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A Fast State Reduction Algorithm for
Incompletely Specified Finite State Machines

Hiroyuki HIGUCHI and Yusuke MATSUNAGA
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1015, Kamikodanaka, Nakahara-ku, Kawasaki, Kanagawa, 211, Japan

Reducing the number of states in incompletely specified finite state machines(FSMs)
is an important step in FSM synthesis. This paper proposes a state reduction algo-
rithm for incompletely specified FSMs. The algorithm utilizes the set of all the maximal
compatibles as an initial solution and attempts to improve it iteratively by reducing and
expanding compatibles in it. Experimental results are given to demonstrate that the algo-

rithm described here is significantly faster and obtains better solutions than conventional
methods.
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mLEE | EEY ) |
{A,B,C} 0
(B,C,E} {A,B,C},{D,F}
{B,D,E} {A,C}.{B,C}
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B 2: M

Reduce(CompSet S) {

1. while (S AEH S 1L7) {

2 for (c € S) core(c) — 0;
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6 Q—core(c) =0 %5 c DI LERBERRDS D ey
7 cm DEHBEEY cm BHIZT S,

}
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12. dCc(eS)us *ids,

13. if (core(c) =0) Q — QU {'};
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F 1 EBER (MCNC ALY F7—7)

IREER CPU 81 (£)
FSMs orig/min | slim | fr I stam || slim ( fr | stam % 20 EBEEREOTH (AHE FSM)
r bbara 10/7 77 7 0.03{ 0.07| 0.02 T RAE | SEXRER
bbsse 16/13 13| - 13 || 0.10 -1 0.03 ik orig I Py (#)
beecount 7/4 4 4 4 || 0.02 0.03 0.00 SLIM 36.48 | 5.26 0.96
exl 20/18 18) -] 18)013 -] 0o STAMINA || 36.48 | 6.05 18.61
ex2 19/5 5| 10 5| 0.12 0.10 | 15.47
ex3 10/4 4] - 4| 0.06 -] 015
exb 9/3 3 5 3 [ 0.07 0.03 0.05
exT 10/3 3| 4 31| 0.05 | 003| 0.07 % 3: EEREF (STAMINA THELZEOI
lion9 9/4 4] - 4| o.06 -1 o.01 7o 7: FSM)
mark1 15/12 12 - 12 || 0.13 -1 0.02 REL B3 (1)
opus 10/9 9| - 9 || 0.02 - | 0.00 FSMs orig | slim slim
scf 121/97 97 1 97 97 |t 0.34 | 33.27 0.41 ifsm2 48 9 0.20
sse 16/13 13 113 13 || 0.09 0.03 0.02 rubin600 600 3 12.43
tbk 32/16 16 | 16 16 || 0.94 1.17 1.09 rubinl200 || 1200 3 51.53
trainll 11/4 4 4 4 | 0.08 0.03 0.02 rubin2250 | 2250 3 204.06
TORBEN/2 D00 FSM Tid, £ X W EEE S
BABPHRLA T, /4, REDUCE- ORIAT # 4: SLIM 0 &IFEH COIREER (BA)
b % EXPAND X BATREM P GIRITH T 26D reduce | 1HH®
DTHDH, FIZITE 10 exT Tidt. EXPAND 247H orig. | M | mergeft | &R | "
FIZREDUCE-Il 217> Tb RABIRES ALV, & seaesyr || 1227 371 347 | 345 || 342

7- & #4Z REDUCE ®» 24 0 |2 REDUCE-II #4795 &
ELEZONDY, FOMEATIITFEARL LML
HEDEUBEVH, NEHHLISLELET S, £
72 REDUCE-II %479 7z 213 2 DL B H L IRES
FHOMVERZIEL., LALREOH»SMEEITH
B, BIBEEHEVIBEICIR, 200 B PTEES
FTEEITELVBEELIEVEEZLNL, T15
DT L5 EXPAND DB LBERTRTHS LWV
Z)o

REFETE, MIMNLKRERFHLG5 2 HNIHE
IDHdREVEEICIE, ALEALERRNIILE
T2, EBRTIIZOLEWEZ 10000 & L2k I3,
rubin600-2250 (2 3¢ U CIEB/R YIS T SL S A AT &
iz, ThsOEBITIRERAZ N £h 600,1200,2250
ThHY), BRERIELRODBIIEBEL L TRES
BWHAVEESTHL 751 L hHULESOEIREK
DFFIEC LD X ICATHIESRAFSM TH 5,
CHOLDOFSMITERNLZ SO T v, KPFER
BDD #HwaZ kizkh, 20k ) kBB FSM i<
HLTH 34 FRETHE(T LI LATETNS,

5 HbHYIZ
REEBE FSM o i BAL F 1 SLIM 120w TR
720 RFEEFERY TR, £THO MCNC X F

T IOV TRARERL LN TE, fERELD
LHETH o/, RBEMFSM I LTS, SHHEEED
DESRIED 1/20 FEEEIZ % ) RFEOFHMUIR NI,

SEE

[1] A. Grasselli and F. Luccio. “A Method for Minimiz-
ing the Number of Internal States in Incompletely
Specified Sequential Networks”. IRE Trans. on Elec-
tronic Computers, 14(3):350-359, June 1965.

[2] L. N. Kannan and D. Sarma. “Fast Heuristic Algo-
rithms for Finite State Machine Minimization”. In
Proceedings of European Design Automation Con-
ference, pages 192-196, February 1991.

[3] J-K. Rho, G. Hachtel, F. Somenzi, and R. Ja-
coby. “Exact and Heuristic Algorithms for the Mini-
mization of Incompletely Specified State Machines”.
IEEE Trans. on Computer-Aided Design, 13(2):167—
177, February 1994.

(4

Z. Kohavi. Switching and Finite Autornata Theory
2/e. Tata McGraw-Hill, 1978.

[5] T. Kam, T. Villa, R. Brayton, and A.Sangiovanni-
Vincentelli. “A Fully Implicit Algorithm for Exact
State Minimization”. In 31st ACM/IEEE Design
Automation Conference, pages 684-690, June 1994.

—144—



