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Minimization of the Multi-Output Switching Function
by using the Intersection Table and the Cest Table
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Abstract

The minimization of the multi-output switching function becomes a difficult task when

the input variables and the number of functions increase. This paper describes the optimal
selection of prime implicants for the multi-output switching function by using the Inter-
section Table. This procedure is applicable to both manual and comrputer programmed °
realization without complexity. The algorithm is implemented by a computer program in

the standard FORTRAN [V language.

. INTRODUCTION

A large number of the established problems in
logic design have multi-output switching function.
One of the approaching methods would be to
implement each function completely indepen-
dently by the techniques [5)} already developed.
For many of the simpler logic networks, such
approach is realistic solution to the problem. But,
as the function becomes more complex, we fre-
quently wish to implement a number of different
functions of the same set of input variables.

This sharing of hardware between various
functions affects the overall cost of the network
design, so there have been other techniques [1]-
[4),[6] and [7] to share as many logic circuit
elements as possible. Goal of each techniques is
the minimization of switching functions with the
minimal cost by retaining as much commonality
as possible between switching functions. In this
paper an application from the Simple Table and
the DA Table [5] is generated. A criterion for
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minimality is introduced in Chapter]]. From the-
Intersection table defined in Chapter [V, the
commonality of minterms between functions are-
found in Chapter [ of this work easily. The
generation of PI's is treated in Chapter][ as the
previous work of one of these authors. The:
optimal set of prime implicants which cover the:
function is selected from the Intersection Table-
by Using the Cost Table and the Subcost Table:
defined in Chapter [[ of this work.

II. CRITERIA OF COST AND
SUBCOST

1) Cost consideration

Before developing a minimization procedure for
the multi-output switching function it is nece-
ssary to introduce a cirterion to evaluate the:
network cost.

In this work, a cost criterion for the minima-
lity among various criteria [6] is the number of
the connecting lines which were covered by se-
lecting any PI or minterm. Let’s examine the
following two cases.

Case 1) If any PI covers minterms my,m,, ms.
and m; for the function F, as in Fig. 1, then 4
connecting lines will be covered by selecting this
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1. Therefore, the Cost for this PJ is 4.

Case 2) If any minterm m, is covered by the
function F,, F,, F. and F, then 4 connecting
lines will be covered by selecting m,, as in the
‘Fig. 2. The Cost for this minterm is 4.

In the above both cases of same cost, being the
number of the input lines of the PI fewer than
‘that of the minterm, the selecting of PI is per-
formed earlier than that of minterm in the selec-
tion process of PI's.

Fig. 1. Definition of the Cost for Case 1.(The

Cost is 4)
— Dk

‘Fig. 2. Definition of the Cost for Case 2.(The
Cost is 4)

'2) Subcost consideration

If we select any PI in the Intersection Table as
in Fig. 11, the number of minterms which were
covered by this PI is decided upon the com-
monality of this PI. Therefore we define the sum
of the remaining functions which were not cove-
red for these minterms as the Subcost for this
PIL.

If PI, and PI, are given, the Cost of two PI's
are same and the Subcost of PI, is lower than PI,,
we must select PI, at first in the PI's selection.

For example, let minterm m, is covered by
functions F, and F., ms by F., my, by F,, F, and
F., my, by F,, Fyand F, as in Fig. 3, and PI,
covers mz, ms, my, and my for F,, and PI, cov-
ers m, and m,, for F, and F, commonly.
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Fig. 3.

Connections for the given switching
network.

Fig. 4. Remaining connections by selecting
PI.. Cost=4, Subcost=5.

Fig. 5. Remaining connections by selecting
PI,. Cost=4, Subcost=1.

From Fig. 3, by selecting PI,, whose Cost is 4,
the number of the remaining connections is 5.
Therefore the Subcost is 5 and it’s graphic repre-
At Fig. 3, by
selecting PI,, the number of the remaining con-
nection is 1. Therefore the Subcost is 1 and it’s
graphic representation is shown in as Fig. 5. From
the above, it would be better to select PI, than
PI,. Therefore, if the Cost of PI's are same,
selecting the PI whose Subcost is lower will be
better. And if the Cost and the Subcost of PI's are

same, selecting any PI becomes an optional case.

sentation is shown as in Fig. 4.

[I. GENERATION OF PRIME
IMPLICANTS

For the generation of PI’s, the application of

( 856 )



TRRS WEHE FHT SEHD RRENS MMk - 35—
-the Simple Table and DA Table [5] to the multi-

-output function is quite similar to the single SIMPLE TABLE T%LE
soutput function. TEST MINTERNMS

A little difference between the single output 5; 2] 4 |10 111 J12 j13 | B 4] 21
function and the multi-output function is in the L2l o0 8 :0
selection of PI's. In the case of single output E: 9 & | '1'0
function the dominated PI's which were included % 10 o1 7 {0
iin a larger PI were not considered, but in the w1 o - | 1
multi-output function all the dominated PI’s sh 1? - il l[ 2
-ould be considered since the dominated PI's can I ° ”

‘have higher commonality. If any dominated PI
has higher commonality than the PIl, it should
‘be listered in PI table.

Fig. 7. The Simple Table and the DA Table of
function F, for the generation of PI's

Let’s find a minimal sum-of-prodcts realization Function PI Com(;?olglla,lsity
for three functions represented in Fig. 7 as an 2,10 (8) FF
«example, which was taken from [1), pp. 161~166. F 10’ 11 F.,F,, F.

F,=Ym(2,4,10,11,12,13) 412 8) F,
Fy=3%"m(4,5,10,11,13) 12,13 (1) F,
F.=%m(,2,3,10,11,12) 45 (D) 7
’ b
a) Three output logic functions. F, 10,11 (1) F.,F,F.
Minterm F, F, F. 5,13 (8) F,
1 1 F. 2,3,10,11(1,8) F.
2,10 (8) F.,F,
2 ! ! 1,3 (2) F.
3 1 10, 11(1) FthFc
4 1 1 Fig. 8. PI table.
Commonality
> 1 PI of P's
10 1 1 1 A=1,3(2) 00x1 | F.
11 1 1 1 B=2,3,10,11(1,8) | x0lx | F.
12 1 1 C=2,10(8) X010 |  F,F.
13 1 1 D=14,12(8) x100 | £,
b) Commonality Table. E=4,5(1) 010 % ‘ F,
Fig. 6. An example for three output logic
network. F=5,13(8) x101 | F,

From Fig. 6 we can show the Simple Table G=10,11(1) [ 101x ' F,, Fy, F,
-and the DA Table for the function F, as Fig. 7 H=12,13(1) J 110 % i F.

[6] . And then all the PI's for F, can be gener-
.ated. Fig. 9. Reduced PI table.

Same procedures for the rest of functions Fs, and constructed as Fig. 9 easily.

F., must be done similary. By this way we can
-construct the PI Table for the above example as
Fig. 8. From Fig. 8, by deleting PI's which are
same with the others, the Reduced PI table is 1) Intersection Table

V. PI’s SELECTION FOR THE MULTI-
OUTPUT SWITCHING FUNCTION
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The optimal selecting of the PI's for the multi-
output switching function can be implemented
by using the Intersection Table which is com-
posed of the Reduced PI table obtained in Chapter
II and the Commonality table for all minterms.
The calculation of the Cost and the Subcost in
this table was implemented as in Chapter IJ.

2) Selection of the PI's

The procedure of selecting the PI's and the
minterms in the Intersection Table is as follows:

(a) Select the PI or the minterm which has
maximum Cost.

(b) If the Costs of the PI and the minterm
which satisfy (a) are same, select the PI.

(c) Select the PI which has minimum Subcost
among the PI's whose Costs are same.

(d) If the PI's or the minterms which satisfy
(a),(b) and (c) are more than one, select any
of them optionally.

(e) Repeat (a) through (d) until all the Costs
are O.

(f) Arrange the chosen PI's and minterms.

(g) Delete the chosen PI's and minterms which
are included to the others.

(h) Hardware implementation by the result of

(g)

By this procedure the hardware for the

minimal cost can be constructed. A standard for-
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mulation of the Intersection Table was shown in-
Fig. 10 for the above example.

For the simple explanation, let us select the-
PI's in the Intersection Table of Fig. 10 for the-
given example.

From Fig. 10, it is clear that the Cost of G is:
maximum. Therefore we must select G first of”
all.

Since G cover minterm 10 and 11 for the func--
tion F,, F, and F. commonly, minterms 10 and
11 were perfectly covered, so we delete the “1™
for two columns.

By the above step (step 1), we update the Int--
ersection Table as next step (step 2) by replacing-
the Cost and the Subcost for all minterms and
PI's.

To show easily, next step was shown in Fig..
11. In Fig. 10 and Fig. 11, the subscript number
represents the deleting order for the “1”, that-
is, the step number and the asterisked number-
shows the order of the chosen PI or minterm.

At the step 2 it is clear that PI's, A and C,.
have same maximum cost of 2 and minimum
subcost of 0. Selecting any of them is an optional’
case, so we select A arbitrary.

At the next step 3 we select C.

At the step 4 we can arbitrary select E or F..
Therfore we select E . By selecting E, E

Commonality |Cost(Subcost)
A1l Minterms of PI's of PI's
B0 7574 J3 Tl Falt [
A 1 1 1 2(0)
B 141, 1] 1 4(5)
o 1, 1 1 ] a(1)
D 1 1 1 2(2)
PI B 101 1 2(1)
by 1 1 1 2(1)
*1e 11 111 [1] s(o)
H LN 1 oe(z)
o s
,9.,% "4 means the checking
Eg Fal 1 |1 [ 1414 1 1 symbol.
<] | 1 R ERIEEE
g4 l Te 1 a0 ;1 | 4] 1| Subscript number represents.
1 1o}
Cost of 2 j2 |3 13 |1 2 11 211 the step numcer. .
minterms

Fig. 10. Intersection Table (step 1).
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_ Commonalify Cost(subcost)of PI's (
*6 *7 A1l Minterms of PI'g I
13112[{11]10] 5] 41 3] 2| 1FaPb Fc |step2|step3|steps]ated 5lstens shen’.’]
x2| A 1 1L 1 | 200)| o O ¢} 0 0 1
1414 1 {200)1(1)] o 0 0 0 )
138 14 1 1 | 2(0)] 2(0})] o 0 0 0
#g | D 1L 1 1 2(2)| 2(2)] 2(2)] 21} | o o |
*lE 1414 1 ()| 2] =z(1] o 0 0
P | 1g i 1 200 2000 2(0) (1) | 1) o ;
*|c 1{1)1 o o) 0 0 0 o
H | 141 1 2(2)1 2(2)] 2(2)! 202) | 1(1) 04{
e
T | 141 T |13
g%*‘b 14 K
o e 1] 11101
H o 3
S§0p2 210y Cc 11212 1
Cost 52"39 212101011 |2 |0 2‘ 0
of EHBEEBEBCEEE
Minsooss s%ep 2120|010 |10 |0 |O
terms Bfep2[1[0[C (0 [6 [0 [0 [0
B%epo 1]10|0 |0 |0 |0 |0 |O
oiolofo|o oo |0 |o

Fig. 11. Reduced Intersection Table

covers 4 and 5 only for F,. So we can’t cover the
“1" which is located 4 column and D row, 4 co-
lumn and F, row.

For next steps, D and 13 are selected in order.
At the step 7 we select 12 only for the function
F.. By step 7 because all costs are set to 0,
we can arrange the chosen PI's as in Fig. 12.

Fig. 12. Chosen PI’s and minterms table.

ms were not included to the others. Therefore
the answer is as follows and it’s hardware rea-
lization is represented in Fig. 13.

(859 )

F,=C+D+G+13=X,X; X A Xo X : X+ X, X2 Xs
+ XXX . X,

Fi=E+G+13=X X X, + X: Xo X5+ X1 X X X,

F.=A+C+G+12=X, X X+ XX X+ X1 X: X,
+ XXX, X,

Choz(:(li PI's Commonalify ii E} ' :
minterms F, ’ F, I F, ' o ' '—{>F
I
i [ 1 | rmo—~F
A 1 | ’ |
X3 =
T - rED g
NN T
D ] ( N
13 1 1| S %)

1 % pr—
B EID

From Fig. 12, any of the PI's and the minter- ;}, fz:_i_)

!4.

Fig. 13. Reduced multi-output logic network
realization.
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V. DON'T CARE CONSIDERATION

For the functions including don't care minte-

rms, additional techniques are needed.

F,=Ym(2,10,11,12,13)+d(4)
Fy="m(4,5,10)+d(11,13)
F.=%¥m(2,3,10,12)+d(1,11)

a) Three output logic functions with don’t care

minterms.
Minterm | £ [ B | R |
1 |4
2 1 !
3 1
4 d 1
5 1
10 1 1 ) 1
11 1 a | 4
12 1 1
13 1|

b) Commonality table. ’
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In the PI's selection, the don’t care minterms
are treated as normal minterms. If the common-
ality of any PI consistsof only don’t care min-
terms, that PI must be deleted.

In the Intersection Table, don’t care minterms
are represented as “d” only in the commonality
of minterms

In the evaluation of the Cost and the Subcost,
only normal minterms must be considered. By
the above consideration, let’s examine next exa-
mple shown in Fig. 14.

N

L 1]
~

el
-

"3 %4

¥ig. 14. An example for three output logic Fig. 15. Reduced multi-output logic network
network. realization.
Cgmmonality|
G M1 Hinterms 1 g PI’s Cost(Subcost) 0f PI's
13 113 [11]10]5 [ 4] 71211 7a [Fo Bo steplstep? |step3 |step4 [stens | step6| step?
g A RNt 1 1@ 1) 1) ] 1)l o o
3 15 1) | L 1 3(4) | 2010 1 1) o | o
* [c il 1 1 1 14(1) | 2(0 0 0 10 0 0
prrs |D 1 1 1 1(2) 1(2) [ 1(2)] 1(1)] o o |0
5 |B 141 1 {0) ] 2(0) | 2(0)| o o o }o
Pl 1) 1 (1) 1) 1)) 1(1)] ¢ 0 0
* e 1] 1, 111 |1 ]4(0)} o ) 0 o | o
LS EVE 1 2(1) 12(1) | 2(p) [ 2(4)] o o ] o
gimxgo*h Pal1 11010 g |1 '
mmem ol g al 1131 Flg. 16. Intersection Table.
Feo 1 1 13124
olgtert L1120 1] 31 [1]1]2]0
§ step2 { 1] 2| 0] ol1 ['1]1]2]o
o |step3 | 1{2} 0] of1 [1]1]o0 ] . .
= [steps [ 1] 2] 0] olo |oltjojc] It is obvious that as this procedure treats all
% steps [0 | 11°0[ olo | 1]o]o] the cost and the subcost numerically, and stra-
é, step6 [0 | 1] 0| o[o {oj0]clof ight-forward, this procedure is applicable to both
| lstep7lolol ol aly lololofol manual and computer programmed realization
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tby using the computer. The overall flowchart
‘is shown in Fig. 17.

From Fig. 14, we can generate the PI by using
the Simple Table and the DA Table. Examining
Fig. 12 and Fig. 15, we can see that two Inter-
:section Tables are same except that later table
includes don’t care representation in the comm-
-onality of minterms.

As explained earlier, by step 1 through step?7,
PT’s and minterms can be easily selected. From
the above result, the answer is as follows and
it’s graphical representation is shown in Fig. 16.

F,=C+G+H=X. XX+ X, X, X:+ X1 X, X,

F=E+G=X:XX,+ X, X.X,

F.=A+C+G+12=X, X, X+ X. X, X, - X, X: X,

+ XX, XX,

Vl. FLOW CHART

MAKE DA TABLE
g s

M

__ARE ALL TFUNCTIONS ENCOUNTEREDRZ

Ying
[MA}I::I RUDUCED  PT  TABLE |

[LIs2 Pr IN oHS THYPEHSECTION TABLL'}]

L 4

[MakE _=ue_cooT  anuo THS_ SUBCOST _TABLE |
|
>
SELECT PI OR MIATERM EHAVING THE HIGHEST.
GOST__AND THE. 1BAST SUBCOST

[PP1ETE Wi 1 WHICH 7AS BNCOUNTERED]

UPDATE THZ  SOUT  AND  SUBCOST ’I‘/\BLEJ

HO e —
=—"AAR AL CO5TS /R3S :LL'.R}/

Fig. 17. The overall flow chart for the
computer program.

Vi. CONCLUSIONS

This paper is concerned with the minimization
of the multi-output switching functions by the
Intersection Table presented here. Owing to the
Simple algorithm of both generating and select-
ing the PI's and numerically treated Cost and
subcost, it can be easily programmed on the digi-
tal computer. This computer algorithm depends
on the constraints given by the Cost Table and
the Subcost Table, which is useful for the two
level (AND/OR) realization regardless of fan-in
of gate.

In general, the conclusions of this work can
be summarized as follows:

1) Because of the simplicity of the Intersec-
tion Table, the minimization of the multi-output
function under the given criterion becomes more
easier than ealier works [1]-[4], [6] and
[71.

2) This method will be extended to the minim-
i1zation of the multi-output function under other
criterion.

3) In treating the multi-output function prime
Implicants are obtained easily from the DA table
as ealier work [5) done by one of these authors.

4) The experiments with various examples
show that the Intersection Table method is
efficient,
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