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LISP Language Program for Minimization of Numbers of Internal
States in Incompletely Specified Sequential Machines

Kimio GoTo

Abstract

In this paper, the program using LISP language to realize the minimization of numbers of
internal states in the incompletely specified sequential machines in accordance with simpler
algorithm, that is, GT one which improves several complex difficulties, is proposed. This algorith-
m especially has changed and improved the contents of three theorems of Rao & Biswas and how
to use them. The LISP language program implemented to this new algorithm was drawn up in
accordance with g LISP-86, and run on the MS-DOS in personal computer PC-9801, and the results
of run were compared with those in the BASIC language program for the completely same
algorithm. As a result, the running speed for obtaining solutions in this LISP language program
was proven to be superior to the BASIC one by 5 to 10 times.
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Fig.1. Flow chart

BIMPC &WE.50), & 1o, & & Tk sh b UCP %554
4 UCP & .53,

[(FlE6] IMPCHFH T 5 & EFiIChREI N
UCP #ifgL Tk %, PCothinb - icE+ 5,
ZHITE—BREEEY T L D,

[(FIE7] 3MELLEONEIRAEL 05 PC (Co) 12
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Tablel An example of state transition
table of incompletely specified
sequential machine

Xo X X
1 3 0 == = =
2 — — 4 0 6 —
3 5 1 — — — 0
4 = = 1 1 1 -
5 1 — = — 6 ==
6 4 — 5 — 6 —

ThhiE, 2o C RETE, g REEREY
2B

[FIE8] H»5PC (C) »ifibd PC (C;) oWEIk
HAYTXTEATED, 70 C OfERES EP:
C, D@ ER EP, R Hh ~—Zhd & x, F
s b

C:DC;

DBE, C xrETH, ChXFE=BRETEEY 1L 5,
INBRETET LA TR -2 PC 2 REAHIL
#27 5 2 (Representative Compatible Class) & s
(LL#sig LT RC &1E.50),

[F£IE9] BohtgRCHOAv751+%EPD
FEEY, TheagtbrhZTho RCoOESITERL,
L5 RCoOEL L1V T 51D RC LoMHT
BERZRD, ZOBEEOEEZLY M 771D RC
T AEAUES LS, DWTETOEAEES
LETOTONIMREOH THBEREGRL AR, &#H
BOEERD D,

[FIE10] ZoERBR--EHTEEGOMETHL
TVAHbOREATE, Chm/ I M ERE S,

OFIHELEFAEYHACTLEO T AT ) X A S
Tt EA RS, £ 13D HRELIFEIERF TR DK
REBETH D, COKREEBR VL TIMPT %
AT ER2 BN, ZORRE, CPo&EgL LT

{56, 14, 12, 26, 16, 34, 45, 36, 23, 25} (3)

o EP;<EP; (2)

PELRB, CHBFEFELCLER ST D TH B,
WTFEIE2 ELTKB) D CPEELLMCDESL
BRDD L,

{126, 236, 256, 14, 34, 45}. (4)
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Fig. 2. Implication Table for the machine of Table 1

*£2 F£1oEEMIZI\WT5 PC L EP
Table2 PCs and Those EPs for the machine of

Table 1
PC EP
X 1_2 — 26 45 16 34 ........................ D 1
X 14 12 26 45 16 34 seeeeeeeeseeeeeen D1
_4_16 =L 34 26 45 .............................. D 3
23 ¢
25+ ¢
26 - 45 16 34 wreveeeererrrenieniienenn D3
34 ¢
ﬁ = 45 1§ §4 2§ ........................ D 1
45416 34 26
@ —+ 14 12 2§ 4§ 1§ 34 ............ D 1
—L126 + 45 34
X 23§ Ee = 45 16 34 .............................. D 2
X 25§ — 45 16 34 14 12 .................. D 2

FIE3 LT, X)) oHsTEEEERD, PCoKE

{12, 14, 16, 23, 25, 26, 34,
36, 45, 56, 126, 236, 256} (5)

n"KED, XG)DEER, bbb PCoOAv 754
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Fig. 3. Implication chain for the machine of Table 1
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WHEBTAE, & 2l
16C 126 9)
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#3 EPORCICL 2B L THOES

Table3 Method to express EPs by
using RC and each prime clo-
sure set for each RC

RC EP FHOES
23 f e . G
25 el 1S ¢ .................. .. C2
G4 - @ sememmmmrs = G
45 +— 16 34 26
1 e T
126
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LoTkdb, IMPT-XIF B kiEERE (LI
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Befb i iR EE A LOGXOR % & o T SIEM 37 % $I'E
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Notericd v 7514 %50CPRILAT S LD
IMPT-ELSE A% x Fiv %5, X512 IMPT &+ L
WA Ihe CPoFTIEMILE LD bDITiuL,
Xn(ZZTu2D)%EATHe», IMPT-X, B %
Aoz, CoB%E, IMPTo» %20 X, ¥iEA
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L OB T IMPT j#g< STAT-TBL Wi o + 1L
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Fig.4. An example of MC matrix
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Ca, Cb, E N Ch & L, %‘ﬁﬁ a, b, L h é’;’f 10ﬁ
&%ﬁ'y %h%h Ra. Rb. v Rh &’_”‘9‘-60 @4 'C’, f:&
2 & Cob CoDMl, X UOR, & CanfT
LOGAND # & 5 &,
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(13a)
(13b)

Ca logand C,=1 logand 3=1,

Ra logand Ce=91 logand 1=1.
RRIZ Cy & Cay, B LV Rs & Co DT LOGAND
EbHL,

Cy logand C,=3 logand 15=3,

Rz logand C»=91 logand 3=3.
DN T Co DD Co, Ca DI IT Ce AN Z
TRICEEEEDRL, #3,

(14a)
(14b)

Ca logand Co= R. logand Cq, (15a)
Cs logand C.# R, logand C,, (15b)
Cs logand Cys= R, logand C,, (15¢)
Ca logand C.= R. logand Cq, (15d)
Ce logand Cx+* Ra logand Ce. (15e)

ZZTx=f, g, Tl h

X (15) oIz L b, abde iz MC £ 7c5 = LEBE B2
ThHb, 2DLX 57 MCix, ¥XRTofTLFlIzonT
[ExE->THRNTDL Z EIn L h&WERT X,
MCC-TBL iz##i & L5, %72, MC DA B CIE
bhns MCoHaES s LTo PCiz PC-TBL ic#
mIhas,

o7 Y RARRE TS D, MCC-CRE-
ATE, MC-TBL; MC-MATRIX, MC-PC-CREATE,
MCC-FILTER-SET, MCC-JUDGE % X ©v* MCC-
CORE Ei#ix H\u T\ 5, MCC-CREATE Bi#ui =
RSO AFUOH T 21 VB TH B, MC-TBL
BEHIIMCHfTY oS0 10 EHKOKBMABTH b,
MC-MATRIX Bd#i% CC-TBL 55 CP E3% i #E
hHiL, “hi MCRTFID (7, 7), (7, ) LV,
J)DIODTHICEERAL D, FOHEFIRR 10 £
K FHBULHEEBCTLOGIOR # & %5 X 5L, &5
niFlo 10 g% MC-TBL ic# 4+ %, MCC-FIL-
TER-SET BA%ut Ex L7217 H D 10 EH 2 AR L
T, Zh % ELEFILTER Z # iz % # 3+ 5, MCC-
JUDGEBA#z ER LA=7 v =) R A Lichis T,
MC-TBLIz B E A TW55 D 10 EXKMEER D
LOGAND % & b, #F7:%ld 10 % & ELEFILTER
AN 10 £H & o LOGAND o lt# % 7\, PC & 2 5
HDEEH L, MCC-CORE Bz Eiz MC & 5 3
DOHZEREHLTWSE, TDOF v 75 4TI,
LOGIOR, LOGAND o iz » = CHAR-CODE,
SHIFT, CODE-CHAR, SUBSTRING, EVAL,
INTEGER-LENGTH, PUSH, PUSHNEW, UN-
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PACK /s £ DA HBAB A MERH X h 5,

(3) IMPC, PC 3 & O0'EP 45

IMPC #{kp 7 %79, CC-TBL Lt AL E &% -
T KREHE LRSIV = + IMPC #3%% L, CC-
TBLHOEFCPofE LR U IMPCH DA EIZ,
FOCPlzxooTtA4v7514&0%CP%IMPT
L AALLRE L TEBMNT 5, & Dk, MAKE-
ARRAY, LENGTH, AREF, CHAR-CODE, UN-
PACK /e & DA ZBAH A 5, K 1 DB
W52 CC-TBL L E 1Y 2 v IMPCHOERD
SIGBEFRER 5 @ (a), (b) IR T,

DEWPC-TBLOZERL L THOPCONMNE LR
UNMBIZEP %Y = + & LTHESIF %5 KRHEKEP-
TBL #4835, = ot EP-TBL (3 PC-TBL &
RLUE&%#F >, PC-TBL & EP-TBL t o—#fI*K
50, xrT, FEPDAERIZPCOEEA2D LD
L3 kDb picy it EP-CREATE B cfTHh
%, ¥, X 20 PCicov ik, CC-TBL Lo CP
ZEY, ThExZERHEP-TMP gL Tty 7 —
vBi% EP-CREATE-SUB » /£ or, IMPC » ) = + T
CC-TBL ko z o CPestIET AMNBIZH B b 0%
BL, 2oV A+t CPTtF EP-TMP 14 %
hTuiwdorRDTEHK EP-TMP iz PUSH +
5, 2D X 51 PUSH & CP 28 NULL thith
i, 2o CP a1 v 7514 LIBLDT, BRY
iz EP-CREATE-SUB B ~R 3, 2D X 5k LT#E
bihtc EP-TMP 2 b R¥IcREL - PCRBRELT
EP-TBLoEFIER LT3, 207 v s 35 A2,
MAKE-ARRAY, REMOVE, POSITION, AREF,
PUSH, LIST /¢ £ DA ZBAK A V-5, 5T
£ X 3L LD PCizovtid, EP-ELSE B #»:\FH
Sha, CoOBEERAVCTRE X 3L ED PC ##RT
HBRI2DTRTHOPCIzicwvL, TTIRIFRI AT
W% EP-TBLHD WL 5D EP DY 2 + & &£
ExEY, thx b5 2 bht PCo PC-TBL Ao
Xt 5 EP-TBL BT 5, D7 r 735
2z REMOVE, REMOVE-IF, UNION, SORT,
POSITION, AREF 7z K 0 #A LB MERA X 5,

(4) BIMPC o 4R

TTIER & CC-TBL, IMPC % X *EP-
TBL # T BIMPC & 85454 UCP 4 T2, %
7, IMPC <= UCP ## L, #» UCP %%+ PC-TBL
FoY 2 EESETSEP-TBLD Y 2 bR
o UCP o WifikEEx &1 CP 23h i, = UCP %
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(b IMPC l l l l

(ARRAY (| (26) | (12) |(26,34)] NIL | NIL | (45)

<——-
—
—
—

NIL | (45) | (16) | (14) |)(10)

(¢) PCTBL\

(| 12 ] 14| 16| 23| 25
(d) EP-TBL\ : ! 5

(ARRAY (| (26 12\ | (26 NJiL NIL
16/ | |45]|| \45
16
34

3 | 36 | 45 | 56 | 126 | 236 | 256 |)

N#L 45 16 14 45 45 14\ [)(13))
16 (26] 12 (34) 16] 12
26 34 26 34 45
34 45 16
16 34

34

[¥5. CC-TBL, IMPC, PC-TBL # & 0 EP-TBL D #H A Bk
Fig.5. Interrelations between CC-TBL, IMPC, PC-TBL and EP-TBL

DUCP-TBL Z#uzifg L, IMPC 0B HR AL T
5\ 7z BIMPC-TBL #7225 = » UCP %% L T
BIMPC-TBL oN&EZFEH L, X Hicsskis UCP %
BT, @ UCPBRESIRhTLI-HEHBD
BIMPC-TBL o %154 7« BIMPC &4 & s 5,

(5) #BEEHIZL S PCoOKE

BIMPC o 4:mrhic Z# DUCP-TBL Wi @i s h
7- 8 4 &5 UCP # PC-TBL » & #l A & B ¥
REMOVE #H T —~#ICRETH L 5T L THE—F
EEENETEN 5D,

#FoEEEo#MA R, PCoRNIKAERK 3L E
DG EFE ETIEL V0T, PC-TBL 2 bf#iA L
B9 % PINT-LENGTH = REMOVE-IF # f\» T &
D X 5 17¢ PC % ELSE-LIST ¥kt 5, —hb
o PCiz>\\wT NJ-CREATE B§## A T N, &K
», Zhw NJ-TBL ic##+ 2%, £/, PC=N, D&
XX L ot b b3, o PCRBRETE K
Wik, #AZBIS UNLESS # T PCON; 03
Gox; #EIRL, IJ-CREATEBE$icX-T L %
sk, IJ-TBL ki $ %, & HIc#AZBI% UNION
# BT IJ-TBL & NJ-TBL ofi£& %k, 0
fES % &t PCH #A 2BI# SUBSETP ic X » T
B, 2o PC#% D2-TBL icZi{E L, HEICHIA R
B8 % REMOVE # B \» T PC-TBL 2 5 i £ ¥ 5,
NJ-CREATE B3 EP-TBL A o xti+ % v & b
CEEhAEROTICA v 7514 ED PC ORI IKEE

PEFWorHALBEKEFINDIcX b5, 1J-
CREATE Bi#ux, BIMPC-TBL o> UCP #f&%£ L,
BOOEZEoOFTPCIZET AL DN LMAHAN
%o

#ForEERoBMBICH - Tk, PC-TBLA®
BomBEBEB IO bDEFED PC-TBL Eofr
B LT afrEIcdh 5 EP-TBL Lo v = + HHEH
D &R A MA 2B H SUBSETP % A T iR
B itk > Tirbhb,

EP;y

RCy EPu1 EPy2 EPy3 EPyt EPss EPss
| [ | R | | 1
fg de ae be ab ad eh

RG= az O 2
RCi=  bc H—D 21
RG:= de < D-D-D—2
RCz=  dh s} D 28
RCi= fg —p 2¢
RCs= deh 5 D +H—-2
RCs=abde C’} DD e 26
16 100 75 66 37 76 36

6. FpABREETIIO—M]
(i=4, j=1~6, k=0~6)
Fig.6. An example of prime closure set matrix
(for i=4, j=1~6, and £=0~6)
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(6) H/PABEOWE 7o+ B EPDEFRCP 2K TIIR EP:; &, T0DTT
BRI TE-1PC +bbRCIIWT5EMH B RC: X Ve AFEATESTIER6ITRT 2D
MELEPERT B, ZDEHTESE, RCLLhoa 7875 ATREIIHED RC. DBFEBERIEL T,
v 75435 EP0EHECP#» A-FT5RCOESE %52, HETHLBS, &TT% MSB &L, BT
LOBERBICL - TKED, 22T, HFabhic RC: 1T b TFfICE»rsTE y hOELMFTHESLSbDEL

Problem No.4
START-TIME=0

REEFH R
(ARRAY ((1 (3 0) (= =) (2 =)) (2 (- =) (4 0) (6 =)) (3 (5 1) (- =) (- 0)) (4 (-
=) (1 1) (1 =)) (6 (1 =) (- =) (6 =)) (6 (4 -) (5 -) (6 -))) (6 4))

IMPLICATION TABLE
(ARRAY (((26) NIL NIL NIL NIL) ((X1) NIL NIL NIL NIL) ((12) (X1) NIL NIL NIL) (
(X2 26 13) NIL (X3 15) (16) NIL) ((26 34) (45) (45) (X3 16 15) (14))) (5 5))

WMIEY IR
(12 14 16 23 25 26 34 36 45 56)

BAEIUEY 5 X
(45 34 256 236 14 126)

PRIMALY COMPATIBLE CLASS
(12 14 16 23 25 26 34 36 45 56 126 236 256)
MCC_PC-TIME=200

IMPLICATION CHAIN
(ARRAY ((26) (12) (26 34) NIL NIL (45) NIL (45) (16) (14)) (10))

mENKS
(ARRAY ((34 16 45 26) (34 16 45 26 12) (45 34 26) NIL NIL (34 16 45) NIL (34 26
16 45) (34 26 16) (34 16 45 26 12 14) (34 45) (34 16 45) (34 16 45 12 14)) (13)
)
EP-TIME=200
({25 23) (16 23 25 26 34 45))
BIMPC-TIME=200

. BxXxhiucx (D1)
(12 14 56 36)
D2
(256 236)
D3
(26 16)

REHWLYEZ 7 2
(23 25 34 45 126)
RC-TIME=200

BENEEOEBER
((3 2 4) (2) (1) (0))
(1 13 11 3 5 1)

COVER2-TBL
((3 2 4))
SORERG

((45 34 126))

END-TIME=300

X 7. EiTHEERO—H
Fig.7. An example of operating result
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T2#EKAE 2, ZFO DR 10 K TFEST, X6
DT, RCi=6, EP:, 1=100, EP,, ;=75, EP;, ;=
66, EP,, =33, EPy, s=176, EP,, =36 £7¢ch, Zh b
#HER D LOGAND % & i, RERIBIMEEI L
b, THEIBINEROBBHICHLUT D, 7oL 213,

EP, 1 logand EP,, =100 logand 36
=36=EP;, s

EP, » logand EP,, =75 logand 66
=66=EP,, 3

EP, 4 logand EP, =37 logand 36
=36=EP;, s
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X b, B8 EP, 1, EPs, 2, EPy, s 3 HEI B, EB
RIS LTRSS IIIBHERcEHAES >
Eh, BB EYRDT5,

4. HABRRCRE

DT el S ATHEST, A=V F e a2 —
%2 PC-9801 (NEC) #H\+T MS-DOS LTcHfTx+
rfERE > EWWRT, EHALASEE X u-LISP-86 ©
BB,

TR 1 OREBBE TR LICARELIEEIERFD
BicicnwT50TH A,

R4 7877 ARTMORTELIECIEFEIR D 6 >0 REERE

Table 4 Six state transition tables to incompletely specified sequential circuits for this program running

Ri11]3, 0, — 2, — fij2 aja, 0, —, — d, 0, e, 1, b, 0 — T
2= = 45 0; B, = b b, 0, d, 1, a, -, — — a, — a, 1, — —
315, 1, — — —, 0 ¢l{by, 0, d, 1, @, 1, =, — —, —, —, —, &, 0
4 —y —% L, Ly 1, — d|— — ¢, — — — b, — b, 0, —, —, a, —
9| Lo = =% = 6 = elb, — e, — a, —, — — b, — e, — a, 1
6| ds 0 B, = 6, — f{b, 0, ¢, - — 1, h, 1, f, 1, & 0, — —

Bilo— =5 €y 1y =% =y €; 1l; = = &, 0, £, 0
h{a, 1, e, 0, d, 1, b, 0, b, — e, —, a, 1

fi13 a g 0 = = & = B, 1 4 16, 0, 1, 0, 2, 0, 4, 0
bl e, — ©, L, b, — — — 2| —y — 6, 0, 25 0, 4, 0
c|— — b, 0, — 1, d, 0 3= —w Lo 0w 3y 0, 4, 0
dl & 0y = = fu Ly by = 415, 1, 0, 0, 2, 0, 4, 0
e s =a =5 by Wy = — 5 5, 1, 5y, 0, 3, 0, 4, 0
fl— —, 1, — 0, g, 1 61, 0, 6, 0, 3, 0, 4, 0
Bld, 1, ds — —5 — — 0

fls a|—, —, &, 0, e, 1, d, — fil6 1| — — 3, 1, 5, 1, 2, 1
bja, — d, —, — — —, 0 20 58; 0, — = = = — =
ClCy —p =5 Oy =5 — By 1 316, 0, 6, 1, — — —, —
d| €; 0y, — = @, = — — | = = — — 2, I, —p —
eflfl= 1y fo = = 1, = 1 5|— — 6, 0, 1, 0, 4, 1
fl— 1, &, — a, 1, —, 1 61 3; 0, = = 2; 0; 3 1
glf, — — 1, b, = h, —
hjc, — — — a, 0, —, —
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#5 FH4oMBEz T 5220 F7F (BASIC,
LISP) 1= X % BRI (sec) DI#E

Table5 Comparison of operating times (sec)

between two different language programs

(BASIC and LISP) for problems in Table

'

mE | E@  PEREC\pmmn| ®T
BASIC | 59 10 69

fl 1 0.12 0.10 0.12
LISP 7 1 8
BASIC | 23 9 32

fal 2 0.17 0.11 0.16
LISP 4 1 5
BASIC| 25 3 28

fal 3 0.16 0.33 0.18
LISP 4 1 5
BASIC/| 28 3 31

fal 4 0.14 0.33 0.16
LISP 4 1 5
BASIC| 86 12 98

a1 5 0.09 0.08 0.09
LISP 8 1 9
BASIC| 20 14 34

fal 6 0.15 0.21 0.18
LISP 3 3 6

Fh, £4IIRT 6 2ONRELIEEIEFEIEEOIKE
BEBE (F1~6) WRENDHHDILDOPNWT, ZDOF R
75 ARETTHOICELEERE &, £2<HEL
7A=Y RADFTCBASICEEZEYHWTT 7 5 A
PERL, AUt —vFreavea—R2THRITLE
EEBR LB L, CORBRYESCRT, &0
Eiwit, EEBEE»L PCicwWTrkhEEEROER
¥ CIRETHEERM T, ThUBRe/ ) HEE kD
5 i(k:%?b?ﬁﬁﬁf’a’? Tz, BX U‘mﬂ?ﬁgﬁﬁﬁ T: i
RLTHB, 2DFRLD, 2¥DL 5L ENTE 25,
(@) EENBASICTHH-THLISPTHH-T b

T, & T OBHELERRACHETHIIEL
ERER I,

(b) HBEFEERME TLWBASICEEcMER
Yo TKERAEL, 28sec~98sec £7ch, FD
Hix2.5(=98/28) & iz »tediztL, LISP
SZETix 5sec~9sec T, FD LI 1.8(=9/5)
&7&07‘\.0

(¢ BASICEZE r s 7212k, LISPEES =

77 A X HEEREICEL <@ kL%, LISP

HEERRE & BASIC mERM L oL, Th k>

WTIEH1/6~1/11 L7z b, T2 TiH

1/3~1/13 L is o o F1MBEARR T 12T

111/5.5~1/11 &b, 13 hictcwT 5%

DEFELLEoT,
LEofEREoFT, @ OFRIZELAT7 LT ) X AN
WMADEEBICIWLTREILTHholcted, Th, T IKE
TARRELRNES sl EXWE-T W5, (b)
DR IZBASICEZ L W LISPEENZ 0EDOR
BABCHlc- THBEOEEECHEIh I VT
L, BETHEZOBOMBEIC/-\W LTI LISP 53
DI B FEOZ L EYFE> T\ 5B, S HIC(C) DFE
BioRr&h5 X o B EEERM T, o KiEkm i
LISPSEZED Z ORBOMBE~DOEUE*WE->T\ 5,
LISPo X 5w ATH8ERITEEE L L TR I i
%MEm EN M, BASICEZED X 5 it ABIRIFOE

EELTHEShCKEFNERESESRSELL S, £

<®ﬁ@$é%ﬂﬂ?él5&,?kb%$ﬁyf&
h btk 5 eMEOHECIBALTWHLEE L
B,

5. #&

PlEwixicx bz, LISPEZEwXLA 7w F 4
DBIFEIC X - TARELIFTIER ol o AR ER O K
IMEDOBHEREIAKIBICHE I hic, ok, ZOHRX
TN o 7oy, 6 DDRIEMAD & bt
#7cRAEEIC ST RC 0B 2 FTEETH 5 0%, TR
ELHEDOEHN AT )V TNEBDICDARARE L 75 LW H
ERE IR, LL, CORELBETARTHHY?
WTFRFDOT RIS ACOVWTHHRE TS TFETH
B,

fods, AFRDO 7 v 7 5 AERICR S X h7-AEF 61
FEFENFRLEOTECHE LHHEHBCHELR
T5, £, BRI EEFERITEDIEHEBRRE LG
F1 60 4 O ZEZER e AT | FIRE (X AP oo A5
EOTORE W, Rt LTHBEEYERT 5,

2 £ X ®
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