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Karnaugh Maps (K-Maps)

TS

» A visual way to simplify logic expressions

» It gives the most simplified form of the expression




Rules to obtain the most simplified expression

FIrorion’s

. Steps to solve expression using K-map-

. Select K-map according to the number of variables.

. Identify minterms or maxterms as given in problem.

. For SOP put 1’s in blocks of K-map respective to the minterms (0’s
elsewhere).

. For POS put 0’s in blocks of K-map respective to the maxterms(1’s
elsewhere).

. Make rectangular groups containing total terms in power of two like 2,4,8
.(except 1) and try to cover as many elements as you can in one group.

. From the groups made in step 5 find the product terms and sum them up for

SOP form.
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Three-Variable K-Maps

Tl

f=>04)=BC f=>@45=AB f=>(0,1,45)=B f=>(0,123)=A
BC BC BC BC

AN_ 00 01 11 10 AN_ 00 01 11 10 AN_ 00 01 11 10 AN_ 00 01 11 10
oflf[1]l]o]o|oO o|lo|o|oO|oO off1|1]]o}|o0 of1|1|1]1
1 {1/lo|o]o0 1 (1 [1]lo]o 112|100 1(o|lo|o]o
f=>(0,4)=AC f=>(@4,6)=AC f=>(0,2)=AC f =3>(0,2,4,6)=C
BC BC BC BC

AN 00 01 11 10 AN_ 00 01 11 10 AN_ 00 01 11 10 AN_ 00 01 11 10
o|lo|l1]1]lo olo|o|o]|oO o|1/lo|o0]1 o|1]lo|o 1]
1|{0|0]|0]oO 1|10 o012 1{0|0]|0]O 1100 |1]|
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Torion’s

BC

A OO0 01 11 10
O 1
111 1 |1
BC

A OO0 01 11 10
o) 1
1 |1 1 |1

Three-Variable K-Map Examples

BC

AN_ 00 01 11 10
0|1 1|1
1|1 1
BC

AN_ 00 01 11 10
0 1| 1] 1
1 1|1

A

A

OO 01 11 10

1

1

OO0 01 11 10
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Four-Variable K-Maps

LTI I TIONS

CD CD CD CD
A\ 00 01 11 10 AN\ 00 01 11 10 AN 00 01 11 10 AN 00 01 11 10
ool1/|o|o0|oO oolo|o|0o]|oO ocolo|o|0]|oO ocolo|lo|o0]|oO
o1{o|o0|0]oO o1|o|fa]lo] o oL{o|0|0]oO o1|1]lo|o 1]
110 0] 0[O 110 |/1]]0|O 110 |1 ]1]|lo0 11{0|0|0|O
10([1]lo| 0] o0 1I0lo|lo0|0]|oO 1I0lo|o0|0]|oO 1I0lo|lo|o0]|oO
| !
f=3(08)=BeCeD f=>(513)=BeCeD f =3(13,15)=AeBeD f=>(4,6)=AeBeD
CD CD CD CD
AN\ 00 01 11 10 AgN_ 00 01 11 10 Ag\_00 01 11 10 A\ 00 01 11 10
00| 0|0 [1]1] ocolo|o|o]o oo|lo|ofl1]1 00|10 |01
or|o|ofa2]|1 or| 1o |o|[1]| oL|o|o0|0]|oO oL|o|o0|O0]|oO
11/0|0|0|oO 11(1jlo |0 1| 11/0|0|0]|oO 11/0|0|0]|oO
10/l0 | 0| 0]|O 10lo|O0|0|O 10| 0 | O \1 1| 10l 1]lo|o| 1]
| |

f=>(2,3,6,7)=AeC

f=3(4,6,12,14)=BeD

f =>(2,3,10,11) =BeC

f=3>(0,2,8,10)=BeD




Four-Variable K-Maps

LLTTITITIONS

CD CD CD CD

Ag\_ 00 01 11 10 Ag\_ 00 01 11 10 A\ 00 01 11 10 AN\ 00 01 11 10
oolo|o|o]o oo|o|ol1]o0 oo1]jofa]o oolo 1o
o1{l2 | 2|21 or|lo|o|1o0 0100 or1{(1]lo 1] o0
1100|000 110 |lo |10 111/ o|1]o0 11/ 0101
10lo0|lo|o|o 100|010 10(o0 (1] o 1] 101 of1]o

f—3(4,567) =AeB |f=3(371115=CeD | &~ =(0356291012,151=2(124,7.8111314)

F=ABXC&®D F=A®BPCPE®D

CD CD CD CD
AN\ 00 01 11 10 AR _E 01 11 2_ AN\ 00 01 11 10 Ag N\ 00 01 11 10
oolo|1]|1l|lo0 ool 1/lo|o0]|l1 oolo|lo|oO]|oO 00 \ 1|1 1 1|
o1l 0| 1] 1|0 o1 1|l 0| 0|1 01\1 1 | 1 1| orL|o|lo| 0| oO
11lo 1] 12 o0 111l 0] 0|1 111 1|1]1) 1110l 0] 0] o0
10l 0|1 ]| 12l|l o0 10| 1/l o | o |1 10/ ol o | 0| O 10 \1 1 | 1 1|
B — | |
f=>(1,35,7,9,11,1315) | f=3(0,2,4,68101214) | f=X(456,712131415) | f =>(01,2,38,91011)



S S Four-Variable K-Maps Examples

Tl

CD CD CD |
AB OO0 01 11 10 AB OO0 01 11 10 AB 00

00 | 1 1 00 1 1 00

Ol | 1 1 01 o1 | 1 1 1

11 ( 1 1 11 11 | 1 1 1
10| 1 | 1 10| 1| 1 1 10| 1

CD CD CD
AB OO0 01 11 10 AB OO0 01 11 10 AB OO0 01 11 10
00 1 1 00 00

oL 1|1 |1 |1 01 01

11| 1 1 1 11 11

10 1 10 10




S S Four-Variable K-Maps Examples

rorion’s

CD CD CD ?
AN 00 01 11 10 AN 00 01 11 10 ABN_ 00 01 11 10
00 00 00
01 01 01
11 11 11
10 10 10
CD CD CD
ABN_ 00 01 11 10 ABN_ 00 01 11 10 ABN_ 00 01 11 10
00 00 00
01 01 01
11 11 11
10 10 10




Four-Variable K-Maps Examples
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CD CD CD
AR OO O1 11 10 AB OO O1 11 10 AR OO O1 11 10
00 00 00
01 01 01
11 11 11
10 10 10
CD CD CD
AB OO0 01 11 10 AR OO0 01 11 10 AB OO0 01 11 10
00 00 00
01 01 01
11 11 11
10 10 10




Design of combinational digital circuits

LLTTITITIONS

. Steps to design a combinational digital circuit:
- From the problem statement derive the truth table
- From the truth table derive the unsimplified logic expression
- Simplify the logic expression
- From the simplified expression draw the logic circuit

. Example: Design a 3-input (A,B,C) digital circuit that will give at its output (X) a logic 1 only if the
binary number formed at the input has more ones than zeros.

Inputs Output »
A B C X —> X=>»(3,5,6,7) - }
Ol 0 0O O 0 U | — y
1] 0 0 1 0 BC " J j >
2 0 1 0 0 A OO0 01 11 10 L
3/ 0 1 1 1 oOlo0|0O|1]o0 i }
4l 1 o o o 1ozl [
s 1 0 1| 1 A A
6| 1 1 O 1 U — ! e
e 1 1 1 1 X=AC+AB+BC —_ A 5 C




~{ Design of combinational digital circuits (Cont.)

LLTTITITIONS

Example: Design a 4-input (A,B,C,D) digital circuit that will give at its output (X) a logic 1 only"
if the binary number formed at the input is between 2 and 9 (including).

P

S

Inputs Output * }
A B C D X —> X=>(23,45,6,7,8,9) NS
0O/0 O O O 0
1/0 0 0 1| o ! T 1 \ :Dx
2|0 0 1 0 1 CD L/
30 0 1 1 1 A\ 00 01 11 10 " | }
410 1 0 O 1 oolo|oOo|1] 1 * Same
510 1 0 1 1 >
o1lf2 2111
6|0 1 1 O 1 [ . » * \ !
710 1 1 1 1 11/0| 0|00 I
8|1 0 0 O 1 —\
1012 ] 1) o|o0
91 0 0 1 1 [ J T J 0l
101 0 1 O 0
111 0 1 1 0 U —x \ U
121 1.0 01 0 X =AC+AB+ABC —— é % % é
13/1 1 0 1 0
141 1 1 O 0 — e ' e
151 1 1 1 0 A a c 5 %
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=, o Design of combinational digital circuits (Example)

LLTTTTITION S 4\ }

Example: Design a 4-input (A,B,C,D) digital circuit that will give at its output (X) a logic 1 only 5§
there more ones than zeros in the binary number formed at the input.

N
: .

B
Inputs Output o
A B C D )
OO0 O O O —
1 {0 O O 1 b N
210 O 1 O \
3 1o o 1 1 ARN_ 00 01 11 10 —j
4 0 1 O O 00
510 1 0 1 01 ~
6 10 1 1 O L/
/10 1 1 1 11 \,
(1 O O O 10 —
911 O 0 1 Y,
1011 O 1 O N
111 O 1 1 L
|
12|11 1 O O -
13(1 1 O 1 - i E i( E
141 1 1 0© | T |& ._ZX ._Z&
1511 1 1 1 o . i ! M X
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