CHAPTER 1
CoOMBINATIONAL LoOGIC

1.1 Introduction to Combinational Circuits

Electronic circuits constructed using digital logic gates and devices and designed to operate on digital
inputs and outputs are called digital logic circuits. The digital logic circuits can be broadly classified into
combinational circuits and sequential circuits.

The combinational circuits are digital logic circuits without feedbacks from output to input. Therefore,
the outputs of combinational circuit will depend only on present inputs.

—

Digital Logic >
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Fig. 1.1: Block diagram representation
of a combinational circuit.

The sequential circuits are digital logic circuits with feedback from output to input, the sequential
circuits are discussed in Chapter-2.

The combinational logic does not depend on feedback signals or previous output. The logical
operations are performed using present inputs. The circuits that perform combinational logic operations
are called combinational logic circuits and they are constructed using logic gates. The working of logic
gates are governed by Boolean algebra and hence the design of combinational circuits requires a knowledge
about Boolean algebra.

In combinational circuits the output at any time depends on input at that time. In combinational
circuits there is no storage element and there is no feedback from output to input. Therefore, combinational
circuits are designed for applications which do not require a record of previous outputs and for applications
in which the present outputs do not depend on previous outputs. Some examples of combinational circuits
are shown in Fig. 1.2.
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(A+B)y =A'B'

Fig. a.
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(ABY=A"+B
A'+B +C

(A'+B' +C)y =ABC’

aw

F = (ABC' + DEY'
Fig. b. = (ABC") (DE)
=(A"+B'+C) (D' +E)

(A+B) (A+C)

A—t
B

F=(A+B)(A+C)+(A+C)(B+C)
C— (A+C) (B+C) =AA+AC+AB+BC+AB + XC + BC + CC

. =A+AC+AB+BC+C
Fig. c. =A(1+C)+AB+B+1)C
—A+AB+C=A(l+B)+C
=A+C

Fig. 1.2: Examples of combinational circuit.

1.1.1 Problem Formulation and Design of Combinational Circuits

The combinational circuits are designed to provide hardware based solution for logical problems. The
design starts with problem specifications. The procedure to design a combinational circuit is given below:

1.

A SRR

Determine the required inputs and outputs from the problem specifications.

Assign a symbol to each input and output.

Derive the truth table.

Draw K-map for every output and form the prime implicants.

Determine the simplified Boolean function for every output from the prime implicants.

Implement the Boolean functions of all the outputs as a digital circuit using logic gates.

1.2 Boolean Algebra

George Boole developed Boolean algebra in 1854.

Boolean algebra is an algebraic structure that includes a set of elements consisting of

e Binary operators, "+ "and " . "
e Binary variables, X, y, Z .....
e Binary elements, 0 and 1

e Boolean postulates and theorems

Let x and y be two boolean variables that can take all possible combination of binary value. The
rules for binary operators " + " and " . " are listed in Table 1.1 using the two binary variables x and y.
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Table 1.1: Rules for Binary Operators "'+" and "."

X |y [X.y[X+y|X |X

0 0|0 0|1
0 O |1 |1]0
1 0 | 1

1L (11 1 |1

(= =

Operator Precedence while Evaluating Boolean Expression

A statement written with Boolean variables, constants and operators is called Boolean expression.
Examples of Boolean expression: x+y.z'
(x.y)+z'+(x+y.2)'
In order to evaluate Boolean expression the operator precedence is as follows:
Step-1: Evaluate expression with in paranthesis, i.e, within ().
Step-2: Evaluate complement
Step-3: Evaluate " ."
Step-4: Evaluate " +"

Note: To simplify Boolean expression dot operation is represented without operator.

X.y =>xy y.z => yz X.y.z = Xxyz
Example 1.1
Demonstrate the operator precedence in the evaluation of following Boolean expression.
a) x+y.z' b) (xy)+z'+(x+y.2z)
Solution
a) x+y.z'
x+y.z'

l z' First stage

l

y.z' Second stage

l

X +y.z"' Third stage

b) (xy)+z'+(x+y.z)
(y i z) First stage

X+ (y.z)  Second stage
(x+y.z)" Third stage
A

(x.y)+2z'+(x+y.z)" Fourth stage




1.4 Digital Principles and Computer Organization

1.2.1 Duality
The duality principle of Boolean algebra states that every algebraic expression deducible from the
postulates of Boolean algebra remains valid if the operator and identity element are interchanged. Here,

the operators are "' + " and " . " and the identity elementsare " 0 "and " 1 ".

Table 1.2: Basic Example of Duality

X vy [x+y Change "+" to "o" ol v | x.y
0] 0 0 > 1 1 1 — >0 | 0 0
0 1 1 Change 1 0 0 — N 0 1 0
Oto1
110 1 0|1 0 —
and 1 to 0 > 1 0 0

1.2.2 Postulates of Boolean Algebra
Postulates of Boolean algebra are developed by E. V. Huntington in 1904.

Boolean structure have to satisfy the following postulates.
1. a) The structure is closed with the respect to operator " + "
b) The structure is closed with respect to operator "' . "
2. a) The element 0 is an identity element with respect to operator "' + "
T x+0=x
0+x=x
where X is a Boolean variable that can take a value either O or 1.
b) The element 1 is an identity element with respect to operator "' . "'
SLox.l=x
l.x=x
where x is Boolean variable that can take a value either O or 1.
3. a) The structure is commutative with respect to operator ' + "
TXtTy=ytx
where x and y are two Boolean variables.

b) The structure is commutative with respect to operator " ."

T X.Yy=y.X

4. a) The operator " . " is distributive over operator " + " Distributive Law

TXx.(ytz)=x.y) + x.2)
b) The operator "' + " is distributive over operator " . "'
X+ (Y.2) = (X +Y).(x +2)
5. a) For every variable x there exists an element x' called complement of x
~x+tx'=1 and x.x'=0

6. There exists at least two variables x and y such that, x #y.



Chapter 1 - Combinational Logic

1.5

Verification of Postulates

1. From the Table 1.1 it is obvious that results of '
structure is closed with respect to operators " + " and " .

'+" and "." operations are either 0 or 1 and so
"

2. x+0=x, when x=0, x+0=0+0=0=x
x=1,x+0=1+0=1=x

0+x=x, when x=0, 0+x=0+0=0=x
x=1,0+x=0+1=1=x

3. x.1=x, when x=0,x.1=0.1=0=x
x=1,x.1=1.1=1=x

1.x =x, when x=0, 1.x=1.0=0=x

x=1,1.x=1.1=1=x

4. LetXx,y, z be three Boolean variables that takes

X.(y+2)=(x.y)+(x.2)

Construct a truth table for all possible combinations of X, y and z as shown in Table 1.3 to prove,

all possible combinations of binary value.

Table 1.3: Verification of (Distributive Law) x. (y+z)=(x.y) + (x.2)
X|y|z|ytz|x.y+t2)|[x.y|[x.Z|(X.y)+(X.2)
01010 0 0 0 0 0
0]0 |1 1 0 0 0 0
0110 1 0 0 0 0
0|1 1 1 0 0 0 0
11010 0 0 0 0 0
110 |1 1 1 0 1 1
1 1 |0 1 1 1 0 1
1 1 1 1 1 1 1 1

Similarly, Table 1.4 is constructed to prove,
Xt(y.9=x+y).x+2)
Table 1.4: Verification of (Distributive Law) x + (y . z)

=(xty).(x+2)

X Yy |z |y.z|xt({.2) || T+t E+2)|(x+y).x+2)
0010 0 0 0 0 0
0|0 [1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 1 1 1 1 1
1 0 0 0 1 1 1 1
1 0 1 0 1 1 1 1
1 1 0 0 1 1 1 1
1 1 1 1 1 1 1 1
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5. x+x'=1
whenx=0, x'=1,
whenx =1, x'=0,

x.x'=0
when x=0, x'=1,

when x=1, x'=0,

CXtx'=0+1=1

L x+x' =14+0=1

T x.x'=0.1=0
T x.x'=1.0=0

x=0, y=1,

and x=1, y=0,

6. Boolean algebra has two elements 1 and 0, where 1= 0.
.. If x and y are two variables, then there is a possibility that
TX#EY

TX#EY

1.2.3 Boolean Theorems

Theorem 1: X+ X=X

X.X=X
Theorem 2: x+1=1

x.0=0
Theorem 3: (x)=x
(Involution)
Theorem 4: x+t(y+z)=(x+y)+z
(Associative) X.(y.z)=(x.y).z
Theorem 5: (x+y) =x.y'
(DeMorgan's Law  (x.y)' =x'+y’

or DeMorgan's

Theorem)

Theorem 6:

(Absorption)

Theorem 7:

(Consensus
Theorem)

X+ (x.y)=x
X.(x+y)=x
(v is absorbed)

X.ytx'.z+ty.z=x.y+x'.z
(x+y). (x+2z).(y+z)=(x+y). (x'*+2)
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Proof of Theorems

Theorem 1:
Xtx=x X. X=X
when, x=0, x+x=0+0=0=x when,x=0, x.x=0.0=0=x
when, x=1, x+x=1+1=1=x when, x=1, x.x=1.1=1=x
Theorem 2:
x+1=1 x.0=0
when, x=0, x+1=0+1=1 when, x=0, x.0=0.0=0
when, x=1, x+1=1+1=1 when,x=1, x.0=1.0=0

Theorem 3: Involution
(x")'=x
when, x =0, (x)'=(0")'=1'=0=x
when, x =1, (x)'=(1")'=0'=1=x

Theorem 4: Associative

x+(y+7)=(x+y)+z x.(y.2)=(x.y).2
Construct a truth table for all possible Construct a truth table for all possible
combinations of x, y and z as shown combinations of x, y and z as shown
in Table 1.5 to prove, in Table 1.6 to prove,
X+(y+z)=(x+y)+z X.(y.z)=(x.y) .z
Table 1.5: Verification of x + (y+z)=(x+y) +z
X|y|z |ytz|x+(y+tz)||x+y|(xty)+z
0010 0 0 0 0
0(0 |1 1 1 0 1
011 0 1 1 1 1
0|1 1 1 1 1 1
11010 0 1 1 1
10 |1 1 1 1 1
11 0 1 1 1 1
111 1 1 1 1 1

Table 1.6: Verification of x. (y.z)=(x.y).z

X |y|z |y.z|x.(y.2)||X.Y|(X.Y).Z
0|0 |0 0 0 0 0
00 |1 0 0 0 0
0|1 |0 0 0 0 0
01 |1 1 0 0 0
1[0 1|0 0 0 0 0
1[0 |1 0 0 0 0
) O ) 0 0 1 0
1 1 1 1 1 1 1
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Theorem 5: DeMorgan's Theorem

(x+y)'=x"y’
Construct a truth table for all possible
combinations of x and y as shown in

(x.y) =x'+y’
Construct a truth table for all possible
combinations of x and y as shown in

Table 1.7 to prove, Table 1.8 to prove,
(x+y)'=x"y’ (x.y) =x"+y'
Table 1.7: Verification of (x +y)'=x'.y’ Table 1.8: Verification of (x . y)'=x'+y’
X |y |x+y|&x+y'|| x|y [x.y Xy [xey .9 x|y [x+y
0 1 1 0 11o 0 0|1 0 1 110 1
Lfol 1| o flo]j1] o bpoyo Loty t
1 1 1 0 01l 0 0 111 1 0 010 0
Theorem 6: Absorption

x+(x.y)=x
Construct a truth table for all possible
combinations of x and y as shown in
Table 1.9 to prove,

X+ (x.y)=x

Table 1.9: Verification of x + (x . y) = x

X |y [x.y|x +(x.y)
0[O0 0 0
0 |1 0 0
1 (0 0 1
1 1 1 1

X.(x+y)=x
Construct a truth table for all possible
combinations of x and y as shown in
Table 1.10 to prove,

X.(x+y)=x
Table 1.10: Verification of x . (x +y) =x

X |y | x+ty|x.(x+y)
0 0 0 0
0 1 1 0
1 0 1 1
1 1 1 1

Theorem 7: Consensus Theorem
x.ytx'.z+ty.z=x.y+x".z
Construct a truth table for all possible
combinations of x, y and z as shown

in Table 1.11 to prove,

x.y+tx'.z+y.z=x.y+x'.z

Table 1.11: Verification of x .y +x'.z+y.z=x.y+x'.z

X+y). (x'+2z).(y+z)=(x+y). (x'+2)
Construct a truth table for all possible
combinations of x, y and z as shown in
Table 1.12 to prove,

(x+y). (x'*+2). (y*+2)=(x+y). (x'+2)

x|ylz [ x'|[x.y|x'.z|y.z|xy+x'z+yzxy+x'z
010 [0 |1 0 0 0 0 0
010 |1 1 0 1 0 1 1
0|1 0|1 0 0 0 0 0
0|1 1 1 0 1 1 1 1
110|010 0 0 0 0 0
110|110 0 0 0 0 0
111010 1 0 0 1 1
1|1 1[0 1 0 1 1 1
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Table 1.12: Verification of (x +y).(x'+2z).(y+z)=(x+y). (x'+ z)
X |y |z |x'|x+ty|x'tz|y+tz|x+y).x'+t2).(y+2) |[(x+y).(x't+2)
010 |0 |1 0 1 0 0 0
010 |1 1 0 1 1 0 0
0|1 10| 1 1 1 1 1 1
01 1 1 1 1 1 1 1
11000 1 0 0 0 0
10|10 1 1 1 1 1
111 (00 1 0 1 0 0
111 110 1 1 1 1 1

1.3 Binary Logic

Binary logic consists of binary variables and a set of logical operations. The binary variables are
denoted by letters of alphabet, A, B, C, ...... s Xy Vs Zy e

Each binary variable can take only two possible values 0 or 1. In positive logic, 0 is low and 1 is
high. The basic logical operations are AND, OR and NOT.

AND operation is same as "' . "' operation. In positive logic, the logical AND of two or more variables
will be 1 if and only if the value of all the variables is 1.

OR operation is same as " + " operation. In positive logic, the logical OR of two or more variables
will be 1 if the value of any one of the variables is 1.

NOT operation is same as complement operation.

The results or outputs of logical operations of two or more variables for all possible combinations
of the variables can be listed in a table called truth table. The truth tables of basic logical operations are
shown in Table 1.13.

Table 1.13: Truth Tables of AND, OR and NOT Operation of Two Variables

AND operation OR operation NOT operation
X |y [ xX.y X |y [xty X | x'
0 0 0 0] 0 0 0
ol1]o0 0y 11 1o
1 0 0 110 1
1 1 1 1 1 1

Positive and Negative Logic

Binary constants are 1 and 0. Physically in a digital circuit they represent two voltage levels.

The two voltage levels are called high and low.

The voltage level of high and low depends on technology used to fabricate the gates.

In TTL logic (Transistor Transistor Logic) high is + 5V and low is 0 V.

In CMOS (Complementry Symmetry MOSFET) high is +3.3 V and low is 0 V.

If, 1 represent high voltage and 0 represent low voltage then logic system is called positive logic.

If, 1 represent low voltage and O represent high voltage then the logic system is called negative logic.
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Table 1.14: Positive and Negative Logic Levels

Logic Type Technology

(or Logic System) TTL CMOS

Positive Logic I =High=+5V I =High=+33V
0=Low=0V 0=Low=0V

Negative Logic 0=High=+5V 0=High=+33V
l1=Low=0V I=Low=0V

1.4 Logic Gates

Logic gates are electronic devices or circuits that perform logical operations on one or more input
logical variables and produce a binary output. The basic logic gates are AND, OR and NOT gates.

The logic gates have standard symbols as shown in Figs. 1.3 to 1.7.
AND Gate

AND gate is an electronic device that performs logical AND operation of two or more variables.

x z=xy g EDm
y C

Fig. 1.3: Two input AND gate. Fig. 1.4: Three input AND gate.
OR Gate

OR gate is an electronic device that performs logical OR operation of two or more variables.

y c

Fig. 1.5: Two input OR gate. Fig. 1.6: Three input OR gate.

Note: Theoretically, AND and OR gates can have any number of inputs.

NOT Gate (or inverter)

NOT gate is an electronic device that performs complement operation of a Boolean variable.

|> .
X X

Fig. 1.7: NOT gate.

Other Logical Operations

With n variables it is possible to form 2" Boolean functions.

When, n = 2, 2= 222 = 2% =16

Therefore, with two variables we can form 16 Boolean functions.

All the 16 possible function of two variables are listed in Table 1.15.
The output of 16 functions are 16 binary combinations of 4-bit binary.

Let, F,F,F,, ... , F s be 16 possible Boolean functions for two variables x, y.
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Table 1.15: Two-Variable Boolean Functions

Functions X y F Functions X y F
Null operation 0 0 0 NOR operation 0 0 1
F=F,=0 0 1 0 F=F=(x+y)' 0 1 0
1 0 0 1 0 0

1 1 0 1 1 0

AND operation 0 0 0 Exclusive NOR(XNOR) | 0 0 1
F=F =x.y 0 1 0 (or equivalence) 0 1 0
1 0 0 F=F,=x0y=x®y)'| 1 0 0

1 1 1 =x.y+x.y' 1 1 1

Inhibition 0 0 0 Complement of 'y 0 0 1
F=F,=x.y' 0 1 0 F=F =y’ 0 1 0
(x true, but y false) 1 0 1 1 0 1
1 1 0 1 1 0

Transfer 0 0 0 Implication 0 0 1
F=F,=x o [ 1 | o F=F,=x+y' o 1o
(Transfer x) 1 0 1 (Ify=1,F=x 1 0 1
1 1 1 Ify=0,F=y") 1 1 1

Inhibition 0 0 0 Complement of x 0 0 1
F=F,=x".y 0 1 1 F=F,=x' 0 1 1
(y true, but x false) 1 0 0 1 0 0
1 1 0 1 1 0

Transfer 0 0 0 Implication 0 0 1
F=F =y o [ 1 |1 F=F =x"ty U
(Transfer y) 1 0 0 (Ifx=1,F=y 1 0 0
1 1 1 If x=0,F=x") 1 1 1

XOR operation 0 0 0 NAND operation 0 0 1
F=F=x@®y 0 1 1 F=F,=(x.y)' 0 1 1
=x.y'+x".y 1 0 1 1 0 1

1 1 0 1 1 0

OR operation 0 0 0 Identity 0 0 1
F=F,=x+y 0 |1 1 F=F, =1 0| 1 1
1 0 1 1 0 1

1 1 1 1 1 1
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Summary of Logic Gates

The AND, OR and NOT are basic gates. Using these basic gates some more useful logical operations
can be defined. They are NAND, NOR, Exclusive-OR (XOR) and Exclusive-NOR (XNOR).

Besides logic gates, buffers or drivers are also used in digital circuits to augment or increase current

levels of signals where ever required.

The summary of popular logic gates used in digital electronics are listed in Table 1.16.

Table 1.16: Summary of Popular Logic Gates

(AU, Nov/Dec'22, 13 Marks)

Gate Symbol Truth Table

X X

AND Gate X Xy ' !
D 00| 0
01 0
1 0] 0
11 1

OR Gate « Xy X y|x+ty
y 00 0
01 1
1 0 1
11 1

Inverter Gate x | x'
(or NOT gate) X _D"_ X 0 |1
1 0
X
Buffer
D> 0
1
NAND Gate , ;
« I: xy) X |y [Xy|(xy)
y 0(0]0 1
0(1]0 1
1100 1
1111 0
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Table 1.16: Continued...

Gate Symbol Truth Table
NOR Gate X|y|[x+y|/x+y)
X ﬂ > o F Y 0(0f O 1
Y oj1| 1] 0
110 1 0
111 1 0
Exclusive-OR Gate (XOR) x|y[x.y|x".y|[x®y
. xy +xy 010 0 0 0
y j% oj1|o |1 |1
110 1 0 1
11110 0 0
Exclusive-NOR Gate (XNOR) x|y [x®y[x@y)'=x0y
(or equivalence) N Xy Xy olol o 1
yﬁ): - xoyy 0| 1] 1 0
=x0Oy 1/o] 1 0
1111 0 1

Note: Bubble at output of gate indicates NOT operation. |

Example 1.2
Prove the following identity.
a) AB+A(B+C)+B(B+C)=B+AC
b) AB+A'B+A'B'=A'+B
c) ABC+A'BC+ABC=AC+BC
Solution
a) AB+A(B+C)+B(B+C)=AB+AB+AC+BB+BC
=AB+AC+B+BC
=B(A+1+C)+AC=B.1+AC
=B+AC
b) AB+A'B+A'B'=AB+A'(B+B')
=AB+A".1=AB+A’
=(A"+A)(A'+B)=1.(A"+B)
=A'+B
c) ABC+A'BC+ABC=ABC+AB'C+A'BC+ABC
=AC(B+B')+BC (A+A’)
=AC+BC

Repeated terms are considered once.|

1T+x=1
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Example 1.3

Prove the following identity using Boolean algebra:

(A+B)(A+(AB))C+A'B+C')+A'B+ABC=C (A+B)+A'(B+C’)
Solution

LHS=(A+B)(A+(AB))C+A'(B+C')+A'B+ABC

RHS=CA+B)+A'B+C’

LHS=(A+B)(A+(AB))C+A'B+C')+A'B+ABC

+x'=1
A+B)(A+A'+B')C+A'B+A'C'+B(A'+AC)

Using DeMorgan's theorem |

=(
=(A+B)(1+B)C+AB+A'C'+B((A'+A)(A'+ C))
=(A+B)1.C+A'B+A'C'+B(1.(A"+C))
=AC+BC+AB+AC'+B(A'+C)
=AC+BC+AB+A'C'+AB +BC Repeated terms are considered once.

=AC+BC+A'C'+A'B
=C(A+B)+A'(B+C)

=RHS
Example 1.4
Prove the following:
a) A@B=A'®B’ b) A®B)=A®B'=A'®B
Solution
a) AGB=A'®B'
A'®@B'=A'(B") +(A')'B’

=A'B+AB'=A®B

b) A®B)'=A®B' =A'®B
A®B' =A(B') +A'B’
=AB+A'B'= (A®B)'
A'®@B=A'B'+(A")'B
=A'B'+AB = (A® B)'

1.4.1 Universal Gates

NAND and NOR gates are called universal gates, because any Boolean function can be realized
only using NAND gates or only using NOR gates.

The NAND gate is a combination of AND followed by NOT gate. The NOR gate is a combination
of OR followed by NOT gate.

X Xy xy) X x.yy X X+y x+y) — X w
y :D_D°_ =y :D y E > D ° y

Fig. 1.8: NAND gate. Fig. 1.9: NOR gate.
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Table 1.17: Truth Table of NAND Gate Table 1.18: Truth Table of NOR Gate
Xy |(x.y) X y |[(x+y)
0 0 1 0 0 1
0 1 1 0 1 0
1 0 1 1 0 0
1 1 0 1 1 0

The realization of basic gates using only NAND gates are shown in Table 1.19.

The realization of basic gates using only NOR gates are shown in Table 1.20.

Table 1.19: Realization of Basic Logic Gates using NAND Gates

Gate Logic Circuit using NAND Truth Table
. . X [x'
Inverter/NOT gate using X_CD)(X_.X)=X
NAND 0 é
1
X V [X.Y
AND using NAND . (xy) () = xy 0010
y:D° E' o———— 010
10|0
111
, X y|x+y
OR using NAND e
00| 0
—{ ety 01 1
, 10| 1
y
Y e 111
' X|y|x+y|x+y)
NOR using NAND T e Tol o T
e ey o[1[ 1] o
1)1 1 0
XOR using NAND . X y|X.yp.yx®y
* {x-y) 00[0 0] o0
(x"y).(xy)) 0o1lo |1 1
=x.y+xy 1ol1 o |1
y =Xy 110 0] 0

x@y=xy'+x'y
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Table 1.20: Realization of Basic Logic Gates using NOR Gates

Gate Logic Circuit using NOR Truth Table
Inverter/NOT gate ;
X X
using NOR X Z X o 0 1
+X)=
X +x)=x 1 0
X y|x+y
OR using NOR ,
x &) ()= xty 0010
y 011
1 0] 1
11 1
Xy [X.y
AND using NOR 00l o
0110
1 0|0
1111
X |y |xy|(xy)'
011]0 |1
110]0 |1
I|1{1]0
XOR using NOR
X y[x.y|x.y|x®y
X « +y) =xy' 00| 0 0 0
(xy +xyy . 0 1) 01l !
Xy Xy 101 1]0 1
=X®y 1 1|0 0 0

x+y) =x.y
x@y=xy'+x'y
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1.4.2 Positive and Negative Logic Gates

In positive logic, 1 is logic high and 0 is logic low. In negative logic, 0 is logic high and 1 is logic
low. The logic gates discussed in Section 1.4 are positive logic gates which means that the logic levels of
inputs and outputs are positive logic levels.

Logic gates can also be designed to work with negative logic levels. The AND and OR operation
in positive and negative logic are given below:

In this book, only positive logic gates are used for analysis and design of digital logic circuit.

AND operation: AND operation of two or more variables is high only if all the variables are high.

Table 1.21: Truth Table of Positive Table 1.22: Truth Table of Negative

Logic AND Gate Logic AND Gate

Inputs Output Inputs Output

a b a.b a b a.b

0 (low) 0 (low) | 0 (low) 0 (high) 0 (high) | 0 (high)
0 (low) 1 (high) | 0 (low) 0 (high) 1 (low) | 1 (low)
1 (high) 0 (low) | 0 (low) 1 (low) 0 (high) | 1 (low)
1 (high) 1 (high) | 1 (high) 1(low) 1(low) | 1(low)

OR operation: OR operation of two or more variables is high if one of the variable is high.

Table 1.23: Truth Table of Positive Logic OR Gate

Inputs Output

a b at+b
0(low) 0 (low) | 0 (low)
0 (low) 1 (high) | 1 (high)
1 (high) 0 (low) | 1 (high)
1 (high) 1 (high) | 1 (high)

Table 1.24: Truth Table of Negative Logic OR Gate

Inputs Output
a b a+b
0 (high) 0 (high) | 0 (high)
0 (high) 1 (low) | 0 (high)
1 (low) 0 (high) | 0 (high)
1 (low) 1 (low) 1 (low)

In order to differentiate negative logic level gates from the positive logic level gates, a bubble is
added at every input and output. The bubble basically represent an inverter which is used to invert the logic
levels. When a bubble is added to the output end that already has a bubble then it represents double time
inversion and so that output end will not have a bubble in negative logic representation. The conversion
of positive logic level gates to negative logic level gates are listed in Table 1.25.
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Table 1.25: Summary of Positive and Negative Logic Gates

Gate Positive Logic Negative Logic
AND Gate v = ;:DZ_Z(X ¥
OR Gate = ST et

Inverter Gate

Buffer x x x
NAND Gate ;:Doz_zw' : z=xy
NOR Gate y :DOZ;(’“Y)' ; :W Y
XOR gate ; :}Dﬁxw ; :&D z=xX @y

Using the output equations of logic gates listed in Table 1.25, the truth table of positive and negative

logic gates are obtained as shown in Tables 1.26 to 1.29.

Table 1.26: Truth Table of AND Gate

a) Positive Logic

b) Negative Logic

Inputs | Output
X Yy |zZ=X.Yy
0 0 0

0 1 0

1 0 0

1 1 1

Table 1.27: Truth Table of OR Gate

a) Positive Logic

Inputs | Output
X Yy |z=x+Yy
0 0 0

0 1 1

1 0 1

1 1 1

Inputs |Complement Output
of Inputs
X Yy x'y z=x'.y")'
0 0 1 1 0
0 1 1 0 1
1 0 0 1 1
1 1 0 0 1
b) Negative Logic
Inputs |Complement | Output
of Inputs
X vy x'y' z=(x'+y")
0 o0 1 1 0
0 1 I 0 0
1 0 0 1 0
1 1 0 0 1
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In negative logic AND gate,
| Using DeMorgan's theorem|

z=x".y") = z=x+y
Therefore, we can say that the negative logic AND gate is same as positive logic OR gate.

In negative logic OR gate,

z=(x'+y") = z=x.y |Using DeMorgan's theorem|

Therefore, we can say that the negative logic OR gate is same as positive logic AND gate.

Table 1.28: Truth Table of NAND Gate

a) Positive Logic b) Negative Logic
Inputs Output Inputs |Complement | Output
X ylz=(x.y) of Inputs
0 0 1 Xy X'y Jz=x.y
0 1 1 0 0 1 1 1
1 0 1 0 1 1 0 0
1 1 0 I 0 0 1 0
1 1 0 0 0
Table 1.29: Truth Table of NOR Gate
a) Positive Logic b) Negative Logic
Inputs | Output Inputs |Complement | Output
X y|lz=x+Yy) of Inputs
0 0 1 Xy 'y | z=x"+y
0 1 0 0 o0 1 1 1
1 0 0 0 1 1 0 1
1 1 0 1 0 0 1 1
1 1 0 0 0
In negative logic NAND gate,
z=x".y' = z=x+y) |Using DeMorgan's theorem|

Therefore, we can say that the negative logic NAND gate is same as positive logic NOR gate.

In negative logic NOR gate,

z=x'+y = z=(x.y)' |Using DeMorgan's theorem|

Therefore, we can say that the negative logic NOR gate is same as positive logic NAND gate.

1.5 Boolean Functions

A Boolean function is described by a Boolean expression which consists of binary variables, binary
constants 0 and 1 and logical operators, AND, OR and NOT. Binary variables are denoted by either lower
case (a, b, c, ..... X, V, ) or upper case (A, B, C, ....... X, Y, Z) alphabets.
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Some examples of Boolean functions are given below:

F = (x.y)+z

F = x.z)+y'

F,=x.y.2)+(y.z")
Alternatively,

Fx,v,2) =(x.y)+2z'
Fxy2)=x.2)+y'
F,xy.2)=x.y.z2)+(y.z")

A Boolean function can be evaluated for all possible combinations of binary values of the variables
of the function. The variables of a function are also known as input variables or inputs.

Let, n = Number of variables in a Boolean function
2" = Number of combinations of binary values of n variables.

Truth table for a Boolean function can be constructed with 2" combinations of n input variables.

Note: To simplify Boolean expression dot or AND operation is represented without operator.

X.y =>xy v.z =>yz X.y.z =>Xxyz

Example 1.5
Construct the truth table for the following functions.

a) F,=xy+xy'+y'z b) F,=bc+a'c

Solution
a) F,=xy+xy'+y'z b) F,=bc+a’'c
Table 1: Truth Table of Function, F, Table 1: Truth Table of Function, F,
Input Variables Product Function Input Variables Product |Function
and Complement Terms Output and Complements Terms | Output
x lylz|y |xy|xy | yz F, a|b c | a c'|bc | a'c F,
0 0 0 1 0 0 0 0 0 0 0 ! ! 0 ! 1
o | o |1 |1 0 0 1 1 010 T o 0|0 0
0 1 0 0 0 0 0 0 0 1 0 1 1 0 1 1
1 0 0 1 0 1 0 1 1 0 0 0 1 0 0 0
1 0 1 1 0 1 1 1
1 1 0 0 1 0 0 1 ! 0 ! 0 0 0 0 0
1111 ]o0 1 0 0 1 T ocjo |1y oo 0
1 1 1 0 0 1 0 1
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Example 1.6
Realize 2-input XNOR gate using NOR gates.
Solution
The XNOR operation is given by the following Boolean equation.
XOy=xy+x'y'
The above equation can be implemented using NOR gate as shown in Fig. 1.

(X +y) =xy

:D (xy +xy’) X Xy + Xy

Fig. 1: XNOR operation using only NOR gates.

Example 1.7
Realize the 3-input gate using 2-input gates for the folowing gates:

a) AND b) OR ¢) NAND d) NOR

Solution
a) AND
A ﬂ A AB
B
=(AB)C o] Y =ABC
Fig. 1: 3-input AND gate using 2-input AND gate.
b) OR
A A A+B
2 Y=A+B+C — B
=(A+B)+C c Y=A+B+C
Fig. 2: 3-input OR gate using 2-input OR gate.
c) NAND
g 3 A (AB) ((ABY)=AB
c Y = (ABCY p— B :D ED | )07\( Z ABC)
= (((AB))CY o]
Fig. 3: 3-input NAND gate using 2-input NAND gate.
d) NOR
A A (A+B) ((A+B))y=A+B
B =
c Y=(A+B+Cy ° Y=(A+B+Cy
=(@+By+Oy  C " ’

Fig. 4: 3-input NOR gate using 2-input NOR gate.
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1.5.1 Implementation of Boolean Functions by Logic Gates

A Boolean function basically involves product of variables, sum of variables and complement of
variables. Therefore, the straight forward implementation of Boolean function can be made by using basic
gates AND, OR and NOT. The complement of a variable is obtained using NOT gate. The product term is
realized using AND gate. The sum term is realized using OR gate.

Example 1.8
Implement the following functions using basic logic gates.
a) F,=xy+xy'+y'z b) F,=bc+a'c’
Solution

a) F,=xy+xy'+y'z

XI_‘\1
A ) >

y'z
z

Fig. 1: Logic circuit for function, F,.

b) F,=bc+a'c’

Fig. 2: Logic circuit for function, F,.

1.5.2 Minterms

Minterms are 2" possible combinations of AND terms (or product terms) with n variables such that
the logical AND of all the variables is 1.

The minterms can be formed with two, three, four, ...... variables. The 2" minterms are denoted as
mg, m, m, m, ... ,m, where q =2"— 1.

The 2" combination of AND terms, for n = 2 and 3 are shown below. The AND terms are formed
from 2" combinations of n-bit binary. In AND terms a literal is primed if its value is 0 and unprimed if its
value is 1. So that the AND of all literals is always 1.

Let, n=2
Let x and y be the two variables to denote the two bits of binary.

Whenn=2,2"=22=4
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Therefore, four combinations of AND terms with two variables are possible as shown below:

00 xLy' (0'.0'=1) x'y'= m,

01 = x'y (0".1=1) = x'y =m,

10 x.y' (1.0'=1) xy'=m,

11 x.y (1.1=1) Xy =m,
Let, n=3

Let x, y and z be the three variables to denote the three bits of binary.
Whenn=3, 2"=23=8

Therefore, eight combinations of AND terms with three variables are possible as shown below:

000
001
010

=

011
100
101
110
111

x".y'.z" (0'.0'.0'=1)

x".y'.z (0
x'.y .z" (0
x'.y.z (0.
x.y.z" (1
x.y.z (1
x.y.z (1
x.y.z (L.

Table 1.30: Two-Variable Minterms

X | y | Minterm | Notation
00 x'y' m,
0|1 x'y m,
110 x.y' m,
111 X.y m,

0. 1=1)
.1.0'=1)
1.1=1)
.0".0'=1)
0. 1=1)
1.0'=1)
1.1=1)

Table 1.31: Three-Variable Minterms

X |y |z | Minterm | Notation
0(0 |0 x"y'Z' m,
010 |1 | x'y.z m,
01 |0 x'y.2 m,
01 |1 ] x'yz m,
1{o0 |0 x.y'2Z' m,
110 [1] x.y'z m,
1{1 |0 x.y.z' m,
11l |1] x.y.z m,

= Xx'y'z=m

VR I
x'y'z'=m,

1

x'yz' =m,

x'yz =m,
r_r __

xy'z'=m,

X y'z =m,

xyz=m
Xyz=m,

Table 1.32: Four-Variable Minterms

alb|lc|d Minterm Notation
0/0 | 0] 0] a.b".c".d m,
ofo|o| 1]ab.c.d 1
0/0| 1] 0| a.b.c.d m,
0|0 | 1] 1|a.b.c.d m,
0/1]0] 0fa.b.c'd m,
0O|l1]0] 1]a.b.c'd m,
Of1 1] 0] a“.b.c.d m,
o1 | 1] 1]a".b.c.d m,
1/0[0] 0|a.b.c d m,
1{0] 0] 1] a.b.c.d m,
1{0| 1] 0] a.b.c.d m,
1{0]| 1] 1]a.b.c.d m,,
I{1]0] 0] a.b.c'.d m,,
I1|/1]0] 1]a.b.c'.d m,,
I{1]1]0]a.b.c.d m,,
If1 (1] 1]a.b.c.d m
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1.5.3 Maxterms

Maxterms are 2" possible combinations of OR terms (or sum terms) with n variables such that the
logical OR of all the variables is 0.

The maxterms can be formed with two, three, four, ....... variables.
The 2" maxterms are denoted as M, M, M, M, ...... s Mq where q=2"— 1.

The 2" combinations of OR terms, for n =2 and 3 are shown below. The OR terms are formed from
2" combinations of n-bit binary. In OR terms a literal is primed if its value is 1, and unprimed if its value
is 0 so that the OR of all literals is always 0.

Let, n = 2

Let x and y be the two variables to denote two bits of binary.
Whenn=2, 2"=22=4
Therefore, four combinations of OR terms with two variables are possible as shown below:

00 x+y (0+0 =0) x+y =M

0

01 x+ty'" (0+1'=0) x+y' =M

1

10 = x'+y (1'+0=0 = x'+ty=M

2

11 x'+ty'" (1'+1'=0) x'+y'= M,

Let, n=3
Let x, y and z be the three variables to denote three bits of binary.
Whenn=3, 2"=23=38§

Therefore, eight combinations of OR terms with three variables are possible as shown below:

000 xty+z (0+0+0=0) xty+z =M,
001 x+ty+z'" (0+ 0+ 1'=0) xt+ty+z'=M,
010 x+ty'+z (0+ 1'+0=0) x+y'tz =M,
011 = x+y'+z' (0+1'+1'=0) = x+y'+tz'= M,
100 x'+ty+z (I'+0+0=0) xX'ty+tz =M,
101 x'ty+z' (1'+ 0 + 1'=0) X'ty+z'= M
110 xX'+y'tz (I'+ 1'+ 0 =0) X'ty'tz = M,

111 x'+y'+z (I'+ '+ 1'=0)  x'+y'+z'=M

7



Chapter 1 - Combinational Logic 1.25

Table 1.33: Two-Variable Maxterms Table 1.35: Four-Variable Maxterms
X | y | Maxterm | Notation a|b |c |d| Maxterm Notation
010] x+vy M, 0{0 |0|0|a+tb+c +d M,
0 1] x+y' M, 010 [0 |1 |a+tb+c+d M,
1 0 X'+y 1\/[2 010 1 |[0|at+tb+c'+d 1\/12
1 1 X'+ yl 1\/[3 010 1 1 atb+c'+d M3
0|1 |0 |0 |a+tb'tc+d M,
Table 1.34: Three-Variable Maxterms Ol |0 |1 atb+c+d M,
o1 |110 +b'+c'+d M
X |y | z | Maxterm | Notation a ¢ 6
0|1 |1 |1 |a+tb'+c'+d M,
0{0 | 0| x+y+z M
, 0 1100 [0]|a+b+c+d M
010 |1 |x+y+z M, , , 8
1{0 [0 |1]a+tb+c+d M
01 |0 |x+y'+z M,
L 110 |1 ]0]|a+b +c'+d M
011 1| x+y'+z M 10
: 110 |1 [1]a'+b+c'+d M,
110 |0 |x'+y+z M,
, , 1|1 |0]0]|a+b'+c+d M
10 |1 |x'+y+z M 12
5 1{1]0(1]a+b+c+d M,
L{1 [0 |x'+y'+z M
L 6 1{1 |1 ]0]a+b'+c'+d M
11 |1]|x'+ty"Hz M 14
! 1|1 |1 |1 ]a+b'+c'+d M,

1.5.4 Standard Forms

There are three types of standard forms of expressing a Boolean function. They are,
1. Sum-of-products (SOP) form
2. Product-of-sums (POS) form
3. Canonical form

The canonical form is also expressed in SOP or POS form. The SOP or POS form is said to be
canonical only if all the variables are present in every term of the SOP or POS form.

In SOP or POS form each term of the Boolean expression need not have all the variables of the
function. Hence SOP and POS forms are also simplified forms of Boolean functions.

1.5.5 Sum-of-Products and Product-of-Sums Simplification

Sum-of-products (SOP) can be realized by AND operation of literals followed by OR operation
of output of AND. Here, AND operation of literals are the products and OR operation of output of AND
is the sum of product terms. Product-of-sums (POS) can be realized by OR operation of literals followed
by AND operation of output of OR. Here, OR operation of literals are the sums and AND operation of
output of OR is the product of sum terms. The realizations in SOP and POS forms are called two-level
realization of standard forms.

The two-level realization of SOP form can be obtained by using AND gates to implement product
terms followed by OR gate to get sum of product terms. The two-level realization of POS form can be
obtained by using OR gates to implement sum terms followed by AND gate to get product of sum terms.

Since NAND and NOR gates are universal gates, the two-level realization of SOP form of a Boolean

function can be obtained using only NAND gates. Similarly, two-level realization of POS form of a Boolean
function can be obtained using only NOR gates.
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Example 1.9
Draw the two-level realization of the following functions.

a) F,=y'+xy+x'yz' b) F,=x(y'+z)(x'+y+2z')

Solution
a) F,=y'+xy+x'yz' - Sum-of-products b) F,=x(y'+z)(x'+y + 2') - Product-of-sums
y' X
y yrzL— F
F 2
D> D
X X
Y, oy y 3 >—
z Xyz Z X'+y+z'
Fig. 1. Fig. 2.
Example 1.10

Determine the complement of the following functions and show that SOP becomes POS and vice-versa.
a) F,=y'+xy+x'yz b) F,=x(y'+z)(x'+y+2')

Solution

a) F,=y'+xy +x'yz - Sum-of-products

U Complement

F1' =(y'+xy +x'yz)' Using Del}/lorg!a'n‘s theorem
nit 1 I 1 (X * y) =X y
=(y)'xy)'(x'yz) (x.y)=x"+y'

=y(x'+y')(x +y'+ 2') - Product-of-sums

b) F,=x(y'+2) (x'+y +2') - Product-of-sums

U Complement

le =(x(y'+z)(x'+y+2z')) Using DeMorgan's theorem
(x+y)'=x1y'

=X+ (y'+2) (<Y +2) gty

=x'+ (yz') + (xy'z) - Sum-of-products

1.5.6 Canonical Form

A Boolean function can be expressed algebraically from its truth table by forming a minterm for each
combination of the variables that produces a 1 in the output and then taking the OR of all the minterms.

Similarly, a Boolean function can be expressed algebraically from its truth table by forming a
maxterm for each combination of the variable that produces a 0 in the output and then taking the AND of
all the maxterm. A Boolean function expressed as a sum of minterms or product of maxterms are said to
be in canonical form.

The given function can be expressed in canonical form without using truth table. For sum of minterms
insert sum of missing literal and its complement with "." operation and expand. Similarly for product of
maxterms insert product of missing literal and its complement with "+" operation and expand.
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1.5.7 Complement of a Function

If, F is a function then F'is complement of F. The complement of a function can be directly evaluated
using Boolean theorems and postulates. Alternatively, the complement can also be obtained by using duality.

nn

In duality replace "+" by "." and "." by "+" and variables by its complement.

It can be observed that complement of sum-of-products will be product-of-sums and vice-versa

Complement

i.e, Product-of-sums Sum-of-products

Note: This concept holds good for complement of canonical forms also. |

Example 1.11
Determine the complement of the following Boolean functions.
a) F, =xy+x'z b) F,=wx+yz c¢) F,=xy'+x'y
Solution
a) F, =xy+x'z

Case i: Direct Evaluation of Complement

- .
F, =xy+x'z

U, Complement
U = + 1 1
F, =(xy+x'z) Using DeMorgan's theorem
=(xy)". (x'z)’ (x+y)'=xy'
=(X’+y’)_((X’)'+ ZI) (X‘y) =X +y

=(x'*y’). (x+2z")
Case ii: Complement using Duality
Xx.y +x'.z
L 11l 1 1 | | Replace by dual elements
(x'+y'). (x+2')

('+y').(x+2z') =F/

b) F,=wx+yz

Case i: Direct Evaluation of Complement

F,=wx+yz

U Complement
F2' =(wx+yz) Using Del:/lorgfa‘rfs theorem
_ . . (x+y)'=xy
=wx)'.(y2) gy =Xty

=(w'+x').(y'+2')

Case ii: Complement using Duality

W.X +y.z

N
(W' x) . (y'+2')
U Replace by dual elements

W'+x').(y'+z)=F,
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c) F,=xy'+x'y

Case i: Direct Evaluation of Complement

F,=xy'+x'y
U Complement
F3, =(xy'+x'y) Using DeMorgan's theorem
Nt (x+y)'=xty'
=(xy")'. (<'y) gy =ty

=(x'+y). (x+y")

Case ii: Complement using Duality

X.y +x'.y
1 L1l | | | | Replace by dual elements

(X'+y). (x+y)
U

(X'+y).(x+y')=F4

1.5.8 Implementation of Boolean Functions using Universal Gates

The NAND and NOR gates are called universal gates. When a Boolean function is expressed in
SOP form, it can be realized using only NAND gates. When a Boolean function is expressed in POS form,
it can be realized using only NOR gates.
Example 1.12

Express the function F = x + y'z, in sum of minterms and product of maxterms and verify the result by simplification
using Boolean theorems and postulates.

Solution
Table 1: Truth Table

Input Minterm Maxterm Complement | Product | Function
Variables ofy Term Output
X |y |z y' y'z F
o0 |oO m, | x'y'z' | M, | x+ty+z 1 0 0
0|0 |1 m, | x'y'z M, | x+y+z' 1 1 1
0 1 0 m, | x'yz' M, | x+y'+z 0 0 0
0 1 1 m, | x'yz M, | x+y'+z' 0 0 0
1 0 |oO0 m, | xy'z' M, | x'+y+z 1 0 1
110 |1 m, | xy'z M, | x'+y+Zz' 1 1 1
11110 | m|xyZ M, | xX'+y'+z 0 0 1
1 1 1 m, | xyz M, | x'+y'+z' 0 0 1

A function can be expressed as a sum of minterms for which the function output is 1. Here, F is 1, when m,
m,, mg, Mg and m, are inputs.
. F=m+m, +m +m +m,

=XYXm(1,4,56,7) = x'y'z+xy'z'+xy'z+xyz'+xyz
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Afunction can be expressed as a product of maxterms for which the function output is 0. Here, F is 0, when M,

M, and M, are inputs

i) Sum of Minterms
Flp.q.r)=(pa+r)(q+pr)
=pqqtpqgpr+rq+rpr
=pqtpqr+rq+rp

=pq(r+r)+par+rq(p+p')+rp(q+q’)

F=MM,M,
=TI M(0, 2, 3)
S(x+y+z)(x+y'+z)(x+y'+2z')
Proof:
F=m +m,+m,+m +m,
=x'y'z+xy'z'+xy'z+xyz'+xyz x+x'=1
=x'y'z+xy'(z'+z)+xyz'+ z)
=x'y'z+xy'.1+xy.1 x.1=x
=x'y'z'+xy'+xy
=Xy'zEx(y'+y)
=x'y'z+x.1
=x'y'z+x
= (X' *+x)(y'z+x)
=1.y'z+x
=x+y'z
Case ii:
F =M, M, M,
=(x+y+2z)(x+y'+2z)(x+y'+2')
=(x+zHy)(x+z+y')(x+y'+2')
=(x+z+(yy') (x+y'+z')
= (x+2+0)(x+y'+2')
=x+(z(y'+2z")
=x+zy'+zz'
=x+y'z+0
=x+y'z
Example 1.13
Express the Boolean function F(p, g, r) = (pqg + r) (q + pr) as sum of minterms and product of maxterms.
Solution:
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=pqr+pqr' +par+pgr+p'qr+pgr+pq'r Repeated terms are considered once.
=pqr+pqr'+p'qr+pq'r
=p'qr+pg’r+par’ +pqr

=m,+mg+m,+m,=>m(3,5,6,7)

ii) Product of Maxterms

F(p, 9, 1) =(pq +r)(q + pr)
=(p+r)(qa+r)(g+p)(g+T)

=(P+n(@+n(+p) Missing literal in first term is q, second
=(+r+(qq")(pp)+q+r)(P+q+(rr)) term is p and third term is r.

=(p+r+q)(p+r+q’)(pteFn) (p'+q+r)(prag¥Fr) (p+q+r’)
=(p+q+r(p+r+q)(p'+tg+n(p+rq+r)

=(p+rq+n(p+qg+r)(p+qg +r)(p'+q+r)
=M, M, M, M, =[IM (0, 1, 2, 4)

Example 1.14
Convert the following in the proper canonical form and write the decimal notation.
a) R=F(x,y, z) = (x +y) (x' + z) into maxterm canonical form.
b) Z=F(a, b,c)=ab + b'c + ac into minterm canonical form.

Solution

a) Maxterm canonical form (POS)

R=F(xy2)=(x+y)(x'+2)

Missing literal in first term is z and
=(x+y+(zz') (x' +z+(yy") second term is y.

=(x+y+2z)(x+y+2') (X'+y+2) (X'+y' +2)
(M,) (M,) M,) (My)
=M,M, M,M, = [IM (0, 1, 4, 6)

b) Minterm canonical form (SOP)

Missing literal in first term is ¢, second

= = +b'c+
Z=F(ab,c)=(ab+b'c+ac) term is a and third term is b.

=ab(c+c')+b'c(a+a')+ac(btb’)

—abc+abc' +ab'c+a'b'c+ g,b/c + a)a/c Repeated terms are considered once.

=abc+abc'+ab’'c+a'b'c
(m;) (mg) (m;) (m,)
=a'b'c+ab’'c+abc'+abc

=m,+my+m,+m =3m(1,5,6,7)
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Example 1.15

Express the following Boolean functions in canonical form and implement the Boolean functions using either
only NAND or NOR gates.

a) F,=xy+y'z b) F,=(x+y)(y+2) c) F,=x+y'z
Solution
a) F,=xy+y'z

Case i: SOP
F,=xy+y'z
Missing literal in first term is z and
=xy(z+z')+(x+x')y'z second term is x.
=xyz+xyz'+xy'z+x'y'z
(m7) (ms) (m5) (m1) X.1=x

=x'y'z+xy'z+xyz'+xyz
=mo+mgt+mgt+m,
The SOP form of F, is realized using only NAND gates as shown in Fig. 1.

X y z

.: )n (Xy'z) =m
1
| (xy'z) = mg

D) =

=m,+mg+ mg+m,

| (xyz)' =m;
| =F,

Fig. 1: Logic circuit of F, using only NAND gates.

Case ii: POS
F,=xy+y'z X=0

=(x+y'z)(y+y'2) x+0=x

=(x+y)(x+z)(y+y)(y+2) Missing literal in first term is z, second

(X + y + (ZZ )) (X +z7+ (yyl)) ((XXI) + y + Z) termis Yy and third term is x.

S(xHy'+z)(x+y'+z)(x+zHry)(x+z+y) (x+y+2z)(X'+y+2)

S(xHy' HZ)(x+Hy'+2Z) (x+y +2) XEYPFZ) (X £y +T) (X' +y +2) Repeated maxterms are
(M,) (M,) (M,) (M,) (M,) M,) considered only one time

S(x+ty+z)(x+y'+tz)(x+y'+z)(x'+ty+2z)
=M,M, M, M,
The POS form of F_ is realized using only NOR gates as shown in Fig. 2.
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]
E So KV 1) = (M} + M+ M + ML)

) = My M, M, M,

Fig. 2: Logic circuit of F, using only NOR gates.

b) F,=(x+y)(y+2)
Case i: SOP

F,=(x+y)(y+2) = x(y+2)+y(y+2z) BT

=Xy+XzZ+yy+yz = Xy+xz+y+yz
Insert missing Iiterals|

=XY(z+2)+XZ(y+Y)+ (X +X)y(E+Z) *+ (x*+x)yz ——

=xyz+xyz'+xzy+xzy'+ (xy+x'y)(z+z')+xyz+x'yz x.1=x

SXYZHXYZ'HXYZHXY'ZHXYZH XYL X YZ+ X Y2+ XYT + X Y7

(m) (m) (m) (m) (m) (m) (m) (m) (m) (m) Repeated minterms are
considered only one time

=x'yz'+x'yz+xy'z+xyz'+xyz
=m2+m3+m5+m6+m7
The SOP form of F, is realized using only NAND gates as shown in Fig. 3.

X y z

. .

X y Z

|; ) (Xyz') =m;
D (X'y2) = m}
1
|: )n (xy'z) = mg @
|

o (o

| (xyz') = mg _
1 =Myt Mg+ mg + mg +my
|

Fig. 3: Logic circuit of F, using only NAND gates.
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Case ii: POS
Missing literal in first term is z and
F2 =(x+y)(y+2) second term is x.
= ((x+y) + (22") ((xX') * (y + 2))
=(X+y+z)(X+y+2') (xtyFZ)(X'+y+2)
(Mo) (M1) (Mo) (M4) Rep(.eated maxterms.are
considered only one time

(x+y+2z)(x+y+2z')(x'+y+2z)

M, M, M,
The POS form of F, is realized using only NOR gates as shown in Fig. 4.

X y z

5
]
:\> (x+y+2Z) =M, :D°
' (Mg + Mj+ M)
Dc X +y+z)=M, =M, M,M,
=F,

Fig. 4: Logic circuit of F, using only NOR gates.

c) F,=x+y'z

Case i: SOP

x.1=x

F,=x+y'z

X+x'=1

=x(y+y)+H(x+x)y'z
Missing literal in first term is y and

second term is x.

=Xy+xy'+xy'z+x'y'z

Missing literal in first term and

=xy(z+z')+xy'(z+z')+xy'z+x'y'z
second termis z.

=Xyztxyz'txy'z+xy'z'+ Xﬁ +x'y'z Repeated minterms are
(m) (mg) (my) (m) (my) (m,) considered only one time

=x'y'z+xy'z'+xy'z+xyz'+xyz
=m+m,+m,+m, +m,

The SOP form of F, is realized using only NAND gates as shown in Fig. 5.
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y z
X' y 7
D (Xy'z)' =mj
l
_D xy'z) =m;
|: )n (xy'z) = mg @
l
o, (mm; m;mg m)’
| (xyz') = mg
,_; >° =m,+m,+mg+mg+m,
| (xyz)' =m; =F,
l >°
Fig. 5: Logic circuit of F, using only NAND gates.
Case ii: POS

F,=x+y'z

=(x+y’) (x+2)
=((x+y") +(zz") ((x+2)+(yy"))

=(x+y'+2z) (x+y'+2') (x+y+2) (X2 F7)

(M,)

(M,) (M) (M,)

=(x+y+2z)(x+y'+2z)(x+y'+2")

= MO M2 M3

x.1=x

x+x'=1

Missing literal in first term is z and
second termis y.

Repeated maxterms are
considered only one time

The POS form of F, is realized using only NOR gates as shown in Fig. 6.

y z

]

:D(:\:/Ih M; + M)’

=M, M, M,

: > (x+y +2)=

Fig. 6: Logic circuit of F, using only NOR gates.

=F3
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Example 1.16
Express the following function in sum of minterms and product of maxterms
F(A,B,C,D)=A'B+BD +AC’

Solution

Table 1: Truth Table of F

Input Minterm Maxterm Complement Product Function
Variables of Aand C Terms Output
A|B| C|D A’ c' A'B | BD | AC' F
0 0 0 0 m, | A'B'C'D"| M, A+B+C+D 1 1 0 0 0 0
00 |0 |1 |m|ABCD|M |A+B+C+D' 1 1 0 0o 0
0 0 1 0 m, | A'B'CD' | M, A+B+C'+D 1 0 0 0 0 0
00 |1 |1 |m|ABCD | M, |A+B+C'+D' | 1 0 0 0|0 0
0|1 |0 |0 |m|ABCD | M |A+B'+C+D 1 1 1 0 |o 1
0 1 0 1 m, | A'BC'D M, A+B'+C+D’ 1 1 1 1 0 1
0 1 1 0 ms A'BCD' M, A+B'+C'+D 1 0 1 0 0 1
0 1 1 1 m, | A'BCD M, A+B'+C'+D’ 1 0 1 1 0 1
110 |0 [0 |m|ABC'D | M, |A+B+C+D 0 1 0 0| 1 1
1 0 0 1 m, AB'C'D M, A'+B+C+D' 0 1 0 0 1 1
11011 |0 |m,|ABCD | M, |A'+B+C'+D 0 0 0 0| o0 0
110 |1 |1 |m|ABCD | M, |A+B+C'+D'| 0 0 0 0|0 0
111 ]0 [0 |m, ABC'D'| M, |A+B'+C+D | 0 1 0 0 |1 1
11110 |1 |m,|ABC'D | M, |A'+B'+C+D'| 0 1 0 101 1
111 |1 |0 |m,[ABCD | M, |A+B'+C'+D | 0 0 0 0o 0
1 11|11 |m,|ABCD | M, |A+B'+C'+D'| 0 0 0 110 1

A function can be expressed as a sum of minterms for which the function output is 1. Here, F is 1, when m,, m_,

m,, M., mg, mg, m,,, m,_ and m,, are inputs.

. F = m4+m5+m6+m7+m8+m9+m12+m13+m15
= A'BC'D'+A'BC'D+A'BCD'+A'BCD+AB'C'D'+AB'C'D+ABC'D'+ABC'D +ABCD

Afunction can be expressed as a product of maxterms for which the function output is 0. Here, F is 0, when M,

M,, M, .M,, M, M,, and M,, are inputs.

F= MO M1 MZ M3 M10 M11 M14

=(A+B+C+D)(A+B+C+D')(A+B+C'+D)(A+B+C'+D')(A'+B+C'+D)(A'+B+C'+D’)
(A'+B'+C'+D)
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1.5.9 Simplification of Boolean Expressions or Functions

Each variable with in a term of a Boolean expression is called a literal. Example of 7 literals and
10 literals Boolean expression are shown below:

a’b+cd+abd
A A
OO OO OO®O- s
a b c +b'ctac'+ab'ec

OO0G OO WO GO - wiierals

Reducing the number of literals in a Boolean expression or function will simplify the implementation
of function by logic gates with minimum number of gates. The implementation of Boolean function using
logic gates is also called MSI (Medium Scale Integration) Circuit.

The Boolean expression can be reduced or simplified using postulates and theorems of Boolean
algebra but there is no standard procedure for simplification using theorems.

Alternatively, Boolean functions can be simplified using following two methods.
e Karnaugh map method
e Quine-McCluskey method or Table method

These two methods have standard procedure for simplification of Boolean functions.

Example 1.17
Reduce the number of literals in following expressions.

a) xy+xy' b) xy+x(wz+wz') c)(A+B)'(A'+B")

Solution
a) xy +xy'
Xy+xy'=x(y+y') y+y'=1
=x.1 x.1=x
=X

The given expression x y + x y' is 4 literal expression which is reduced to single literal.

b) xy+x(wz+wz')

Xy+xwz+wz')=xy+x(w(z+z'))

z+z'=1
=xy+x(w.1)

w.l=w
=Xy +XW
=X.(y+w)

The given expression xy + x (w z + w z') is 7 literals expression which is reduced to three literals.
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c)(A+B)'(A'+B')

(A+B)'(A'+B")'=(A+B)". ((A")".(B"))
= (A".B").(A.B)

Using DeMorgan's law

(x+y)'=xy’
=A".B'".A.B
x.x'=0
=A".A.B.B'=0.0=0
The given expression is a 4 literal expression which is reduced to null expression.
1.6 Karnaugh Map (or K-map) Minimization (AU, Nov/Dec22, 3 Marks)

K-map is a pictorial form of truth table and used to simplify Boolean functions. Simplification of
Boolean function using K-map is simple and straight forward. A K-map is a diagram made up of squares
with each square representing one minterm. Alternatively, maxterm can be used to construct K-map in
which each square represent a maxterm.

When minterms are considered for simplification the resultant Boolean function will be in sum-of-
products form. When maxterms are considered for simplification the resultant Boolean function will be
in product-of-sums form.

Note: The simplified Boolean function using K-map is not unique. Sometimes there may be multiple
solutions.

For n variable Boolean function the K-map will have 2" squares. Each square represent a minterm
or maxterm. The literals of minterm are split and arranged as rows and columns. While arranging the
literal/minterms only one change is allowed if we move from one row to next row or from one column to
next column.

1.6.1 Analysis and Design Procedures of Combinational Circuits using K-map

1. Construct the truth table of Boolean function.

2. Draw K-map with 2" squares where n is number of variables in Boolean function.

3. Enter the value of function or output in the squares as either 1 or 0.

4. The squares with entry 1 are the minterms that represent the function.

5. Each square with 1 is an implicant.

6. Combine adjacent 1's to form prime implicants.

7. A prime implicant with single 1 represent n literal product term.

8. A prime implicant with two 1's represent n—1 literal product term.

9. A prime implicant with four 1's represent n—2 literal product term and so on.

10. The literals represented by a prime implicant are the literals that present in all the squares of

the prime implicant. (or the literals common to all the squares of the prime implicant).

11. While forming prime implicants any number of over lapping is allowed in horizontal and
vertical directions. But the diagonal elements cannot be combined to form prime implicants.

12. While forming prime implicants the K-map can be folded in any direction to get adjacent 1's.

13. The simplified Boolean function is sum of all the product terms of prime implicant.
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14. If all minterms are 1's then all squares of K-map will be filled by 1 and function value is 1.

15. The logic or MSI (Medium Scale Integration) circuit of the simplified Boolean function can
be drawn using logic gates.

Table 1.36: Relationship between Number of Adjacent Squares and Literals in the Product Term

Number of
Adjacent Number of Literals in a Product
Squares in Term in an n-variable Map
PrimeImplicants | n=2 | n=3 | n=4 n=>5
1 2 3 4 5
2 1 2 3 4
4 0 1 2 3
8 0 1 2
16 0 1
32 0

1.6.2 Two-Variable K-map

Let, n = Number of variables in Boolean function

X,y = Two variables of Boolean function
Therefore, n =2, for two-variable K-map
Here,2"=22=4

Therefore, two-variable, K-map will have 4 squares. The two-variable K-map and arrangements of
literals and minterms are shown in Fig. 1.10.

Y 0—->1
l X 0—>1
=Yy Mo ""
y [
. 0 |0 | 0
X 0 m, m, 1 1l 1
1 ‘Ll m, 1 m,
X 1| m, m, 1 10 11
|— 0—1 J‘
Fig. a: Arrangement of literals
and minterms in 2-variable K-map. Fig. b: Change in bit values of literals and

minterms in 2-variable K-map.

Fig. 1.10: Two-variable K-map.

Some examples of two-variable K-map with single prime implicant formed using single 1's is shown
in Figs. 1.11 and 1.12. Since the prime implicants shown in Figs. 1.11 and 1.12 are formed using single 1's
in two-variable K-map, each prime implicant represents a product term of two literals.

The K-maps in Fig. 1.11 have only one prime implicant and so the Boolean function, F is given
by prime implicant of the K-map. The K-maps in Fig. 1.12 has two prime implicants and so the Boolean
function, F is given by sum of the two prime implicants of the K-map.
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1.39
y
X 0 1 Y
m, m, X Om 1m
0 0 O 0 1
0 0
4 vy— 2@
mZ m3
1 S
0 @ Xy 1 o 0

Fig. a: K-map for, F = xy. Fig. b: K-map for, F =x'y".

Fig. 1.11: Two-variable K-map with single prime implicant formed using single 1's.

y y
X 0 1 X 0 1
m, m, m, m,
0l o @4—— X'y X'y'—o+@ 0
m, m, m, my
o ! D |o 1o |t

Fig. a: K-map for, F =X’y + xy". Fig. b: K-map for, F = x7" + xy.

Fig. 1.12: Two-variable K-map with two prime implicants formed using single 1's.

Some examples of two-variable K-map with single prime implicant formed using two adjacent 1's
is shown in Fig. 1.13. Since the prime implicants shown in Fig. 1.13 are formed using two adjacent 1's
in two-variable K-map, each prime implicant represents a single literal. Since the K-map have only one
prime implicant the Boolean function, F is given by prime implicant of the K-map.

Fig. a: K-map for, F = x'.

y y
0 1 X 0 1
m, m, m, m,
ol@_[D—« oo |o
m, m, m, m,

Fig. b: K-map for, F = x.

y Y
0 1 X 0 1
m, m, m, m,
. 0 q] 0 0| o ? y
Y m, mg m, m,
1 ¢J 0 Ilo (W

Fig. c¢: K-map for, F = y'. Fig. d: K-map for, F = y.

Fig. 1.13: Two-variable K-map with prime implicant formed using two adjacent I's.

Some examples of two-variable K-map with two overlapping prime implicants formed using two
adjacent 1's is shown in Fig. 1.14. Since the prime implicants shown in Fig. 1.14 are formed using two
adjacent 1's in two-variable K-map, each prime implicant represents a single literal. Since the K-map has
two prime implicant the Boolean function, F is given by sum of two prime implicants of the K-map.
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y Yy y
X 0 1 X 0 1 X 0 1
m, m, m, m, m, m,
0@ 1 X 0|(T De—1—x ~o[(1) |o
y
m, m, y’_, m, m;, m, m,
1 1 11(1 1)——x
o [\ y ) | o )
Fig. a: K-map for, F =x"+y. Fig. b: K-map for, F=x"+y'". Fig. ¢: K-map for, F=x +y".

Fig. 1.14: Two-variable K-map with two overlapping prime implicants formed using two adjacent 1's.

When all the entries of K-map (or all minterms) are 1's then the Boolean function value is 1 (F =1)
as shown in Fig. 1.15.

m, m,

Ieh
m, m;,

11\1 _]J

Fig. 1.15: Two-variable K-map with all minterms equal to I and F=1.

1.6.3 Three-Variable K-map

Let, n = Number of variables in Boolean function
X, V, z = Three variables of Boolean function

Therefore, n = 3, for three-variable K-map

Here, 2"=23=38

Therefore, three-variable, K-map will have 8 squares. The three-variable K-map and arrangements
of literals and minterms are shown in Fig. 1.16.

051 150
y'zZ yz yz yz' Yz ! v 7y
yz |x 00 01 11 10
X, 00 01 11 10 . —~ - -
I_'Oﬁ lj, I—'IHOW
X0 m, | m | mg | m, 0l 000 001 011 010
o I IS - O
l s ‘
X 1 m, myg m; mg l'Q' m, lj m; lli m; vi' mg
1 1 1 1 1
) . 1 100 101 111 110
Fig. a: Arrangement of literals (I P oy T RN
and minterms in 3-variable K-map.

Fig. 1.16: Three-variable K-map. Fig. b: Change in bit values of literals

and minterms in 3-variable K-map.

Some examples of three-variable K-map with prime implicant formed using single 1's are shown in
Figs. 1.17 and 1.18. Since the prime implicants shown in Figs. 1.17 and 1.18 are formed using single 1's
in three-variable K-map, each prime implicant represents a product term of three literals.
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The K-maps in Fig. 1.17 have only one prime implicant and so the Boolean function, F is given
by prime implicant of the K-map. The K-maps in Fig. 1.18 has two prime implicant and so the Boolean
function, F is given by sum of the two prime implicants of the K-map.

yz yz
X 00 01 11 10 X 00 01 11 10
m, m, m, m, m, m, m, m,
. 0 0

X'y'z _»@ 0 0 0 Xy'z 0 @ 0 0
m, m, m, m, m, m; m, m,

11 0 0 0 0 1] 0 0 0 0
Fig. a: K-map for, F =x"yz’" Fig. b: K-map for, F = x'yz.

Fig. 1.17: Three-variable K-map with prime implicant formed using single 1's.

yz yz
X 00 01 11 10 X 00 01 11 10
m, m, mg m, , m, m, my m,
x'yz
0| o 0 @ 0 0] o 0 0 @4—— X'yz'
Xylz,ﬁ\ m, m, m, m, m, m, m, m,
1@ o |o |o oo o | o |o

Fig. a: K-map for, F = x'yz + xy'z. Fig. b: K-map for, F = xyz + xy'z.

Fig. 1.18: Three-variable K-map with two prime implicants formed using single I's.

Some examples of three-variable K-map with two prime implicants formed using two adjacent 1's
are shown in Fig. 1.19. Since the prime implicants shown in Fig. 1.19 are formed using two adjacent 1's in
three -variable K-map, each prime implicant represents a product term of two literals. Since the K-map has
two prime implicants the Boolean function, F is given by sum of the two prime implicants of the K-map.

yz z
X 00 01 11 10 X { 00 01 11 10

m, m, my m, m, m, m, m,

ey oL@ 1D (o |o 0l o ‘T] 0 |(1)d_yz
m, m, m, m, ylZ m, m, m, m,
110 |0 |@_[D—txy 1l o QJ o |

Fig. a: K-map for, F = x'y" + xy. Fig. b: K-map for, F = yz + yz'

yz yz
X 00 01 11 10 X 00 01 11 10
m, m, m; m, m, m, my m,
oD |o o | _J—x~ ol o |@_[D [0 Xz
m, m;y m; mg m, m; m; mg
1o | _[D.lo XZ 11D [0 |o |@ G

Fig. c: K-map for, F = xz' + xz. Fig. d: K-map for, F' = xz + xz'.

Fig. 1.19: Three-variable K-map with two prime implicants formed using two adjacent I's.
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Some examples of three-variable K-map with two overlapping prime implicants formed using two
adjacent 1's and a prime implicant with single 1 are shown in Fig. 1.20. The prime implicants formed using
two adjacent 1's in three-variable K-map, represents a product term of two literals and the prime implicant
with single 1 represents a product term of three literal. Since the K-map has three prime implicant the
Boolean function, F is given by sum of three prime implicants of the K-map.

1

yz Xy yz Xy
X 00 01 11 10 X 00 01 11 10
m, m, m, m, m, m, my m,
0 1 0 )\
@ ) | o 0 0 0 1 1) vz
y'z' m, m, m, mg m, m, m, m,
L Xyz
1y o @O |0 iz L1 @ o |W

Fig. a: K-map for, F = xyz + xy" + yz". Fig. b: K-map for, F = xy’z + yz’' + x'y.

Fig. 1.20: Three-variable K-map with prime implicants formed using
single I's and two overlapping two adjacent 1's.

Some examples of three-variable K-map with prime implicant formed using four adjacent 1's are
shown in Fig. 1.21. Since the prime implicants shown in Fig. 1.21 are formed using four adjacent 1's in
three-variable K-map, each prime implicant represents a single literal. Since the K-map have only one
prime implicant the Boolean function, F is given by prime implicant of the K-map.

yz yz
X 00 01 11 10 X 00 01 11 10
m, m, m, m, m, m, m, m, |
0| o (1 1) 0 of 1 0 0 {1
m, m; m; m, m, m, m, m,
z .
1] 0 1 Yy |0 1 ;) 0 0 kl T

Fig. a: K-map for, F = z. Fig. b: K-map for, F = Z'.
yz yz
X\ 00 01 11 10 XN\ 00 01 11 10
m, m, m, m, m, m, m, m,
oC_[1 [1 | DX oo o |o 0
m, m, m, m, m, m, m, m,
1] O 0 0 0 1 G 1 1 D<—— X

Fig. ¢: K-map for, F =x'.

Fig. d: K-map for, F = x.

Fig. 1.21: Three-variable K-map with prime implicant formed using four adjacent 1's.

Some examples of three-variable K-map with two overlapping prime implicants formed using four
adjacent 1's and two adjacent 1's are shown in Figs. 1.22 and 1.23. The prime implicants formed using
two adjacent 1's in three-variable K-map, represents a product term of two literals and the prime implicant
with four adjacent 1's represents a single literal. Since the K-map has two prime implicant the Boolean
function, F is given by sum of two prime implicants of the K-map.
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yz yz
XX 00 01 11 10 xX\_ 00 |01 11 10

m, m, m;, m, m, 1 m, m, m,

of o |A [ _|o 0| o F m AV
m, mg m,; mg m, mg m, mg
@ [\t 1) | Dert—x 1| o h U

Fig. a: K-map for, F =x + z. Fig. b: K-map for, F =y + z.

Fig. 1.22: Three-variable K-map with two overlapping prime
implicants formed using four adjacent 1's.

yz yz

X 00 01 11 10 X 00 01 11 10
m, m, m, m, m, m, m;, m,
0
o |o A | , olA TN | |o -
m, m; m, m, y' m, m; m, m,
w10 1@ [\) |y 1\ | Y o o
Fig. a: K-map for, F =y + xz. Fig. b: K-map for, F =y’ + xz.

Fig. 1.23: Three-variable K-map with overlapping prime implicants formed
using two adjacent 1's and four adjacent 1's.

When all the entries of K-map (or all minterms) are 1's then the Boolean function value is 1 (F=1)

as shown in Fig. 1.24.
yz
X 00 01 11 10

m, m, m, m,

ot |1 |1 1
m, m; m, Jms
1 1 1
1L

Fig. 1.24: Three-variable K-map with all minterms equal to I and F=1.

1.6.4 Four-Variable K-map

Let, n = Number of variables in Boolean function
W, X, y, Z = Four variables of Boolean function

Therefore, n = 4, for four-variable K-map

Here, 2"=2*=16

Therefore, four-variable K-map will have 16 squares. The four-variable K-map and arrangements

of literals and minterms are shown in Fig. 1.25.
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yz l—Oal—'q'_Oﬁlj,l_lao j’
lwx 00 01 11 10
m, m, m, m,
,——0»11 10 —
00 0000 0001 0011 0010
vz Yz vz yz' 0 0 0 i 0
vz 1 N ! 0179 1
WX 00 01 11 10 1 1 m, 1 my L m, 1 mg
F0—> 1 1 l——lﬁo—\m
WX 00| m |m | m | m, 01 o100 0101 0111 0110
LT e
. . . ! 1 |
WX 01 m, m; m, mg 1 i,l m,, I\L mlg)al 1 m,y 1 m,,
11 1100 1101 1111 1110
WX 11| m, my, m, m,, 1 1 I__O_,llJ‘ 1 I——1—>0<'1J‘
o o m v m - v
0 8 ° 0 11 m,,
WX’ 10 mg m, m,, m,, K i ¢0 "
10 1000|_ 1001 1011|L_ 10j
—0—>1 | j‘ L 1.0
Fig. a: Arrangement of literals and o1 ”

minterms in four-variable K-map. Fig. b: Change in bit values of literals

and minterms in four-variable K-map.

Fig. 1.25: Four-variable K-map.

Some examples of four-variable K-map with prime implicants formed using four adjacent 1's, two
adjacent 1's and single 1's are shown in Fig. 1.26. In four-variable K-map, the prime implicants formed
using four adjacent 1's represents a product term of two literals, the prime implicants with two adjacent
I's represents a product term of three literals and the prime implicant with single 1 represents a product
term of four literals. Boolean function, F is given by sum of prime implicants of the K-map.

vz w'x'y'z vz
wx\_00 [o1 11 10 wx_00 01 11 10
m, m, m, m, m, m, my m,
%] 0 b 0 0 wx'y'z 00 »@ 0 0 0
m, m, m, m, m, m, m, m,
o o [0 |o v Mo |G T o
m,, m;, m,, m,, m,, m,; m,; m,,
11 11 ,
0 0 @ 0 wxyz 0 0 0 P wyz
myg m, my, m,, mg m, m,, m,,
. 8
wx'y'z 10 .@ 0 0 0 WX'y'z 0 @ 0 1

Fig. a: K-map for, F = wx'y'z + wxyz + wx'y'z. Fig. b: K-map for, F' = wx'y'’z' + wx)y'z + wixz + wyz'.



Chapter 1 - Combinational Logic 1.45
yz yz
WX 00 01 11 10 WX 00 01 11 10
m, m, my m, m, m, m; m, '
X'z
0o |G_[D. 1o W' 00| 0 L o
m, m; m, m, m, m, m, m,
oo |o |o (? Xy 0l g |0 |o 0
m,, m, m; m,, m,, m,, my; m,,
11 L oo 11 0 q\
0 0 0 1 WXy'Z »@ 0 wyz
myg m, m,, m,, myg m, m,, m,,
0] D | o |@ I—wx7 101 (1 \q 0
Fig. c: K-map for, F = wix'z + xyz' + wx'z. Fig. d: K-map for, F = wxyz' + wyz + xz.
vz vz wy'z
WXN\_00, 01 11 , 10 WX 00 01 11 10
m, m, m, m, m, m, m, m,
00 _J 4 all four 00 7\ — wWx'vZ
i 0 0 ! L corners 0 1 0 @ wXYyz
m, m; m; mg X'z m, m; m, mg
™
01 01
1 | 1 1 1 < wixy' K€ 1 0 0
m,, m,, m, m,, m,, m;; m;s m,,
11 11 N
1 l 1|y 1 0 0 ﬁ 1 wy
myg m, my, m,, mg m, m;, m,,
10 _q o o |fi i 1000 |o Ll Y

Fig. e: K-map for, F = xz + xz.

Fig. f: K-map for, F = wx'yz' + wyz + wxy" + wy.

Fig. 1.26: Four-variable K-maps.

Some examples of four-variable K-map with two overlapping prime implicants formed using eight
adjacent 1’s are shown in Fig. 1.27. Since the prime implicants shown in Fig. 1.27 are formed using eight
adjacent 1’s in four-variable K-map, each prime implicant represents a single literal. Since the K-map
has two prime implicant the Boolean function, F is given by sum of two prime implicants of the K-map.

Yz
WX 00 01 11 10

m, m, m, m,

00| o 0o /M 1)
m, m; m; m,

01l 1 1 1 1
m,;, my, m; \ my,

{1 1 1 J
mg m, m,;, m,,

10| o 0 \d By,

Fig. a: K-map for, F =x + .

Yz
WX 00 01 11 10
m, m, m; m,
, 001\ |0 o |4 ]
7 —+—
m, m, m; m,
01 1 0 0 1
_ﬁlz m,; my m,,
1l |1 1 |[1)
8 m, m,, m,,
10 1] 1 1 |\y

Fig. b: K-map for, F=w + z".

Fig. 1.27: Four-variable K-map with overlapping prime implicants formed using eight adjacent 1's.
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When all the entries of K-map (or all minterms) are 1's then the Boolean function value is 1 (F=1)
as shown in Fig. 1.28.

yz
WX 00 01 11 10

m, m, m, m,
00 /1 1 1 1\
m, m; m, m,
01| 1 1 1 1
m,, m;,; m;; m,,

my m, my, m,,
10 \1 1 1 1/

Fig. 1.28: Four-variable K-map with all minterms equal to 1 and F = 1.

1.6.5 Five-Variable K-map

Let A, B, C, D and E be the five-variables.
Now,n=35 and 2°=32
Therefore, 32 minterms are possible as shown in Table 1.37.

Table 1.37: Truth Table

A B C D E | Minterm A B C D E Minterm
000 0O m, 1 00 0O m,
000 01 m, 1 00 01 m
000 10 m, 1 00 10 m
000 11 m, 1 00 11 m,
001 00O m, 1 01 00 m,
0 01 01 m; 1 01 01 m,,
001 10 m, 1 o1 10 m,,
001 11 m, 101 11 m,,
01 0 00 m, 1 1.0 0O m,
01 0 01 m, 1 1.0 01 m,
010 10 m,, 110 10 m,,
010 11 m,, 110 11 m,,
01 1 00 m, 1 1.1 00 m,,
01 1 01 m,, 111 01 m,,
011 10 m,, 111 10 m,,
01 1 11 m I 11 11 m,

The 32 minterms can be arranged in 2 numbers of 4 variable K-map, one for A = 0 and other for
A =1 as shown in Figs. 1.29 and 1.30. These two K-maps can be placed one over the other as shown in
Fig. 1.31. While forming prime implicants any two square that lie one over the other are considered adjacent.
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Apart from this, the guidelines for forming prime implicants of 4-variable K-map can be applied
individually to Figs. 1.29 and 1.30 for the adjacent squares that do not lie one over the other in Fig. 1.31.
Some examples of formation of prime implicants in 5-variable K-map are shown in Figs. 1.32 and 1.33.

A=0
DE AN ~
BN 00 01 11 10
00| my, m, m, m,
01 ™ ms d e
11| My m;; my; m,,
10 myg m, my, m,,

Fig. 1.29: 4-variable K-map for A = 0.

A=

(=]

1
1
|

m; m, mg :
11/ m,, lfl my; my, :
1 1
10/ myg m/ m,, :
1 1
+ { 1
| | |
: A= :
DH : ~
BC\! 01 11 10 !

0/ m,, m17/l/m19 mg

\

Fig. 1.31: 5-variable K-map.

2
DE 7 N\
BN 00 01 11 10
00| ™is m,, m,, m,g
01 m,, m,, my, m,,
11| M my, myg, my,
10 m,, my; m,,; my

Fig. 1.30: 4-variable K-map for A = 1.

0

m. m.
/ % B'C'DE’

BC’

1 AE’

Fig. 1.32: K-map for F = B'C'DE’ + A'CDE + AE" + BC',
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A=0
DE
BN 00 01 11 10

m, m, m, m,/,
ABCDE oo/@) 0 0 0 /

m4 m; m; mg
0/ g / 1 1 0
_. [ ]

1

|

m,,/  m; l'“lsE m, :

B3 : : '
0 1 i1 : 0 |

e/ ¢ .

10 myg m,/ mu n:'llo |
0 0 /o /o !
——t !

ERE !

o g |

[N rA=1 1

i !

.. '

BQ: 0 11 10

0
m:xs mn m,, m18
AB'C'DE'

min °m11 ﬂng m,,

010::10

myg 6m29 5m3, my,,
11/ ¢ 1 1 /o0

10 m,, my, m,, fnzs
ABC'D' 7 € Y/ o /o

Fig. 1.33: K-map for F = A'B'C'D’E"+ CE + AB'C'DE’ + ABC'D".

Example 1.18
Design a combinational circuit for the following specification.

The output is 1 when the binary value of the inputs for a 3 variables function is less than 3. The output is 0

otherwise. Table 1: Truth Table
Solution Inputs | Minterm | Output
The output is 1, when the input is 0, 1 or 2. The output will be 0 if the input | * ¥ # F
is greater than or equal to 3. Let us consider 3-bit binary inputs which cantake | 0 0 0 m, 1
values from O to 7. Let x, y and z be input variables and F be function output. The | 0 0 1 m, 1
truth table is shown in Table 1 and the three-variable K-map is shown in Fig. 1. 010 m, 1
01 1 m, 0
1.0 0 m, 0
1.0 1 m, 0
110 m, 0
" 111 m, 0
yz Xy
XX_ 00 o1 11 10
m, l m, m; m,
0 @::D 0 @ «4—xz
m, m, m, m,
1| 0 0 0 0

Fig. 2: Logic circuit of F.

Fig. 1: K-map for F.
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In the K-map of Fig. 1, two overlapping prime implicants are formed using two adjacent 1's and the corresponding
product terms are x'y'and x' z". Therefore, the Boolean function, F is sum of these two prime implicants as shown
below. The combinational logic circuit is drawn using logic gates as shown in Fig. 2.

F=lel+Xlzl

Example 1.19

Design a combinational circuit with three inputs x, y and z and the 3 outputs, A, B and C. When the binary input
is 0, 1, 2 or 3 the binary output is one greater than the input. When the binary input is 4, 5, 6 or 7, the binary output is

one less than the input.
Table 1: Truth Table

Solution
The truth table of the given problem is developed as shown in Table 1. Inputs Outputs
Using the truth table the K-maps are constructed as shown in Figs. 1 to 3. X y z | Minterm | A | B | C
yz 0 0 0 m, 0|01
X 00 01 11 10
; ml m; m 0 0 1 m, of|1]0
ofo [o |Tlo | 01 0| m o1
m, m, m, m, o 1 1 m, 1 0 0
Xz
1o [_[® | g——x 100 | m, o 1]+
' 10 1 m, 1100
Fig. 1: K-map for A. 1.0 mg 1101
11 1 m, 111]0
vz Xy'z
z
WXio0 Jor 11 10 P00 o1 11 10
m, 1 m, m;, m, m, m, m, m,
0l 0o |@ | o | ©O—Txyz 0 _1\ o |o |
m, m, m, mg m, m; m, m,
xy’z’—1—>® 0 @ 0 Xyz 11 0 0 1
Z’J

Fig. 2: K- B.
1g. map for Fig. 3: K-map for C.

From the K-map for A, B and C the following Boolean equations H i

are obtained and using these equations the logic circuit is drawn in Fig. 4. ?Z ’_SIZ ’_Slz
X y b4

A=xz+xy+yz

B=xy'z'+xyz+x'y'z+x'yz'

cC=2z

Fig. 4: Logic circuit of A, B and C.
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Example 1.20

Design a 3-input majority circuit, in which the output is equal to 1 if the input variables have more 1's than 0's,
otherwise, output is 0.

Solution Table 1: Truth Table
The truth table of majority circuit described in the problem is shown in Table Inputs Minterm | Output
1 and the three variable K-map constructed using Table 1 is shown in Fig. 1. Xy z F
yz 0 0 O m, 0
X 00 01 11 10 0 0 1 m 0
m, m, m, m, 1
0 1 0 m 0
0 (1) 2
0 0 ! 0 yz 0 1 1 m, 1
m, m, m. m
XZ N > z ¢ 1.0 O m, 0
1o |[Q | 0] De——xy 1.0 1 m, 1
11 0 m, 1
Fig. 1: K-map for F. 11 1 m, 1
. . . . . X Xy
In the K-map of Fig. 1, three overlapping prime implicants are y
formed using two adjacent 1's and the corresponding product terms are vz .

xy, yz and xz. Therefore, the Boolean function, F is sum of these three 2z
prime implicants as shown below. The combinational logic circuit is drawn
using logic gates as shown in Fig. 2.

F=xy+yz+xz Fig. 2: Logic circuit of F.

Example 1.21
Assume a 3-input AND gate with output F and a 3-input OR gate with output G. Show the signals of the outputs

F and G as functions of the three inputs A, B and C. Use all 8 possible combinations of inputs ABC.
Solution
It's given that,
F=ABC ; G=A+B+C
The truth table for F and G for all possible combinations of A, B and C is developed as shown in Table 1.
Using the truth table the K-map for F and G are constructed as shown in Figs. 1 and 2.

Table 1: Truth Table for 3-input AND and OR gate

Inputs Outputs
A B C | Minterm | F | G
0 0 0 m, 0|0
0 0 1 m, 0 |1
0 1 0 m, 0 |1
0o 1 1 m, 0|1
1.0 0 m, 0 |1
10 1 m, 0|1
1.1 0 m, 0|1
17 1 1 m 1 1
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BC
NC0 o1 1110 AC00 01 11 10
m, m, m, m, m, m, m, m,
0l o o | o |o apc—2L0) |1 1|1
m, m; m, mg m, m; m, mg
1 0
0 0o | @ ABC 11 |1 1|1
Fig. 1: K-map for F. Fig. 2: K-map for G.
From the K-map we get the following Boolean equations. A B C
= | \ F
F=ABC — )
—(AR'C') = Using DeMorgan's law
G=(A'B'C')'=A+B+C | | . o
Using the above Boolean equations, the logic circuit for F and G is drawn 1 L

as shown in Fig. 3.
Fig. 3: Logic circuit of F and G.

Example 1.22
Simplify and implement the logic function F(A, B, C) = > m(0, 1, 4, 5, 7) using logic gates.
Solution

The truth table of logic function is shown in Table 1 and the three variable K-map is constructed using Table 1
as shown in Fig. 1. The function output, F is 1 for minterms m,, m,, m,, m and m..

Table 1: Truth Table

Inputs Minterm | Output
A B C F .
BC B
0 0 0 m, 1 A 00 01 11 10
0 0 1 m 1 o i I
1 O \
01 0 m, 0 ( o1 0O |0
0 1 1 m, 0 m, LT
1.0 0 m, 1 1 l 1@ 1) | o AC
10 1 m, 1 -
11 0 m, 0 Fig. 1: K-map for F.
11 1 m, 1

From the K-map we get the Boolean equation of the function as,
F=AC+B'

The logic circuit is drawn using the above Boolean function as shown in Fig. 2.

A B C

B F=AC+B'
AC

B
Fig. 2: Logic circuit of F.
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Example 1.23

Simplify the following Boolean functions, using three variable K-maps:

a)F (x,y,z) =X m(0, 2, 4, 5) b) F (x,y,z) =X m(0, 2, 4, 5, 6) c)F(x,y,z)=>m(0, 1, 2,3,5)
Solution
a)F (x,y,2)=>m(0, 2, 4, 5)

The given function has three variables and so a 3-variable

yz
K-map with 8 squares (23 = 8) is drawn as shown in Fig. 1. The X 00 01 11 10
function is defined as sum of minterms m;, m,, m, and m_ and so a | Mo m, my m, I
"1" is filled in the corresponding squares in K-map and the remaining 0_ 1) 0 0 @ T Xz
squares are filled with "0". m, m, m, m,
In the K-map of Fig. 1, two prime implicants each with two 1 Q —1) 0 0

adjacent 1's can be formed and the corresponding product terms
are xy'and x'z". The simplified Boolean function is given by sum of
these two product terms.

SF=xy'+x'z!

b) F (x,y, 2) =2 m(0, 2, 4, 5, 6)

The given function has three variables and so a 3-variable
K-map with 8 squares (2% = 8) is drawn as shown in Fig. 2. The function X 00 01 11 10
is defined as sum of minterms m;, m,, m,, m, and m. and so a "1" is — Mo ™ M Mz |
filled in the corresponding squares in K-map and the remaining squares 0 1 0 0 [1
are filled with "0". m, m, m, m,

Xy L, )
In the K-map of Fig. 2, two prime implicants one with four D 0 d T Z
adjacent 1’s and another with two adjacent 1's can be formed and the Fi
: L ig. 2.
corresponding product terms are z' and xy' The simplified Boolean
function is given by sum of these two product terms.

S F=z'+xy'

¢)F(x,y,2)=2m(0,1,2,3,5)

The given function has three variables and so a 3-variable
K-map with 8 squares (2% = 8) is drawn as shown in Fig. 3. The function X 00 01 11 10
is defined as sum of minterms m;, m,, m,, m, and m, and so a "1" is o ™ M ™
filled in the corresponding squares in K-map and the remaining squares 0 @ 1 1 D<—— X
are filled with "0". m, m, m, m,

In the K-map of Fig. 3, two prime implicants one with four 1o Q)
adjacent 1's and another with two adjacent 1's can be formed and the
corresponding product terms are x' and y'z. The simplified Boolean Fig. 3.
function is given by sum of these two product terms.

“F=x'+y'z
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Example 1.24
Simplify the following Boolean function, using three-variable K-maps:
F=xy+x'y'z'+x'y z'
Solution
The truth table of the given function is formed as shown in Table 1 and the minterms for which function output
is "1" are determined and using these minterms the function F, can be expressed as,
F, =X (m, m, m,m,)

Table 1: Truth Table for Functions F,

Input Variables Minterm Product Terms Function Output
x y z| x'" y z' Xy x'y'z' | x'yz' F,
o o0 o1 1 1 m, 0 1 0 1
0o 0 1 171 0 m, 0 0 0 0
o 1 0|1 0 1 m, 0 0 1 1
0o 1 1 1.0 O m, 0 0 0 0
1 0O 0|0 1 1 m, 0 0 0 0
1.0 1|0 1 0 m, 0 0 0 0
1 1 0|0 1 my 1 0 0 1
1 11 0 0 m, 1 0 0 1

The given function has three variables and so a 3-variable K-map with 8 squares (2° = 8) is drawn as shown in
Fig. 1. The function is defined as sum of minterms m_, m,, m, and m, and so a "1" is filled in the corresponding squares
in K-map and the remaining squares are filled with "0".

In the K-map of Fig. 1, two prime implicants each with two adjacent 1's can be formed and the corresponding
product terms are xy and x'z". The simplified Boolean function is given by sum of these two product terms.

“F, = xy+x'z yz
X 00 01 11 10
m, m, m, m,
O-:l) 0 0 @ <-:— Xz
m, m; m, mg
11 0 0 (1 :D<—— Xy

Fig. 1: K-map for function F,.

Example 1.25 (AU, Nov/Dec'22, 10 Marks)
Simplify the following Boolean functions, using Karnaugh maps.
a) F,(A,B,C,D)=2Xm(3,7, 11,13, 14,15) b) F,(w, x, v, z)=2m(2 3,12, 13, 14, 15)
Solution
a)F, (A, B,C,D)=>m(3,7,11, 13, 14, 15)

The given function has four variables and so a 4-variable K-map with 16 squares (2* = 16) is drawn as shown in

Fig. 1. The function is defined as sum of minterms m,, m_, m,,, m,,, m,, and m . and so a "1" is filled in the corresponding

squares in K-map and the remaining squares are filled with "0".
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In the K-map of Fig. 1, three prime implicants one with four CD
adjacent 1's and the other two with two adjacent 1's can be formed AB 00 01 11 10

m, m, m; m,

and the corresponding product terms are CD, ABC and ABD. The 00| ¢ 0 m 0
simplified Boolean function is given by sum of these three product CD
terms. o m, m; m; mg
0 0 1
~ F,=CD+ABC +ABD | | °
m,, m,; 15 m,,
ABD o 1a Q@ [ D——ABC

mg m, 11 m,,
010 o J 0

Fig. 1: K-map for F,.

b) F, (W, X, ¥, 2) = £ m(2, 3, 12, 13, 14, 15) w00 o1 11 10

m, m, m, m,

The given function has four variables and so a 4-variable K-map 00 :
with 16 squares (2* = 16) is drawn as shown in Fig. 2. The function 0 0 C:D T WXy

is defined as sum of minterms m,, m,, m_,, m,,, m,, and m,; and so a m, ms m, me
"1" is filled in the corresponding squares in K-map and the remaining 01 o 0 0 0
squares are filled with "0". Wy ™y T T
In the K-map of Fig. 2, two prime implicants one with four 11 Q 1 1 D‘—— WX
adjacent 1's and the other with two adjacent 1's can be formed and the m, m, T, ™

corresponding product terms are wx and w'x'y. The simplified Boolean 10

0 0 0
function is given by sum of these two product terms. 0

w FyEwx+wix'y Fig. 2: K-map for F,.
Example 1.26
Minimize F (A, B, C, D)= m(1, 3, 4, 6, 8, 11, 15) + d(0, 5, 7) using K-map and draw MSI circuit for the output.
Solution
AD
The given function has four variables and so a 4-variable ABCD 00 101 1 10
K-map with 16 squares (2* = 16) is drawn as shown in Fig. 1. The Tty l m, m; ™,
function is defined as sum of minterms m,, m,, m,, m_, m,, m, and 00 U 1 3 0
m,, and so a 1" is filled in the corresponding squares in K-map the — CD
m; 7 6
minterms m ,m.,m_ and so a "x" is filled in corresponding squares ™ i
in K-map and the remaining squares are filled with "0". 01 G X ) D‘_— AB
m,, 13 m, 1a
In the K-map of Fig. 1, three prime implicants one with four 11! o " "
adjacent 1's and the other two with two adjacent 1's can be formed 0 1 0
and the corresponding product terms are CD, A'B and A'D and B'C'D’ My m, u my,
B'C'D". The simplified Boolean function is given by sum of these 10 T] 0 1 0

four product terms. 1

 F=CD+A'B+B'C'D'+AD Fig. 1: K-map for F.

The MSI circuit is drawn using the above Boolean function as shown in Fig. 2.



Chapter 1 - Combinational Logic 1.55

A B C D

\B'C'D’ F = CD+A'B+B'C'D'+AD
|/

Fig. 2: MSI circuit of F.

Example 1.27
Simplify the following Boolean functions using K-maps and draw MSI circuits.
F=w'z+xz+x'y+wx'z
Solution
aF =w'z+xz+x'y+wx'z
The truth table of the given function is formed as shown in Table 1 and the minterms for which function output
is "1" are determined and using these minterms the function F, can be expressed as,
F,=2(m,m,m,m,m,m,m,m.,m.m,/)

Table 1: Truth Table for Function F,

Input Variables | Minterm | Complement of Product Terms Function
Inputs Output
w|Xx |y| z w' x' w'z | xz | X'y |[wx'z F,
0(0|0] O m, 1 1 0 0 0 0 0
0 |0 [0]1 m, 1 1 1 0 0 0 1
0 |0 (f1]0 m, 1 1 0 0 1 0 1
0|0 1] 1 m, 1 1 1 0 1 0 1
0 11010 m, 1 0 0 0 0 0 0
0 1101 m, 1 0 1 1 0 0 1
0 11110 m, 1 0 0 0 0 0 0
0o |1 [1]1 m, 1 0 1 1 0 0 1
1 0|00 m, 0 1 0 0 0 0 0
1 0 (0|1 my 0 1 0 0 0 1 1
1 ]0[1]0 m,, 0 1 0 0 1 0 1
110 [1]1 m,, 0 1 0 0 1 1 1
1 [1]o0]o0 m,, 0 0 0 0 0 0 0
11 ]o]1 m,, 0 0 0 1 0 0 1
101 ]1]0 m,, 0 0 0 0 0 0 0
101 (1] m,, 0 0 0 1 0 0 1
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The given function has four variables and so a 4-variable K-map
with 16 squares (2* = 16) is drawn as shown in Fig. 1. The function is
defined as sum of minterms m,, m,, m,, m,, m,, m;, m, , m,,, m_, and
m, and so a "1" is filled in the corresponding squares in K-map and the
remaining squares are filled with "0".

In the K-map of Fig. 1, two prime implicants one with eight
adjacent 1's and the other with four adjacent 1's can be formed and
the corresponding product terms are z and x'y. The simplified Boolean
function is given by sum of these two product terms.

“F,=z+x'y

The MSI circuit is drawn using the above Boolean function as
shown in Fig. 2. X y z

v

Fig. 2: MSI circuit of F,.

z
wxy 00

01 11 10
m, m, m, m, ,
Xy
0010 |1 O | U
m, m; m; mg
z
01 o 1 1 0
m,, m,; m; m,,
11} ¢ 1 il |o
m, m, m,, m,,
10| o \d rlJ l‘I

Fig. 1: K-map for function F,.

1.6.6 Realization of Product-of-Sums Form using K-map

In truth table the function output value with "0" represent maxterms. Therefore in K-map if squares
with 0's are considered for forming prime implicants and the complement of the resultant sum-of-products

form will give product-of-sums form.

Two-Variable K-map

An example of two-variable K-map with two prime impli

cants formed

using single 0's are shown in Fig. 1.34. Here, each prime implicant represents
a product term of two literals. Now, the POS form of Boolean function is given
by complement of sum of these two product terms as shown below:

F=x'y+txy)'=x"y) (xy")

=(x+y) &'+y)

| Using DeMorgan's Theorem|

Three-Variable K-map

An example of three-variable K-map with two prime
implicants formed using single 0's are shown in Fig. 1.35.
Here, each prime implicant represents a product term of three
literals. Now, the POS form of Boolean function is given by
complement of sum of these two product terms as shown
below:

F=x'yz+xy'z")' | Using DeMorgan's Theorem|

=x'yz)'xy'z") =(x+y'+z")X'+y+2z)

;

0 1
m, m,
1 |@
m, m,
1

Xy —1>@

X'y

Fig. 1.34: K-map for

F=@Xy+xy).
yz
X 00 01 11 10
m, m, my m, ,
o1 |1 |@ |1 r
xyzZ—f, ™ s M e
S
1@ |1 1 1

Fig. 1.35: K-map for F = (x'yz + xyZ)".
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An example of three-variable K-map with two prime yz

L . . , . XN_00 01 11 10
implicants formed using two adjacent 0's are shown in m, m, m, m,
Fig. 1.36. Here, each prime implicant represents a product term of 0| 1 0 1 (6‘ vz
two literals. Now, the POS form of Boolean function is given by | T, ; T T,
z
complement of sum of these two product terms as shown below: Y 1] 1 &J 1 lQ/
F=(yz'+y'2)
=(yz") ' (y'2)' |Using DeMorgan's Theorem| Fig. 1.36: K-map for F = (yz' + y’z)".

=(y't2z)(y+z')
Four-Variable K-map

yZ
wxX_ 00 01 11 10

An example of four-variable K-map with three [ m, m, m, m,
prime implicants one formed using four adjacent 0's and 00 LJ 1 1 1
the other two formed using two adjacent 0's are shown in T B T
Fig. 1.37. Here, the prime implicant with four adjacent 0's 01] 1 1 1 (@ <7
represent a product term of two literals and each prime B | e
implicant with two adjacent 0's represent a product term 11] 1 F)_ 5 [9‘
of three literals. Now, the POS form of Boolean function is - . _]ﬁ o
given by complement of sum of these three product terms 10 T)] LO o) . wz
as shown below: Xyz

F=(wz+x'y'z'+xyz")’ Fig. 1.37: K-map for F = (wz + xyz'+ xyz’)’.

=(wz)'(x'y'z") (xyz')’ | Using DeMorgan's Theorem|

=w'+z')(x+y+2z) (x'+y'+2)

1.6.7 Completely and Incompletely Specified Functions

(K-map with Don't-Care Conditions)

In n-variable Boolean function there are 2" possible combinations of inputs and so there will be 2"
outputs. But in certain functions all the 2" possible outputs are not defined (or not used).

When the outputs are defined for all the possible Table 1.38: Truth Table with Don't-cares

2" combinations of inputs then the function is called 3
. . Inputs | Minterm Output
completely specified function. When the outputs are
not defined for some of the possible combinations of xyz ¥
inputs then the function is called incompletely specified 000 m, 0
Sfunction. 001 m, 1
Consider the truth table shown in Table 1.38 and 010 m, x
the corresponding K-map shown in Fig. 1.38. In Table 011 m, x
1.38 the undefined function outputs are called don 't-care 100 m, 0
conditions and denoted by X. 101 m, 1
110 m, 1
111 m, 0
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In simplification of Boolean functions using K-maps, don't-care conditions can be considered as
either O or 1. It is not necessary that don't-care conditions to be included in prime implicants, but if inclusion
of a don't-care condition leads to minimization of a literal then, don't-care can be included in the prime
implicants as shown in Fig. 1.38.

yz yz
XN 00 01 11 10 XN 00 01 11 10
m, m, m, m, m, m, m, m,
ofo M |x |x oo |t X | x
, m, m, m, m, m, m; m, m,
y'z L ;
1o @ D) |o <z 1o |\L_|1U o
F=yz+xz F=z
Fig. a: Formation of prime implicants without Fig. b: Formation’ of prime in?glicants including
including don t-care condition. don t-care condition.

Fig. 1.38: K-map with don't-care conditions.

Another example of truth table with don't-cares is shown in Table 1.39 which is truth table of binary
to 5421 BCD code conversion. K-maps for each output a , a,, a, and a, are shown in Figs. 1.39 to 1.42. For
each output two K-maps are drawn in order to show that the literals are reduced in Boolean expression of
the outputs when don't-cares are included in formation of prime implicants.

Table 1.39: Truth Table of BCD

Decimal | Minterm |Input Binary | Output 5421 BCD
WXYyZ a,a a a
0 m, 0000 0000
1 m, 0001 0001
2 m, 0010 0010
3 m, 0011 0011
4 m, 0100 0100
5 m, 0101 1 000
6 m, 0110 1 001
7 m, 0111 1010
8 m, 1000 1 011
9 m, 1001 1100
m, 1010 XXX X
- m,, 1011 X X X X
- m, 1100 X XXX >6 don't-care
) m,, 1101 Y X x x conditions
- m, 1110 X X X X
- m 1111 x x x x
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w'x'z w'X'z
yz yz
wx\__ 00 01 11 10 wxN\_ 00 01 11 10
m, m, m, m, m, m, my m,
0o |@ D |o 0o |@ D |o
m, m, m, m, m, m; m; m,
(1)
01 o 0 0 @<—— w'xyz' 01 o 0 0 1 xyz'
m,, m;,; m; m,, m,, m,; m; m,,|
0 x| x x | x 11] R | x x |5
myg m, m,;, m,, myg m, m,, m,,
10 10| 4 | 0 % < T wz'
wx'y'z' »@ 0 X X - N
a, =wxyz + wxyz’ + wx’z a,=wz +xyz’ + wx'z
Fig. a: Prime implicants formed without Fig. b: Prlme.lmpllca’ntsformed
including don t-cares. by including don t-cares.
Fig. 1.39: K-map for a, .
yz yz
WX 00 01 11 10 WX 00 01 11 10
m, m, m, m, m, m, m, m, ,
Xy
0o |o Q] [ D——wxy 0o |o [V
m, my m; mg m, m; m,| m,
! z
0o |o (1) [o e 0l o |o [[1] [0 Y
m,, m,; m; m,, m,, m;; h—nls m,,
1] x X X X % X x| |fx
my m, m,, m,, WZI | myg m, Fl'l“ m,,
10 10 | €
0 X X 1 X X
wx'y'z -@ i 0 L) \ I B

Yz

a, =wxyz +wyz + wx’y
Fig. a: Prime implicants formed without
including don t-cares.

Fig. b: Prime implicants formed

a,=yz +xy+wz

by including don t-cares.

Fig. 1.40: K-map for a,.

yz
WX 00 01 11 10 WX 00 01 11 10
m, m, m, m, m, m, m, m,
00| o 0 0 0 00| o 0 0 0
m, mg m, mg my m, mg
wxy'z' 01@ 0 0 0 0 0 0
Y m,, m m m,, my; m,; m,,
I} % X X X (% XY | x
my m, my, m,, m, m, | m,,
10
wx'y'z 0 @ X X L X X

a,=wxyz + wx'yz
Fig. a: Prime implicants formed without
including don t-cares.

a,=xyz +wz
Fig. b: Prime implicants formed
by including don t-cares.

Fig. 1.41: K-map for a,.
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yz yz

WX 00 01 11 10 WX 00 01 11 10
m, m, m, m, m, m, my m,
00| ¢ 0 0 0 00| o 0 0 0
m, m; m, m, m, m; m, m,
, " R
wiz 0o (1 (1) [ 1)t—wxy . 01 ¢ 1 3 1 Xy
m,, m,, m,; m,, m,, m,; m,; m,,
mg m, m,, m,, w mg m, m,, m,,
10 ( ) 10
W'y’ 1 1 X X Q 1 X y
a; =wx’y' +wxz + wxy a;=w+xz+xy
Fig. a: Prime implicants formed without Fig. b: Prime implicants formed
including don t-cares. by including don t-cares.
Fig. 1.42: K-map for a..
Boolean function fora , a, a, and a, Boolean function fora , a, a, and a
when don't-cares are not considered when don't-cares are included for
for formation of prime implicants formation of prime implicants
a =wx'y'z'+wxyz'+w'x'z a=wz'txyz'+w'x'z
a,=wx'y'z'+w'yz+w'x'y a,=yz+x'y+wz'
a,=w'xy'z'+twx'y'z a,=xy'z'twz
a,=wx'y'+tw'xz+w'xy a,=w+xz+xy

5

Example 1.28

Simplify the following Boolean functions.

a)F, (A, B,C,D)=1IM(1,3,5,7, 13, 15) b) F, (A, B,C,D)=1IM(1,3,6,9, 11,12, 14)
Solution

a)F, (A, B,C,D)=1IM(1,3,5,7,13, 15) oD

The given function has four variables and so a 4-variable K-map ~ ABX\_00 01 11 10

with 16 squares (2* = 16) is drawn as shown in Fig. 1. The function is o ™ s m
defined as product of maxterms M., M,, M_, M_, M., and M., and so a 0 1 0 |0 1
1 g e Wiy Wz 15

"0" is filled in the corresponding squares in K-map and the remaining m, ms m; M
squares are filled with "1". 01} ¢ Q|0 1

In the K-map of Fig. 1, two prime implicants each with four Mhe M s M
adjacent O's can be formed and the corresponding product terms are 111 \0__ 10 1
A'D and BD. The simplified Boolean function in POS form is given by m, m, my, m,,
complement of sum of these two product terms. 10| 1 1 1 1

F,=(A'D+BD) Fig. 1: K-map for F,.

=(A'D)'(B D)’ Using DeMorgan's Theorem

=(A+D")(B'+D")

AD

BD
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b) F, (A, B, C,D) =1 M(1, 3, 6, 9, 11, 12, 14)

CD
The given function has four variables and so a 4-variable ~AB\_ 00 _01 11 10
K-map with 16 squares (2* = 16) is drawn as shown in Fig. 2. The Mo m ™, m;
function is defined as product of maxterms M,, M,, M, My, M,,, M, 00] 1 0 0 1
and M., and so a "0" is filled in the corresponding squares in K-map m, m, m, m,
and the remaining squares are filled with "1". 01| 1 1 1 (@ BCD'
In the K-map of Fig. 2, three prime implicants one with four m,, m,; m,; m,,
adjacent 0's and the other two each with two adjacent 0's can be 11'1)) 1 1 l@ pu A
formed and the corresponding product terms are B'D, BCD'and ABD". T, T, my; o,
The simplified Boolean function in POS form is given by complement 10] 1 5 —(h 1
of sum of these three product terms. | | B'D
F,=(B'D+BCD'+ABD')’ Fig. 2: K-map for F,.
=(B'D)'(BCD")'(ABD") | Using DeMorgan's Theorem
=(B+D")(B'+C'+D)(A'+B'+D)
Example 1.29 (AU, Nov/Dec'23, 15 Marks)

Simplify the following function to sum-of-products and product-of-sums.
F=x'z'+y'z'+yz'+xy
Solution

The truth table of the given function is formed as shown in Table 1 and the minterms for which function output
is "1" are determined and using these minterms the function F can be expressed as,

F=>(m, m, m, m,m,)

Table 1: Truth Table

Input Minterm | Complement of Product Terms Function
Variables Inputs Output
X y z x' y' z' x'z'|y'z' |yz' | xy F
0 0 O m, 1 1 1 1 1 0 0 1
0 0o 1 m, 1 1 0 0 0 0 0 0
o 1 0 m, 1 1 0 1 0
o 1 1 m, 1 0 0 0 0 0
1 0 0 m, 0 1 1 0 1 0 0 1
1 1 m, 0 1 0 0 0 0 0 0
11 0 m, 0 0 1 0 0 1 1 1
11 1 m, 0 0 0 0 0 0 1 1

The given function has three variables and so a 3-variable K-map with 8 squares (2° = 8) is drawn as shown
in Fig. 1. The function is defined as sum of minterms m,, m,, m,, m, and m, and so a "1" is filled in the corresponding
squares in K-map and the remaining squares are filled with "0".

For SOP form of Boolean function, the prime implicants are formed by considering the squares filled with 1's. In
the K-map of Fig. 1, two prime implicants one with four adjacent 1's and the other with two adjacent 1's can be formed
and the corresponding product terms are z' and xy. The simplified Boolean function in SOP form is given by sum of
these two product terms.
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For POS form of Boolean function, the prime implicants are formed by considering the squares filled with 0's. In
the K-map of Fig. 2, two prime implicants each with two adjacent 0's can be formed and the corresponding product terms
are x'zand y'z. The simplified Boolean function in POS form is given by complement of sum of these two product terms.

yz vz
X 00
10 X000 01 11 10
. O- 3 0 0 L m, —~ m, m; m,
| ' o1 @0 [1
I m, m; m, mg
zZ—7> y’z m, m; m, m,
1 1)e—1~4—
Ly oo | Dy 111 | |1 |1

Fig. 1: K-map for SOP (Sum-of-Products).

F=z'+xy F=(xx'z+y'z)'

=(x'2)'(y'2)’

=(x+2z')(y+2)

Xz

Fig. 2: K-map for POS (Product-of-Sums).

| Using DeMorgan's Theorem

Example 1.30

Simplify the following Boolean functions, together with the don't-care conditions and then express the simplified

function in sum-of-products.
a) F, (A B,C,D)=Xm(0,86, 8,13, 14)
d, (A, B, C,D)=2d(2,4,10)
Solution
a) F, (A B,C,D)=Xm(0,6,8, 13, 14)
d, (A, B, C,D) =2 d(2, 4,10)

The given function has four variables and so a 4-variable
K-map with 16 squares (2* = 16) is drawn as shown in Fig. 1. The
function is defined as sum of minterms m;, m,, m,, m,, and m_,
and so a "1" is filled in the corresponding squares in K-map. The
function also has don’t-care outputs for the minterms m,, m, and
m,, and so a "x" is filled in the corresponding squares in K-map and
the remaining squares are filled with "0".

In the K-map of Fig. 1, by considering the don’t-care
condition in m, and m,, as "1", three prime implicants can be
formed in which two has four adjacent 1's and one have single
1 and the corresponding product terms are B'D’, CD' and ABC'
D. The simplified Boolean function is given by sum of these three
product terms.

F,=B'D'+CD'+ABC'D

Note: Don't-care in m, and m,, are considered as 1.

d,(A,B,C,D)=Xd(1,3,9, 1)

b) F,(A B,C,D)=Xm(5,86,7,12, 14, 15)

CcD
ABXO00, 01 11 , 10
m, m,
00_1J 0
m, m;
01| X 0 1
m,, m, m; m, ,
11
ascp 0 1@ |o |1
myg m, m,, m,,
0

1(;__11

B'D’
(All 4 corner)

Fig. 1: K-map for F,.

CD’
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b) F,(A,B,C,D)=2Xm(5,6,7,12, 14, 15)

d, (A, B, C,D) =X d(1, 3,9, 11)

The given function has four variables and so a 4-variable K-map CD
with 16 squares (2* = 16) is drawn as shown in Fig. 2. The function is ABY 00 01 11 10

defined as sum of minterms m,, m,, m,, m,,, m,, and m_ and so a "1" 00l o " < - —% " 0 ™
is filled in the corresponding squares in K-map. The function also has ‘ A'D
don’t-care outputs for the minterms m,, m, , m; and m,, and so a "x" is M s ™ e
filled in the corresponding squares in K-map and the remaining squares 01 o kl @ 1 BC
are filled with "0". m,, m,[[ m, m,,

In the K-map of Fig. 2, by considering the don’t-care condition in H-D 0 \1 _Qu.— ABD’
m, and m, as "1", three prime implicants can be formed in which each of m, m, m,; m,,
the two prime implicants has four adjacent 1's and one prime implicant 10| o X % 0
have two adjacent 1's and the corresponding product terms are A'D,
BC and ABD". The simplified Boolean function is given by sum of these Fig. 2: K-map for F,.

three product terms.

F,=A'D+BC+ABD’

Note: Don't-care in m, and m, are considered as 1.

Example 1.31
Simplify the following Boolean function with don't-care in POS form.
F (A, B, C,D)=Xm(0, 2, 6,12, 13, 14)
d(A,B,C,D)=2>d(1,4,10)

Solution

The given function has four variables and so a 4-variable cD
K-map with 16 squares (2* = 16) is drawn as shown in Fig. 1. The AB\_ 00 01 11 10

function is defined as sum of minterms m_, m,, m;, m,,, m, and m,, m, m, my m,
and so a "1" is filled in the corresponding squares in K-map. The 00] 1 &_ﬁ 1
function also has don’t-care outputs for the minterms m,, m,andm,, | m, m, m, m,
and so a "x" is filled in the corresponding squares in K-map and the AD 01| x 0 J 1
remaining squares are filled with "0". i N P o

For POS form of Boolean function, the prime implicants are 11} 1 1 0 1
formed by considering 0's. In the K-map of Fig. 1, by considering the m, m, m m,, cb
don’t-care condition in m, and m,  as "0", three prime implicants can be 10{¢0 0 0 X)—t— AB'
formed in which all three has four adjacent O's and the corresponding ~
product terms are A'D, AB'and CD. The simplified Boolean function in Fig. 1: K-map for F.
POS form is given by complement of sum of these three product terms.

F=(A'D+AB'+CD)’

=(A'D)" (AB")'(CD)’ Using DeMorgan's Theorem

=(A+D')(A"+B)(C'+D")
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Example 1.32

A combinational circuit has 3 inputs A, B, C and output F. F is true for the following input combinations.

Ais false, B is true.
Ais false, C is true.
Aand B and C are false.
Aand B and C are true.

a) Write the truth table for F. Use the convention True = 1 and false = 0.

b) Write the simplified expression for F in SOP form.

c) Write the simplified expression for F in POS form.

Solution

a) Truth Table for F

Ais false, B is true

Ais false, C is true

—> A'B
—> AC

A and B and C are false ———> A'B'C'’

Aand B and C are true —> ABC
The Boolean equation for F is given by sum of all the above product terms.

F=A'B+A'C+A'B'C'+AB

=A'B(C+C')+A'C(B+B')+A'B'C'+ABC

C

=A'BC+A'BC'+A‘BC+A'B'C+A'B'C'+ABC
=A'BC+A'BC'+A'B'C+A'B'C'+ABC

(my)

(my) (my)  (m)

=2 (my, m, m, m, m)

The truth table for the above function is shown in Table 1. The function
output is 1 for the minterms m;, m,, m,, m, and m, and O for minterms m,,

m, and m,.

The given function has three variables and so a 3-variable K-map
with 8 squares (23 = 8) is drawn as shown in Figs. 1 and 2. The function is
defined as sum of minterms m;, m,, m,, m, and m, and so a "1" is filled in the
corresponding squares in K-map and the remaining squares are filled with "0".

b) SOP form

(m;)

X.1=x

Table 1: Truth Table of Function F

Input Minterm | Function
Variables Output
A B C F
0 0 O m, 1
0 0 1 m, 1
0 1 0 m, 1
0o 1 1 m, 1
1.0 O m, 0
1.0 1 m, 0
11 0 m, 0
11 1 m, 1

For SOP form of Boolean function, the prime implicants are formed
by considering the squares filled with 1's. In the K-map of Fig. 1, one prime implicant with four adjacent 1's and another
with two adjacent 1's can be formed and the corresponding product terms are A'and BC. The simplified Boolean function
in SOP form is given by sum of these two product terms.

BC
A 00 01 11 10
mo ml Hmi‘l m2
ol [T
m, my m,; mg
1] 0 0 1 0
W, BC

Fig. 1: K-map for SOP (Sum-of-Products).
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From the K-map the simplified Boolean equation for F in SOP form is given by,
F=A"+BC
C) POS form

For POS form of Boolean function, the prime implicants are formed by considering the squares filled with 0's. In
the K-map of Fig. 2, two prime implicants each with two adjacent 0's can be formed and the corresponding product terms
are AC' and AB'. The simplified Boolean function in POS form is given by complement of sum of these two product terms.

ABC 00 01 11 10
m, m, m, m,
011 1 1 1
AR —1+ m, m, m, me |
T [0 |1 | —ac

Fig. 2: K-map for POS (Product-of-Sum).
From the K-map the simplified Boolean equation for F in POS form is given by,
F=(AC' +AB")’
=(AC")'(AB")
=(A"+C) (A" +B)

Example 1.33
Use Karnaugh Map method to simplify the following Boolean function
F(A, B, C,D)=Xm(2, 4,6, 10, 12) + > d(0, 8, 9, 13)
a) Implement the Boolean function, F using only NAND gates.
b) Implement the Boolean function, F using only NOR gates.
Solution

a) To Implement the Boolean function, F using only NAND gates

The given function has four variables and so a 4-variable

K-map with 16 squares (2* = 16) is drawn as shown in Fig. 1. ABCDOO 01 11 10
The function is defined as sum of minterms m,, m,, m_, m, and m, m, m ) m,
m,,and so a"1" is filled in the corresponding squares in K-map. 00 (x) 0 0 1 i
The function also has don’t-care outputs for the minterms m;, m, = - e - . r
m,and m,, and so a "x" is filled in the corresponding squares in o1 ~— AD
K-map and the remaining squares are filled with "0". 1l /0 0 1 L
m,, m,, m,; m,,

For NAND implementation, the Boolean function should 1|[, y 0 0
be formed in SOP form. In the K-map of Fig. 1, by considering the
don’t-care condition in m, and m, as "1", three prime implicants ~ C'D" = ™ ™ M M|
can be formed with four adjacent 1's and the corresponding 10 @] x 0 | 11 gD
product terms are A'D’, C'D'and B'D". The simplified Boolean - 1 1 (4 cornor 1's)
function is given by sum of these three product terms. Fig. 1: K-map for F in SOP form.

. F=A'D'+C'D'+B'D’

Using the above Boolean function the logic circuit using only NAND gates is drawn as shown in Fig. 2.
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A B’ (o D’
F=(ADY).(C'DY.(@BDY)Y

(B'DY VRSV
_Doi =AD +C'D'+BD

Fig. 2: Logic circuit of F using only NAND gates.

b) To Implement the Boolean function, F using only NOR gates

For NOR implementation, the Boolean function should be formed ABCDOO 01 11 10
in POS form. For POS form of Boolean function, the prime implicants are m, m, m, m,
formed by considering 0's. In the K-map of Fig. 3, by considering the don’t- 00| % 0 \0 1
care condition in m, and m,, as "0" two prime implicants can be formed in - - - -
which one prime implicant has eight adjacent 0's and one prime implicants o1l 1 ! 0 0 ’ 1
has two adjacent 0's and the corresponding product terms are D and ABC. D
The simplified Boolean function in POS form is given by complement of M My | M My
sum of these two product terms. )1 X @ O)‘——ABC
F=(D+ABC)’ my m, My m,,
100 X [\x 0 1
=D'(ABC)’ /
=D'(A'+B'+C’) Fig. 3: K-map for F in POS form.

Using the above POS form of Boolean function, the logic circuit using only NOR gates is drawn as shown in Fig. 4.

A B (¢} D

D

F=(D+(A +B +CY
=D'.(A'+B +C)

(A +B +CY

Fig. 4: Logic circuit of F using only NOR gates.
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Example 1.34
Find the minimum sum of products (MSOP) representation for,
F(A, B, C,D, E)=2>m(1, 4, 6, 10, 20, 22, 24, 26) + > d(0, 11, 16, 27)

using K-map. Draw the logical circuit of the minimal expression using ony NAND gates.
Solution

The given function has five variables and so two 4-variable K-map each with 16 squares (2* = 16) are drawn
as shown in Figs. 1 and 2. The K-map of Fig. 1 is drawn for minterms m  to m. in which A= 0. The K-map of Fig. 2 is
drawn for minterms m, to m_, in which A = 1. The function is defined as sum of minterms m,, m,, m_, m,, m,, m,,, m,,
and m,, and so a "1" is filled in the corresponding squares in K-maps. The function also has don't-care outputs for the

minterms m;, m,,, m,, and m,, and so a "x" is filled in the corresponding squares in K-maps and the remaining squares

11’
are filled with "0".

For NAND realization the Boolean function should be formed in SOP form. In order to find adjacent squares the
K-maps of Figs. 1 and 2 are placed one over the other as shown in Fig. 3. In the K-map of Fig. 3, by considering the
don’t-care condition in m,, m,,, m.. and m,, as "1", four prime implicants can be formed in which two has four adjacent
1's and the other two has two adjacent 1's and the corresponding product terms are B'CE’, BC'D, A'B'C'D' and

ABC'E". The simplified Boolean function is given by sum of these four product terms.
F=B'CE'+BC'D+A'B'C'D'+ABC'E'’

Using the above Boolean function the logic circuit using only NAND gate is drawn as shown in Fig. 4.

A=0 A=1
DE DE
BC\, 00 01 11 10 gc\ 00 01 11 10
m, m, m, m, m;g m,; m,| m,g
00| x 1 0 0 00| x 0 0 0
m, my m; mg m,, m,, m,; m,,
01 1 0 0 1 01 1 0 0 1
m,, my, m; m,, myg my, my, my,
11| ¢ 0 0 0 11| o 0 0 0
my my m,, m,, m,, my; my,| my
10| O 0 X 1 0| 1 0 X 1

Fig. 1: 4-variable K-map for 4 = 0. Fig. 2: 4-variable K-map for 4 = 1.
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A=0
BC 00 01 11 10

| m, m, my m, /|
AB'CD' 00/ (% 1 ) 0 0 ; !

A B’ c D’ E

': (B'CEY
(BC'DY'
1
B i
D (ABCDY

r (ABC'E'Y’
1

F = (B'CE'Y . (BC'D) . (A'B'C'D’) . (ABC'E')Y
= B'CE + BC'D + AB'C'D’ + ABC'E’

Fig. 4: Logic circuit of function, F using only NAND gates.
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Example 1.35
Find the minimum sum products of sum (MPOS) representation for,
F(A,B,C,D, E)=]IM(0,5,7,8,9,10, 11, 16, 20, 24, 25, 26, 27) + >d(23, 31)

using K-map. Draw the logical circuit of the minimal expression using ony NOR gates.
Solution

The given function has five variables and so two 4-variable K-map each with 16 squares (2* = 16) are drawn
as shown in Figs. 1 and 2. The K-map of Fig. 1 is drawn for minterms m  to m. in which A= 0. The K-map of Fig. 2 is
drawn for minterms m_ to m,, in which A = 1. The function is defined as sum of minterms m, m,, m,, m; mg;, m ., m,,

m,,, M,,, m,,, m,, m, and m,, and so a "0" is filled in the corresponding squares in K-maps. The function also has

16’ 207 257
don’t-care outputs for the minterms m,, and m_, and so a "x" is filled in the corresponding squares in K-maps and the

247

remaining squares are filled with "0".

For NOR realization the Boolean function should be formed in POS form. In order to find adjacent squares the
K-maps of Figs. 1 and 2 are placed one over the other as shown in Fig. 3. In the K-map of Fig. 3, by considering the
don’t-care condition in m,, and m,, as "1", four prime implicants can be formed in which two has four adjacent 1's and
the other two has two adjacent 1's and the corresponding product terms are (B+C+D+E), (A+B+C'+E"), (B'+C) and
(A"+B+D+E). The simplified Boolean function is given by sum of these four product terms.

" F=(B+C+D+E) (A+B+C'+E') (B'+C) (A'+B+D+E)

Using the above Boolean function the logic circuit using only NAND gate is drawn as shown in Fig. 4.

A=0 A=1
DE DE
BC\, 00 01 11 10 gc \ 00 01 11 10
m, m, m; m, m, m,, m,, mg
00| o 1 1 1 00| o 1 1 1
m, m, m, m, my, m,, my, m,,
01 1 0 0 1 01 o 1 X 1
m,, mg; m,; m,, myg m,, my, mg,
11| 1 1 1 1 11} ¢ 1 X 1
myg my m,, m,, my, my; my, my,
10| 0 0 0 0 ol o 0 0 0

Fig. 1: 4-variable K-map for A = 0. Fig. 2: 4-variable K-map for A = 1.
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A=0
01 11 10
B'CD'E m, My e/
1 1 1 :
m5 m7 m6 i
o 0)./ 1 A'B'CE

mlz: ¢ My, m; m,,
n/ 3

AB'D'E’

\ (B+C+D+E)’

(A+B+C'+E"Y

(A'+B+D+E)’
F = ((B+C+D+E)'+ (A+B+C'+E')'+ (B'+C) +(A'+B+D+E))’
= (B+C+D+E) (A+B+C'+E’) (B'+C) (A'+B+D+E)

L=

Fig. 4: Logic circuit of function, F using only NOR gates.
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1.7 Binary Arithmetic

Binary arithmetic is similar to decimal arithmetic of only two numbers 0 and 1. But in binary
arithmetic, the result should be in binary. The rules for binary addition and subtraction are listed in
Table 1.40.

Table 1.40: Rules of Binary Arithmetic

Binary Addition | Binary Subtraction
0+0= 0 0-0= 0
0+1= 1 0-1=1 1
1+0= 1 1-0= 1
1+1= 0 1-1= 0
Carry Sum Borrow Difference
1.7.1 Binary Addition (AU, Nov/Dec'22, 2 Marks)

Addition of two binary numbers is performed by bit-by-bit addition starting from LSB (Least
Significant Bit). The carry generated in one bit addition is considered in next bit addition. If carry is
generated in the addition of MSB (Most Significant Bit) then it is considered as MSB of sum.

Example 1.36
Perform the following binary addition.
a) 10110, + 111, b) 1010, + 11011,
Solution
a) 10110, + 111, b) 1010, + 11011,
191 < Carry 11 1 <— Carry
Addend: 1 0/1/1 0 Addend: 10/10
Augend: (+) 101 1 Augend: (+) |11 01 1
111110 1 11010 110 1
o \’/
Carry
Carry
-.10110, + 111, = 11101, - 1010, + 11011, = 100101,

1.7.2 Binary Subtraction

Subtraction of two binary numbers is performed by bit-by-bit subtraction starting from LSB (Least
Significant Bit). When a subtraction of two bits need borrow then a 1 is borrowed from next available
higher order bit and the borrowed bit is made 0.

When a larger magnitude number has to be subtracted from smaller magnitude number then the
subtraction is performed by subtracting smaller magnitude number from larger magnitude number and a
minus sign is added in the result.

Note: Binary number system and complement number system are presented in Appendices 6 and 7.
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Example 1.37
Perform the following binary subtraction.
a) 10110, - 111, b) 11000, -1010, ¢) 1011, - 11001,

Solution
a) 10110, - 111,
10 & Borrow 10 <— Borrow
Minuend: 10 15613 Minuend: 1 o(@ @10
0 0
Subtrahend: (-) 11 1 = Subtrahend: (-) 1 1)1

1 11

1 10 U‘ «— Borrow

- 10110, - 111, = 1111, Minuend: g 81010
Subtrahend: (=) ° 1|11
011 1 1

b) 11000, — 1010,

1 0 <— Borrow 10 <— Borrow
Minuend: 1.DF 00 Minuend: 56/0 1]10] 0
0 f— 0

Subtrahend: (<) 1 0 1 0 Subtrahend: (=) 11011/ 0
110 01110

- 11000, - 1010, = 1110,

c) 1011, - 11001,

Here, the subtrahend is greater than the minuend. Hence, the minuend and subtrahend are interchanged and
then the subtraction is performed and the result is considered as negative.

1 10 <— Borrow 10 <— Borrow
Minuend: 1.D8 6 1 Minuend: Cé/o 1[10[1
_ 0 = 0

Subtrahend: 1011 Subtrahend: (=) 11011 |1
110 01110

- 1011, - 11001, = - 1110,

1.7.3 One's and Two's Complement Addition

Addition involves addition of two positive or negative numbers or addition of a positive and negative
number. Usually, the binary numbers in complement form will have a fixed bit size which leads to a fixed
range of positive and negative number representation for a specified bit size.

The addition of two positive numbers is same as unsigned binary addition except the handling of
final carry. In one’s complement addition the final carry is added to LSB (Least significant Bit) of sum but
intwo’s complement addition the final carry is discarded. When negative numbers has to be added they are
converted to complement form and then added. The final carry is handled similar to addition of positive
numbers. But the sum can be positive or negative.

When addition involves negative numbers,
if MSB of sum is 0, then result is positive.

if MSB of sum is 1, then result is negative, take respective complement of sum and put "—"sign.
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Example 1.38

Perform the following addition by one's and two's complement addition.

a) 01101, + (- 01010,)
Solution
a) 01101, + (- 01010,)

One's complement addition

111 1 <—Carry
Addend: 01101, = 01101
Augend: - 01010, B (1) 10101
1's complement of 01010 00010
01010 Add cary > 1
Comp U 00011
10101

b) 00110, + (- 01110,)

c) (-01000,) + (- 01100,)  d) 00111, + 0010,

Two's complement addition

111 <—Carry
Addend: 01101, = 01101
Augend:  -01010, 2'S°°‘;>P‘emem (+ 10110
2's complement of 01010 [1]00011
01010 T
Discard carry
Comp .U.
10101
+1
10110

<. 01101, + (- 01010,) = 00011,

b) 00110, + (- 01110,)

One's complement addition

Addend: 00110,
Augend: - 01110, "% (1) 10001

=

00110

10111

(Sum)

Two's complement addition

11« Camry

Addend: 00110, = 00110
Augend:  -01110, Z'SCOgeme"‘ (+) 10010
11000 (Sum)

Since MSB of sum is 1, the result is negative. Hence

Since MSB of sum is 1, the result is negative. Hence
take 1's complement of 10111 (sum) and put "-" sign

for sum.

take 2's complement of 11000 (sum) and put "-" sign

complement

for sum. complement
10111 = 01000 11000 00111
1's complement of 01110 . Sum = - 010002 2s comploe1n11?gt of 01110 1
01110
comp U Comq 0%01 01000
10001 9 - Sum =-01000,
10010
001102+ (- 011102) =— 010002
c) (-01000,) + (- 00100,)
One's complement addition Two's complement addition
11111 <—Carry 11 <—Carry
Addend: -01000, 10111 Addend: -01000, | 11000
1's complement 2's complement
Augend: -00100, = (+) 11011 Augend: -00100, = (+) 11100
10010 10100 (Sum)
T
Add carry Discard carry
10011  (Sum)
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1's complement of 01000 | 1's complement of 00100 2's complement of 01000 | 2's complement of 00100
01000 00100 01000 00100
Comp U Comp U. Comp U Comp U
10111 11011 10111 11011
+1 +1
11000 11100

Since MSB of sum is 1, the result is negative. Hence
take 1's complement of 10011 (sum) and put "-" sign
for sum.

Since MSB of sum is 1, the result is negative. Hence
take 2's complement of 10100 (sum) and put "-" sign
for sum.

10011 “"25™™ 01100 10100 "™ 01011

.. Sum =-01100, +1
01100

<. Sum = - 01100,
<. =01000,+ (- 00100,) = - 01100,

d) 00111, + 00101,

One's and two's complement addition

111 &— Carry
Addend : 00111
Augend : (+) 00101
01100

- 00111, + 00101, = 01100,

Errors in Complement Addition

In addition of two positive numbers the sum should not exceed maximum value of positive number
representation for the bit size of the number and if it exceeds then the error is called overflow error. In
addition of two negative numbers the sum should not go below the minimum value of negative number
representation for the bit size of the number and if it goes below the minimum value then the error is called
underflow error. In order to prevent overflow and underflow errors, the binary numbers should be sign
extended to larger bit size before addition.

Example 1.39
Perform addition of two's complement numbers:
a) 0110 and 0010 b) 1011 and 1010

Solution

a) 0110 and 0010

11
Addend: 0110 < "

Augend: (+) 0010
1000 (sum)

The most significant bit in the given numbers is 0 and hence they are positive numbers. But in sum the most
significant bit is 1 which indicates a negative sum. In order to prevent the overflow error, the given numbers are sign
extended to 5-bit numbers and addition is performed as shown ahead:
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11 «—Carry
0110 signextena 00110 Addend: 00110
to 5 bits
0010 =— 00010 Augend: () 00010
01000 (sum)

<. 0110,+ 0010, = 1000,

b) 1011 and 1010

11 & Carry
Addend: 1011
Augend: (+) 1010

0101 (sum)

1

Discard carry
The most significant bit in the given numbers is 1 and hence they are negative numbers. But in sum the most
significant bit is 0 which indicates a positive sum. In order to prevent the underflow error, the given numbers are sign

extended to 5-bit numbers and addition is performed as shown ahead:
11 1 < Carry

Addend: 11011

Augend: (+) 11010
[1]10101 (sum)
A

Discard carry

1011 Senextend 49011

to 5 bits
1010 > 11010

<. 1011,+ 1010, = 10101,

1.7.4 One's and Two's Complement Subtraction
In one's and two's complement subtraction, the subtrahend is represented in complement form and

added to minuend. In one's complement subtraction if there is a final carry then it is added to LSB (Least

Significant Bit) and in two's complement subtraction the final carry is discarded.
The sum can be positive or negative. Therefore, in complement subtraction,

if MSB of sum is 0, then result is positive.
if MSB of sum is 1, then result is negative, take respective complement of sum and put "-" sign.

Example 1.40
Perform the following subtraction by one's and two's complement subtraction.

a) 11101, - 10001, b) 10001, - 11101,

Solution

a) 11101, - 10001,

One's complement subtraction
111 <— Carry

11101

Minuend: 11101, =

Two's complement subtraction

1's complement (+) 01110

Subtrahend: - 10001, "=

1's complement of 10001 01011
1
10001 Add carry
Comp U 01100
01110

11111 <— Carry
Minuend: 11101, = 11101
Subtrahend: —10001, z'scom:r"cmcm + 0111
2's complement of 10001 01100
10001 1
Discard carry
Comp .U.
01110
+1

01111

2. 11101,- 10001, = 01100,
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b) 10001, — 11101,
One's complement subtraction

Minuend: 10001, = 10001

Subtrahend: — 11101, "*“ZE™™ (1) 00010

10011 (Sum)
1
No carry
1's complement of 11101 | 1's complement of 10011
11101 10011
Comp .U. Comp .U
00010 01100

Since MSB of sum is 1, the result is negative. Hence
take 1's complement of 10011 (sum) and put "-" sign
for sum. . Sum =-01100,

Two's complement subtraction

11 <« cary
Minuend: 10001, = 10001

Subtrahend: - 11101, Z‘Swgeme“t (+) 00011

10100 (sum)
1

2's complement of 11101 No carry
2's complement of 10100

11101 10100

Comp .U como U
00010 0101
+1 +1
00011 01100

Since MSB of sum is 1, the result is negative. Hence
take 2's complement of 10100 (sum) and put "-" sign
for sum. - Sum =- 01100,

- 10001,- 11101, = - 01100,

Example 1.41

Perform one's complement and two's complement subtraction of fractional numbers 1101.101, and 1000.001,

and compare the results with actual subtraction.

Solution

Case i: One's complement subtraction

Carry —> 1 1111
Minuend: 1101.101, = 1101.101

Subtrahend: —1000.001, "““ZE™™™ (+)  0111.110

Case ii: Two's complement subtraction

1's complement of 1000.001 ! 0101.011
1000.001 Add ey > +1

com | 0101.100
0111.110 -

Carry —> 1 1111 11
Minuend: 1101.101, = 1101.101
Subtrahend: — 1000.001, z'scoglemem #  0111.111
2's complement of 1000.001 0101.100
1000.001 —
1
Comp U Discard carry
0111.110
+1
0111.111

- 1101.101,- 1000.001, = 0101.100,

Case iii: Actual Subtraction

1101.101
—1000.001

0101.100

Note: The results are same in direct
subtraction, one's and two's complement

subtraction.
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1.7.5 Adders

Adders have been developed to perform arithmetic addition operation on binary numbers. Half adder
can perform addition of two 1-bit binary number. The possible additions of two 1-bit binary numbers are
shown below:

0+0= 0 00
O0+1= 1  2-bitstandard representation, 0 1
1+0= 1 01
1+1=10 10

\_, Sum I_) Sum
Carry Carry

In the above additions, it can be observed that result is either 1-bit or 2-bit. The 1-bit result is called
sum. In the 2-bit result, the first bit is called sum and the second bit is called carry. Hence, half adder is
designed to generate 2-bit standard output.

In addition of n-bit binary numbers, the addition is performed bit-by-bit. In this the carry generated in
an addition should be considered in next addition to get correct result and so full adder is developed which
can add three binary input bits in which one of the bits is carry generated in previous addition. Therefore,
n-bit addition can be performed by using n full adders in parallel.

1.7.6 Half Adder (AU, Apr/May'23, 2 Marks)

Half adder (HA) is a combinational circuit that performs 5, —»la  Har  s|—>» Sum
arithmetic sum of two binary bits. The outputs are sum and carry. Egiiy_’ . ‘(\ﬂ‘i\‘“;r ool Cany
The truth table of half adder is shown in Table 1.41. The block
diagram and symbolic representation of half adder are shown  Fig. 1.43: Block digaram of half adder.
in Figs. 1.43 and 1.46 respectively.

Table 1.41: Truth Table of Half Adder

Inputs | Minterm | Outputs
a b s ¢
0 0 m, 0 0
0 1 | m 10
1 0 m, 1 0
11| m, 0 1
b b
a 0 1 a 0 1
m, m, m, m,
0 0 @4—— a'b 0 0 0
m, m, m, m,
w @ | o 1o @
Fig. a: K-map for s. Fig. b: K-map for c,

Fig. 1.44: K-map for design of half adder.
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Using truth table (Table 1.41) the K-maps for designing half adder are drawn as shown in Fig. 1.44.
From the K-map we get the following Boolean equations and using these equations the logic circuit of
half adder is drawn as shown in Fig. 1.45.

s =ab'+a'b

¢ =ab
o

Fig.1.45: Logic circuit of half adder.

|s =ab'+a'b=a@b|

(AU, Apr/May'23, 2 Marks)

Fig. 1.46: Symbolic representation of half adder.

Alternatively, the sum can be realized from XOR gate. If we compare the sum and output of XOR
gate we observe that both are same. The logic circuit of half adder using XOR gate is shown in Fig. 1.47.

Table 1.42: Truth Table of XOR Gate

a b a®b
0 0 0
0 1 1
1 0 1
1 1 0

a —ﬁ s=a®b
b /D
1 )"

Fig. 1.47: Half adder using XOR gate.

1.7.7 Full Addexr (AU, Nov/Dec'23, 6 Marks) (AU, Apr/May'23, 2 Marks)

Full adder (FA) is a combinational circuit that perform

Table 1.43: Truth Table of Full Adder

arithmetic sum of three binary bits in which one of the bit is Inputs |Minterm | Outputs
carry generated in previous addition. Hence, full adder will a b c s | ¢
be useful in n-bit addition to add carry of an addition in the - .

o 0 0 0 m, 0|0
next bit addition.

0 0 1| m, 1|0
3-bit — P& pu s|——» Sum 0 1 0 m, 1 |0
binary ——p|b  Adder
input ¢ A ol Camy 0 1 1 m, 0 1

1 0 0 m, 1|0
Fig. 1.48: Block diagram of full adder. 1 0 1 m, 0 {

The outputs are sum and carry. The truth table of full 1 1 0 m, 0 1
adder is shown in Table 1.43. The block diagram and symbolic 1 1 1 m, 1 1
representation of full adder are shown in Figs. 1.48 and 1.53
respectively.
bCi a'b'ci be.
AN o1/ 11 10 a\ 00 01 11 10
™Mo / ™ b ™, m, m, mg m,
0| o 0 «— 1] —abc T\
©) @) 0o |o ) |o be
m, m, m, m, T, ; T, T,
1 @ 0 @ 0 1| o (1 1).__ ab
L—ab'c/ — abc, t ac.

Fig. 1.49: K-map for s.

Fig. 1.50: K-map for c,,
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Using truth table (Table 1.43) the K-maps for designing full adder are drawn as shown in Figs. 1.49
and 1.50. From the K-map we get the following Boolean equations and using these equations the logic
circuit of full adder is drawn as shown in Fig. 1.51. b c

i (AU, Apr/May'23, 2 Marks)

Note: With reference to Example 1.26,
sum, s can be further simplified to XOR
ofa, bandc,

.‘.s=a@b@ci

ﬁgi > s=a@bdc,
CI

Fig. 1.51: Logic circuit of full adder.

Alternatively, full adder can be realized using two half adders as shown in Fig. 1.52. The first half
adder is used to add two binary input bits and the second half adder is used to add sum of first half adder
and third binary input. (AU, Apr/May'23, 7 Marks)

The carry is obtained by logical OR of the carry of both the half adders.

The combinational circuit of Fig. 1.52 can be verified using the truth table (Table 1.44).

s;=a®b $=8,=8,8¢ l
::: HA c_ll - af HA — % 2
’—' C)=8,C; <+—c, FA ¢ |¢——
Fig. 1.52: Full adder using two half adders. Fig. 1.53: Symbolic representation
of full adder.
Table 1.44: Truth Table to Verify Logic Circuit of Fig. 1.52
Inputs S, s=s, c, c, c,
abc |[a®b|s@c ab s.C ¢ te,
00 0 0 0 0 0 0
00 1 0 1 0 0 0
01 0 1 1 0 0 0
01 1 1 0 0 1 1
100 1 1 0 0 0
10 1 1 0 0 1 1
11 0 0 0 1 0 1
111 0 1 1 0 1
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The following equations are obtained from design of half adder in Section 1.7.6, for the sum and
carry of the logic circuit of Fig. 1.52.

s, =a®b s=s,=s ®c

c,=ab C,=8,C

Note: It can be observed that s and c of Table 1.44 is same as s and c, of full adder.

Example 1.42
Design a half adder using NOR gates only.
Solution
The half adder has two inputs a, b and two outputs s, c_ (Refer Table 1: Truth Table of Half Adder
Fig. 1.46). The truth table of half adder along with minterms is shown Inputs | Minterm | Outputs
in Table 1.
a b s ¢,
Using truth table (Table 1) the K-maps for designing half adder 0 0 m 0
are drawn as shown in Figs. 1 and 2. °
0 1 m, 10
b 1.0 m, 1.0
a 0 1 0 1 1 1 m, 0 1
m, m, m, m,

b
a
ab—© |1 (Y
m, m, bl ™ m,

Fig. 1: K-map for s. Fig. 2: K-map for c,

From the K-maps we get the following Boolean equations,
s =(a'b'+ab)'=(a'b’).(ab)'=(a+b).(a'+b’)
c,=('+b")’
Using the above Boolean equations the logic circuit of half adder is drawn using only NOR gates as shown in
Fig. 3. a b

s=((@a+b)+ (@ +b)y
=(a+b).(a" +b)

Fig. 3: Logic circuit of half adder using NOR gates.
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Example 1.43
Design a full adder using NAND gates only.

Solution Table 1: Truth Table of Full Adder

The full adder has three inputs a, b, ¢, and two outputs s, ¢,
(Refer Fig. 1.53). The truth table of full adder along with minterms is
shown in Table 1.

Using truth table (Table 1) the K-maps for designing full adder
are drawn as shown in Figs. 1 and 2.
be a'b'c,
a 00 01 11 10

m, / m, mg m,

0o | |o |@—tabe

m, m, m, m,

11® o |@® |o

7 7
L—abc’ L—abg

Fig. 1: K-map for s.

From the K-maps we get the following Boolean equations,
s=a'b'c,+a'bc/+ab’'c/+abc
c,=ab+ac+bc

Using the above Boolean equations the logic circuit of full adder
using only NAND gates is drawn as shown in Fig. 3.

D (a'b'c)

D (abc)’

Inputs Outputs

a b ¢ | Minterm | Sum | Carry
s c,

0 0 O m, 0 0
0 0 1 m, 1 0
0 1 0 m, 1 0
0o 1 1 m, 0 1
1 0 0 m, 1 0
1 0 1 m, 0 1
11 0 m, 0 1
(O m, 1 1

bc,
a 00 01 11 10

m, m, my m,
0 /7
0 0 1 0 bc;
m, mg m, mg
1] o (@ 1)__ ab
f
L— ac,

Fig. 2: K-map for c,,

D=
I: )c (b

E i )e (ab'c)’

(aby :
D=

Fig. 3: Logic circuit of full adder using NAND gates.

=ab +ac, + bc,

¢c,= ((ab)". (ac). (bc))

.Dc (@'bc) }
1 s =((@b'c). (abc). (ab'c'). (abc)')

=a'b'c, +a'bc/ + ab’c’+ abc,
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1.7.8 Binary Parallel Adder

A binary parallel adder performs arithmetic sum of two n-bit binary numbers. A full adder can add
two 1-bit binary along with previous carry. Hence, in order to add two n-bit binary numbers, n full adders
are required. Each full adder will add one bit of binary numbers.

Consider two, 4-bit binary numbers A and B shown below:
Binary number-1: a, a, a, a; (A)
Binary number-2: b, b, b b, (B)

The bit-by-bit addition is performed as follows.

Cy - Cems Cl‘““"g c,
+a, +a, +a, +a,
+b, +b, +b, +b,

c, s, c, s, c, S, LR c S,
) T T 1 )
Carry Sum Carry Sum Carry  Sum Carry Sum

In the above addition the initial carry ¢ = 0. The carry generated in an addition is considered in the
next addition. A 4-bit binary adder to perform above addition is constructed using 4 full adders as shown
in Fig. 1.54. The symbolic representations of 4-bit binary adders are shown in Fig. 1.55.

Is a3 b, a, Il a by a,
c, b_a C3 b_a Cc, b_2 c, b_2a =0
<+«—c FA cle—3C FA c¢il«a c, FA Cie G FA ¢
S S s s
S5 S, s, So
Fig. 1.54: 4-bit binary adder using full adders.
Wil Ladd Y
by b, byby  33@ 318 B A
¢ 4-bit Binary Adder [N c, 4-bit Binary Adder [N
<+—c, Sy S, S; Sy Cijle—— <+—c, s Cile——
Yvvy ¢
S3 8, 81 S
Fig. a. Fig. b.

Fig. 1.55: Symbolic representation of 4-bit binary adder.

The 4-bit binary adder is available as a standard IC with number 7483. The pin configuration of
7483 is shown in Fig. 1.56.
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N
01 16 [ V. (+5V)
b, 2 15 [ b, Pin Description
a3 14 3 a, a -a, Operand a inputs
s, 4 agy 13 s b -b, Operand b inputs
c Carry input
a,0s 1234, 0
b, Os6 11Ab, S -8, Sum outputs
c,d7 =5 c, Carry output
V. Supply voltage (+5V)
(0V) GND O 8 = oD Ground (0V)

Fig. 1.56: Pin configuration of 4-bit binary adder IC 7483.

The 4-bit binary adders can be connected in parallel to perform addition of higher bit size binary.
Two 4-bit adders can be connected as shown in Fig. 1.57 to add 8-bit binary numbers. Three 4-bit adders
can be connected as shown in Fig. 1.58 to add 12-bit binary numbers and so on.

SN N
4-bit Binary Adder Cy 4-bit Binary Adder [N
< ¢

Yrvy Yrvy

S; Sg Ss S, S3 8, S S

Fig. 1.57: 8-bit binary adder using 4-bit binary adders.

Cs

T

by bigbyby  aja,5a084 b,bsbsb, a a5asa, b, b, b, az a1, 2,
Cp 4-bit Binary Adder < c 4-bit Binary Adder < A 4-bit Binary Adder C

RN NN Yrvy

S11810 89 Sg 57 8¢ S5 84 538 81 S

Fig. 1.58: 12-bit binary adder using 4-bit binary adders.

Alternatively, 8-bit binary adder can be constructed by connecting 8 full adders in parallel as shown
in Fig. 1.59. In general, n-bit binary adder can be constructed by connecting n full adders in parallel as
shown in Fig. 1.60.

Note: n-bit binary adder is called parallel adder because it add all bits of data simultaneously.
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1.7.9 BCD Adder (Decimal Adder)

In decimal addition we can use binary or BCD to represent decimal numbers. In both the
representation when binary adders are used to perform addition the result or sum will be in binary. But
in BCD addition we need result/sum in BCD. Hence we need additional logic circuit in binary adders to
convert binary result to BCD.

The decimal digits represented in BCD are,
0,1,2,3,4,5,6,7,8,9

Consider the following example of decimal addition.

1 <«— Carry
4 2|98
+ 5 3|97

9695
L) Maximum possible sum=1+9+9=19
From the above example it is evident that maximum possible sum of two BCD digits is,
1+9+9=19

Previous carry

Therefore in BCD addition the sum of any two digits will be in the range 0 to 19, . When sum is
in the range 0 to 9,  no correction is needed and it can be represented by 4 digit BCD. But for sum in
the range 10, to 19, a correction 6, is added to sum to get the result in BCD. (Refer Section 1.8.1 for
examples of BCD addition.)

The BCD adder is a binary adder with additional logic circuit to perform addition of correction 6
when the sum of a BCD digit exceeds 9, .

A truth table (Table 1.45) is formed to show the range of binary sum and correction needed to convert

binary sum to BCD sum. In Table 1.45, the binary sum is denoted as z, z, z, z, and BCD sum as s s, s, s,.

Here, k is carry in binary sum and c is carry in BCD sum.

From the truth table (Table 1.45) we can observe that the correction by adding + 6, (0110,) can be
achieved using following three conditions.

1. When binary sum is 10, and 11, correction 6 can be added if both z, and z_ are 1.
2. When binary sum is in the range 12, to 15, correction 6 can be added if both z, and z_ are 1.
3. When binary sum is in the range 16, to 19, correction 6 can be added if carry k in binary sum s 1.

Therefore, during BCD addition, first binary addition is performed using 4-bit binary adder then
additional logic circuit is used to generate correction 6 for the conditions mentioned above and another 4-bit
binary adder is used to add correction 6 to binary sum so that the binary sum is converted to BCD sum.

Note: BCD representation of decimal numbers are presented in Appendix 9.
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Table 1.45: Truth Table for Conversion of Binary to BCD Sum
Decimal Binary Addition Correction BCD Addition
Sum Carry| Binary Sum Binary Sum Carry | BCD Sum
k z, Z, Z, Z, +6,,(0110) c S, S, S, S,
0 0 0 000 0 0 0 0 O
1 0 0 001 0 00 0 1
2 0 0 010 No 0 001 O
3 0 0 011 Correction 0 00 1 1
4 0 0 100 0 01 0 O
5 0 0 101 0 01 0 1
6 0 0 110 0 o1 1 0
7 0 0 1 11 0 o1 1 1
8 0 10 00 0 1 0 0 O
9 0 10 01 v 0 1 0 0 1
10 0 0 0 01010 +0110 1 0 0 0 O
11 0 @0@1 01011 +0110 1 0 0 0 1
12 0 00 01100+0110 1 001 0
13 0 01 01101 +0110 1 0 0 I 1
14 0 10 01110+0110 1 01 0 0
15 0 11 01111 +0110 1 01 0 1
16 00 00 10000+ 0110 1 01 1 0
17 00 01 10001 +0110 1 01 1 1
18 00 10 10010+0110 1 1 0 0 O
19 00 11 10011 +0110 1 1 0 0 1

The logic circuit to perform 1-digit BCD addition using two 4-bit binary adders is shown in
Fig. 1.61. The symbolic representation of BCD adder is shown in Fig. 1.62.

Addend Augend
bg b, b,b; asIaja]
by b, by by 85 @ A3y

k 4-bit Binary Adder '
“o S3 8,8 S ci [
74 |24 |2, |2,
Binary
Sum
Correction 6
0
l A 4 Vl YVYVVY
bg b, by b, a; a, a; ay|
4-bit Binary Adder
lﬁ o Sy S, 8; S Ci[&——0
c Sg Sy S, 8
Carry BCD sum

Fig. 1.61: BCD adder using binary adders.

Addend Augend
by b, bbb, aga,a,a

bedd L9y

b3 b2 b1 bo a3 a3 qg
BCD Adder
S3 S2 S1 So

bivy

Sg S4 Sy 8y

Fig. a.
¢ ¢
B A
BCD Adder
s
i4

Fig. b.

C, Cl&——

o

Fig. 1.62: Symbolic representation
of BCD adder.
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4-digit BCD Adder

The BCD adder shown in Fig. 1.62 is used to perform BCD addition of 1-digit decimal numbers.
In order to perform 4-digit BCD addition we need 4 BCD adders shown in Fig. 1.63.

Consider two, 4-digit decimal numbers represented in BCD
Decimal number 1: A;A, A A
Decimal number 2: B, B, B B|

Let, BCDSum = c¢S,S S S|

T
Final carry

Let the format of two number and sum be as follows.

A3 A2 A] AO

218 34 32 al 38 34 32 al as a4 32 al 38 34 a2 al
B3 BZ Bl BO

b, b, b, b, b, b, b, b, b, b, b, b, b, b, b, b,
SS SZ Sl SO

S8 S4 S2 S] S8 S4 S2 Sl S8 S4 S2 Sl SS S4 S2 SI

Fig. 1.63 shows, 4 BCD adders connected in parallel to perform addition of 4-digit BCD.

By A3 B, A, B, Ay B, Ay
(Al Al (Al Al
B A B A B A B A

BCD Adder BCD Adder BCD Adder BCD Adder
C, S G C, S G C, S Ci|« Co S Cile——c¢;,
! I { {
Cout s3 82 S1 So

Fig. 1.63: 4-digit BCD adder.
In general, n BCD adders can be connected in parallel to perform addition of n-digit BCD.

The 4-bit BCD adder is available as a standard IC with number 74583. The pin configuration of
74583 is shown in Fig. 1.64.

N

b1 16 [ V. (+5V)
b, 2 150 a, Pin Description
b, 3 140 a, a,-a, Operand a inputs
b -b Operand b inputs
a
B4 uss3 PP 0 ,
c.s 2@, c, Carry input
Co [ 6 1nps, S-S, Sum outputs
s, 7 ohs, Cou Carry output
\" Supply voltage (+5V)
0V)GND[ 8 Y m| «
o0 ” GND Ground (0V)

Fig. 1.64: Pin configuration of 4-bit BCD adder IC 74583.
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1.7.10 Subtractors

Subtractors have been developed to perform arithmetic subtraction operation on binary numbers.
Half subtractor can perform subtraction of two 1-bit binary number. The possible subtractions of two 1-bit
binary numbers are shown below:

0-0= 0 00
0—1= 11 2-bitstandard representation 1 1
1-0= 1 01
I-1= 0 00

\—> Difference \—) Difference
Borrow Borrow

In the above subtractions, it can be observed that result is either 1-bit or 2-bit. The 1-bit result is
called difference. In the 2-bit result, the first bit is called difference and the second bit is called borrow.
Hence, half subtractor is designed to generate 2-bit standard output.

In subtraction of n-bit binary numbers, the subtraction is performed bit-by-bit. In this the borrow
generated in a subtraction should be considered in next subtraction to get correct result and so full subtractor
is developed which can subtract three binary input bits in which one of the bits is borrow generated in
previous subtraction. Therefore, n-bit subtraction can be performed by using n full subtractors in parallel.

In practice, subtraction is performed in two’s complement method in which the subtrahend is
converted to two’s complement form and added with minuend. Therefore, adders are used to perform
subtraction as an addition of positive and negative number. The addition of positive number and two’s
complement of negative number will give the result of subtraction.

1.7.11 Half Subtractor

Half. subttfactor is a combmat}on 01r.cu1t that 2 bit e .. ¢ » Difference
performs arithmetic subtraction of two binary bits. binary Subtractor
nput —pp C.f—» Borrow

The outputs are difference and borrow. The truth
table of half subtractor is shown in Table 1.46. The block  Fig, 1.65: Block diagram of half subtractor:
diagram of half subtractor is shown in Fig. 1.65.

Table 1.46: Truth Table of Half Subtractor

Inputs | Minterm | Outputs b
b
a b d | c aN_ 0 1 a 0 1
0 0 | m 0o e mo [
0 0 — a'b
0 0 —l
0 1 | m, 1 © 0 |@——ab
m, m, N T,
1 1
° ™ ° 1@ |o o o
11 m, 0] 0 ——
Fig. a: K-map for d. Fig. b: K-map for c,.

Fig. 1.66: K-map for design of half subtractor.
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Using truth table (Table 1.46) the K-maps for designing half subtractor are drawn as shown in

Fig. 1.66.
From the K-map we get the following Boolean equations,
d=ab'+a'b |d :ab’+a'b:a®b|
c =a'b
0

Using the above Boolean equations the logic circuit of half subtractor is drawn as shown in Fig. 1.67.

S}

Fig. 1.67: Logic circuit of half subtractor.

Alternatively, the difference can be realized from XOR gate. If we compare the difference and
output of XOR gate, we observe that both are same. The logic circuit of half subtractor using XOR gate
is shown in Fig. 1.68.

Table 1.47: Truth Table of XOR Gate
a b a®b a_% d=a®b
0 0 0 b /D '
0 1
0

1
0

1

- Fig. 1.68: Half subtractor using XOR gate.

1.7.12 Full Subtractor (AU, Nov/Dec'23, 7 Marks)

Full subtractor is a combinational circuit that perform arithmetic subtraction of three binary bits
in which one of the bit is borrow generated in previous subtraction.

Hence, full subtractor will be useful in n-bit subtraction to subtract borrow of a subtraction in
next bit subtraction. The outputs are difference and borrow. The truth table of full subtractor is shown in
Table 1.48. The block diagram of full subtractor is shown in Fig. 1.69.

Table 1.48: Truth Table of Full Subtractor

3-bit —P|2a Full d —» Difference
binaty ——»1b gy practor Inputs Minterm | Outputs
input » c Cob—» Borrow
a b ¢ d c,
Fig. 1.69: Block diagram of full subtractor. 0 00 m, 0] 0
. abie, 0 0 1 m, 1|
ax' 00 01/ 11 10 0 10 m, L]l
Ml m m 0 1 1 0| 1
m
0l o 0 « | abc .
& 9 1 00 m, 1|0
m, m; m, mg
1 @ 0 @ 0 1 0 1 m; 0 0
* t 1 1 0 0 0
L—ab’c L— abc; M
11 m, 1|1

Fig. a: K-map for d.
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NE 00 01 11 10 Note: With reference to Example 1.26,
m, m, m, m, difference, d can be further simplified
ac 0l 0 | 1)« ab to XOR of a, b and c,
m, m, [ [m, m, Ld=a®b®c,
1l o 0 1 0 bc, i
\V gS} > d=a@b®c,
Cl

Fig. b: K-map for c,.
Fig. 1.70: K-map for design of full subtractor.

Using truth table (Table 1.48) the K-maps for designing full subtractor are drawn as shown in
Fig. 1.70.

a b [
From the K-maps we get the following Boolean

equations, '% '%
d=a'b'c +a'bc +ab'c/+abc,

c,= a'b+a'c +bc,

Using the above Boolean equations the logic
circuit of full subtractor is drawn as shown in Fig. 1.71.

Fig. 1.71: Logic circuit of full subtractor.

Example 1.44

Design a half subtractor using NAND gates only.
Solution

The half subtractor has two inputs a, b and two outputs d, ¢, (Refer Fig. 1.67). The truth table of half subtractor
along with minterms is shown in Table 1.

Table 1: Truth Table of Half Subtractor

Inputs | Minterm | Outputs
a b d c,
0 0 m,

0 1 m, 1] 1
1.0 m, 110
11 m, 0 0

Using truth table (Table 1) the K-maps for designing half subtractor are drawn as shown in Figs. 1 and 2.
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b
a 0 1 b
m, m, a 0 1
0 0 @ «—ab m, m,
m, m, 0 0 @‘_— ab
1 @ 0 m, m,
e o 0
L ab’
Fig. 1: K-map for d. Fig. 2: K-map for c,

From the K-maps we get the following Boolean equations,

d=ab’

+a'b : c,=a'b

Using the above Boolean equations the logic circuit of half subtractor using only NAND gates is drawn as

shown in Fig. 3. a b

"+—— t+—  Halfsubtractor !

T T e

| . L d

| | (@b) T d=((ab) . (b)Y

E E =ab'+ab

! | c,= (@b

s e

Fig. 3: Logic circuit of half subtractor using NAND gates.
Example 1.45

Design a full subtractor using NAND gates.

Solution

The full subtractor has three inputs a, b, ¢, and two outputs d, ¢, (Refer Fig. 1.71). The truth table of full subtractor

along with minterms is shown in Table 1.
Table 1: Truth Table of Full Subtractor

Inputs | Minterm | Outputs
abec d c,
000 m,

00 1 m, 1] 1
010 m, 101
01 1 m, 0 |1
100 m, 110
10 1 m, 0o
110 m, 0| o0
111 m, 1] 1

Using truth table (Table 1) the K-maps for designing full subtractor are drawn as shown in Figs. 1 and 2.
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be a'bc,
ax'' 00 01 11 10 bc
m, [ /m, m, m, ax_' 00 01 11 10

0l o @ 0 « 1 _abc Mo m, M3 m,
@ -~ 0l 0o |@ 1)« ab

m, my m, mg agc

11O |0 |[@© |o S | I i N N

T 7 1 0 0 i
L—ab'c — abg; 0 o

Fig. 1: K-map for d. Fig. 2: K-map for c,.
From the K-maps we get the following Boolean equations,
d=a'b'c +a'bc/+ab'c/+abc, ; c,=a'b+a'c+bc
Using the above Boolean equations the logic circuit of full subtractor using only NAND gates is drawn as shown

in Fig. 3.
b G

3 (ab'c)
(a'bc)) d
— Difference

abc) d = ((@'b'c). (a'bc). (ab'c). (abe)
=a'b'c, + a'bc/+ ab’c/+ abc,

(abc)’

D @by
D (@cy c,
— Borrow
)07“’"‘)' ¢, = (@)’ (a'c)’. (bc)

=a'b+a'c + bc,

Y

Fig. 3: Logic circuit of full subtractor using NAND gates.

1.7.13 Binary Parallel Adder/Subtractor

Practically subtraction is performed only in 2's complement form in which the subtraction is
considered as addition of positive and negative numbers and the negative number is represented in 2's
complement form. Therefore, subtractor circuit is not of much use and subtraction can be performed using
adder itself.

Therefore, subtraction of two BCD digit A and B is considered as,
A-B=A+(-B)

T 2's complement of B
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The complement of binary can be easily obtained Table 1.49: Truth Table of XOR Gate
using XOR gate. Consider the truth table of XOR gate

(Table 1.49). X ¥y |[x®y=y
. 0 0 0
With reference to Table 1.49 we can say that, X x®y 0 1 |
0 O 0
If x=0, then x®y =y 0 1 | }/
If x=1, then x®@y=y' 10 | 1
_ _ 11| oo T>[x y [xey-y
Therefore in XOR gate, input x can be used as
control or selection and input y can be data. o !
1 1 0
If x =0, the data will be output as such.

If x =1, the output will be complement of data.

The n-bit binary adder using full adder can be modified to perform both addition and subtraction
as shown in Fig. 1.72.

One input can be given directly to full adders, another input can be given through XOR gate to full
adders, so that second data can be sent to full adders with or without complement.

The control input M is used to perform complement operation. When M = 1, the output of XOR
gate is complement of the input.

Consider addition and subtraction of two, 4-bit binary numbers.
Binary number-1: a, a, a, a, (data-A)
Binary number-2: b, b, b, b, (data-B)
Let us perform, A+ Band A -B=A+ (-B)
For addition, B is input to full adder without complement as shown in Fig. 1.73.
. For addition, M=¢ =0

For subtraction, B is input to full adder after complement and adding 1 for 2's complement can be
performed by making ¢, = 1 for subtraction as shown in Fig. 1.74.

. For subtraction, M =¢_ =1

R 0 S S
? L L

Y A 4 A L ba b24'?l;itl?30inarya:d32: o
b a c b a b a c b a Subtractor Co
C FA cle={c, FA cle2fc FA clec FA ¢ ¢ s;s,5, 5, Ci|¢
T I i — INRN
¢ S s, s, S Fig. b: Symbolic representation.

Fig. a: Binary adder/subtractor using full adders.

Fig. 1.72: 4-bit binary adder/subtractor.
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b3 a3 bz a, bl a, bg a,
| M=0
e 1 o
b3 bz b] bO
A4 \ 4 v \ 4
b e a b A b a
c, FA Sle, FA clesz]c, FA clelide, FA cled o
S s S S o
4 53 S S So
Fig. 1.73: Binary addition using adder/subtractor.
b, a3 b, a, b, a, b, a,
| | M=1
o Ny 29 L
b} blz b, by
A 4 A A 4
b a b ¢ c b a c b a
e 2o, FA cle—c, FA ¢

¢, FA cle=2Jc, FA cleH Gi i -
! c, =1
S S S S ©

(A S Sy S So

Fig. 1.74: Binary subtraction using adder/subtractor.

| Note: Sum is difference and carry is borrow. |

1.8 Magnitude Comparator

Magnitude comparator is a combinational circuit used to compare two binary numbers and determine
whether they are equal or unequal and if unequal then it can make a decision on larger or smaller magnitude.

1.8.1 4-bit Magnitude Comparator (AU, Apr/May'23, 7 Marks)

Consider two 4-bit binary numbers A and B.
B=b, b, b, b,

On comparing the two numbers using magnitude comparator it is possible to determine any one of
the following condition.

Let, A=a, a, a a, and

1. A=B
2. A<B
3. A>B

The 4-bit magnitude comparator is available as a standard IC with number 7485. The pin configuration
of 7485 is shown in Fig. 1.75.



Chapter 1 - Combinational Logic

1.95

N

b, 1 16 @ V. (+5V) - —
Pin Description
L(A<B) 0 2 153 a,
a,-a, 4-bit data-A
L(A=B) O3 14 [0b,
- 4-bit data-B
L(A>B) O 4 130 3, b, - b, bit data
7485 Y.,Y.,Y.| Outputs
Y,(A>B) O 5 123 a, L
Y,(A=B) O 6 =17 I,L,L Cascading inputs
Y (A<B) O 7 = A\ Supply voltage (+5V)
GND Ground (0V
(OV) GND O 8 ol b, round (OV)

Fig. 1.75: Pin configuration of 4-bit magnitude comparator IC 7485.
Checking for A = B

For, A= B, every digit of A and B should be equal.
ie, a, =b, a, =b,
a2 = b2 aO = bO
The equality can be ensured by the following Boolean function.

Let,x, = (ayb,+a,by) ; ifx,=1thena =b
3 3 3 3 3 3

x, = (a;b,+a,by)" ; ifx,= 1 thena,=b,

x, =(a b, +a;b)" ;ifx,=1thena =b,

X, = (ap b, + a, by ; ifx,= 1 thena =b,

Now the combined Boolean equation for A= B, is,
X, X, X, X, = 1

Let, F, =x,X, X, X,

Now, if A=B, thenF =1

and, if A#B, thenF =0

Alternatively

x,=(a,®b,)’
x,=(a,®b,)’
x,=(a,®b)’
X,=(a,®b)’

Every digit of the binary numbers can take two possible values 0 and 1. Therefore, the value of
x, = 1, when the digits a, and b, take either, both 0 or both 1. This can be verified in Table 1.50. Similarly
the equality of other bits when they take either, both 0 or both 1 are verified in Tables 1.50 to 1.53.

Table 1.50: Verification of x, for a, = b,

U 1
a.b |ab, | ab a b, | aib,+a,b, |x,=(ib,+ab)

3 73 3 73 373 373
Q >|1 1| o0 0 0 O)
01 [ 10| 1 0 1 0
1o o1 | o0 1 1 0

aDloo | o 0 0 ©)
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Table 1.51: Verification of X, for a,=b,

a2 bZ a’2 b’Z a; b2 aZ b; a; bZ + a2 b’l XZ = (a; bl + al b’2)‘
I R N 0
0 1 1 0 1 0 1 0
1 0 0 1 0 1 1 0
00 0 0 0 ©)
Table 1.52: Verification of X, for a =b,
a1 bl a’l b; a’l b1 a1 b; a; b1+ al b’l X1 = (a; bl + al b’1)’

Q_ 0|11 0 0 0 O)
01 |10 ] 1 0 1 0
10 |0 1 0 1 1 0
Do o | o 0 0 O

Table 1.53: Verification of x, for a, = b,
a, b, |a, b, | ab, | ab,|a b +ab,|x =(,b,+a b)
11| o 0 0 O)
01 |10 1 0 1 0
10 |01 0 1 1 0
00 0 0 0 ©)

The logic circuit to check only equality of two 4-bit binary number is shown in Fig. 1.76.

’ !
X;= (azb; + asb3)

X, = (a3b, + a,b)

X, = (@b, + albll)l

Xp= (agby + agby)

Fig. 1.76: Logic circuit to check equality of two 4-bit binary data.
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Checking for A>B

In order to determine A > B, check bit-by-bit starting from most significant bit. If most significant bits

of A and B are not equal and if most significant bit of A is greater than most significant bit of B then A > B.

If most significant bits are equal then proceed to next most significant bit and so on. For comparison
of 4-digit binary numbers, 4 stages of comparison is required.

Stage-1: Comparing a, and b,

First check for a, > b,. From row-3 of Table 1.50, we can say that, if a, b, =1 and x,=0thena,>b,
and declare A > B and skip other stages of comparisons. Otherwise check for a, = b,. From rows-1 and 4
of Table 1.50 we can say that if a, b, =0 and x, = 1 then a, = b, and so proceed to next stage.

o oab, =1 I ab, =0
and x,=0 and x, =1
then a, > b, ; Declare A > B then a, = b, ; Check next most significant bits

Stage-2: Comparing a, and b,

Check for a, > b,. From row-3 of Table 1.51, we can say that, ifa,b, = 1 and x, =0 then a, > b, and
declare A > B and skip other stages of comparisons. Otherwise check for a, = b,. From rows-1 and 4 of
Table 1.51 we can say that if azb'2 =0and x, = 1 then a, = b, and so proceed to next stage.

K ab, =1 I ab, =0
and x,=0 and x,=1
then a, > b, ; Declare A > B then a, = b, ; Check next most significant bits

Stage-3: Comparing a, and b,

Check for a, > b,. From row-3 of Table 1.52, we can say that, if a, b, =1 and x,=0thena >b and
declare A > B and skip other stages of comparisons. Otherwise check for a, = b . From rows-1 and 4 of
Table 1.52 we can say that if a, b, =0 and x, = 1 then a, = b, and so proceed to next stage.

f  ab =1 f ab=0
and x, =0 and x,=1
then a, > b, ; Declare A > B then a, = b, ; Check next most significant bits

Stage-4: Comparing a, and b,

Check for a, > b,. From row-3 of Table 1.53, we can say that, ifa b, = 1 and x, =0 then a > b, and
declare A > B. Otherwise check for a, = b,. From rows-1 and 4 of Table 1.53 we can say that if a b, =0
and x, = 1 then a, = b and so declare A = B.
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If  agby =1 I ab, =0

and x,=0 and x=1

then a;>b;, ; Declare A> B then a, = b, ; Declare A =B
Conclusion

Now the combined Boolean equation for A> B is,

I 1 1 1
F,=a, b, +x;a,b, T x,X,a b, +X,X,X 3 b,

1 I 1 1
Fy=a; by + x;8, b, + x,%,3 b + XXX, 23 b,

l [I— T L T/ L1
This This This ensures
ensures ensures a,=b,
a,=b, a,=b, a,=b,
= a=
This ensures J' %=, Y =P M
This ensures This ensures This ensures
a,> b, a>b >b >b
2 2 a1 1 a0 0

Note: In any stage of comparison if greater than or equality conditions are not satisfied then
obviously A < B.

Check for A<B

In order to determine A < B, check bit-by-bit starting from most significant bit. If most significant
bits of A and B are not equal and if most significant bit of A is less than most significant bit of B then A <B.

If most significant bits are equal then proceed to next most significant bit and so on. For comparison
of 4-digit binary numbers, 4 stages of comparison is required.

Stage-1: Comparing a, and b,

First check for a, < b,. From row-2 of Table 1.50, we can say that, if a'3b3 =1 and x, = 0 then
a, <b, and declare A < B and skip other stages of comparisons. Otherwise check for a, =b,. From rows-1
and 4 of Table 1.50 we can say that if a'3b3 =0 and x, = 1 then a, = b, and so proceed to next stage.

If asb, =1 If asb, =0
and x,=0 and x,=1
then a, < b, ; DeclareA < B then a, = b, ; Check next most significant bits

Stage-2: Comparing a, and b,

Check for a, <b,. From row-2 of Table 1.51, we can say that, if a'2b2 =1landx,=0thena, <b, and
declare A < B and skip other stages of comparisons. Otherwise check for a, = b,. From rows-1 and 4 of
Table 1.51 we can say that if a'2 b, =0and x, =1 then a, = b, and so proceed to next stage.
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If azb, =1 If ayb,= 0
and x,=0 and x,=1
then a, <b, ; Declare A < B then a, = b, ; Check next most significant bits

Stage-3: Comparing a, and b,

Check for a, <b,. From row-2 of Table 1.52, we can say that, if a’lb1 =1landx, =0thena <b, and
declare A < B and skip other stages of comparisons. Otherwise check for a, = b,. From rows-1 and 4 of
Table 1.52 we can say that if a'lb1 =0and x, = 1 thena =b, and so proceed to next stage.

If ajb, =1 If a,b=0
and x, =0 and x, =1
then a, <b, ; Declare A < B then a, = b, ; Check next most significant bits

Stage-4: Comparing a, and b,

Check for a; <b . From row-2 of Table 1.53, we can say that, if a’o b,= 1 and x,= 0 thena <b and
declare A < B. Otherwise check for a; = b,. From rows-1 and 4 of Table 5.45 we can say that if a'ob0 =0
and x; = 1 then a, = b and so declare A= B.

If ayb, =1 If ayb, =0

and x,=0 and x,=1

then a, <b, ; Declare A< B then a, = b, ; Declare A =B
Conclusion

Now the combined Boolean equation for A <B is,

F,=a b, +x,;a,b,+x,x,ab +x,x,x ab

3772 7171 372771 7070
1 I I 1
F3 =a, b3 + X, 4, bz + X, X, bl + X, X, X, 4, bo
This This This
ensures ensures ensures
a,=b, a,=b, a,=b,
N ‘L a,= bz v a,= bz 4
This ensures  This ensures  This ensures a,=b, This ensures
a, <b, a,<b, a <b, a0<b0

Note: In any stage of comparison if less than or equality conditions are not satisfied then obviously
A>B.
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Logic Circuit to Check A = BorA>BorA<B

The following three Boolean equations are developed for the comparison of two 4-bit binary numbers.

1 ! 1 !
F,=a, b; +x;a,b, +x;X,a,b, +x,X,X 2 b,

F1:X3X2X1XO > 37271 377277170

F3 = a‘3 b3 + X3 a’Z bZ + X3X2 a’lbl + X3XZX1 a,(JbO
where, x, = (a, ®b,)'=(a,b, +a,b,)" ; x,=(a,®b)'=(a,b,+a,b)’
x,=(a,®b)'=(ab +ab) ; x,=(,®b)'=(ab,+ab)
Using the above equations the logic circuit to compare two 4-bit binary numbers is drawn as shown
in Fig. 1.77. The circuit has three outputs, which can be interpretted as follows:

If F =1, then A=B ; If F,=1, then A>B ; If F,=1, then A<B

a4 % ayby
ﬁ >u X
bs b, a;b;
; , q X;a5b
a, %2 ajb, —%
X, )
—h X38,b,
b, ] a, b’Z'
2
. a) alb, T\ XXab
1 | /
X, )
T 0\ %3 b
L/
b, X a, b
1
, 1 X3X, X, 2y by
a , | )
a, abyr
X, ,
——T 7\ X3%X;85by
: L/
o I a,b, | F,
° :
B>
; N

Fig.1.77: Logic circuit to compare two 4-bit binary data.

1.8.2 3-bit Magnitude Comparator

Consider two 3-bit binary numbers A and B.
and B=b,b b,

The 3-bit magnitude comparator is similar to 4-bit comparator if the MSB (Most Significant Bit)
in the 4-bit comparator is neglected. Therefore, the comparition of a, and b,, a, and b , and a  and b, are

same as that discussed in 4-bit comparator. The reduced logic circuit for 3-bit comparator can be obtained
from Fig. 1.77 as shown in Fig. 1.78.

Let, A=a,aa;
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a, 4 ayb,
’j >° X
b2 b’z a, blz
, J b
a a) alb, —I—_\ X228, 0,
X
ﬁ >° _r_\ X,a, by
b 4 —
1 b, a, b
o —— 0\ XXiab
a, 0 by 1 J
Xo

L/

Fig. 1.78: Logic circuit to compare two 3-bit binary data. ) E
1.8.3 2-bit Magnitude Comparator (AU, Apr/May'23, 2 Marks)

Consider two 2-bit binary numbers A and B.
Let, A=aa, and B=b b,
The 2-bit magnitude comparator is similar to 4-bit comparator if upper two bits in the 4-bit comparator
is neglected. Therefore, the comparition of a, and b , and a  and b, are same as that discussed in 4-bit

comparator. The reduced logic circuit for 2-bit comparator can be obtained from Fig. 1.77 as shown in
Fig. 1.79.

Fig. 1.79: Logic circuit to compare two 2-bit binary data.




1.102 Digital Principles and Computer Organization
1.9 Decoders

A decoder is a combinational logic device that decodes one of the 2" binary information depending
on n-bit binary input. The n-bit binary information is decoded into 2" binary information.

In other words, for an n-bit binary input one of the 2" output is activated. The activated output may
be logic high or logic low. In active high or logic high decoder, one of the output is high for an n-bit input
and all other outputs are low. In active low or logic low decoder, one of the output is low for an n-bit input
and all other outputs are high.

In general, a decoder is referred to as n-to-2" decoder and the decoder outputs may be logic high
or low.

For example, consider a 3-to-2° (3-to-8) decoder. Let the 8 outputs of decoder be Y, Y, Y,, Y.,
Y, Y, Y,and Y. In a 3-bit binary input, the possible minterms are m, m, m,, m,, m,, m,, m and m..
In logic high 3-to-8 decoder,
When input is m, then output Y is active high,
When input is m, then output Y  is active high,
and so on.
Therefore, we can say that output decodes the input binary by asserting the output as high.
Similarly, in a 3-bit binay input, the possible maxterms are M, M|, M,, M,, M, M, M, and M..
In logic low 3-to-8 decoder,
When input is M then output Y is active low,
When input is M| then output Y, is active low,

and so on.

Therefore, we can say that output decodes the input binary by asserting the output as low.

—l Y —>
i rese v
— - Yob—» g  Yop—» —p 1, NV
—f1 g b {1 g vp > ez
i, M Yol —> L 0 Yo :
. n-to-2 ' ' n-to-2 . —> Yo —>
: Decoder : : Decoder n-bit input E_ " > output
. . . . outputs
o ] g K Yo N
n-bit input 2" outputs n-bit input 2" outputs
Fig. a: Logic high decoder. Fig. b: Logic low decoder. Fig. c: Logic high decoder
with high enable.
—>b . Yob—» g ) . Yoo—» —pl |, ) Yo o—»
M1, Lﬁglﬁ Y, —> — tg\?vlc Y, p—» — tog'c Y, p—»
o, Mg Y.l —> » 1, L Y. p—> i, O Y.p—>
. n-to-2 ' . n-to-2 . : n-to-2! .

' Decoder : : Decoder . ' Decoder :
— I, Y, —» >l Y. p—> —>,, Y, p—>
n-bit input E 2" outputs n-bit input = 2" outputs n-bit input £ 2" outputs
Fig. d: Logic high decoder Fig. e: Logic low decoder Fig. f: Logic low decoder

with low enable. with high enable. with low enable.

Fig. 1.80: n-to-2" decoder:
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Most of the decoders are provided with an enable signal. The input of decoder is recognized only
when enable signal is active. The enable can be active high or low. In decoder with active high enable,
the input is recognized only when enable is tied to high. In decoder with active low enable, the input is
recognized only when enable is tied to low.

Therefore, six types of n-to-2" decoders are available as shown in Fig. 1.80. A bubble in the input/
output line indicates that the corresponding input/output is active low.

1.9.1 Logic High 2-to-4 Decoder

A 2-t0-4 (2-t0-2%) decoder can generate 4 decoded outputs from the two bit input.

The logic high 2-to-4 decoder will generate 4 unique outputs in which only one will be high at any
one time and all other output will be zero. The block diagram representation of logic high 2-to-4 decoder
is shown in Fig. 1.81.

Table 1.54: Truth Table of Logic High 2-to-4 Decoder

Inputs | Minterm Outputs
YD

Il Io Yo Yl Yz Y3 | ngic Y, —>
0 0 m |1 0 0 0 o Hon,
0 1 0 1 0 0 — P Decoder Yo

m, 2-bit input Y. —»
1 0 m, 0 0 1 0 4 outputs
1 m, o0 0 1 Fig. 1.81: Logic high 2-to-4 decoder.

The truth table of logic high 2-to-4 decoder is shown in Table 1.54 and using this truth table, the
K-maps for the decoder design are drawn as shown in Fig. 1.82.

N o 1 N0 1
m, m, m, m,
r—2@ | o 0o |@—11L
m, m; m, mg
o Jo 1o 0
Fig. a: K-map for Y, Fig b: K-map for Y,
I I
IN_0 1 N0 1
m, m, m, m,
0] o 0 0 o 0
m, m; m, mg
I, I(') 1 +® 0 o @<__ LT,
Fig. ¢: K-map for Y, Fig. d: K-map for Y,

Fig. 1.82: K-map for logic high 2-to-4 decoder.
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From the K-map for Y, Y|, Y, and Y, the I, i
following Boolean equations are obtained and
using these equations the logic circuit for logic ’_S\Z ’_S\7
high 2-to-4 decoder is drawn as shown in Fig. 1.83. I i '
10 YO
Y, =11, , i,y
Y, =11, Wy
. 11
Y, =11, ' "
Y, =1, Fig. 1.83: Logic circuit for logic high 2-to-4 decoder.

Note: Alternatively, the output equations of logic high 2-to-4 decoder can be directly written from
the truth table which are minterms for which output is high.

1.9.2 Logic Low 2-to-4 Decoder

The logic low 2-to-4 decoder will generate 4 unique outputs in which only one of the output will
be low at any one time. The output of logic low decoder will be complement to that of logic high decoder.

The block diagram representation of logic low 2-to-4 decoder is shown in Fig. 1.84. The bubble at
the outputs indicate that the outputs are active low. The dual 2-to-4 decoder is available as a standard IC
with number 74139. The pin configuration of 74139 is shown in Fig. 1.85.

Yo o—»
Logic o >
—l ow
2-to-4 5 >
Pl Decoder Ye
2-bit input Y, o—»
4 outputs

Fig. 1.84: Logic low 2-to-4 decoder.

The truth table of logic low 2-to-4 decoder is shown in Table 1.55 and using this truth table, the
K-maps for the design of decoder are drawn as shown in Fig. 1.86.

Table 1.55: Truth Table of Logic Low 2-to-4 Decoder

Inputs | Minterm Outputs

I, Y, Y, Y, Y,

0 0 0o 1 1 1
1 0 1 1

1 1 0 1

(e}
= 5 3 B

[




Chapter 1 - Combinational Logic 1.105

— N
EQ! 16 A Ve(+5V) | Pin Description
= 1sAE, L1, Inputs
1
_Ia E 3 14 j IOb Iob, Ilb Inputs
Y - - .
o O+ 74139 aL, Y, -Y., Active low outputs
Y., Y, - - .
" =B 12H Y, Y, -Y, | Activelow outputs
Y Y - -
o 0o HH Yo E,E Enables
Y..7 0AY
» B H Yo, V. Supply voltage (+5V)
(OV) GND B8 PH Ya GND Ground (0V)
Fig. 1.85: Pin configuration of dual 2-to-4 decoder IC 74139.
1 I
N0 1 IN_ 0 1
m, m, m, m,
0l o 1) I, I 0 q 0
m, m, m, m,
11a 1D——T, I D——1,
Fig. a: K-map for Y, Fig. b: K-map for Y,.
1 1
N0 1 IN o0 1
m, m, m, m,
Ul@ D1 ; o((1 D—r1,
m, my 0 m, my
Il o 1 )——1, 1y 0
Fig. ¢: K-map for Y, Fig. d: K-map for Y,.
Fig. 1.86: K-map for logic low 2-to-4 decoder.
From the K-map for Y, Y, Y, and Y, the Ll
following Boolean equations are obtained and Elz'_sl?
using these equations the logic circuit for logic low Ry
2-to-4 decoder is drawn in Fig. 1.87. e ) Ll
0
Y, =1 +1 ] LAhy,
Y =1 +1 \ I+, v,
Yo | oy,
Y, =L+l Fig. 1.87: Logic circuit for logic low 2-to-4 decoder.

Note: Alternatively, the output equations of logic low 2-to-4 decoder can be directly written from

the truth table which are maxterms for which output is low.




1.106 Digital Principles and Computer Organization

1.9.3 Logic High 2-to-4 Decoder with Logic Low Enable

The block diagram representation of logic high 2-to-4 decoder Y. —>
with logic low enable is shown in Fig. 1.88. When enable input is made | h{)gri]c v, —>
. . —»1 igl
high then inputs are not recognized and so all outputs are zero. 2-to-4 >
g p & P ™11 Decoder 2

When enable input is made low then inputs are recognized and ~ 2-bit input Ys 4—> .
. . . E outputs

any one of the outputs is set to 1 depending on input. "

Enable

The truth table of decoder for both active and inactive enable is
shown in Table 1.56. Using this truth table, 3-variable K-maps are drawn ~ Fig. 1.88: Logic (zigh 2-10-4
for 4 outputs of decoder as shown in Fig. 1.89. decoder with logic low enable.

Table 1.56: Truth Table of Logic High 2-to-4 Decoder with Logic Low Enable

Inputs Outputs Inputs Minterm Outputs
Comment
E I LY, Y, Y,V E I I, Y, Y, Y, Y,
1 x x |0 0 0 0 0 0 0 m, 1 0 0 0
t wh
0001 0 00 00 1| m 0 1 o o | Ouputwhen
! enable is
0010 1 00 01 0| m 0 0 1 0| aetive
o 1 0|0 0 1 O 0o 1 1 m, 0 0o 0 1
o 1 1[0 0 0 1 1 0 0 0 0O 0 O
My Output when
o 1 m 00 00 enable is
1 1 0 m, 0O 0 0 O inactive
11 1] m, 0 0 0 0
11
Nhoo o1 11 10 ENC00 01 11 10
m, m, m, m, m, m, m, m,
Er—2.Q@ [0 |o |o pr, -2 0 1D fo o
m, m, m, m, m, m; m, m,
1] 0 0 0 0 1] 0 0 0 0
Fig. a: K-map for Y,. Fig. b: K-map for Y,.
L1, LT,
E 00 01 11 10 E 00 01 11 10
m, m, m, m, m, m, my m,
0l o |o 0 |@——E1, oo o @ _Jo E1],
m, m, m, m, m, m, m, m,
11 0 0 0 0 11 0 0 0 0
Fig. ¢: K-map for Y,. Fig. d: K-map for Y,.

Fig. 1.89: K-map for logic high 2-to-4 decoder with logic low enable.
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From the K-map for Y, Y, Y, and Y, the following E I, I,

Boolean equations are obtained and using these equations the
logic circuit of decoder is drawn in Fig. 1.91. SZ ’_SIZ ’_SIZ
BT E' I I
Y,=E L I 0 —\ ETI,
[ —| } 0
Y, =E L, [ ) ELL
L/ !
Y,=E L] _ T\ ELL :
Y,=E 1], ) LU

Fig. 1.90: Logic circuit for 2-to-4 logic
high decoder with logic low enable.

Using the above equations it is possible to realize the decoder using only NAND gates as shown
in Fig. 1.91.

Note: Alternatively, the output equations of logic high 2-to-4 decoder can be directly written from
the truth table which are minterms for which output is high.

E I I
| (ETl) ET],
_ | ) T —2v,
[ (ETLL) ET,
I (E'LI) ELL
(ET1) .
| )c D E'L], v,

Fig. 1.91: NAND realization of logic high 2-to-4
decoder with logic low enable.

The product terms in the Boolean equations of decoder can be converted to sum terms using
DeMorgan's theorem as shown below:

[

Y,=E L], Y,=(E+ +1)'
. Using )

Y, =E'L, s Y, =(E+]+ 1)

Y,=E 1,1 Y,=(E+1+1)’

Y, =E' 1, Y, =(E+1+1)’
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Using the above equations, the NOR realization of decoder is obtained as shown in Fig. 1.92.
E I, I,

I T
D (E+L+1)=EL] Y,
\ >° (E+II+I(’)),:E’I;IO Y,
Dc (E+T+1) =E'LI, Y,
D E+1+1)=ET]
\ ( 1 0) 170 Y3
Fig. 1.92: NOR realization of logic high 2-to-4
decoder with logic low enable.
1.9.4 Logic High 3-to-8 Decoder (AU, Nov/Dec'22, 15 Marks)
A 3-t0-8 (3-to-2°) decoder can generate 8 decoded
.. Y l—>
outputs from the three bit inputs. Y.
The logic high 3-to-8 decoder will generate 8 unique > h?g,;c :((2 ’
outputs in which only one will be high at any one time and *itinut ——>l S8 F| 8 ouputs
all other outputs will be low. —>l, Y.,—>
. . . Yo—>
The block diagram representation of logic high 3-to-8 Y.—>
decoder is shown in Fig. 1.93. The truth table of logic high
3-to-8 decoder is shown in Table 1.57. Fig. 1.93: Logic high 3-to-8 decoder.
Table 1.57: Truth Table of Logic High 3-to-8 Decoder
Inputs Minterm Outputs
LI, Y, Y, Y, Y, Y, Y, Y, Y,
00 0 m, 1 0 0 0 0 0 0 0
0 0 1 m 0 1 0O 0 O 0 0 0
01 0 m, 0 0 1 0 0 0 0 0
0 1 1 m, 0 0 0 1 0 0 0 0
1 00 m, 0 0 0 0 1 0 0 0
1 0 1 my 0 0 0 0 0 1 0 0
1 10 m, 0 0 0 0 0 0 1 0
1 1 1 m, 0 0 0 0 0 0 0 1
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From the truth table we can directly write Boolean equations for outputs of logic high 3-to-8 decoder
which are the minterms for which output is high as shown below:

Y, = LT
Y, = L],
Y, = LI
Y, = L1 I,

1o

Y, = LI
Y, = LI,
Y, = L1
Y, = L1,

The logic high 3-to-8 decoder is available as a standard IC with number 74237. The pin configuration
of 74237 is shown in Fig. 1.94.

~
IO 16 A V. (+5V)
02 158, Pin Description
LOs 14[ay, I-1, Inputs
E,O4 2az37 Y, E, Logic low enable
E,Os 2AY, E,E, Logic high enables
E.s npgy, Y,-Y, Active high outputs
Y,g7 100Y; V., Supply voltage (+5V)
(0OV)GND O 8 9ol Y, GND Ground (0V)

Fig. 1.94: Pin configuration of logic high 3-to-8 decoder IC 74237.

The product terms in the Boolean equations of logic high 3-to-8 decoder can be converted to sum

terms as shown below:

Y, =L
Y, =L,
Y, =11, I
Y, =511,
Y, =L 11,
Y.=LLI,
Y =111
Y, =LI 1
(Used for AND
Realization)

Using
DeMorgan's

Theorem

Y, =@+ +1)
Y, =1, +1, + L)’
Y, =(L,+1+1)’
Y, =L+ +1)’
Y, =1 +1,+ 1)
Y. =(I+]1, + 1)
Y, =(L+1+1)
Y, =L+ +1)

(Used for NOR
Realization)

Using the above Boolean equations the logic circuit of logic high 3-to-8 decoder using AND gates
is drawn as shown in Fig. 1.95. It is possible to realize the logic high 3-to-8 decoder using only NOR

gates as shown in Fig. 1.96.
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L I I,
L
L [n I
WA
1/
LI
: 27170 Y]

WAL
2
1 I’ZIIIO
L)
N R
4

LI
] 241k Y,
| \ LLT
6
| \ LI %
L/ 7

Fig. 1.95: AND realization of logic high of 3-to-8 decoder.

I I Iy
I I Iy
Dc L+ L+1) =11 %
] 0
:‘> L+ 1L+ 1) =L, v
J 1
DC (I, + Ill + Io)’ - Ilzll 121 v
] 2
\ >c (CSs lll + IE))’ - llzll Iy Y,
L+ +1) =LI T,
D> "
\ (I’2+11+I;))’:12111 Iy %
i >° 5
D‘: (I;+ I+ Io)’ =L I(l) Y,
D\ o QrLELy LIl
;

Fig. 1.96: NOR realization of logic high 3-to-8 decoder.




Chapter 1 - Combinational Logic 1.111
1.9.5 Logic Low 3-to-8 Decoder
The logic low 3-t0-8 decoder will generate 8 unique i"
outputs in which only one will be low at any one time and all oI, Logic Y;
other outputs will be high. 3obit input — )1 ;‘fg‘fs Y, 8 outputs
Decoder Y,
The block diagram representation of logic low 3-to-8 — st Y,
decoder is shown in Fig. 1.97. The truth table of logic low Ye
3-to-8 decoder is shown in Table 1.58. Y

From the truth table we can directly write Boolean

equations for outputs of logic low 3-to-8 decoder which are
the maxterms for which output is low as shown below.

Y, =L+1+1,
Y, =L+ +1
Y, =L+1L+1;
Y, =L+L+1
Y, =L+ +],
Y. =L+1 +1,
Y, =L+L+1
Y, =L+ L+

Fig. 1.97: Logic low 3-to-8 decoder.

Table 1.58: Truth Table of Logic Low 3-to-8 Decoder

Inputs | Maxterm Outputs

| O B Y, Y Y, Y Y, Y, Y,
0 0 0 M, 0 1 1 1 1 1 1

0 0 1 M, 1 0 1 1 1 1 1
01 0 M, 1 1 0 1 1 1 1
0 1 1 M, 1 1 1 0 1 1 1

1 0 0 M, 1 1 1 1 0 1 1

1 0 1 M, 1 1 1 1 1 1 1

I 1 0 M, 1 1 1 1 1 0 1

1 1 1 M, 1 1 1 1 1 1 0

The logic low 3-to-8 decoder is available as a standard IC with number 74138. The pin configuration

of 74138 is shown in Fig. 1.98.
N
Lt 16 A V. (+5V)

LO:2 15AY,

LOgs 14[AY,

%"E Y a3 PP EZ

EOs 2AY,

E,O¢6 npApy,

Y, Q7 1037,

(0V)GND O 8 9oAY,

Pin Description

I-1, Inputs

E, E, Logic low enables

E, Logic high enable
Y,-Y, Active low outputs
V. Supply voltage (+5V)
GND Ground (0V)

Fig. 1.98: Pin configuration of logic low 3-to-8 decoder IC 74138.
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The sum terms in the Boolean equations of 3-to-8 logic low decoder can be converted to product

terms as shown below:

Y, =L+ +1, Y, = (L L 1)
Y, = L+1+1 Y, =L 1)
Y, = L+1+I, g?&frgm Y,=(1,1, L)’
Y, = L+L+1 e Y, = (1,1 1)’
Y, = I+1 +1, Y, = (L L1
Y, = L+1+1 Y, =(,11)
Y, = L+l +1, Y, = (1,1, 1)’
Y, = LtL+1) Y= (L1 1)
(Used for OR (Used for NAND
Realization) Realization)

Using the above Boolean equations the logic circuit of logic low 3-to-8 decoder using OR gates is
drawn as shown in Fig. 1.99. It is possible to realize the logic low 3-to-8 decoder using only NAND gates
as shown in Fig. 1.100.

Lo
?ZIQ?ZIJ?ZIQ
D L+1,+1, Y,
YN\ Lt Y,
——2
D L+1+1, Y,
YN\ LI+ v,
10
D L+1,+1, Y,
™ Gt
——2
D L+T,+1, v,
YN\ LT v,

Fig. 1.99: OR realization of logic low 3-to-8 decoder.
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I, L Iy

GLI) =L+ 1+ 1

GLI) =L+ L+ 1

(Ilzll 16)' =L+ I’I )

GLT)) =L+1 +1;

(]zlll l:])’ = l’2'*' I, +1,

(121’1 Io)’ = IlzJr L+ I;]

(L1, 16)' = I;+ I’1 +1

(L1, Io)’ = IlzJr I’I + IZ)

i

Fig. 1.100: NAND realization of logic low 3-to-8 decoder:

Example 1.46
Design a half adder using logic high decoder.

Solution
Table 1: Truth Table of Half Adder

The half adder has two inputs a, b and two outputs s, ¢ (Refer

Fig. 1.46). The truth table of half adder along with minterms is shown Inputs | Minterm | Outputs
in Table 1. a b s ¢,
From the truth table of half adder we can write the following SOP 0 0 m, 0 0
form of Boolean equations for sum and carry of half adder. 0 1 m, 1.0
Sum,s=m, +m, 10 m, 10
Carry, c,=m, 11 m, 0 1

Since the half adder has two inputs, a 2-to-4 decoder can be selected to implement the half adder. The truth
table of logic high 2-to-4 decoder is shown in Table 2.
On taking into account the minterms for which sum and carry are 1, the following Boolean equations can be
obtained for sum and carry using the logic high decoder output.
s=Y,+Y,
Co = Y3
Using the above Boolean equations the logic circuit of half adder using logic high 2-to-4 decoder and 2-input
OR gate is drawn as shown in Fig. 1.
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Table 2: Truth Table of Logic High 2-to-4 Decoder

! Half adder |
1 Y :
Inputs | Minterm | Decoder Outputs X Logic 0 '
a——»1 ; Y |
a b Y, Y, Y, Y Pl e !
0 1 2 3 b I |1 5 Od Yz :
0 o m, 1.0 0 0 | ecoder !
| Ys, |
0 1 m, 0 1 0 0 ! ’ :) > LS
10 m, 0 0 1 0 :  Sum
1
11 m, 0 0 0 1 ! L %
\ | Carry
! 1
Y e Y :
Fig. 1: Half adder using logic high 2-to-4 decoder.
Example 1.47

Design a half adder using a logic low decoder and NOR gates.

Solution

The half adder has two inputs a, b and two outputs s, ¢, (Refer

Fig. 1.46). The truth table of half adder along with maxterms is shown

in Table 1.

From the truth table of half adder we can write the following POS

form of Boolean equations for sum and carry of half adder.
Sum, s =M M,
Carry, ¢, = M;M, M,

Since the half adder has two inputs, a 2-to-4 decoder can be

Table 1: Truth Table of Half Adder

Inputs | Maxterm | Outputs
a b s ¢
0 0 M, 0

0 1 M, 1 0
1.0 M, 1.0
11 M, 0 1

selected to implement the half adder. The truth table of logic low 2-to-4 decoder is shown in Table 2.

On taking into account the maxterm for which sum and carry are 0, the following Boolean equations can be
obtained for sum and carry using the logic low decoder output.

s=Y,Y,=(Y,*+Y,)
C,=Y,Y,Y,= (Y, +Y,+Y,)

Using the above Boolean equations the logic circuit of half adder using logic low 2-to-4 decoder and NOR gates

is drawn as shown in Fig. 1.

Table 2: Truth Table of Logic Low 2-to-4 Decoder

_________________________________________

Inputs | Maxterm| Decoder Outputs
a b Y, Y, ¥, Y,
0 O M, 0o 1 1 1
0 1 M, 1.0 1 1
10 M, 1 1 0 1
11 M, 1 1 1 0

1

1

| Yo

! .
oo, Y
b | 2-to-4 vy,

! h Decoder

Ys

Fig. 1: Half adder using logic low 2-to-4 decoder.
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Example 1.48

Design a full adder using logic high decoder.

Solution

The full adder has three inputs a, b, ¢, and two outputs s, ¢, Table 1: Truth Table of Full Adder

(Refer Fig. 1.53). The truth table of full adder along with minterms is Inputs Outputs

shown in Table 1. a b c | Minterm | Sum | Carry
c

o

From the truth table of full adder we can write the following SOP

3

form of Boolean equations for sum and carry of full adder.

Sum,s=m,+m,+m,+m, ; Carry,c,=m,+m,+m +m,

N

Since the full adder has three inputs, a 3-to-8 decoder can be

o5

selected to implement the full adder. The truth table of logic high 3-to-8

IS

decoder is shown in Table 2. On taking into account the minterms for

o

which sum and carry are 1, the following Boolean equations can be

=
-~ 0 0 2|0 =~ =~ ol|n

A 2 o Ao o o o
A A O O~ ~ O o
. O =~ O~ 0o =~ o
3 3 3 33 3 3

A A A O - O o o

<

obtained for sum and carry using the logic high decoder output.

SEY,4Y,+Y, Y, 5 c =Y, Y +Y, +Y,

Using the above Boolean equations the logic circuit of full adder using logic high 3-to-8 decoder and 4-input
OR gate is drawn as shown in Fig. 1.

Table 2: Truth Table of Logic High 3-to-8 Decoder

Inputs Minterm Decoder Outputs

a b c Y, Y, X, Y, X, Y, Y Y,
0 0 O m, 1 0 0 O 0 0 0 0
0 0 1 m, 0 1 0 0 0o 0 0 0
01 O m, 0 0 1 0 0 0 0 0
o1 1 m, 0 0 0o 1 0o 0 0 0
1.0 O m, 0 0 0 O 1 0 0 0
1.0 1 m, 0 0 0 0 0o 1 0 0
11 0 mg 0 0 0 O 0 0 1 0
11 1 m, 0 0 0 0 0o 0 0 1

l""""""""""""""""""""'I

! Full adder

| Yo ;

| Y, !

a I >l Logic Y, |

| High Y, |

b—>l 3408 |

| Decoder _ * 1

¢ ——>»l, Y, |

Y, |

Y. F— |

1

1

_________________________________________

Fig. 1: Full adder using logic high 3-to-8 decoder.
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Example 1.49

Design a half subtractor using logic high decoder.

M Table 1: Truth Table of Half Subtractor

The half subtractor has two inputs a, b and two outputs s, c_(Refer -
° Inputs | Minterm | Outputs
Fig. 1.67). The truth table of half subtractor adder along with minterms
. . a b d c
is shown in Table 1. °
0 0 X 0| o
From the truth table of half subtractor we can write the following o ] ]
SOP form of Boolean equations for difference and borrow of half subtractor. !
1 0 m 1 0
Difference,d=m, +m, ; Borrow, c, =m, 2
11 m, 0| o

Since the full subtractor has two inputs, a 2-to-4 decoder can be
selected to implement the half subtractor. The truth table of logic high 2-to-4 decoder is shown in Table 2.

On taking into account the minterms for which difference and borrow are 1, the following Boolean equations
can be obtained for difference and borrow using the logic high decoder output.

d=Y,+Y, . c =Y,
Using the above Boolean equations the logic circuit of half subtractor using logic high 2-to-4 decoder and 2-input

OR gate is drawn as shown in Fig. 1.

Table 2: Truth Table of Logic High 2-to-4 Decoder

Inputs | Minterm | Decoder Outputs X Half subtractor !
! 1
a b Y, Y, Y, Y, ! oo 7 :
1 - 1
00 , 1.0 0 0 a."og'g)h4Y1 !
1 LS A 1
0 1 0 1 0 0 b ! ™' Decoder Yz !
)
1 Y :
1.0 m, 0o 0 1 0 : ) Lod
1 1 m, 0 0 0 1 | 'Difference
! 1
s -
! | Borrow
1
! Y, Y, Y, Y,
Fig. 1: Half subtractor using logic high 2-to-4 decoder.
Example 1.50

Design a half subtractor using a logic low decoder and NOR gates.

Solution
Table 1: Truth Table of Half Subtractor

The half subtractor has two inputs a, b and two outputs d,

c, (Refer Fig. 1.67). The truth table of half subtractor along with Inputs | Maxterm | Outputs
maxterms is shown in Table 1. a b d c,
From the truth table of half subtractor we can write the 00 M, 0 0
following POS form of Boolean equations for difference and borrow 0 1 M, 1 1
of half subtractor. 1.0 M, 1 0
Difference, d = M, M, 11 M, 0 0

Borrow, ¢, = M, M, M,
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Since the half subtractor has two inputs, a 2-to-4 decoder can be selected to implement the half subtractor. The
truth table of logic low 2-to-4 decoder is shown in Table 2.

On taking into account the maxterm for which difference and borrow are 0, the following Boolean equations can
be obtained for difference and borrow using the logic low decoder output.

s=Y, Y, =(Y,+Y,) ; C, =Y, Y, Y, = (Y, +Y,+Y,)
Using the above Boolean equations the logic circuit of half subtractor using logic low 2-to-4 decoder and NOR

gates is drawn as shown in Fig. 1.

Table 2: Truth Table of Logic Low 2-to-4 Decoder

Inputs | Maxterm| Decoder Outputs

N
N
=
N
N
N

o5

0

| , Half subtractor |

1 v YO 1

a b Y, Y, Y, Y, ! P e !
a ! Logic v, jo—— !

0 0 M, o 1 1 1 —>l ow v !
'. 2-to-4 o_ﬁ> 2 !

0 1 M, 1.0 1 1 b ' Decoder Y2 V! |
v 3 5 |

1.0 M, 11 0 1 : r§>°_ :
1

Fig. 1: Half subtractor using logic low 2-to-4 decoder.

1.9.6 Combinational Circuit Design using Decoder

The logic high decoder generate output 1 for only one particular minterm as input. Therefore, a
Boolean function expressed as a sum of minterms can be obtained by logical OR of the outputs of decoder
for which the minterms of function generates logic high or 1.

The complement of logic low decoder output will be same as output of logic high decoder. Hence,
the complement of output of logic low decoder can be used to realize SOP form of Boolean function.

Similarly, the logic low decoder generates output 0 for only one particular maxterm as input.
Therefore, a Boolean function expressed as a product of maxterms can be obtained by logical AND of the
outputs of decoder for which the maxterms of function generates logic low or 0.

The complement of logic high decoder output will be same as output of logic low decoder. Hence
the complement of output of logic high decoder can be used to realize POS form of Boolean function.

Example 1.51
Realize the following functions,
F,=2Xm(0, 1, 3, 6)
F,=11IM(0,2,4,7)
(a) Using logic high 3-to-8 decoder and external OR gates only
(b) Using logic high 3-to-8 decoder and external NOR gates only.
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Solution
Giventhat, F,=¥m(0,1,3,6) ; F,=1IM(0,2,4,7)=Xm(1, 3, 5, 6)

Since the given functions has minterms m, to m,, the given functions are 3-variable functions and so can be
realized using a 3-to-8 decoder. The 3-to-8 decoder has three inputs and the minterms are formed from all possible
combination of inputs as shown in Table 1. Here, x, y and z are input variables of the functions.

The truth table of F, and F, is shown in Table 2.

Table 1: Truth Table of Logic High 3-to-8 Decoder Table 2: Truth Table of F, and F,

Inputs Outputs Minterm | F, | F,
X y z |Minterm | Y, | Y | Y, [Y, [ Y, | Y, |Y, |Y, m,=000 1 0
0 0 O m, 1 0 o |0 [0 |O|oO]oO m =001 | 1 1
0 0 1 m, 0 1 0 0 0 0 0 0 m,=010 0 0
0 1 0 m, 0 0 10 |0 |0]|O0]oO m=011 | 1 1

0o 1 1 0 0 o |1 oo |oOo]oO
M m,=100 [ 0 | 0

1.0 0 m, 0 0 o |0 1|0 |oO0]oO
m;=101 | 0 1

10 1 m, 0 0 oo o |1]|]o0]oO
11 0| m, o [o]ofofolo|[1]o m=110 | 1 | 1
11 1 m, o |o|o |0 0o ]|oO]|oO]H m, =111 10 0

(a) Using Logic High 3-to-8 Decoder and External OR Gates Only

In function F,, the output is "1" for minterms 0, 1, 3 and 6. In logic high decoder the output Y_is "1" when the
input corresponds to minterm m_and so the outputs Y, Y,, Y, and Y, are logically ORed for OR implementation.

Similarly, for function, F, the decoder outputs Y., Y,, Y, and Y, are logically ORed for OR implementation.

The Boolean equations of functions F, and F, in terms of decoder output are given below:
Fo=sYo+Y, +Y+Y (1)
Fo= Y, +Y+Y +Y, (2)

The equations (1) and (2) are used to implement functions F, and F, using logic high 3-to-8 decoder and external

OR gates as shown in Fig. 1.

Yo
Y,
z—p|l, Logic VY,
High vy,
y —»{1, 3-to-8
Decoder Y4
X —p{ 1, Y
Yo
Y, < F,

YG Y5 Y3 Y1 YO
Fig. 1: OR implementation of F, and F,.
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(b) Using Logic High 3-to-8 Decoder and External NOR Gates Only

The equations (1) and (2) can be modified for NOR implementation as shown below:

1
1

LY Y, Y Y =<(Y0+Y1+Y3+Y6)>:(F;) ..... 3)
F2=Y1+Y3+Y5+Y6=<(Y1+Y3+Y5+Y6)>:<F'2) ..... (@)
The equations (3) and (4) are used to implement functions F, and F, using logic high 3-to-8 decoder and external

NOR gates as shown in Fig. 2.

In NOR implementation the inverters are constructed using NOR gates and the OR gate is constructed using
NOR gate followed by an inverter as shown in Fig. 2.

Yo
Y,
Z—p|l, Logic Y,
High v,
y —p|l, 3-to-8
Decoder Y,
X —p 1, Ys
Yo
Y, | ,
. Py (F) =F,
]
)I F (Fé)’ =F,

Yo Yo Y, Y, Y,
Fig. 2: NOR implementation of F,and F,.

Example 1.52
Using decoder and external gates, design the combination circuit defined by the following Boolean functions:
i) F,=(y+x")z ii) F,=yz+x'y+y'z i) F,=(x+y")z

Solution

The truth table of Boolean functions F., F, and F, are shown in Table 1. Here, x, y and z are input variables of
the functions.

Table 1: Truth Table for F,, F, and F,

x y z | Minterm | Maxterm| x' y' z'| y+x'| F, ||yz |x'y|y'z| F, x+y' | F,
000 m, M, 111 1 offloflo|o]o 1 0
001 m, M, 171 0 1 1 0 0 1 1 1 1
010 m, M, 1.0 1 1 0 0 1 0 1 0 0
011 m, M, 1.0 0 1 1Tl [1 o |1 0 0
100 m, M, 0o 1 1 0 0 0 0 0 0 1 0
101 m, M, 010 0 0 0 0 1 1 1 1
110 m, M, 0 0 1 1 0 0 0 0 0 1 0
1711 m, M, 0 0 O 1 1 1 0 0 1 1 1
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From the truth table the following Boolean equations in SOP form are obtained. The function is given by sum
of minterms for which output is 1.

F,=m, +m,+m, ; F,=m, +m,+m,+m,+m, ; F,=m, +m,+m,
On taking into account the minterms for which function outputs are 1 the following Boolean equations are
obtained using the logic high decoder output.
Fo=Y, +Y,+Y, ; F,=Y, +Y,+Y, +Y, +Y, ; F,=Y, +Y, +Y,
Using the above Boolean equations the logic circuit for the given functions using logic high 3-to-8 decoder and

OR gate is drawn as shown in Fig. 1.

From the truth table the following Boolean equations in POS form are obtained. The function is given by product
of maxterms for which function output is 0.

F, =M, M,M, M, M, ; F,=M,M, M, ; F,=M,M, M,M, M,
On taking into account the maxterms for which the functions outputs are 0, the following Boolean equations are

obtained using logic low decoder output.

F,=Y,Y,Y,Y.Y, . F,=Y,Y,Y, ; F,=Y,Y,Y,Y,Y,

2 °4°5°6

Using the above Boolean equations the logic circuit for the given functions using logic low 3-to-8 decoder and
AND gate is drawn as shown in Fig. 2.

Yo Ylo———
Y, Yo—
zZ —ply Logic Y., z—pl, Logic Y,Jo——
L I
" Decoder Y y g Di-ég;jser Y, Jo——
X —»l; Ys X —pll, YsPo—
Y Y Jo—
Y7 Y7 °_

T

\ F
]~ I
Y2 YsY, Y, Y, Y. Y,Y,Y,Y,Y,Y,
Fig. 1: Logic circuit of F,, F,, F, using logic Fig. 2: Logic circuit of F,, F,, F; using logic
high decoder and OR gate. low decoder and AND gate.

Example 1.53

Realize the following functions,

F,=2Xm(0,1,3,6)

F,=TIM(0, 2, 4, 5)

(a) Using logic low 3-to-8 decoder and external AND gates only

(b) Using logic low 3-to-8 decoder and external NAND gates only.
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Solution
Giventhat, F,=Xm(0, 1,3,6)=IM(2,4,5,7)
F,=11M(O, 2, 4, 5)

Since the given function has maxterms M, to M, the given functions are 3-variable functions and so can be
realized using a 3-to-8 decoder. The 3-to-8 decoder has three inputs and the maxterms are formed from all possible
combination of inputs as shown in Table 1. Here, x, y and z are input variables of the functions.

The truth table of F, and F, is shown in Table 2.

Table 1: Truth Table of Logic Low 3-to-8 Decoder Table 2: Truth Table of F, and F,
Inputs Outputs Maxterm F, | F,

X y z |Maxterm | Y, | Y, | Y, | Y, [ Y, | Y| Y | Y, M,=0+0+0 1 0
0 0 0 M, 0 1 LA T O O I I O M =0+0+1" | 1 1
0 0 1 M, 1 0 LA A O O I O M,=0+1'+0 | O 0
0 1 0 M, 1 AR O T R O O A T B M=0+ 17417 | 1 1
0o 1 1 M, 1 1 10 |1 | 1] 1] M =1+0+0 | 0 0
1.0 0 M, 1 1 1 1 0 1 1 1

M,=1+0+1" | 0 0
1.0 1 M 1 1 1 1 1 0 1 1
11 0 M, R EEERE Mg=1"+1"+0 | 1 | 1
11 1 M, 1 1 11 |1 |1 ]1]o0 M,=1"+1"+1"] 0 1

(a) Using Logic Low 3-to-8 Decoder and External AND Gates Only

In function, F, the output is "0" for maxterms 2, 4, 5 and 7. In logic low decoder the output Y is "0" when the
input corresponds to maxterm M_ and so the outputs Y,,, Y,, Y, and Y, are logically ANDed in order to realize F,.

Similarly, for function, F, the decoder outputs Y, Y,, Y, and Y, are logically ANDed in order to realize F,.

The Boolean equations of functions F, and F, in terms of logic low decoder output are given below:
F,=1IM@2,4,57)=Y,Y, Y, Y, (1)
F,=1IM(0,2,4,5)=Y,Y,Y, Y, (2)

The equations (1) and (2) are used to implement functions F, and F, using logic low 3-to-8 decoder and external
AND gate as shown in Fig. 1.

z—p]l, Logic Y, o—m————
Low Y o——
y—>»|I, 3to-8

Decoder Y0

x —1, Y.o———

Y, Y, Ys Y. YLY, YL Y,
Fig. 1: AND implementation of F, and F,.
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(b) Using Logic Low 3-to-8 Decoder and External NAND Gates Only

The equations (1) and (2) can be modified for NAND implementation as shown below:
F,=TIM(@2,4,57)=Y,Y, Y. Y, =(Y,Y, Y, Y,))=(F,)
F,=TIM(0,2,4,5)=Y,Y,Y, Y, =((Y,Y,Y,Y,))=(F)

The equations (3) and (4) are used to implement functions F, and F, using logic low 3-to-8 decoder and external
NAND gate as shown in Fig. 2.

In NAND implementation the inverters are constructed using NAND gates and AND gate is constructed using
NAND gate followed by an inverter as shown in Fig. 2.

z —pll, Logic Yo

Low Y3 o——MM—
y —»|I, 3-to-8

Decoder Y.[®
x —1, Y, o———
Y o——
Y, lo——
x (F) = F,
e (Fy) =F,
Yo Yo Yo Yo Y5Y, YL Y
Fig. 2: NAND implementation of F, and F,.
1.10 Encoders
—» Yol—»
An encoder is a combinational circuit that performs the inverse =~ —»{h ¥i >
. ——p|l ohign Yof TP
operation of a decoder. ; Encoder | -
In general, an encoder has 2" input lines and n output lines. When —1, Vol
one of 2"inputs is activated, it generates an unique n-bit output. The block 2 nputs n-bit output

diagram of 2"-to-n encoder is shown in Fig. 1.101. Fig. 1.101: 2'-to-n encoder.

1.10.1 Logic High 4-to-2 Encoder

The 4-to-2 encoder has 4 inputs and 2 outputs. When any one of the
inputs is asserted high then a corresponding 2-bit binary value is generated
in the output. "' 02 Yo—>

NN Encoder Y,

_>|0

Let, I,1,L, I, = Inputs L

; 2-bit output
Y, Y, = Outputs 4 inputs

The block diagram of 4-to-2 encoder is shown in Fig. 1.102 and the ~ Fig- 1.102: 4-to-2 encoder.
truth table is shown in Table 1.59. Three different types of encoder design is presented here.
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Table 1.59: Truth Table of 4-to-2 Logic High Encoder

Inputs Minterm | Outputs
L L L I Y, Y,
1 0 0 O m, 0 0
01 0 0| m, 0 1
0 0 1 0 m, 1 0
0 0 0 1 m, 11

Design 1: 4-to-2 Encoder Design using K-map

Since the 4-to-2 encoder has 4 inputs the possible minterms are m, m, m,, ...... , m .. But only 4
minterms are required for valid outputs as shown in truth table (Table 1.59). The outputs for remaining
minterms are don't-care outputs.

1
LI, 3 L LI,
LN 00 |01 11 10 LI\ 00 01 11 10
o m, m, m, m, m, m, m, m,
00 T [ | 1) 0 x [T [ |o :
m, m; m, m, m, m; m, m, :
01f o x X X 011 X X X) l
m,, m; m,; m,, m,, m;; M5 m,, !
1} 5 X X X 1 \X X X X )
myg my m,; m,, myg m, m,, m,,
Fig. a: K-map for Y,. Fig. b: K-map for Y,.

Fig. 1.103: 4-to-2 encoder design using K-map.

Using Table 1.59, the K-maps for Y and Y, are constructed as shown 1, 1, 1, 1
in Fig. 1.103. From the K-map we get the following Boolean equations for
encoder outputs.

w

Y0211+I3 ‘

Using the above Boolean equations the logic circuit of 4-to-2 encoder Fig. 1.104: 4-t0-2 encoder:
is drawn as shown in Fig. 1.104.

Note: Since we use minimum literals 1 is not used in generating output.

Design 2: 4-to-2 Encoder Design using Minterms without Minimization

In this design a SOP form of Boolean equation can be directly formed for each output by considering
the minterms for which outputs are 1.

The truth table of 4-to-2 encoder is shown in Table 1.60. In this table the minterms for which outputs
are 1 are identified and using these minterms the following SOP form of Boolean equations are obtained
for outputs.
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Y, =m,+m = I; I; L, 1'3 . IZ) I; I'2 1, Table 1.60: Truth Table of 4-to-2 Encoder

G I, I, I, I, | Minterm | Y, | Y,
Y,=m,+m = LLLL+L L1,
1 0 0 0 m, 0 | o
Using the above Boolean equations the logic circuit 0 1 0 0 m 0 |
. . . 4
of 4-to-2 encoder is drawn as shown in Fig. 1.105. o 0 1 o n X o
I I, L 0O 0 O 1 m, 1 1
Iy 1 L I
LT
Yl
D_ LI LI,
)_ LL LI
YO

Fig. 1.105: 4-to-2 encoder design using minterms without minimization.

Design 3: 4-to-2 Encoder Design using OR Gate

From the truth table (Table 1.59) we can make following observations.
Y,isl, whenl,=1 or L=1; .. Y =L+I
Y,is1, whenl =1 or L=1 ; .. Y =1+1L

Using the above Boolean equations the logic circuit of 4-to-2 encoder is drawn as shown in Fig. 1.106.

Fig. 1.106: 4-to-2 encoder design

using OR gate.
1.10.2 Logic High 8-to-3 Encoder
The 8-t0-3 encoder has eight inputs and 3 outputs. When any one :°
of the inputs is asserted high then a corresponding 3-bit binary value is » 1, Y|—»
. 8-t0-3
generated in the output. —> :j LSos
Let, 1,1,...... , I, = Inputs — Yol—»
—>
YO’ Yl Y2 - Outputs 8'_’ l; 3-bit output
nputs

Fig. 1.107: 8-to-3 encoder.
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The block diagram of 8-to-3 encoder is shown in Fig. 1.107 and the truth table is shown in Table
1.61. Two different types of 8-to-3 encoder design is presented here.

Since the 8-to-3 encoder has 8 inputs the possible minterms are m, m, m,, ...... , m_.. But only 8
minterms are required for valid outputs as shown in Table 1.61. The outputs for remaining minterms are
don't-care outputs.

Table 1.61: Truth Table of 8-to-3 Logic High Encoder

Inputs Minterms | Outputs
I, L, L L I I I I Y, Y Y,
1 0 0 0 0 0 0 0 m, |0 0 0
0 1 0 0 0 0 0 0 m,, 00 1
0 0 1 0 0 0 0 0 m,, 010
0 0 0 1 0 0 0 0 m,, 01 1
o o0 o o 1 O 0 O m, 1 0 0
o o0 0 0 0 1 0 0 m, 1 0 1
o o0 0 0 0 O 1 0 m, 1 1 0
o o0 o0 o0 o0 o0 0 1 m, 1 1 1

Design 1: 8-to-3 Encoder Design using OR gates

From the truth table (Table 1.61) we can make following observations.

Y,is 1whenl =1, L=1,L=1L=1 ; . Y =[+L+IL+L
Y islwhenL=1,L=11,=1,1=1 ;o L Y =LA+
Y,islwhenl, =1, =1,1 =1,1.=1 ;o Y, =L+ LA+

Using the above Boolean equations the logic circuit of 8-to-3 encoder is drawn using OR gates as

shown in Fig. 1.108.
I+
] >—Y,
12+I3+I6+I7
} >_ Y]
II+I3+IS+I7

Fig. 1.108: 8-to-3 encoder using OR gates.

1.11 Priority Encoders (AU, Apr/May'23, 6 Marks)

A priority encoder is an encoder circuit that includes a priority function in order to recognize only
one input when multiple inputs are asserted high.

The operation of the priority encoder is such that if two or more inputs are asserted high (or equal
to 1) then the output corresponds to the input having highest priority.
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1.11.1 Logic High 4-to-2 Priority Encoder

The 4-to-2 encoder has 4 inputs and 2 outputs.
Let, I,1,1,I, = Inputs

0271 72 73
Y, Y, = Outputs
Let the order of priority from highest to lowest be,
L, - Highest
I2
Il .
I, - Lowest

Now, the above priority works as follows:
If I, and I, are set high then output will correspond to only L.
If I, and I, are set high then output will correspond to only 1.

If I, and I are set high then output will correspond to only I..

To implement the above priority we have to write a priority function.

The priority functions for the above example are,

H, = [ ; I, is recognized

H =1 I; ; L, is recognized only if I, = 0

2 2

H = [ LI, ; I, is recognized only if [, =1, =0

1 1

[

H, = [T, ; I isrecognizedonlyifl =1, =1,=0

The truth table of priority encoder with above priority functions is shown in Table 1.62.

Table 1.62: Truth Table of 4-to-2 Priority Encoder

Inputs Outputs
I 1, LY Y,
0 0 0 0
| (] 0 0 1
x 1 0 1 0
X X 1 1 1

From the truth table (Table 1.62) we can note that Y is 1 when I, and [, are 1.

Y, =H+H=1 1, +1,

From the truth table (Table 1.62) we can note that Y is 1 when I and I, are 1.

Y, =HAH=1 LT+,
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Therefore, the Boolean equations of 4-to-2 priority encoder with priority order from I, to I are,
Y =LL+L
Y, =1 LI +1,

The above equations are verified in Table 1.63 for same possible combinations of inputs.

Table 1.63: Verification of 4-to-2 Priority Encoder

I, L I, I || |LL|LLL|Y Y, Comment
1 0 0 O 1|1 0 0 0 0

Only one input is asserted high and so the
0 1 0 0 L 0 1 0 1 output corresponds to the input asserted high.
0 0 1 O 011 1 0 1 0
0 0 0 1 110 0 0 1
0o o0 1 1 010 0 0 1 1 | 2and 3 asserted high ; output corresponds to 3
o 1 1 0 0] 1 1 0 1 0 | I and 2 asserted high ; output corresponds to 2
1 I 0 0 1 1 0 1 0 1 | Oand 1 asserted high ; output corresponds to 1

Usually a priority encoder will have a valid bit v, to indicate that one or more input is set high. The
valid bit is zero if all inputs are zero. The truth table of 4-to-2 priority encoder with valid bit v is shown
in Table 1.64. Since, value of valid bit is 1 if any one input is 1, the equation of valid bit is given by sum
of all inputs as shown below:

Lv=Il AL AL AL

Table 1.64: Truth Table of 4-to-2 Priority Encoder with Valid Bit v

Inputs Outputs L Lo
L, L L LY, Y v % %
o 0 0 0 x x 0 Ll |5 LI
| = Y, =1 I; +h
1 0 0 0 0 0 1
x 1 0 0|0 1 1 ‘ R YEE Y=L LI+
X X 1 0 1 0 1
X X X 1 1 1 1 ylwlﬁrlﬁla
]

Fig. 1.109: 4-to-2 priority encoder with I, having highest priority.

The logic circuit of 4-to-2 priority encoder with priority order I, to I  is drawn as shown in
Fig. 1.109 using the Boolean equations of outputs and valid bit.

Alternatively, the priority encoder can be designed using K-maps.
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1.11.2 Logic High 4-to-2 Priority Encoder Design using K-maps

The don't-care inputs are expanded with all possible combination of inputs and listed in Table 1.65.

Table 1.65: Truth Table of Priority Encoder with all Possible Combination of Inputs

Inputs Outputs Inputs Outputs
I, I, I, I, [Minterm| Y, Y, v I, I, I, I, |Minterm| Y, Y, v
0 0 0 O m, x x 0 0 0 0 O m,; x x 0
1 0 0 O m, 0 0 1 1 0 0 O my 0 0 1
x 1 0 0 | mym, | 0 1 1 0 1.0 0 m, o 1 1
 x 1 0 | mum, | 1 0 1 11 .0 0 m,, 0 1 1

m,,m, 0 0 1 O m, 1 0 1
x x x 1 m, m, 1 1 1 o 1 10 mg 10 1
m,, m, 1 0 1 0 m,, 1o 1
m, m,, 1 1 1 0 m, 1 0 1
m,, m; 0 0 0 1 m 1 1 1
0 0 1 1 m, 11 1

0 1 0 1 my 1 1 1

0o 1 1 1 m, 1 1 1

I 0 0 1 m, I 1 1

1 0 1 1 m,, (S B

I 1 0 1 m, 1 1 1

1111 m,, 111

The K-map for Y, Y, and v are constructed using the truth table (Table 1.65) as shown in Fig. 1.110.

LI, LI
LIN_00 01 11 10 1IN\ 00 01 11 10

m, m, m, m, m, m, my m,
oo[x | [1\ 1\ o[ x |/ _N 0

m, m; m, mg m, m, m, m,
oo 1 i |1 017 -q 1| o

LI

m,, m,; m,; m,, m,, m, m,; m,,
11 111 _J 0

0 1 1 1 I, 1

myg m, m,;; m,, myg m, m,, mmI

I

wo NN e N Yo [

Fig. a: K-map for Y,. Fig. b: K-map for Y,.
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L1,
LIN 00 01 11 10
m, m, m; m,
00| 0 1
AIEE L:—Iz
m, m, m, 6
ot |1 1 1
Il m,, m,; [my5 m, |
1T
4Bk
Io_' myg m, "_“11 m,,
I3
ol W[

Fig. ¢: K-map for v.
Fig. 1.110: K-map for design of 4-to-2 encoder.
From the K-map we get the following Boolean equations.
Y =L+ Y, =LL+1 ; v=1+1 +L+I,

Using the above Boolean equations the logic circuit for 4-to-2 priority encoder is drawn as shown
in Fig. 1.111. I, L L I,

.

2

L+l v
1

LL

I llI;+I3 Y
0

:>I+I+I+I
) 0T

Fig. 1.111: Logic circuit for 4-to-2 priority encoder
with 1, having highest priority.

1.11.3 Logic High 8-to-3 Priority Encoder

The 8-to-3 priority encoder has 8 inputs and 3 outputs.
Let, I,1,..... , 1, = Inputs

0 "1
Y,Y,Y, = Outputs
Let the order of priority be,
- highest

N

o

w

~

w

[

b e e el e el e

o

- lowest
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in Fig.

The priority functions for the above priority order are,

H, =1 ; L is recognized

H, = I I'7 ; L is recognized only if I is 0

H =111 ; L is recognized only if I, and I are 0

H, =1, LI T, ; 1, is recognized only if I, I and I are 0

H =L I, LIIL ; 1, is recognized only if 1,1, I and [ are 0

H, =1, LI I LT, ; L, is recognized only if I, 1, L, I, and I, are 0

H =1 LILI LI ; 1, is recognized only if L, L, I, L, I, and I are 0
H, =1, LLLIL LI I, is recognized only if I,,1,,1,, I, I, I, and I, are 0

The truth table of priority encoder with above priority functions is shown in Table 1.66.

From the truth table we can note that Y, is 1 when, I, I, I, and I, are 1.

~Y, = H+H +H +H,
=, LI L+LI L+ L+1

From the truth table we can note that Y, is 1 when I, 1., I, and L are 1.
Y, = H,+H, +H +H,
=L LI I I L+LI I I L+ L+ 1
From the truth table we can note that Y is 1 when I, I, I, and I are 1
~ Y, =H +H,+H +H,
=L L LI LI L+L LI L+LL T+
The valid bit v equation is,
v=[ +1 +L+L+[+1L+1 +L

Using the above Boolean equations the logic circuit for 8-to-3 priority encoder is drawn as shown
1.112.

Table 1.66: Truth Table of 8-to-3 Priority Encoder

Inputs Outputs
I, L L LL I L L|Y,Y YV
o 0 0 0 0 0 0 0 |x x x 0
1 0 0 0 0 0 0 0|0 O 0 1
x 1 0 0 0 O O 0|0 O0 1 1
x x 1 0 0 0 O OO0 I 0 1
x x x 10 0 0 O0]0 1 1 1
x x x x 1 0 0 01 0 0 1
x x x x x 1 0 O0]1 0 1 1
X X X X X X 1 0 1 1 0 1
X X X X X X X 1 1 1 1 1
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H=LILL

JU

He=LIL,

H=I,L,

7

H,=LLLILL

T
i

H=LI LI

) ) e
N
_J

111111

Fig. 1.112: 8-to-3 priority encoder with I, having highest priority.

The 8-to-3 priority encoder is available as a standard IC with number 74148. The pin configuration
of 74148 is shown in Fig. 1.113.

N

Lo 16 A V. (+5V)

Lo shEo Pin Description

I3 “Av -5 Inputs

L4 3@, YooY Outputs

74148 v Output
EIC]S AL v Suppl | (+5V)
U] voltage (+

v.ds b1 “ pply voltag
GND Ground (0V)

Y, 7 [,
EI Input Enable

(0V)GND [ 8 IRlY, EO Output Enable

Fig. 1.113: Pin configuration of 8-to-3 priority encoder IC 74148.
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Example 1.54

Design a 4-to-2 priority encoder with input | having the highest priority and input I, the lowest priority.
Solution

Let, 1, 1,1, I, = Inputs

Yy, Y, v = Outputs
The truth table of priority encoder is shown in Table 1.

Table 1: Truth Table of 4-to-2 Priority Encoder with |, as Highest Priority

Inputs Outputs
oL, LY, Y, v

0 0 O 0 x x 0

0
0 0o 1 x 1 0o 1
0 0 O 1 1 1 1

Given that the order of priority highest to lowest are,

I, - highest

I, - lowest

The priority functions are,

H, =1, ; |, is recognized

H, =1, I:) ; |, is recognized only if | is 0

H,= 1,131, ; |, is recognized only if |, and |, are 0
H, =1, 15131, ; 1,is recognized only if 1, I, and |, are 0

From the truth table we can note that Y, is 1 when, |, and |, are 1.

Y= Hy+H =1 L+ L1
From the truth table we can note that Y is 1 when |, and |, are 1.

LYy = H +H,

=1, I:)+I3I'2I;I:)

The equation for valid bit, v is,

v+l +1+
The logic circuit of 4-to-2 priority encoder with priority order |, and |, is drawn as shown in Fig. 1, using Boolean

equations of output and valid bit, v.
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v

2 |3

s
1 \H2_|2|1|0

L/

T \H, =L, 11,

L

I H, =11 Y,

S,
1~

Fig. 1: Logic circuit of 4-to-2 priority encoder with 1, having highest priority.
The output Boolean equation are verified for some possible combinations of inputs in Table 2.

Table 2: Verification of Output Equations

Inputs Product Terms Outputs Comments
L, L L0 o L L L Ly LY, Y,
17 0 0 O 0o 1 1 0 0 0 0 0
Only one input is asserted high and so the output

0 1 0 0 1.0 1 0 0 1 0 1 corresponds to the input asserted high

o o0 1 O 17 10 1 0 0 1 0

0O 0 0 1 17 1 1 0 1 0 1 1

1 1 0O 0 0 0 1 0 0 0 0 0 |0and 1 are asserted high ; output corresponds to 0

0 1 1 0 17 0 0 0 0 1 0 1 |1 and 2 are asserted high ; output corresponds to 1

o 0 1 1 1 1 0 1 0 0 1 0 |2 and 3 are asserted high ; output corresponds to 2
Example 1.55 (AU, Nov/Dec'23, 13 Marks)

Explain binary to octal decoder and octal to binary encoder with the help of circuit diagram.

Solution

Binary to Octal Decoder

A binary to octal decoder, accept a 3-bit binary input and activates one of the eight outputs corresponding to
the octal digit.

The truth table of binary to octal decoder is shown in Table 1 and the Boolean equations for octal outputs are
obtained from minterms for which the output is 1.

—>|b, o —»
" 3-t0-8 O
3-bit input ——»{ b, pecoder oj L

—>»b, os—»
Osb—»
o,—»

8 outputs

Fig. 1: 3-to-8 decoder.
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Table 1: Truth Table

Inputs Minterm Outputs
b2 b1 bO 00 °1 02 03 04 05 06 o7
0 0O b 1 0 0 O O 0O 0O
0 0 1 ; 0o 1 0 0 0O O 0O
010 m, 6 01 0 0 0 0O
0 1 1 m, 0o 0 0 1 00 OO
100 m, o 0 0 0 10 0O
1.0 1 m, 0o 0 0 0 01 0O
110 R 0o 0 0 0 0O 1O
111 , 0o 0 0 O 0O 01
b b,
0, = byb! by 0, =b,b!b) Pz Do Do
0,=blb!b, 0, =b,b! b, 1 ]
0,=bb, by 0,=b,b, by b, b by
o,=b;b, b, 0,=b,b,b, [\ bybibg 0
The logic circuit of binary to octal decoder is shown in Fig. 2. I byb’ by
| 04
) bbby
e—
| \ b,2b1bO o
L )
[ ) _babibo o,
ID b,b’b, o
1 \ b2b1b(l) 0Og
[ ) bbby o.
L/ !

Fig. 2: Logic circuit of binary to octal decoder.

Octal to Binary Encoder

An octal to binary encoder is a digital circuit that converts one of %
—»| 0
8 inputs corresponding to 8 octal numbers to its corresponding binary 0' b )
’ 0
output (3-bit binary number). — 02 8-to-3
8 inputs 03 Encoder 01 — 3-bit output
) . . —>o,
The truth table of octal to binary encoder is shown in Table 2 o, b,
and the Boolean equations for binary outputs are obtained by logical —>»| o,
OR of the inputs for which the output is 1. —>» o,

Fig. 3: 8-to-3 encoder.
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Table 2: Truth Table

Inputs Minterms | Outputs
o, o, 0, 0, O, O, O, O, b, b, b,
1 0 0 0 0 0 0 O m,, 000
01 0 0 0 0 0 O m,, 0 0 1
0 0 1 0 0 0 0 O m,, 010
0 0 01 00 0 O m,g 0 1 1
o 0 o o 1 0 0 O m, 1.0 0
o 0 O o0 o 1 0 O m, 1.0 1
0o 0 O o o 0 1 0 m, 1710
o 0 0O o0 o o o 1 m, 171 1

b,=0,+0,+0,+0,
b,=0,+0,+0,+0,
b,=0,+0,+0,+0,
The logic circuit of octal to binary encoder is shown in Fig. 4.

0 0y 0, 03 04 05 Og Iy

0,+05+04+0;

) >—0b,
0,+0;+0g+0,

] >—— b,
0,+04+05+0;

Fig. 4: Logic circuit of octal to binary encoder.

1.12 Multiplexer (AU, Nov/Dec'22, 2 Marks)

A multiplexer is a combinational circuit that selects one binary information from many inputs. For
this reason a multiplexer is otherwise called a data selector. In general, a multiplexer will have 2" inputs
and one output and so it allows only one input to output at any one time. In order to select one of the 2"
inputs the multiplexer will have n selection lines (or address). In short multiplexer is denoted as MUX.

The block diagram and symbolic representation of 2" : 1 multiplexer with n selection lines to select
one of the 2" inputs are shown in Fig. 1.114.

ol - m=2"-1
h g N
1L mux , '
2"inputs - Y g 2" inputs
: Single P : Single
—» |, output » output
Sn—1 S1 SO
T A 4
n selection lines —— | n selection lines
or R T—— or
n-bitaddress | n-bit address
Fig. a: Block diagram representation. Fig. b: Standard symbol.

Fig. 1.114: Multiplexer.
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2:1 Multiplexer

The 2:1 multiplexer is used to select one of the two inputs using 1-bit address or selection input.
Since 2 =2!, for 2:1 multiplexer one selection line is required to select one of the two inputs.
Let, I, I = Inputs
S, = Selection input/Address
Y = Output
In 2:1 multiplexer,
When, S =0, I ispassedtooutput, .. Y=I
When, S =1, 1 ispassedtooutput, .. Y=1I
The above selection logic are listed as truth table in Table 1.67. Taple 1.67: Truth Table of 2:1

Multiplexer
—,
2: Selection
mux Y[ I
—, nput | Output
S, S, Y
_ 1 o,
Fig. a: Block diagram representation. Fig. b: Standard symbol. 1 L
Fig. 1.115: 2:1 multiplexer.
IS Table 1.68: Truth Table of 2:1 Multiplexer for
1~0
I\ 00 01 11 10 all Combination of Inputs
m, m, my m,
ol o 0 q] 0 Inputs | Selection
T, T T, T, Input |Minterm | Output
11D |o QJ G | I, I, S, Y
g : —
0 0 0 m Y=1=0
— 1S s, 0 0 1 " ve1-0
Fig. 1.116: K-map for design o o
of 2:1 multiplexer. 0 1 0 m, Y=1,=0
0 1 1 m, | Y=1-=1
The truth table of 2:1 multiplexer for all combination 1 0 0 m, Y=1,=1
of inputs is shown in Table 1.68. The K-map for the design 1 0 1 m, Y=1,=0
of 2:1 multiplexer is shown in Fig. 1.116 and from the K-map 1 0 m, Y=1-1
we get the following Boolean equation. 11 1 m, Y=1-1
Y=1S,+LS,

The logic circuit for 2:1 multiplexer is drawn using
the above equation as shown in Fig. 1.117.

}56
Sy —

Fig. 1.117: Logic circuit of 2:1 multiplexer.
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4:1 Multiplexer

The 4:1 multiplexer is used to select one of the four inputs using 2-bit address or selection input.

Since 4 =22, for 4:1 multiplexer two selection lines are required to select one of the four inputs.

Let, 1,1,1,I, =Inputs

0 712 722 73
S S, = Selection inputs/Address
Y = QOutput

In 4:1 multiplexer,
When, S =0, S =0, I ispassedtooutput, .. Y=I
When, S, =0, S =1, I ispassedtooutput, .. Y=1I
When, S =1, S =0, [ ispassedtooutput, .. Y=I,
When, S =1, S =1, I ispassedtooutput, .. Y=I,

The above selection logic are listed as truth table in Table 1.69.

The block diagram and symbolic representation of 4:1 multiplexer with two selection lines to select

one of the four inputs are shown in Fig. 1.118. Table 1.69: Truth Table of
4:1 Multiplexer
— Selection
—>h 4y y Input Output
MUx Y |—
—" S, S, Y
R — |3
S, S, 0 0 I,
2 0 1 I,
_ 10 1,
Fig. a: Block diagram representation. Fig. b: Standard symbol. . . .
3

Fig. 1.118: 4:1 multiplexer.

The dual 4:1 multiplexer is available as a standard IC with number 7453. The pin configuration of
7453 is shown in Fig. 1.119.

N

E.O! 16 A V_(+5V)
Sl 15 A E, Pin Description
L.O3 14[3s, Sy> S, Selection inputs
L.O4 as3 BP L E.E, Enable (Active low) inputs
Ila Os 123 Izb I()a - I3a Mlﬂtl.plexer 1.nputs
L. npi, I, -1, Multiplexer inputs
Y, Y, Multiplexer output
Y.g?7 10 31, .
V. Supply voltage (+5V)
(OV)GND L8 HY GND | Ground (OV)

Fig. 1.119: Pin configuration of dual 4:1 multiplexer IC 7453.
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The logic circuit of 4:1 multiplexer can be [ —— \ LSS,
realized using AND and OR gates as shown in

Fig. 1.120. Table 1.70 can be used to check the L ) LSS
logic circuit of 4:1 multiplexer. Y
I, I\ LSS,
—1 J
I [\ LSS,
L/
ST [So
A5
SO

Fig. 1.120: Logic circuit of 4:1 multiplexer.

Table 1.70: Verification of Output of 4:1 MUX shown in Fig. 1.120

S, S,|s s |LsS.s | 1SS, | LSS | LSS,| Y
0 0|1 1 1, 0 0 0 1,
0 1|1 0 0 I, 0 0 I,
1 0|0 1 0 0 1, 0 1,
1 1]0 0 0 0 0 L L

8:1 Multiplexer

The 8:1 multiplexer is used to select one of the eight inputs using 3-bit address or selection input.

Since 8 = 23, for 8:1 multiplexer 3 selection lines are required to select one of the eight inputs.
The input selection logic are listed in truth table shown in Table 1.71. The block diagram and symbolic
representation of 8:1 multiplexer with three selection lines to select one of the eight inputs are shown in

Fig. 1.121.
Let, 1,11, ...... I, = Inputs Table 1.71: Truth Table of
8:1 Multiplexer
Se S, S, = Selection inputs/Address
Selection Output
Y = Output
Inputs Y
—>» b S2 Sl S
—| 1,
) 0 0 0| I
—>l; 8:1 0 0 1 I
MUX L
" ! 0 1 0| 1
—
—| | 0o 1 1 IR
" 10 0 1,
S, S, S,
T 2 A 1 0 1 L
| 11 0 I,
Fig. a: Block diagram representation. Fig. b: Standard symbol. L1 1 L

Fig. 1.121: 8:1 multiplexer.
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The logic circuit of 8:1 multiplexer can be realized using AND and OR gates as shown in Fig. 1.122.

Table 1.72 can be used to verify the logic circuit of 8:1 multiplexer.

Iy 1,555,
|/
L 1,S5SS,
L/
I, [\ LS)SS,
e \ LS:SiS,
|
Y
I [\ LS,SiS,
IS \ ISSZSIISO
Iy \ 18,S,S,
L N\ 1S.SS,
(AR
sz_,zlx
S
SO
Fig. 1.122: Logic circuit of 8:1 multiplexer.
Table 1.72: Verification of Output of 8:1 Multiplexer of Fig. 1.122
Selection| Complement
Inputs | of Selection Product Terms Output
Inputs
S,S, S, | S8 S, |IS,S;S,|LS;S.S, LSS S, | LSS S, |LS,S,S,|LS,S;S, |LS,S,S,| IS,S,S,| Y
00 0| 1 11 I, 0 0 0 0 0 0 0 I,
00 1 1 10 0 L 0 0 0 0 0 0 L
01 0 1 01 0 0 L 0 0 0 0 0 L
01 1 1 00 0 0 0 I, 0 0 0 0 I,
100 0 11 0 0 0 0 I, 0 0 0 I,
1 0 1 010 0 0 0 0 0 I 0 0 L
110 0 01 0 0 0 0 0 0 L 0 I
11 1 0 00 0 0 0 0 0 0 0 L L
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The 8:1 multiplexer is available as a standard IC with number 74151. The pin configuration of
74151 is shown in Fig. 1.123.

N
LOt 16 A V. (+5V)
Lo AL Pin Description
1,03 e Lpe EO -S, Selection 1nPuts ‘
1,04 shi, E Enable (Active low) input
74151 I-L Multiplexer inputs
YOs Al ]
_ Y Multiplexer output
YOo 1nAs, —
B Y Complement of output
7 1[as
EDC H S V. Supply voltage (+5V)
(OV)GND O 8 oBS, GND Ground (0V)

Fig. 1.123: Pin configuration of 8:1 multiplexer IC 74151.

Example 1.56
Design a full adder using multiplexer.

a) Use 4:1 MUX b) Use 8:1 MUX
Solution

a) Full Adder using 4:1 MUX

The full adder has three inputs a, b, ¢, and two outputs s, ¢, (Refer Fig. 1.53). The truth table of full adder along
with minterms is shown in Table 1.

The full adder has two outputs and hence two separate multiplexers are needed for outputs. Since the full
adder has 3-bit input, let us select 22:1 (4:1) multiplexers. The full adder using 4:1 multiplexer is shown in Fig. 1. The
inputs a and b of full adder are connected to selection inputs of both the multiplexers. The input ¢, of full adder and its
complement are used as some of the inputs of multiplexer. The other inputs of multiplexers are permanently tied to 0
or 1. The working of full adder using 4:1 multiplexer is verified in Table 2.

Table 1: Truth Table of Full Adder

Inputs Outputs

a b c | Minterm | Sum | Carry
s c,
0 0 0 m, 0 0
0 0 1 m, 1 0
0 1 0 m, 1 0
0 1 1 m, 0 1
10 O m, 1 0
10 1 m, 0 1
11 0 m, 0 1
11 1 m, 1 1
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Table 2: Verification of Logic Circuit of s, c_in Fig. 1

Inputs | Selection | Full adder MUX

Inputs Outputs Outputs
abj|c| S| S, s | ¢, Y,=s Y,=c,
0 0[0|o0 | O 0 0 |Y,=l,=¢]Y,=1,=0
0 0|1 0 0 1 0
0 10| 0 | 1 1 0 |Y,=l,=c|Y,=1,=c
0o 1|1 0 1 0 1
1. 0]0| 1 0 1 0 |Y,=l,=c'|Y,=l,=c
1 01 1 0 0 1
1 10/ 1 1 0 1Y, =, =c| Y, =1,=1
1T 111 1 1 1 1

C > 1,
¢ g
| Mux Yi—>» s
21
P 1
S; S
T 7'y
0 » |,
Plhe 4.
I MUX Yob—»c,
22
1 P s
S; S,
T A
a
b

Fig. 1: Full adder using two 4:1 MUX.

b) Full Adder using 8:1 MUX

In 8:1 MUX if selection input S, is tied to 0 permanently then it will ignore the last four inputs and behave as 4:1
MUX. Now adder design using 8:1 MUX is same as that of design using 4:1 MUX. The logic circuit of full adder using
two 8:1 MUX is shown in Fig. 2.

&

o
VVVYYVYYVY A\ 4

2

z
» =
>

A

VVYVVYVYVYYVYY

»
»

»

o 0o

Fig. 2: Full adder using two 8:1 MUX.
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1.12.1 Combinational Circuit Design using Multiplexer

In multiplexer, the possible binary values of selection inputs are same as minterms. Therefore, the
logic circuit of Boolean functions in SOP form can be realized using multiplexer. Since a multiplexer has
a single output, a separate multiplexer is required for every output of Boolean function.

There are different methods of implementing combinational circuits using multiplexer.
Method-1

The n-variable Boolean function can be implemented directly by 2":1 multiplexer. The n inputs
of Boolean function are connected to n selection inputs. The inputs I, I, L, ....., I, are tied to either 0
or 1 from the knowledge of output in the truth table of Boolean function. If a minterm m_generates 1 in
output of Boolean function then input I of multiplexer is tied to 1. If a minterm m_generates 0 in output

of Boolean function then input I of multiplexer is tied to 0.
Method-2

The n-variable Boolean function can be implemented by 2"':1 multiplexer. A three variable Boolean
function can be realized using 2:1 multiplexer, a four variable Boolean function can be realized using 8:1
multiplexer and so on.

In order to implement n-variable Boolean function the first n— 1 inputs/variables of the function
are applied to selection lines.

Now the function output can be represented by the remaining one variable, complement of this one
variable, 0 and 1. The function output in terms of all this four (remaining one variable and its complement,
0 and 1) are applied as input I ........ L, , of multiplexer.

2
Method-3

The n-variable Boolean function can be implemented using smaller size multiplexers than method-1
and 2. For example, a four variable Boolean function can be implemented using a 4:1 multiplexer (Refer
Example 1.58). In this method some of the inputs are connected to selection inputs of multiplexer and the
remaining function inputs are applied to inputs of multiplexer through additional logic gates that can be
designed by using K-maps.

Example 1.57
Implement the Boolean function F(A, B, C) = Xm(1, 3, 5, 6).
i) using 4:1 multiplexer ii) using 8:1 multiplexer.

Solution

Case i: Implementation using 4:1 Multiplexer

The truth table of the given function is formed as shown in Table 1. The 4:1 multiplexer will have two selection
inputs S, and S,. Let us connect the inputs A and B to selection inputs S, and S as shown in Fig. 1.

The selection inputs take four different values and so Table 1 is divided into 4 groups based on selection inputs
and a separate table is drawn for each group as shown in Tables 2 to 5.
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Table 1: Truth Table of F

Inputs Minterm | Output Comments
A B C F Truth Table of 4:1
0 0 0 m, 0 | When,A=B=C=0,F=0 Multiplexer
0 0 1 m, 1 When,A=B=0,C=1,F=1 Selection
0 1 0 m, 0 When,A=C=0,B=1,F=0 Input | Output
0 1 1 m, 1 When,A=0,B=C=1,F=1 Si S | Y
1 0 0 m, 0 When,A=1,B=C=0,F=0 0 0 o
1 0 1 m, 1 When,A=C=1,B=0,F =1 0 1 I
11 0 m, 1 When,A=B=1,C=0,F=1 10 I,
11 1 m, 0 When,A=B=C=1,F=0 o Iy
Table 2: Table 3:
Selection Selection
Inputs Inputs | F=C Inputs Inputs | F=C
AB C |S, § AB C |S, S,
000 [0 0 0 oo 1 0
00/ 1 0 0 1 1 0 1 1
Table 4: Table 5:
Selection Selection
Inputs Inputs | F=C Inputs Inputs | F=C'
AB C |8, S, AB C |S, §,
0 1 0 0 0 1 1 1
1 1 0 1 1 1 1 0
The input |, 1,, I, and I, of multiplexer are obtained from Tables 2 to 5.

From Tables 2, 3 and 4 it can be observed that function output is C when selection inputs are 00, 01 and 10
and so |, I, and |, are tied to C as shown in Fig. 1. From Table 5 it can be observed that function output is complement
of C when selection input is 11 and so C is inverted to get C'and connected to I, as shown in Fig. 1. The working of

4:1 MUX is verified in Table 6.

A B C Table 6: Verification of Logic Circuit of F in Fig. 1
} ABC|sS S| F Y=F
¢ c L[, 00 0|0 O 0 | Y=1,=C=0
CHEN R 00 1|0 0 1 |Y=l,=C=1
C_,|, MX Y—>Y=F 01 0|0 f 0 |Y=1,=C=0
c 01 1|0 1 1 |Y=1=C=1
s, s,
vy 10 0|1 0 0 |Y=1,=C=0
S:= T 10 1|1 0| 1 |v=l,=C=1
S,=8B 11 01 1| 1 |y=1,=C'=1
11 1 |1 1 0 |Y=1,=C'=0

Fig. 1: Implementation of Boolean function using 4:1 MUX.
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Case ii: Implementation using 8:1 Multiplexer

The function F is 3-variable function and so a 2%1 multiplexer (8:1 multiplexer) can be used to implement
the function as shown in Fig. 2. The function inputs A, B and C are connected to selection inputs S,, S, and S,. The

function output F is 1 for minterms m,, m,, m_and m, and so the MUX inputs |, I,, |, and | are permanently tied to 1.
The function output F is 0 for minterms m;, m,, m, and m, and so the MUX inputs |, I,, I, and I, are permanently tied
to 0. The working of 8:1 MUX is verified in Table 8.
Truth Table of 8:1
Table 7: Truth Table of F Multiplexer
Inputs | Minterm | Output Comments Selection | Output
Inputs Y
A B C F
SZ s1 S()
0 0 O m, 0 When,A=B=C=0,F=0
0o 0 1 m, 1 When,A=B=0,C=1,F=1 2 z (1) :°
0o 1 0 m, 0 When,A=C=0,B=1,F=0 o 1 o |1
2
0o 1 1 m, 1 When,A=0,B=C=1,F=1 0o 1 1 l,
1 0 O m, 0 When,A=1,B=C=0,F=0 1 0 O l,
1 0o 1 m, 1 When,A=C=1,B=0,F=0 1 0 1 I
1 1 0 ms 1 When,A=B=1,C=0,F=1 1 1.0 ls
11 1 m, 0 When,A=B=C=1,F=0 T L
Table 8: Verification of Logic Circuit of F in Fig. 2
0 » 1,
1 o, ABC|S, s S | F Y=F
’_’: 81 00 0[]0 0 0]o0|Y=1=0
$  MUX Y|—>»F o
- 0 0 1 0o 0 1 1 Y=1,=1
s 01 0 0 1 0 0 Y=1,=0
e 01 1[0 1 11 |Y=1=1
< I
5 S S 1001 0 oo0]|v=l,=0
A A
Qg 1011 0 1]1][v=1=1
c— 11 0 [ 1 1 0|1 |Y=l=1
Fig. 2: Realization of F using 8:1 MUX. 11 1 11 1 0 | Y=1,=0
Example 1.58
Design two input XOR gate using 4:1 MUX.
Solution

Table 1: Truth Table of 2-input XOR gate
X D Z=X®Yy
y X

Fig. 1: Symbol of 2-input XOR gate.

x.y'|x'.y|F=x®y

LX@y=xy'+x'y

y
0
1
0
1

- A O O
o = O O

0
1
1
0

o o =~ O
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Implementation using 4:1 Multiplexer

The truth table of the given function is formed as shown in Table 2. The 4:1 multiplexer will have two selection
inputs S and S,. Let us connect the inputs x and y to selection inputs S, and S as shown in Fig. 2.

The selection inputs take two different values and so Table 2 is divided into 2 groups based on selection inputs
and a separate table is drawn for each group as shown in Tables 3 and 4.

Table 2: Truth Table of F
Truth Table of 4:1
Inputs | Minterm |Output Comments Multiplexer
Xy F Selection
0 0 m, 0 |Whenx=y=0F=0 Input | Output
S, S Y
0 1 m, 1 When, x=0, y=1,F=1 ! °
1.0 m, 1 When, x=1,y=0,F =1 0 0 ly
11 m, 0 When, x=y=1,F=0 0o 1 L
1.0 I,
Table 3: Table 4: v k
Selection Selection
Inputs Inputs | F=y Inputs Inputs | F=y'
Xy S, S, Xy S, S,

0 0 0 1 0 1
0 1 1 1 1 0

Theinput |, 1,, 1, and |, of multiplexer are obtained from Tables 3 and 4.

From Table 3, it can be observed that function output is y when selection inputs are 00 and 01 and so I, and I,
are tied to y as shown in Fig. 2. From Table 4, it can be observed that function output is complement of y when selection
inputis 10 and 11 and so y is inverted to get y' and connected to I,and I, as shown in Fig. 2. The working of 4:1 MUX
is verified in Table 5.

Xy
’% Table 5: Verification of Logic Circuit of F in Fig. 2
Y Xy S, S, F Y=F
»|!
5 o0 o0 o |0 |v=i=y=0
L I
vl vk YH—>Y=F 0 1] 0 1 1 | y=1=y=
y 10 1 0 1 Y=1,=y'=1
bl s, s
0 - -y =
— 11 11 0 Y=1,=y'=0
S, =x T
Sz=y

Fig. 2: Implementation of Boolean function using 4:1 MUX.
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Example 1.59
Implement Boolean function F(a, b, ¢, d) = >m(4, 5, 7, 8, 10, 12, 15) using 4:1 MUX and external gates:

a) a, b are connected to select lines S, and S respectively. Note: The Boolean equations for F in
b) c, d are connected to select lines S, and S respectively. Tables 3 and 5 are obtained by drawing
. 2 variable K-map by taking ¢ and d as
Solution )
= inputs.
a) a, b are connected to select lines S, and S Cd 0 1
m, m|
Table 1: Truth Table S
o0l 1
Inputs Minterm | Output Inputs Minterm | Output m, m,
d
a b c d F |[a b c d F Ho W
F=c+d
0 000 Mo 0 T 000 Me ! Fig: K-map for Table 3.
0 0 0 1 m, 0 1 0 0 1 m, 0
do 1
0 0 1 0 m, 0 1.0 1 0 m,, 1 c
m, m||
0 0 1 1 m 0 1.0 1 1 m 0
5 " a0l |0
0 1 00 m, 1 1 1.0 0 m, 1 m, _my
0 1 0 1 m, 1 11 0 1 m,, 0 1o @“ —cd
0 1 1 0 m, 0 11 1 0 m,, 0 F = cd+cd’
0o 1 1 1 m, 1 1 1 1 1 M, 1 Fig: K-map for Table 5.
Table 2: Table 3:
Selection Selection
Inputs Inputs F=0 Inputs Inputs c' |c'+d|F=c'+d
ab c d S, S, ab ¢ d |5 S
0 o0 |0 o 0 ﬁ N oo o 1 |11 1
00} 0 1 0 0 0 0 1 0o 1 0 1 1 1 1
00/ 1 O 0 0 0 0 1 1 0 0 1 0 0 0
oo 1 1 0 0 0 0 1 1 1 0 1 0 1 1
Table 4: Table 5:
Selection Selection
Inputs Inputs d |F=d' Inputs Inputs cd |c'd'| F=cd+c'd’
ab c d S, S, ab c d S, S,
ﬁ oo |1 o |1 1 / N o o [ 1 1 0o | 1 1
170} 0 1 1 0 0 0 11 0 1 1 1 0 0 0
10/ 1 0 1 0 1 1 111 0 1 1 0 0 0
10 1 1 1 0 0 0 11 17 1 1 1 1 0 1
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Table 6: Verification

abocd|S S |F Y=F
00 00 0|0 [l=

00 110 0] 0 |l=0

001 0|0 010 |l=

001 1|0 010 |l=

01 00]|0 1 |1 |l=c+ds=
010 1|0 1 |1 |l=c+d=
0110 /|0 1 0 | I,=c'+d=0
011 1|0 1 |1 |l=c+d=
1000 (1 0|1 |l=ds=
100 1|1 0|0 [l=ds=
10101 0|1 |l=ds=
10111 0|0 [l=d=0
110 0 [ 1 1 1 | l,=cd+c'd'=1
11011 1|0 |l=cd+c'd'=0
11101 1|0 |l=cd+c'd'=0
11 1 1111 1 | l,=cd+c'd'=1

Fig. 1: Implementation of Boolean function using
4:1 MUX by taking a and b as selection inputs..

b) c, d are connected to select lines S, and S

Table 7:
Selection
Inputs Inputs F
ab ¢ d |8 S
00 / 0 0 |I-=
00 0o 1 l,=
00 10 |1,=
00 11 l,=
Table 9:
Selection
Inputs Inputs F
ab ¢ d |S §;
10 0 0 0 o I, =
10 0o 1 ,=0
10 10 l,=1
10 11 I,=0

In order to find Boolean equations for 4:1 MUX inputs |, |, |

ahead and K-maps are constructed to determine the Boolean equations for | , I., |

Table 8:
Selection
Inputs Inputs F
ab c¢c d S, S,
01 /0 0 o0 lp=1
0 1 0o 1 I, =
0 1 10 l,=0
0 1 11 l,=1
Table 10:
Selection
Inputs Inputs F
ab ¢ d S, S,
11 /0 0 o l, =
11 0o 1 l,=
11 1.0 l,=
11 11 =

o I;» I, and 1, the Tables 11 to 14 are formed as shown

o lp 1, and 1,
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Table 11: Table 12: Table 13: Table 14:
ab | F=l ab| F=l ab|F=l, ab|F=l,
00 0 00 0 00 0 00 0
0 1 1 0 1 1 01 0 0 1 1
10 1 10 0 10 1 10 0
11 1 11 0 11 0 11 1
b
X o 1 Yoo 1 &~ 0 1 N
m, m, m, m,| m, m, m, m,|
0|0 |Md—b 0[ 0 |(D)f—ab oo |o ol o f? b
a m, my m, m ab’ —b m, my m, m,|
1 1o |o 1@ | o 1o |
l,b=a+b I, =ab l,=ab’ l,=b
Fig 2: K-map for I, Fig 3: K-map for I,. Fig 4: K-map for I, Fig 5: K-map for I..

Using the above Boolean equations the given Boolean function is implemented using 4:1 MUX by taking ¢ and

d as selection inputs as shown in Fig. 6.

Table 11: Verification

ab c d|S S§|F Y=F
00 0 0|0 0] 0 |l,=a+b=0] 4 b c d
o0 0 1 0 1 0 |I,=a'b=0
00 1 0|1 0] 0 |l=ab=0 }}
a b
00 1 1 1 1 0 |I,=b=0
01 0 O 0 0 1 l,=a+b=1 ) atb |
0
o1 0 1 0 1 1 |1=a'b=1 i ab L4
o1 1 0 1 0 0 l,=ab'=0 TMUX Y—» Y=F
ab’ |
01 1 1|1 1|1 [lL=b=1 | N 2
- — IS
1.0 0 O 1 0 1 l,b=a+b=1 'y
100 11 0| o0|l=ab=0 Tso S,
170 1 0 1 0 1 |2=ab'=1
1.0 1 1 1 0 0 |1,=b=0
11 0 ol 1 1 1 [l =a+tb=1 Fig. 6: Implementation of Boolean function using
¢ 4:1 MUX by taking c and d as selection inputs..
171 0 1 1 1 0 l,=a'b=0
171 1 0 1 1 0 l,=ab'=0
11 1 1 1 1 1 l,=b=1
Example 1.60 (AU, Apr/May'23, 6, 15 Marks)

Realize F(A, B, C, D) = >Xm(0, 1, 3, 4, 8, 9, 15) using 8:1 MUX by selecting A as an input.

Solution

It is given that function output F is 1 when the inputs are equal to minterms m , m,, m,, m,, m;, m; and m,

For all other inputs the function output F is 0.
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The given function is analyzed using Table 1 and observed that the function output can be expressed in terms
of A, A', 0 and 1. Therefore, the given 4-variable function can be realized using 2+":1 multiplexer (8:1 multiplexer) by
taking B, C and D as selection inputs as shown in Fig. 1.

Table 1: Truth Table of F

Inputs Output Output

A|B C D| Minterm F in terms of Comments
A /A, 0,1

0|0 O 0 m, 1 F=1 When,B=C=D=0
1710 O 0 m, 1 F=1 Output, F =1
0|0 O 1 m, 1 F=1 When,B=C=0,D=1
1710 O 1 m, 1 F=1 Output, F =1
0o|0 1 0 m, 0 F=0 When,B=D=0,C=1
110 1 0 m,, 0 F=0 Output, F =0
0o|0 1 1 m, 1 F=A' When,B=0,C=D=1
110 1 1 m,, 0 F=A' Output, F = A’
o1 O 0 m, 1 F=A' WhenB=1,C=D=0
111 0 0 m, 0 F=A' Output, F = A’
o1 O 1 m, 0 F=0 When,B=D=1,C=0
111 0 1 m,, 0 F=0 Output, F=0
o1 1 0 m, 0 F=0 When,B=C=1,D=0
111 1 0 m,, 0 F=0 Output, F=0
o1 1 1 m, 0 F=A When, B=C=D=1
111 1 1 m,, 1 F=A Output, F =A

The implementation of function, F using 8:1
MUX is shown in Fig. 1. The variables B, C and D
are used as selection inputs S,, S, and S of 8:1

Table 2: Verification of Logic Circuit of F in Fig. 1

MUX. In 8:1 multiplexer of Fig. 1, the inputs L Iy A

and |, are permanentely tied to 0 and the inputs |,
and |, are tied to 1. The input . is tied to A and the
inputs 1, and |, are tied to A". The working of 8:1

multiplexer is verified in Table 2.

b

>
YVYVVY l A 4

S

C

x

@
»
»

S

»
P
»
»

OoOw

Fig. 1: Realization of F using 8:1 MUX.

Selection Function MUX
Inputs Inputs Output Output
B C DS, s, S F Y=F
0|0 0 O 0 0 O 1 Y=1=1
17/0 0 O 0 0 O 1 Y=1=1
ojo 0 1|0 0 1 1 Y=1,=1
110 0 1 0 0 1 1 Y=1=1
oo 1 0 0 1 0 0 Y=1,=0
1710 1 O 0 1 0 0 Y=1,=0
oo 1 1 0 1 1 1 Y=I3=A'=1
110 1 1 0 1 1 0 Y=I3=A'=0
o1 0 O 1 0o 0 1 Y=I4=A'=1
111 0 O 1 0 O 0 Y=I4=A'=0
o1 0 1 1 0o 1 0 Y=1,=0
111 0 1 1 0o 1 0 Y=1,=0
of1 1 0 1 1 0 0 Y=1,=0
111 1 0 1 1 0 0 Y=1,=0
o1 1 1 1 1 1 0 Y=1,=A=0
1711 1 1 1 1 1 1 Y=1,=A=1
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Example 1.61

Implement the following Boolean function

F(w, x,y,z)=>m(2, 3, 5,6, 11, 14, 15)

i) using mulitplexer, ii) using decoder, iii) using multiplexer and decoder

Solution

Case i: Implementation using Multiplexer

It is given that function output F is 1 when the inputs are equal to minterms m,, m,, m,, m_, m

For all other inputs the function output F is 0.

1"’

m,, and m_..

The given function is analyzed using Table 1 and observed that the function output can be expressed in terms

of z, z', 0 and 1. Therefore, the given 4-variable function can be realized using 24-':1 multiplexer (8:1 multiplexer).

Table 1: Truth Table of F

Table 2: Verification of Logic Circuit

Inputs Output | Output

w X yl|z F in terms of Comments
z,z,0,1

0 0 0fO m, 0 F=0 When,w=x=y=0
0 0 0|1 m, 0 F=0 Output, F=0
0 0 1]0 m, 1 F=1 When,w=x=0,y=1
00 11 m, 1 F=1 Output, F =1
01 0fO0 m, 0 F=z When,w=y=0,x=1
01 011 m, 1 F=z Output, F =z
01 110 m, 1 F=z' When,w=0,x=y=1
01 11 m, 0 F=2' Output, F=2'
170 0|0 m, 0 F=0 Whenw=1,x=y=0
170 0|1 m, 0 F=0 Output, F =0
170 1|0 m,, 0 F=z When,w=y=1,x=0
170 1|1 m,, 1 F=z Output, F =z
171 0|0 m,, 0 F=0 When,w=x=1,y=0
11 0|1 m,, 0 F=0 Output, F=0
1T 1 1|0 m,, 1 F=1 When, w=x=y=1
11 1|1 m,g 1 F=1 Output, F =1

The implementation of function, F using 8:1 MUX is shown
in Fig. 1. The variables w, x and y are used as selection inputs

S,, S, and S of 8:1 MUX. In 8:1 MUX of Fig. 1, the inputs |

0’ |4

and |, are permanently tied to 0 and the inputs |, and I, are tied

to 1. The inputs |, and |, are tied to z and the input |, is tied to z".
The working of 8:1 MUX is verified in Table 2.

of F in Fig. 1
wxyz |S,S S§|F Y=F
00000 O OfjO]|Y=I=0
0001 |0 0 O0|0]|Y=I=0
0010 |0 O 1[1]Y=1L=1
0011 |0 0 1[1]Y=1L=1
0 001|0 1 0]|0|Y=l=2z=0
0 0110 1 0|1 |Y=l=2z=1
0 100 1 1[1]|Y=l,=2'=1
0 1110 1 110]|Y=1l,=2'=0
1 00 (1 0O0f|0|Y=I=0
1001 |1 0 0[0]|Y=1=0
101 0 1]0|Y=Il,=2=0
111 0 1|1 |Y=l=z=1
001 1 0]0]|Y=I=0
01 (1 1 0]0|Y=1=0
1011 1 1 (1]Y=1l=1
101 1 1 Y=1,=1
0
>,
> 1,
> 1,
>, ,SlL:JX YI—>F
> 1,
> I
> I,
>l s, s s,

Fig. 1: Implementation of F using multiplexer.
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Case ii: Implementation using Decoder

From Table 1 it can be observed that when w = 0, the inputs X, y and z can take 8 combinaitons of binary.
Similarly, when w = 1, the inputs x, y and z can take 8 combinations of binary. Hence, two 3-to-8 decoders can be used
to implement the given function. One decoder is enabled by w'and other by w.

The inputs of both the decoders are connected to x, y and z. The output of decoder enabled by w'will be same as
function output when inputs are minterms m; to m,. The output of decoder enabled by w will be same as function output
when inputs are minterms m, to m. .. The required outputs are logically ORed to get function output as shown in Fig. 2.

On taking into account the minterms for which function outputs are 1, the following Boolean equations are
obtained using the logic high decoder output.

F1 = Y21 + Y31 + Y51 + Y61 ; FZ = Y32 + Y62 + Y72

F=F, +F,

Y01—
Yn—

Logic v,
High
3-t0-8 ¥

' Decoder Y,,

z < Yo

>
A

y <l

A
<<

A4

Fig. 2: Implementation of F using decoder.

Case iii: Implementation using Multiplexer and Decoder

In order to implement the given 4-variable Boolean function, one 1-to-2 decoder, two 4:1 MUX and one 2:1 MUX
are used as shown in Fig. 3. A4:1 MUX has 4 inputs, 2 selection inputs,1 enable input and 1 output. The enable inputs
are generated using 1-to-2 decoder. The outputs of decoder are used as enable inputs for 4:1 MUX.

The inputs x and y are used as selection inputs S, and S of 4:1 MUX.

The output of 4:1 MUX are again connected as inputs of 2:1 MUX. The input w is used as selection input S,
of 2:1 MUX.

In the first 4:1 MUX of Fig. 3, the input | , is tied to O and |, is tied to 1. The input |, is tied to zand I, is tied to z".
In the second 4:1 MUX of Fig. 3, the inputs | , and |,, are tied to 0, the input I, is tied to 1 and the input |, is tied to 1.
The working of the circuit of Fig. 3, is verified in Table 3.
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0 o pl i,
1)
1 Pl 41 Y,
, 2 i, Mux Y,
LD¢ Z pl 1y,
z E, S S,
»
> |
E, =2 o
02 — o 2l vb—»y-F
W—>1' pecoder So = Nk MUX
z, 1
0 . Spp
> o 2
z -
>l 4:1 Y. Spp =W
0 [, Mux Y- w
L 223
1 »
I
E, S, S
E,-z A As—x
\=
X
S, =
y o =Y

Fig. 3: Implementation of F using decoder and multiplexer.
Table 3: Verification of Logic Circuit of F in Fig. 3

Selection Inputs | Selection | Function
Inputs of 4:1 MUX Input of | Output 2:1 MUX Output
w Xx y z| z|S=x|S§=y 2:1 MUX F Y=F
SOZ =w
00 0 O 1 0 0 0 0 Y =1, =0
00 0 1 0 0 0 0 0
00 1 0] 1 0 1 0 1 Y,=1, =1
00 1 1 0 0 1 0 1 v=1=v,
01 0 O 1 1 0 0 0 V=1, =z
o1 0 1 0 1 0 0 1
1 1 1 1 1 1

0 0 0 Y=, =2
o1 1 1 0 1 1 0 0
170 0 O 1 0 0 1 0

Y,=1,=0
170 0 1 0 0 0 1 0
170 1 0 1 0 1 1 0

Y, =1,=z2
170 1 1 0 0 1 1 1

Y=1,=Y,

171 0 O 1 1 0 1 0 Y =1, =0
171 0 1 0 1 0 1 0
171 1 0 1 1 1 1 1 Y, =1, =1
171 1 1 0 1 1 1 1

1.13 Demultiplexer

A demultiplexer is a combinational circuit that send one binary information to many outputs. For
this reason a demultiplexer is otherwise called a data distributor.

A demultiplexer will perform the reverse operation of multiplexer. Therefore, a demultiplexer is
a combinational circuit which can transmit a binary input to any one of 2" output lines using n selection
lines or n-bit address. The demultiplexer is shortly called demux.
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The block diagram and symbolic representation of 1:2" demultiplexer with n selection inputs is
shown in Fig. 1.124.

Yo —>
120 W[ *
—» i Demux Y. 2'Outputs
Input : Input
Yol—> 2" outputs
Sii S So
T 2 4
n se'lection : n selection lines
Almes R (or)
(n-bit address) n-bit address
Fig. a: Block diagram representation. Fig. b: Standard symbol.
Fig. 1.124: 1:2" demultiplexer.
1:2 Demux

The 1:2 demux will transmit one binary input to any one of the two outputs depending on the value
of selection input.

Let, 1

1

= Input
S, = Selection input/Address
Y,, Y, = Outputs
In 1:2 demultiplexer,
When, S =0, LispassedtoY, .. Y =1L
When, S =1, [Lis passedtoY, .. Y =1
The above selection logic is listed as truth table in Table 1.73. The block diagram and symbolic
representation of 1:2 demux with selection input S are shown in Fig. 1.125.

Table 1.73: Truth Table of 1:2

v—> Demultiplexer
. Yo 1:2
—l, D1e,'nzux li Demux S, | Y, | Y,
s, YW s, \F—> 0o |1 |o
7y
1o |
Fig. a: Block diagram representation. Fig. b: Standard symbol.

Fig. 1.125: 1:2 demultiplexer.

The truth table of 1:2 demux for all possible combination of inputs is shown in Table 1.74. The
K-maps for design of 1:2 demux are shown in Fig. 1.126 and from the K-map we get the following Boolean
equations,

Y, =LS,
Y, =LS,

The logic circuit of 1:2 demux is drawn using the above Boolean equations as shown in Fig. 1.127.
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Table 1.74: Truth Table of 1:2 Demux for all Combination of Inputs

S, | L Minterm Y, Y,
0|0 m, 1=0 | 0
0 |1 m, =1 1] 0
1 |o m, 0 |1=0
I m, 0 |L=1
L L
SN 01 SN 01
m, m, m, m,
0 o |@O—1S, 0l o 0
m, m, m, m,
110 |o 110 |[@O—L1s,

Fig. a: K-map for Y. Fig. b: K-map for Y,.

Fig. 1.126: K-map for design of 1:2 demux.

Fig. 1.127: Logic circuit of 1:2 demux.

1:4 Demux

The 1:4 demultiplexer will transmit one binary input to any one of the four outputs depending on
the value of selection input.

Let, L

Sy S, = Selection inputs

Y, Y,Y, Y, = Outputs

= Input

In 1:4 demultiplexer,

When, S, =0andS =0, [ ispassedtoY, Y, =L
When, S =0andS =1, [LispassedtoY, Y =L
When, S =1landS =0, [ispassedtoY,, Y, =1
When, S =1landS =1, LispassedtoY,, Y, =1

The above selection logic is listed as truth table in Table 1.75. The block diagram and symbolic
representation of 1:4 demux with selection inputs S and S, are shown in Fig. 1.128.

Table 1.75: Truth Table of 1:4 Demux

S1 S0 Y0 Y1 Y2 Y3
0 0|lL |0 |0 |0
0o 1o |1 |o o
1 ofo [0 |1 |o
1 1o oo |1
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1l

Tl

Fig. a: Block diagram representation.  Fig. b: Standard symbol.
Fig. 1.128: 1:4 demultiplexer.

The truth table of 1:4 demultiplexer for all possible combination of inputs is shown in Table 1.76.

Table 1.76: Truth Table of 1:8 Demux for all Combination of Inputs

S, S, I, | Minterm| Y, Y, Y, Y,
000 m, | L=0] o0 0| o
00 1 m | L=1] 0 0 |0
010 m, 0 |1=0] 0 |0
0 1 1 m, 0 L=1 0 0
1 00 m, 0 0 L=0] 0
10 1 m, 0 0 |1=1]0
110 m, 0 0 0 [1=0
11 m, 0 0 0 [L=1
SL  SSI S, SiSdl;
SN 00 [0l 11 10 SN 00 01 |11 10
m, l m, m, m, m, m, l m, m,
oo |@® |o |o oo o |@® |o
m, m, m, m, m, my m, mg
1] 0 0 0 0 1l 0 0 0 0
Fig. a: K-map for Y,. Fig. b: K-map forY,.
S, S.L
SN,00 01 11 10 S\NO00 01 11 10
m, m, m, m, m, m, m, m,
0| O 0 0 0 0| O 0 0 0
m, m; m;, m, m, m; m, m,
o1 1 0 0
5512 O o o jO o s
Fig. c: K-map for Y,. Fig. d: K-map for Y,.

Fig. 1.129: K-map for design of 1:4 demux.
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The K-maps for design of 1:4 demultiplexer are drawn in Fig. 1.129 and from the K-map we get
the following Boolean equations,

Y, =LS;S, Y,=15,S;
Y, =LS;S, Y,=LS,S,

The logic circuit of 1:4 demux is drawn using the above Boolean equations as shown in Fig. 1.130.

I; R 1SS, v
—1 J 0
[\ LSS, v
L/ !
| \ LSS,
—1 Y
1 \ IiSISO Y
1 ] 3
S| [So
j‘& A
S,—¢

S
Fig. 1.130: Logic circuit of 1:4 demux.

The dual 1:4 demux is available as a standard IC with number 74155. The pin configuration of
74155 is shown in Fig. 1.131.

I N

=k 16 B VLHSV) 1 pip Description

E

g2 SH L L,L, Inputs

=K 14 1 E, E,E, Enables
331 04 74155 133 %) Sy S, Selection inputs
Y, 05 2AY, Y, -Y, Inverted outputs
= npy, Y,,-Y,, | Outputs
Yo7 10[@3Y, vV, Supply voltage (+5V)

(0V)GND O 8 o@QY, GND Ground (0V)

Fig. 1.131: Pin configuration of dual 1:4 demultiplexer IC 74155.

1:8 Demux

The 1:8 demultiplexer will transmit one binary input to any one of the eight outputs depending on
the value of selection inputs.

Let, I = Input

Sy S, S, = Selection inputs
Y, Y, Y, ... Y, =Outputs
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The logic to pass the input to output in 1:8 demux is listed in Table 1.77.
Table 1.77: Truth Table of 1:8 Demux
S, S, S, |Y, | Y,|VY,|Y|Y

0 0 1 2 3 4

o
o
e

73
EN
<

0 0

1

—
— o
- o o

— o o o

0
0
0

—lo © O o

—_
— ol o © o ©

0
0
1
1
0
0
1
1

- o olo © o ©
— o0 © Ol o o ©

0
1
0
1
0
1

o o o O
[ R -
o O

(e

S O O ol o o o
S O O oo o
oS o o o o

The block diagram and symbolic representation of 1:8 demux is shown in Fig. 1.132.

Yol—>
Y.l
Y.l —»
—> Ii D1e;'nsux Ij >

Y. b—»
Ye|—»
Y, [—»

S S S

T 2 4

Fig. a: Block diagram representation. Fig. b: Standard symbol.

Fig. 1.132: 1:8 demultiplexer.
Table 1.78: Verification of Output of 1:8 Demux of Fig. 1.132

Selection Complement
Inputs of Selection

Inputs
S, S, S, S, S, S, |Y,=1s!s/s,|Y,=1s/s!S, |V, =188 8| Y, =1S!S,S, [V, =18, 8!S)|Y,= 1S, S!S, | Y, = 18,8 8| Y,=1S,S,S,
00 0 1 11 L 0 0 0 0 0 0 0
00 1 1 160 0 L 0 0 0 0 0 0
01 0 1 01 0 0 L 0 0 0 0 0
01 1 1 00 0 0 0 L 0 0 0 0
10 0 0 11 0 0 0 0 L 0 0 0
10 1 010 0 0 0 0 0 L 0 0
110 0 01 0 0 0 0 0 0 L 0
11 1 0 00 0 0 0 0 0 0 0 L
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The logic circuit of 1:8 demux can be realized using AND gate as shown in Fig. 1.133 and Table
1.78 can be used to verify the logic circuit of Fig. 1.133.

f 153818

YO
1S5S,S, v
1
D 1SS,
2
1S5S,S, v,
1S,S'S, v,
LSSy y,
IiSZSIS:) Y(
) 885 v,
R
S, _/ZIS
S]
S

=

Fig. 1.133: Logic circuit of 1:8 demux.

1.13.1 Demultiplexers and Decoders

The demultiplexer can be made to work as logic high decoder if the select inputs of demultiplexer
are made inputs of decoder and data of input of demultiplexer is permanently tied to 1.

On the other hand, the decoder can be made to work as demultiplexer if the input of logic high
decoder is made as select inputs of demultiplexer and enable input of decoder is made as data input of
demultiplexer.

The above concepts can be directly verified or observed from truth tables of decoder and demultiplexer.
Many of the IC manufactures name the decoder and demultiplexer ICs as decoder/demultiplexer.

1.14 Summary of Important Concepts

1. Electronic circuits constructed using digital logic gates and devices and designed to operate on digital

inputs and outputs are called digital logic circuits.
The digital logic circuits can be broadly classified into combinational circuits and sequential circuits.
The combinational circuits are digital logic circuits without feedbacks from output to input.

The sequential circuits are digital logic circuits with feedback from output to input.

wok w D

George Boole developed Boolean algebra in 1854.
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6.

10.
I1.
12.

13.

14.

15.

16.

17.

18.

19.
20.
21.

22.
23.
24.

25.

26.
27.
28.
29.

30.

Boolean algebra is an algebraic structure that includes a set of elements consisting of binary operators
"+"and".", binary variables x, y, z, ..... , binary elements 0 and 1 and Boolean postulates and theorems.

A statement written with Boolean variables, constants and operators is called Boolean expression.
Postulates of Boolean algebra are developed by E.V.Huntington in 1904.

In positive logic, the logical AND of two or more variables will be 1 if and only if the value of all the
variables are 1.

In positive logic, the logical OR of two or more variables will be 1 if the value of one of the variables is 1.
NOT operation is same as complement operation.

Logic gates are electronic devices or circuits that perform logical operations on one or more input logical
variables and produce a binary output.

NAND and NOR gates are called universal gates, because any Boolean function can be realized only
using NAND gates or only using NOR gates.

A Boolean function is described by a Boolean expression which consists of binary variables, binary
constants 0 and 1 and logical operators AND, OR and NOT.

Minterms are 2" possible combinations of AND terms with n variables such that the logical AND of all
the variables is 1.

Maxterms are 2" possible combinations of OR terms with n variables such that the logical OR of all the
variables is 0.

The three types of standard forms of expressing a Boolean function are Sum-of-Products (SOP) form,
Product-of-Sums (POS) form and Canonical form.

The SOP or POS form is said to be canonical only if all the variables are present in every term of the
SOP or POS form.

The realizations in SOP and POS forms are called two level realization of standard forms.
Each variable within a term of a Boolean expression is called a literal.

The complement of a function can be obtained by using duality by replacing "+" by "." and "." by "+"
and variables by its complement.

K-map is a pictorial form of truth table and used to simplify Boolean functions.
A K-map is a diagram made up of squares with each square representing a minterm.

When minterms are considered for simplification using K-map the resultant Boolean function will be in
sum-of-products form.

When maxterms are considered for simplification using K-map the resultant Boolean function will be in
product-of-sums form.

For n-variable Boolean function the K-map will have 2" squares.
In a K-map, combine adjacent 1's to form prime implicants.
While forming prime implicants any number of over lapping is allowed in horizontal and vertical directions.

When squares with 1's are considered for forming prime implicants, the simplified Boolean function is
sum of all the product terms of prime implicant.

If all minterms are 1's then all squares of K-map will be filled by 1 and the function value is 1.
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31.  The undefined function outputs are called don't-care conditions and denoted by X.

32.  In simplification of Boolean functions using K-maps, don't-care conditions can be considered as either
Oorl.

33.  Binary arithmetic is similar to decimal arithmetic of only two numbers 0 and 1 with results in binary.
34.  Adders have been developed to perform arithmetic addition operation on binary numbers.

35.  Half adder can perform addition of two 1-bit binary number.

36.  Full adder is a combinational circuit that perform the arithmetic sum of three binary bits.

37.  The outputs of half and full adders are sum and carry.

38. A binary parallel adder performs arithmetic sum of two n-bit binary numbers.

39.  Indecimal addition we can use binary or BCD to represent decimal numbers.

40.  In BCD addition the sum of any two digits will be in the range 0 to 19, .

41.  Subtractors have been developed to perform arithmetic subtraction operation on binary numbers.
42.  Half subtractor can perform subtraction of two 1-bit binary number.

43.  Full subtractor is a combinational circuit that perform arithmetic subtraction of three binary bits.
44.  The outputs of half and full subtractors are difference and borrow.

45.  Magnitude comparator is a combinational circuit used to compare two binary numbers.

46.  Adecoder is acombinational logic device that decodes n-bit binary input to one of the 2" binary information.

47.  Anencoder is a combinational circuit that will generate a unique n-bit output, for each of the 2" inputs.

48. A priority encoder is an encoder circuit that includes a priority function in order to recognize only one
input when multiple inputs are asserted high.

49. A multiplexer is a combinational circuit which can select one of the 2" inputs as output using n selection
lines.

50.  Multiplexer of smaller size can be connected in cascade to expand the size of multiplexer.
51. A demultiplexer will perform the reverse operation of multiplexer.

52.  Ademultiplexer is a combinational circuit which can transmit a binary input to any one of 2" output lines
using n selection lines or n-bit address.

53.  Demultiplexers of smaller size can be connected in parallel to expand the size of demultiplexer.

1.15 Short-Answer Questions

Q1.1 Define digtal logic circuits.

Electronic circuits constructed using digital logic gates and devices and designed to operate on digital inputs
and outputs are called digital logic circuits.

Q1.2 What are the types of digtal logic circuits.
The digital logic circuits can be broadly classified into,
1. Combinational circuits

2. Sequential circuits.
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013

Explain the design procedure for combinational circuits.
. Determine the required inputs and outputs from the problem specifications.
. Assign a symbol to each input and output.
. Derive the truth table.

1

2

3

4. Draw K-map for every output and form the prime implicants.

5. Determine the simplified Boolean function for every output from the prime implicants.
6

. Implement the Boolean functions of all the outputs as a digital circuit using logic gates.

01.4

Prove that A+ A'B =A + B using Boolean algebra.

Solution:

A+A'B=A(1+B)+A'B
=A+AB+A'B
=A+(A+A")B x+x'=
=A+B

015

Simplify the three variable function Y(A, B, C) => m(1, 3, 5, 7) using Boolean algebra.
Solution:
Y(A,B,C)=Ym(1,3,5,7)
=A'B'C+A'BC+AB'C+ABC
=A'C(B'+B)+AC(B'+B)
=A'C+AC
=C(A'+A)=C

016

Find the complement of F = wx + yz and then show that FF'= (.

F=wx+yz

F'= (wx+y2)'= (W) (y2)'= (W'+x') (v'+2')

FF'=(wx+yz) (w'+x') (y'+2')
=(wx(w'+x')+tyz(w'+x") (y'+2')

Using DeMorgan's theorem

(x+y)'=x'y'
=(0+0+yzw'+yzx")(y'+z") (x.y)'=x'+y'
=yzw'y'tyzw'z'+ yzx'y'+ yzx'z'
=0+0+0+0=0

=(wxw'twxx'+tyzw'+yzx')(y'+z")

017

Reduce the following Boolean expression.
AB+AB+C)+B'(B+D)

Solution:

AB+AB+C)+B'(B+D)=AB+AB+AC+B'B+B'D Repeated terms are considered once. |

=AB+AC+B'D x.x'=0
=AB+C)+B'D
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01.5 Demonstrate by means of truth table the validity of the DeMorgan's theorem for three variables:
(xyz)l=x1+yl+zl
Solution:

Table 1: Truth Table

Input Complement

Variables of inputs xyz | (xyz)'| x'+y'+z'
x|y |z | x' y 2z

010 0 1 1 1 0 1 1
010 1 1 1 0 0 1 1
0 1 0 1 0 1 0 1 1
0 1 1 1 0 0 0 1 1
1 0 0 0 1 1 0 1 1
1 0 1 0 1 0 0 1 1
1 1 0 0 0 1 0 1 1
1 1 1 0 0 0 1 0 0

01.6 Write a truth table for the function, Z= (A + B)' (AB + C).
Solution:

Table 1: Truth Table for Function, Z

Inputs Outputs
A B C|A+B|(A+B)'| AB |(AB)+C | Z
0 0 0 0 1 0 0 0
0 0 1 0 1 0 1 1
0 1 0 1 0 0 0 0
0 1 1 1 0 0 1 0
1 0 0 1 0 0 0 0
1 0 1 1 0 0 1 0
1 10 1 0 1 1 0
1 1 1 1 0 1 1 0

Q1.7  Realize the NAND operation using NOT, AND and OR gates.
Solution:

Table 1: Truth Table of NAND Operation X y

X y | Minterm | (xy)' % i?

X y 1
0 0 m, 1 Xy
0 1 m, 1 i__\ Xy F=xy +xy+xy
1 0 m, 1 L/
Xy’
1 1 m 0

F=m +m +m,=x"y'+x"y +xy’ Fig. Q1.7: NAND operation using NOT, AND and OR gates.




Chapter 1 - Combinational Logic 1.163

Q1.8  Implement the result of A+ A'D + AC.

Solution:

Let, F be result of A+ A'D + AC'and it can be obtained from the logic circuit shown in Fig. Q1.8.

F=A+A'D+AC

Fig. Q1.8: Logic circuit.

01.9 Implement F=A'B'+ A+ (B + C)' using NAND gates only.
Solution:
F=A'B'+A+(B+C)'
=A'B'+A+B'C"' (Using DeMorgan's theorem)

A B C

F

F—(A'B) A" (B'CYY
=A'B+A+B'C’

Fig. Q1.9: Logic circuit of F using only NAND gates.

Q1.10 i) When is the output of an NAND operation equal to 1?
ii) When is the output of an NOR operation equal to 1?

From the truth of NAND gate we can say that if any one of the input is 0, then the output of NAND operation
is equal to 1.

From the truth table of NOR gate we can say that if all the inputs are 0, then the output of NOR operation
isequal to 1.

Table 1: Truth Table of NAND Gates Table 2: Truth Table of NOR Gates
A B | (AB) A B |(A+B)
0 0 1 0 0 1
0 1 1 0 1 0
1 0 1 1 0 0
1 1 0 1 1 0
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Q1.11  Simplify the following Boolean function, F=x'y'+xy +x'y.
Solution:

F=x'y'+xy+x'y = x'y'+x'y+xy

=x'(y+y')+xy = x"l +xy

x'+txy = xX'tx)(x't+y) X+x'=

L&' +y) = x'+y

Q1.12 Express F=A+ B'C in both canonical SOP and POS form.

Solution:

F=A+B'C
Table 1: Truth Table

Canonical SOP: It is formed by taking sum

of minterms for which F =1 in truth table. A B C | Minterm | Maxterm

=

B'C|F=A+B'C

S
=)
=]

- F=2%(m,m, m,m,m,) 0

=A'B'C+AB'C'+AB'C + ABC'+ ABC

S
<

4
N

Canonical POS: It is formed by taking product

o

IERERE

)

of maxterms for which F = 0 in truth table.
S~ F=TI(M,, M,, M,)
=(A+B+C)(A+B'+C)(A+B'+C"

e

s
¥

o

[N = =)
—_—_ 0 ol = ~ o
_o = o= o —
EXEEEEEER
S O = = O = =
o O = O o O = O
_—_ = =l o = ©

3 8 B

-~
-

Q1.13  Convert the following Boolean expression into standard SOP form:
AB'C+A'B'+ABC'D
Solution:
F=AB'C+A'B'"+ABC'D Missing literals in first
— AB'C(D+D')+A'B'(C+C')+ABC'D perm s b and second
=AB'CD+AB'CD'+(A'B'C)(D+D')+(A'B'C')(D+D')+ABC'D
= AB'CD+AB'CD'+A'B'CD+A'B'CD'+A'B'C'D+A'B'C'D'+ABC'D
(m, ) (m, ) (m,) (m,) (m,) (m,) (m,;)
=m,+tm +m,+m +m +m, +tm,

=>m(0,1,2,3,10, 11, 13)

Q1.14  Convert the function Y= A+ B' C in canonical POS form using Boolean algebra.

Solution:
- Missing literals in first
Y=A+B'C=(A+B')(A+C) term is C and second
= ((A+B")+(CC") (A+C) +(BB") term s B.
=(A+B'+C)(A+B'+C) (A+B+C) (A=BF0) Repeated maxterms are
M,) (M3) (MO) M,) considered only one time.

(A+B+C)(A+B'+C)(A+B'+C")

= MO M2 M3
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Q1.15 Compare SOP and POS.
SOP (Sum-of-Products) POS (Product-of-Sums)

1. SOP form of Boolean function is formed using 1. POS form of Boolean function is formed using

minterms. maxterms.

2. SOP form can be realized by AND operation | 2. POS form can be realized by OR operation

of literals followed by OR operation of output of literals followed by AND operation of output
of AND. of OR.

3. SOP form of a Boolean function can be used to | 3. POS form of a Boolean function can be used to

realize the function using only NAND gates. realize the function using only NOR gates.
Q1.16 ShowthatAB'C+B+BD'+ABD'+A4A'C=B+C.

Solution:

AB'C+B+BD'+ABD'+A'C= B+BD'+ABD'+A'C+AB'C 1+x=1
= B(l+D'+AD')+(A'+AB")C x.1=x
= B.1+((A'"+A)(A'"+B")C
=B+ (A'+B')C
= B+A'+BYB+C)=(1+A)B+0O)
=1.B+C)=B+C

Q1.17  Using the Boolean algebra, simplify the expression:
A'B'C+(A+B+C')' +A'B'C'D
Solution: -
— Using DeMorgan's
A'B'C+ (A+B+ C')' +A'B'C'D = A'B'C +m +A'B'C'D theorem (x +y)'=x"y'
= A'B'C+A'B'C'D Repeated terms are considered once. |
= A'B'C(1+D)+A'B'C'D
1+x=1
= A'B'C+A'B'CD+A'B'C'D
= A'B'C+A'B'D(C+C")
= A'B'C+A'B'D
Q1.18 Show that the dual of the XOR is equal to complement of XOR.

Solution:
F=x®y=xy'+x'y
Case i: Direct Complement

F'=x®@y)'=xy'+x"y)

Using DeMorgan's theorem

=xy") 'y
=x'+y)(x+y")
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Case ii: Duality
x@y=x . y' +x' .y
‘L J’ \L \L \L ,L i, Replace by dual elements

X' +y) - (x+y")
U

(' +y) . (x +y)=F

0119

Find the complement of the function: F = x (y'z' + yz) by taking their duals and complementing each
literal.

Solution:

Case i: Direct Evaluation of Complement

F=x(y'z'+yz)

U Complement

F' = (x(y'z'+yz))' =x'+ (y'z' +yz)' Using DeMorgan's theorem
1 11N 1 1 1 1 1 1 1 1 (X+Y)‘=x‘y‘
=X+t ((y'2) (y2)) =x"T(y+2) v+ 2) =x'+y+z) x'+y'+2z) (x.y)'=x"+y'

Case ii: Complement using Duality
Xx.@y'.z'+y.z
LUl Ll L 1l | Replaceby dual clements
X't((yt+z) . (y'+z")
U

(X'+y+Z').(X'+y'+Z') :Fl

]

01.20

Draw the logic diagram of the following Boolean expression without simplification.

BC'+AB+ACD

C DOC,—

N\ AB /Y "\ BC +AB+ACD
J —1

[\ ACD
|/

Solution:

Fig. Q1.20: Logic circuit using basic gates.

01.21

Draw the multiple-level NAND circuit for the following expression:
(AB'+CD')E+BC(A+B)

Solution:
(AB'+CD')E+BC(A+B)=AB'E+CD'E+ABC+BBC

=AB'E+CD'E+ABC+BC
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A B CcC D E

CD'E) )
((AB'E).(CD'E)".(ABC)'(BC)")’
D (ABC)' =AB'E+ CD'E + ABC + BC

(BCY

Fig. Q1.21: Logic circuit using multiple level NAND gates.

01.22

Simplify the function and obtain minimum SOP for

CD
F(A,B,C,D)=Sm(0,2,3, 10,11, 14,15 +$d8, 12 ABN 0 _ 01 11 10 _
i 0 1 3 2 BIC

Solution: 00_:1) 0 1 (1/

m4 m5 m7 mG
Minimum SOP form is given by sum of three product 01| o 0 0 0
terms obtained from K-map.

m,, m,, m; m,,

. F=B'D'+AC+B'C 1 x 1o 0 ) AC
my m, my, m,,
10] x) |o i 1 _BD
':) @: (4 corner 1’s)
Fig. 01.22: K-map for F.
01.23 Find the minimum POS expression for the function F (A, B, C) =1IM (2, 6, 7)
Solution:
Minimum POS form is given by complement of sum of two ABC 00 01 11 10
product terms obtained from K-map. m, m, m, m,
)
, ) 0] 1 1 1 0 BC'

. F=BC'+AB)

m, m, m, m,
=(BC")' (AB)’ |Using DeMorgan's theorem 1] 1 1 (o 0[)—— AB
=B'+C)(A'+B') Fig. 01.23: K-map for F.

01.24 Why K-map is arranged in Gray code?

In Gray code, the consecutive codes differ only in value of one bit. In K-map, the minterms are arranged
similar to Gray code to identify and group the minterms that differ only by one variable.
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Q1.25 Draw the two-variable K-map with single prime implicant formed using single 1's.

Solution:

NG 1 0 1
m, m, . m, m,

ol 0 0 x y3*® 0
m, my m, m,

1l 0o | Odt—x 1 o 0

Fig. Q1.25a: K-map for F Fig. 01.25b: K-map for F
F=xy F=x'y'

Q01.26  Draw the two-variable K-map with two prime implicants formed using single 1's.

Solution:
R0 1 N 1
m, m, .. m, m,
of 0 | (D+txy *or 0
< m, my m, m,
TR O I 1| o | @
Fig. Q1.26a: K-map for F Fig. Q1.26b: K-map for F
F=x'y +xy' F=xy+x'y'

01.27  Define Half adder and Full adder.
Half adder is a combinational circuit that performs arithmetic sum of 2-bit binary.

Full adder is a combinational circuit that performs arithmetic sum of 3-bit binary.

Q1.28 Design a half adder using basic logic gates.

Solution:
s =ab'+a'b ; c,=ab
Fig. Q1.28: Logic circuit of half adder.
01.29  Give the logical expression for half adder and a full adder. (AU, Nov/Dec'23, 2 Marks)
Half adder: Sum,s=ab'+a'b
Carry, ¢ = ab
Full adder: Sum,s=a'b’c, +a'bc +ab'c, + abc,

Carry, ¢, = ab +ac,+ bc,
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Q1.30  Determine the exact number of half adders and full adders required for performing the addition of two
binary numbers of 5 bits length each.
When addition is performed using half adders, we require two half adders to add one bit binary number.
Therefore, for addition of 5-bit binary numbers 10 half adders are required.
When addition is performed using full adders we require one full adder to add one bit binary number.
Therefore, for addition of 5-bit binary numbers we require 5 full adders.
Q1.31 Whatis binary parallel adder.
A binary parallel adder performs arithmetic sum of two n-bit binary numbers. A full adder can add two
1-bit binary along with previous carry. Hence, in order to add two n-bit binary numbers, n full adders are
required. Each full adder will add one bit of binary numbers.
01.32  Define Half subtractor and Full subtractor.
Half subtractor is a combinational circuit that performs arithmetic subtraction of two binary bits.
Full subtractor is a combinational circuit that performs arithmetic subtraction of three binary bits.
Q1.33  Draw the logic diagram and truth table of a half subtractor.
Solution:
Table 1: Truth Table of Half Subtractor
Inputs |Minterm | Outputs a
a b d c, b
0 0 m, 0
0 1 m, I
1 0 m, 1 0 . .
Fig. Q1.33: Logic circuit of half subtractor.
11 m, 010
Q1.34 What is a magnitude comparator.
Magnitude comparator is a combinational circuit used to compare two binary numbers and determine whether
they are equal or unequal and if unequal then it can make a decision on larger or smaller magnitude.
Q1.35 Define Decoder.
A decoder is a combinational circuit that converts binary information from n input lines to a maximum of
2" unique output lines. In a decoder, for an n-bit binary input one of the 2" output is activated.
Q01.36  How multiplexer differ from decoder?
A decoder accept n-bit binary input to activate one of the 2" outputs whereas the multiplexer accept n-bit
address to allow one of the 2" input on the output line.
Q1.37 Define Encoder.
An encoder is a combinational circuit that perform the inverse operation of a decoder. An encoder has 2"
input lines and n output lines. When one of 2" inputs is activated, it generates an unique n-bit output.
Q1.38 What is priority Encoder.

A priority encoder is an encoder circuit that includes the priority function. In priority encoder, if two or more
inputs are asserted high (or equal to 1) then the output corresponds to the input having highest priority.
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01.39  What is Demultiplexer.
Demultiplexer is a combinational circuit which can transmit a binary input to any one of 2" output lines
using n selection lines or n-bit address.
01.40 Convert a 2-to-4 decoder with enable input to 1:4 demux.

Solution:

The truth table of 2-to-4 decoder working as 1:4 MUX is shown in Table 1.

When the 2 inputs I, I, of decoder are used as selection inputs S and S, of demux and enable of decoder

used as demux input, a 2-to-4 decoder will work as a 1:4 demux.

YO )
—b ppeq
M, Decoder v, |——p
2-bit input Y, —>
E 4 outputs
A
Enable

Fig. Q1.40.1: 2-to-4 decoder.

YO I
Y, Selectlon
| 1:4 mnput
Input i Demux Y, > 0
S!_’
Y. |—»
S, S, 4 outputs
) A 4
Selection
input

Fig. 01.40.2: 1:4 demux.

2-to-4
lo Decoder
as 1:4
s Demux

E

Yo

———

Y. —»

1

Y, —»

2

Ys

—_——

4 outputs

Input

Table 1: Truth Table of 2-to-4 Decoder with 1:4 Demux

Inputs | Selection Inputs | Outputs
IL=E S, S, Y, Y, Y, Y,
L=0 0 0 0O 0 0 O
L=0 0 1 0o 0 0 O
L=0 1 0 0O 0 0 0
L=0 1 1 0O 0 0 O
L=1 0 0 L 0 0 0
L=1 0 1 0 L 0 0
L=1 1 0 0 0 1L 0
L=1 1 1 0 0 0 [

1

Fig. 01.40.3: 2-to-4 decoder

as 1:4 demux.

Q1.41 Differentiate between multiplexer and demultiplexer.

Multiplexer

Demultiplexer

that select one binary information from

. A multiplexer is a combinational circuit

many inputs.

and one output. In order to select one
of the 2" inputs the MUX will have n

. In general, a MUX will have 2" inputs

selection lines or address.

1. A demultiplxer will perform the reverse operation

of multiplexer.

2. A demux is a combinational circuit which can
transmit a binary input of any one of 2" output

lines using n selection lines or n-bit address.

01.42

How many selection inputs, data inputs and outputs for 16:1 multiplexer?

(AU, Nov/Dec'23, 2 Marks)

A 16:1 multiplexer has 16 data inputs (I, to I,,), 4 selection inputs (S, to S,) and One output (Y).
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01.43 Compare demux and decoder.

Demultiplexer Decoder
1. A demultiplexer is a combinational circuit, 1. A decoder is a combinational logic device
which can transmit a binary input to any one that decodes a n-bit binary input to one of the
of 2" output lines using n-bit address or 'n' 2" binary information.
selection lines.
Yo—»
1:2" Vs » | Y, >
—P i Demux Yo[ > 2 outputs ° Logic vy
Input : —l, °9C Y |[—>
Yo b— i, " Yo
mf———» : 2 p-to-2" .
Sis St S ' Decoder .
2 4 ' | .
e — v, —»
n selection : n-bitinput |__E 2"outputs
lines _— A
(n-bit address) Enable
Fig. Q1.43.1: Block diagram of demux. Fig. Q1.43.2: Block diagram of decoder.
2. Two types of inputs: input and selection lines. 2. Two types of inputs: input and enable.

3. A demux is a single input to multi output device | 3. A decoder, decodes n-bit code to 2" binary
based on selection input. information.

01.44 Compare multiplexer and encoder.

Multiplexer Encoder
1. A multiplexer is a combinational circuit, 1. An encoder is a combinational circuit that can
which can select one output from 2" inputs, generate an unique n-bit output for each of 2"
using 'n' selection lines. binary inputs.
— |0
— |
], 2 —>b Yof—>
. T Mux Y[/ —> il
2"inputs - Single —p|l o"ton Vo P
. output . '
—p] 1, ! Encoder
S,1S S _> | y, !
ion li K 0 m i >
n selecgfn lines S 2" inputs n-bit output
n-bit address —n _ . . m=2"—1
Fig. Q1.44.2: 2"-to-n encoder.
Fig. Q1.44.1: Block diagram of 2":1 multiplexer.
2. AMUX is multi inputs to single output device 2. An encoder, generate n-bit code for each of
based on selection input. 2" binary inputs.

01.45 Differentiate between multiplexer and decoder.

Multiplexer Decoder
1. MUX accepts several inputs and allow 1. It takes n input binary code and convert it
only one data output. into a corresponding outputs.
2. Select line are used to select data inputs 2. Enable inputs are used to control the operation
and allow only one of them. of the decoder.
3. Multiplexer converts the unary code into 3. Decoder converts binary code into unary.
binary code.
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1.16 Exercises
Fill in the blanks

In combinational circuits, there is no from output to input.

Digital logic circuits with feedback are known as circuits.

I

1

2

3 The two voltage levels of logic circuits are called and

4 NAND and NOR gates are called ___ .

5. The realizations in SOP and POS forms are called

6 A gate in which any one input must be low to get a high output is called
7

8

9

A gate in which any one input must be high to get a low output is called

Binary __ can be performed via addition by using the 1's or 2's complement method.
The__ gate output in high when the inputs are not the same.
10.  The outputofa2-input____ gate is 0 if and only if its inputs are unequal.
11. The most suitable gate for comparing two bits is
12. The ___ of a sum term is equal to the product of the complements of the variables in the sum term.
13.  The operational symbol for exclusive-OR operation is
14. AND-OR logic produces the output of an expressionin____ form.
15. Binary logic consist of binary variables and a set of
16. NOT operation is same as
17. Boolean function can be realized usingonly __ _or__ gates.

18. The realizations in SOP and POS standard form are called

19.  The Two-level realization of SOP form of a Boolean function can be obtained usingonly __ .
20. Two-level realization of POS form of a Boolean function can be obtained using only

21. A 3-variable Karnaugh map has cells.

22. Each variable with in a term of Boolean expression is called

23. The Boolean Expression can be reduced or simplified using postulates and theorems of

24, ___ isapictorial term of truth table and used to simplify Boolean functions.

25.  The literal of minterm are split and arranged as and

26.  Prime implicant with single 1 represent ______literal product term.

27.  All minterms are 1’s then all squares of K-map will be filled by 1 and function value is

28.  Two-variable, K-map will have squares.

29.  Three-variable, K-map will have squares.

30. Four-variable, K-map willhave ______ square.

31. is a combinational circuit that perform arithmetic sum of three 1-bit binary.
32. is a combinational circuit that performs arithmetic sum of two 1-bit binary.
33. The two outputs of a half adder are and

34.  Inahalf adder, the sum can be realized using gate.

35. In a half adder, the carry can be realized using gate.

36. Full adder is a combinational circuit that perform arithmetic sum of binary bits.
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37. A full adder has outputs.

38.  Practically is considered as addition of positive and negative numbers.

39. is a combinational circuit used to compare two binary numbers.

40.  Adders have been developed to perform operation on binary numbers.

41.  Half subtractor can perform subtraction of 1-bit binary number.

42. A performs arithmetic sum of two-n-bit binary numbers.

43.  The logic circuit of half subtractor using gate.

44. A half subtractor has outputs.

45. A full subtractor has inputs.

46. A decoder decodes n-bit binary information into binary information.

47.  Anencoder performs the operation of a decoder.

48. The digital multiplexer is basically a combination logic to perform the operation.
49. The multiplexer is otherwise called

50. A multiplexer will have inputs and output.

51. A demultiplexer will perform the operation of multiplexer.

52. A demultiplexer is shortly called as

53. Demultiplexers of smaller size can be connected in to expand the size of demux.
54. An encoder has input lines and output lines.

55. The operation the priority encoder is such that if two or more inputs are asserted

56. A multiplexer is shortly called as

57. The 4:1 multiplexer is used to select one of the four inputs using selection input.
58. The 8:1 multiplexer is used to select one of the eight inputs using selection input.
59.  Multiplexer of smaller size can be connected in to expand the size of multiplexer.
60.  The data distributor is otherwise called as

Answers

1. feedback 16. complement operation 31. full adder 46.2"

2. sequential 17. NAND, NOR 32. half adder 47. inverse
3. high, low 18. two-level realization form  33. sum, carry 48. AND-OR
4. universal gates 19. NAND gates 34. half adder 49. data selector
5. standard form 20. NOR gates 35. XOR 50. 2", one
6. NAND gate 21. 8 36. AND 51. reverse
7. NOR gate 22. literal 37. two 52. demux
8. subtraction 23. Boolean algebra 38. subtraction 53. parallel
9. exclusive-OR 24. K-map 39. magnitude comparator 54. 2"and n
10. XNOR 25. rows, colums 40. arithmetic addition 55. high
11. XOR 26. n literal 41. two 56. mux
12. Complement 27. 1 42. binary parallel adder 57. 2-bit
13. @ 28. 4 43. XOR 58. 3-bit
14. SOP 29. 8 44. two 59. cascade
15. logical operations 30. 16 45. three 60. demux
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II. State whether the following statements are True or False

1. The output of NOR gate is high if and only if all its inputs are low.

2. AND gate can be used as an inverter.

3. A+A'B=A+B.

4 The complement of a product term is equal to the sum of the complement of the variables in the product
term.

5 An example of a product-of-sums expressionis A(B+ C) + AC"

6 The expression A'BCD + ABCD'+ AB'C'D cannot be simplified.

7. An inverter performs an operation known as complement.

8 Boolean algebra is an algebraic structure.

9 X+Y)'=X"+Y"

10.  The basic logic gates are AND, OR and NOT gates.

11.  The NAND gate is a combination of OR followed by NOT gate.

12.  Logic gates can also be designed to work with negative logic levels.

13.  Binary variables are denoted by either lower case or upper case alphabets.

14.  Boolean function can't be evaluated for all possible combinations of binary values of the variables of the
function.

15.  Minterms are 2" possible combinations of AND terms with n variables such that the logical AND of all
the variables is 0.

16.  Ona Karnaugh map grouping the 0's produces AND-OR logic.

17.  The Boolean expression can be reduced or simplified using postulates and theorems of Boolean algebra.
18.  There are one methods have standard procedure for simplification of Boolean functions.

19. Maxterm can be used to construct K-map in which each squares represent a minterm.

20. Arranging the literal/minterms only one change is allowed if we move from one row to next row or from

one column to next column.

21.  While forming prime implicants any number of overlapping is allowed in horizontal and vertical directions.
22.  The simplified Boolean function is sum of all the product terms of prime implicant

23.  If all minterms are 1’s then all squares of K-map will be filled by 1 and function value is 0.

24. Reducing the number of literals in a Boolean expression or function will simplify the implementation of

function by logic gates with minimum number of gates.
25. The simplified Boolean function using K-map is not unique. Sometimes there may be multiple solutions.
26. A full adder is characterized by two inputs and two outputs.
27. A 4-bit parallel adder can add two 4-bit binary numbers.
28. A comparator compares for the equality of two input numbers.
29. Half adder has two inputs and two outputs.
30.  Inaddition of n-bit binary numbers, the addition is performed bit-by-bit.
31.  n-bit binary addition can be performed by using n full adder in parallel.

32.  Subtractor have been developed to perform arithmetic subtraction operation on binary numbers.

33. In the subtractor 2-bit result, first bit is called borrow and the second bit is called difference.

34.  Theaddition of negative number and 2's complement of positive number will give the result of subtraction.
35. The BCD adder is a binary adder with additional logic circuit to perform addition of correction 6, when

the sum of a BCD digit exceeds 9, .
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36.  Full subtractor is a combinational circuit that perform arithmetic subtraction of two binary bits in which
one of the bit is borrow generated in previous subtraction.
37.  The input to full adders has to be modified for different arithmetic and logical operations.
38. Half subtractor has two inputs and two outputs.
39.  Full subtractor has two inputs and two outputs.
40. In general, a multiplexer has several data inputs, several data outputs and selection inputs.
41. A comparator compares for the equality of two input numbers.
42. A demultiplexer can transmit a binary input to any one of 2" output lines using n-bit address.
43. Demultiplexer of smaller size can be connected in series to expand the size of demultiplexer.
44. In a decoder, n-bit binary information is decoded into 2" binary information.
45. A n-to-2" decoder outputs may be logic high or low.
46. An encoder is a combinational circuit that performs the reverse of decoder function.
47. A priority encoder is a decoder.
48. A demultiplexer is a data distributor.
49.  The code 10011000 exhibits even parity.
50.  In combinational circuits the output at any time depends on input at that time.
51. In combinational circuits there is a storage element and there is a feedback from output to input.
52.  The code converters are combinational circuits that convert one type of code to another type of codes.
53.  The design of code converter starts with formation of truth table by taking one type of code as inputs and
another type of code as outputs.
54. A decoder is a combinational logic device that decodes one of the 2n binary information depending on
n-bit binary input.
55.  The n-bit binary information is decoded into n binary information.
56.  The complement of logic high decoder output will be same as output of logic low decoder.
57.  The complement of output of logic high decoder can be used to realize POS form of Boolean function.
58. A multiplexer is otherwise called data distributor.
59.  2:1 Multiplexers can be connected in series to form 4:1 multiplexer or multiplexers of higher order.
60.  The logic circuit of Boolean functions in SOP form can be realised using multiplexer.
Answers
1. True 11. False 21. True 31. True 41. True 51. False
2. False 12. True 22. True 32. True 42. True 52. False
3. True 13. True 23. False 33. False 43. False 53. True
4. True 14. False 24. True 34. False 44. True 54. True
5. False 15. False 25. True 35. True 45. True 55. True
6. True 16. False 26. False 36. False 46. True 56. False
7. True 17. True 27. True 37. True 47. False 57. True
8. True 18. False 28. True 38. True 48. True 58. True
9. False 19. False 29. True 39. False 49. False 59. True
10. True 20. True 30. True 40. False 50. True 60. True
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III. Choose the right answer for the following questions

1. The Boolean expression A'B'+ (AB)'+ AB is equivalent to
a) A'+B'A’ b) A'B
) AB+ (AB)’ d) AB
2. The Boolean expression A © B @ B is equivalent to
a) AB+A'B' b) A'B
o A d B
3. In the logic circuit shown in Fig. 3, the output F is Y 3
a) xy'+yz' +zx' )
b) x+z .
) xy+tyz+zx
d) (xy)'+(yz)'+ (zx)’
Fig. 3.
4. An XOR gate with 6-variables is given by A®B® C®D ®E®F. The number of minterms in the Boolean
expression
a) 6 b) 12 c) 64 d) 32
5. Which of the following equation is equivalent to NOT
a) X NAND X b) X NOR X' ¢) XNAND 1 d) XNOR1

6. The Boolean functionY = AB + CD is to be realized using only 2-input NAND gates. The minimum number
of gates required is

a) 2 b) 3 c) 4 d) 5
7. Y=AB'C'+ A'BC'is equivalent to
a) Y=A b) Y=AB ) Y=AC d) Y=C'(A®B)
8. The circuit shown in Fig. 8 realizes the function g
a) [(A'+B')+C].(D'+E") c
b) (A+B)C+D+E
¢) AB+C+DE °
d) AB+ C(D +E) Fig. 8.
9. The output Y of the given function in Fig. 9 represents A v
a) OR b) AND 5
¢) NAND d) NOR Fig. 9.
10.  Which of the following is equivalent of AND-OR realization
a) NAND-NOR realization b) NOR-NOR realization

¢) NOR-NAND realization d) NAND-NAND realization
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11.  The number of minterms in the function f(x, y, z) = xy'+ z'is
a) 4 b) 5 q3 d) 6
12.  IfX =1 in the logic equation, X +Z (Y'+ (Z'+ XY")) X'+ Z'(X +Y)) =1, then
a) Y=Z b) Y=2Z' o zZ=1 d Z=0
13.  The circuit shown in Fig. 13 realises the function A
a) (A'+B').C + (DE)’ g
b) (A+B)(C+D+E) o
¢) AB+C+DE E
d) AB+C(D+E) Fig. 13.
14. IntheFig. 14 X, X,, X, will be 1’s complement of ABC if Aj} > %o
a) Y=1
B—
b) Y=0 jﬁ >—x,
¢ Y=A'=B'=C' c
d) Y=A=B=C j} > e
Y
Fig. 14.
15.  The circuit in Fig. 15 works as A
a) XOR B Y
b) XNOR
©) NOR Fig. I5.
d) NAND
16.  The Boolean function A + BC is a reduced form of
a) AB+BC b) (A+B)(A+CQ) ¢ A'B+AB'C d (A'+C)B
17.  The number of distinct Boolean expression of 4 variables is
a) 16 b) 256 c) 1024 d) 65536
18.  The complete set of only those logic gates designated as universal gates is
a) NOT, OR and AND gates b) XNOR, NOR and NAND gates
¢) NOR and NAND gates d) XOR, NOR and NAND gates
19.  The logical expression Y = A + A'B is equivalent to
a) Y=AB+A b) Y=A'B+A'
¢) Y=AB'+B d) Y=AB+A'
20.  The minimized form of logical expressionY=A'B'C'+A'BC'+ A'BC + ABC'is

a) A'C'+BC'+A'B b) AC'+B'C+A'B
) A'\C+B'C+A'B d) AC'+B'C+ AB'
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21.  For the identity AB + AC + BC = AB + AC the dual form is
a) (A+B)(A'+CQ)(B+C)=(A+B)(A'+C)
B) (A"+B') (A'+C") (B'+C") = (A'+ B') (A'+ C")
c) (A+B)(A'+C)(B+C)=(A'"+B") (A+C")
d) A'B'+ AC'+B'C' =A'B'+ AC'

22.  The number of boolean functions that can be generated by n variable is equal to

a) 2% b) 2o ¢ 2t d)

23.  The Booelan expression AC + BC'is equivalent to
a) A'/C+BC'+AC
b) BC+AC+BC'+ A'CB’
¢ AC+BC'+B'C+ABC
d) ABC+A'BC'+ABC'+AB'C

24.  For the logic circuit in Fig. 24 the required input condition (x, y, z) to make the output F =1 is

a) 1,0,1 x
b) 0,0,1 y%
Z |

o 1,1,1 )
Fig. 24.
d) 0,1,1
25.  For the logic circuit, the simplified Boolean expression for the output F is

a) x+y+z X

y —¢
b) x
9y ) F
d) z

z DC

Fig. 25.

26.  The minimum number of 2 input NAND gates required to implement the Booelan function AB'C assuming
that A, B and C are available is

a) 2 b) 3 5 d) 6
27.  For the logic circuit shown in Fig. 27 the output F is _EDO_
a) (xyz)’ .
b) x'+y'+z' y F
O (xy)'+ (y2)'+x'+ 2’ z
d) x'+z'

Fig. 27.
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28.  Boolean expression for output of XNOR equivalent logic gate in dual form with inputs A and B is
a) AB'+A'B b) (AB)'+ AB
o) (A'+B) (A+B) d) (A'+B') (A+B)
29.  The output of a logic gate is 1 when all its inputs are at logic 0. Then gate is either
a) a NAND or an XOR gate b) a NOR or an XNOR gate
¢) an OR or an XNOR gate d) an AND or an XOR gate
30.  The minimum number of NAND gates required to implement the boolean function A+ AB'+ AB'Cis equal to
a) 0 b) 1 o) 4 d) 7
31.  The output of the logic gate in Fig. 31 is A\
a) 0 b) 1 0 A d A’ 0ﬁD°7
Fig. 31.
32.  What is output Z of an XOR gate whose all inputs are set at A
a) Z=A b) Z=1 ) 2=0 d Z=A
33.  In the circuit shown the value of input for Y = 0 is A
a) 00 b) 01 ¢ 10 4 11 ] :;»:'\:DM
Fig. 33.
34.  The simplified form of the boolean expressionY = (A'BC + D) (A'D + B'C') can be written as
a) A'D+B'C'D b) AD+BC'D
¢ (A'+D)(B'C+D") d) AD'+BCD'
35. The boolean expression x'yz'+ (xy)'z + xyz'+ xy'z + xyz can be simplified to
a) x'+z b) y+z
Q y'+z d) y'+z
36.  The output F in Fig. 36 is A
a) (A'+B") b) AB OK):W
c) (A".B") d A+B B
Fig. 36.
37.  The function F in Fig. 37 is A tDc
a) A+BC+CD
b) A+BC'+C'D’ E:Dc :De F
) AB'+C)(C+D) c
d) A'(B+C') (C'+ D) s >
Fig. 37.
38.  The dual of the function is A(B'C + BC + BC')

a) A'+(B+C')(B'+C") (B'+C) b) A'(BC'+B'C'+B'C)
) CB'A+CA+CA") d) AB'C+ABC+ABC
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39.  The expression (A + A'B) (B'+ BA) can be simplified to
a) AB'+A'B b) AB'+ A'B’ o1 d A
40.  The circuit in Fig. 40 is works as A —a
B
F
a) XOR b) XNOR
NOR d) NAND
) ) Fig. 40.
41.  Each variable within a terin of a Boolean expression is called
a) Literal b) Minterm ¢) Maxterm d) Prime implicant
42. A prime implicant with single 1 represent
a) n literal product term b) n-1 literal product term
¢) n-2 literal product term d) n-3 literal product term
43. A K-map is a diagram made up of squares with each square representing
a) Literal b) Minterm ¢) Maxterm d) Prime implicant
44.  When minterms are considered for simplification using K-map the resultant Boolean function will be in
a) Sum-of-product form b) Product-of-sum form
¢) MSOP form d) Prime implicants
45. For n-variable Boolean function the K-map will be
a) 2n square b) 2"square c) nsquare d) 2> square
46. A prime implicant with two 1's represent
a) n literal product term b) n -1 literal product term
¢) n -2 literal product term d) n -3 literal product term
47.  While forming prime implicants any number of overlapping is allowed in
a) Horizontal directions b) Vertical directions
¢) Both (a) and (b) d) None of the above
48 Undefined function outputs are called
a) Literal b) Minterm ¢) Maxterm d) Don't-care
49. The expansion phase is the first phase in which minterms are obtained from truth table are prime
implicants are identified after eliminating
a) Literal b) n-1 literal ¢) n-2 literal d) Redundant literals
50.  The literals of minterm are split and arranged

a) Only rows b) Only columns
¢) Both (a) and (b) d) None of the above
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51. TheK- Bool tion is given. Th b tial CD
f:’ r.nap].fora oo eu1.1func 1fm 1? given. The number of essentia ApSP00 ol N 10
prime implicants for this function is m, m, m, m,
a) 4 00| 1 1 0 1
b) 5 m, m, m, m,
01
c) 6 0 0 0 1
m,, m,; m,; m,,
9 8 11 o [0 |o
myg m, my, m,,
10] 1 0 0 1
Fig. 51.
52.  The minimum POS expression for K-map given in the Fig. 52 is CD
ABN\,00 o1, 11 10
a) (B+C)(C'+D) m, J m, m, m,
()
b) (B+D) (A +C) 00[\0 0 1 0
m, m; m, m,
0 (A'+C")(C+D") oy |+ |1 o
d) B+D)(A+D'") W[ my[ Mg [my,
1111 1 1 0
myg m, m;, m,,
10{(0 0
apiin?
Fig. 52.
53.  While obtaining minimal SOP expression
a) All don't-cares are ignored
b) All don't-cares are treated as logic ones
¢) All don't-cares are treated as logic zeros
d) Only such don't-cares that aid minimization are treated as logic ones
54. The given logic diagram in Fig. 54 represents a A \
Sum
a) Multiplexer B ‘}
b) Full adder :Digmy
¢) Half adder
Fig. 54.
d) None of the above
55. Anminstruction used to set the carry flag in a computer can be classified as
a) data transfer b) arithmetic
¢) logical d) program control
56. Two 2's complement number having sign bit x and y are added and the sign bit of the result is 2. If z is

input carry, then the occurance of overflow is indicated by the Boolean function,

a) xyz b) x'y'z’

o) x'y'z+xyz' d) xy +yz+zx
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57.  The circuit in Fig. 57 works as g‘ >_

a) a full subractor ]_‘

b) a full adder c 3_ }
c) a binary to gray converter
d) a gray to binary converter %

Fig. 57.

58. For a binary half subtractor having 2 input A and B, the correct set of logical expression for the outputs
D = (A — B) and X = (Borrow) are,
a) D=AB+A'B;X=A'B b) D=A'B+ AB'+ AB'; X = AB'
) D=A'B+AB';X=A'B d) D=AB+A'B; X = AB'

59. A half adder is characterized by
a) two inputs and two outputs b) three inputs and two outputs

¢) two inputs and three outputs d) two inputs and one output

60. A full adder is characterized by
a) two inputs and two outputs b) three inputs and two outputs

¢) two inputs and three outputs d) two inputs and one output

61. A full adder can add
a) two 1-bit binary number b) two 2-bit binary number

c) two 4-bit binary number d) four bits at a time

62. A 4-bit parallel adder can add
a) two 2-bit binary number b) two 4-bit binary number

¢) two 1-bit binary number d) four bits at a time

63. Parallel adder are
a) combinational circuits b) sequential circuits

¢) both of the above d) None of the above

64. The following switching functions are to be implemented using a decoder

f,==m(1,24,810,14) ; f,=¥m(2,509,11) ; f,==m(24,5,5,7)

The minimum configuration of the decoder should be

a) 2to4line b) 3 to 8 line
c) 4to15line d) 5to 32line
65. The circuit of Fig. 65 is equivalent to, 0—»,
a) AND gate b) OR gate g
) 8 ) ORg 1 [: oy
¢) XOR gate d) XNOR gate ’
o —>b S; S
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66.  The minimum number of 2x1 MUX needed (with no added gates) to form a 3x1 MUX is
a) 2 b) 3 c) 4 d) 1
67.  The circuit in Fig. 67 works as bl bl
3
a) binary to Gray converter \)D Y,
/i
b) Gray to binary converter \)D
Y,
¢) odd parity generator 4
’ Y,
d) even parity generator 1 D ’
Fig. 67.
68.  The function "F" implemented by the multiplexer shown in Fig. 68 is o—| 1,
a) A 1 < 4- v
by B 0 , Mux Y
<) A'B =k ? sTo
d) AB'+A'B A B
Fig. 68
69.  The MUX in Fig. 69 implements the function 0 o,
a) F=BC' B Ly
b) F=BC 1, MUX Y
¢ F=B'C' s, s,
d) F=B'C 1
A C
Fig. 69.
70.  The circuit shown in Fig. 70 is a S
P
a) Odd parity generator ~ b) Even parity generator Di} >
c) Full adder d) Comparator D
Fig. 70.
71.  The multiplexer in Fig. 71 implements the function 0—» 1,
a) Y=AB B——li .
1 L Mux Y[
b) Y=A'B+B'C AE:Z
) Y=A+BC s, s,
d) Y=BC T T
A C
Fig. 71
72.  The MUX in Fig. 72 implements the function 0o—1,
a) Y=2m(1,3,5,7) A—pl 4. y
MUx Y[—>»
b) Y=3m(l,23,5) B
A—lg s
¢ Y=2Xm(2557) T1 To
d) Y=>m(1,4,5,5) B C
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73.  The MUX in Fig. 73 implements the function l
a) B’ B hoaq
MUX Yf—
b) B I,
) B&C l5 ? ?
d) BOC A C
Fig. 73.
74.  The output of the 4:1 MUX shown in Fig. 74 is » |
0
a) x'y'+x ! Mhoay y
b) x+y pl1, MUX Y[
C) Xl+yl 00—y I3 s, S,
d) xy +x' T T
Xy
Fig. 74.
75.  The boolean function realized by the given multiplexer is given by, |
a) Xm(0,3,5,7, 8 11,12, 14) D QD °
C—l; 4:1
b) Zm(0,3, 5,7,12,14) c QD_, , MUX Y|
0 T m(2 4,5,9,10,13,15) D—kg g
d) Xm(0,1,5,7,912) I I
Fig. 75
76.  The boolean function implemented by the MUX is given as, o [
0
a) X m(0,3,4,7) M1
I
b) 1IM(3,4,7) M1, 8:1 vy
|, MUX
o) [IM(1, 2,5,5) < I
1
d) None of the above Mis, s s,
A B C
Fig. 76.
77.  The circuit perform 5 i
a) OR function I\%UX Yb—
—>
b) AND function ! ! s
0
¢) NOR function T
d) Inverter Fig. 77.
78.  Without any additional circuitry, an 8 : 1 MUX can be used to obtain

a) Some but not all boolean function of 3 variables

b) All functions of 3 variables but none of 4 variables
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¢) All functions of 3 variables and some but not all of 4 variables

d) All functions of 4 variables

79.  The minimum number of 2:1 MUX required to realize a 4:1 MUX is
a) 1 b) 2 3 d) 4
80. A digital system is required to amplify a binary encoded audio signal, the user should be able to control
the gain of the amplifier from a minimum to a maximum in 248 increments. The minimum number of bits
required encode in straight binary is
a) 8 b) 5 ¢ 5 d) 7
Answers
1. c 11. b 21. b 31. d 41. a 51. a 6l. a 71. ¢
2. ¢ 12. d 22. b 32. ¢ 42. a 52. a 62. b 72. ¢
3. b 13. a 23. d 33. d 43. b 53. d 63. a 73. a
4. a 14. a 24. d 34. a 44. a 54. c 64. c 74. c
5 a 15. a 25. ¢ 35. b 45. b 55. b 65. ¢ 75. a
6. b 16. b 26. ¢ 36. b 46. b 56. d 66. a 76. b
7.d 17. b 27. b 37. a 47. ¢ 57. b 67. a 77. a
8. a 18. ¢ 28. d 38. a 48. d 58. ¢ 68. b 78. d
9. a 19. ¢ 29. b 39. d 49. d 59. a 69. b 79. ¢
10.d 20. a 30 a 40. d 50. ¢ 60. b 70. a 80. a

IV. Answer the following questions

O X NS 0w

S S S ey
N S Ok RO

Explain absorption theorem with truth table.

Which are universal gates, why are they called so?

What are minterms and maxterms?

What is the difference between canonical and SOP/POS form?
What is truth table. Give an example.

What is duality?

What are postulates of Boolean algebra. Give two examples.
What is DeMorgan's theorem.

How will be the resultant function of K-map when minterm and maxterm are used?
How do we handle don't-care conditions?

What are the methods available to simplify a Boolean expression?
Explain K-map.

Define expansion phase and covering phase.

Realize half adder using K-map.

Draw logic circuit and truth table of full adder.

Explain the operation of half subtractor.

Realize full subtractor using K-map.
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18. Design full subtractor circuit. Write a truth table.

19. Explain the working of 4-bit parallel adder.

20. Design binary adder/subtractor using full adders.

21. Draw a logic circuit of 2-bit magnitude comparator.

22. Realize the Boolean function F(A, B, C, D) = 2(0, 1, 5, 5) using appropriate multiplexer.
23. What is the purpose of enable input in a decoder?

24. How can we derive a priority encoder from an encoder?

V. Solve the following problems

E1.1 Find the complement of the following expression:
a) x'y+x'y' b)xyz+x'y+xyz'
El.2 Given two Boolean functions F, and F,, show that (a) the Boolean function E = F, + F, contains the sum

of the minterms of F, and F,. (b) The Boolean function G = F, F, contains only the minterms that are
common to F, and F,.

E1.3 List the truth table of the function: a) F=x'y'+x'y+yz' b) F,=b'c'+ac
E1.4 Demonstrate the validity of the following identities by means of truth tables:
DeMorgan's theorem for 3 variables: a) (x+y +2z)'=x'y'z" b)(xyz)'=x"+y'+z’
The associate law: ¢)x+(y+z)=(x+y)+z d)x.(y.2)=(x.y).z
E1.5 Express the complement of the following functions in sum of minterms form,
a) F(A,B,C,D)=>m(3,5,9,11, 15) b) F(x,y,z) =11M(2,4,5,7)
E1.6 Convert each of the following expression into sum of products and product of sums.
a) (AB+C) (B+C'D)  b) x+x'(x'+y') (y'+2')
E1.7 Show that the complement of XOR is equal to XNOR.
E1.8 Determine the complement of Boolean expression (b + d) (a'+ b'+ c) and show that POS becomes SOP.
E1.9 Determine the complement of Boolean expressiona'b + a'c’+ abc and show that SOP becomes POS.
E1.10 Implement the Boolean function, F=xy +x'y +y'z’
a) With AND, OR and NOT gates. b) With OR and NOT gates.
c¢) With AND and NOT gates. d) With NAND and NOT gate.  e) WithNOR and NOT gates.

E1.11 Obtain the truth table of the following functions and express each function in sum of minterms and
product of maxterms form:

a) (xy+2) (y+x2) b) (x+y)(y'+2) o xz+wx'y+wyz'+w'y' d) (xy+yz'+x'z)(x+2)
E1.12 For the Boolean function, F=x'yz + xyz'+ wx'y'+ w'xy + wxy

a) Obtain the truth table of F.

b) Draw the logic diagram, using the original Boolean expressions.

c¢) Use Boolean algebra to simplify the function to a minimum number of literals.

d) Obtain the truth table of the function from the simplified expression and show that it is the same
as the one in part (a).

e) Draw the logic diagram from the simplified expression and compare the total number of gates
with the diagram in part (b).
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E1.13 Simplify the following Boolean functions using 3-variable K-maps:
a) F(x,y,z)=>Xm(0,1,5,7) b) F,(x,y,z)=2>m(234,5)
E1.14 Simplify the following Boolean functions using K-maps:
a) F(x,y,z)=>Xm(236,7) b) F,A,B,C,D)=2>m(#4,6,715)
E1.15 Simplify the following Boolean functions using 4-variable K-map:
a) F(w,x,y,2z)=>m(1,4,5,6,12,14,15) b) F,(A,B,C,D)=2m(23,6,7,12,13,14)
E1.16 Simplify the following Boolean functions using 3-variable K-maps:
a) F =x'y'+yz'+x'yz' b) F,=x'yz+xy'z'+xy'z
E1.17 Simplify the Boolean function using 4-variable K-maps: F=A'B'C'D'+ AC'D'+ B'CD'+ A'BCD + BC'D
E1.18 Find the minterms of the following Boolean expression by first plotting each function in a K-map:
a) F=xy+yz+xy'z b) F,=C'D+ABC'+ABD'+A'B'D
E1.19 Using K-map find the minimum sum of products (MSOP) representation for,
F(A,B,C,D,E)=>m(2,5,711, 21, 23, 25, 27) + > d(1, 12, 17, 28)
Draw the logic circuit of the minimal expression using only NAND gates.
E1.20 Using K-map find the minimum product of sum (MPOS) representation for,
F(A,B,C,D,E)=11(0,1,2,3,4,5,16,17, 18, 19, 24, 25) + > d(26, 27)
Draw the logic circuit of the minimal expression using only NOR gates.

E1.21 Find the prime implicants for the following Boolean function and determine the essential prime

implicants.
F(A, B,C,D) =X m(0,2,3,5,78,10,11, 14, 15)

E1.22 Implement the Boolean function with NAND gate and draw the logic diagram.
a) Fx,y,2)=(1,2,3,4,5,7) b) F(x,y,2)=(0,1,3,5,6,7)

E1.23 Obtain the simplified Boolean expression for output F interms of the input variables in the circuit of
Fig. E1.23.

) D

E1.24 Design a Boolean function with 3 inputs and 1 output.

Fig. E1.23.

a) The output is 0 when the binary value of the input is less than 3. The output is 1 otherwise.
b) The output is 1 when the binary value of the input is an odd number.

E1.25 Design a combinational circuit that compares two 3-bit numbers to check if they are equal. The circuit
output is 0 if the two numbers are equal and 1 otherwise.

E1.26 Using adders,
a) Design a 3-bit combinational circuit incrementer (a circuit that adds 1 to a 3-bit binary number).

b) Design a 3-bit combinational circuit decrementer (a circuit that subtracts 1 from a 3-bit binary
number).
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E1.27 Design a half adder using NAND gates.

E1.28 Design a half adder using logic low decoder.

E1.29 Design a half adder using a logic high decoder and NAND gates.
E1.30 Design a half adder using multiplexer.

E1.31 Design a full adder using NOR gates.

E1.32 Design a full adder using logic low decoder.

E1.33 Design a half subtractor using NOR gates.

E1.34 Design a half subtractor using logic low decoder.

E1.35 Design a half subtractor using a logic high decoder and NAND gates.
E1.36 Design a half subtractor using multiplexer.

E1.37 Design a full subtractor using logic low decoder.

E1.38 Design a full subtractor using multiplexer.

Answers
EL1 a) (x+y’) (x+y) b) (x'+y'+z") (x+y') (x'+y'+2)
E13 a) b)
Input Complement| Product Function Input Complement| Product | Function
Variables of Inputs Terms Output Variables of Inputs | Terms | Output
x|ylz|x'|y|z|xy|xy|yz F, a|b|c|a|b'|c|bd|ac F,
0100 |1 1 1|1 0 0 1 0(0(0 |1 1 1|1 0 1
0101 |1 1 0|1 0 0 1 010]1 |1 1 0160 0 0
0O |1]0 |1 0 110 1 1 1 0]11]0 |1 0 110 0 0
011 ]1 0 0|0 1 0 1 0f(11]1 |1 0 0160 0 0
11000 1 110 0 0 0 110010 1 1|1 0 1
1 (010 1 010 0 0 0 110l11o0 1 olo 1 1
1 1|0 0 0 1 0 0 1 1 1 110 1o 0 1 0 0 0
1{1]1]oJofofo oo 0 11111 lolololo |1 1
El.4a) b)
Xy z |x+y+z |(x+y+2)|x'|y'|z'|xy'z Xy z |xyz|(xyz)'|x'y' z'|x'+y'+z
0 0 0 0 1 111 1 00 0 0 1 1 11 1
0 0 1 1 0 11110 0 0 0 1 0 1 1 10
0 1 0 1 0 1101 0 01 0 0 1 1 01 1
0 1 1 1 0 1010 0 01 1 0 1 1 00 1
1 0 0 1 0 0111 0 10 0 0 1 0 11 1
1 0 1 1 0 0110 0 1 0 1 0 1 0 10 1
1 1 0 1 0 0101 0 11 0 0 1 0 01 1
1 1 1 1 0 01010 0 11 1 1 0 0 0 0 0
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<)

x
N
<
+
N

x+(y+2z)

®
+
<

(x+y)+z

0

R =R =m0 o o o
_ R O OoO|lRkr Rk o o«
_ O =k O|lRkr o = o
S = T S = )
S Y

[ = = =
e = ==Y

d)
X y z|y.z |x.(y.2)|x.y|(x.y).z
0 0 0 0 0 0 0
0 0 1 0 0 0 0
0 1 0 0 0 0 0
0o 1 1 1 0 0 0
1 0 0 0 0 0 0
1 0 1 0 0 0 0
1 1 0 0 0 1 0
1 1 1 1 1 1 1

E1.5 a) >m(0,1,2,4,6,7,8,10,12,13, 14)

b) Xm(2,4,5,7)

E1.6 a) AB+BC (SOP), B(A +C) (POS)

b) x+x'y'+x'z"' (SOP), x +y'+ z' (POS)

E1.8 b'd'+ abc' (Sum of products)

E19 (a+b')(a+c)(@'+b'+c') (Product of sums)

E1.10 a) F=xy+x'y +y'z’

X y z
X' y z
[ )~
i_\ X'y F=xy +xy+y7
L/
vz

Fig.

d) F=(xy)'x'y)'(v'2))'

Fig.
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e) F=(x'+y)'+(x+y)'+(y+2)

X z

VYV

X y z

oy

F=((xX+y)y+(x+y)y+(y+2))

F=F/=(x+y)+x+y)+(y+z)

El11a) ¥ m(@3,5,6,7) =1M(@,1,2,4)
b) ¥ m(0,1,4,5,7) =TTM(,3,6)
0 ¥m(0,1,3,4,5,910,11,14) = [I M(2, 6,7, 8,12, 13, 15)
d) ¥ m(1,3,6,7) =[1M(©,2,4,5)

El.12a)

Input Complement Product Function
Variables of Inputs Terms Output

1 xl yl F

]

x'yz| xyz' |wx'y'
0

X

g
N

<
3
<
3
<

=R R R R R R RO 0O 0O Ol O O O 2

R O R O|lr ©O R O|lrRr O R O|lrRr © r OoOfN

=R O OlR RO O =R O OoOl= = O O

O R O RO R O RO RO RO RO R
o O ©O O|lFmr O O OO0 O O O|=m O O o

O B O OO0 O O Ol RBr O OO0 O O o

m R Rk RO O © O|lRr R Rr R|lo o o o
O O O O|lo © O OlRr R, R R|IR R B @R
O O O Ok Rr R RO O O Ok R, Rk R,
O O » RO O R RO O R RO O R R
o ©o o ol © B R|lo ©o © o|lo o o

o © ©o ol © © O|lmr Rk O o|lo o o o
= 2 O Ol © © Ol © © ©o|lo o o o
=R O Ok, O R R Rk R, O, o o ©
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b)

Fig: Logic circuit of F.

C) Fsimpliﬁed

=xy +yz+wx'y'

d) e)
Input Product Function
Variables Terms Output
Wil X |y z | xy|yz |wx'y' Fsimpliﬁed
ofo]o|o|o]olf o 0 v I
olo o |1 ]o o] o 0 _SI? '_SIZ
0 0 1 0 0 0 0 0 , ,
X y
0 0 1 1 0 1 0 1
| )
0 1 0 0 0 0 0 0
0 1 0 1 0 0 0 0
\ ¥z ‘ N\ Fimpliea
o1 |1 lol1]o] o 1 S I e
0 1 1 1 1 1 0 1 '
|: ) wx'y
1 0 0 0 0 0 1 1 |
1 0 0 1 0 0 1 1
1 0 |1 0 |0 0 0 0 Fig: Logic circuit of F, 5.0
1 0 1 1 0 1 0 1
1 1 0 0 0 0 0 0
1 1 0 1 0 0 0 0
1 1 1 0 1 0 0 1
1 1 1 1 1 1 0 1
El13a) F =x'y'+xz b) F,= x'y +xy'

El14a) F =y

b) F,= A'BD'+ BCD

El15a) F =w'y'z+wxy + xz'

b) F,=ABC'+ A'C+BCD’

El16a) F =x'y' +yz'

b) F,=xy' +x'yz
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F,=Zm(3,5,6,7)

E1.17 F=ABC'+ A'BD +B'D’
E1.18 a) b) .
cD C'D
yz 00 01 11 10
XX_00 01 11 10 AB T m ] m;
m, m, m, m, =)\ A'BD
00| 0 1 1 0
oo |o |M_]|o o
yz m, m; m, m,
m, mg m, m,
01| 0 1 0 0
Xy
Xy'z 0 @ L_D m,, m, [ m, m,,
SO @_F ABD
Fig: K-map for F,. ABC'—= D 0 1 T~ ABD

10| o \1_} 0 0

Fig: K-map for F,.

F,=¥m(1,3,5,9,12, 13, 14)

E1.19 F=A'B'C'DE'+ BC'DE+B'CE+ ABC'E

A B ¢ D E
A B’ c E

™\ (A'B'C'DE"

._iJ
| (BC'DE)
]
), _(BCEY
L/
=:) (ABC'E)
1

Fig: Logic circuit of function, F using only NAND gates.

E1.20 F=(B+C)(A+B+D)(A'+C)

(A+B+D)’

Fig: Logic circuit of function, F using only NOR gates.

E1.21 F=B'D'+ B'C+ AC+ A'BD (Alternatively, F=B'D'+ CD+AC+ A'BD)

F1.22 a)

X y z

F=(xy) . (xy).2)
=xy+xy +z

Fig: Logic circuit of F using only NAND gates.

b)

F=((xy) . &'y).z)
=xy+xy +z

Fig: Logic circuit of F using only NAND gates.
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E123 F=A+B+C'+D+E E1.24 a) x+yz b) z
E1.25 A0 AD@BD
B, Ao (AO®B)
BO
A, A®B, L NN Y '
B, _M A j} > (A,®B) EI ) Y
Bl
AZ A2®B2 ,
B, A (A®B,)
BZ
Fig: Combinational circuit to
compare two 3-bit numbers for equality. Fig: Alternate circuit.
3-bit input data
E1.26 a) 3-bit input data b)
A, . A A iz i o 1
s S S R
y
x Y x y X y q_cXFAyC‘ CXFAyc‘ VXFA cle—0
<4—|c, HA c, HA c, HA ° <« ° o i
S S S ¢ ¢ l
S, S, S, S, S, S,
Incremented output Decremented output
Fig. Fig.
E1.27 E1.28
a 1
N T T : Half adder 1
! Half adder ' ! Y, .
E E a : > LLOOQ\JIIVC Yi b :
1 , . | , 2-to-4 1
! @ o ' b—»fh DetgoderYz b——— .
| : Y, |

E1.29

Logic
A —:—b o H%h Y
' 2-t0-4 vy
B b Decoder °

YG
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E1.30
0 log
! b 4:1 s
Iy MUX Y1 _>Sum
a—P>o? i,
S| SO
? A
|02
Pat iyl G
Ly 1, MUX Carry
L |32
S, S,
f 7'y
a
b
Fig: Half adder using 4:1 MUX.
E1.31 | i ;
B
: Full adder :
1 :
1 1
1 1
1 1
1 1
, d b ¢ :
X Y\, (@+b+c) |
. 1~ |
1
| \ > (a+b+c) | S
: 1 1 Sum
| \ (a+b+c) Is=(@+b+c) +@ +b+c)
, ! | H@Fb d) @b o))
: \ @+b+c) : :(a+b’+c,).(a"+b4’rc,)
: ] : (a+tb +c¢).(a+b +c)
! 1
. (a+b) '
1 1
1 1
1 1
1 1
1
1 1
| le,=(@a+b) +(b+c) +(a+c))
| ! =(a+b).(b+c). (atc)
1 1
..l
Fig: Logic circuit of full adder using NOR gates.
E1.32 U ————— T Fulladder |

>

1
| Y, |
| Y, |
Y 1
A Logic Y2 1
! Low 3 !
b— Bl g Y, !
¢ I, Decoder Y, :
Y |
Y 1

N

Fig: Full adder using logic low 3-to-8 decoder.
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E1.33 E1.34
a b
L e 1
1
1 : T T T T T T T T T T T T T T T T T T
1 ' ! Half subtractor |
, ' | Y, |
1 p——m
. ! , Logic |
| 4 b , a—Pl tow Yip—m—— !
I | byl 2toa H
H ! 1" Decoder Y2 p—— I
1
: : | b ;
| ¥y | 1) s
| ld=(@+b) + @+ b)Y . :leference
E ! =(a+b). (@@ +b) E —1 \ : Bc0
¢, J | Borrow
: ) > 1c,=(a+bY ! |
i e H |
! ' | Y, Y, Y Y, i
1

Fig: Half subtractor using logic low 2-to-4 decoder.

4 g
1
1 \ Difference

I
1
[

1 , Borrow

Y, Y. Y, Y, Y, Y,

Fig: Full subtractor using logic low 3-to-8 decoder.

E1.35 E1.36 R
_________________________ .
i Half subtractor 1 loy
1 Yo : 1 Py 4:1 d
! ) Logit Y, ! ux Yi—»
A | b H?S*:c " : ! <k MUx Difference
> 2-to-4 ! .
B | "' Decoder ' : a—D:a I
| Ys L A= (YY) S Y, Y, S, S
1 ' ? A
! |
! =Y,
L T
Fig.
|02
>
he 4 Co
1, MUX Borrow
b
b—l >o P 15
S| SU
? A
a
b
Fig: Half subtractor using 4:1 MUX.
E1.37
el
h Yo Full subtractor :
| Y, !
—‘—} | b———
N ! °  Logic iz :
b ! Low 3 1
g EReT Y, I
C _:’ I, Decoder Y, :
YeP— :
Y. P— !
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E1.38

i 1,
o
‘ g4 d
L. MUx Y| —»
21 Difference
g K3

1 I
i [

iy Yo
P 1, MUX “?["Borrow

Fig: Full subtractor using two 4:1 MUX.




