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On the computerization of minimizing the Logic circuit
by the MASK and the COST Table Method

Chang Sa Won
Det. of computer science
(Received June 10 1980)
(Abstract)

The minimization of the multi-output switching functions involving many variables and many
functions is a difficult task. This paper is concerned with a new minimization procedure based on
the MASK method and a new Cost Table that allows this process to be implemented with reduced
computational effort. This procedure is applicable to both manual and computer programed minimi-

zation. the details of this algorithm is presented and illustrated by some example.
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OR Operation)$- ¢} --3}e] Pl(prime Implicants)
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(#D (i) Modified petrick method.

MODIFIED PETRICK METHOD
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Fig.1 modified petrick method

(a+f)(a+c)(b+c)(e+f)(d+e)(b+d) =1
abe {-abdf+acde--beef-+cdf=1

@+ a+)G Tt @dTbLd)I=1

Jo

z.f+a.e+b.cte. f+7e 53 =0

a (f+e)+bG@E+a) +e(F+a)=0
S a=h=e=1

{example>

(iii) Karnaugh-map

f(A,B,C,D,E, F)=3m(2,3,6,7,10, 14, 18, 19,
22, 23, 27, 37, 42, 43, 45, 46)

{solution)
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2. f(A,B,C,D)=nM(7,9,13)
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3. f(4,B,C,D)=3m(0,1,2,4,5,8,10)
{solution}

4, f(A,B,C,D,E)=3m(0,1,3,4,5, 7, 8, 9, 10,
12, 13, 21, 24, 25, 26, 28, 29)

N ) A=l BC
DES 00 01 11 10 0 o0l 11 10
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00 1° ] 1t 1 | 1¢ S ST ()
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orlff 1 j(v L)oo Cl_x )] g
}T._‘_,_—;T_
oy ]\ 1 \
P :
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e Sl S

Ff=CDE~3m(5,13,21,29)
+ABE~XYm(1,3,5,7)
+AD—3m(0,1,4,5,8,9,12,13)
+BCE—Xm(8,10,24,26)
+BD—35m(8,9,12,13, 24, 25, 28, 29)

Fig.2 Karnaugh-map method

Table 1 Minimization with ‘don’t care’ condition

List 1
UV WXY Z
5 00010 1/
9 0 01 0 0 1v
20 0101 0 0/
40 1010 0 0/
7 00011 1/
11 00101 1/
13 00110 1/
21 01010 1/
25 01100 1/
37 10010 1/
41 10100 1/
42 10101 0/
56 1t 1100 0
15 00111 1/
27 01101 1/
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29 01110 1/
39 1 0011 1/
43 10101 1/
45 10110 1/
53 11010 1/
57 11100 1/
58 11101 0/
31 01111 1/
47 10111 1v
59 1 1101 1/
61 11110 1/
63 11111 1/
List 2
U v wXyY Z
5, 7 0 0o 0 1 — 1
5,13 o 0 — 1 0 1v
5,21 0O — 0 1 0 1
5,37 - 0 0 1 0 1v
9,11 0 0 1 0 — 1v
9,13 0o 0 1 — 0 1v
9,25 o — 1 0 0 1v
9,41 - 0 1 0 0 1v
20,21 0 1 0 1 0 — A
40, 41 1 06 1.0 0 —v
40, 42 1 01 0 — 0Ov
40,56 1 — 1 0 0 o0ov
7,15 o 0 — 1 1 1v
7,39 - 0 0 1 1 1v
11,15 o 0 1 — 1 1v
11,27 0 — 1 0 1 1v
11,43 — 0 1 0 1 1v
13,15 0 0 1 1 — 1v
13,29 0 — 1 1 0 1v
13,45 — 0 1 1 0 1v
21,29 o 1 — 1 0 1v
21,53 - 1 0 1 0 1v
25,27 6 1 1 0 — 1v
25,29 0 1 1 — 0 1v
25,57 - 1 1 0 0 1v
37,39 1 0 0 1 — 1v
37,45 1 0 — 1 0 1v
37,53 1 — 0 1 0 1v
41,43 1 01 0 — 1v
41,45 1 01 — 0 1v
41,57 1 — 1 0 ¢ 1v
42,43 1 01 0 1 —v



Uu vwXxyYy Z
42, 58 1 — 1 0 1 0V
56,57 1 1 1 0 O —v
56, 58 1 1 1 0 — 0/
15,31 o — 1 1 1 1v
15, 47 - 0 1 1 1 1v
27,31 o 1 1 — 1 1v
27,59 - 1 1 0 1 1V
29,31 o 1 1 1 — 1
29,61 — 1 1 1 0 1v
39, 47 i 0 — 1 1 1/
43, 47 i 01 — 1 1v
43,59 1 — 1 0 1 1v
45, 47 1 0 1 1 — 1/
45, 61 1 — 1 1 0 1v
53,61 i1 — 1 0 1V
57,59 111 0 — 1/
57,61 1 1 1 — 0 1V
58,59 1 1 1 0 1 —y
31,63 -1 1 1 1 1/
47,63 1 -1 1 1 1/
59,63 11 1 — 1 17
61, 63 1 1 1 1 - 1
List 3
U vwXxXyYyYy Z
5, 7/13,15 o 0 — 1 — 1v
5, 7/37,39 - 0 0 1 — 1/
5,13/ 7,15 o 0 — 1 — 1
5,13/21,29 o — — 1 0 1v
5,13/37,45 - 0 — 1 0 1/
5,21/13,29 6o — — 1 0 1v
5,21/37,53 - — 0 1 0 1v
5,37/ 7,39 — 0 0 1 — 1v
5,37/13,45 - 0 — 1 0 1v
5,37/21, 51 — — 0 1 0 1v
9,11/13,15 o 0 1 — — 1V
9,11/25,27 o — 1 0 — 1v
9,13/11,15 o 0 1 — — 1v
9,13/25,29 o — 1 — 0 1/
9,13/41, 45 - 0 1 — 0 1v
9,25/11, 27 o — 1 0 — 1v
9,25/13,29 0O —1 — 0 1v
9,25/41,57 - — 1 0 0 1V
9,41/11, 43 — 0 1 0 — 1V
9,41/13, 45 - 0 1 — 0 1/
9,41/25,27 — — 1 0 1/
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40,41/42, 43 i 0 1 0 — —v
40, 41/56, 57 1 — 1 0 0 —v
40,42/41, 43 i 0 1 0 — —
40, 56/41, 57 1 — 1 0 0 —~
7,15/39, 47 - 0 — 1 1 1V
7,39/15,47 - 0 — 1 1 1y
11,15/27,31 0 — 1 — 1 1v
11,15/43, 47 - 0 1 — 1 1v
11,27/15,31 0 — 1 — 1 1v
11, 43/15, 47 - 0 1 — 1 1v
11, 43/27,59 — — 1 0 1 1y
13,15/29, 31 0 — 1 1 — 1
13, 15/45, 47 - 0 1 1 — 1v
13,29/15,31 0 — 1 1 — 1v
13,29/45,61 - — 1 1 0 1y
13, 45/15, 47 - 0 1 1 — 1y
13, 45/29, 61 - — 1 1 0 1y
21, 53/29, 61 — 1 — 1 0 1v
25,29/27, 31 0 1 1 — — 1y
25,29/57, 61 - 1 1 — 0 —v
25,57/27,59 - 1 1 0 — 1y
25,57/29,61 — 1 1 — 0 1
37,39/45, 47 1 0 — 1 — 1v
37,45/39, 47 1 0 — 1 — 1v
37, 45/53, 61 1 — — 1 0 1/
37,45/45, 61 1 — — 1 0 1/
41,43/45, 47 1 0 1 — — 1/
41, 45/43, 47 1 0 1 — — 1/
41, 45/57,61 1 -1 — 0 1v
41,57/43,59 1 — 1 0 — 1v
41,57/45, 61 1 — 1 — 0 1V
42, 43/58, 59 1 — 1 0 1 —/
42, 58/43, 59 1 — 1 0 1 —
42, 58/45, 61 1 — 1 — 0 17
56, 57/58, 59 11 1 0 — —/
56, 58/57, 59 1 1 1 0 — —
15, 31/47,63 — — 1 1 1 1y
15, 47/31, 63 - — 1 1 1 1v
27,31/59, 63 - 1 1 — 1 1y
27,59/31, 63 -1 1 — 1 1v
29,31/61,63 - 1 1 1 — 1y
29,61/31,63 — 1 1 1 — 1/
43, 47/59, 63 1 — 1 — 1 1y
43,59/47,63 1 — 1 — 1 1/
45,47/61, 63 1 — 1 1 — 1y
45,61/47,63 1 — 1 1 — 1y



Mask i3} Cost Tableoll £] gk 1=} =2 | zioll o & A 421 #Ji)el sbgh o7 5

U v wXyY Z 9,11/13, 15/41, 43/45, 47
57,59/61, 63 i1 1 - — 1y 25,29/27,31/57,59/61,63 — — 1 — — 1
57,61/59, 63 1 1 1 - — 1/ 9, 4/25,27/41,57/43,59
13,15/29,31/45,47/61,63 — — 1 — — 1
List 4 9, 13/25, 29/41, 45/57, 61
VvV WXy 2z 11,15/27,31/43,47/59,63 — — 1 — — 1
A (Prime_implicant set=UVWXY, VXZ, XYZ
5, 7/37,39/13,15/45,47 — 0 — 1 — 1 N %’;‘V;—; IP’VZ'; sel= s » ,
5,13/ 7,15/37,39/45,47 — 0 — 1 — 1
5,13/21,29/37,45/53,61 — — — 1 0 1C Table 2 Prime Implicant table with ‘don’t cares’
5,13/37,45/ 7,15/39,47 — 0 — 1 — 1
5,13/37,45/21,53/29,61 — — — 1 0 1 5 15 20 29 41 42 45 47 53 58 61 63
5,21/13,29/37,45/53,61 — — — 1 0 1 A Ji ‘ - %
5,21/37,53/13,29/45,61 — — — 1 0 1 ‘B
5,37/ 7,39/13,15/45,47 — 0 — 1 — 1 C
9,11/13,15/25,29/27,31 0 — 1 — — 1, f
9,11/13,15/41,43/45,47 — 0 1 — — 1/ T v
9,11/25,27/13,15/29,31 0 — 1 — — 1, TSUVWAY L ATZHUWXAWE
9, 4/95,27/41,57/43,59 — — 1 0 — 1y
9,13/11,15/25,29/27,31 0 — 1 — — 1./ If the reader draws the Karnaugh map for this
9,13/11,15/41,43/45,47 — 0 1 — — 1/ problem it will be clear that the map method
9,13/25,29/11,15/27,31 0 — 1 — — 1 involves far less computation, and the use of
9,13/25,29/41,45/57,61 — — 1 — 0 1. ‘don’t care” conditions is immediately apparent.
9,13/41,45/11,15/43,47 — 0 1 — — 1 Hower, the strength of the tabular method ljes
9,13/41,45/25,29/67,61 — — 1 — 0 1/ in its easy extension to large-variable problems.
9,25/11,27/13,15/27,31 0 — 1 — — 1~ Other tabular techniques have been developed
9,25/41,57/11,43/27,59 — — 1 0 — 1~ for minimizing Boolean functions, notably those
z:jf;ﬁ’j;ﬁgﬁ;i:i; :; i :g ]1; due to Roth,® Curtis,® and Samson and
0. 41/11, 43/25.57/21.29 — — 1 0 — 1, Mills. ® The McCluskey method, however, is
10, 41/42, 43/56,57/58,59 1 — 1 0 — —D simple to apply and is well suited for both hand
40, 41/56, 57/42, 43/58 59 1 — 1 0 — — and machine computation.
11,15/27,31/43,47/59,63 — — 1 — 1 1.
11,15/43,47/27,31/59,63 — — 1 — 1 1 m. chks&d g5ol ikl
11, 43/27,59/15,31/47,63 — — 1 — 1 1
13,15/29,31/45,47/61,63 — — 1 1 — 1,/ W -2e] COMBINATIONAL 3 el bl &
13,15/45,47/29,31/61,63 — — 1 1 — 1. A= A SET OF SWITCHING FUNCTIONo] 2} 3.
13,29/45,61/15,31/47,63 — — 1 1 — 1 o]f o] x] = 27 o]AFe] b %11.1 NEE xn
2, 20020 3/SL/6LE3 = 1 L= = LS g g 9% a9 @eE g s Bae)
25,29/57,61/27,31/59,63 — 1 1 — — 1/ T S
95,57/27,29/29,31/61,63 — 1 1 — — 1,7 S LA
41,43/45, 47/57,59/61,63 1 — 1 — — 1,/ A9 e Az dabrlx g2, FHAer 2 2
41, 45/57,61/43,47/59,63 1 — 1 — — 1/ el Folal ¥t & Esbe] Teb el vl
41,57/43,59/45,47/61,63 1 — 1 — — 1 2t o wl g L vhE Y g ol 4
List 5 95e A A7) Habel e a3l
9,11/13, 15/25,29/27/31 Aoz v go] gro] Eut
41, 43/45, 47/57,59/61,63 — — 1 — — 1E g T8 EH gt vlas] wxp
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Fig.3 The overall flow chart for the computer program.
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Computer Program Results

wrsxxxxxxxxx oo x MULTIPLE FUNCTION MINIMIZATON PROGRAM»x#xsnxxsxsxrsensr

THIS IS MULTIPLE FUNCNION MINIMIZATION PROGRIAM WHICH MINIMIZES THE COST
CRITERIA (NO. OF GATES) OF THE TOTAL FUNCTION USING MASK METHOD COST TABLE

METHOD.
THIS MULTIPLE FUNCTION CONTAINS
NAMELY
MINTERM FA
0 0
3 1
4 0
5 1
7 1
10 0
13 1
14 1
15 1

AND EACH FTINCNION CONTAINS

y
™

= R = = O O O

1

3 FUNCTIONS

)
@}

- O = O O = O -

1
4 VARIABLES

THE FOLLOWING IS THE LIST OF THE PRIME IMPLICANTS OBTAINED FROM DA TABLE
WHERE PRIME IMPLICANTS SELECTED FROM COST TABLE ARE LABLED AS SELECTED
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Mask 777+ Cost Tableo] o] § =e 2] alxzlel gt Al 47 FEA gk 47 13

s»»xx FUNCTION #% 1 *xwxn FA
NO. COST A B C D
1 2 0 X 1 1 SELECTED-X,X:X,
2 2 0 1 1 1
3 8 X 1 e 1 SELECTED-X:X,
4 3 1 1 1 1
5 3 1 1 1 1
6 6 1 1 1 X SELECTED—-X ;XX
#»xs FUNCTION xx 2 sxxxx  FB
NO. COST A B C D
1 8 X 1 % ! SELECTED-X.X,
2 3 1 1 1 1
3 3 1 1 1 1
4 1 1 X 1 0 SELECTED—-X XX,
5 3 1 1 1 ¢}
6 6 1 1 1 X
sx2x FUNCTION #x 3 xwkxx FC
NO. COST A B C D
1 2 0 X 0 0 SELECTED—X:X:X,
2 4 1 % 1 0 SELECTED—X:X3X,
3 3 1 1 1 0
4 6 1 1 1 X SELECTED—X:X:X:
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