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Abstract

“Temperature-Parallel Simulated Annealing(TPSA)" is a new concurrent simulated annealing(SA) alge-
rithm. Although several applications of TPSA have been reported, optimization capability and execution
time have not been evaluated precisely. In this paper, we apply TPSA to LSI macro block placement
problem, and evaluate the optimization capahbility of the algorithm, execution time, and placement quality
comparing with conventlonal sequential SA. It is also examined that TPSA can get the lnear speed-up
without degrading the convergence quality. Measurement results shows that TPSA(concurrent execution
with 1CPU) is superior in optimization capability to the sequential SA, spending the same CPU time.
Furthermore, placement results for MCNC standard benchmarks show good chip area and wire length to

other systems that has been reported.
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procedure SIMULATED ANNEALING:

begin .
Initialize($(0), T(0)) ;
k = 0§
i:=4(0);
repentt
for 1 1= 1 to L(k) do

begin,
Generate(j) ;
i£.f(7) = fli) them 1 := j;
else .
ﬂﬂﬂ—&E#MFTMMMEU
then i := j:
end;
k =k + 1
Update Temp(T(E)) 5
until ‘stoperitericn
end;
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Tab.3:Three times measurements

of TPSA2
Table.2:Comparison of TPSA and 54 in optimization capability and execution
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Table.4:Three times measurements of TP5A on different
initial solutions
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Table.f:Comparison with other systems

o i Ts ol

Data | System arealmm”| | wire length[mm]
TP5A 12.31 236
bp | BB [7] '12.15 278
GEN [5] 12.59 -

TPSA 25,99 617

xerox | BRE [7] 26.17 G28
MBP [12) 25.79 601

GEN [5] 29,33 .

TP54 220 ar.T

ami33 | BB{7) 2.24 109
MBP [12] 2.42 91

5 HbYIC

SAHEOHFLWEFMET &) XL THLHIREE
7| SA ikid, B, HITHEMLRE{LEDOEL
VIl AT A b T RV FIBAFETLTY
fo. FITHERLTIE, BFEY SA #EE LSI T
Ty 7 EEMRRIEE L, fEROERSA LR
ko, WBEROBETLITEbATWE
Fo—NrZA7s7HTHE L LABEOLEIC
i, HEMEFEEEL LS E0kELITE-
fr, EEEERLI Y, ml{EiEN B WT, R
SAFERERSALINERT WD Z EHH LA
COFRIE 1ICPU THEfTETEITE-BEI0S
Futid, Bwiziud, 1CPU CRE LEtEER £
P ABETYH, BRSA R hNERNSA B0
EHREOBELBIILNTE, 25I223TH~
G ERIATACENTES, .

F/, BEFE SAEE LSI 7Oy 2 EEMEIC
HHATAFETRL, BELALT O FLIILAR
EfR, ERETitEE STV ARERRLE
ATh, BROBENFGELEZ EM -7,

L, 1) KB~ > ~OBH, 2) —E
HRBEPI OIEFIMLEE, 3) BaELER O FEMMET )

* (&) CADENCE 74 ¥ % A% 4 X @ Block Ensemble
il



Fig.B:Routing result : hp
B8 hp DL AT FER

X 4O EHERTFHE, 3) FAMEMOMmOAEEH
{LRYEA (TSP,Graph-Partitioning ete.) -~ HH F
HFik L DMEL LHFS, T2 FETHL.
o BF

FEEICHIzY, @B L BHIRA EEV-HE
A LSRR L5 H A0 S8 1< BEM
T4, £7:, FEICH L THELHEBEETE- K
BRETFHETIEHONFSHEHE, () B
VIR B vIFERToFEEE LI E#T s, I,
BLiE & B O FFHE - IS OTHV 2 (k) Cadence 7
A AT HXIEH#HT 5.

8EH

(1] E. Aarts and J. Korst. Simulated Annealing and
Boltzmann Machines. Wiley, NY, 1989,

2] FiEh, @RS, EELNS IaL—F ok To—
VrFECET( A vy —F e nEBT oy s A,
RN % & DA » ¥ 7 593, pp. 173-176,
Aungust 1993,

[3] D.R.Greening. Parallel simulated annealing tech-
nigues. Physica, Vol. D-42, pp. 203-306, 1990,

[4] E.HL.Aarts, F.M.J.de Bont, J.H.A Habers, and
P.J.M.van Laarhoven. A parallel statistical cool-
ing alporithm. Proc. STACS'S86, Lecture Notes in
Computer Sciences, Vol. 210, pp. 87-97, 1086,

[5] H.Esbensen. A genelic algorithm for macro cell
placement. Proc, Buro. Des. Auto. Conf., pp. 52-57,
September 1992,

{6] HHirosawa, et al. Folding simulation using
temperature parallel simulated annealing, [In
Proc.Intl. Conf. on Fifth Generation Computer
Spstems 1892, ICOT, Tokyo, 1982,

[7] H.Onodera, Y.Taniguchi, and K.Tamaru.
Branch-and-bound placement for building block
layout. Proc. ACM/TEEE Des. Auto. Conf.(DAC),
Pp- 433-439, 1991,

Fig.9:Routing result : xerox

56

Fig.10:Routing result : ami33
[ 9: xerox D L4 F &} &R 10: ami33 O L4 77 MR

18] AfE—, #iANB. EEA—R ¥R T =—) X ¥ T
M) X4, {25HH, Vol NC90-1, , May 1990,

K.Kimura and K.Taki. Time-homogeneous par-
allel annealing algorithm. Tech.Rep 673, ICOT,
1991.

L.Ingber. Very fast simulated reanneal-
ing{VFSR). Mathematical and Computer Mod-
elling, Vol. 12, No. &, pp. 867873, 1089,

M.D.Durand. Parallel simulated annealing ac-
curacy vs. speed in placement. JEEE Des Test
Comgp., pp. 8-34, June 1988,

M.Upton, K.Samil, and 5.5ugiyama. Integrated
placement for mixed macro cell and standard eell.
Proc. ACM/IEEE Des. Auto. Conf.(DAC), pp. 32—
35, 1990,

AEE MNMB R4 Ty FEREEE A
FI—FAF—wa L OEE ISPP94 BT,
pp. 97-104, May 1094,

P.Banerjes. Parallel Algorithms for VELST
Computer- Aided Design, Prentice-Hall,Inc., 1994,

S.Kirkpatrick, C.D.Gelatt Jr., and M.P.Vecchi.
Optimization by simulated annealing. SCIENCE,
Vol. 220, No. 4398, pp. 671-220, May 1983.

[16] S.R.White. Concepts of scale in simulated anneal-
ing., Pree JEEE Intl. Conf. Comp.Des. (ICCD), pp.
646-651, 1984,

(17] #if0S, E8, NER=. - AF -5 Y HE
felr kA EFIRT L 25 A — o oSS Ve &
FHEEEFHLEOES — MWHLES S PRG1-T
TFIEHES, Vol. 03, No. 73, August 1993,
(18] BASE, BARibeE. BT == - L 32—
g PEEFAST. fF3RAARSS: DA 30 HE, Vol. 70,
pp. 33-38, 1985,

(18] EHFESE, BEER, #2110, A=, @ins. &5
F7 Y= FEMBHE mosaic DF X ¥ S L - LA
F 4. IEHLES S PRO1S-7T RS S, July 1994,

[9]
[10]
[11]

[12]

[13]

[14]

[15]



