T e B B R B

8

S. G. SHIVA AND H. T. NAGLE, JR.
DIGITAL SYSTEMS LABORATORY
OF ELECTRICAL ENGINEERING

' INFORMATGON PROCESSING

e\ -

(@) Technical Report Number AU-T- 24
" A FAST ALGORITHM FOR COMPLETE MINIMIZATION
A OF BOOLEAN FUNCTIONS
q‘ : ' . PREPARED BY
D
2

JUNE,: 1972

CONTRACT DAAHO01-68-C-0296
ARMY MISSILE COMMAND
HUNTSVILLE, ALABAMA

v

DISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED.

PROJECT THEMIS
AUBURN UNIVERSITY

NAT'ONAL TECHNICAL
INFORMATION SERVICE
U S Dep. ent of Commerce















































































LT et e D

I =1+l

19

Select the P.I.
that covers II

EMP = EMP+1
Enter into Essential
P.I. Table.

)

et all the terms in
corresponding to

this essential P.I.

to -1 (11)

F "Mas "
orm 12

<

-

Figure 1 (con't). Main Flow Chart.
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From Step 9b

v

J=0, IC=0, L=1

PRIMI (L) ATT#PRIMI(L)

IC = IC+1

L= T11ESS = L
NO
L = MP
©s
TO
YES Step 11(b) of Main
Program

NO

EMP = EMP+1

ESENI (EMP) = PRIMI (IIESS)
ESENJ (EMP) = PRIMJ(IIESS)

¥

Fo Step 11 of Main Program J

Figure 8. Enter Essential Prime Implicants.








































46
' TIME (SECONDS) TO MINIMIZE
ORDER OF THE | NUMBER OF| NUMBER OF — —
FUNCTION MINTERMS | DON'T CARES F F F and F
4 7 6 1.27 | 1.09 1.34
6 27 11 2.17 | 2.29 4.10
8 45 157 31.90 | 39.39 69.84

Total length of the Program = 46 K bytes of core memory?
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Example 2

THE BOOLEAN FUNCTION IS OF DRDER

MINTERMS
3 7 12 14 15 19 27 28

55 %6 57 59 60 62 63

DUNTCARES
0 11 13 23 30 32 43 47

PRIME IMPLICANTS

( 0, 32)
( 3, 63)
( 12, 63)
( 32, 48)
( 48, 61)
( 4B, 55)
( 49, 53)
( 52, 953)

THE ESSENTIAL P.I. ARE

NJIN ESSENTIAL P.I. ARE

6
29 31 35 39 44 45 46 4B 49 S0 52 53

51 54 61

-00000
-——-11
--ll--
1-0000
i1--0-
110---
11---1
11-1--

----11
_-ll--
110---
11--3-

%% \NONE *%%
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MINTEKMS
3 T 12 14
5% 956 ST 59
DONTCARES
0o 11 13 23
piMe IMPLICANTS
(

-~
—
-

15
60

30

~2)
41)
ia)
in
26)
2%)
22)
21)
(3
54)
43)
58)
)
23)
“7)
1)
sl

Example 2 (continued)

COMPLEMENTARY FUNCTION sssses

19 27 28 29 31 35 39 44 45 46 4B 49 S50 52 53
62 63

32 43 47 51 54 6l

-0-0-0
-0-00~-
-00--0
-00-2-
d==0-0
d==0)-
3-0--)
)=0=)-
0J--J1
-=0119
=J10~--
-=1010
dl=-=1D
0101~-~
101-11
110011
111191

4 eSScNTIaL Pol. ARE

3--00~
=00-)-
-=1012

NIV ESSeNTIAL P.l. ARE

9-0--0
9=0-)-
=3-2-0
-20--0
=3-0)~








































FORTRAN IV G

o170
o171
o172
0173

0174

0L75
0176
oL77
o178
0179
0180
o181
ol82
0183
olas
0185

olL8s
oisr
oL8e
0189
0190
oL9l
0192
0193
0194
019

0196
o197
0198
0199
0200
0201
0202
0203
0204

V205
0206
0207
0203

LEVEL

alaNalal aNalal

1000

CHeCK

66

CHeCKX

522

222
C

18 MAIN DATE = 72150 20/%

MESS=0

D0 2000 I=1,M8
[I=MINT!])
IC=0

IF C CORR. TO Il IS =1 Il HAS ALREADY BEEN COVERED
TF(CCIT#+1).LT.0) GO TO 2000

IF C IS NOT EQ. =1 4 FIND WHAT P.I.S COVER THIS TERM
THESE ARE CONSTRAINT TeRMS

CO 1000 L=1,MP

IF(PRIMI(L).GT.I1) GO TO 1000
IFIPRIMJ(L).LTLITIGO TO 1000
IF(TAND(PRIMI(L) o TT)NELPRIMI(L)IGO TO 1000
IFCTANDIPRIMIIL) 4 TT)NELIT) GO TO 1COO
IC=IC+1

IR(IC)=L

CONTINUE

DO 222 L=1,1C

CONSTIL)=PRIMI(IRIL))
CONSJIL)=PRIMJLIRIL))

HOW MANY UNCOVERED MINTERMS ARE COVERED BY EACH CONSTRAINT TERM

COUNT(L)=0

DU 66 J=1,MB

LL=MINT(J)

IFICILL*1).LT.0,GO TO 66

ITFICONSTIL) «GT.LL)GOD TO 66
ITFICONSJ(L)LT.LLIGOD TO 66
TSCTANDICONSTIL) yLL) «NE.CONSI(L)IGD TO o6
i (TANDICUNSJIL) yLL) «NELLLIGD TO 6¢C
COUNT (L )=COUNT(L)+1

CONTINUE

HUW MANY LITERALS EACH CONSTRAINT TERM HAS

LITCNT(L)=0

CALL CELBIN(CONSIIL)CONSJIL) IRAY)
DU 522 K=14N

ICONS(LyK)=1RAY(K)
ITFITCONS (LK) .EQ.DASHIGO TO S22
LITOCNT(L)=LITONTIL)+1

CONTINUE

MATCNT(L)=D

CONT INUE

COMPARL CONSTRAINT ARRAY WITH MASK FOR MATCHING LITERALS
C

76
8
C

IFIEMP.EQ.0)GOD TO 7o

CALL SELECT(ICONS MASK,MATCNT)

00 8 L=1,1C
WAITIL)=S*COUNTIL)=3*LITONT(L)+MATONTIL)

CHOUDSE MAXIMUM WEIGHTED CONSTRAINT TERM

C

61
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APPENDIX II

Assembly language program (System 360/50) for LOGLCAL AND operation.

#

# SUSKOUTINE FOR LOGICAL *AND*.
= uSk IANDULT, )
L
B
I

AND STaxT
STM ey l2,1201 %) SAVE REGISTERS
L Zy0tl) LOAC ACCRESS CF 11
L 3,401) LOAD ACCRESS OF JJ
L 0el2) LoaAD 11
NI L3Y) AND JJ
LM l4el5,012011%) ReSTORe REGISTERS
LV 1el24241013)
e L4
NN
|
|
i
69 {






