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Abstract

An effective placement of macro blocks having arbitrary width and height is very important
in reducing the chip area and the signal delay. In this paper, we proposed a method of macro block
placement to obtain the globally optimal placement using simulated annealing, and an efficient
algorithm for eliminating the overlaps between the rectangular macro blocks which may remain
even after the simulated annealing process is terminated. Each macro block was enlarged to take
into account minimal routing area, and these macro blocks were compacted as much as possible
during the placement. This procedure was implemented in C language running on MV10000/
UNIX computer system, and good placements were obtained by applying this procedure to two
circuits which were consisted of 50 and 160 macro blocks respectively. Several parameters giving
great effects to final placements were investigated.
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Algorithm.SA (j,, T,) ¢
T=T,; /*initial temperature */
X =j, ; /* initial configuration */
while (“stopping condition” is not satisfied) {
while (“inner loop criterion” is not satisfied) i
j =generate (X) ; /* new configuration®*/
if (accept (C(j), C(X), T)) X=j;
b
T =update (T) ; /* decrement of temperature™/

'

accept (C (j), C (i), T) ¢
AC=C (j)—-C (i)
. —AC
y“mm( 1, exp( —T-—-> ) :
r=random (0, 1) ; /* random number between 0 and 1 */
if (r <y) return(TRUE);
else return (FALSE));

ag,
Fig. 1.
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Fig. 2. Enlarged macro cell.

A A wixl AP 283 A JGAZ o]Fo
Ak, AL 48 s2E TAde A A

43ko) wiAloded ubE A ghAl2ol A& SA

ol &£35lo] AlA wiHE shedl, Wi HIAE A
7] fsted FuiAd Aol A Aole] FHE AR
o}, @ netd] WA ZeolE 2 netol]l dAH IEF BF
Zase A& Az 48 Aolel ® (half-perim-
eter) 0.2 AR o 2 Hrtsiu o)A AlAt® Fu)

A7ol7h A1 FHel 9243 FL WAt A A

rS"- —\"- )

@A iz s 4%

Gl 2 Agdelels ofda e ol g WA W
31‘:7}"
Yes

943 L wolle $9 A4 |

a3, ¢taz A A9 A4 Ay

Fig. 3. Overall procedure for macro cell placement.

(288)

ol 43 vz 2 £#9] WA 149

o2 Rrp wA3AME SAH ]l ¥t Folx T
Aol golgle A Ads 4 AAdnAFTEA
gato] of THE AAstd HF WAL Sk

V. cl2 bix|2| A4M (Generation)

o) vl Arefol Al kgl wixle) A4 &
Aol o]Eoh} 90E Aol SallM dofzlck 2y
o wlag AL deirt g d2ue oy olF
7 slAo) o)Al upetA sia] e A 7kl FA e
A7 4 9lAlul penalty & HETo gy ol
A AA AepArE glo] 2x Wy RASFE F
He AARL o]FH AL 4:19 HERE AE
sln] g Xl Wb 47b g wlio] A4
2xo4 ofejule] AT 7137} FoiAh 5l
x o} A4 mAe ofg e 3k

i) deje) A o AA

ii) 03 1AFol2 random number, r-& A4

i) rol 0.2 v} 29 c9 o]FE ARSI 0.2

ojstolwl & A=telellA 90% 3 A7tk
o] %2 79 o|5 % #FIE random number E
A q oj%d 4 ¢l WA+ range limiter'®oll
o8l Al
Range limiter+ 7zt 2504 & Ao %llc’a’
Wz b ez
2 glozs Ad5 A
A st FA AR 2
Wel 25T THA ol
|

32

[~
-

f
O N o mn e

W27} e e 2
°|7) Hak Zejch
Fol obd e d e

bt

ol MA olx) 7] wiiol Ba olgel olFow
AAzel guEE A2 2l A% Aol
wepd $e LxoldE AL olFel s FHI
WA AolE FolA ek

27] 2% 0|4 range limiter® 4% (432) Aol&
chip®] 4% (%) ZHolo Fulg 3le] Ale] chipd
ol I E o|FT 4 YA stz &=t Helst
w £%59 logarithmoll w]@l|3tod range limiters
A ek,

V. 8|2 &% (Cost Function)

vlzg Al wixle] A ste o e
ol g¢ Hastsle Aoz F 4 Uk

3744

1 %4 4 (Co)
Aol o)l 53t Aol oA A 4 e A e
Zxo HEA o] EAjsiA tsm

= Aol vl 3l penalty &g Cool 8 &hct,

2 3



150 19894

CO:1/2;Ox, (2)

for all i,)

L

714 Oy 24 of 2ol Aish 4l
o ek,

A

%

ag4. FH v
Fig. 4. Overlap cost.

2. Half-perimeter ¥4 (Cy)
F netol] olZx RE A2
Aol olofol g olefdt
&o] Besich 7 netol AHE 49
A 24 7Y (MBB) & 2
A netd] Hold FHislde
27 MBBY 3 Aol wig 2 netdl

Fsla o5 FH4stdl,
CN=}:_',xspan (i) +yspan (i) (

[*)

o 7|41 xspan (i} & net i8] MBB9 4%
()= MBBY] +3 Aol & ¢fn|¥rh

7o}, yspan

3. Wall ¥]& (Cy)

Foi4l chip®] WA gioll AFol viAHA $EEH
37) istel ag 49 2o chip ¥ro= W3k A9
g oo

szzl: Wy (4)
A7 w4 17k chip 3te2 W FEel de
7AF vk 38 mA el
webs Fv)43 Cri ol 37kA wigdael Ay

goz Aol

Cr=a-CotB-Cyt7-Cw

2R BIIS@HRLGE

(289)

g 265 ¥ 2%

Wi

agl5. Wall &
Fig. 5. Wall cost.

VI. Cooling Schedule
1. 27 &=
27 €5 Tov 44" 28
2 olofo} g} Aragon®
AR F BT 6l TS
skt et

T,

K-X
.

o
2

we e

o

Ac(ﬂ
X

o 7|4 X& 27| £xode A gEo|rh ¥ =
Eo A= Aragon® uhH & o] &stden] X,=0.95,
z 27 xRA9 AE gL 95%2 ok ©f
749 Ty=20-AC"'7} =lc},

2. 25 2AEY
ofod stol| A} HFeliAl o] Exol whdl vl E-g sp-
ecific heat2}3 by 23} 7ro] Aojxlc)

d<E(T)>=a(T)2 (7)
dT T?
<E(M?>—<E(T)>*
= T (8)
od 7|4 o(T) & €% TollA oivxl #x2 EFEA
oleh, of AL Wt
d<EM) > _ o(T)? (9)
dln T) T
o] 5 m]Eg TAH o2 T2 A
AE _ G (Tow)?
In Thew—In Tow o Towu (10)
oz 34
_ X ToAE )
Trew=Tow eXp(—————a(TW), (11



oz sHrh "l & =folAde 112 o 2
E Trew® AASIR 2w #A Lxolsel i Y
2 (Fu14) 9 ohg ExolAe He AR (FUE)
| FAY H3ks 17198 AE=—0.7¢2 33Tk
A xolMe oz (Ful8) e ZTEEA B

o

o 2e oA (Fu14) 9 Wsoh o8 LEAM
UEE sich webd HEHa £E 2uAe
SER

Thew=Toua - exp(- %%) (12)

3. 3 2xolAe] #HE-4 (Inner loop criterion)

& Lo Adslel s Ao £E T 9
@ A SlEAY AT Yol oA 3
8¢ 24E AAwD 97 Aol & el
A kg g A sl 5 ol2] A% Nun
42 AP A e wAe A4E ASIE A
22 Nund wtaz Ao Foll 4, o, & Falo 73

K

c},

Nmm=0 N Nzamz (13)
o] 714 Nigar& "t 2 A2 Folm v Aoz
A3 =g sodch, exvl WASES Ay FELS
Hojz o2 g Lxo4e] HhEg Ad WHE5E
Aslo] 2 o]Alo] EAIYEE FHAich

4. BUE 2A

7 £xolA HF Fugo] 349 ALHo2 3
oo tlejAe] MAL T # gtz & F e
o2 AA SA HAL EHA =t 2 £

£l FHF Fu| RS AAA Ao}yl FE

A gAY exold 7 AT FulEA FA £
| 7& HF Fv1g9 b 1%l Az 2

L2 oz 753

V. 3% HMAH e
AL FH vigae Aashse
0§ F4E Haossie Hel7l wWio) ofdalel ¥
o Fols A 79 2 FAo] delgles 4 Utk
ahefd] oleidt A AY FTAE AANFHA dx}]
o) wix Atej & Aol WstAF|A o] we
$49 daelFol e stch
2369 ALAY A ik A7 FASA e
A4 A e $49 FAHE vz %}“4 A iz}
4 j2 k vertor WEo g ulcky & 4 ek k ve-
ctort =HS A A7 Al A jrb AY FH4

£
32

Algalelels ofdEE

ol 43 vlag B#le| WA 151

agle. 5 Aol

ZH" Ay
Fig. 6. A case in which two cells are overlapped.
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