Chapter 3:
Algorithmic Simplification
Techniques
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B\ A A Two-variable truth table

o | 5 * Group of 1 : 2 variables
B [o1| 1 #* Group of 2 : 1 variable
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Karnaugh Map

C A A

c 000 010 | 110 | 100

C 001 011 111 101
1 3 7 5
' Three-variable truth table & B B

. # Group of 1: 3 variables
= Group of 2 : 2 variables
. # Group of 4 : 1 variable
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® Karnaugh Map Four-variable truth table

# Group of 1: 4 variables

# Group of 2 : 3 variables
A A # Group of 4 : 2 variables
# Group of 8 : 1 variable
0000 | o100 | 1100 | 1000 | D'
0 4 12 8
» ooor | o101 | 1101 | 1001 D
e 1 5 13 9
[ oo1l | o111 | 1111 | 1011
3 7 15 11
0010 | o110 | 1110 | 1010 | D'
2 6 14 10
B' B B'
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Truth table — algebraic expression

e »fislif a=0 AND b=1 OR
0 olo if a=1 AND b=0
0 1|1 . .
1 o|1 =*fislif a=1 AND b=1 OR
1 1]0 if a=1 AND b’ =1
»fislif ab=1 OR ifab’'=1
A
B A
»f=ab+ab’
B [ o (1)
B 0
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Truth table — algebraic expression

—— w#fislif a=0 AND b=1 OR

ablf if a=1 AND b=0 OR

00|0 if a=1 AND b=1

0 1|1

1 0/1 wfislif a=1AND b=1O0R

1 1)1 if a=1AND b'=1OR
T if a=1AND b =1

A A » fislifaab=10ORifab’=10Rifab=1

# f=ab+ab +ab

178 220 Digital Logic Design @ Department of Computer Engineering KKU. 6




Adjacencies on 3- and 4- variable
Karnaugh Maps

! = 1
— 1l 1 T
T AL

| L1
w@“‘ | [~ M | 4-variable Karnaugh map

. 3-variable Karnaugh map
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Example:
f(a,b,c,d)=2m(0,2,4,6,7,8,9,11,12,14)

.

v ~cd

c 1 1 1 D’

1
(1\]| o
c 71\ \Ft-~abd
A SN o
A '
ad a’bc bd’

f=za'd +bd +abc+ab’d+c'd
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=AC+AC +AB’ =AC+AC +BC
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Don’t be greedy!

e
aElR

AR

> <
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Don’t Care

AB
CD A A

c X 1 0 1 D’
0 1 1 1 D

C 0 X X 0
0 1 0 1 D’
B’ B B’
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‘X’ can be included in a group if it is useful or
can be left out of the loops.
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Example:f(a,b,c,d)=

¥m(0,1,4,5,10,11,14)

f(a,b,c,d)=2m(2,3,6,7,8,9,12,13,15)
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A A A A
CD CD
c ﬂ h D C 1 1\ D
| V/ D ) Vo
c 1 c ﬁ ™\ T
Q )| o 1|1 D
B’ B B’ B’ B B’
fgc + abe + acd f'=ac +a'c+abd
. SOP =act+abcCc+ac ) )
& R =ac'+a'c +bed
f = (a'+c)(a+c))(a'+b'+d")
POS 1 1 ) ) )
= (a'+c)(at+c))(b'+c'+d)
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5-variable Karnaugh Map
BC A=0
D 00 01 11 10
oof o [ 4 |12 8 | "=~ A1
01 -~
15 (139 [ ~—
11| 3 7 15 11 - 16 20 28 24~
10
2 6 | 14 | 10 17 [ 21 | 29 | 25
Tl TToFae a3 e [ 27
\\\\ 18 | 22 736 {26
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5-variable Karnaugh Map (cont.)
BC A=0
) 00 01 11 10
ABCDE[F Ne) e Acl
000001 ¢ a =~
001011 R
ul N O
001111 pp {
010111 _ i S
10000[1 e S/
1010 1|1 Tl B S
10111|1
1 1011|1 =B’C’D’E’+BCD,E+B’CE
The rest 0
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6-variable Karnaugh Map
AB=00

00 01 11 10
4|12 8 [>>~..aB=01
5 [13] 9
715111 1T16]20] 28] 24] - _AB=11
6 114]10([17]21]29]25 RN
19123131127 5 T57 6056 +-. AB=10
. |18122]30126] 953 |61 57
e |OLIe6 168 159 5o T 36 44 [40
~~. 15016562168 | M3z 375 [ a1
35139 |47 |43
T~.. | 34| 38| 46742
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B — — G

If, for example we had a problem with three inputs; A, B, and C and two
| outputs; F and G, we could treat this as two separate problems (as
| shown on the left). We would then map each of the functions, and find
minimum solutions. However, if we treated this as a single system with
three inputs and two outputs (as shown on the right), we may be able to
economise by sharing gates.
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Example: F(A,B,C)=2m(0,2,6,7)
G(A,B,C)=2m(1,3,6,7)

if we map each of these and solve them separately.

() F=AC +AB

\1/
3D "

al G

\1} G=AC+AB A
C

o> O>
o>

w >

G

O WX \H
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Example: F(A,B,C)=Em(2,3,7)
G(A,B,C)=Em(4,5,7)

[x (1
1 1 \1

F=A'B + BC G=AB'+AC A
@ B F

8

[ [
\V/©) o\ G

F=A'B + ABC G=AB' + ABC é
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Not yet include section 3.2
An algorithmic minimisation technique

3.2.1 iterated consensus for one output
3.2.2 prime implicant tables for one output
- 3.2.3 iterated consensus for multiple output
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