
performance of our algorithm with others. Finally, we
conclude with a comparative discussion on our approach.

2. Algorithms for Circuit Partitioning
2.1 Naive Simulated Annealing Algorithm

Simulated annealing algorithm is an iterative procedure
that continuously updates one candidate solution until a
termination condition is reached. A candidate solution is
randomly generated and the procedure starts at a high
temperature. Started at anywhere in the search space, a
random move is made. If this move introduces a better point,

it is accepted. This is called a positive move. If it introduces
a worse point, it is still accepted, with a decreasing
probability over time. This is called a negative move. The
probability of negative move decreases as time goes by. The
negative moves allow SA to escape from local optima and
therefore it is possible that SA could also miss high-quality
local optima. This optimization process may take a long time
to reach the desired solution (good approximation solution)
[3]. The generalize physical simulated annealing generated
by a simulated annealing algorithm.

.

Fig. 1 The generalized simulated annealing.

2.2 Naive Genetic Algorithm

GA is also an iterative procedure of which each iteration
is called a generation. Set of solutions, population, is a
binary string that corresponds to a bisection of the graph.
Number of genes in the chromosome equals to », the number
of vertices in the graph. Each gene corresponds to a vertex in
the graph. A gene has value 0 if the corresponding vertex is
on say the left side of the bisection, and has value .
otherwise. For each chromosome, the number of 0s and ‘Is is
equal [3]. '

GA creates p solutions at random (the only constraint on -

a chromosome is that the number of 0Os and s should be
equal). Thus, numbers of all answers is N,and then number
of n circuits is easy to see that;

1 o
if n is an even number; N = = 4))
ol " [l
i 8 0 ]
]
if n is an odd number; N = e x 2 @)
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The fitness value F; of a solution i can be calculated as

followed

F =(C,-C)+ =G

where, C,, is cut cost of the worst solution in the popula

3)

tion,

G, is cut cost of the best solution in the population, C; is cut

cost of the solution i.

Each chromosome is selected as a parent with a
probability that is proportional to its fitness value. According
to the fitness definition it is easily seen that the probability
that the best chromosome is chosen is four times as high as
the probability of that worst chromosome. This is a very
common parent selection scheme called proportional

selection [3].
Let the probability factor be defined as;
1
Probability factor (r) r =4 7-1
Assume that the probabilities assigned to each individual

@
1Isa

jeometric progression, where the sum of all these

arobabilities S is given by

%)

()

1 il e
S=l4r+ri+. 4 V=221
1-r
"he probability that the chromosome i has been selected, Pr
i}, is found by '
i1
r
Pr{i} = —
S

Crossover : A crossover operation creates new offspring
romosomes by combining parts of the two parent

iromosomes. It randomly selects a cut point which is

the

‘me on both parent chromosome. (In Figure 2: pos is the cut

dint) The cut point divides the -chromosome into

two

sjoint parts: the left part of parent 2 is copied to the same
cation of the offspring chromosome. Let this be offspring

We devised one more crossover operator which is

the

me as the above except that jt copies the complement
lues of the right part of parent 2 while the copies left part
parentl is unchanged. Let this be offspring 2. An example

§

‘crossover is shown in Figure 2.

1
e )

Parant1 lil1]1’0]1[0E
Paenz [1T1 0 BEIRIED

£

offaprang 1 0[1]-::!17.0117_11
oftapangz [ 0 1]¢v]]c.]1]o]T]

Fig. 2 Crossov::r example

Mutation : Each offspring much meet the same
straints as its parents (the number of ones and zeroes in

bit pattern should be nearly equal). However,

the

SOvVer operation may produce an offspring that does not
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meet this requirement. An offspring is altered via mutation,
the operation that randomly adjusts bits in the offspring so
that its bit pattem is valid. The mutation procedure
determines the value b, which is the absolute value of the
difference in the number of ones and zeroes. A bit location
on the offspring is randomly selected, then starting at that
location in offspring that represent valid partitions.

b
before mutation

r
omeneat (S 3 [ [7 [0 [ 7] 7]

b,
behind mutation ap

wm!'_ﬂ- [;Ii]ofim
Fig. 3 Mutation example

Update population : The creation of two offsprings
increases the size of the Population to P+2. Since we want to
maintain a constraint population size of P, Two individuals
will need to be eliminated from the population. The goal of
the algorithm is to converge to the best quality solution, thus
the two individuals with the Towest fitness value are removed
from the population

3. Hybrid Algorithm (HA)

HA is based on SA but with the attempt of trying to
reduce CPU time. From reduced number of answers which
have direct effect on fast acceptance of answer, the new
answer is generated by mutation of a chromosome that
requires a small storage for its each iteration processing.

Each solution to our problem is represented by a
chromosome, which is a binary string. Each gene has 2 value
from an aiphabet S, say {0,1}, The number of vertices is
often the size of the chromosome. The number of genes
should be an equal number of Os and Is in a chromosome.

HA starts with a set of initial solutions is number of P
chromosomes with the first bit of chromosome is fixed by /
or 0. (Figure 4 showed First data: the first bit value of all
chromosomes is @ and Second data: the first bit value of all
chromosomes is J) We select to consider second group. The
first bit of all chromosomes is fixed as valued. This has
direct effect on the reduction of reiterate answers.

Gy

n!

8
[——IJ[—'—‘) o
s

if n is an even number, N = (M.

if n is an odd number, N =



Fitness or Cut cost value

L -
- o
© .
o - Ll o
10000
o -
. °
° . o .
L
Cut group——._| ° -
\ . °
s i - .
o -
= o -
—————p ° ° .
a chromosomes. ° ™ .o ol
randomly selecied ° -
o - e .
- ° o u

1
¥ 1

Max Fitness of P chromosomes is main_gain
First Data (the first bit value of all chromosome is zero )
. mmmwuvn«umhw)
®  Chromasome is selected

Fig. 4 Physical demonstration of a Hybrid Algorithm

State

Each individual has a fitness value, which is a measure of the
quality of the solution represented by the individual. The
fitness value F for individual i in Equation 3.

Maximum fitness of a chromosome is selected. It was
called main_gain value (generate cut group shown in Figure
4), which separates the answer set into two groups. Cut cost
value of each answer in the first group is less than main _gain
value, while that of those in the second group is higher.

Ba< [
ém
et

B > e sy
e = i)
-_-——'-g”-—-—

Fig. 5 A Hybrid Algougih. O =35

The structure of the above discussed HA is given in
Figure 5. The algorithm changes state with mutation of some
bits of a chromosome. New cost function is compared to the
main_gain value. If cost of the new cost function is higher
than the main_gain, the second group is considered. Next
step is to consider the cost of new solution whether it is
better than the cost of the current solution. If it is then the
new solution is acceptable. Metropolis will accept the new
solution on a probabilistic basis of Boltzmann Distribution.
A random number is generated in the range 0 to 1. If this
random number is smaller than e | where Again is the
difference in cost , the inferior solution is accepted.

The Mutations algorithm determines the value b, which
is the absolute value of the difference in the number of ones
and zeroes. A bit location on the chromosome is randomly
selected, then starting at that location, b bits complemented
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(zeroes become ones, ones become zeroes). With an
exemption that applied to the first bit of chromosome (not
mutation), the method can reduce the number of repeat
answers. Fast acceptance of answers is then made possible.

After each iteration, the temperature T is scaled down by
a cooling factor @, where 0 < o < 1. The algorithm stops if
there has been no changes to the solution after time equals
Maxtime. HA can be considered as an improved version of
NSA (New simulated annealing)[6].

e L*]'III‘I'I-]IL'J]'I'W
s 1 1 03 B LY ) R 0 3 5

Fig. 6 Multi-mutation example

4. Experimental Results

We experimentally evaluated the quality of the
bisections produced by our partitioning algorithm on a large
number of hypergraphs that are part of widely used
ACM/SIGDA circuit partitioning benchmark suite (available

via the World Wide Web at http://www.csucla.edu/~cheese).

The characteristics of these hypergraphs are shown in
Tablel. Table 2 shows parameters applied to different
algorithms; SA, GA, NSA and HA. All code was written in
C and ail benchmarks were tested on a 486 PC.

Table | Specification of the circuits

Circuit | # Cells | #Pads | #Modules | # Nets
| Qgr8 12 0 12 - 23
3ks K] 0 13 # 33
Cliquel6 16 0 16 120
1C67 6L, 12 ) 87 & 138
Table 2 Parameter of SA, GA, NSA and HA
Parameter of SA Parameter of GA
To a T P Generation
1000 9 5,10,15,18 | 10 5,10

Parameter of NSA and HA, 1st Generation
Tg P o Ts 5
1000 10 .9 5,10;15,18

Average cut cost, minimum cut cost and average CPUt -
times of the applications of HA with SA, GA and NSA for
Two-Way partitioning are given in Table 3, 4, 5 respectively.

HA was tested on 4 benchmark circuit graphs. Shown in -
table 3, for small circuit such as Qgr8 and 3k5 the algorithm
yield the lowest cut cost. For larger circuit such as
Cliniquel6 and IC67 it yields comparable results obtained
from others. Eigd

In term of minimum cut cost, as detailed in Table 4, HA
algorithm offers similar results compared with others.

Table 5 elaborate the average computing time. This is
unobservable for small circuit size. For larger circuit size,
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1A and NHA yield similar results that comparable to that
btained from a conventional GA.

Table 3 Effect of average cut cost of SA, GA, NSA and HA

Circuit Average cut cost
SA GA NSA HA
Qgrs 10.3 9 9.5 8.5
3ks 13.7 8 12.6 8
Cliquelé6 64 64 64 64
1C67 82.5 79.8 73.3 79.5

Table 4 Effect of minimum cut of SA, GA, NSA and HA

Circuit Min cut
SA GA NSA HA
Qgr8 8 8 8 8
3k5 8 8 8 8
Cliquel6 64 64 64 64
IC67 69 24 37 20

Table 5 Effect of average CPU of SA, GA, NSA and HA

Circuit Average CPU (sec/run)
SA GA NSA HA
Qgré N/A N/A N/A N/A
3kS N/A N/A N/A N/A
Cliquel6 0.9 0.8 0.75 0.8
1C67 2.75 2.4 2.55 2.5
Discussion

~An improved two-way partitioning - algorithm  is
oposed. The hybrid algorithm is based on both simulated
nealing and genetic algorithms. According to test applied
benchmark circuits, HA yields comparable or better
formance compared to others. The obvious advantage of
' proposed algorithm is that it requires less storage
npared to the conventional GA and it is faster than a
wentional SA. Applying of this algorithm to a very large
cuit size is under investigation.
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MANUIN V.

Benchmark File Format

Elcfdl.\{mﬁowwnm!mueb

slojEl SixBinials
Reload Open Ztop
G = R 3 W
W.Nm?|w.cm|om]ms.mhlpenﬁe]5m| S

Berhewwk FIE Fopoat

The ISPD98 Circuit Benchmark Suite :]

Wamming' The hMetis results in the paper are buggy.

Prom 1965-1983, the MCNC regulasty inbod d and maintined bencheuok suites for use by the Desipn Automas y. These benchmaris are iy

Please use the correct new data,

=

bemomin!mnd'byW@MﬂMMWhmwmﬂmntpmemmmdmrhwth
woars. Consequenty, the second largest ciredt in the existing public set of benchmarks has just over 23.000 culls wheh &s consdered small by today's standands This
Web site inbroduces the ISFPDSE aroit benchmark suie which contuns 16 droat ranging brom 13,000 10 210,000 cells. See the IEFD papey for mors delads, dong

with soverd) sets of experimental resulls on these droats. More recent results for the ISFD-98 benchmirks can be found in the Parlge.ngng st of the MARCO/GSRC
bookshell for VLI CAD aigorthms
Any conbibulions or suggestons shoud be semt 1o hwck Apert

i#s8] Document: Done

Benchmark Characteristics |

zﬂtl‘ﬁﬂd web Wl‘g download benchmark file

Benchmark file $1820f1 3Uszin¥ A0 a.net , a.are, anetD doslszmnusauniindua

o =

- Vb o ' . . .
Tz anetD dusznnlng Fawdr0fv net format uAsullsenoVAIY signal direction

I, Netlist /52109 a.net 325 uAud0.5 V5 59iRUsHMIONquaTAvDII39TAeEl

ignored

#Pins

#Nets

#Modules

#Pad offset

#Cells

. SRR = 2
991147104 pins MNAYUNYNAYD Circuit Benchmark WU

E 3b

& T TR Y ks
Aos i ududouns oidunaaIn NUAUNUENIMUAYDA Circuit
Benchmark ﬁuq
¥

A8$1IUVD2905 cells 1AL pads ianuas iy Tavgnunudie
a3
a o 1 <
AD$1147U YD pad NINUAVBIID3 11 Circuit Benchmark 1uq gn

v
UNUANS W

v
A8 UY9929957avua 1Y Circuit Benchmark
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L [ .
Y14 circuit netlist TUAMNMINGVDA “a” Aoduiiduaees aAnumuoves “p” Avduiiiy

n' o @ é 1 4 "
pad M35UAUANUFUNUTYDI9THITIAD29950U TULADY nets LaAIAIY *s”

ar ' A dyn o dy
#A7208149 Netlist file HHILEAY 4 cells , 3 pads, 5 nets LAY 13 pins Netfile UNTHUA 1Afail

13

plsl
a0l
all
alsl
a2l
a3l
al sl
a2l
a3l
a2sl
p21
a3sl

p3l

p1

a0 a2 p2
: 4 0
al a3 p3
Lo T —@
3 2 0

5 3 £ P =) ¥
2. Netlist 152100 a.are 92 UDNVUIAVDILUAAL module FINZUDNFOUDI cells HID pads ATUAY

¥ . E ¥
YA BNUDY cells 13D pads U AIDHIIAI

a0 1

al 3
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a2 4

a3 2

pl O

p20

p30

3. Netlist 15240 a.netD 92AZWAY anet ssafunsait Idszianiivenda cells Ty
input Audayandnual (1) n3e output Awdayg ANV (0) wioduiareniindrodyy
Anwal (B) M3V nets viu 1 manof el sink o4 net wazduiiu 0 Aoty source YO net 72
TR

0

13

plsO
a0 ll
alll
a0s O
a2ll
a3l
alsO
a2ll
a3ll
a2s 0O
p211
a3sO

p3ll



3k5.net

66
33
15

als 1
all
al0s 1
a2l
a0s 1
a3l
als 1
a4 |
alsl
a2l
alsl
a3l
al sl
adl
a2sl
a3l
a2sl
a4 1
a3sl
a4 1

aSs1

a6 1
aSsl
a7l
aSsl
a8l
aSs1
a9l
absl
a7l
a6s 1
a8 |
abs 1
a9l
a7's l
ag |
a7s 1
a9l
a8sl
a9l
al0s 1
alll
alOs1
al2]
al0s 1
al3 |l

al0s1

ald 1
allsl
al2l
allsl
al3l
allsl
al4l
al2s 1
al3l
al2s1
al4d ]
al3sl
al4l
ads ]
a9 1
ads 1
al4l
a%s 1

al41

f081d Benchmark File Format Y832493 3kS.net , ggr8.net

qgr8.net

46
23
12

als 1
all
als 1
a2l
a0s 1
all
als 1
ad 1
alsl
a2l
alsl
a3l
alsl
a4 |
aZs |
a3l
a2sl
a4l
a3s 1
a4 |

a0s 1

a8 1
alsl
a9 |
adsl
a7l
aSsl
a6 1
aSs |
a7l
a5s1
a8 |
afs 1
a7l
abs 1
a8 |
alsl
agl
a8s |
a9l
a%s |
al01l
a%9s1
alll
al0s 1

al
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MANHIN A,

TsunsumsnaaeaWenuuy Borland C Compiler

// main program for searce #nets,#pins #¥modules
/ and create AdjacencyTable of nodes

#include <stdio.h>

#include <sidlib.h>

#include <conio.h>

#include <dos.h>

#include <string. h>

#include <math.h>

#include <process h>

#include <time.h>

F e T e Rt
#define TR 1

#deline MAXNODE 5000 // maximun node
#define TRUE 1

#define FALSE 0

#define NEWLINE 0x0a // Newline cose
#define SPACE 0x20 // Spage code

/ function !
void readfile(void);

void SA(void);

void Display(void);

int find(char name[50]);

void IniAdjacencyTable(void);

/ +esesdeclaration
char filename([50];
int pins,nets,;mocdules;
int AdjacencyTuble{MAXNODE]IMAXNODE}MV][e]
MEX  Adjacency set Adjacency table
vertlex  sel edges=> 0123
0 (K2} o e
1 {23} verexs=>0|F T TF
2 NULL IWFET I
3 {012} 2|FFEF

!
struct edge |

char endpoint30];

struct edge *nexie;

b
struct edge *firste] MAXNODE];
char graph| MAXNODE]{30];

/ main
void main()
{

readfile();

IniAdjacencyTable();

getche();

while(TRUE)

{ printf{"a MENU \n");
printf(" [1] Simulated annealing algorithm\n");
printf{* [¢] Exitin");
printf(" \n Enter choice ==>");
switch(getche())

{ case '1'; SAQ;break;
case 'e':

case 'E"; exit(0); break;

3| TR E-F

default : break;
J/tend ewitch
getche();
} Jlend while

void readfile()

char name[ 50),ch{50);
mt j,i5

int absA,absB;

char temp[5}I50];

Char *p,*pl,dam ='y;
char *pp,nodename[30);

FILE *textfile;
struct edge *thise[MAXNODE];
printf{" Please enter textfile w read :*);
gets(uame);
Strcat(name, " net");
strepy(Glename,name);
ifl(extiile=fopen(filename, "rt"))==NULL)
{ print{"No file %s \a",flename);
exit(1); #Send errorende 1 o Dos
1
i=§=0// number all ling
=0,
figets(ch, 50,1 xtfilc);
while(!feofltextfile))
{
iflferrar(iexifile))
{ printf"file error \n N exit(1y; )
{/find edage
il(chi0]=="2"Y(ch[0}=="p")
(
p=strrchr(ch,dam);
ifip) /il have "s” in this line
{ pl=stokich,"*);
strepy(graphr],p1);
l printf{"%s \n",graphlr]}; /created all graph

r=r+l;

pp = striok(ch," *);
iflpp)
| strepy(nodename, pp);
thise[r}=(struct edge *)malloc(sizeof{struct edge));
iflthise[r]==NULL)
{ printf("Allocation error"); retum; }
thise[r]->nexte = firste[r];
firste{r] = thise[r];

Aehicel
PY 1

# printf(* cdge (%d] is %s \n" x,thiser}->endpoint);
}

T->endpoint sodename);



}
¢lse //search number pins nets,modules fo file.net
{ strepy(templil,ch);
i 10,1234
H
fgets(ch,50,textfile);
i+ N searce all lines
)
felose(textfile);

Hdisplay circuit benchmark "file.net” give #pins #nets #modules

pins=atoi(temp[1]);
nets=atoi(temp(2]);

modules=atwi(temp[3]);

printf{"\n pins= %d news = %d modules = %d",pins,nets,modules);

7* int even=modules¥%2;

iffeven)
absA=absB=modules/2;
else
{ absA=modules/2;
absB=absA+1;
¥
H
/
void Display(void)
{ intrijp
struct edge *thise| MAXNODE];
1 Graph
for(i=1;i<=modules;i++)
" printi(* Graph[%d] %s'n",i,graph[i-1]);
1/ Edge
Mgetche();

for(r=1;r<=modules;r++)

{ if{frste[rJ==NULL)
{ printf{\n Enipty list. \n"); retum;}
thiselr] = firste{r];

dof
" print” %", thiselrl>endpoint);
thise[r] = thise[r]->nexte;

twhile(thise[r] '=NULL);

I printi("a");

void IniAdjacencyTable()
{ intijrk;
int T=0;
int cutsize;
char nnode[50];
struct edge *thiss MAXNODE];
Hserall 0
printf{"\n");
for(i=1;i<=modules;i++)
{ for(j=1;==modules:j++)
{
AdjacencyTable[i][j]=T;
Hprintfl" %d", AdjacencyTableli]ljl);
H
Hprint(™a");
i
/set | at join position
for(r=1;r<=modules;r++)
{ illfirste[r}==NULL)
{ printi{"\n Empty list. \n"); return; }
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thise(r] = firstelr];
do{
for(i=1;i<=modules;i++)

illswemp(graphli-1),thise[r]->¢ndpoint)== 0)
{
/] printf{"[%d][%d]
i)
AdjacencyTable[r][i]=1;
}
)
thise[r] = thise[r]->nexte;
}while(thise[r] != NULL);
" printf{"n");
}
i/l To show Adjacency nodes
for(i=1;i<=modules;i++)
{ for(=1:j<=modules;j++)
{
printf{" %d", AdjacencyTableli][j]);
}
printf{"\n");
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void Metropolis(int CGain, int T,int M);
void randoalvoid);
int neighbour();
int initcost(void);
int CALcut(int a,char setA{MAXNODE]([30]);
int cutsize[50]; // store cutsize value for plot graph
float Gain(int s);
imt To=10000; /initial temperature
int M=18; /frepresents the time until the next parameter update
double A=0.9,8=1.2; //alpha is the cooling rate
int So;  fis the initial solution
int Maxtime = 20; //Maxtimes is the total allowed tme for the annealing process
intacut; Hall cutsize
FILE *stream;
void SA()
/it initcostint Te=1000,double A=0.9,int M=10,int Maxtime=10)
{ intT,8,Time;
int;
double e,r;
/* open a file for update */
stream = fopen("SA.FIL", "w+");
time_t first, second,;

first= time(NULL); /* Gels system time*/

T=To;

S=initcost();

Time=(;

do

{ Metropolis(S,T,M);
Time = Time+M;
T=A*T;
M=B*M;
fprintflstream, "\nTime = %d\n", Time);

}while(Time>=Maxtime);

fprintf{stream,"\n");

for(i=0;i<acut;i++)



fprintf{stream, “ncutsize%d = %d" i,cutsize[i]);

second = time(NULL); /* Gets system time again®/

fprintf{stream,"\nThe dilference is: %.16¢ seconds\n” difftime(second, first));

felose(stream);
printfl" SA OK! ");
getche();

H

i Initcost
int initcost()
{ int cutcost;
int even,a=0,e=0,ij;
char setA[MAXNODE][30);
char setB[MAXNODE]([30];
[H##%4442% initial bipartition graph ***¢*sxay/
for(i=1;i<=modules;i++)
{ even=i%2;
ifleven)
{ strepy(setAlal,graphli-1]); abs )
else
{ strepy(setBlel.graphli-1]); gl |
}
/* fprinti{stream, "\nlnitial partition\n & = %d A Group : ",#);
for(i=0zi<asi++)

printfistream,” %os . setA[il); // group A

fprintf{stream,"\n b = %d B Group : ",¢);
for(i=0;i<e;i++)
fprintf{stream,” %s :",setBfiD);. # group B
*/ cutcost=CALcut(a,setA);
return cuicost;
1
int CALcut(int a,char setA[]MAXNODE[[30])
[resesse calculate cutsize from AdjacencyTable #*#s#**%/
{ int pi[50),pj[50),k=0,ncut[50],ii=0;; // defind max=50
int cutcost;
int ij;
M fprintf{stream,™n");

/ fine i in Adj yTabie([i][] d

for(i=0;i<aji++)
{ for(j=0;<modules:j++)
{
if{stremp{setAfil.araph[j])==0)
{ pilil=j;
Hprintfl" %s position is %d \n" setAllg);
t L
erssrserRafin j in AdjacencyTable[][]]***#x++sy
Hlprintf{"™\n");
for(i=0;i<a;i++)
{ for(=0;<modulesyj++)
{ int l=pili);
iflAdjacencyTable[H1][j+1]=1)

{
pilk]=j;
W printl{"i= %d j=%d " Lpilk]);
u printf(” val = %d \n", Adjacency Table[1+11[(pilk}+1)]);
K+ //all 1 in row of A group
}
}
" printi(*n");
)
for(7=0:j<kzj++)
{ for(i=0i<a;i++)

{ iflpili] == piliD
{ pilil=NULL;
ii++; // all 1 in column of B group
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1)
cuteost = k-ii;
I print("(1 of row A group) - (1 of column B group)");
/i printf{"\n cutcost = %d \n" cutcost);
return cutcost;
)

f 7 !

void Metropolis(int S,int T,int M)
{ int NS,i=1j=0;
float CGain,NGain,diffcoste,r;
CGain = Gain(S);
cutsize[0]=S;
for(=0,j<M;j++)
{ NS = neighbour();
NGain = Gain(NS);
diffcost = NGain-CGain;
e=exp(-diffeosvT);
r=(rand()%100)*.01;
# fprintflsream,”  gain= S/(absA*absB)\n");
/  fprintf{sieam,"Newgain = %[ Currcntgain = %f\n",NGain,CGain);
I fprintf{stream, "diffeost= %f ¢ = %f r="%F\n" diffcoste,r);
ill(diffcost<0)/|(r<e))
{ CGain = NGain;
cutsizei] = N§;
i+
¥
Haccept the soulung
/. iprintf{sream," M = %d ",M-j);
I1getche();
}
acutsi;
W fprintf{stream, "\n'nall cutsize = %da",);
¥
float Gain(int s)
{ imox;
float gain,absA,absB;
x=modules¥2;
iffx==1)
{ absA=modules2; absB=absA+l; }
else
{ absA=absB=modules/2; )
fprintflstreany,"absA = %[ absB = % f cuteost(5) = %d\n" absA absB,3);
gain = (absA*absB);

=

return gain;
H
int neighbour()
{
int costa;b.eee,i;
char setA|[MAXNODE|[30]; //node[ MAXNODE]:namenode([30]
char setB[MAXNODE][30];
unsigned long res,num;
inl rem,n;
/] max at 2°32
char
binary[1000]="00000000000000000000000000000000000000000000000000000000000

000000000000000000000000C00000C0000000COCOONNANNNOCOO00000000OO0OONNON0
00000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000

OO000CCO0000000000000000000 0000000000 0000000 00C00G000000000000000000000

0000000000000000000000000000000000000C00000000000C0000000000000000000000




"

#

.

int buf{50]; # define only 50
intinteg=pow(2,modules);
do{/f receive only biscction
/! Ten random numbers from 0 1o integ(2*modules)
fprintf{stream, "n Random graph \n");
num = rand()%einteg;
/* keep the original value */

res = num;
n={);
while(res != 0)
[ rem=res%2;
res =res/2;
iflrem == ) binary{50-n] ="I";
else binary[50-n] =0
o]
}
for(i=0;binary|i}=="0";1++)

JNULL
for(;i<51;4-+)
{ printf("%c" binary[il}y )
printi"binary \n");

Jeeesens number M.ll l and O .!"‘D"’#’
‘bullmodules];

for(i=0;i<modules;i++)

{ illbinary[50-i}==1") buflmodules-il=1;

else bullmodules-i|=0;
}
for(i=1;1<=modules;i++)
printl"%ad" batlil);

printf{*\a");*/

a=b=0; //display binary code of num random
for(i=1;i<=modules;i++)

{

fprinti{stream,"%d" buf[iD);

iffbuflij==1)

{ strepy(setA [algraphl+ LD
at
clse
{ strepy(setB[b).graphli-1]);

b

)
}
c=abs(a-b);
ifl{c==0)(c==1)) cc=TRUE;
else cc=FALSE;
Hehecking bipartition of graph it ¢=1 or ¢=0 is biparition
Jwhile(ce!=TRUE);

fprintflstream, ™\ a = %d A Group : ",a);
for(i=0;i<a;it++)
fprintRstream,” Y%s :" setA[i]); / group A
fprintf{stream,"n b = %d B Group : “b);
for(i=0;i<b;i++)
fprintf{stream,” %s " setB[il); # group B

*/ cost=CALcut(asetA);

return cosi;
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[HRsaEasEak R s RRRSRREaRAS (Genetic Algorithm ***sessssssssssssisineniey

LA o o’
void ga(void),

int CALcut(int a,char setA[MAXNODEI[30]);
void Initialize(void);

void Init_Pop(void);

void Init_Fixalleleval(int i);

float Evaluate(float sum,int i);

void Selection({void);

int pos(void);

int sortl(void);

int sor2(void);

it Jookup] (int k);

int lookup2(int k,int j);

void Reproduct(int a,int b);

void Genpopu(int al,int bl);

void mutation{void);

void GenNew(int gen);

voud GenNewPop(void);
THHTHITHTIAN P ITHI i

int. maxgen=10; /Maximun generation

int popsize=10; //Population size not over 2°modul
char Nehrom[MAXNODE][MAXNODE];
int Cutsizel[10];
int Cw,Ch; HCwis largest cutsize,Cb is smallest cutsize:
float FitnessI[10];
float Pselecti[10];
char parentl [50],parent2[50f;
int Newpop| MAXNODE][MAXNODE];
struet GENpop |
chiar Geode[$1];
it Geutsize;
float Gpselect;
}Genf10];
FILE *strean:;

j’”-"".‘m!‘..“l‘l.llf
4o GA Drovess *4H4es/
’”‘“!t#m.‘.““.“,
void ga)
{ “int gen=0,a,a1.b.bl,ij;
* open a file for update */
stream = fopen("SGAFIL®, “w+);
time_t first, second;
first = time(NULL); /* Gets system time */
Nehrom|popsize ][ modules];
Initialize(); //initialzation gen 0
whil <10) /fstop (maxgen = 10)
{ gen;

i selecte parentl 2
Selection();
a=sortl(); // resive value most fitness
al=lookupl(a);
b=sor2(); // resive value most fitness-1
" print"na=%d b=%d",a,b);

bl=lookup2(b,al);

" printf{"nbl=%d al=%d\n",bl,al);
/i ereate new pop
Reproduct(al,b1); // a,b is position of less fitness



Genpopulal,bl);
" getche();
/* display Newpop
printf{"Newpop \n");
for(i=0;i<10;i++)
{ for(j=0g<modules;j++)
printf{*%d",Newpoplil(il);
printf{*a");
1R
GeaNewl(gen);
getche();
H/end of while
second = time(NULL); /* Gets system time again®/
fprintf{stream, “nThe difference is: %.16¢ seconds'n” difftime(second, first));
felose(stream);
print{" SGA OK! ");
getche();
)
J LT TR PR P
[4*%* initiglization *****/
Fhaadadddt Lill Ll L il d b ot ild)
void Initialize()
{ inti;
{loat sumF=0;
HMnivalize population
Init_Pop(); I/define Nehrom value
HFix bit value
for(i=0;i<popsize;i++)
Init_Fixalleleval(i); //define Fitnessl value
for(i=0;i<popsize;i+-+)
sumF= sumF+Fitness![i];/sumation Fitness] value
I/ display Tnitial chromosome data

fprintf{stream,"\n Generation 0\n");
fprintf{stream,"chromosome  Ci  Fitness. pseleetin);
for(i=0;i<popsize;i++)
Pselect|i}=Evaluate(sumF,i);
for(i=0;i<popsize;i++)
{ /idefine struct for generation GA
strepy(Genlil. Goode,Nchrom{il);
Genli].Geutsize = Cutsizel[il;
Genli].Gfitness = FimessI[i];
fidefine Probability of selected Value
IiPselectl|i]=Evaluate(sumF,i);
Genli].Gpselect = Pselect[i];
fprintilstream,"%s %7d %.6f %.6fn" Nehrom[i],
Cutsizel[i],Fitnessl[i],Pselect[i]);
}
fprintf{stream,"n  sum fitness = %{" sumF);
1

[reanses

"ese iniﬁllﬂtﬁ)ﬂ GA wllw l'."‘-‘-."'l'.]
void Init_Pop()
{ /I random pop = inilsize and select by bisection

int ab,c.cc,Cijijremn,l;

char setA[MAXNODE](30),setB[MAXNODE][30};
unsigned long res,num;

char bit{51]; // max at 2°32
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00000000000000000000000000000000000000OG0ONAN0000000N0O000NONONN0000N0
000000000000000000000000000000OCO0OCOOOOO0OOOONNOOONOOOOOOONNOOONOONOCONN

0000000000000000000000000000000000000000000000000000000000NNN0ACO000000
0000000000000000000000000N0OCO0CONNN0NOOO0OCONNNNON0ON0OOONRONONNGO00

int buf[50}; // define only 50
int min,max;
int integ=pow(2,modules);
for(i=0;i<S15i++)
bt i]="07;
for(j=0;j<popsize;j++)
{ / check duplication of binary code! No duplication

do{// receive only bisection
4 Ten random numbers from 0 10 integ(2"modules)
num = rand()%integ;
TesS = numy;
n=0;
/f convestdeeimal to binary number
while(res !+ 0)
{ rem = res % 2;
res = res/ 2;
iflrem == 1) “binary[50-n] = 1"}
else binary[50-a] =0
Lan
}
Faddddidld mr llfl" ] M{!IWUCUOI,‘
bui[modules];
for(i0;i<modules;i+)
{ iffbinary[S0-i1=="1) buffmodules-il=1;
clée bullmodules-il=0;
}
a=b=0; /idisplay binary code of aum random
for(i=1;i€=modules;H+)
{ifbuflile=n)
{/ strepy(sctAla) graphli-1]);
it

}
//check bipartition of graph if (c=1}jc=0) is biparition
c=abs(a-b);
ifl(e==0)f{(c==1)) cc=TRUE;
else cc=FALSE;
}while(ce!=TRUE);
W getche();
/* printi(™n a =%d A Group: "a);
Tor(i=0i<a;it++)
printfl" %s :" setAli]); // group A
printf{"n b="%d B Group : ",b);
for(i=0;i<b;i++)
printf” %s :"setBil); / group BY/
// find each Cutsize value in all chromosome
Ci=CALcut(a,setA);
Cutsizel[j}=Ci;
/* printl(" C[%d]= %d code is ",j,Cussizel(j]);
for(i=1;i<=modules;i++)
printf{"%d" bufli]);



*/ }f convert binary number (o decimal
for(i=1;i<=modules;i++)
( iffbuflil==1) bili-1}="1
else bitfi-1])=0";
b
I/ printf"bit string is Yes\n",bit);
/I define bit string of chromosome
strepy(Nehrom{j],bit);
}ilend of for 10 loop

/1 find largest (Cw) and smallesti(Ch) cutsize value

min=Cutsizel[0];

for(i=1;i<popsize;i++)

{ iflmin>Cutsizelli])

min=Cutsizel[i};

)

Ch=min; // printf{™\n min= %d",min);

max=Cutsizel[0};

for(i=1;i<popsize;i++)

{ iffmax<Cutsizel[i])

max=Cutsizel[i];

}

Cw=max; // printf"\n max= %d" max);
/* printf{™n");

for(i=0;i<popsize;i++)

printfl\nchromosome|%d) s %s",i,Nchrom[i]); . */

!
int CALcut(int a,char setA[MAXNODE][30])
fee2ee2s caleulate cutsize from AdjacencyTable *+**##2%)
{ ot pil50},pil50),k=0,meut50]1i=0; / defind max=50

int cutcost;

intig;

[oeesssssesiing i in AdjacencyTable[i)[|#* *owessssy

for(i=0si<a;i++)
{ for(j=0g<modules;j++)
i
iflstremp(setA[i], graph[j])==0)
{ pilil=
W printi(* %s position is %d \n* seeATi],j);
} 1
! fine j in Adji (Table[Jj! /

1 printi{"w”);
for(i=0;i<agi++)
{ for(=0;j<modules;j++)
{ int I=pili;
iftAdjacencyTable[1+1][j+1]==1)
{
pilkl=3:
" printfl"i= %d j= %d *,Lpjlk]);
" printil” val = %d \n",AdjacencyTable[1+1][(pjlk}+1)]);
k++; // all 1 in row of A group

/' printf{"\n");

}

Tor(j=0jj<kij++)

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

{ iflpili] == pilily
{ pilil=NuULL;
irt+; // all | in column of B group

¥l

cutcost = k-ii;
I printf{™(1 of row A group) - (1 of column B group)");
1 printf{™\n cutcost = %d \n",cutcost);

Teturn cutcost;

}

void Init_Fixalleleval(int i)

{ float F[10];

Flil=(Cw-Cutsizel [i H(Cw-Cb)3);
Fitnessl(i}=F[il;
/' printf{*\n fitness %d = %[",i+1 FitnessI[i]);

}

float Evaluate( float sum,int i)

{ floatr,S,Ev; /# P=10is all chromosome
mtp=10;  // r=pow(4,(1/p-1))
r=pow(4,0.111111111);
S={1-pow(r,p)V(1-1);

Ev=pow(r,i-1)/S;

/I Ev=Fitnessl[il/sum;
retm Ev;

|

! !

! Next G i !

/ /
void Selection()
{1/ only position parent
it i jkl k2,
tloat temp,smax | smax2;
J/ find position dad form maximon fitness
smaxl = Gen[0].Gfimess;
for(i=1Lzi<popsize;it+)
{ iflsmaxl<Genfi).Gfiness)
{ smax1=Genfil Glimess;
ki=i;
)
¥
# find position mom form randem
k2 = mnd()%10;
11 printf{*position of dad = %d \npositian of mom = %d" k1,k2);
strepy(parentl Genfkl].Geode ),
strepy(paren2, Gea[k2]. Geode);
// printfi®dsd : %s mom : %s \u" parent] parent2);
)
int pos()
{ int pos;
pos = rand()%modules;
4 printi{*find position in one chromosome = %d\n",pos);
return pos;
}
Jfwenseseens sorting eveesses)
int int_comp( const void *i, const void *j);
int int_comp{ const voud *i, const void *j)
{
return((*(int *)i)-(*(int *)j) );
}
int sortl()
{ inti;
qgsort(Cutsizel, 10, sizeoflint), int_comp);
/* printi{"The array afier gsort) function \n\n");
for (i=0;i<10;i++)
printf(*%d ", Cutsizel[i]);
*/  rewrn Cutsizel[9];
H
int son2()
{ inti;
qgeort{Cutsizel, 10, sizeof{int), int_comp);
return Cutsizel[8];
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" i W
int lookup (int k)
{ intir;
for(i=0;i<10;i++)
{ iflGen[i].Geutsize==k)
= i; // return position of maximun fithess
}
retum r;
1

int lookup2(int k,int )//k is fimess,j is position of max fitness

{ inti;
for(i=0;i<10;i++)
{ iflit=))
{ iflGenli].Geutsize==k)
retum i
Yk}
1/ Crossover and mutation process
void Reproduct(int a,int b)
{ char *purl *pur2;
char part][25],par2[25];
int i,posivar;
int offs1[25],0f1s2[25];
int one | =0,zerol=0,0ne2=0,zera2=0;
int detal deta2,m,e,num,rl,12;
posi = pos(); / random position of crossover

dules/2; // m is ch /2
e=modules%2;
ille==1)
m=m+1;
K printd("m= %d",m);
! Ci !

JHsedensrnenne crante offstringl **tRReereen)
for(i=0;i<=posi;i#-+)
{ illparent] [i}=='1offs1[i]=l;
else offs1[i}=0;
)
for(i=posi+ 1 i<modulesi++)
{ iflparen[il=="1Y offsl{i]=1;
clse offs! [il=0;
}
/  printf{"offl =");
for(i=0;i<modules;i++)
printf{("%d” offs1]i]):%
[rereanarancan o offstringd + 4t eenesen
Tor(i=0;i<=posi;i++)
{ iflparentl[i]=="1") offs2[i]=1;
clse ofls2(i]=0;
}
for(i=posi+1;i<modules;i++)
{ iftparent2il=="1") offs2[i}=0;
else offs2(i]=1;
}
7 printf{"nofi2 = ");
for{i=0;i<modules;i++)
printf{"%d" ofis2(i});*/
[eenen ion offstring1,2 in nonbisection case **+*+%/
[#v*%%% count 1 and 0 in offstring | for mutate **+++%/
for(i=0;i<modules;i++)
{ iffoffsl[il==1) omel++;
else zerol++;
)
detal=abs(onel-zerol);
/i printf{(™n detal = %d\n" detal);

iflone!=zerol)

ifldetal!=1)
{ iflonel>zerol)
{ num=onel-m; //mum is number mutation
i=0;
do{ //do random 1 value for mutate
rl=rand()%modules; // case num 1 > sum 0
iffoffsi[ri}=1) // mutatebitlis0
{ offst[rl]=0;

}while(i<aum);

else
{ mum=zerol-m;
=0;
do{
ri=rand()%modules; // casc num 1 < num 0
ifloffsl[rl}==0) / mutate bit0is |
{ offsl[rl}=1;

| while(i<num);
}
1
1 printf™n % : %d"one1,zerot);
I printf("\a mutation offl = *);
for(i=Osi<modules;it+)
[/ printf("%d” ofis11i));
NewpoplaJlij=offs1{il; /replace in Newpople][] pasition
1
Je*%22% count | and O in offstring 2 for mutaie #****/
for(i=0ii<modules;it+)
{0 ifloMs2il=—=1) " one2++;
elsc zero2 i+

1
dem2=abs(one2-zer02);
iffone2!=aei02)

iftdeta2l=1)

{ ilfone2>zero2)

{ mum=one2-m; /num is number mutation
i=0;
dof #do random | value for mutate
r2=rand()%modules; // case pum | = num 0
AToMMs2[r2)==1) # mutate bit | is 0
1 ofs2(r2}=0;

Ywhile(i<oum);
1
else
{ num=zeroZ-m;
i=0;
dof
r2=rand()%modules; //case num 0 < num |
ifloffs2[r2]==0) //mutate bit 0is 1
{ offs2[r2}=1;

Twhile(i<num);
}
¥
# printf{"\n %d : %d" one2,zero2);
/ printf{*n mutation off2 = ");
for(i=0;i<modules;i++)

11
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{lprintf(*%d" olTs2[i]); for(i=0;i<51;i++)
Newpop{bl[il=offs1{i); /replace in Newpoplbl[] position bitlil="0;
¥ for(j=0rj<popsizc;j++)
1 [ eseeves pumber of all | and 0 ###sesss/
void Genpopu(int al,int bl) a=b=0; //display binary code of num random
{ it ijtempil S0]; for(i=0;i<modules;i++)
char tempe[50]; { iftNewpopljllil==1)
{ strepy(setAlal graphlil);
for(i=0;i<10;1++) /lcheck position of pop e
{ if(it=al Je&(il=b1)) }
{ strepy(tempe,Genli].Geode); else
for(j=0;j<modules;j++) { strepy(setBb],graphli]);
{ ienopelii=ty Newpoplilfii=i; b
else Newpoplillj]=0; 1
88 ¥ 3 ¥
void GenNew{int gen) *  getche();
{ int ij printf™aa=%d A Group : *,a);
float sumF=0; for(i=0;i<asit+)
char Newp[50][50]; printf{" %s :",setAi]); # group A
*  for(j=0g<popsize++) printf{™n b="%d B Group : ")
for(i=Osi<modules;i++) for(i=0;i<byi++)
Newpljllil=NULL; *f print(" 965 " setB(i]); // group B
GenNewPop(); */— Jf find each Cutsize value in all chromosome
# getche(); Ci=CALcut(s,selA);
/Fix bit value Cutsizel[jl=Ci;
for(i=0;i<popsizesi++) / printf® Cl%d}=%d codeis "j,Cutsizellj]);
Init_Fixalleleval(i); #define Fitnessl value for(=0ci<modules;i++)
- gethe(; printdl"%d" Newpopljlfill;
for(i=0si<popsize;i++) * 1/ convert binary nber W decimal
sumF=sumF+Fitnessi{i];/sumation Fitness] value }ifend of for 10 loop
il gewhe(); 1/ find largest (Cw) and smallest{Cb) cutsize valuc
/i display Initial chromosome dat min=Cutsize1[0];
fiprintil, "a G ion Yed \n" gen); Tor(i=1i<popsize;i++)
fprintflstream,"chromosome - Ci Fitnéas pscleetin”); { iftmin>Cutsizelfil)
for(i=0;i<popsizeii++) min=Cutsizel[il;
Pselect![i]=Evaluate(sumF,3); )
/f change int to char Ch=min; 4 printfl "o min=%d" min);
for(j=0;j<popsize;j++) max=Cusizel[0];
{ for(i=0;i<modules;i+#) for(i=1i<popsize;i+)
{ iltNewpopljllil==1) Newpljlli}="1'; { iftmax<Cutsizel[i])
clse Newplillil=0 max=Cusizel{i;
} i
} Cw=max; 4 printd{"\n max= %", max);
for(i=0;i<popsize;i++) 1
{ define struet for generation GA
strepy(Genli]. Geode,Newplil); e * T3 ahanaan v
Genli].Geutsize = Cutsizel[i]; i LLLLLEY *; Hybrid Algorithm /]
Genli].Gfitness = Fimessl[i]; 7 . AR AR AR AR R R AR AR AR AR
fdefine Probability of selected Value void Metropolis(int CGain,int T,int M,int k);
HPsclectl[ij=Evaluate(sumF i); void randon(void);
Genli].Gpselect = Pselectl[i}; int neighbour(int k);
fprintilstream,"%s %7d %67 %.60n" Newplil, int initcostivoid);
Genli].Geuwsize,Genli].Gifiness,Genli]. Gpselect); int CALcut(int a,char setAIMAXNODEI(30]);
i int cutsize[50]; // store culsize value for plot graph
fprintfisiream,"\n  sum fimess = %£" sumf); float Gain(int 8);
} int To=1000; //initial temperature
void GenNewPop() int M=18; //represents the time until the next parameter update
( double A=0.9; //alpha is the cooling rate
int ab,e,Ciijremn,l; int Maxtime = 20; /Maxtimes is the total allowed time for the anncaling process
char setA[MAXNODE][30],5tB[MAXNODE][30}; int acut; /all cutsize
char bit[51]; / max at 2°32 T
int buf[S0); // define only 50 void Initinlize(void);
int min,max; void Init_Pop(void);

/i set bit value void Init_Fixalleleval(int i);
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float Evaluate(float sum,int i); i "\n G ion (On");
int Selection(void); fprintf{stream,"chromosome  Ci Fitness  psclectin”);
int pos(void); for(i=0;i<popsize;it++)
int popsize=10; /Population size not over 2*modules Pselectl[i]=Evaluate(sumF i);
char Nchrom[MAXNODE][MAXNODE];
int Cutsizel[10]; for(i=0;i<popsize;i++)
int Cw,Cb; HCw is largest cutsize,Cb is smallest cutsize { //define struct for generation GA
float Fitnesst[10]; strepy(Gen{i). Geode,Nehromfi]);
float Pselect[10]; Genli].Geutsize = Cutsizel[i];
struct GENpop/{ Genli].Gfitness = Fitnessl[i];
char Geode[51]; /idefine Probability of selected Value
int Geutsize; Pselectl[i]=Evaluate(sumF,i);
float Gfitness; Genli] Gpselect = Pselectl{i];
float Gpselect; fprintf{stream,"%s %7d  %.6f %.60\n",Genli].Geode,
}Gen[10]; Genli).Geutsize,Gen[i]. Glimess,Gen[i]. Gpselect);
FILE *stream; ¥
f ; fprintflstream,"n  sum fitness = %{",sumF);
void ha() }
Hint initcost,int To=1000,double A=0.9,int M=10,int Maxtime=20) ! Initislzation GA populati f
{ it TS Time; void [nit_Pop()
int ikl; { /// random pop = initsize and sclect by bisection
double e,5; intabe.ce,Clij,rem,n,l,
time_t first, second; char setA[MAXNODE|[30],5¢tB[MAXNODE][30%;
stream = fopen{“ha.FIL", “w+"); unsigned long res,num;
first = ime(NULL); /* Gets system time*/ char bit[51}; I max w2732
T=To;

Initialize(); // initialzation gen 0

k1=Selection(); // position max fitness

fprintf{stream, "nimax fimess: %8 ,cutsize: %d\n" Genllel }.Geode, Gealki | Geutsize);
S=Gen[k1].Geutsize;

Time=0;
do
{ Metropolis(S,T,M,k1);
Time = Time+M;
T=A*T; int bufl50]; // define only 50
fprintflstream, "NaTime = Yodn®, Time); il min,max;
}while(Time>=Maxtime); inl integ=pow(2,modules);
for{i=0;r<51;i++)
second = time(NULLY; * Gets syster time again®/ bitli]=07;
fprimf{stream,"\n"); for(j~0j<popsize;++)
for(i=0ji<acutsi++) { /1 check duplication of binary ¢ode! No duplication
frintf{stream, "\ncutsize¥ed = %d"j,eutsize(il);
do{// reeeive only bisection
fprintflstream, “nThe difference is: %. 162 seconds\n” difltime(second, first)); {/ Ten random aumbers from 0 W integ(2"modules)
felose(stream); Bum = rand()%integ;
printf(* HA OK! "); res = pumy;
getche(); =0,
H 1 convert decimal to binary number
i Initcost / while(res = 0)
JE T T { rem=res%2;
[**%% initualization *****/ res=res/2;
F L L TR iftrem==1) binary[50-n] ="1';
void Initialize() else binary[50-n] ='0';
{ inti Lias
float sumF=0; i
Hnitalize population feeee22® number of all | and ( ***+*ssee)
Init_Pop(); fidefine Nehrom value buflmodules];
JFix bit value for(i=0;i<modules;i++)
for(i=0;i<popsize;i++) { iflbinary[50-il=="1") buflmodules-ij=1;
Init_Fixalleleval(i); //define Fitnessl value else buflmodules-i]=0;
for(i=0;i<popsize;i++) )
sumF= sumF+Fitnessl[i];/sumation Fitnessl valuc a=b=0; //display binary code of num random
// display Initial chromosome data for(i=1;i<=modules;i++)

{ iftbuflil=1)



[ stropy(setAfal,graphli-1]);
att;
else
| strepy(setB[b],graphli-11);
b

)
/leheck bipartition of graph if (¢=1(jc=0) is biparition
c=abs(a-b);
ifl(c==0)j|(c¢==1)) cc=TRUE;
else cc=FALSE;
}while(cc!=TRUE);
H geiche();
/* printf("na="%d A Group : "a);
for(i=0;i<a;i++)
printll" %s :"setAlil); # group A
printf(*n b= %d B Group : ",b);
for(i=0;i<b;i++)
printi(" %s " setB[i]); // group B*/
H find each Cutsize value in all chromosome
Ci=CALcut(a,setA);
Cutsizel[j]=Ci;
* printf(” C[%d}= %d code ig™j,Cutsizel(j]);
for(i=1;i<=modules;i++)
printi(“%d" bufli]);
*/ i convert binary number to decimal
for(i=1;i<=modules:i++)
{ iftbuflil==1) bidi-1]="1%
else bitli-1]=0;
}
/I primtfl "bit string is %s\n" bit);
/I define bit string of chromosome
strepy(Nchroml],big);
Wiend of for 10 loop
J/ find largest (Cw) and smallest(Cb) cutsize value
min=Cutsizel[0];
for(i=1;i<popsize;i++)
{ ilmin>Cutsizel[i])
min=Cutsizel[i];
)
Cb=min; // printil*\n min= %d*,min);
max=Cutsizel[0];
for(i=1;i<popsize;i++)
{ iflmax<Cutsizel[i])
max=Cutsizel[i];
)
Cwemax; [/ printil*\n max= %d",max);
}
void Init_Fixalleleval(int i)
{  foat F{10];

FlilCw-Cutsizel[iDH{(Cw-Cb)3);
Fitnessl[i}=Fil;

A printf{"\n fitness %d = %1",i+1 Fitmessl[i]);

}

float Evaluate(float sum,int 1)

{ foatr,S,Ev; / P=10 is all chromosome
intp=10;  // repow(4,(1/p-1))
r=pow(4,0.1 1111111
S=(1-powlrp)V(1-1);

Evepow(r,i-1)/S;

/i Ev=Fimessl[i}/sum;

return Ev;

}
int CALcut{int a,char setA[MAXNODE][30])
/ leulate cutsize from Adj: yTable /
{ int pil 50],pjl 50],k=0,ncut[50),ii=0;; // defind max=50
inf cutcost;
int ij;
fprintflstream, “n™);
[resesesssifing i in AdjacencyTable[ij[]***+ssr**+/
for(i=0ji<a;ie+)
{ for(j=0;j<modules;j++)
{
if{stremp(setA[i] graphlj])==0)
{ pilil=j;
Hprintfl" %s position is %d \n" setAlil )
} )}
[essvsnrenntin i in AdjacencyTable[|[j|+*#+*++++/
/print™n");
for(i=0;i<aji++)
{ for(~Oy<modules;j++)
b int b=pili];
ilAdjacencyTable[1+1][j#1]=1)
{
pilkl=j;
" printf{"i= %d j= %d *,Lpilk]);
i printf(" val =%d \n", AdjacencyTable[H1[(pjlk]+ 1)]);
K+t /7 all Limrow of A group
i
)
i printil “n");
)
for(j=0yj<kij++)
{ for(i=0ji<aii++)
{ iftpifi} == pjl})
{ pilil=NULL;
i+ all Lin column of B geoup

1hy
cuteost = kei;
4 printf{(*(1 of row A group) - (1 of eolumn B group)”);
1/ pringi{"\a cutcost = %d \n",clitcost);
return colcost;

i Selectone ch i

int Selection()
{ “Hf only position parent
mtiLkl;
float smax!;
/1 find position dad form maximun fimess
smax] = Gen[0].Gfitness;
for(i=1;i<popsize;it++)
{ iflsmax1<Genli].Gfitness)
{ smax1=Genli].Gfitness;
kl=i;
)
H
Il strepy(parentl Gen[k1].Geode);
return k1;// return position value of max fitness

[fernenassnsnsssinnsnane)

11%%%** Metropolis *****//

[[ereenssssrennsennansns

void Metropolis(int S,int T,int M, int k)/k is position of max fitness
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{ it NS,i=1j=0;
float CGain NGain,diffcoste,r;
CGain = Gain(S);// § is cutsize
cutsize[0}=S;
Tor(j=0,<Mgj++)
{
NS=neighbour(k);
NGain = Gain(NS);
diffcost = NGain-CGain;
e=exp(-diffcostT);
r=(rand()%100)*.01;
/I printf(" gain = S/(absA*absB)\n");
It printf{"Newgain = %f Currenigain = %[\n" NGain,CGain);
i printf("diffcost=%{ ¢ = % r= %0 \n" diffcoste,r);
if{ (diffcost<0)||(r<e))
{ CGain = NGain;

cutsize[i] = NS;

!
faccept the soulting
fprintfsream,” M = %d ", M+);
Hgerche();
}
acut=i;
fprintf{stream, "n\nall cutsize = %6d\n",i);
)
float Gain(int s)
{ im x;
float gain,absA absB;
x=modules?2;
iflx==1)
{ absA=modulesf2; absB=sbsA+1; |
else
{ absA=absB=modules/2; +
fprintfsiream,"absA = %f absB = %4{ cutcosiS) = %d\n" nbsA absB,s);
gain = s/{absA*ubsB);
return gain;
)
int pos()
{ intpos;
pos = rand()Mmodules;
#  printf{(*find position in one chromosome = %d\n®,pos);
feturn pos;
1
int neighbour(int k)/k is position of max fitness
{
int costa,b,e.ec,i;
char setA[MAXNODE]{30]; /node[MAXNODE|:namenode[30]
char setBIMAXNODE][30};
unsigned long res,num;
intbuf]50];
int pOpl,T.even; // position of zero and one in chromosome
char temp(51];
sepy(temp,Genlk].Geode);
A fix the first gen and mutate
/mutate O to | and 1 to 0 each one time
T=0;
dof pO=pos();
{printifstream, "n0 random at position = %d” p0);
iltemp|p0]=='0)
{ iftpot=0)
{ templp0]="1*
fprintf{stream,"\nmutate is %c" temp(p0]);
T=TRUE;
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)
while(T!=1);
T=0;
do{ p0O=pos();
fprintf{stream,"\n1 random at position = %d",p0);
ifllemplp0]=="1)
{ ifp0!=0)
{ templp0}='0’;
fprintf{stream, "nmutate is %c" temp{p0]);
T=TRUE;

}
}while(T!=1);
fprintf{stream,"\n neighbour2 : %s \n",temp);
a=b=0;
for(i=0:i<modules;i++)
{ /HMprintflstream,”%c” templil);
ifltempli}=="1)

clse
b
¥
fprinti{stream, "an = %d., b = %dn",a,b);
c=abs(a-b);
ille==1) /il diff do
{  pl=rand()%2; ¥ if random is 0 do
iflpl==0)
{
ifla=b)// numl > num
{T-0;
daf pO=pos();
fprintf{stream, "nposition random 1= %d",p0};
ifltemplp0]=='1)
{ illpot=0)
{ templpo}=0;
[printi{stream, " nmutate is %< templpOl);
T=TRUE;

1
Jwhile(T?=1);

else // num0 > num1
{ T=0;
do{ po=pas(y
fprintf{stream, "mposition random 0= %d",p0);
ilismplp0]==07)
{ iftp0=0)
[ templp0]="1";
fprintflstream, “nmutate is %c", temp[p0});
T=TRUE;

l
Jwhile(T!=1);

¥
fprintf{stream,"n neighbour3 : %s \n" temp);
/ change char to int of chromosome for cal cutsize

buflmodules);
Tor(i=0;i<modules;i++)
{ ifTtemplil=="1) buflil=1;

else builil=0;



a=b=0;
for(i=0;i<modules;i++)
{ fprintfl{stream, "%d” bullil);
iffbuflij==1)
{ strepy(setaAlalgraph(i]);

at

else
{ strepy(setB[b).graphli]);
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}
/* printf{™\n a = %d A Group : "a);

Tor(i=0;i<a;i++)

printfl* %s :"setAlil); // group A
printf(*n b= %d B Group : "b);
for(i=0;i<b;it+)

printf(" %s " setB[i]); // group B

*/ cost=CALcut(a,sctA);

return cost;
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