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ABSTRACT

This paper proposes a design method that can minimize the power dissipation of CMOS digital circuits
without affecting their optimal operation speeds. The proposed method is based on genetic algorithms(GAs)
combined to the retiming technique, a circuit transformation technique of repositioning flip-flops. The
proposed design method consists of two phases: the phase of retiming for optimizing clock periods and the
phase of GA retiming for minimizing power dissipation. Experimental results using Synopsys Design
Analyzer show that the proposed design method can reduce the critical path delay of example circuits by about

30~50% and improve the dynamic power performance of the circuits by about 1.4~18.4%.
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Fig. 2. Processing flow of the proposed design method for
low power retiming
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Fig. 7. Comparison of convergence between type 1 and type I of the image correlators (8 X8)

7tgel B& AE A g BRI ARlx AA
T AA9] b A S ol gk AS A F%e
&do] SynoposysAte] E=E ©]8-3l0E Wit Hl
slod A7k AS B 4 e, ol Aitkd A
A =7 Ag =7 EF AgsiA FHEFY
olzol o3t MY wWale] B JIEXE FIL UE
geelEe] tleire 2 98 wiAske 2de A
23 Wb Synopsysite] e 4] 77k 2Y
< A7) dTel T B7F =7 BY Fold

osa 2oz} WS Ao BAEL)

2

[

5 &

BollME 2o THEF IS BN
Bloly) M-S ol83lo], 3lRe] 28 7
Y £28E 29 F Yss Bz, F
o2 FAA daEFel HEE A-Y 2Ee]
2ES Adsct. £ =2olAME 329 gElo]
g olgshe FAA 78 WS Altel, o
ol g3l Az drelEL

rr
re
)

RO

B

<| o

7

ﬂllﬂ]oEnFl'SoE‘: »

2o A7y 3= 44 B
Ao EHo2 H8Y 4 UL Btk AN L
eSS 724 A BAN AAY 47 By
oA T A7 BALIAe) AT AA el ¥
AHos A & Uk e olRo) AE 72A
A7) DA AR A SEEe] WY ame
Folt ol 79 TS T, B =R A
HEl Fge SEs} 1Y £RE FAlo| Tsige
B, A7 YTAES Al AY smge] A7
o Ve Bz 23 weA e S4e A
B =Roe ANy Ao e Fol, 31 &

i

485

o] w7t 7t e wF £x9] HaEE FAIE
o} o] £xde] Fgw 2 =FdlA Akl /4
A daEEd Y 18T+ ok

Aord dyE&g 7uro g FHE A E1LE o]
g3l ofe] Fejo] G4 7] 2 oistd 32
HELS 33517, Synopsyshhe] Design AnalyzerZ
ol Y 3|2 9 WHkE 3|20 tsled AlEH)
ol g FG A, 4 2o Hlst YA A=
AFL ok 30~50% 7HF AAEHeH, FF AY
oF 14~184% 7H¥ Zass dFsio. o
A, B =FolA ARt A 7HE 2o £
EHH0F FPAIIEA, A £RE FY T e
WHoZA, MPEG F3317] 2 718 tAd AR
A 717 T o] & - AREe] a7HE A
Zh @ A 2ok 2 FUE A7) EoklM &
HHo02 olgd F UE ZHeolth

£ =RME == A7t 2000 oW WA
e 328 AM-3l At AHA 71 848
ARsAT. B2 =77t ARA =Y FH B8
g Aol 71 343 A ¢ Joenmg oo
A7} dadit) 53], sz Wil wE Ay |
35 6% 2w £ e AR 2d3 {1z
AAE Nl B Eg&40)1 HEsA IEE
W= Wkl digk A7 o Aot

L
ELnR

AN

o] =& 1999d ST ATe] gedTs] A4
I COSARS] RHEZH<l A4 & IDECY HA =F
A Qo) ol3kd QAFEHJFUTH



= HA] 2 AFA|2HEE] =X 2000, Vol. 10, No. 5

it

X125 3.3V Cell Based Library, 533 &8}, A&,
1998.

[10] LG Semicon, 0.6um Cell Based Library, Vol. 4, LG

. “P Minimization in IC Design:
[1] M. Pedram, “Power Minimization in IC Design Semicon Co., Seoul, 1995,

Principles and Application,” ACM Trans. on Design
Automation of Electronic System, Vol. 1, No. 1, pp. 3-
56, 1996.

[2] C. E. Leiserson and J. B. Saxe, “Retiming
Synchronous Circuitry,” Algorithmica, Vol. 6, pp. 5-
35, 1991.

e 2| & 7 (Hyun-Gyu Kim)
1998 : st Az 2 HRF

. o SH(FEAD
[3] J. Monteiro, S. Devadas and A. Ghosh, “Retiming 20009 : ZAU S AR} A3}
Sequential Circuits for Low Power,” In Proc. of | (Z3HA}
ICCAD'93, pp. 398-402, 1993. L a4 . weigote dx) - Au skt
[4] U. Narayanan, P. Pan and C. L. Liu, “Low Power WAL

Logic Synthesis under a General Delay Model,” In
Proc. of ISLPED'98, pp. 209-214, 1998.

[5] S. H. Gerez, Algorithms for VLSI Design Automation,
John Wiley & sons, Chichester, pp.75-78, 1998.
[6] B. P. Buckles and F. E. Petry, Genetic Algorithms,

IEEE C.S. Press, Los Alamitos, 1992,

[7} L. Chanbers, Practical Handbook of Genetic
Algorithms, Volume I, CRC Press, Florida, 1995.
[8] Y-K Ko, H-G Kim, J-W Lee, H-C Oh and S-J Ko,

“New Motion Estimation Algorithm Based on Bit-

2 8 & (Hyeong-Cheol Oh)

11982 A2uiEE AR EHE A

i 1984 : gaElyed W) 2 A

; S8 FE4AD
1984:3~1987d : B4 WwiEA] A74a

plane Matching and It's VLSI Implementation,” In ] 1993 : Univ. (_’]f I\ia;yla_r’l(é%g College
Proc. of IEEE TENCON'99, Vol. 2, pp. 848-851, 1999. Py Park 71 FEEHAD)
[9] vk=A] dA w28 AE =tolHaz] U™, IDEC- T4 | A e A4 2 R
’ L5 4 N
C631 IDEC Cell Library Data Book -0.6 um, TET

486



